
f - ' f - ' n F / ^ FOREST ENGINEERING RESEARCH INSTITUTE OF CANADA 
MlZlxl L / INSTITUT CANADIEN DE RECHERCHES EN GENIE FORESTIER 

LOG BRIDGE CONSTRUCTION 
HANDBOOK 

1980 
Second Printing 1989 

M. M. Nagy> J.T. Trebett 

G.V. Wellburn 

Stringer Designs by L.E. Gower 

201-2112 W e s t Broadway, Vancouver , B . C . C a n a d a V 6 K 2 C 8 
143 P l a c e Fron tenac , Po in te C la i re , Q u e b e c , C a n a d a H 9 R ' 4 Z 7 



LOG BRIDGE CONSTRUCTION 
HANDBOOK 

1980 
Second Printing 1989 

M . M . N a g y J . T. Trebett 
G . V . Wel lburn 

St r inger D e s i g n s by L. E. G o w e r 

r ' C ' U F / ^ FOREST ENGINEERING RESEARCH INSTITUTE OF CANADA 
r Htxl INSTITUT CANADIEN DE RECHERCHES EN G^NIE FORESTIER 

© Copyright 1980. Forest Engineering Researcli Institute of Canada. ISSN 0701-8355 Handbook No. 3 



Michael M. Nagy joined FERIC in 1976 to carry out re
search in coastal logging and road construction. A Regi
stered Professional Forester and member of the Canadian 
Institute of Forestry, he has spent sixteen years in private 
industry, both as an industrial consulting forester and as a 
forest engineer specializing in harvesting, logging layout 
and' road construction. He received his B.S.F. from the 
University of British Columbia in 1960. 

J.T. Trebett is a consulting engineer in forest engineering, 
logging, and management. He is a C.A.S.E. Counsellor for 
the Small Enterprise Program of the F.B.D.B. in logging, 
sawmilling, and shake and shingle mill ventures. His 22 
years of forest industry experience include direct super
vision of bridge construction. He graduated as a forestry 
engineer in 1954 and received his B.A.Sc. from the Uni
versity of British Columbia. 

Vern Wellburn joined FERIC in 1975 as manager of the 
Western Division. He received his B.Ap.Sc. (Forestry) 
from the University of British Columbia in 1948 and has 
worked in the logging industry 22 years. A member of 
the UBC Faculty of Forestry from 1971 to 1975, he 
lectured in forest harvesting. He is a Registered Profes
sional Forester and professional engineer. 



P R E F A C E 

F E R I C is an i n d e p e n d e n t n o n - p r o f i t research o r g a n i z a t i o n , o rgan i zed t o i m 
p rove the e f f i c i e n c y o f w o o d harves t ing o p e r a t i o n s . It is j o i n t l y f u n d e d by 
m e m b e r c o m p a n i e s w i t h i n the fo res t i n d u s t r y and the federa l g o v e r n m e n t of 
C a n a d a . M e m b e r s h i p is o p e n t o a n y c o r p o r a t i o n , p a r t n e r s h i p , i n d i v i d u a l o r 
o r g a n i z a t i o n engaged in ha rves t i ng , t r a n s p o r t a t i o n o r the use o f w o o d in 
C a n a d a . M e m b e r s h i p fees are assessed o n the v o l u m e o f w o o d used . 

F E R I C research and d e v e l o p m e n t ac t i v i t i es are d i r e c t e d t o th ree basic areas: 

a) I m p r o v e m e n t of p resent harves t ing and fo res t t r a n s p o r t a t i o n p rac t i ces 

b) D e v e l o p m e n t o f new harves t ing sys tems and m a c h i n e s 

c) A p p l i c a t i o n o f research and d e v e l o p m e n t resul ts 

F E R I C is governed b y a b o a r d o f d i r e c t o r s rep resen t ing the m e m b e r s h i p and 
the federa l g o v e r n m e n t , and is managed by a ch ie f e x e c u t i v e o f f i ce r . T h e 
o r g a n i z a t i o n has t w o research d i v i s i o n s , one in M o n t r e a l , Q u e b e c and one in 
V a n c o u v e r , B r i t i sh C o l u m b i a . 

T h i s h a n d b o o k was p repa red at t he request o f a n u m b e r o f p e o p l e in t he 
B r i t i sh C o l u m b i a fo res t i n d u s t r y and a p p r o v e d by the F E R I C A d v i s o r y 
C o m m i t t e e . T h e da ta and c o n s t r u c t i o n t e c h n i q u e s were c o m p i l e d over a per i 
od o f th ree years . M a n y loggers, b r idge bu i l de rs and engineers were in ter 
v i e w e d . T h e au tho rs are i n d e b t e d t o the f o l l o w i n g peop le w h o gave the i r 
t i m e and k n o w l e d g e g e n e r o u s l y : L . L . A d a m o v i c h , R . M . B r o c k , C . D e m i n g e r , 
B i l l D u n l o p , C . B . D y b u i k , L . E . G o w e r , E . G . A . G r i m m e r , K . A . H a l l b e r g , C . A . 
H o l l g r e n , D . C . H o l m e s , J . T . J o h n s o n , D e n n i s L a n g t r y , R . D . M a c D o u g a l l , E d 
M i l l i g a n , G . B . M i l l i g a n , J . R o n y e c z , D . E . S m i t h , B. T h o r n t o n . 

T h e a u t h o r s w o u l d l i k e t o exp ress the i r a p p r e c i a t i o n t o t he rev iewers , w h o s e 
c o m m e n t s and adv ice were mos t v a l u a b l e . T h e d ra f t was rev iewed by 

L . L . A d a m o v i c h , P . E n g . , R . P . F . , M . A . , U n i v e r s i t y o f B r i t i sh C o l u m b i a 
L . E . G o w e r , P . E n g . , G o w e r , Y e u n g and A s s o c i a t e s L t d . 
D . C . H o l m e s , R . P . F . , P . E n g . , M . F . , B . C . Ins t i tu te o f T e c h n o l o g y 
G . B . M i l l i g a n , P . E n g . , West S h o r e C o n t r a c t o r s L t d . 
J . L . P o w e r , P . E n g . , R . P . F . , B . C . Fo res t P r o d u c t s L t d . 
M . S t e w a r t , P . E n g . , T h e C a n a d i a n P o r t l a n d C e m e n t A s s o c i a t i o n 



R . S . S c a r i s b r i c k , P . E n g . , M . S c , and the staf f o f the E n g i n e e r i n g 
D i v i s i o n of the B . C . Fo res t S e r v i c e . 

T h e au tho rs are grate fu l to the F E R I C staf f f o r the i r h e l p . Pau l L e o n g pre
pared the d raw ings and Mar jo r ie B a i n t y p e d the m a n u s c r i p t . S p e c i a l t h a n k s 
is due A g n e s T h o r n , ed i t o r , w h o w o r k e d so d i l i gen t l y t h r o u g h al l the d ra f t 
cop ies and rev is ions . 



C O N T E N T S 

P R E F A C E V 
I N T R O D U C T I O N xv 
H O W T O U S E T H I S H A N D B O O K x v i 
L E G A L D I S C L A I M E R xv i i 

I. B R I D G E T Y P E S A N D D E F I N I T I O N S 3 

A . B R I D G E L I F E 4 
B. B R I D G E S I T E 4 
C . B A S I C B R I D G E C O M P O N E N T S 4 
L S u b s t r u c t u r e 5 

a) A b u t m e n t s 5 
b) P iers 8 

2 . S u p e r s t r u c t u r e 10 
a) S t r ingers 10 
b) Trusses 12 
c) D e c k i n g 13 
d) G u a r d r a i l s and shear logs 13 

D . C O M M O N L Y - U S E D B R I D G E T Y P E S 13 
L C u l v e r t - T y p e L o g Br idges 13 
2 . Log -S t r i nge r B r idges w i t h T i e - a n d - P l a n k D e c k s 14 
3 . M u l t i s p a n Br idges w i t h Piei-s 14 

II. B R I D G E L O C A T I O N 19 

A . S T R E A M C H A R A C T E R I S T I C S . . 19 
L S t r e a m C h a n n e l s 19 

a) S t r e a m bank s tab i l i t y 2 0 
b) S t r e a m bends 2 0 
c) M e a n d e r i n g channe l s 21 
d) B r a i d e d channe l s 21 
e) G r a v e l and sand bars 21 
f) O l d channe l s 21 
g) S t ra igh t channe l s 21 
h) L o g j ams 2 2 

2 . S t r e a m S i z e at Peak F l o w 2 2 
a) Peak f l o w 2 3 



b) P r o b a b i l i t y of peak f l o w r e c u r r e n c e 2 3 
c) B r idge s ize and des ign peak f l o w 2 5 

3 . S c o u r 2 7 
B. E N V I R O N M E N T A L P R O T E C T I O N 3 2 
C . T E N T A T I V E S E L E C T I O N O F B R I D G E S I T E 3 2 
D. F I E L D R E C O N N A I S S A N C E 3 4 
E . P R E L I M I N A R Y S U R V E Y 3 6 
F . C H O O S I N G T H E F I N A L B R I D G E S I T E 3 7 
G . D E T A I L E D S I T E S U R V E Y A N D S I T E M A P 3 8 

i n . B R I D G E D E S I G N 4 3 

A . P R E L I M I N A R Y D E S I G N 4 3 
B. S T R I N G E R D E S I G N 4 5 
1. Des ign o f S i m p l e L o g S t r i nge r Br idges 4 5 
2. E c c e n t r i c L o a d i n g 4 5 
3 . Des ign Stresses 4 6 
4 . Des ign G r a p h s fo r S i m p l e L o g S t r i nge r Br idges 4 7 
5. Des ign o f C u l v e r t - T y p e L o g Br idges 5 2 
6. Des ign of T russed L o g Br idges 5 4 
C . P R E P A R A T I O N O F B R I D G E P L A N S 6 5 
D . M A T E R I A L L I S T 6 5 

I V . B R I D G E C O N S T R U C T I O N 6 9 

A . C O N S T R U C T I O N O R G A N I Z A T I O N 6 9 
B. S I T E P R E P A R A T I O N 6 9 
C . A B U T M E N T S 71 
L S i m p l e A b u t m e n t s 71 

a) S i n g l e s i l l l o g 7 2 
b) S i m p l e s i l l l o g w i t h m u d si l ls 73 
c) F o u n d a t i o n logs u n d e r m u d si l ls 74 
d) M u l t i p l e s i l l l og a b u t m e n t s 7 4 

2 . L o g C r i b A b u t m e n t s 7 4 
a) S i m p l e log c r i b 77 
b) O p e n - e n d log c r i b 77 
c) C l o s e d - e n d log c r i b 7 8 
d) B o x c r i b b i n g 78 
e) Precast c o n c r e t e c r i b b i n g . ; 8 3 



3 . C r i b P l a n n i n g and Des ign . . 8 3 
4 . C r i b C o n s t r u c t i o n T e c h n i q u e 9 0 

a) L o g p repa ra t i on f o r c r i b b i n g 9 0 
b) N o t c h i n g o r d a p p i n g 9 2 
c) ' S e q u e n c e o f c r i b c o n s t r u c t i o n 9 2 
d) L a s h i n g and d r i f t i n g 9 4 
e) F i l l i n g the c r i b 9 5 
f) T y p e s o f c r i b - l og n o t c h i n g 9 5 

5. P i le A b u t m e n t s 9 9 
. a) P i le a b u t m e n t t y p e s • 9 9 

b) P i le bents 103 
c) T y p e s o f p i les in a b u t m e n t s and p iers 112 
d) P i le ben t des ign 113 
e) P i le se lec t i on 118 
f) P r e p a r a t i o n o f w o o d p i les f o r d r i v i n g 118 
g) G r o u n d p r e p a r a t i o n and s p o t t i n g p i le l o c a t i o n 1 2 0 
h) P i le d r ivers 123 
i) P i le d r i v i n g and p e n e t r a t i o n 127 
j) P i le c u t o f f 1 2 9 
k) B r a c i n g p i le bents 129 
I) C a p s 131 
m) L i n i n g p i le a b u t m e n t s 131 
n) P i l e - a n c h o r i n g sys tems . . . 1 3 2 

. o) F a s t e n i n g cab le t o d e a d m e n : 136 
p) F i l l - r e t a i n i ng c r i b b i n g 141 
q) S t u m p ancho rs 141 
r) R o c k a n c h o r s 142 
s) F i l l i n g p i le a b u t m e n t s 142 
t) P r o t e c t i o n o f p i le a b u t m e n t s . . . 143 

6. C o n c r e t e A b u t m e n t s 145 
a) A d v a n t a g e s o f c o n c r e t e 1 4 5 
b) C o n s t r u c t i o n mate r ia l s 146 
c) S i t e p r e p a r a t i o n f o r c o n c r e t e s t ruc tu res 1 5 0 
d) D ra inage 151 
e) C o n c r e t e s lab f o u n d a t i o n 151 
f) Des ign o f c o n c r e t e a b u t m e n t s 154 
g) F o r m s 163 
h) S h o r i n g 1 6 9 
i) P r e p a r a t i o n o f f o r m w o r k ^ u r f a c e s 1 6 9 



j) F i n a l a l i gnmen t of f o r m s 1 7 0 
k) M i x i n g c o n c r e t e 1 7 0 
I) P l ac i ng c o n c r e t e 1 7 2 
m) C o m p a c t i o n 1 7 2 
n) F i n i s h i n g the t o p . 1 7 3 
o) C u r i n g c o n c r e t e 173 

D. P I E R S 174 
1. P i l e - B e n t Piers 1 7 5 
2 . P o s t - B e n t o r F r a m e - B e n t P iers 2 0 0 
3. L o g C r i b Piers 2 1 1 
4 . C o n c r e t e Piers 2 1 3 
E . C A P S A N D S I L L S 2 2 1 
F. S T R I N G E R S 2 2 4 
1. S t r i nge r S e l e c t i o n 2 2 5 
2. F a l l i n g 2 2 7 
3 . G r o u n d T r a n s p o r t a t i o n o f S t r i ngers 2 2 7 
4 . T r a n s p o r t a t i o n o f S t r ingers 2 2 8 
5. S t r i nge r S to rage and S e a s o n i n g 2 2 8 
6. Stringer Preparation 231 

a) D e b a r k i n g 2 3 1 
b) P r e p a r a t i o n area 231 
c) E n d c u t s 2 3 2 
d) M a r k i n g the s t r inger ends 2 3 3 
e) M a r k i n g the s ide o f the s t r inger 2 3 5 
f) F l a t t e n i n g the s t r inger t o p 2 3 8 
g) P r e p a r a t i o n o f t he s t r inger seat 2 3 9 

7. P l a c i n g S t r i nge rs 2 4 2 
8. S t r i nge r C o n f i g u r a t i o n and L o a d D i s t r i b u t i o n 2 5 0 

a) N e e d l e b e a m s (queen logs) 2 5 2 
b) S t r i ngers serv ing as guard logs 2 5 6 
c) D o u b l e - t i e r s t r ingers 2 5 7 
d) C u l v e r t - t y p e log br idges 2 6 2 
e) T russed- log br idges 2 6 9 

G . B R I D G E D E C K S 2 8 4 
1. G r a v e l D e c k s 2 8 5 
2. T i e - a n d - P l a n k D e c k s 2 8 7 

a) L a y i n g t h e c ross t ies 2 8 7 
b) P l a n k i n g 2 9 4 

3 . L a m i n a t e d D e c k s 2 9 7 



4 . S p e c i a l t y D e c k s 3 0 3 
H . G U A R D R A I L S A N D G U A R D L O G S 

( S H E A R , F E N D E R , B U M P E R ) 3 0 6 

V . W O O D P R E S E R V A T I O N 3 1 7 

A . W O O D P R E S E R V A T I V E S 3 1 7 
I. C o a l - T a r C r e o s o t e s 3 1 7 
2 . P e n t a c h l o r o p h e n o l and C o p p e r N a p t h e n a t e S o l u t i o n s 3 1 8 
3 . W a t e r - S o l u b l e P rese rva t i ves . . . 3 1 8 
B. U S E O F P R E S E R V A T I V E S 3 1 8 
1. P lan t T r e a t m e n t 3 1 8 
2 . F i e l d T r e a t m e n t 3 1 9 

V L B R I D G E I N S P E C T I O N A N D M A I N T E N A N C E 3 2 7 

C o n s t r u c t i o n reco rds and i n s p e c t i o n i n v e n t o r y 3 2 7 
1. I nspec t ion t o o l s 3 3 5 
2 . V i s u a l I nspec t ion 3 3 6 
3 . D e f l e c t i o n Tes t 3 3 7 
4 . I nspec t ion A r e a s 3 3 8 

a) A p p r o a c h e s 3 3 8 
b) W a t e r w a y s 3 3 9 
c) A b u t m e n t s and piers 3 3 9 
d) S t r ingers 3 4 0 
e) N e e d l e b e a m s • 3 4 0 
f) Cab les and h a r d w a r e 3 4 0 
g) D e c k s 3 4 0 
h) G u a r d r a i l s 3 4 1 
i) S igns 3 4 1 
j) G e n e r a l 3 4 2 

5. I nspec t ion R e p o r t s 3 4 2 
6. R e p a i r s 3 4 3 

a) S t r e a m c h a n n e l 3 4 3 
b) R e p a i r s t o c r i b b i n g , a b u t m e n t s and p iers 3 4 5 
c) R e p a i r s to p i le bents 3 4 9 
d) R e p a i r s t o c o n c r e t e a b u t m e n t s and p iers 3 5 2 
e) R e p a i r s to caps and s i l ls . 3 5 3 
f) R e p a i r s t o s t r ingers 3 5 4 



g) R e p a i r s to steel and w i re rope trusses 3 5 6 
h) Repa i r s to c ross t ies 357 
i) Repa i r s to p l a n k i n g 358 
j) Repa i r s to guardra i ls and guard logs 3 5 8 
k) Repa i r s to pa in ted sur faces 359 

A P P E N D I C E S 

I S C H E D U L I N G A N D C O S T E S T I M A T I N G 3 6 1 
C O S T E S T I M A T I N G 3 6 3 

II E N G I N E E R I N G C H A R A C T E R I S T I C S O F S O I L S A N D S O I L 
T E S T I N G F O R B R I D G E C O N S T R U C T I O N 3 6 7 

III S A F E T Y F A C T O R S , D U R A T I O N O F L O A D S , 
O V E R L O A D I N G 3 7 7 

IV T O O L S 3 7 9 
V T I M B E R C O N N E C T O R S 3 8 3 

V I W E I G H T O F S T R U C T U R A L T I M B E R S 3 8 7 
V I I W E I G H T O F F I L L M A T E R I A L S 3 8 9 

V I I I M O I S T U R E C O N T E N T O F W O O D I N A I R - D R Y 
C O N D I T I O N 3 9 1 

IX C O N V E R S I O N F A C T O R S 3 9 3 

G L O S S A R Y 397 
B I B L I O G R A P H Y 4 1 1 
I N D E X 4 1 9 

T A B L E S 

l - A G U I D E T O M A X I M U M S P A N L E N G T H U S I N G 
L O C A L W O O D 11 

l l - A P R O B A B I L I T Y O F P E A K F L O W R E C U R R E N C E 2 3 
l l - B R E L A T I O N S H I P O F P E A K F L O W S 

W I T H D I F F E R E N T R E T U R N P E R I O D S 2 4 
l l - C D E S I G N P E A K F L O W S 2 5 
l l - D C L E A R A N C E R E Q U I R E M E N T S 2 7 
l l - E P E R M I S S I B L E S T R E A M V E L O C I T Y 28 



l l - F L O C A L S C O U R D E P T H O F P I E R S 3 0 
l l l - A C U L V E R T - T Y P E L O G B R I D G E S 

T Y P E " A " 5 S T R I N G E R S 5 3 
III- B C U L V E R T - T Y P E L O G B R I D G E S 

T Y P E " B " 7 S T R I N G E R S 5 4 
IV- A B A S I C C O N T A C T A R E A B E T W E E N F A C E L O G S 

A N D T I E B A C K L O G S 8 5 
I V - B A D D I T I O N A L C O N T A C T A R E A 

B E T W E E N F A C E L O G S A N D T I E B A C K L O G S 8 5 
I V - C S A F E B E A R I N G - C A P A C I T Y O F R O C K S A N D S O I L S 

F O R C R I B B I N G 8 6 
I V - D C R I B B I N G F A C E F O U N D A T I O N W I D T H 8 7 
I V - E R E C O M M E N D E D M I N I M U M N U M B E R O F 

L O A D - C A R R Y I N G W E S T E R N R E D C E D A R 
F R I C T I O N P I L E S F O R A N A B U T M E N T 115 

I V - F M A X I M U M B E A R I N G - C A P A C I T Y 
F O R E N D - B E A R I N G P I L E S 116 

I V - G P I L E A N D H A M M E R S I Z E R E L A T I O N S H I P 117 
I V - H D E F O R M E D B A R N U M B E R S . U N I T W E I G H T A N D 

N O R M A L D I M E N S I O N S 1 5 0 
IV-I M A T E R I A L L I S T F O R C O N C R E T E 1 7 2 
I V - J M I N I M U M C A P S I Z E S IN I N C H E S 2 2 2 
I V - K A T E S T R E S U L T O F S T R E S S E S IN G R E E N A N D 

D R Y W O O D 2 2 9 
I V - L S H R I N K A G E IN P E R C E N T B A S E D O N 

G R E E N W O O D D I M E N S I O N 2 3 0 
I V - M M O I S T U R E C O N T E N T O F G R E E N W O O D 2 3 0 
I V - N C A B L E S I Z E R E Q U I R E M E N T F O R L A S H I N G 2 5 0 
I V - 0 L O G N E E D L E B E A M S I Z E S 2 5 3 
I V - P N E E D L E B E A M R E Q U I R E M E N T B E T W E E N 

D O U B L E - T I E R S T R I N G E R S 2 6 0 
I V - Q W I R E - R O P E S I Z E S F O R C U L V E R T - T Y P E B R I D G E 

L A S H I N G 2 6 4 
I V - R L A S H I N G F R E Q U E N C Y F O R 

C U L V E R T - T Y P E B R I D G E S 2 6 4 
I V - S S T R U C T U R A L C H A N N E L S F O R S T R O N G B A C K 2 7 1 
I V - T C R O S S T I E S I Z E G U I D E 2 8 8 
I V - U N A I L S I Z E S G U I D E 2 9 6 
I V - V D E P T H O F L A M I N A T I O N S 2 9 7 



I V - W C H E C K E R E D S T E E L P L A T E S 3 0 6 
IV- X W A S H E R S T O F I T 3 / 4 - I N C H D I A M E T E R B O L T S 3 1 0 
V - A S E A S O N I N G P E R I O D 3 2 1 

V l - A I N S P E C T I O N I N V E N T O R Y 3 2 8 
V l - B F U M I G A N T C A P A C I T Y O F H O L E S 3 5 2 

A - l l-a E n g i n e e r i n g Cha rac te r i s t i c s o f S o i l s 
f o r B r i dge C o n s t r u c t i o n 3 7 0 

A - l l - b L o a d - B e a r i n g C a p a c i t y o f R o c k s and S o i l s 3 7 3 
A - l l - c A p p r o x i m a t e S k i n F r i c t i o n V a l u e s 3 7 3 

A p p r o p r i a t e p h o t o g r a p h s and l ine d r a w i n g s a c c o m p a n y each s e c t i o n . 



I N T R O D U C T I O N 

T h i s b o o k was w r i t t e n t o give p rac t i ca l he lp t o loggers, fo res te rs , fo res t en 
g ineers , and s tuden ts , as w e l l as the e x p e r i e n c e d br idge bu i l de r w h o m a y not 
be f a m i l i a r w i t h eve ry c o n s t r u c t i o n t e c h n i q u e . N o t al l sec t i ons w i l l be o f i n 
terest t o a l l readers bu t w e t h i n k tha t it is i m p o r t a n t f o r t hose i nvo l ved in 
b u i l d i n g a b r i dge—loca to r , des igner and bu i lde r—to have a genera l k n o w l e d g e 
o f t he to ta l p rocess . T h i s b o o k is no t a subs t i t u te fo r e x p e r i e n c e or t ra in ing 
and s h o u l d be used w i t h c a u t i o n . M o s t o f the b r idge l o c a t i o n , des ign , and 
c o n s t r u c t i o n i n f o r m a t i o n in th i s h a n d b o o k has never been pub l i shed unde r 
o n e cover be fo re , a l t h o u g h some o f these sub jec ts have been d i scussed in 
va r ious j o u r n a l s and r e p o r t s . 

W o o d is the basic c o n s t r u c t i o n mate r ia l d i scussed and the o n e tha t is f a m i l i a r 
t o loggers. It is ava i lab le l o c a l l y and t h e r e f o r e c h e a p e r ; it is b o t h re l iab le and 
ve rsa t i l e ; and w i t h preservat ive c o a t i n g it has a d u r a b i l i t y equa l to tha t o f 
o t h e r mate r ia l s . 

A l m o s t a l l the i n f o r m a t i o n in the b o o k was c o l l e c t e d in B r i t i s h C o l u m b i a 
and Wes te rn A l b e r t a b y i n te r v i ew ing b r idge bu i l de rs and o thers i nvo l ved in 
br idge c o n s t r u c t i o n at logging o p e r a t i o n s . T h e s t ruc tu res and t e c h n i q u e s 
desc r i bed w i l l be mos t use fu l in t he t w o Wes te rn p rov i nces bu t t h e y can be 
adap ted t o o t h e r areas. T h e des igns m a y also be adap ted even t h o u g h m a n y 
o f the tab les are based o n large log s izes . W e have i n c l u d e d some genera l de 
sign e x a m p l e s ; an e x p e r i e n c e d des igner m a y be ab le t o i m p r o v e these des igns 
f o r spec i f i c si tes b y us ing sma l le r s t r uc tu ra l m e m b e r s at a l o w e r cos t . 

D u r i n g the t r ans i t i on p e r i o d f r o m impe r i a l t o m e t r i c , we have used imper ia l 
un i t s w h e r e we t h i n k t h e y w i l l be m o s t eas i ly u n d e r s t o o d and me t r i c un i t s 
fo r su rvey ing and f o r sec t i ons c o n c e r n i n g ma te r i a l r equ i r i ng SI s p e c i f i c a t i o n s . 

If users o f th is b o o k i nd i ca te a n e e d , we w i l l upda te th i s ma te r ia l in th ree o r 
f o u r years and add and co r rec t sec t i ons af ter t he t r a n s i t i o n t o the SI sys tem 
is c o m p l e t e . We also p lan t o s h o w des igns us ing smal le r logs. In t he m e a n 
t i m e , we inv i te y o u r c o m m e n t s a n d sugges t ions . 



H O W T O U S E T H I S H A N D B O O K 

T o m a k e it easier fo r the reader to w o r k w i t h a b o o k th is s ize , we have ar
ranged the i n f o r m a t i o n in to s ix ma jo r sec t i ons . 

S e c t i o n I, B r idge T y p e s and D e f i n i t i o n s , ou t l i nes basic k n o w l e d g e a b o u t 
br idge t y p e s and s t ruc tu ra l c o m p o n e n t s . 

S e c t i o n II, B r idge L o c a t i o n , d iscusses the se lec t i on of b r idge s i tes, e n v i r o n 
men ta l c o n s i d e r a t i o n s , channe l i nves t iga t ions , peak f l o w s , scou r p r o b l e m s 
and p r e l i m i n a r y si te surveys . 

S e c t i o n III, B r idge D e s i g n , descr ibes f ina l p lans and supe rs t ruc tu re des ign . 

S e c t i o n I V , B r i dge C o n s t r u c t i o n , e x p l a i n s c o n s t r u c t i o n t e c h n i q u e s , and gives 
' h o w to d o i t ' e x a m p l e s of b r idge b u i l d i n g . T h e t e c h n i q u e s are l i m i t e d t o 
a b u t m e n t s and piers no h igher t han 2 0 feet and c o n c r e t e a b u t m e n t s no 
h igher t h a n 10 feet . O n l y s i m p l e spans o r spans r e i n f o r c e d w i t h s i m p l e 
t russes are i n c l u d e d . 

S e c t i o n V , W o o d P r e s e r v a t i o n , l ists preservat ives and m e t h o d s o f f i e l d t reat 
men t . 

S e c t i o n V I , B r i d g e iV la in tenance, deals w i t h b r idge i n s p e c t i o n , d e f l e c t i o n 
tests, and w h e n and h o w to repai r the va r ious s t ruc tu ra l m e m b e r s . 

T h e h a n d b o o k i nc l udes a p p e n d i c e s , a g lossary , re fe rences , and an i n d e x . 

W e have t r ied to e m p h a s i z e p rac t i ca l s t ruc tu re t y p e s and c o n s t r u c t i o n t e c h 
n iques f o r d i f f e r e n t s i te c o n d i t i o n s . T o avo id r e p e t i t i o n , we have cross-
re fe renced i n f o r m a t i o n w h i c h per ta ins to m o r e t han one s e c t i o n . T e x t b o o k 
mate r ia l such as de r i va t i on o f m e m b e r sizes and f o r m u l a s is no t i n c l u d e d 
—readers are no t e x p e c t e d to be f am i l i a r w i t h eng ineer ing p rocedures ] 

T h e au tho rs feel that the d e c i s i o n to b u i l d a br idge can be made o n l y a f ter 
fu l l c o n s i d e r a t i o n o f the e c o n o m i c and e n v i r o n m e n t a l fac to rs . It is im 
p o r t a n t to l o o k at all o p t i o n s and to c o n s i d e r the need fo r p ro fess iona l ad 
v ice and he lp . O n c e y o u have m a d e the d e c i s i o n to b u i l d , th is h a n d b o o k 
gives y o u p rac t i ca l adv ice to p lan and c o m p l e t e the p ro jec t . 



Y o u are c a u t i o n e d t o get the adv i ce o f a q u a l i f i e d b r idge eng ineer if a n y o f 
t h e f o l l o w i n g c o n d i t i o n s a p p l y . 

1. Y o u lack c o n f i d e n c e in y o u r a b i l i t y t o b u i l d the b r i dge . 

2 . S ing le - leng th r e i n f o r c e d s t r ingers m a y no t be s t rong e n o u g h . 

3 . Piers and a b u t m e n t s are h igher t h a n 2 0 fee t , or excess ive ear th pressures 
are i n v o l v e d . 

4 . C o m p l e x c o n c r e t e s t ruc tu res or c o n c r e t e a b u t m e n t s over 10 feet h igh 

are r e q u i r e d . 

5 . T h e br idge is be ing bu i l t f o r m o r e t h a n one lane o f t r a f f i c . 

6 . D i f f i c u l t f o u n d a t i o n p r o b l e m s ex is t—such as f r ac tu red r o c k , ve ry sof t 
s o i l , or u n d e r w a t e r c o n s t r u c t i o n . 

L E G A L D I S C L A I M E R 

T h e s u p p o r t da ta fo r th is b o o k was c o l l e c t e d f r o m a great n u m b e r of sources 
and be l ieved t o be re l iab le and t r ue . Ca re has been t a k e n d u r i n g the c o m p i l 
a t i on and w r i t i n g o f th i s b o o k t o p reven t e r ro r o r m i s rep resen ta t i ons bu t 
ne i ther the Fo res t E n g i n e e r i n g Research Ins t i tu te o f C a n a d a no r the au th 
ors m a k e any w a r r a n t y w i t h respect t o the a c c u r a c y , c o m p l e t e n e s s or use fu l 
ness o f the i n f o r m a t i o n c o n t a i n e d in th is b o o k , or assume any l i ab i l i t i es 
w i t h respect t o t he use o f any i n f o r m a t i o n , m e t h o d or p rocess d i sc losed in 
th i s p u b l i c a t i o n . 

T h e use o f t rade names is f o r t he i n f o r m a t i o n and c o n v e n i e n c e of the user o f 
th i s b o o k a n d does n o t c o n s t i t u t e an e n d o r s e m e n t b y t h e F o r e s t E n g i n e e r i n g 
Research Ins t i tu te o f C a n a d a or t he a u t h o r s . 



I. B R I D G E T Y P E S A N D D E F I N I T I O N S 



I. B R I D G E T Y P E S A N D D E F I N I T I O N S 

T h i s sec t i on de f i nes and desc r ibes bas ic b r idge te rms and c o m p o n e n t s . It 
e x p l a i n s the t e rms used later in th is b o o k to readers i nvo l ved in b r idge p lan 
n i n g , l o c a t i n g , design and c o n s t r u c t i o n . T h e g lossary i nc ludes a d d i t i o n a l 
t e rms no t cove red in th is s e c t i o n . 

Br idges and cu l ve r t s are road-d ra inage s t ruc tu res tha t c h a n n e l wa te r f r o m 
o n e s ide of the road e m b a n k m e n t to t he o t h e r . A cu lve r t m a y be e i ther a 
br idge less t han 2 0 feet in length or a s t ruc tu re w i t h e n o u g h f i l l over it so 
tha t l i t t le o f its s t rength is needed t o s u p p o r t the t r a f f i c load (F igu re 1) . 
C u l v e r t s m a y have the i r in le t s u b m e r g e d unde r f l o o d c o n d i t i o n s bu t b r idges 
mus t have c lea rance even d u r i n g a f l o o d . In the c o n t e x t o f th is b o o k a 
b r idge is a we igh t -bea r ing s t r uc tu re w i t h an ear th f i l l or t i m b e r d e c k , and 
w i t h a span o f m o r e t h a n 2 0 fee t . T h e des igns in th is b o o k are fo r br idge 
and cu l ve r t - t ype (grave l -decked) b r idges . 

F I G U R E 1. A log cu l ve r t 



A . B R I D G E L I F E 

T h e cos t o f a br idge depends o n its des ign l i fe . A b r idge tha t is needed fo r 
o n l y a shor t pe r i od can be bu i l t q u i c k l y w i t h i nexpens i ve ma te r i a l s , bu t a 
b r idge used f o r a l ong p e r i o d m u s t be c a r e f u l l y c o n s t r u c t e d f r o m g o o d 
q u a l i t y m a t e r i a l . 

We d iscuss th ree classes o f - b r i d g e s t ruc tu re c l a s s i f i e d . b y e x p e c t e d l i fe d u r a 
t i o n . 

T e m p o r a r y b r i dge : a l i fe o f less t h a n ten years 

S e m i p e r m a n e n t b r i dge : a l i fe o f ten t o t w e n t y years 

P e r m a n e n t b r i d g e ; a l i fe o f m o r e t h a n t w e n t y yea rs 

B . B R I D G E S I T E 

T h e best br idge si te f o r m s a c ross ing fo r t he road at an a c c e p t a b l e l o c a t i o n , 
g rad ien t , and cu r va tu re . It is l oca ted in a n a r r o w , s t ra ight s e c t i o n o f t h e 
s t ream where the banks give f i r m ; scour - f ree and safe s u p p o r t f o r the f o u n d a 
t i o n s . T h e r e mus t be a c lear passage fo r wa te r and debr i s w i t h m i n i m u m p o 
ten t ia l f o r o b s t r u c t i o n or d i ve r s i on o f the s t r e a m . T h e br idge s h o u l d be bu i l t 
f r o m loca l mate r ia ls at the lowes t poss ib le cost and give sa t i s f ac to r y serv ice 
over its e x p e c t e d l i fe . 

T o c h o o s e the m o s t su i t ab le s i te , p lanne rs and bu i l de rs s h o u l d c o n s i d e r and 
eva lua te road and t ra f f i c r e q u i r e m e n t s w i t h great ca re . 

C . B A S I C B R I D G E C O i \ ^ P O N E N T S 

Br idges have th ree bas ic c o m p o n e n t s ( F i g u r e 2 ) . T h e s u b s t r u c t u r e s u p p o r t s 
the we igh t o f the supe rs t ruc tu re and the t ra f f i c o n the b r idge . It is m a d e u p 
o f a b u t m e n t s at the ends and piers in t he cen t re . 

T h e supe rs t ruc tu re is t he part of the br idge w h i c h spans the o p e n i n g and 
car r ies the l o a d . It cons is t s o f d e c k i n g , s t r ingers and t russes. T h e span o f a 
b r idge is the c lear o p e n i n g b e t w e e n the a b u t m e n t s . 

T h e a p p r o a c h e s are road sec t i ons at b o t h ends o f the o p e n i n g w h i c h gu ide 
the t ra f f i c o n and o f f the b r idge . O f t e n a b u t m e n t s f o r m part o f the a p p r o a c h . 



F I G U R E 2 . Bas i c b r i dge c o m p o n e n t s 

A n y t y p e o f s u b s t r u c t u r e m a y be c o m b i n e d w i t h a n y t y p e o f supe rs t r uc tu re 
t o f o r m a b r i dge . T h e des igner mus t c h o o s e the best c o m b i n a t i o n . F o r 
e x a m p l e , t he span can b§ r e d u c e d b y m o v i n g the a b u t m e n t s c loser t oge the r . 
T h i s m a y m a k e the a b u t m e n t s h igher and f o r c e t h e m in to a p o o r l o c a t i o n in 
t he s t r eam. O n the o t h e r h a n d , the span b e t w e e n ideal a b u t m e n t l o c a t i o n s 
m a y p r o h i b i t t he use o f l o c a l s t r i n g e r s o r r equ i r e t h e use o f t russ ing o r cen t re 
p iers . 

1. S u b s t r u c t u r e ^ 

T h e c h o i c e o f s u b s t r u c t u r e d e p e n d s u p o n g r o u n d c o n d i t i o n s , a b u t m e n t he igh t , 
a v a i l a b i l i t y o f m a t e r i a l , l i fe o f the br idge and to s o m e e x t e n t the t y p e o f 
s u p e r s t r u c t u r e . E q u i p m e n t a v a i l a b i l i t y m a y a lso be an i rnpo r tan t f a c t o r . F o r 
e x a m p l e , a p i le a b u t m e n t m a y be a p p r o p r i a t e bu t if a p i le d r i ve r is no t ava i la 
b le a n o t h e r t y p e o f a b u t m e n t mus t be u s e d . 

a) A b u t m e n t s 

S i m p l e a b u t m e n t s 

S i m p l e a b u t m e n t s (F igu re 3) m a y be used if t he g r o u n d is f i r m and br idge c lear 
ance can be l o w . T h e y are o f t e n used fo r smal l c ross ings and w i t h cu l ve r t - t ype 
log br idges if n o great c lea rance is r equ i red above the w a t e r . T h e y are char 
ac te r i zed b y s i m p l i c i t y and l o w cos t . Severa l e x a m p l e s , rang ing f r o m s i m p l e 
g r o u n d s u p p o r t t o m u l t i p l e s i l l l og a b u t m e n t s , are i l l us t ra ted in S e c t i o n I V . 



F I G U R E S . A s i m p l e a b u t m e n t 

C r i b b i n g a b u t m e n t s 

L o g c r i b a b u t m e n t s can be c o n s t r u c t e d fo r s t ream banks tha t are not at t he 
same e l e v a t i o n , or fo r ra is ing the level o f the b r idge t o pe rm i t adequa te f l o w 
(F igu re 4 ) . 

F I G U R E 4 . A log c r i b a b u t m e n t 

C r i b des ign and c o n s t r u c t i o n m e t h o d s va ry to su i t necessary c r i b he igh t , t y p e 
of soi l or r ock ava i lab le fo r f i l l , and e x p o s u r e to s c o u r . C r i b logs s h o u l d be 
larger t han 2 0 inches in d i ame te r to m a k e a s tab le s t ruc tu re and reduce the 



ef fec t o f ro t . ( L o g c r i bs h igher t h a n 2 0 feet mus t be des igned by a q u a l i f i e d 
b r idge eng ineer . ) O n l y ceda r c r i b b i n g is r e c o m m e n d e d f o r s e m i p e r m a n e n t o r 
p e r m a n e n t br idges. T r e a t e d w o o d is no t o f t e n used fo r c r ibs bu t precast c o n 
cre te logs have been success fu l l y u s e d . 

If t h e c r i b is t o be b u i l t a w a y f r o m t h e s t ream c h a n n e l w h e r e it is n o t sub jec t 
t o s c o u r , it can be bu i l t d i r e c t l y o n level ha rd g r o u n d . If t he sur face is so f t 
and l i k e l y t o s c o u r , h o w e v e r , the c r i b si te s h o u l d be e x c a v a t e d t o f i rme r 
g r o u n d or t o a d e p t h w h e r e the c r i b f o u n d a t i o n s w i l l -not be u n d e r m i n e d 
b y wa te r . C r i b s s h o u l d no t be l oca ted w h e r e t h e y o b s t r u c t t he f l o w o f t he 
s t ream and s h o u l d no t be bu i l t o n s teep, r o c k y , s l opes , unless a c o n c r e t e 
pad f o u n d a t i o n is p r o v i d e d . C e d a r log c r i bs are re la t i ve ly easy t o c o n s t r u c t 
f r o m loca l mate r ia l s , are easy t o m a i n t a i n , and s u p p o r t a n y t y p e o f super 
s t r uc tu re . 

P i le a b u t m e n t s 

C o n s i d e r p i le - or pos t -ben ts f o r b r idge a b u t m e n t s 

if it is necessary t o pu t t he f o u n d a t i o n in a s t ream 

if the s t ream b a n k is t o o steep t o b u i l d a log c r i b 

if the so i l is so f t and d e e p e n o u g h t o a l l o w p i le d r i v i n g 

if w o o d is scarce fo r c r i b b i n g 

if p ressure- t reated mater ia ls are to be used fo r longer l i fe ( t reated 
c r i b b i n g w o u l d n o r m a l l y cos t t o o m u c h ) . 

W o o d e n p i l i ng is n o r m a l l y t he mos t c o m m o n t y p e , bu t steel p i l i ng is be
c o m i n g a p o p u l a r a l te rna t i ve if longer l i f e , res is tance t o i ce , and d i f f i c u l t 
d r i v i n g c o n d i t i o n s are f a c t o r s . 

P i l e -d r i v i ng requ i res spec ia l e q u i p m e n t and e x p e r i e n c e . Y o u can rent p i le -
d r i v i n g a t t a c h m e n t s f o r logg ing m a c h i n e s a n d e x p e r t s m a y be ava i lab le f o r 
sho r t - t e rm c o n t r a c t s . 

Y o u can c o n s t r u c t f r a m e d bents p laced o n m u d si l ls o n the s i te . These can 
be m a d e f r o m loca l ma te r ia l s a n d c a n o f t e n be used in p lace o f d r i v e n p i les 
bu t t h e y c a n n o t be used w h e r e t h e si l l w i l l be sub jec t t o s c o u r i n g . 



C o n c r e t e f o u n d a t i o n s and a b u t m e n t s 

C o n c r e t e pads are o f ten p laced o n r o c k f o u n d a t i o n s t o f o r m si l ls fo r s t r ingers 
fo r f r ame- or pos t -ben ts , or t o p r o v i d e level sur faces and fas ten ing po in t s fo r 
w o o d c r i b a b u t m e n t s . C o n c r e t e a b u t m e n t s can be c o n s t r u c t e d to re ta in the 
a p p r o a c h f i l l or to d iver t the s t ream. In e i ther case the f o u n d a t i o n mus t be 
secured to t he rock and r e i n f o r c i n g is n e e d e d . 

C o n c r e t e a b u t m e n t s 

are mos t expens i ve and mos t d i f f i c u l t to bu i l d 

are m o s t resistant t o i m p a c t damage 

have the longest serv ice l i fe 

( N o t e : th is h a n d b o o k covers o n l y t hose c o n c r e t e a b u t m e n t s a n d f o u n d a t i o n s 
less t han 10 feet in he ight . C o n s u l t a c o m p e t e n t br idge des igner if a b u t m e n t s 
or f o u n d a t i o n s exceed th is he ight . ) 

b) Piers 

W h e n the d i s tance be tween a b u t m e n t s is t o o great fo r the ava i lab le s t r ingers 
to span w i t h o u t i n te rmed ia te s u p p o r t , p iers are n e e d e d . Piers m a y be c o n 
s t r uc ted o f p i l i n g , log c r ibs or c o n c r e t e (F igu re 5) . 

F I G U R E S . Piers 



T h e f o l l o w i n g c r i te r ia mus t be me t . 

P iers h igher t han 2 0 ft requ i re fu l l eng inee r ing des ign . 

Wa te r d e p t h s h o u l d be less t han 4 ft f o r easy c o n s t r u c t i o n . 

T h e F isher ies D e p a r t m e n t m a y requ i re spec ia l c o n d i t i o n s to be met 
w h e n piers are bu i l t in t he s t ream c h a n n e l . 

P iers s h o u l d no t be p laced in s t reams c a r r y i n g ice f loes or heavy deb r i s . 

Un less the p ier is fas tened t o r o c k , its base mus t be b e l o w the an t i c i pa t 
ed scou r leve l . 

Piers s h o u l d be bu i l t in sma l l i s lands o r na tu ra l r o c k o u t c r o p s in the cen t re o f 
a s t ream and s h o u l d be bu i l t t o be as s lender as poss ib le t o m i n i m i z e the o b 
s t r u c t i o n t o the s t ream f l o w . 

Pos t -ben t o r f r ame-ben t p iers 

are used o n hard g r o u n d w h e r e pi les c a n n o t be d r i ven and w o o d is no t 
ava i lab le f o r c r i b b i n g 

m a y be m a d e f r o m t rea ted m a t e r i a l , mi js t have w o o d or c o n c r e t e 
f o u n d a t i o n 

have the advantages o f p i le p iers but are m o r e d i f f i c u l t t o b u i l d and 
p ro tec t against s c o u r . 

Pos t ben ts are cheaper t o c o n s t r u c t t h a n f r ame bents bu t are m o r e vu lne rab le 
t o damage . L e a n i n g bents can be c o n s t r u c t e d to reduce the u n s u p p o r t e d 
span o f t he b r i dge . 

L o g c r i b p iers 

are easy t o b u i l d , need n o spec ia l e q u i p m e n t 

need a g o o d f o u n d a t i o n , have a sho r t l i fe 

reduce the c h a n n e l s i ze , are suscep t i b l e t o loca l scou r 



requ i re b o x c r i b b i n g . 

C o n c r e t e piers 

are d i f f i c u l t to b u i l d , and requ i re spec ia l e q u i p m e n t , 

are resistant to i m p a c t damage . 

have a n a r r o w s t ruc tu re w i t h least o b s t r u c t i o n to s t ream f l o w , 

have the longest serv ice l i fe . 

2 . S u p e r s t r u c t u r e 

B r idge supers t ruc tu res cons is t o f s t r ingers , deck and guardra i l s , 

a) S t r ingers 

S t r ingers s u p p o r t the des ign load and are the mos t i m p o r t a n t and expens i ve 
part o f a b r idge . Because t h e y are sens i t ive to o v e r l o a d i n g , d e c a y , and d a m a g e , 
t h e y are the m o s t d i f f i c u l t b r idge c o m p o n e n t s to inspect and repa i r . T a b l e 
I-A gives y o u s o m e idea o f the span length o f s t r ingers and s i m p l e t russes. 

T h e f o l l o w i n g st r inger t y p e s are d iscussed in later chap te r s : 

U n p r e p a r e d log s t r ingers : fo r s imp le smal l br idges, cu l ve r t - t ype log 
br idges and cu lver ts . 

P repa red log s t r ingers : f o r larger s e m i p e r m a n e n t and p e r m a n e n t b r idges . 

G u a r d r a i l s t r ingers : t w o ex t ra s t r ingers act as guardra i l s and increase 
the br idge s t rength and are o f t en used to s t reng then o l d b r idges . 

S a w n - t i m b e r st r ingers are no t d iscussed in th is h a n d b o o k . A l t h o u g h ex 
tens i ve l y used in the past t h e y are s e l d o m used t o d a y . T h e i r s ize l im i t s 
t h e m to smal l spans and if t h e y are used in shor t -span p e r m a n e n t b r idges , 
t h e y are p ressure- t rea ted . 

M u l t i p l e layer s t r ingers are used if t h e n u m b e r o f s t r ingers necessary t o 
ca r ry the des ign load w i l l no t f i t i n to a reasonab le span w i d t h . 



T A B L E I-A. A G u i d e to M a x i m u m S p a n L e n g t h ( in Feet ) Us ing L o c a l W o o d 

(Th i s tab le is a gu ide o n l y and is no t t o be used fo r design.) 

Mid-Stringer Diameter (Inches) 

20 30 40 

Design Truck Load (Tons) 

Superstructure Type 50 100 150 50 100 150 50 100 150 

Douglas-fir, Western Larch 

Simple Stringers 38 28 22 60 48 36 78 68 58 

Guard-Log Stringers 44 34 26 70 58 46 90 82 70 

Double-Tier Stringers 50 40 36 78 66 60 96 86 80 

Trussed-Log Stringers 80 60 50 100 100 90 100 100 100 

Spruce, Pine, Yellow 

Cedar, Hemlock, Balsam 

Simple Stringers 30 22 18 50 38 30 66 58 48 

Guard-Log Stringers 36 28 20 58 50 38 80 70 60 

Double-Tier Stringers 42 32 30 68 56 52 88 ' 74 68 

Trussed-Log Stringers 70 50 40 100 90 70 100 100 90 

Western Red Cedar 

Simple Stringers 26 20 15 46 34 26 52 52 42 

Guard-Log Stringers 32 24 18 52 44 34 72 64 55 

Double-Tier Stringers 38 28 26 60 50 46 78 68 62 

Trussed-Log Stringers 55 45 35 80 70 60 80 80 80 

Note: - Superstructures in this table have'crosstie and plank'decks. Special design trusses may 
increase the spans shown. 



b) Trusses 

T r u s s i n g strengt i^ens \he s u p e r s t r u c t u r e . It m a y d i s t r i b u t e the l oad e v e n l y 
over the st r ingers or it m a y s u p p o r t part of the l o a d . In e x t r e m e cases the 
t russ ing m a y be des igned to ca r ry the en t i re l o a d , v^hile the s t r ingers o n l y 
s t i f fen the s t ruc tu re . 

M a n y truss designs are ava i l ab le , bu t o n l y th ree are d iscussed in th is h a n d 
b o o k . 

N e e d l e b e a m s (k ing log , k i ng b e a m , queen log , c ross l og , e tc . ) . N e e d l e -
beams are c ross logs p laced u n d e r the st r ingers and secure ly f as tened . 
T h e f u n c t i o n of the need lebeam is to equa l i ze s t r inger d e f l e c t i o n by 
g iv ing r ig id suppo r t to the supe rs t ruc tu re at one p o i n t . N e e d l e b e a m s 
can also be lashed to guard logs f o r a d d i t i o n a l s t reng th . N e e d l e b e a m s 
can be p laced in the br idge cen t re (k ing logs) or at the t h i r d po in t s 
(queen logs) . Y o u can a lso use n e e d l e b e a m s t o h o l d the s t r ingers o f log 
cu l ve r t - t ype br idges toge ther . M u l t i p l e - l a y e r s t r inger s t ruc tu res requ i re 
need lebeams be tween the s t r ingers . 

A n inver ted (unders lung) k i ng t russ s t rengthens and b inds s t r ingers at the 
h a l f w a y p o i n t . U s u a l l y w i re ropes a t t ached t o the ends o f the s t r ingers 
are s t re tched unde r a single beam at cen te rspan to f o r m a s i m p l e t russ . 
S p e c i a l h a r d w a r e is r equ i red t o t i gh ten the w i r e ropes and t o p r o t e c t 
the ends of the s t r ingers. Loggers can bu i l d w i re - rope trusses to increase 
the span o f a t e m p o r a r y b r idge or t o s t reng then o l d ones . W i re rope has 
a shor t l i fe and is o n l y r e c o m m e n d e d fo r t e m p o r a r y t russes. O n h igher 
br idges w i t h a m p l e c l ea rance , a large n e e d l e b e a m , d o u b l e n e e d l e b e a m , 
t i m b e r f rame-ben t or steel f r ame m a y be h u n g u n d e r the cen t re o f t he 
br idge. 

Inver ted (unders lung) queen trusses s u p p o r t the st r ingers at the one -
t h i r d po i n t s to increase the e f fec t i ve span o f log s t r ingers. S tee l rods 
are o f t en used to serve the same pu rpose as w i re rope in the c o n s t r u c 
t i o n of s imp le t russes. Because t h e y are r ig id t h e y are easier t o use u n 
der t w o need lebeams . Q u e e n t russes p r o v i d e m o r e c lea rance u n d e r t he 
br idge t han k i n g t russes. 

T h e ha rdwa re fo r a t t ach ing the rods is ava i lab le and ins ta l l a t i on t oo l s can be 
ren ted . 



c) D e c k i n g 

D e c k i n g p rov ides the r u n n i n g sur face fo r veh i c les and d i s t r i bu tes t h e load 
over t h e s t r ingers . D e c k i n g rests d i r e c t l y o n the s t r ingers . B e c a u s e d e c k i n g is 
v i s i b l e , br idges are o f t en c lass i f i ed by d e c k i n g appearance and c o n s t r u c t i o n . 
We l ist the p r i n c i p a l t y p e s o f d e c k i n g in o rde r of i nc reas ing c o m p l e x i t y and 
cos t . 

G r a v e l (shot r o c k ) 
C ross t i e and p l a n k i n g 
L a m i n a t e d d e c k i n g 
S e c t i o n a l d e c k i n g 
S p e c i a l d e c k i n g (asphal t , conc re te ) 

d) G u a r d r a i l s and shear logs 

S a w n t i m b e r o r r o u n d - l o g guard ra i l s p reven t veh i c les f r o m d r i v i n g o f f t he 
b r idge . T h e guardra i l s m a y be b o l t e d o r lashed t o the d e c k i n g or s t r ingers. 
La rge guardra i l logs p r o p e r l y secured t o the s t r ingers m a y ca r r y par t o f the 
load and act e f f ec t i ve l y as s t r ingers . 

Shea r logs f u n n e l t he t r a f f i c f r o m t h e a p p r o a c h e s o n t o the b r idge and m a y 
be la id o n the g r o u n d and c o n n e c t e d t o the guard ra i l s , o r y o u m a y rep lace 
shear logs by r idges o f gravel o r b las ted r o c k at t he road edge . 

D . C O M M O N L Y - U S E D B R I D G E T Y P E S 

L C u l v e r t - T y p e L o g B r i dges 

T h e cheapes t b r idge is t he c u l v e r t - t y p e br idge w i t h log si l l a b u t m e n t s , log 
s t r ingers and a gravel d e c k (F igu re 6 ) . If large cedar logs (red cedar or 
y e l l o w cedar ) are ava i l ab le , b r idges o f th is t y p e can be bu i l t t o ca r ry 150 - t on 
loads o n spans u p t o 6 0 feet . C e d a r l og br idges have a l i fe o f 10 years o r 
m o r e and can be bu i l t a l m o s t en t i r e l y f r o m loca l m a t e r i a l . A n y w o o d species 
can be used fo r t e m p o r a r y b r idges . C o n s t r u c t i o n o f these br idges is s im i la r 
t o tha t f o r log cu lve r t s . 

G r a v e l d e c k s generate larger dead loads t h a n o t h e r d e c k s and r e d u c e the 
a l l o w a b l e span length fo r any g iven d i ame te r o f s t r inger . F o r th i s reason 
c u l v e r t - t y p e log br idges w i t h s i m p l e a b u t m e n t s are usua l l y used to c ross 
smal l s t reams if bo th s t ream b a n k s are so l i d and h igh enough above t h e 
c reek to p e r m i t adequa te f l o w . T h e gravel d e c k is easy to m a i n t a i n w i t h a 



grader and b lends in to the l andscape . T h e l i fe o f a gravel b r idge w/ith a log 
c r i b a b u t m e n t is governed b y the l i fe o f the st r ingers. B r i dge l i fe can be 
e x t e n d e d by us ing st r ingers tha t are larger t han the des ign m i n i m u m fo r the 
s p a n . 

2 . Log -S t r i nge r Br idges w i t h T i e - a n d - P l a n k D e c k s 

Use t i e -and -p lank decks o n p e r m a n e n t or s e m i p e r m a n e n t br idges and o n 
longer spans where d e c K we igh t is i m p o r t a n t and st r ingers are no t ava i lab le 
to s u p p o r t gravel decks . T i e - a n d - p l a n k d e c k s are s e l d o m m a d e l o c a l l y and 
m a y requ i re specia l fas ten ings. B r i dge p l anks requ i re c o n s i d e r a b l e m a i n t e 
nance . 

T h e adv i ce o f an e x p e r t is needed o n the use o f o the r ma te r ia l s such as 
aspha l t , c o n c r e t e or p l y w o o d . 

3 . M u l t i s p a n Br idges w i t h Piers 

M u l t i s p a n br idges are necessary w h e n st r ingers are not l ong enough fo r a 
s ingle span br idge or w h e n a long l o w a p p r o a c h is necessary and a f i l l w o u l d 
rest r ic t f l o o d wa te r (F i gu re 7) . 

T h e supe rs t ruc tu re f o r these br idges is des igned as t w o s ingle spans c o n 
nec ted to c o m m o n piers. 

F I G U R E 6 . A c u l v e r t - t y p e log br idge 



F I G U R E ? . A m u l t i s p a n b r idge 



I I . B R I D G E L O C A T I O N 



II. B R I D G E L O C A T I O N 

T h i s sec t i on w i l l f a m i l i a r i z e the l o c a t o r w i t h the basic i n f o r m a t i o n he re
qu i res to c h o o s e a b r idge s i te . It w i l l d iscuss r iver cha rac te r i s t i cs and the i r 
e f fec t o n a b r idge . It w i l l gu ide the reader t h r o u g h the p r o b l e m s o f ten ta t i ve 
site se lec t ions , w h a t t o l o o k fo r d u r i n g the f i e ld r econna i ssance , and the da ta 
needed t o c o m p a r e s i tes. We w i l l a lso d iscuss a de ta i l ed si te su rvey . T h i s sur
vey w i l l be necessary fo r the br idge des ign and p r e p a r a t i o n o f the c o n s t r u c 
t i o n p lans . 

L o c a t i n g the br idge is no t a l w a y s so c o m p l e x . A t s o m e sites it is su f f i c i en t 
t o spec i f y the s ize of the s t r uc tu re to the road c o n s t r u c t i o n c r e w and t h e y 
can bu i l d a s imp le br idge w i t h no f u r t he r p r e p a r a t i o n . O n o the r sites w h e r e 
an expens i ve s t ruc tu re is r equ i red it m a y be necessary t o f o l l o w the de ta i l ed 
survey and eva lua t i on p r o c e d u r e o u t l i n e d . In th is b o o k we c lass i f y c ross ings 
as e i ther ' m i n o r ' or 'ma jo r . ' 

M i n o r c ross ings : S i m p l e , easy t o r e l o c a t e , and c h e a p . A l i g n m e n t t o the 
road is the p r i m e c o n s i d e r a t i o n , s ince br idge cos t w i l l no t be c r i t i c a l . 

M a j o r c ross ings : E x p e n s i v e . T h e se lec t i on o f the br idge si te has p r io r 
i t y over r oad l o c a t i o n and a l i g n m e n t . R o a d s are l o c a t e d in o r d e r t o 
cross at the se lec ted b r idge s i te . 

A . S T R E A M C H A R A C T E R I S T I C S 

S t r e a m charac te r i s t i cs are the m o s t i m p o r t a n t f ac to rs to cons ide r w h e n y o u 
c h o o s e a br idge s i te. These cha rac te r i s t i cs are d iscussed in th ree g r o u p s . 

I. S t r e a m C h a n n e l s 

T h e charac te r i s t i cs of the s t ream bank are the mos t i m p o r t a n t fac to rs af
f ec t i ng a br idge c ross ing and mus t be c o n s i d e r e d d u r i n g b o t h p r e l i m i n a r y in 
ves t iga t ion and reconna i ssance . S i tes w i t h a s t ra ight n a r r o w c h a n n e l , even 
g rad ien t , and f ew p o t e n t i a l debr is - jams m a k e an ideal l o c a t i o n ; t h e y s h o u l d 
f i t the road pa t te rn and cross whe re the banks w i l l no t e r o d e , even at peak 
f l o o d levels. 

T h e l o c a t o r mus t invest igate the s t ream c h a n n e l and s t ream banks t h o r o u g h 
ly t o judge the area fo r a su i tab le l o c a t i o n fo r a b u t m e n t s and piers and the 
e q u i p m e n t and m a c h i n e s requ i red fo r the c o n s t r u c t i o n o f the b r i dge . 



S o i l c o n d i t i o n s m a y be ve ry d i f f e ren t f o r each a b u t m e n t and p ier . S t r e a m s 
m a y f o l l o w geo log ica l t r ans i t i on zones so tha t the f o r m a t i o n o f one s ide d i f f -
fers f r o m the o the r . F igu re 8 i l lus t ra tes an e x a m p l e . 

F I G U R E 8 . B r idge a d a p t e d t o d i f f e ren t g r o u n d c o n d i t i o n s 

a) S t r e a m bank s tab i l i t y 

F o o t i n g s are usua l l y p laced o n the s t ream b a n k . If the bank is eas i l y e r o d i -
b le , spec ia l p r o t e c t i o n is r equ i red f o r t he a b u t m e n t s . ( Ind ica to rs o f ac t i ve 
e ros ion are u n d e r c u t banks and pa r t l y washed -ou t ove rhang ing s tumps . ) 

b) S t r e a m bends 

L o o k at the f l o w o f water a r o u n d a bend or a cu rve in the s t ream and y o u 
w i l l see tha t t he ins ide o f t he cu r ve has a b u i l d u p o f sand or l ight ma te r i a l 
w h i l e the ou ts ide is deeper and usua l l y w e l l - s c o u r e d . If the br idge mus t be 
loca ted in a s t ream b e n d , c h e c k t h e reason f o r t he b e n d . 

Bends m igh t f o r m to d e t o u r a r o u n d an obs tac le b l o c k i n g the w a t e r c o u r s e . 
These b lockages m a y be a r o c k h u m p or o the r n o n - e r o d i b l e mate r ia l (hard-
pan) w h i c h w i l l p r o v i d e e x c e l l e n t f o o t i n g fo r the a b u t m e n t . Bends m a y also 
f o r m w h e n one side o f t he channe l is no t as eas i l y e roded as the o the r . 



E v e n in st ra ight c h a n n e l s , s l o w s t r e a m - f l o w m igh t be b l o c k e d b y sed imen t or 
deb r i s depos i t ed b y the s t ream i tsel f . If the wa te r is f o r c e d f r o m one s ide to 
t h e o t h e r it w i l l speed up and if th is s ide is e r o d i b l e , s cou r w i l l s tar t . P ro tec t 
b r idge a b u t m e n t s against scou r damage o n the o u t s i d e o f a b e n d . 

c) M e a n d e r i n g channe l s 

A m e a n d e r i n g s t ream w i t h o x b o w s and a b a n d o n e d f l o o d channe ls is re la
t i v e l y s l o w - f l o w i n g and the s t ream bed is e r o d i b l e . P r o t e c t a b u t m e n t s and 
b a n k s . 

d) B ra i ded c h a n n e l 

A b r a i d e d s t ream has fast s t r e a m - f l o w w i t h heavy runo f f s and l o w b a n k s 
w h i c h o v e r f l o w . A b ra ided s t ream bed is usua l l y paved w i t h large s tones o r 
sma l l b o u l d e r s . It m a y be d i f f i c u l t t o d r i ve p i les . P r o t e c t a b u t m e n t s , banks 
and app roach - f i l l s t o prevent b a n k e r o s i o n . 

e) G rave l and sand bars 

T h e c o n t e n t o f gravel and sand bars can give y o u an i n d i c a t i o n o f wa te r 
speed . A swi f t cu r ren t moves b o u l d e r s , c o b b l e s and large g rave l . W h e n the 
s t ream s lows d o w n it w i l l depos i t t he large s tones f i rst and the sma l l par t i c les 
last. S l o w f l o o d w a t e r carr ies o n l y sand and s i l t . 

G r a v e l and sandbars g r o w larger and e v e n t u a l l y f o r c e the s t ream to e rode its 
b a n k s and t o change channe l s . (The resu l t ing d r y bars m a y no t m a k e g o o d 
cross ing s i tes, bu t are a g o o d sou rce o f gravel f o r road c o n s t r u c t i o n . ) 

f) O l d channe ls 

O l d channe ls m a y r e f l o o d at e x t r e m e h igh wa te r o r if b l o c k a g e o c c u r s in the 
ac t i ve c h a n n e l . K e e p the s t r eam c h a n n e l f ree f r o m b l o c k a g e u n d e r t he 
b r idge . Instal l a cu lver t w h e r e roads cross o l d channe l s t o p r o v i d e t e m p o r a r y 
o v e r f l o w fo r the s t r e a m . 

g) S t ra igh t c h a n n e l 

Wate r has the h ighest v e l o c i t y in u n o b s t r u c t e d s t ra ight channe ls w h e r e 
speed d e p e n d s o n the g rad ien t . W a t e r m a y b a c k up in a n a r r o w c h a n n e l at 
h igh f l o o d . P r o t e c t piers in t he s t ream f r o m fas t -mov ing f l oa t i ng deb r i s and 
ice . 



A st ra ight s t ream channe l on a fa i r l y even and steep g rad ien t w i l l have a 
we l l - s cou red sur face c o n t a i n i n g b o u l d e r s that are stable d u r i n g m o s t c o n 
d i t i o n s . These m a y s o m e t i m e s f l oa t s u b m a r i n e - f a s h i o n d u r i n g the heaviest 
r u n o f f and be d e p o s i t e d whe re the r iver levels of f . F u r t h e r d o w n s t r e a m 
the re w i l l be g rave l , sand and si l t bars. T h e r iver w i l l n o r m a l l y be s h a l l o w e r 
and b roader in the level s t re tch and a l t h o u g h it m a y be easier to d r i ve p i l i ng 
here t han in the b o u l d e r s ups t ream y o u w i l l p r o b a b l y need a longer b r idge . 
T h e s t ream bed here m a y be less s tab le in f l o o d t h a n the m o r e b o u l d e r y 
sec t i ons . 

h) L o g jams 

L o g jams near a br idge mus t be r e m o v e d or the br idge p r o t e c t e d . A log jam 
b e l o w a c ross ing w i l l cause wa te r b a c k u p d u r i n g a f l o o d , and above a c ross
ing it can s u d d e n l y release f l oa t i ng logs o r a f l o o d o f wa te r . 

L o g g i n g ca r r i ed o u t af ter t h e b r idge is bu i l t m a y a l l o w the f o r m a t i o n o f log 
jams whe re none ex i s ted p r e v i o u s l y . J a m s are a lmos t imposs ib l e to p red i c t 
bu t the br idge l oca to r s h o u l d invest igate any po ten t i a l cause of log j ams . 

2 . S t r e a m S i z e at Peak F l o w 

Peak f l o w is the largest f l o o d w h i c h can be e x p e c t e d in any g iven t i m e per i 
o d . T h e br idge o p e n i n g mus t be large enough to a c c o m m o d a t e ' peak f l o w . ' 
T h e a m o u n t o f wa te r in a s t ream m a y be c o m p u t e d by us ing the s t ream 
c h a n n e l c ross -sec t ion and the water f l o w speed . C ross -sec t i on ( m ^ or f t ^ ) 
m u l t i p l i e d by the water speed (m/sec o r f t /sec) w i l l give the f igure fo r the 
v o l u m e o f wa te r ( m ^ / s e c o r ft-^/sec) passing in a pe r i od o f t i m e . S t r e a m size 
c a l c u l a t e d at peak f l o w w i l l d e t e r m i n e the s ize o f the b r i dge . Wa te r v e l o c i t y 
d e p e n d s o n the channe l g rad ient and s m o o t h n e s s and the head wa te r pres
sure. V e l o c i t y does not f l u c t u a t e d u r i n g f l o o d s because g rad ien t , s m o o t h 
ness and head wa te r pressure d o no t n o r m a l l y change . (Head wa te r pressure 
c o u l d change s u d d e n l y if log j ams or debr i s j ams burs t u p s t r e a m , h o w e v e r . If 
u n u s u a l l y h igh wa te r and speed c o m b i n e w i t h f l oa t i ng deb r i s , the i r scou r ef
fec t o n the br idge c o u l d be d isas t rous . ) Y o u can judge t h e length of a br idge 
span and the he igh t of the a b u t m e n t s by the a m o u n t o f wa te r tha t mus t f l o w 
unde r the b r i dge , the e leva t i on o f the road and the requ i red c lea rance u n d e r 
the b r idge . 

See ' S u r v e y s fo r Dra inage S t r u c t u r e s o n Fo res t R o a d s ' — a gu ide by the M i n i s 
t ry of Fo res t s , Fo res t S e r v i c e , P r o v i n c e o f B r i t i sh C o l u m b i a , fo r a d d i t i o n a l 
i n f o r m a t i o n . 



a) Peak f l o w 

Peak f l o w s resul t f r o m a c o m b i n a t i o n o f m a n y f a c t o r s : 

H e a v y ra in and s t o rms 
R a p i d s n o w me l t 
B u r s t i n g o f t e m p o r a r y d a m 
Wate rshed area 
Wa te r shed t o p o g r a p h y 
G r o u n d c o n d i t i o n s : roughness 

so i l t y p e s and c o n d i t i o n s 
vege ta t ion cover 

Dra inage pa t te rn 

b) P r o b a b i l i t y o f peak f l o w recu r rence 

F l o o d s are re fe r red t o by the i r r e tu rn pe r i ods . F o r e x a m p l e , a ' 10 -yea r f l o o d ' 
is the peak f l o w w h i c h m a y o c c u r o n c e in eve ry ten -year p e r i o d . T h e r e is a 
6 5 % p r o b a b i l i t y t ha t these f l o o d s w i l l r e t u rn in t he i r p ro j ec ted p e r i o d . T a b l e 
I I -A shows the p r o b a b i l i t y o f s o m e o f t he i m p o r t a n t f l o o d re tu rn pe r i ods . 

T A B L E I I -A . P r o b a b i l i t y o f Peak F l o w R e c u r r e n c e 

P r o b a b i l i t y o f R e t u r n in % 

R e t u r n 
P e r i o d 
(Years) 

10-year 
f l o o d 

25 -yea r 
f l o o d 

50 -yea r 
f l o o d 

10 6 5 3 4 18 

25 9 3 6 4 4 0 

5 0 9 9 8 7 6 4 

1 0 0 1 0 0 9 8 8 7 

T h e f l o o d levels at d i f f e r e n t re tu rn p e r i o d s , w h e n c a l c u l a t e d , are based o n 
the ' 10 -yea r peak f l o o d . ' T a b l e I I-B d e m o n s t r a t e s the re l a t i onsh ip b e t w e e n 
the d i f f e ren t peak f l o w s . 



T A B L E I I -B. T h e R e l a t i o n s h i p o f Peak F l o w s W i t h D i f f e r e n t R e t u r n Pe r i ods 

Peak F l o w 
R e t u r n P e r i o d 

(Years) 
F a c t o r of F l o o d In tens i ty 

(10-year peak f l o w = 1:00) 

10 1.00 

25 1.25 

5 0 1.50 

1 0 0 1.80 

Y o u can ca l cu la te the f l o o d level o f d i f f e ren t peak f l o w re tu rn pe r i ods 
by m u l t i p l y i n g the 10-year peak f l o w s t ream c ross -sec t ion by the f a c t o r o f 
f l o o d i n tens i t y . F o r e x a m p l e , to es t ima te the f l o o d level o f the 50 -yea r 
peak f l o w , t he s t ream c ross -sec t ion (fX^,m^) o f the 10-year peak f l o w is 
m u l t i p l i e d b y 1.5 ( fac to r o f f l o o d i n tens i t y f r o m T a b l e II-B) t o es tab l i sh the 
s t ream c ross -sec t ion at t he 50 -yea r f l o o d leve l . T h e he igh t d i f f e r e n c e 
between the two c ross -sec t ions is m a r k e d unde r the br idge above the 10-
yea r p e a k - f l o w m a r k t o s h o w the h igh water - leve l o f t he 50 -yea r peak f l o o d 
(F igu re 9 ) . 

F I G U R E 9. A p p r o x i m a t e he igh t d i f f e r e n c e b e t w e e n f l o o d water - leve ls 



T h e r e are th ree bas ic m e t h o d s f o r es t ima t i ng the h igh w a t e r m a r k o f the 10-
year peak f l o o d . 

H i g h w a t e r m a r k ( H W M ) in the v i c i n i t y o f the b r idge site 

E x a m i n e a n y ev i dence o f h igh wa te r levels at the b r idge s i te . L o o k in t he 
s t ream bed f o r s cou r e f f ec t and so i l d i s c o l o u r a t i o n . S c o u r and so i l e ros i on 
f o u n d o u t s i d e the s t ream c h a n n e l o n the f l o o d p la ins are o f t e n caused b y the 
10-year peak f l o o d and th i s ev i dence m a y be mos t v is ib le in t e m p o r a r y f l o o d 
channe l s . 

E x a m i n i n g t ree t r u n k s and the b rush in the s t ream c h a n n e l and the f l o o d 
p la in m a y also s h o w ev idence o f a peak f l o w . F l o a t i n g sma l l debr i s o f t en 
hangs u p o n the b r u s h . L o g jams are a lso a g o o d i n d i c a t i o n o f the f l o o d 
m a r k because the i r age can be es t ima ted and o l d , h igh log- jams w i l l s h o w the 
h igh w a t e r m a r k o n the logs. 

N e a r b y s t ruc tu res can also i nd i ca te h igh wa te r leve l . 

Y o u can learn a lot a b o u t the s t ream by w a l k i n g t h r o u g h the area search ing 
fo r ev idence o f peak f l o w levels and p ro jec t i ng the level o f t he s t ream in f u l l 
f l o o d . (Th i s p r o j e c t i o n o f f u l l - f l o o d c o n d i t i o n s can o f t e n cause a l oca to r t o 
change his m i n d a b o u t a c ross ing w h i c h m a y l o o k ve ry g o o d under n o r m a l 
cond i t i ons . ) 

C o l l e c t i n g ev idence f r o m o t h e r sites 

If peak f l o w ev idence is d i f f i c u l t to f i nd near the b r idge s i te , it m a y be neces
sary t o l o o k f o r it f u r t h e r a w a y f r o m the b r idge w h e r e t h e h igh w a t e r m a r k 
c o u l d be re la ted t o t he br idge s i te . 

E x a m i n a t i o n o f the same s t ream c h a n n e l : F i n d the h igh w a t e r m a r k up o r 
d o w n s t r e a m if t he re is no t e n o u g h ev i dence at the b r idge s i te . T h e re
l a t i onsh ip of t he c ross -sec t ion at the f o u n d H W M and the present wa te r 
level the re m a y be used t o es t ima te the peak f l o w at t he br idge s i te . 

E x a m i n a t i o n o f n e a r b y s t reams : E x a m i n e nea rby s t reams s im i la r in 
na tu re and size t o f i n d the r e l a t i onsh ip to the s ize o f peak f l o w and 
the present wa te r leve l . M a k e sure tha t the s t ream is s im i l a r in na tu re 
t o t he s t ream at the b r idge s i te . If t h e y are d i f f e r e n t , t h e n the c a l c u l a t e d 
10-year peak f l o w fo r t he b r idge si te must be ad jus ted t o re f lec t l oca l 
c o n d i t i o n s . 



S t r e a m h i s t o r y : A gauged s t ream in t he v i c i n i t y is u s e f u l , o r bet ter y e t , 
if there is a s t ream gauge o p e r a t i n g d o w n s t r e a m , re l iab le reco rds of the 
wa te r level f l u c t u a t i o n w i l l be ava i l ab le . 

E n v i r o n m e n t C a n a d a keeps h y d r o m e t r i c records o f s o m e s t reams w h i c h 
t h e y pub l i sh as a H i s t o r i c a l S t r e a m F l o w S u m m a r y . C o n t a c t t h e m f o r 
poss ib le i n f o r m a t i o n o n s t reams a r o u n d the br idge s i te . 

M i n i n g and pu lp c o m p a n i e s and h y d r o e l e c t r i c u t i l i t i es w h o use large 
a m o u n t s of water m a y a lso gauge s t reams. 

E m p i r i c a l f o r m u l a s 

E m p i r i c a l f o r m u l a s s h o u l d be used f o r large o r i m p o r t a n t s t ruc tu res to c a l c u 
late the 10-year peak f l o w . (The C . S . P . T e c h n i c a l M a n u a l f r o m the C o r r u 
gated Stee l P ipe Inst i tu te c o n t a i n s the mos t p o p u l a r e m p i r i c a l f o r m u l a s and 
d iscusses the i r use.) C o m p a r e the resul t o f these c a l c u l a t i o n s w i t h o the r 
es t imates . 

T h e user of e m p i r i c a l f o r m u l a s mus t have h y d r o l o g i c a l k n o w l e d g e , g o o d 
loca l e x p e r i e n c e , and f a m i l i a r i t y w i t h the f o r m u l a r e q u i r e m e n t s . M o s t of al l 
he mus t be ab le t o judge the i r accuracy. 

c) B r idge s ize and des ign p e a k f l o w 

T h e des ign peak f l o w s h o u l d p rov i de the br idge w i t h reasonab le safe ty at 
a l o w c o n s t r u c t i o n cos t . T h e peak f l o w is c h o s e n fo r the usefu l l i fe o f the 
b r idge . (There s h o u l d be less than a 4 0 % c h a n c e of the des ign peak f l o w 
o c c u r r i n g d u r i n g the l i fe of the br idge.) T h e des igner s h o u l d c o n s i d e r h o w 
m u c h e x t r a safe ty can be p r o v i d e d at a s l ight increase in c o n s t r u c t i o n cos t . 

T a b l e I I -C s h o w s the des ign peak f l o w s fo r d i f f e ren t br idges. 

T A B L E I I -C. Des ign Peak F l o w s 

S T R U C T U R E S D E S I G N F L O O D S 

T e m p o r a r y 10-y r peak f l o w 

2 5 - y r peak f l o w S e m i p e r m a n e n t 

P e r m a n e n t 5 0 y r - 1 0 0 y r peak f l o w 



A n o l d br idge in o p e r a t i o n d o w n s t r e a m w h i c h has s t o o d the test o f t i m e is 
t he best gu ide fo r the des ign o f a n e w b r idge . A n u p s t r e a m br idge m a y a lso 
be used as a pa t te rn if t he e f fec t o f t r i bu ta r i es b e t w e e n the u p s t r e a m bridge: 
and the p r o p o s e d si te is t a k e n i n t o a c c o u n t . 

K e e p in m i n d tha t t he m o r e w a y s the f l o o d - f l o w is c a l c u l a t e d and c h e c k e d 
the m o r e re l iab le the resul t is go ing t o be . 

T a b l e I I -D shows the c lea rance r e q u i r e m e n t u n d e r the s t r ingers . 

T A B L E I I -D. C l e a r a n c e R e q u i r e m e n t s 

S l o w S t r e a m s 
sma l l t rees and s t u m p s : 3 feet 

large trees and s t u m p s : 6 feet 

Fast s t reams 
sma l l t rees and s t u m p s : 6 feet 

large trees and s t u m p s : 10 feet 

3 . S c o u r 

S c o u r is the e r o s i o n process resu l t i ng f r o m the a c t i o n o f the s t ream f l o w 
w h e n f as t - f l ow ing t u r b u l e n t wa te r removes so i l par t i c les f r o m s o m e parts o f 
t he s t ream bed and depos i t s t h e m at o the r par ts . 

T h e s c o u r i n g e f fec t o f t he s t ream f l o w var ies w i t h the wa te r v e l o c i t y and the 
s t r eam c h a n n e l m a t e r i a l . T h e s i ze o f the r iver depos i t s are an i n d i c a t i o n o f 
t he wa te r speed as s h o w n in T a b l e I I -E . 

L i g h t w e i g h t so i ls w i t h l oose t e x t u r e (s i l t , f i n e s a n d , o rgan i c so i ls ) w i l l e r o d e 
eas i l y . Br idges bu i l t in th i s t y p e o f so i l mus t no t c o n s t r i c t t he wa te r f l o w at 
a l l . E v e n the s l ightest increase in wa te r v e l o c i t y m a y have a d e t r i m e n t a l ef
fec t o n the s t ream c h a n n e l . 

G r a n u l a r so i ls (gravel , coarse sand) w i l l resist s c o u r i n g t o a larger degree be
cause it t akes fast wa te r t o w o r k t h e gravel loose and t o ca r r y t h e pa r t i c l es . 
O n l y fast , t u r b u l e n t wa te r can m o v e c o b b l e s and b o u l d e r s . 



T A B L E I I -E . Pe rm iss ib l e S t r e a m V e l o c i t y 

S o i l T y p e 

Pe rm iss ib l e speed o f s t ra ight 
channe l s at 1-m wa te r d e p t h 

(m/sec) 

H e a v y c l a y - \O\N d e n s i t y 0 .6 
H e a v y c l a y - dense d e n s i t y L 5 
L e a n c l a y - l o w d e n s i t y 0 .5 
L e a n c l a y - dense d e n s i t y 1.4 
F i n e si l t 0 .2 
F i n e sand 0 .3 
Coarse sand 0 . 7 5 
G r a v e l 1.2 
G r a v e l w i t h large s tones 2 .4 
C o b b l e s 3 .5 
B o u l d e r s 4 . 5 

M o d i f y i n g fac to rs fo r wa te r dep ths 

D e p t h (m) 0 .3 0 .5 0 . 7 5 1.0 1.5 2 .0 2 .5 3 .0 
F a c t o r 0 .8 0 .9 0 . 9 5 1.0 1.1 1.15 1.2 1.25 

M o d i f y i n g fac to rs fo r c h a n n e l cu rva tu re 

Channel 

Factor 
Straight 

1.0 
Slightly-curved 

0 . 9 5 
Moderately-curved 

0 . 8 7 
Much-meandering 

0 . 7 8 

( N o t e : T h e pe rm iss ib le speeds in the tab le s h o u l d be m u l t i p l i e d by the ap
p rop r i a te f ac to r t o get the pe rm iss ib le s t ream ve loc i t y . ) 

I m p e r v i o u s so i ls ( c lay , ha rdpan ) e r o d e v e r y s l o w l y , even in f as t - runn ing 
wa te r . (The s c o u r i n g e f fec t o f t h e s t ream is m u c h greater w h e n so i l par t ic les 
are a l ready in t he wa te r . S c o u r i n g is caused b y the ' s a n d b l a s t i n g ' e f fec t o f 
t he wa te r ra ther t h a n its a b i l i t y t o l oosen u p so i l pa r t i c les b y sheer fo rce . ) 
T h e s c o u r i n g e f fec t o f the s t ream can be j udged b y the s ize o f the s h a l l o w 
scou r t r enches o n the channe l f l o o r . 



R o c k e r o s i o n due t o wa te r s c o u r i n g is s e l d o m t a k e n i n to c o n s i d e r a t i o n . F o r 
al l p rac t i ca l pu rposes r o c k is c o n s i d e r e d a n o n - e r o d i b l e m a t e r i a l . 

S t r e a m v e l o c i t y is d e p e n d e n t o n 

g rad ien t o f t he s t ream bed 

headwa te r pressure—due t o f l o o d or c h a n n e l c o n s t r i c t i o n (natura l 
sources o r m a n - m a d e s t r uc tu res : a b u t m e n t s , piers) 

we t te r p e r i m e t e r f r i c t i o n inc reased b y c h a n n e l obs tac les . A t l o w w a t e r 
level the r o u g h , b o u l d e r y c h a n n e l w i l l r educe wa te r v e l o c i t y , bu t at 
peak f l o w s it has o n l y a sma l l i n f l u e n c e 

Wate r scours are usua l l y d iscussed in t w o g r o u p s : 

G e n e r a l scou r o c c u r s n a t u r a l l y in every s t ream b e d . In s o m e channe l s 
the m o v e m e n t o f t he so i l pa r t i c l es , s c o u r ho les a n d g rave l / sand depos i t s 
is c lea r l y v i s i b l e ; in o t h e r channe l s the bed appears t o be c lean and o n l y 
a f te r c lose e x a m i n a t i o n c a n s c o u r be d e t e c t e d . T h e d e p t h o f the scou r 
ing e f fec t o f the wa te r is an i m p o r t a n t c o n s i d e r a t i o n in the safe c o n 
s t r u c t i o n of a b u t m e n t s and p iers . Measu re the general scou r d e p t h o f 
the wa te r f r o m the h igh w a t e r m a r k at t he deepest p o i n t o f the s t ream 
b e d . 

A t l o w wa te r , s o m e o f t he scou r ho les are f i l l ed w i t h loose mate r ia l and 
it is d i f f i c u l t t o measure t h e c o r r e c t s cou r d e p t h . In f as t - f l ow ing wa te r 
the d e p t h es t ima te s h o u l d be inc reased by 1 ft—in s l o w s t reams by 3 
feet . 

L o c a l scou r is caused by o b s t r u c t i o n s l i ke p iers and a b u t m e n t s . These 
scours are deeper t h a n the genera l s c o u r . Th i s , e x t r a d e p t h mus t be 
t a k e n i n to c o n s i d e r a t i o n . T h e requ i red p i le p e n e t r a t i o n , base logs and 
f o u n d a t i o n s m u s t be bu i l t u n d e r l oca l s c o u r d e p t h . T a b l e I I -F shows 
the loca l scour d e p t h c rea ted by p iers . T h e genera l s cou r d e p t h mus t be 
increased by the loca l scou r d e p t h to f i n d ou t the to ta l d e p t h o f the 
s c o u r i n g e f fec t o f the wa te r . 

A b u t m e n t s are usua l l y bu i l t at t he wa te r ' s edge o r a b o v e the h igh wa te r 
m a r k . T h e m a x i m u m scou r d e p t h fo r the a b u t m e n t s is no t usua l l y as deep as 
it is f o r t he p iers un less the s t ream bed is f la t w i t h nea r l y ve r t i ca l b a n k s o n 
the s ide . If the general scou r d e p t h can be e s t i m a t e d , t hen the base log o r 



f o u n d a t i o n sinould be at least 2 f t b e l o w it (w i th the e x c e p t i o n of r o c k ) . P i l 
ing s h o u l d be d r i ven 8 ft b e l o w t o ta l scou r d e p t h . 

T A B L E I I -F . L o c a l S c o u r D e p t h o f Piers 

O p e n p i le p ie rs : 2 X largest p i le d i ame te r at g r o u n d l ine 

C l o s e d p i le p iers w i t h o u t nose : 1.5 X p ier w i d t h 

C l o s e d p i le piers w i t h nose : 1.0 X p ier w i d t h 

C r i b piers w i t h o u t nose : 2 .0 X p ier w i d t h 

C r i b p iers w i t h nose : 1.5 X p ier w i d t h 

In s l o w - f l o w i n g waters whe re the genera l s c o u r d e p t h is d i f f i c u l t t o es t ima te 
it m a y be c o n s i d e r e d as be ing 2 ft u n d e r the u n d i s t u r b e d channe l su r f ace . 
W e r e c o m m e n d r i p - rapp ing t o p r o t e c t the a b u t m e n t in f as t - f l ow ing wa te r . 
R i p - r a p p i n g s h o u l d be m a d e of i m m o v a b l e large s tones or b o u l d e r s . T h e 
f o l l o w i n g ru le m a y be used t o es t ima te the w i d t h o f the r i p - rap : 

Width of rip-rap = 1.4 (a-c) +2 where all measurements are in ft 
a = general scour depth c = water depth at abutment base 

T h e c o m b i n e d loca l scour o f r ip - rap a n d a b u t m e n t m a y e r o d e the s t ream 
bed d o w n to the general scou r d e p t h bu t t he p ro tec t i ve e f fec t o f t he r ip - rap 
w i l l p reven t a n y f u r t he r e r o s i o n (F igu re 10 ) . T h e r ip - rap is p laced in an e l l i p 
t i ca l pa t te rn t o reduce t u r b u l e n c e . 

If a b u t m e n t s are ins ide the f l o o d area t h e y create loca l scou r and c o n s t r i c t 
t h e f ree w a t e r - f l o w so the genera l s c o u r i n g pa t t e rn o f t he s t ream is c h a n g e d . 
A s s o o n as the wa te r leaves the b r idge it s lows d o w n and creates gravel o r 
sand bars. A t l ower water - leve ls these sand bars get bigger and bigger and 
c reep u p t o t h e b r idge (or even u n d e r it) s o m e t i m e s f o r c i n g t h e wa te r t o t h e 
a b u t m e n t s w i t h e x t r a e ros i on as the resu l t . T h e gravel bar m a y also cause a 
log j am u n d e r the br idge and damage the s t r u c t u r e . 

In m e a n d e r i n g channe l s , gravel bars m a y o c c u r na tu ra l l y unde r the br idge and 
lead t o the same d isas t rous c o n d i t i o n s . 



F I G U R E 1 0 . D e t e r m i n i n g w i d t h of r ip - rap 

If it is no t h a r m f u l t o f i s h , it m a y be des i rab le t o get r id o f log jams and large 
gravel depos i t s (F igu re 11 ) . D iscuss c h a n n e l c lea r ing w i t h the f i she ry and 
c o n s e r v a t i o n o f f i ce r be fo re the w o r k beg ins . 

F I G U R E 1 1 . A n i m p r o v e d c h a n n e l 



B. E N V I R O N M E N T A L P R O T E C T I O N 

S t reams and o the r w a t e r w a y s are an i m p o r t a n t resource and wa te r q u a l i t y 
m u s t be p r o t e c t e d . B r i d g e c o n s t r u c t i o n can cause s i l t a t i on in d o w n s t r e a m 
s p a w n i n g g rounds and increase the suspended s e d i m e n t l o a d . D ra inage f r o m 
t h e b r i dge and the a p p r o a c h e s s h o u l d no t a l l o w r u n o f f wa te r t o c a r r y s i l t 
d i r e c t l y i n to the s t ream. 

B u i l d i n g mus t be d o n e w h e n its e f fec t w i l l be m i n i m a l o n o the r users o f the 
s t r e a m . D a m a g e d o n e t o t he s t ream b y e x c a v a t i o n and c o n s t r u c t i o n is less 
at l o w wa te r levels, be fo re a ra iny season , o r d u r i n g w i n t e r be fo re the t h a w . 

D iscuss the l o c a t i o n , des ign and c o n s t r u c t i o n o f the br idge w i t h the p u b l i c 
agenc ies respons ib le f o r manag ing and p r o t e c t i n g t h e s t ream resou rce . T h e 
f o l l o w i n g agencies mus t be c o n t a c t e d : 

B r i t i sh C o l u m b i a or o t h e r P r o v i n c i a l M i n i s t r y o f Fo res t s 
D i s t r i c t F o r e s t Range r 
R e g i o n E n g i n e e r at t he R e g i o n H e a d q u a r t e r s 

E n v i r o n m e n t C a n a d a : L o c a l F i s h e r y O f f i c e r 

M i n i s t r y o f R e c r e a t i o n and C o n s e r v a t i o n : 
L o c a l C o n s e r v a t i o n O f f i c e r 

C a n a d a T r a n s p o r t - C o a s t G u a r d S e c t i o n 
(if b r i dg ing nav igab le wa te rs ) . 

C . T E N T A T I V E S E L E C T I O N O F B R I D G E S I T E S 

T h e c h o i c e o f po ten t i a l b r idge sites is m a d e by s o m e o n e f a m i l i a r w i t h the 
a rea . Y o u need g o o d aer ia l p h o t o g r a p h s and m a p s . T h e ac tua l s e l e c t i o n 
starts w i t h the general logg ing p lan s h o w i n g the a p p r o x i m a t e l o c a t i o n o f the 
roads . T h i s p lan is d r a w n o n sma l l - sca le c o n t o u r m a p s ( 1 : 5 0 0 0 t o 1 : 1 5 0 0 0 0 ) . 
W h e n faced w i t h d i f f i c u l t t e r r a i n , y o u can i d e n t i f y p r o b l e m s f r o m a h e l i c o p 
ter and e l i m i n a t e g r o u n d w o r k . ( 7 0 - m m aer ia l s t e reo -pho tog raphs o f t h e 
c h o s e n sites m a y a lso p rove va luab le f o r the later des ign stages as we l l as fo r 
se lec t ion . ) P l a n d i f f i c u l t d ra inages in de ta i l o n large-scale m a p s w i t h c o n t o u r 
in terva ls at 2 m to 5 m. T h e m a p scale fo r de ta i l ed p l a n n i n g s h o u l d no t be 
sma l le r t h a n 1 : 7 0 0 0 (1 i n c h = 6 0 0 f t ) . T h e idea l scale is 1 : 2 5 0 0 t o 1 : 5 0 0 0 
(1 i nch = 2 0 0 ft t o 1 i nch = 4 0 0 f t ) . 



If m o r e t h a n one si te is ava i lab le f o r t he c ross i ng , l o o k at each si te and c o m 
pare the to ta l logg ing and c o n s t r u c t i o n cos t . Y o u mus t be f a m i l i a r w i t h loca l 
c o n d i t i o n s and s t ruc tu res and the p r o b l e m s assoc ia ted w i t h t h e m . Y o u mus t 
k n o w the c o n t r a c t r e q u i r e m e n t s o f the t i m b e r o w n e r as we l l as e n v i r o n m e n 
ta l and g o v e r n m e n t r e q u i r e m e n t s . C o n s i d e r the f o l l o w i n g fac to rs d u r i n g the 
ten ta t i ve si te s e l e c t i o n . 

L o g g i n g and c o n s t r u c t i o n cos t s : T o m a k e the best c ross ing w i t h g o o d 
road a l i g n m e n t , y o u mus t k n o w the s ize l im i t s o f a b r idge tha t can be 
bu i l t f r o m loca l ma te r i a l w i t h o u t o u t s i d e h e l p . Y o u mus t k n o w the 
ava i l ab i l i t y o f l oca l c o n s t r u c t i o n m a t e r i a l ; s t r inger s ize ( m a x i m u m 
length o f a s ing le span tha t can be bu i l t us ing loca l s t r ingers ) ; the 
ava i l ab i l i t y o f logs f o r the a b u t m e n t s and piers and the ava i lab le p i le 
length fo r c r i b b i n g and p i l i ng m a t e r i a l . 

T h e e x p e c t e d l i fe o f t he b r idge 

T h e e x p e c t e d m a x i m u m veh i c l e load (Des ign L o a d ) 

R i ve r cha rac te r i s t i cs , g r o u n d and so i l c o n d i t i o n s : Y o u mus t be f am i l i a r 
w i t h r iver cha rac te r i s t i cs and the loca l g r o u n d and so i l c o n d i t i o n s . T h e 
cos t to reach d i f f e r e n t b r idge s i tes, h a u l i n g cos t , m a i n t e n a n c e cos ts , and 
t ravel t i m e o n d i f f e r e n t road lengths and grad ien ts are all i m p o r t a n t 
fac to rs . L o g g i n g cos ts m i g h t be i n f l u e n c e d by the a m o u n t o f t i m b e r de
v e l o p e d by the roads , seasonal c l osu re o f the road or o f the b r idge . 
Y o u mus t i n c l u d e poss ib le damage by b r idge and road c o n s t r u c t i o n and 
f u tu re e ros i on p r o b l e m s in y o u r e n v i r o n m e n t a l ana lys i s . C o n s i d e r the 
r isk o f w a s h o u t . 

E n v i r o n m e n t a l c o n s t r a i n t s : T h e t i m i n g o f b r idge c o n s t r u c t i o n is ve ry 
i m p o r t a n t o n s o m e si tes. E n v i r o n m e n t a l and overa l l logg ing requ i re 
men ts m a y c o n f i n e c o n s t r u c t i o n t o a ve ry shor t p e r i o d o f t i m e . 

A c c e s s t o each s ide o f t he c r o s s i n g : C o n s i d e r a si te whe re c o n s t r u c t i o n 
w i l l no t be d e l a y e d by such p r e d i c t a b l e p r o b l e m s as a subg rad ing m a 
c h i n e u n a b l e t o c ross a s t ream at a ce r ta in p o i n t . 

S u r v e y r e q u i r e m e n t s : Y o u w i l l need t o su rvey some br idge sites at l o w 
wa te r level f o r d e p t h s o u n d i n g s , so i l s a m p l i n g , o r e x p l o r a t i o n d r i l l i n g . 

O w n e r s h i p o f the site 



D . F I E L D R E C O N N A I S S A N C E 

O n c e the ten ta t i ve se lec t i on of t he br idge site is c o m p l e t e d by m a p s t u d y 
and aer ia l r econna i ssance , c h e c k it o n the g r o u n d . C a r r y o u t f i e l d r e c o n 
na issance even if the ten ta t i ve site se lec t i on appears to be the f i na l o n e . 
T h i s is the t i m e to eva luate the c ross ing and e x a m i n e the si te t h o r o u g h l y . 

T h e f o l l o w i n g is a c h e c k l i s t f o r c o l l e c t i n g i n f o r m a t i o n d u r i n g f i e ld r econna i s 
sance . 

L D e t e r m i n e w h e r e the road can c ross t h e s t r eam w i t h a c c e p t a b l e ve r t i ca l 
and h o r i z o n t a l a l i g n m e n t . 

2. E s t i m a t e the road grade. It s h o u l d be less t han 5 % to p revent s l i p p i n g . 
A v o i d sudden grade b reaks to reduce i m p a c t l o a d i n g . T h e br idge^deck 
and 3 0 f t o f t h e a p p r o a c h o n each s ide o f t he b r idge s h o u l d have the 
same g rad ien t . 

3 . C h e c k the br idge a p p r o a c h e s . T h e br idge s h o u l d have a s t ra ight ap
p roach o n each s ide fo r a d i s tance o f no t less t han 5 0 feet . 

4 . F i n d o u t if the br idge can be bu i l t at r ight angles to the d i r e c t i o n o f 
wa te r f l o w . If it is necessary t o s k e w the br idge to m a i n t a i n road a l i gn 
m e n t , m a k e sure that a b u t m e n t s and piers rema in para l le l to the s t ream 
f l o w . 

5. E s t i m a t e the length o f the span and d e c i d e if a s ingle span or m u l t i s p a n 
mus t be bu i l t . 

6 . See w h e t h e r or no t the a b u t m e n t s can be p laced a w a y f r o m n o r m a l 
s t ream f l o w . 

7. E s t i m a t e the s ize o f the a b u t m e n t so y o u can m a k e a ten ta t i ve c h o i c e 
be tween b u i l d i n g c r i b b i n g , p i le ben t , f r ame bent or c o n c r e t e a b u t m e n t s . 

8 . C h e c k t h e e l eva t i on o f t h e b a n k s . C a n t h e y be excava ted or bu i l t up if 
necessary? 

9 . C h e c k the r e l a t i onsh ip be tween b a n k he igh t and br idge he igh t . 



10 . M a k e sure there is e n o u g h c lea rance u n d e r the b r idge at al l t i m e s t o a l 
l o w the free f l o w o f t rees and s t u m p s at h igh wa te r . (Tab le I I -D) 

1 1 . Inspect the s t ream c h a n n e l . T h e s t ream s h o u l d no t change channe ls 
and the channe l s h o u l d be s t ra igh t . T h e site s h o u l d no t be at the f o o t 
o f a s teep grad ien t w h e r e the bed load is d e p o s i t e d , f o r m i n g i s lands , 
j ams and de l tas . 

1 2 . D e t e r m i n e the 10-year f l o o d level b y l o o k i n g fo r the h ighest w a t e r m a r k 
o n b a n k s , t rees, sh rubs , o l d log j ams and c h e c k the p o s i t i o n o f deb r i s 
and o the r ev i dence fo r signs o f h igh w a t e r . . 

1 3 . C h e c k the so i l c o n d i t i o n s o f the c h a n n e l . If it scours eas i l y , the abu t 
men ts and piers w i l l need spec ia l p r o t e c t i o n f r o m e ros ion and b u i l d i n g 
w i d e c r i b piers w i l l no t be poss ib l e . 

1.4. C h e c k soi l t y p e (c lay , s a n d , g rave l , bou lde rs ) to he lp in c h o o s i n g the 
r ight a b u t m e n t . 

1 5 . E x a m i n e r o c k c o n d i t i o n s o f t he bank w h e r e y o u w i l l be p u t t i n g the 
f o u n d a t i o n . D o e s it seem s o l i d o r w i l l it have t o be p r o t e c t e d ? 

16 . See if p i les can be d r i ven far e n o u g h unde r scour l e v e l f o r a b u t m e n t s 
and p iers—wi l l t he pi les be in t he f l uv ia l layer o n l y or w i l l t h e y be 
d r i ven t h r o u g h ? C a n the so i l layer u n d e r the r iver depos i t s s u p p o r t the 
p i l ings? 

17 . C h e c k w h e t h e r o r no t f o u n d a t i o n logs fo r c r i b b i n g w i l l be unde r scour 
level or o n so i l or r o c k tha t w i l l no t s c o u r . 

18 . F i n d ou t if c o n c r e t e w i l l be needed fo r the f o u n d a t i o n s o f a b u t m e n t s o r 
p iers . 

1 9 . C h e c k t o see if l oca l mate r ia ls are ava i l ab le . 

2 0 . See if e q u i p m e n t can b e u s e d t o c lear the si te of t rees and deb r i s . A l 
t h o u g h : it m a y be d i f f i c u l t t o use e q u i p m e n t in a n a r r o w c h a n n e l , the 
b a n k s are m o r e s tab le and a sho r te r span can be b u i l t . 

2 1 . See if there is r o o m at t he b r idge s i te f o r s torage and p repa ra t i on o f t he 
mate r ia l and f o r t he c o n s t r u c t i o n e q u i p m e n t . 



2 2 . D e c i d e w l i a t t i m e o f tine year t he br idge s h o u l d be c o n s t r u c t e d . 

2 3 . D e c i d e if f a l s e w o r k o r a t e m p o r a r y b r idge w i l l be necessary fo r c o n 
s t r u c t i o n . 

2 4 . F i n d ou t whe re r u n o f f wa te r w i l l d ra i n f r o m road and d i t c h e s . 

2 5 . M a k e sure t h e b r idge w i l l b e p r o t e c t e d f r o m f l o a t i n g i ce . W i l l t h e c h a n 
nels be p lugged later b y logg ing debr i s? 

E . P R E L I M I N A R Y S U R V E Y 

T o select t h e f i na l s i te , y o u need t o c o l l e c t i m p o r t a n t da ta and ca r r y o u t sur
veys fo r c o m p a r i s o n at each l o c a t i o n . 

E x a m i n e in de ta i l t he se lec ted b r idge s i tes o n the g r o u n d and t a k e no tes o n ev
e r y i m p o r t a n t aspect . T h e best t i m e t o d o th is is d u r i n g the p r e l i m i n a r y su rvey . 

C o m p l e t e the road cen te r l i ne survey . T h e road s h o u l d be la id ou t at the best 
l o c a t i o n w i t h cen te r l i ne su rvey po in t s m a r k e d w i t h a p i c k e t every 5 0 ft f o r 
t h e leng th o f the b r idge and b r idge a p p r o a c h e s (or a d i s t ance o f 5 0 0 f t o n 
each s ide o f t he b r idge) . If the g r o u n d is b r o k e n the survey p o i n t s m a y have 
t o be c lose r (10 t o 2 0 ft apar t ) t o i n d i c a t e e x c a v a t i o n , f i l l and a b u t m e n t 
p r o b l e m s . D e p e n d i n g o n loca l c o n d i t i o n s , th is a c c u r a c y m a y be needed fo r a 
100- f t d i s tance on each s ide o f the s t ream. M a j o r g r o u n d b reaks , h igh 
w a t e r m a r k , change in so i l c o n d i t i o n s and o the r p o i n t s t ha t seem t o be 
i m p o r t a n t s h o u l d also be m a r k e d . T h i s survey is best d o n e w i t h a staf f c o m 
pass o r an i n s t r u m e n t w i t h equ i va l en t a c c u r a c y . 

E s t a b l i s h benchmarks—at least t w o o n each s ide o f the s t ream—where t h e y 
w i l l no t be ob l i t e ra ted b y road c o n s t r u c t i o n . These b e n c h m a r k s are neces
sary to he lp reestab l ish the cen te r l i ne fo r the f i na l su rvey and d u r i n g the 
p r e p a r a t i o n o f t h e s i te . 

T h e last s tep is t o level the su rvey po in t s us ing a hand- leve l and leve l l ing r o d . 
D r a w u p a road p ro f i l e f o r p l a n n i n g and c o s t i n g the b r idge . M a r k c ross -
sec t i ons at each survey p o i n t t o a d i s tance o f a b o u t 5 0 ft (or to cove r the 
road r i gh t -o f -way ) o n each s ide o f t he c e n t e r l i n e . Use a h a n d c o m p a s s and a 
measu r ing tape t o m a r k the g r o u n d breaks fo r c ross - sec t i on i ng . 

M a k e de ta i l ed no tes o n l oca l g r o u n d c o n d i t i o n s d u r i n g t h e su r vey . 



T a k e a p h o t o g r a p h o f every i m p o r t a n t fea tu re o f t he si te to he lp o f f i c e eva l 
u a t i o n later o n . 

F. C H O O S I N G T H E F I N A L B R I D G E S I T E 

Y o u r c h o i c e o f the f i na l s i te w i l l be based o n e v a l u a t i o n o f t he da ta c o l l e c t e d 
d u r i n g the f ie ld reconna issance and e c o n o m i c c o n s i d e r a t i o n s . D u r i n g f i e ld 
e x a m i n a t i o n o f the s i te , y o u w i l l have e l i m i n a t e d d i f f i c u l t c ross ings and 
those whe re the c o n s t r u c t i o n w o u l d damage f ish hab i t a t o r wa te r q u a l i t y . If 
eve ry p o t e n t i a l c ross i ng appears d i f f i c u l t , get t h e adv i ce o f o u t s i d e e x p e r t s . 

If y o u feel c o n f i d e n t in y o u r des ign and c o n s t r u c t i o n a b i l i t y , c h o o s e the 
f ina l s i te af ter c o n s i d e r i n g sa fe t y , e c o n o m i c s and the e n v i r o n m e n t . 

We w o u l d l i ke t o e m p h a s i z e again tha t the best b r idge si te is .a n a r r o w sec
t i o n of the s t ream w h e r e the reaches b o t h above and b e l o w the p r o p o s e d 
c ross ing are s t ra ight a n d have an even g rad ien t . T h e br idge mus t be safe 
f r o m any damage by the h ighest f l o o d w a t e r f l o w i n g u n d e r it d u r i n g its 
p l anned l i fe . 

C o n s i d e r all the c o n s t r u c t i o n cos ts and the cos t of us ing the br idge fo r its 
l i f espan . Cos t s i n c l u d e b r idge c o n s t r u c t i o n , m a i n t e n a n c e , s t ream p r o t e c t i o n 
s t ruc tu res and u p k e e p . T h e cos ts o f h a u l i n g logs and pe rsonne l are the mos t 
i m p o r t a n t w h e n the rou tes t o t h e logg ing s i tes d i f f e r in l eng th . 

T h e rou tes to s o m e sites m a y be c l osed b y wea the r fo r par t o f the year and 
the costs of these c losures s h o u l d be p r o j e c t e d . 

F o r e x a m p l e , c o n s t r u c t i o n t i m e m a y have t o be l i m i t e d to a ce r ta in pe r i od o f 
t he yea r , resu l t ing in ex t ra cos t s . Y o u m a y need spec ia l s t ruc tu res b u i l t . 
E x t r a w o r k m a y a lso be requ i red to m a i n t a i n o r . rees tab l i sh s t ream q u a l i t y . 
A l l these costs mus t be t a k e n i n to a c c o u n t . 

P r e l i m i n a r y es t imates o f these cos ts are usua l l y accu ra te e n o u g h fo r se lect 
ing the f i na l s i te . If c o n s t r u c t i o n cos ts are ve ry h i g h , h o w e v e r , m o r e t h a n 
one site m a y be se lec ted as a poss ib le a l t e rna t i ve . A f t e r s u r v e y i n g , m a p p i n g , 
and br idge des ign have been car r ied o u t , t he to ta l cos ts can be c o m p a r e d . 

K e e p p u b l i c agencies i nvo l ved w i t h the f i na l s i te -se lec t ion t o e l i m i n a t e later 

e n v i r o n m e n t a l p r o b l e m s and a d d e d cos ts . 



G . D E T A I L E D S I T E S U R V E Y A N D S I T E M A P 

T h e f ina l b r idge p lans w i l l be d r a w n up to c o m p l e m e n t a de ta i l ed si te m a p 
p repared f r o m a de ta i l ed si te su rvey . ( A site m a p is no t a l w a y s necessary fo r 
t he br idge p lans . S m a l l , s i m p l e br idges o r br idges o n s t r a i g h t f o r w a r d , u n 
c o m p l i c a t e d sites c o u l d be des igned f r o m the i n f o r m a t i o n o b t a i n e d in the 
p r e l i m i n a r y survey . ) 

If t h e des igner is n o t t he same pe rson as t h e l o c a t o r , he s h o u l d v is i t t h e s i te 
d u r i n g or be fo re the si te su rvey to acqu i r e f i r s t -hand i n f o r m a t i o n . T h i s is 
a lso a g o o d t i m e f o r t he l o c a t o r , des igner , b u i l d e r , f i she ry and c o n s e r v a t i o n 
o f f i ce rs t o meet at the br idge si te t o es tab l i sh the ru les so the des ign and c o n 
s t r u c t i o n m a y p r o c e e d w i t h o u t ma jo r i n t e r r u p t i o n s . 

T h e c o n s t r u c t i o n o f the road t o the br idge site he lps great ly w i t h de ta i l ed 
su rvey and g r o u n d e x p l o r a t i o n . T h e last 2 0 0 feet of the road s h o u l d be bu i l t 
as c h e a p l y as poss ib le because th is sec t i on m a y be changed to adjust to the 
f ina l b r idge l o c a t i o n . 

T h e s i te -survey m a p s h o u l d cover the br idge s i te , bo th a p p r o a c h e s , and the 
area used by e q u i p m e n t w o r k i n g in the s t ream c h a n n e l . A l l o w fo r u n f o r e 
seen des ign or c o n s t r u c t i o n p r o b l e m s by i n c l u d i n g a m i n i m u m 5 0 feet o n 
each s ide of the cen te r l i ne and 5 0 feet o n each end o f the b r idge . 

T h e su rvey s h o u l d be d o n e at l o w wa te r levels w h e n the si te is e x p o s e d fo r 
c h a n n e l e x p l o r a t i o n and wa te r m e a s u r e m e n t s . T h e road c e n t e r l i n e is used as 
the base fo r the su rvey , and it w i l l de f i ne the l o c a t i o n o f the b r idge . T h e de
signer w i l l be ab le to m o v e the b r idge or the a l i g n m e n t to a l i m i t e d degree o n l y . 

G o o d a b u t m e n t a n d p ier s i tes m u s t be se lec ted , and a b u t m e n t , p ie r , and 
c h a n n e l p r o t e c t i o n c h e c k e d be fo re d e c i d i n g o n the c e n t e r l i n e . 

Po ten t i a l c o n s t r u c t i o n p r o b l e m s mus t a lso be c o n s i d e r e d . T h e b a n k s m a y be 
t o o h igh f o r e q u i p m e n t t o c ross t h e c h a n n e l . T h i s c o m p l i c a t e s c o n s t r u c t i o n ; 
perhaps a t e m p o r a r y b r idge is needed and it s h o u l d be t a k e n i n to c o n s i d e r a 
t i o n in t h e si te su rvey . It m a y be d i f f i c u l t f o r e q u i p m e n t to reach a si te and 
spec ia l c o n s t r u c t i o n t e c h n i q u e s m a y be needed t o excava te b e l o w scour leve l . 

C o n t o u r l ines are i m p o r t a n t o n a site m a p . O n e - f o o t to f i ve - foo t c o n t o u r s 
s h o u l d cove r the area o f the f o u n d a t i o n s and the s t ream c h a n n e l . F i v e f o o t 
c o n t o u r s are adequa te fo r u n c o m p l i c a t e d si tes, but if c o m p l i c a t e d dec i s i ons 
are r e q u i r e d , c o n t o u r s s h o u l d be s h o w n at one f o o t in terva ls . 



C o n t o u r s mus t a lso s h o w the s t ream bed u n d e r wa te r f o r t t ie des ign Of p ier 
f o u n d a t i o n s , t o es tab l i sh the poss ib le scou r d e p t h f o r e x c a v a t i o n , t o loca te 
p i les , and t o des ign p r o t e c t i o n f o r a b u t m e n t s and p ie rs . S o u n d i n g the s t ream 
d e p t h is espec ia l l y i m p o r t a n t w h e n the c o n s t r u c t i o n e q u i p m e n t w i l l be w o r k 
ing in t he wa te r . 

In a d d i t i o n , t he si te m a p s h o u l d s h o w the p resen t , t he h i g h , and the l o w 
w a t e r m a r k s , so i l c o n d i t i o n and so i l t y p e s , and i nd i ca te d e p t h . C h e c k and 
reco rd r o c k o u t c r o p s f o r f o u n d a t i o n d e s i g n . 

M a r k scou r ho les , s c o u r - h o l e d e p t h s , and b a n k scou rs . S h o w vege ta t i on and 
m a r k the s ize o f t rees and p o t e n t i a l 'danger t rees ' w h i c h m a y have t o be 
r e m o v e d . 

W a t e r - f l o w d i r e c t i o n and speed p o t e n t i a l are use fu l o n the s i te p l a n . T h i s i n 
f o r m a t i o n is used t o a l ign the p iers and a b u t m e n t s w i t h the wa te r f l o w . In 
d e e p c a n y o n s o r rav ines w h e r e t he re is a m p l e c l ea rance d u r i n g f l o o d y o u need 
o n l y p repare si te surveys o f t he b r idge a p p r o a c h and f o u n d a t i o n s i tes: 

A m o n g the m a n y s u r v e y m e t h o d s ava i l ab le , t h e g r id s y s t e m p rov ides a g o o d 
w a y t o c o l l e c t the su rvey da ta fo r t he si te p l a n . A 10-f t x 10-f t g r id sys tem 
s h o u l d be m a r k e d o n the g r o u n d and these po in t s leve l led by a hand level 
a n d leve l l ing r o d . T h e s t ream m a y be c o v e r e d b y es tab l i sh ing a base l ine o n 
each s ide of the wa te r w i t h 10- f t su rvey m a r k s fo r 5 0 fee t . K e e p a su rvey 
c h a i n t igh t be tween the o p p o s i t e su rvey m a r k s o n the t w o base l ines and level 
o r s o u n d t h e po in t s every 10 feet a l o n g the c h a i n . 

M a k e a de ta i l ed ske t ch of t he v i c i n i t y o f t he b r idge ou t s i de the su rveyed 
a rea . T h i s ske tch s h o u l d be based o n v isua l o b s e r v a t i o n . T a k e no tes t o 
desc r i be th is a rea . 

T h e v isua l survey s h o u l d cove r t he s t ream and t h e s t ream b a n k s u p s t r e a m 
and d o w n s t r e a m f r o m the b r idge c e n t e r l i n e . It s h o u l d cover a d i s tance o f 5 
t o 7 t i m e s the c h a n n e l w i d t h u p s t r e a m and ' 3 s t r eam-w id ths d o w n s t r e a m . 
T h i s su rvey s h o u l d l ist t h e f o l l o w i n g : 

s t ream and s t ream c h a n n e l , i n c l u d i n g so i l and s t ream depos i t s 

f l o o d area and appa ren t f l o o d d a m a g e , i n c l u d i n g the s ize o f t rees o r m a 

te r ia l m o v e d or d a m a g e d b y the wa te r 

scou r and so i l e r o s i o n of t he c h a n n e l and f l o o d p l a i n 



size o f logs and debr i s f o u n d in the channe l or p o s s i b l y m o v e d by the 
s t ream 

s ize o f large b o u l d e r s m o v e d b y the f l o o d wa te r 

r o c k o u t c r o p s , o r t h e r o c k i n e s s o f t he s t ream b a n k s a n d f l o o r 

h igh w a t e r m a r k 

t i m b e r d e s c r i p t i o n : spec ies , s i ze , age, h e a l t h , na tu re , its res is tance t o 
w i n d and w a s h o u t 

deepest s cou r -ho l e c o m p a r e d t o t he h igh w a t e r m a r k 

f l o w - p a t t e r n and cu r ren t 

It is i m p o r t a n t t o have re l iab le so i l d e s c r i p t i o n at the b r idge s i te . Ind ica te 
d i f f e ren t t y p e s o f so i ls and the i r d e p t h . ( L o c a l e x p e r i e n c e is u s u a l l y a g o o d 
gu ide. ) If the re is a n y d o u b t , t he so i l s h o u l d be t es ted . It m a y be adv isab le 
t o b r i n g a tes t d r i l l t o t h e s i te a n d samp le the so i ls to the ncessary d e p t h i f 
y o u are b u i l d i n g an expens i ve b r idge w i t h a deep f o u n d a t i o n . 

T a k e f l o w m e a s u r e m e n t s again and reca l cu la te t h e peak f l o w . ( F l o w measure
men ts , are m o r e accu ra te at h igher wa te r levels, h o w e v e r , and if it is poss ib le 
t h e y s h o u l d be repeated d u r i n g the r u n o f f caused b y the n e x t s to rm. ) 

T a k e p h o t o g r a p h s cove r i ng every aspect o f the site and desc r ibe the i r l o c a 
t i o n and p u r p o s e . T h e y w i l l be h e l p f u l d u r i n g the des ign ing o f the b r idge or 
in d i scuss ing p r o b l e m s w i t h p e o p l e n o t f a m i l i a r w i t h t h e s i te . 

A l l the c o l l e c t e d i n f o r m a t i o n s h o u l d b e , s h o w n o n a site m a p based o n the 
si te su r vey . T h i s t o p o g r a p h i c m a p s h o u l d be d r a w n t o a scale o f 1 : 1 0 0 f o r 
d i f f i c u l t si tes or des igns , o r 1 : 2 0 0 fo r easier si tes or s imp le r des igns . T h i s 
m a p w i l l be the base fo r p l a n n i n g the b r i dge . 

A larger-scale ( 1 : 5 0 0 ) m a p s h o u l d a lso be p repared t o s h o w the s u r r o u n d i n g s 
o f t he b r i dge . T rans fe r y o u r no tes t o th is m a p bu t the re is no need to m a r k 
c o n t o u r s . 

P repare a p ro f i l e at the cen te r l i ne o n the same h o r i z o n t a l scale as the si te 
p lan and o n exaggera ted ver t i ca l scale o f 1 :50 o r 1 : 2 0 . T h i s p ro f i l e w i l l be 
used t o ca l cu la te the b r idge he igh t and s p a n . 



I I I . B R I D G E D E S I G N 



III. B R I D G E D E S I G N 

T h i s sec t i on w i l l gu ide the reader t h r o u g h the necessary des ign steps based 
o n the i n f o r m a t i o n p r o v i d e d by the si te maps and su rvey . W e a lso d iscuss 
the des ign and p r e p a r a t i o n o f b r idge c o m p o n e n t s to m a t c h the s t ream size 
and t y p e ; t he t ra f f i c d e n s i t y ; the cos t res t ra in ts ; and the p repa ra t i on o f a m a 
ter ia ls l ist and c o n s t r u c t i o n s c h e d u l e . 

De ta i l s of the des ign o f a b u t m e n t s and piers are d iscussed in the c o n s t r u c t i o n 
sec t i on and cos t i ng suggest ions are i n c l u d e d in A p p e n d i x I. 

A . P R E L I M I N A R Y D E S I G N 

T h e des igner mus t c o m p a r e the advantages of d i f f e ren t he ights and t y p e s o f 
a b u t m e n t s w i t h the advantages o f d i f f e ren t lengths and t y p e s o f supe rs t ruc 
tures t o d e t e r m i n e the basic b r idge t y p e . 

H e mus t cons ide r t he f o l l o w i n g r e q u i r e m e n t s : 

L i f e o f the b r idge . Br idges e x p e c t e d t o last f o r a long t i m e w i t h o u t m a 
jo r s t ruc tu ra l repai rs c a n n o t be c o n s t r u c t e d f r o m loca l mate r ia l s . B y 
us ing s o m e preservat ives, as m u c h cedar as poss ib l e , and be ing ca re fu l 
w i t h c o n s t r u c t i o n y o u can m a k e t i m b e r br idges f r o m loca l mate r ia l to 
last t w e n t y years . T e m p o r a r y br idges bu i l t w i t h no spec ia l p recau t i ons 
w i l l usua l l y last ten years . B r idges on l i gh t l y t rave l led roads m a y be 
bu i l t w i t h p e r m a n e n t a b u t m e n t s . T h e s t r ingers and d e c k can be u n 
t r ea ted , h o w e v e r , and rep laced p e r i o d i c a l l y . T h i s reduces the in i t ia l 
cost and m a y be the cheapes t l ong - te rm i nves tmen t . 

V o l u m e and t y p e o f t r a f f i c . B r idges can o f t en be sho r tened by go ing 
up the s t ream or b y go ing d o w n the bank c loser t o the s t ream. In the 
f i rst case, the b r idge a p p r o a c h e s w i l l c o n t a i n sharp cu rves , and in the 
s e c o n d , s teep grades. T h e des igner s h o u l d es t imate the cos t of b r idge 
c o n s t r u c t i o n at va r i ous l o c a t i o n s and ba lance th is against ex t ra hau l i ng 
cos ts , i n c o n v e n i e n c e , and sa fe ty over the l i fe of the b r i dge . 

T y p e o f s t ream. T h e c h o i c e o f a b u t m e n t s and piers depends o n the 
t y p e o f s t r eam. C o n s i d e r the e f fec ts o f any f u t u r e logging p l a n n e d in 
areas above the b r idge and the e f fec t o f ice d u r i n g sp r ing b r e a k u p . 

C o s t . T h e br idge bu i l t f r o m loca l mate r ia ls w i t h loca l l abou r w i l l usua l 
ly be the cheapes t . T h e des igner mus t k n o w the ava i l ab i l i t y of l oca l 



mater ia ls and the c o m p e t e n c e o f his c rews t o t ake fu l l advantage of t he 
loca l s i t u a t i o n . 

T h e span length and a b u t m e n t he igh t are d e t e r m i n e d as f o l l o w s : 

T h e des ign p e a k - f l o w is m a r k e d o n the p r o f i l e . T h i s e leva t i on is t h e n raised 
b y add ing the requ i red c lea rance o n i t . A level l ine is d r a w n here t o i nd i ca te 
the b o t t o m of the supe rs t r uc tu re . If a br idge has a grade in t he supe rs t ruc 
t u re , the c lea rance r e q u i r e m e n t s i nd i ca te the e leva t i on at the l o w e n d . 

A ver t i ca l l ine at the high water - leve l w i l l i nd i ca te the des i red f r o n t o f the 
a b u t m e n t s . T h e d i s tance be tween the t w o h igh w a t e r m a r k s w i l l i nd i ca te the 
span o f the b r idge . 

N o w y o u can choose the t y p e of s u p e r s t r u c t u r e . C o n s i d e r a s i m p l e span 
f i rs t . T h e n u m b e r o f s t r ingers can be d e c i d e d by k n o w i n g the ava i lab le w o o d 
s ize . If the ava i lab le w o o d is no t big e n o u g h fo r s t r ingers , t hen t russ ing 
s h o u l d be c o n s i d e r e d . S o m e t i m e s even a t russed supe rs t ruc tu re m a y no t 
span the necessary d i s t a n c e . In th is case see if t he a b u t m e n t s can be m o v e d 
w i t h i n the h igh w a t e r m a r k s t o sho r ten the span to the ava i lab le s i ze . T h i s 
s h o u l d be d o n e w i t h c o n s i d e r a t i o n of the consequences o f res t r i c t i ng the 
wa te r f l o w . 

W h e n the h igh w a t e r m a r k s are t o o far apart f o r a s ing le-span br idge and the 
s t ream c a n n o t be sa fe ly n a r r o w e d , t h e n c o n s i d e r a m u l t i s p a n s t r u c t u r e . T h e 
d e p t h o f wa te r in a s ing le-span s t ruc tu re m a y no t be i m p o r t a n t d u r i n g c o n 
s t r u c t i o n , bu t w h e n y o u b u i l d a p ier the s t ream b o t t o m mus t be w i t h i n 
w o r k i n g range o f the e q u i p m e n t and it s h o u l d also be v i s ib le . In m a n y i n 
s tances t h e c h a n n e l d e p t h w i l l ru le o u t p ier c o n s t r u c t i o n . 

C h e c k the p ro f i l e and si te p lan t o see if y o u can b u i l d a p ie r . If p iers c a n n o t 
be bu i l t t h e n br idge des igners s h o u l d be c o n s u l t e d fo r a br idge p lan tha t w i l l 
span the s t r e a m . 

A b u t m e n t and p ier he igh t mus t i n c l u d e a l l o w a n c e fo r the requ i red 3-ft t o 
10- f t c l ea rance o f t h e supe rs t r uc tu re a b o v e t h e des ign peak f l o w . T h e b r idge 
d e c k e leva t i on w i l l o f t en be we l l above the r o a d . B r i dge a p p r o a c h e s w i l l 
have t o lead the t ra f f i c up t o t he b r idge and o f f at t he o the r e n d . 

T h e se lec ted supe rs t r uc tu re w i l l d e f i n e d e p t h o f t h e b r idge and the he igh t o f 
the a b u t m e n t s . A f t e r y o u k n o w the he igh t of the a b u t m e n t s and piers y o u 
can c h o o s e supe rs t ruc tu re t y p e . 



O f t e n in a n a r r o w va l l ey the road a l i g n m e n t requ i res the b r idge to be p laced 
at an ang le . In such c i r c u m s t a n c e s even the c ross ings o f a smal l s t ream can 
requ i re a l ong s p a n . 

If t he des igner does no t feel c o n f i d e n t in his a b i l i t y t o des ign a re l iab le 
b r idge fo r the c ross ing , he s h o u l d seek the adv ice o f an e x p e r i e n c e d br idge 
des igner . 

B. S T R I N G E R D E S I G N 

1. Des ign o f S i m p l e L o g S t r i nge r Br idges 

O n e mus t rea l ize tha t log s t r ingers have m a n y i nhe ren t s t ruc tu ra l s h o r t c o m 
ings. L o g s are i ne f f i c i en t in shape , i ncons i s ten t in s i ze , and the ou te r sap 
layer is sub ject to rap id d e c a y . Y o u mus t cons ide r the w o o d q u a l i t y , the 
c o n s i s t e n c y o f ava i lab le log s i ze , t he des i red serv ice l i fe and the poss i b i l i t y o f 
o v e r l o a d . 

It is d i f f i c u l t t o assess the s t rength and load shar ing o f several unequa l logs 
p laced t o p to bu t t . T h e r e is n o p rac t i ca l w a y t o ca l cu l a te th is accu ra te l y but 
a su i tab le a p p r o x i m a t i o n o f p e r f o r m a n c e can be m a d e if the des igner can 
p i c tu re h o w the load-shar ing takes p lace . 

T h e st i f fest m e m b e r s of a s t ruc tu ra l g roup d o m o s t o f the w o r k s ince al l 
m e m b e r s mus t de f l ec t t he same a m o u n t . T h e m o r e e las t ic m e m b e r s w i l l no t 
de f l ec t enough t o d e v e l o p the i r po ten t i a l f i b re stresses, bu t t h e y d o m a k e 
some c o n t r i b u t i o n . If t he m i d - d i a m e t e r s o f t he s t r ingers are s i m i l a r , a des ign 
based o n the average m i d - d i a m e t e r w i l l be reasonab l y accu ra te . 

T h e des igner mus t a lso cons ide r h o w we l l the load is d i s t r i b u t e d la te ra l l y . 
T h e logs d i r e c t l y u n d e r the whee ls are o b v i o u s l y l o a d e d . T h e logs i m m e d i 
a te ly ad jacent mus t a lso be l o a d e d , d u e to the sp read ing e f fec t o f the d e c k 
t ies and d e c k i n g . H o w far th is sp read ing e f fec t w i l l be d i s t r i b u t e d d e p e n d s 
o n the s t i f fness o f the t ies and d e c k i n g and the secu r i t y o f fas ten ings . E x 
per ience suggests tha t t he t ie and p l a n k i n g w i l l spread the load a d e q u a t e l y 
over 14 f t , l i m i t i n g the t o ta l b r idge w i d t h t o 16 feet . 

2 . E c c e n t r i c L o a d i n g 

A n e q u a l l y p e r p l e x i n g p r o b l e m is h o w to a l l o w fo r o f f - cen t re t r u c k s and 
f o r u n b a l a n c e d loads . A g a i n , the re is no sa t i s fac to ry s o l u t i o n . T h e road 
m a y be o n a c u r v e , f o r c i n g the t r u c k s to one s ide. D e p e n d i n g o n such 



f ac to rs as the w i d t h o f the t r u c k , the d e c k and s t r ingers , the n u m b e r and 
spac ing o f the s t r ingers , and the ra t ios of the l ive and dead loads , an e c c e n 
t r i c load can overstress s o m e s t r ingers . 

A reasonab le des ign a p p r o a c h is to assume tha t o n l y ce r ta in s t r ingers resist 
l ive load ( t hough all resist dead loads) and t o m a k e an a p p r o p r i a t e increase in 
the l ive l o a d . A 2 0 % increase in t he l ive load is assumed in the des ign tab les 
to a l l o w fo r e c c e n t r i c i t y . 

T o avo id excess ive o f f - cen t re l o a d i n g , a br idge des ign s h o u l d meet these 
c r i t e r i a : 

T h e br idge deck s h o u l d be kep t as n a r r o w as poss ib le (abou t 14 ft be
t w e e n guard ra i ls ) . 

T h e st r ingers s h o u l d be g r o u p e d u n d e r the whee ls as m u c h as is p rac t i 
cal but large gaps s h o u l d no t be a l l o w e d at the cen t re t o overst ress 
the crosst ies o r need lebeams . (S i x teen ft to 17 ft ou t s i de - t o -ou t s i de o f 
the st r ingers is a reasonab le s tanda rd ) . 

T h e t ies s h o u l d be a d e q u a t e l y s ized and spaced t o spread the load t o 
the s t r ingers . 

T h e road a p p r o a c h e s s h o u l d be des igned t o encou rage t r u c k s to use the 
cen t re o f the b r idge . 

3 . Des ign Stresses 

T h e c h o i c e o f a des ign f ib re stress is re la ted t o the degree o f conse rva t i sm 
used in p r o v i d i n g fo r log d e t e r i o r a t i o n , load-shar ing and load i m b a l a n c e . If 
t he e f f ec t i ve log d i a m e t e r is res t r i c ted t o t he h e a r t w o o d ( a l l o w i n g fo r s a p w o o d 
ro t ) , and generous a l l o w a n c e s are m a d e fo r ove r l oad and load i m b a l a n c e s , it 
is a p p r o p r i a t e to use h igh f ibre-st resses. O n the o the r h a n d , if these fac to rs 
are d i s rega rded , l ower f ibre-st resses s h o u l d be se lec ted . Us ing the suggested 
a s s u m p t i o n s , we se lected b e n d i n g f ibre-st resses o f 1 3 5 0 psi fo r Doug las - f i r 
a n d 9 5 0 psi f o r S i t k a sp ruce . These stresses are less t han those r e c o m 
m e n d e d by the C a n a d i a n N a t i o n a l L u m b e r G r a d e A s s o c i a t i o n . T h e des ign is 
based o n the average m i d - d i a m e t e r o f the s t r ingers be ing p laced t o p t o bu t t . 
A r e d u c t i o n in d i ame te r s h o u l d be m a d e t o a l l o w fo r a n t i c i p a t e d ro t . 



4 . Des ign G r a p h s f o r S i m p l e L o g S t r i nge r B r idges 

T h e f o l l o w i n g series o f graphs are gu ides to t he des ign o f s i m p l e span Doug las -
f i r and sp ruce log-st r inger b r idges , us ing a s tandard t i m b e r d e c k (F igu re 12) . 
T h e y are no t a p p l i c a b l e t o gravel d e c k s . I ns t ruc t i ons f o r use o f t he graphs 
are as f o l l o w s : 

(a) Se lec t the g raph tha t app l ies t o the des i red n u m b e r o f log st r ingers and 
t h e des i red spec ies (spruce o r D o u g l a s - f i r ) . 

(b) F i n d the des i red span a long the base l ine o f the g raph and e x t e n d a l ine 
ve r t i ca l l y u p w a r d f r o m th is s p a n . 

(c) F i n d the des i red to ta l t r u c k l o a d a long the s ide o f t he graph and e x t e n d 
a l ine h o r i z o n t a l l y t h r o u g h th i s l o a d . 

(d) T h e i n te rsec t i on o f these t w o l ines ind i ca tes the requ i red average m i d -
d i a m e t e r o f t he logs. 

E x a m p l e 

F o r a 40 - f t span and a 1 4 0 - t o n logg ing t r u c k , t he r equ i r ed m i d - d i a m e t e r o f 
Doug las - f i r s t r ingers is 3 4 i n . (34 .1) f o r a f o u r s t r inger b r i dge , 3 2 i n . (31.7) 
f o r f ive s t r ingers and 3 0 i n . (29 .8) f o r six s t r ingers . 
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5. Des ign o f C u l v e r t - T y p e L o g Br idges 

T h i s t y p e o f br idge has some of the cha rac te r i s t i cs of a cu l ve r t , p a r t i c u l a r l y 
in a shor te r s p a n . T h e o p e n i n g is spanned by a so l id layer o f log s t r ingers 
f i r m l y lashed toge the r . T h e d e c k is m a d e f r o m nea rby gravel o r o t h e r ma te r 
ial and f o r m s a c o n t i n u o u s road su r face . 

T h e basic p r i n c i p l e u n d e r l y i n g its c o n s t r u c t i o n and p e r f o r m a n c e is tha t the 
logs be s u f f i c i e n t l y large and we l l - secu red and tha t the gravel d e c k be suf
f i c i e n t l y t h i c k and w e l l - c o m p a c t e d so c o m p o n e n t s w o r k toge the r as a un i t 
u n d e r the l o a d . T o prevent gravel f r o m w o r k i n g ou t due to uneven s t r inger 
d e f l e c t i o n , it is a b s o l u t e l y essent ia l fo r the cab les to be t ight and fo r the 
d e c k gravel to be c o n f i n e d b e t w e e n the guard logs. 

It mus t be recogn i zed tha t a g rave l -decked br idge m a y b e c o m e h a z a r d o u s 
w i t h t i m e , s ince u n n o t i c e a b l e rot m a y d e v e l o p in the uppe r sec t i ons of the 
logs. 

A n accura te ana lys is o f th is c o m p l e x t y p e of s t ruc tu re is a l m o s t i m p o s s i b l e , 
because it is d i f f i c u l t to an t i c i pa te and to c o n t r o l the d e p t h and we igh t of 
the gravel d e c k and the e x t e n t o f l oad-shar ing be tween the s t r ingers . 

R e a s o n a b l e s tandards fo r the des ign of cedar log-cu lver t br idges are as f o l l 
o w s : 

Base the des ign o n the average m i d - d i a m e t e r o f the st r ingers. 

Use an a l l o w a b l e des ign b e n d i n g f ibre-st ress o f abou t 1 1 0 0 psi f o r 
cedar . 

If a br idge is so shor t tha t o n l y one pair of ax les w i l l be o n it at one 
t i m e , es t ima te the des ign load by the heaviest pair of ax les . 

Increase th is load 3 0 % to a l l o w fo r eccen t r i c whee l loads and unequa l 
ax le loads . 

Tab les I I I -A and III-B s h o w the re l a t i onsh ip o f span , des ign load and aver
age st r inger d i a m e t e r f o r 12 - i n . and 2 4 - i n . gravel d e c k s . T h e t h i c k n e s s of the 
gravel d e c k has a m a r k e d e f fec t o n the c a p a c i t y o f the br idge and s h o u l d be 
e i ther conse rva t i ve l y es t ima ted or c a r e f u l l y c o n t r o l l e d . 



T A B L E I I I -A. C u l v e r t - T y p e L o g Br idges (Western R e d Ceda r ) 

T y p e ' A ' ( M i n i m u m : 5 L o a d - C a r r y i n g S t r ingers ) 

Des ign T r u c k L o a d (Tons G V W ) 

A v e r a g e 2 4 - i n . t h i c k 12 - i n . t h i c k 

S p a n M i d - D i a m e t e r G r a v e l D e c k G r a v e l D e c k 

2 0 ft 3 0 in 1 9 0 2 1 5 

2 5 ft ' 3 0 in 1 2 5 1 5 0 
3 2 in 1 6 0 1 9 0 

3 0 ft 3 0 in 7 5 1 0 5 
3 2 in 1 1 0 1 4 0 
3 4 in 1 4 5 175 
3 6 in 1 8 0 2 1 0 

3 5 f t 3 2 in 7 0 1 0 5 
3 4 in 1 0 0 135 
3 6 in 1 3 0 165 
3 8 in 1 6 5 2 0 0 

4 0 f t 3 4 in 6 0 1 0 0 

3 6 in 9 0 1 3 0 
3 8 in 1 2 0 1 6 0 
4 0 in 1 5 0 1 9 0 



T A B L E I I I-B. C u l v e r t - T y p e L o g Br idges (Western R e d Cedar ) 

T y p e ' B ' ( M i n i m u m : 7 L o a d - C a r r y i n g St r ingers) 

Des ign T r u c k L o a d (Tons G V W ) 

Ave rage 2 4 - i n . t h i c k 12 - i n . t h i c k 
S p a n M i d - D i a m e t e r G r a v e l D e c k G r a v e l D e c k 

2 0 f t 2 4 in 1 2 5 1 4 5 
2 6 in 1 7 0 1 9 0 

2 5 ft 2 4 in 70 9 5 
2 6 in 105 1 3 0 
2 8 in 1 4 5 1 7 0 

3 0 ft 2 6 in 6 5 9 5 
2 8 in 9 5 1 2 5 
3 0 in 1 3 0 1 6 0 
3 2 in 175 2 0 5 

3 5 ft 2 8 in 5 5 9 0 
3 0 in 8 5 1 2 0 
3 2 in 1 2 0 155 
3 4 in 1 6 0 195 

4 0 ft 3 0 in 5 0 9 0 
3 2 in 8 0 1 2 0 
3 4 in 115 1 5 5 
3 6 in 1 5 5 1 9 5 

6. Des ign o f T russed L o g Br idges 

W h e n su i tab le logs c a n n o t be f o u n d fo r s i m p l e s t r inger b r idges , it is poss ib le 
to des ign inver ted (unders lung) steel t russ ing tha t w\\\ g rea t ly increase the 
c a p a c i t y o f the ava i lab le logs. 



T h e des ign o f such a s t r u c t u r e is c o m p l e x because it p e r f o r m s in a c o m b i n e d 
bend ing -and- t russ a c t i o n , sha r ing the fo rces be tween the va r i ous m e m b e r s in-
p r o p o r t i o n t o the i r re la t ive s t i f fness . • 

N e e d l e b e a m s m a y be used t o p r o v i d e the necessary d e p t h fo r s h a l l o w t russes. 
Use f r a m e d st ruts in p lace o f t he need lebeams fo r deeper t russes. T h e t russed 
s t r ingers , n e e d l e b e a m s , and rods f u n c t i o n as a c o m p o s i t e s t r uc tu re , w i t h the 
rods t a k i n g pure t e n s i o n and the s t r ingers t a k i n g c o m b i n e d bend ing -and -ax ia l 
c o m p r e s s i o n . 

M a n y t y p e s of t russ ing m a y be u s e d , such as steel cab le (see M a i n t e n a n c e 
S e c t i o n ) , ro l l ed sec t i ons and c i r c u l a r r ods . 

T h e t russ ing desc r i bed in th is s e c t i o n is based o n the a s s u m p t i o n tha t 1 1/4-
i n . d i a m e t e r D y w i d a g steel rods w o u l d be se lec ted f o r the t ens ion m e m b e r s , 
us ing t w o rods per s t r inger . (O the r t y p e s o f steel rods m a y a lso be used in 
t he p lace o f D y w i d a g rods , bu t t h e y and the i r c o n n e c t o r s mus t have e q u i v a 
lent s t rength. ) T h e p rac t i ca l w i d t h l im i t was assumed to be abou t 17-f t 
ou t s i de - t o -ou t s i de o f t he s t r ingers . 

T h e graphs were based o n a logg ing t r u c k w i t h the ax le load ings and spac ing 
s h o w n in F igu re 1 3 . T o p r o v i d e f o r e c c e n t r i c i t y , these ax le loads were i n 
creased 2 0 pe rcen t . T h e f o l l o w i n g series of graphs (F igu re 14) i nd i ca te the 
requ i red n u m b e r o f logs and average m i d s p a n d i ame te r s fo r a l i m i t e d range 
o f t y p e s o f s t ruc tu res and spans . N o p r o v i s i o n was m a d e fo r s a p w o o d ro t . 

Q Q Q Q Q 
2 3 ' -

2 3 % Z^i 
•14 ' -

F I G U R E 13 . A x l e spac ing and l oad ing fo r a 1 0 0 - t o n des ign load 

T h e graphs were l i m i t e d t o c ross t ie and p l a n k - d e c k e d s t ruc tu res cons i s t i ng o f 
Doug las - f i r or sp ruce s t r ingers , and t w o 1 1 /4 - in . d i a m e t e r D y w i d a g t russ 
rods per s t r inger . T w o t russ d e p t h - t o - s p a n ( H / L ) ra t ios are s h o w n : 1 t o 11 



and 1 t o 16 . See F igu re 2 2 9 . T l i e d e p t i i is measu red f r o m t l ie cen te r l i ne o f 
t he des ign s t r inger t o the cen te r l i ne o f t he rods . S i n c e the load c a p a c i t y o f a 
t russed- log b r idge is great ly r e d u c e d w i t h a n y decrease in the dep th - t o - span 
r a t i o , it is ve ry i m p o r t a n t t o p r o v i d e d e p t h s w h i c h are no less t h a n the des ign 
d i m e n s i o n s . 

T h e graphs are used as f o l l o w s : 

(a) Se lec t the graph tha t app l ies to the des i red span ( L ) , t russ d e p t h (H) 
and t i m b e r spec ies . 

(b) F i n d the des ign load in t o n s in t he ver t i ca l c o l u m n . E x t e n d a l ine 
h o r i z o n t a l l y f r o m th is p o i n t t o the l ine fo r the requ i red n u m b e r o f 
s t r ingers . 

(c) F r o m th is p o i n t , e x t e n d a l ine v e r t i c a l l y d o w n w a r d t o f i n d the requ i red 
d i a m e t e r . 

E x a m p l e 

F o r a 70- f t span w i t h a dep th - to - span ra t io ( H / L ) o f 1 to 11 and a 1 5 0 - t o n 
t r u c k l o a d , the requ i red m i d - d i a m e t e r s o f Doug las - f i r s t r ingers are 

3 1 . 2 i n . f o r 4 logs ; 

2 8 . 7 i n . f o r 5 l ogs ; 

2 6 . 7 i n . f o r 6 l ogs ; 

25 .1 i n . f o r 7 logs. 
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C . P R E P A R A T I O N O F B R I D G E P L A N S 

It is essent ia l f o r every br idge (no ma t te r h o w s imp le ) t o have p ro f i l e and 
p lan d raw ings w h i c h mus t s h o w the f o l l o w i n g : 

P ro f i l e o f the s t ream c ross -sec t i on and b a n k s 

P e a k - f l o w level 

He igh t o f a b u t m e n t s 

D e c k level 

R o a d - a p p r o a c h p ro f i l e 

S p a n length 

S t r i nge r length 

S i te p lan s h o w i n g the s t r e a m , r o a d , and br idge l o c a t i o n 

F o u n d a t i o n p lan s h o w i n g s t ream and a b u t m e n t s 

A d d i t i o n a l de ta i l s r equ i red f o r des ign o r c o n s t r u c t i o n ; these s h o u l d be 
d r a w n to a large scale so tha t d i m e n s i o n s can be sca led o f f d u r i n g c o n 
s t r u c t i o n . 

D . M A T E R I A L L I S T 

Ma te r i a l l ists s h o u l d be p repared in fu l l de ta i l and costs and d e l i v e r y s c h e d 
ules e s t i m a t e d . C a r e f u l p l a n n i n g and p r e p a r a t i o n at th is stage w i l l ensure 
tha t cos ts are c o n t r o l l e d and c o n s t r u c t i o n p rocedes w i t h o u t unnecessa ry de
lays . 



I V . B R I D G E C O N S T R U C T I O N 



I V . B R I D G E C O N S T R U C T I O N 

T h i s sec t i on descr ibes the necessary steps i nvo l ved in t he ac tua l c o n s t r u c t i o n 
o f the b r idge , s tar t ing w i t h o r g a n i z a t i o n and site p r e p a r a t i o n . Des igns o f 
a b u t m e n t s and piers are also i n c l u d e d t o a l l o w the b u i l d e r t o m a k e ' on -s i t e ' 
dec i s i ons d u r i n g c o n s t r u c t i o n . 

A . C O N S T R U C T I O N O R G A N I Z A T I O N 

Prepare a t i m e t a b l e t o c o o r d i n a t e the t i m i n g o f de l i ve r ies and phases o f c o n 
s t r u c t i o n . Des ign changes m a y be requ i red if t he re is c o n f l i c t b e t w e e n the 
t i m i n g of ac t i v i t i es as p e r m i t t e d b y va r ious agencies and the t i m i n g o f c o n 
s t r u c t i o n and de l i ver ies o f m a t e r i a l . 

A f t e r the br idge p lans and mate r ia l l ists are c o m p l e t e d it is necessary to de 
t e r m i n e the m e t h o d of c o n s t r u c t i o n and t o schedu le the peop le and e q u i p 
m e n t . T h e f i na l cost es t ima tes are n o w p repared and d e c i s i o n s made o n f i na l 
des ign and the t i m i n g o f ac t i v i t i es . 

It is no t necessary t o have a f u l l y e x p e r i e n c e d b r idge c r e w . It is i m p o r t a n t t o 
have one person w i t h m a n a g e m e n t , supe rv i so ry and b r i dge -bu i l d i ng expe r i e -
ence to be in charge o f t he j o b . T h e m a i n c r i t e r i o n f o r c r e w m e m b e r s is h o w 
sk i l l ed t h e y are in t he use of axes , d r i l l s and o t h e r sma l l t o o l s and the 
e q u i p m e n t used fo r heavy s t r uc tu ra l w o r k . 

B . S I T E P R E P A R A T I O N 

T h e br idge site must be l ogged , c l ea red , and p repared t o assure easy and c o n 
t i n u o u s c o n s t r u c t i o n . T h e e x t e n t o f p repa ra t i on w i l l d e p e n d u p o n the s t ream 
b a n k c o n d i t i o n s and the c o m p l e x i t y o f the b r i dge . T h e f o l l o w i n g list w i l l 
assist the bu i l de r . 

S u b g r a d i n g s h o u l d be c o m p l e t e d o n b o t h s ides o f the cross ing if poss i 
b le , bu t f i n i shed o n o n e s ide at least t o p r o v i d e access . 

Ba l l as t i ng s h o u l d be as i nexpens i ve as poss ib le ye t g o o d enough t o 
ca r ry t r a f f i c . It s h o u l d be c o m p l e t e d af ter the br idge is bu i l t . 

S tag ing area s h o u l d be m u d - f r e e , big e n o u g h fo r ma te r ia l p r e p a r a t i o n , 
m e n and e q u i p m e n t . 



storage area need not be at the site but should be nearby; may not 
need to be surfaced but the material should be kept clean. It should be 
large enough for building material, stringers, decking, f i l l , rip-rap, and 
surfacing material. ' 

Parking and turnaround area required nearby to reduce traffic con
gestion. 

Storage shed should be at site to keep tools and small hardware dry 
and safe from theft. 

Approach ramp to the stream is necessary when machines work near the 
stream or cross it. 

Safe temporary crew bridge is essential for high crossings or fast-moving 
streams. The crossing may be a footbridge with guardrails, a boat or a 
cable ferry. 

Anchor trees and stumps should be chosen during construct ion, with 
the selected trees and stumps left undisturbed. 

Right-of-way timber should be felled wide enough on both sides to pro
tect the bridge site, staging and storage area during a windstorm. 

Stump blasting should be finished before bridge construction begins. 

Rock blasting should be done where rock may damage the bridge. 

Stream channel improvement may be necessary before using cranes or 
pile drivers. Remove log jams, earth dams or obstructions which might 
endanger the safety of the bridge. 

Excavation for abutments and piers should be considered the first step 
in the actual bridge construct ion, but should be done while road con
struction equipment is still at the site. 

Reestablish survey points before construction starts by marking the 
bridge on the ground. 

Specif ic site-preparation requirements are discussed in the Abutment and 
Piers section of this handbook. 



C . A B U T M E N T S 

T h e c h o i c e of a b u t m e n t s w i l l d e p e n d o n the na ture o f the s t ream bank and 
the length o f the s p a n : p lan t o pu t a b u t m e n t s a w a y f r o m the s t ream and up 
the bank t o reduce the costs and d i f f i c u l t y o f b u i l d i n g . T h i s o f cou rse i n 
creases the span leng th . In some cases it m a y be des i rab le t o have a h igh 
a b u t m e n t o n one s ide o f the br idge in o rder to t ake advantage of a r o c k 
ledge or s imp le si l l f o u n d a t i o n o n the o the r s ide . T o d e t e r m i n e the best t y p e 
of s t r uc tu re , c o n s i d e r t he t o ta l cos t o f the a b u t m e n t s and the br idge super 
s t ruc tu re as we l l as the sa fe ty o f the b r idge u n d e r s t ream f l o o d c o n d i t i o n s . 

T h e f o l l o w i n g c r i t e r i a are i m p o r t a n t in a b u t m e n t and pier s e l e c t i o n . 

T h e s t ruc tu re s h o u l d be as i nexpens i ve as poss ib le , but it s h o u l d ca r r y 
t h e load and have a long e n o u g h l i fe . 

T h e s t ruc tu re s h o u l d be c o m p a t i b l e w i t h the g r o u n d c o n d i t i o n s . 

Ma te r i a l s h o u l d be eas i l y ava i lab le and , ' if p r a c t i c a l ; l oca l mate r ia l 
s h o u l d be u s e d . , 

C o n s t r u c t i o n e q u i p m e n t mus t be ava i lab le and if poss ib le it s h o u l d be 
loca l c o n s t r u c t i o n or logg ing e q u i p m e n t . 

T h e r e must be e n o u g h r o o m at the si te fo r the s t ruc tu re and e q u i p m e n t . 

F o o t i n g s o n so l id g r o u n d mus t be deep e n o u g h for. p r o t e c t i o n against scou r 
and f ros t damage . D r i ve al l l oad -ca r r y i ng p i les 8 ft u n d e r scou r leve l . 

It is i m p o r t a n t to have f l o w d i r e c t i o n m a r k e d o n the si te p lan at h igh wa te r 
levels and t o a l ign p iers and a b u t m e n t s w i t h the wa te r f l o w t o m i n i m i z e 
s c o u r . S h o w the e x p e c t e d po in t s of i m p a c t o n the piers so that p r o t e c t i o n 
dev ices can be p r o p e r l y p o s i t i o n e d . 

T h e r e are f ive f u n d a m e n t a l t y p e s o f a b u t m e n t s used in b u i l d i n g logg ing road 
b r idges : s imp le a b u t m e n t s , log c r i bs , p i le ben ts , pos t - or f r ame-ben t s , and 
c o n c r e t e a b u t m e n t s . 

1. S i m p l e A b u t m e n t s 

T h e s imp les t a b u t m e n t is the b a n k of the s t ream shaped t o s u p p o r t the 
s t r ingers . P lace the s t r ingers d i r e c t l y o n the g r o u n d w i t h o u t a si l l o r any 



o the r s t r uc tu re . T a k e care t o sa feguard the s t r ingers f r o m m o v e m e n t . It is 
d i f f i c u l t t o prevent d e c a y in s t r ingers p laced o n the g r o u n d , and we r e c o m 
m e n d it o n l y fo r br idges i n t e n d e d fo r sho r t - t e rm use. 

G r o u n d - s u p p o r t a b u t m e n t s can be c o n s i d e r e d on r o c k su r faces . F o r a 
cu l ve r t - t ype log b r idge , c lear ing the rock m a y be al l tha t is n e e d e d . F o r 
o the r s t ruc tu res , it m a y be necessary t o level the r o c k or use c o n c r e t e . 

a) S ing le si l l log 

A s ingle si l l log is p laced d i r e c t l y o n the g r o u n d . T h i s c o m m o n t y p e o f abu t 
men t is the easiest and cheapest to m a k e and w i l l s u p p o r t any t y p e o f s t ruc
tu re . S t u d y the r iver and search fo r si tes w h e r e s imp le si l ls can be p l a c e d . 
A l m o s t al l w o o d cu lver ts and mos t c u l v e r t - t y p e log br idges use th is t y p e o f 
s u p p o r t . It m a y be used o n so i ls w i t h h igh load-bear ing c a p a c i t y r o c k ( F i g u r e 
15) . 

F I G U R E 15 . A s ingle si l l log a b u t m e n t 

S t a b i l i t y is the k e y e lemen t t o c o n s i d e r w i t h a s i m p l e a b u t m e n t . T h e ends o f 
t he s t r ingers mus t n o t be a l l o w e d t o se t t le . 

U s u a l l y the g r o u n d can be p repared by excava to r s or b u l l d o z e r s t o m a k e a 
s m o o t h f o o t i n g fo r the si l l log (F igu re 16 ) . 



F I G U R E 16 . S ing le si l l logs o n r o c k and c o n c r e t e pad 

b) S i m p l e s i l l l o g w i t h m u d si l ls 

If t he g r o u n d w i l l no t s u p p o r t the b r idge o n a s ingle si l l l og , increase the 
load-bear ing area b y us ing m u d s i l ls . These are shor t logs, 10 i n . (and larger) 
in d i a m e t e r , 4 ft t o 2 0 ft in l eng th , p laced u n d e r t he si l l l og . 

A gu ide t o the n u m b e r and spac ing o f m u d si l ls needed t o spread the load is 
s h o w n in the C r i b b i n g F a c e F o u n d a t i o n W i d t h T a b l e I V - D . T h e va lues de
t e r m i n e d can be reduced b y 5 0 % f o r b r idges up t o 4 0 ft l ong and by 2 5 % fo r 
those longer t han 4 0 feet . 

P o s i t i o n the si l l log h a l f - w a y over the m u d si l ls t o p revent uneven se t t l emen t 
of t he br idge (F igu re 1 7 ) . 

L o g s p laced d i r e c t l y o n the g r o u n d t e n d to ro t q u i c k l y and even cedar sap-
w o o d rots re la t i ve ly q u i c k l y u n d e r these c o n d i t i o n s . T r i m m i n g the s a p w o o d 
f r o m the t o p and b o t t o m o f t h e si l l m a y reduce f u t u r e s e t t l e m e n t . 

A l t h o u g h a m u d si l l w o u l d no t o r d i n a r i l y be used w h e r e there is a c h a n c e o f 
s c o u r , y o u mus t a l l o w f o r t he p o s s i b i l i t y o f e r o s i o n . M a n y log-br idge fa i l u res 
o c c u r t h r o u g h se t t l emen t of t he si l l s u p p o r t . T h i s se t t l emen t m a y be pre
ven ted b y excava t i ng so tha t t he m u d si l ls rest o n so l i d g r o u n d . L o w e r i n g 
the si l l m a y m a k e a n o t h e r t y p e o f a b u t m e n t necessary t o p rov i de e n o u g h 
he igh t . 



F I G U R E 17 . S i l l log o n m u d si l ls 

c) F o u n d a t i o n logs u n d e r m u d si l ls 

If it is necessary t o m a k e a large so l id mat fo r a load-bear ing f o u n d a t i o n , 
p lace long logs b e l o w scou r leve l . T h e y s h o u l d be para l le l to the s i l l log 
(F igu re 18) . T h e m u d si l ls w i l l f u n c t i o n as shor t beams sp read ing the load 
even l y over the f o u n d a t i o n logs. O n l y a f ew f o u n d a t i o n logs are n e e d e d , bu t 
t h e y s h o u l d be s t rong and large (20 - i n . d i a m e t e r or larger) . T h e f o u n d a t i o n 
logs s h o u l d be at least as long as the si l l l og . If long logs are not ava i l ab le , 
t w o shor te r logs m a y be b u t t e d t oge the r . M u d s i l ls and f o u n d a t i o n logs m a y 
also be d a p p e d t o ensure g o o d f i t t i n g . If t he re is a n y chance o f u n d e r m i n i n g 
or e r o s i o n , t hen the f o u n d a t i o n logs s h o u l d be lashed toge the r . 

d) M u l t i p l e s i l l log a b u t m e n t s 

If a s ingle log is no t h igh e n o u g h fo r the br idge level it m a y be poss ib le to t ie 
th ree o r m o r e toge the r t o get t h e he igh t needed ( F i g u r e 19 ) . L a s h logs w i t h 
w i re rope (usua l l y no t sma l le r t h a n 3 / 4 - i n . d iamete r ) on each end and at 
t he m i d d l e . The t o p log w i l l act as the si l l l og . T h i s log m a y be f l a t t ened to 
receive the s t r ingers . 

2 . L o g C r i b A b u t m e n t s 

If s i m p l e a b u t m e n t s d o no t p r o v i d e e n o u g h he ight f o r t h e b r idge , y o u w i l l 
need a m o r e c o m p l e x des ign . T h e mos t c o m m o n is the log c r ib because it 
can be c o n s t r u c t e d f r o m loca l ma te r ia l s . (Th is does not mean tha t the c r i b 
a b u t m e n t is necessar i l y less e x p e n s i v e to b u i l d t h a n pi le bents o r f r ame 



F I G U R E 1 8 . F o u n d a t i o n logs u n d e r m u d si l ls 
I fm?. ik i^EK 

F I G U R E 19 . Mu l t i p l e - s i l l log a b u t m e n t 



bents.) L o g c r ibs m a y be g r o u p e d i n to f ou r ma jo r t y p e s d e p e n d i n g o n the 
p l an v i e w o f t he s t r uc tu re . T h e s e are t h e s i m p l e log c r i b , t h e o p e n - e n d c r i b , 
t he c l osed -end log c r i b and b o x c r i b b i n g . 

B u i l d c r i b - t y p e a b u t m e n t s f r o m a n y spec ies o f logs in m u c h the same f a s h i o n 
as a log c a b i n . T h e s ize o f c r i b ma te r i a l is no t c r i t i ca l t o t h e des ign o r c o n 
s t r u c t i o n , but the larger t he log d i a m e t e r , the fewer the logs n e e d e d . (In 
a d d i t i o n , longer l i fe m a y be e x p e c t e d f r o m larger logs.) T h e s ize u s u a l l y de
pends o n w h a t mate r ia l is ava i l ab le , w h a t e q u i p m e n t w i l l m o v e the logs, and 
h o w large a c r i b is t o be b u i l t . 

If the c r i b b i n g w i l l be in use fo r a l ong t i m e , b u i l d it f r o m cedar logs w i t h 
preservat ives app l i ed o n cu t sur faces . A we l l - bu i l t cedar c r i b b i n g m a y be ex 
pec ted t o last over t h i r t y years . If t h e l i f e t i m e o f t h e c r i b is n o t i m p o r t a n t , 
o the r spec ies can be used w i t h a p p r o x i m a t e l i f e t imes as f o l l o w s : 

E x p e c t e d Se rv i ce L i f e 

Doug las - f i r 8 - 10 years 

S p r u c e 4 - 8 years 

H e m l o c k - b a l s a m 4 - 6 years 

These l i f e t imes can be e x t e n d e d 4 o r 5 years u n d e r d r y c o n d i t i o n s w i t h g o o d 
air c i r c u l a t i o n a r o u n d the c r i b . 

C o n s t r u c t i o n o f a log c r i b a b u t m e n t is easy f o r loggers w h o are w e l l e q u i p p e d 
t o h a n d l e logs. H a r d g r o u n d is spec ia l l y su i ted fo r th is t y p e o f s t r u c t u r e . 
S i m p l e c r i b b i n g cons is ts o f logs p l aced o n each o t h e r w i t h a m i n i m u m a m o u n t 
o f d a p p i n g and then t i ed toge the r w i t h w i r e r o p e . (H igher c r i b b i n g needs 
we l l - p repa red logs c a r e f u l l y assemb led and such c r ibs are l a b o u r - c o n s u m i n g 
and expens ive . ) 

T h e r e are t w o ma jo r d isadvantages to a c r i b - t y p e a b u t m e n t . F i r s t , set t le 
men t m igh t o c c u r w h e n the c r i b is bu i l t o n sof t g r o u n d and repa i r ing set t led 
c r i b b i n g is d i f f i c u l t and c o s t l y . S e c o n d , w h e n green w o o d is used , s ign i f i can t 
sh r inkage m a y t a k e place—as m u c h as 1 /2 - in . f o r each f o o t o f c r i b b i n g 
he igh t . 



a) S i m p l e log c r i b 

T h i s t y p e o f c r i b is bu i l t f r o m face and t i e b a c k logs o n l y . L o g s are d a p p e d 
w h e r e necessary and t h e n p l a c e d o n each o t h e r ( F i g u r e 2 0 ) . L a y face logs 
para l le l t o the s t ream b e d . P lace t i e b a c k logs p e r p e n d i c u l a r t o the face logs. 
(The t i e b a c k logs are usua l l y n o t c h e d w h e r e the nex t face log w i l l be la id o n 
top . ) F a c e logs and t i e b a c k logs a l t e rna te , o n e o n t o p o f t he o t h e r . T h e t o p 
log is t he si l l w h i c h s u p p o r t s t he s t r ingers . 

F I G U R E 2 0 . A s i m p l e log c r i b 

A s i m p l e log c r i b is usua l l y used in c o m b i n a t i o n w i t h r o c k f i l l . A f t e r every 
layer o f t i e b a c k logs, the f i l l is p laced and C o m p a c t e d . A l l o w the f i l l ma te r ia l 
t o run over the s ide t o cover up the t i e b a c k logs. A t c o m p l e t i o n , the face 
logs are v i s ib le bu t t he t i e b a c k logs are cove red to give p r o t e c t i o n against 
s c o u r a n d w a s h o u t s . 

C r i b logs m a y be lashed toge the r w i t h w i r e rope or d r i f t e d . 

Y o u can use w o o d c h u n k s or r o c k s t o p lug the o p e n i n g s t o keep f i l l m a t e r i a l 
f r o m l eak ing o u t b e t w e e n t h e logs . 

b) O p e n - e n d log c r i b 

T h e o p e n - e n d c r i b is m a d e o f face logs, w i n g logs and t i e b a c k logs. W i n g 
logs c o n t a i n t he f i l l and f o r m the s ide o f t h e c r i b b i n g . T h e y are v i s ib le f r o m 
the o u t s i d e . P lace t i e b a c k logs b e t w e e n the w i n g logs t o h o l d t h e m in p lace . 



F igu re 21 shows the a l t e rna t i ng na tu re o f open -end log c r i b b i n g as the logs 
are p i l ed u p w a r d . M a k e sure t ha t f i l l ma te r i a l does n o t leak o u t t h r o u g h the 
j o i n t s . P lace the w i n g logs so the s t ruc tu re f o l l o w s the side s lope o f the f i l l . 

T h e ske tch also shows the t y p e o f c r i b b i n g s u p p o r t necessary fo r a b r idge 
w h i c h is des igned t o have guardra i l s s u p p o r t i n g s o m e o f t he l ive l o a d . 

T h e c r i b b i n g face s h o u l d be p o s i t i o n e d para l le l t o the wa te r f l o w t o r e d u c e 
the a m o u n t o f t u r b u l e n c e and s h o u l d f o r m as smal l an angle as poss ib le w i t h 
the wa te r f l o w . W i n g wa l l s m u s t n o t be p l aced at m o r e t h a n 9 0 ° t o the 
s t ream f l o w and a 4 5 ° angle is des i rab le if the si te c o n d i t i o n s p e r m i t . T h i s 
t y p e o f a b u t m e n t is used f o r sma l l f i l l s w i t h coarse f i l l ma te r i a l w h e r e the t ie-
back logs are he ld in p lace by f r i c t i o n . 

c) C l o s e d - e n d log c r i b 

Y o u m a y have to b u i l d a c r i b to re ta in large a m o u n t s o f f ine f i l l mate r ia l l i ke 
gravel o r sand (F igu re 2 2 ) . T h e c r i b m u s t be ab le t o s tand w i t h o u t t he f i l l . 

F i gu re 2 3 ind ica tes h o w the t i e b a c k logs are p i n n e d toge the r i n t o a h o r i z o n 
tal f r a m e . T h i s t y p e o f c r i b b i n g usua l l y has large, long t i eback logs w h i c h are 
n o t c h e d , f i t t ed and t ied toge ther whe re t h e y c ross . E a c h f rame o f t i e b a c k 
logs m a y be e levated by the f i l l mate r ia l to keep it h o r i z o n t a l . T i e b a c k and 
w i n g logs m a y be sma l le r t han the face logs. 

d) B o x c r i b b i n g 

B o x c r i b b i n g is s im i la r in appearance t o the c losed -end log c r i b , bu t s h a l l o w 
er in d e p t h , and each layer of w i n g logs is t ied toge ther by a back log (F igu re 
2 4 ) . T i e b a c k logs m a y also be t i ed t o the back log , and t h e y usua l l y e x t e n d 
over the back log in to the f i l l . 

T h i s t y p e o f c r i b b i n g is used w h e n the w i n g wa l l s f o r m an angle of m o r e t han 
4 5 ° to the wa te r f l o w , or w h e n the w i n g logs c a n n o t s u p p o r t the ear th pres
sure (F igu re 2 5 ) . 

F i t logs p rec ise ly to keep the w i n g logs leve l ; b o x c r i b b i n g requ i res ca re fu l 
c o n s t r u c t i o n . 



E L E V A T I ^ U 



F I G U R E 2 2 . C l o s e d - e n d f i l l - re ta in ing c r i b 

F I G U R E 2 3 . C l o s e d - e n d log c r i b 



F I G U R E 2 4 . B o x c r i b 

F I G U R E 2 5 . C a r e f u l l y c o n s t r u c t e d b o x - c r i b b i n g 



F igu re 2 6 shows a va r i a t i on in a b o x c r i b tha t is usefu l o n sof t g r o u n d or if 
o n l y smal l logs are ava i l ab le . 

F I G U R E 2 6 . B o x c r i b w i t h log f l o o r 

A spec ia l t y p e of b o x c r i b b i n g is used fo r piers ra ther than a b u t m e n t s (F igu re 
2 7 ) . T h e logs f o r m a rec tang le . U s u a l l y th is k i n d of c r ib is f i l l ed w i t h b lasted 

F I G U R E 2 7 . B o x c r i b p ier 

8 2 



r o c k or large s tones . Use heavy r ip - rap to p ro tec t it f r o m s c o u r i n g . T h e 
f o u n d a t i o n of the c r i b b i n g mus t be b e l o w scou r leve l . 

e) Precast c o n c r e t e c r i b b i n g 

C r i b b i n g can also be m a d e of mate r ia l o the r t han w o o d . In areas w h e r e 
cedar is no t ava i lab le long- las t ing c r i b b i n g can be bu i l t by us ing precast c o n 
c re te . F o r m s m a y be bu i l t t o m a k e i n t e r l o c k i n g c o n c r e t e c r i b m e m b e r s , o r 
c o n c r e t e road cu rbs can be used w h e n t h e y are av i lab le at a reasonab le p r i ce . 
B o x or c l osed -end c r i b b i n g is the best f o r m a t i o n fo r th is t y p e o f s t r uc tu re . 

3 . C r i b P l a n n i n g and Des ign 

T h e des ign and c o n s t r u c t i o n p r o c e d u r e s in th is sec t i on can be used o n l y f o r 
c r ibs u p t o 20 ft h i g h . T h i s assumes good f o u n d a t i o n s i tes, large c r i b logs, 
we l l - d ra i n i ng f i l l mate r ia l and l o w ear th pressures. C o n s u l t an e x p e r i e n c e d 
br idge eng ineer fo r h igher c r i bs o n d i f f i c u l t c o n s t r u c t i o n sites or if o n l y sma l l 
logs are ava i l ab le . 

B u i l d i n g a c r i b takes ca re fu l p l a n n i n g . Its exac t l o c a t i o n must be la id o u t 
o n the g r o u n d so that , t he mate r ia l r e q u i r e m e n t s can be ca l cu la ted and pre
p a r a t o r y w o r k ca r r i ed o u t . 

T h e c r i b mus t be des igned a n d bu i l t t o w i t h s t a n d t h e pressures o f t he e a r t h -
f i l l as we l l as bear the load o f the b r i dge . A sa tu ra ted f i l l o f f ine mate r ia l w i l l 
c reate h igher ear th pressures t han d r y r o c k o r f ree -d ra in ing f i l l . A n y c r i b 
y o u b u i l d w i l l have a he igh t l i m i t , d e p e n d i n g o n the f i l l , t h e . t y p e of logs, and 
the t y p e o f c o n s t r u c t i o n used . 

A c r i b bu i l t in b o x f o r m w i t h f o u r or m o r e sides c a n be bu i l t m u c h h igher 
t h a n one w h i c h is no t c o m p l e t e l y f r a m e d . 

T h e length of the t i e b a c k logs s h o u l d never be less t han the he ight of the 
s t ruc tu re at the c r i b face . A s a genera l ru le , the t i e b a c k logs shou ld , no t be 
shor te r t h a n 10 f t unless t h e y are t i ed t o a d e a d m a n ( in w h i c h case the re 
s h o u l d be a m i n i m u m 6 f t b e t w e e n the face log and d e a d m a n ) . 

T i e b a c k logs s h o u l d no t be spaced at d i s tances m o r e t han f ive t imes the i r 
d i ame te r (or m o r e t h a n 12 f t ) . 

T a b l e I V - A and I V - B m a y be used as gu ides to ca l cu la te the n u m b e r o f t ie -
back and w ing logs necessary fo r t he c r i b b i n g . T a b l e I V - A shows the c o n t a c t 



area requ i red to suppo r t the supe rs t ruc tu re and the t ra f f i c l o a d . T a b l e I V - B 
shows the c o n t a c t area necessary to s u p p o r t the c r i b b i n g . D i v i d e the s u m o f 
the t w o areas by the smal les t t i e b a c k log c o n t a c t area to arr ive at the n u m b e r 
of t i e b a c k and w i n g logs requ i red fo r the c r i b b i n g . A l w a y s p lace t i e b a c k logs 
at r ight angles to the face o r w i n g logs. 

Example: Tieback logs - 12 in. diameter 
Face logs - 18 in. diameter - 24 ft length 
Span - 50 ft 
Design load - 100 t 
Crib height - 20 ft 

In our example, notching a tieback log to one-quarter its diameter (3 in.) will create a 10-in. wide surface, 
while notching a face log the same depth (3 in.) will create a 13-in. wide surface. The load-bearing area 
for a tieback log is therefore: tieback notch-width (10 in.) x face-log notch-width (13 in.) = 130 in.2. 

Using the tables, 

Table IV-A Basic bearing-area (using the next longest span in table —60) 1170 in.2 
Table IV-B Additional bearing-area 126 in.2 

Total prepared tieback-log bearing area 1296 in.2 

Total required tieback-log bearing-area (1296 in.2) 
Number of tieback logs = = 10 

One tieback-log load-bearing area (130 in.2) 

T h e base log mus t cover e n o u g h area fo r the g r o u n d to s u p p o r t the l o a d . 
T h e safe bea r ing -capac i t y f o r d i f f e ren t so i l t y p e s is s h o w n in T a b l e I V - C . 

T h e tab le ind ica tes the s t rength o f d r y so i ls o n l y . S o m e soi l t y p e s (sand) are 
adverse ly a f fec ted by a h igh m o i s t u r e c o n t e n t and the i r l oad -ca r r y i ng c a p a 
b i l i t y m a y be e x t r e m e l y l o w . 

T a b l e I V - D is a gu ide to f i nd the c r i bb ing - f ace f o u n d a t i o n w i d t h . 

T h e si l l l og , (the t o p face log) s h o u l d be 6 ft longer t han the w i d t h o f the 
supe rs t r uc tu re . 

T h e f o l l o w i n g rule m a y be used to give an i n d i c a t i o n o f the length o f the 
c r i b b i n g face : 

Cribbing Face Length = Sill Log Length -i- 1/3 Bridge Height at Cribbing 

T h i s is the shor tes t length and s h o u l d be used to c h o o s e the r ight f o u n d a t i o n 
area f r o m T a b l e I V - D . 

T h e re la t i onsh ip be tween the n u m b e r and length o f m u d si l ls can be c a l 
cu la ted w i t h the he lp of T a b l e I V - D . Leave a space o f less t h a n 10 i n . be
tween m u d s i l ls . 



T A B L E I V - A . Bas i c C o n t a c t A r e a B e t w e e n F a c e L o g s 

and T i e b a c k (Wing) L o g s in S q u a r e Inches 

Des ign 

L o a d M a x i m u m S p a n in Fee t 

2 0 4 0 6 0 8 0 

5 0 T 5 0 0 6 9 0 8 7 5 1 ,220 

l O O T 8 2 0 1 ,000 1 .170 1,790 

1 5 0 T 1 ,140 1 ,325 1 ,730 2 , 5 6 5 

Note: The basic contact area is required to support the design load and the superstructure. 

T A B L E I V - B . A d d i t i o n a l C o n t a c t A r e a B e t w e e n F a c e L o g s 

and T i e b a c k (Wing) L o g s in S q u a r e Inches 

Height of 
Cribbing 

Face Log Diameter (inches) 
Height of 
Cribbing 18 24 30 36 

Above 
Base Log Face Length of Cribbing (ft) 
(ft) 

16 24 30 16 24 30 16 24 30 16 24 30 

4 19 25 36 26 34 48 32 42 59 38 51 71 

8 38 51 71 51 67 95 63 84 118 76 101 142 

12 57 76 107 76 101 142 95 126 177 114 151 213 

16 76 101 142 101 135 189 126 168 236 151 202 284 

20 95 126 177 126 168 236 158 210 296 189 252 355 

Note: Additional contact area is required to support the weight of the cribbing. The table is based on 
using log sizes of 8 inches and over in diameter. If only smaller logs are available, crib height must be 
reduced and these tables do not apply. 



T A B L E I V - C . Sa fe Bea r i ng C a p a c i t y o f R o c k s and So i l s f o r C r i b b i n g 

R o c k s and So i l s 

Sa fe Bea r i ng 
C a p a c i t y 

psf 

Mass ive hard v o l c a n i c r ock 2 0 0 , 0 0 0 

Mass ive hard l i m e s t o n e 1 0 0 , 0 0 0 

F o l i a t e d r o c k (schist and slate in s o u n d c o n d i t i o n ) 8 0 , 0 0 0 

S e d i m e n t a r y r o c k , hard shales, si l t s tones and 
sands tones in s o u n d c o n d i t i o n 3 0 , 0 0 0 

* G o o d q u a l i t y r ock in average c o n d i t i o n 2 0 , 0 0 0 

T h i n l y - b e d d e d l i m e s t o n e and s a n d s t o n e , f r ac tu red r o c k s , dense 
g lac ia l t i l l ( ha rdpan ) , e x c e p t i o n a l l y c o m p a c t e d gravel and sand 1 5 , 0 0 0 

* C o m p a c t we l l -g raded sands and gravel -sand m i x t u r e s 1 2 , 0 0 0 

* L o o s e we l l -g raded sands and gravel -sand m i x t u r e s 9 , 0 0 0 

* C o m p a c t u n i f o r m sands 9 , 0 0 0 

S t i f f c l ays o r sandy c l ays 9 , 0 0 0 

* L o o s e , c o n f i n e d u n i f o r m sand 4 , 0 0 0 

S o f t c l ays and si l ts 2 , 0 0 0 

V e r y sof t c l ays and si l ts (mud) 1 ,000 

* T h e c r i b face f o u n d a t i o n area mus t be 3 ft in w i d t h . M o i s t u r e c o n t e n t 
s h o u l d be ve ry l o w , and the wa te r tab le b e l o w the base log or m u d s i l ls . If 
the f o u n d a t i o n area is less t han 3 ft w i d e , t hen the Sa fe B e a r i n g - C a p a c i t y 
m u s t be a d j u s t e d : 

A l l o w a b l e Bea r i ng Pressure =_§ . x Sa fe B e a r i n g - C a p a c i t y w h e r e B is the c r i b 
3 

face f o u n d a t i o n w i d t h in f t , (or base log t o p d i a m e t e r in f t ) . 

E x a m p l e : C r i b face f o u n d a t i o n w i d t h (B) = 2 f t 
S o i l - c o m p a c t u n i f o r m sand w i t h a Sa fe B e a r i n g - C a p a c i t y o f 
9 0 0 0 psf 

A l l o w a b l e Bear ing-Pressure = x 9 0 0 0 psf = 6 0 0 0 psf 



T A B L E I V - D . C r i b b i n g F a c e F o u n d a t i o n W i d t h 
(Base L o g D i a m e t e r s in Inches) 

Cribbing Height: Up to 20 feet 
Minimum Diameter of Face Logs; 18 inches 

Cribbing Face Length 

16 ft, 24 ft 16 ft, 
oaie oou 
Bearing Span (in feet) 

Capacity 
lb/ft2 20 40 60 80 20 40 60 80 

Design Load: 50 tons 

20,000 18 18 18 18 18 18 18 18 
15,000 18 18 18 22 18 18 18 18 
12,000 18 18 21 28 18 18 18 20 
9,000 18 24 28 37 18 18 20 26 
4,000 41 52 63 83 30 37 45 58 
2,000 82 104 126 166 60 74 89 116 
1,000 164 208 252 • 332 119 148 178 231 

Cribbing Face Length 

24 ft 30 ft 
Safe Soil 
Bearing Span (in feet) 

Capacity 
lb/ft2 20 40 60 80 20 40 60 80 

Design Load; 100 tons 

20,000 18 18 18 18 18 18 18 18 
15,000 18 18 18 22 18 18 18 18 
12,000 18 18 19 27 18 18 18 23 
9,000- 19 22 25 36 18 19 22 ; 30 
4,000 43 50 56 81 37 43 48 68 
2,000 85 99 112 161 74 86 96 135 
1,000 169 198 224 321 148 172 192 270 

Design Loa d; 150 tons 

20,000 18 18 18 22, 18 18 18 19 
15,000 18 18 21 30 18 18 18 31 
12,000 19 21 . 26 37 18 .8 22 31 
9,000 25, 28 35 50 21 24 29 41 
4,000 55 62 78 111 47 53 66 ' 92 
2,000 110 124 156 222 94 106 132 184 

1,000 219 248 312 444 188 212 • 263 368 

Use mud sills where required base-log diameter exceeds diameter of logs available. 



M u d s i l ls s h o u l d be no sma l le r t h a n 14 - i n . d i a m e t e r . E i g h t e e n - i n c h (or larger) 
logs p laced at 2-ft cen t res are p re fe rab le . M u d si l ls s h o u l d p ro jec t at least 2 
f t over t he base l o g . M u d s i l ls are requ i red if so i ls have l o w s t r eng th . In 
cases whe re scour is no t a p r o b l e m , avo id e x c a v a t i o n fo r p l a c e m e n t o f s i l ls t o 
a l l o w o r i g i na l vege ta t i on and r o o t ma te r i a l t o serve as a m a t . 

T h e face o f t he c r i b b i n g s h o u l d run para l le l t o t he s t r e a m . W i n g logs u s u a l l y 
f o r m an angle of 4 5 ° to 9 0 ° w i t h the s t ream f l o w . If sandy gravel or o the r 
p o o r mate r ia l is used fo r c o n s t r u c t i n g the a p p r o a c h r o a d , the e n d o f t he c r i b 
w i n g s h o u l d meet at the f o o t of the f i l l and the w i n g logs s h o u l d be pos i 
t i o n e d to f o l l o w the s lope of the f i l l . If coarse sho t r ock is u s e d , the w i n g 
angle does not a f fec t the f i l l and the f i l l can run ou ts ide the w ings to cover 
t h e m and p r o t e c t the c r i b b i n g . In th is case w i n g logs can b e c o m e t i eback 
logs. 

If green w o o d is used fo r c r i b w o r k , and d a p p i n g does no t t ake ou t the sap-
w o o d , y o u can e x p e c t t he c r i b w o r k to s h r i n k up t o one-ha l f i nch fo r eve ry 
f o o t of he igh t . M a k e a l l o w a n c e s fo r th is se t t l emen t in ad jus t ing to the f i na l 
f i n i shed grade. 

M o s t n o t c h e s in log c r i bs are no t su f f i c i en t to w i t h s t a n d ear th pressure be
cause a f la t ( rather than r o u n d e d ) n o t c h is n o r m a l l y used , and because the 
p r o t r u d i n g end o f the log is n o r m a l l y cu t shor t whe re it is sub jec t to s l a b b i n g . 
T h e real ear th-pressure res is tance in these c r i bs c o m e s f r o m the d r i f t s and 
lash ing . 

T h e des ign o f the t o p o f t he c r i b d e p e n d s o n the des ign of t he b r i dge . T h e 
t o p o f t he c r i b b i n g s h o u l d be c o n s t r u c t e d to p r o t e c t the s t r inger ends and 
c o n n e c t the r u n n i n g sur face of t he br idge to the road su r face . F i g u r e 2 8 
s h o w s va r i a t i ons in c r i b b i n g t o p s . N o t e the space fo r air c i r c u l a t i o n at the 
ends o f the s t r ingers . 

T o c o n t a i n t he bal last the c r i b s t ruc tu re s h o u l d be c o n t i n u e d b e h i n d the 
s t r ingers a l l t h e w a y u p t o t h e su r face o f t h e r o a d . T h e t o p w i n g logs m a y be 
even h igher t han the r o a d . T i e b a c k logs are no t necessary in the t o p layer . 

G u a r d l o g s are f r e q u e n t l y des igned as s u p p o r t i n g br idge m e m b e r s . If th is is 
t h e case, t h e y are t i ed t o t h e s t r ingers t h r o u g h lash ing o r b o l t i n g t o o n e o r 
m o r e need lebeams . T h e gua rd log ends mus t bear o n the a b u t m e n t s . T h e y 
are p l aced above the d e c k leve l , so t h e a b u t m e n t s m u s t be spec ia l l y des igned . 



F I G U R E 2 8 . V a r i a t i o n in c r i b t ops 
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Shear logs at t he br idge a p p r o a c h e s d i rec t the t r u c k s to the cen t re par t o f t he 
b r idge . T h e y mus t be he ld in p e r m a n e n t p o s i t i o n above the level o f the 
r o a d . T h e y c a n e i ther be s p l i c e d o n t o t h e guardra i l s o r s u p p o r t e d i n d e p e n 
d e n t l y by c r o s s - m e m b e r s o f the c r i b . ( G u a r d l o g s , guardra i ls and shear logs 
are d i scussed in t h e b r idge d e c k s e c t i o n o f t h i s b o o k ) . 

L o w c r i bs s e l d o m requ i re a n c h o r i n g o r f as ten ing . If, h o w e v e r , the re are g o o d 
s t u m p s that w i l l be bu r i ed in the f i l l , t he use o f 3 / 4 - i n . or 7 / 8 - i n . l ine lashed 
to the c r i b logs (or s i l l log) and t i ed t o t he s t u m p w i l l serve as added s u p p o r t 
(F igu re 2 9 ) . P l ac i ng d r i f t p ins in each j o i n t cos ts l i t t le and w i l l h o l d the c r i b 
toge the r . 

If there is any danger of the ear th pressures be ing excess ive , t hen lash ing and 
p i n n i n g the c r i b is necessary , as we l l as t i e b a c k s t o a s t u m p , d e a d m a n o r r o c k 
a n c h o r . 

D r i f t t he c a p o r s i l l t o t he c r i b t o h o l d it d u r i n g t h e p l a c e m e n t o f t he s t r inger . 

4 . C r i b - C o n s t r u c t i o n T e c h n i q u e s 

P l a n n i n g the b u i l d i n g o f a c r i b is as i m p o r t a n t as p l ann ing the b u i l d i n g o f a 
p i le p ier o r c o n c r e t e p ie r . T h e e x a c t l o c a t i o n mus t be la id o u t o n the g r o u n d 
so tha t the mate r ia l r e q u i r e m e n t s c a n be c a l c u l a t e d and t h e p r e p a r a t o r y 
w o r k can be ca r r i ed ou t . 

F i r s t , invest igate the soi l c o n d i t i o n to d e t e r m i n e the feas ib i l i t y o f e x c a v a t i n g 
fo r the base log . F i she r i es ' res t r i c t i ons m a y p r o h i b i t any e x c a v a t i o n w h e r e 
t h e e x c a v a t e d ma te r i a l m a y get i n t o t h e s t ream b e d . If the re is any l i k e l i 
h o o d o f scou r a r o u n d the p ier base it is w ise to cons ide r b u r y i n g the in i t ia l 
logs b e l o w the s t ream leve l . 

a) L o g p repa ra t i on f o r c r i b b i n g 

G r e e n w o o d is usua l l y used f o r b u i l d i n g log c r i bs . Un less cedar is used , t h e 
face and w i n g logs and the e x p o s e d end o f the t i eback logs s h o u l d be de 
b a r k e d . 

If cedar is used in b u i l d i n g a p e r m a n e n t s t r uc tu re , it is necessary t o r e m o v e 
the bark o n l y whe re a c lean sur face is requ i red to mark the no t ches . E x 
posed bark sur faces s h o u l d be s t r i pped af ter the c r i b has been c o m p l e t e d to 
reduce f i re haza rd and d e c a y . 



F I G U R E 2 9 . S t u m p he lps t o h o l d c r i b b i n g . 



b) Notching or dapping 

A p o w e r s a w and an axe are used fo r n o t c h i n g , but a b r idge b u i l d e r m a y a lso 
have an adze and scr ibers o r d i v i de rs . Y o u can c h o p ou t s i m p l e n o t c h e s w i t h 
an axe w i t h o u t m a r k i n g the w o o d . W h e n the f i t o f a log is c o n s i d e r e d ' good 
e n o u g h , ' i t is lashed or d r i f t e d t o t he logs u n d e r n e a t h . If t h i s t y p e o f n o t c h i n g 
is used (or no n o t c h i n g at a l l ) , l im i t the load-bear ing sec t i on o f t he c r i b b i n g 
t o f ive layers o f logs. 

M a r k the n o t c h w i t h scr ibers o r d i v ide rs if a p rope r c r a d l e - n o t c h is needed t o 
f i t t w o logs toge the r . 

K e e p the scr ibers or d i v ide rs ver t i ca l t o keep the same d i s tance (dep th o f 
no t ch ) f o r a c lose f i t . T h e cu t - ins are easier t o m a k e w i t h a p o w e r saw than 
the angle cu ts (see F igu re 3 0 ) . Carve ou t t he r ema in i ng w o o d w i t h an a x e . 

F I G U R E 3 0 . N o t c h i n g m e t h o d s 

We chose a c rad le n o t c h fo r a pa r t l y - f i t t ed c r i b in ou r e x a m p l e . F igu re 31 
shows the requ i red d e p t h fo r t he n o t c h , the m a r k i n g of the l og , and the p lan 
v i ew o f the m a r k i n g . 

c) Sequence of crib construction 

A pa r t l y - f i t t ed c r i b is used in th i s e x a m p l e . O t h e r c r i b c o n s t r u c t i o n w i l l be 
s im i l a r . 

S T E P 1. 

E x c a v a t e fo r the base log . L a y some smal l logs (about 6 - i n . d iamete r ) 
or d ig t r enches tha t w i l l a l l o w r o o m fo r lash ing later . 

S T E P 2 . 
P o s i t i o n the base log . 
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S T E P 3 . 
P lace the t i e b a c k logs. These s h o u l d no t e x c e e d 8 ft to 12 ft in spac ing , 
d e p e n d i n g o n the s ize o f t he c r i b logs and o n the s ize o f the c r i b . T a b l e 
I V - B c o u l d be used as a gu ide t o es t ima te the n u m b e r o f t i e b a c k logs re
q u i r e d t o ca r ry the l o a d . 

S T E P 4 . 

L a s h the t i e b a c k logs t o t he base log us ing 3 / 4 - i n . to 1-in. w i r e r ope . 

S T E P S . 

P lace the second face log o n t o p o f the t i e b a c k logs. 

S T E P 6. 

T o get a c lose f i t , ba lance the face log o n the t i e b a c k s and es t ima te the 
n o t c h d e p t h fo r p rope r f i t . 
S T E P 7. 
Us ing sc r ibe rs , d i v ide rs (or eye m e a s u r e m e n t ) , i nsc r ibe w i t h a l u m b e r 
c r a y o n or i nde l i b l e penc i l the p o s i t i o n and shape o f n o t c h . 

S T E P 8 . 

R o l l the face log back ou t o f the w a y and hew ou t the n o t c h . 

S T E P 9 . 

R o l l the face log in to p o s i t i o n and lash it t o the t i e b a c k logs. 

S T E P 10 . 

B a c k f i l l the c r i b b i n g and c o m p a c t the f i l l . 

S T E P 1 1 . 

W o r k u p w a r d t o t h e level r e q u i r e d . 

S T E P 1 2 . 
P lace r ip - rap , if the re is a chance tha t the c r i b w i l l be u n d e r m i n e d . 

A h y d r a u l i c b a c k h o e is the best m a c h i n e fo r p lac ing r ip - rap at the base o f 
a b u t m e n t s and piers as we l l as fo r shap ing the banks and s t ra igh ten ing s t ream 
channe l s be fo re p lac ing the b r idge s t r ingers . 

d) L a s h i n g and d r i f t i ng 
L a s h i n g and d r i f t i ng is desc r ibed later in th is b o o k . 



If t he re is a n y chance tha t the c r i b w i l l m o v e d u r i n g s e t t l e m e n t , lash—as we l l 
as d r i f t—the base log t o t he t i e b a c k logs. 

e) F i l l i n g the c r i b 

F i l l i n g the c r i b s h o u l d p r o c e d e w i t h c o n s t r u c t i o n . T a k e care no t to d i s l odge 
the logs. Lash ing is no t a b s o l u t e l y necessary , bu t it w i l l he lp t o h o l d the c r i b 
fo r f i l l i n g . 

f) T y p e s of c r i b - l og n o t c h i n g 

F i ve va r ia t i ons fo r j o i n i n g c r i b logs are d i scussed . 

C r u d e c r i b 

C r u d e c r i b c o n s t r u c t i o n is used fo r b u i l d i n g c u l v e r t - t y p e log br idges w i t h a 
shor t serv ice l i fe w h e n s e t t l e m e n t , f i l l p ressure , and sh r i nkage are no t c o n s i d 
e ra t i ons . Use b las ted r o c k o r large s tones t o f i l l u p the c r i b . 

P lace large logs w i t h o u t a t t e m p t i n g t o c reate a large c o n t a c t sur face and t ie 
t h e m toge the r w i t h w i r e ' r o p e ( F i g u r e 3 2 ) . T h e r e are usua l l y no m o r e t han 
th ree face logs and t w o t i e b a c k logs b e t w e e n every t w o face logs. T h e t o p 
face log ( the si l l log) is used in its na tu ra l state and is s e l d o m f l a t t ened t o re
ceive the s t r inger . 

F I G U R E 3 2 . C r u d e c r i b b i n g 

L o o s e c r i b b i n g 

L o o s e c r i b b i n g is s im i l a r in c o n s t r u c t i o n t o c r u d e c r i b b i n g e x c e p t tha t m o r e 
t h a n t w o t i e b a c k logs are used ( F i g u r e 3 3 ) . It is used f o r br idges bu i l t f o r a 



shor t serv ice l i fe . P lace the base log o n the g r o u n d and lash the t i e b a c k logs 
t o it. P lace the second face log o n the t i e b a c k logs. S o m e o f t he t i e b a c k or 
w i n g logs are h e w n e n o u g h t o m a k e sure tha t the face log t o u c h e s each one 
o f t h e m . E v e r y face log is t i g h t l y lashed t o every t i e b a c k and w i n g log a b o v e 
and b e l o w . 

F I G U R E 3 3 . L o o s e c r i b b i n g 

P a r t l y - f i t t e d c r i b b i n g 

T h i s c o n s t r u c t i o n t e c h n i q u e is desc r i bed in S e c t i o n IV -4 - c . 

Ca rve or d a p the t o p o f every log t o m a k e a c rad le fo r t he log above (F igu re 
34 ) and p r o v i d e a larger l oad-bear ing sur face t o keep the logs in p lace . 

F I G U R E 3 4 . P a r t l y - f i t t e d c r i b b i n g 
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D e c a y m a y o c c u r if s tagnant wa te r a c c u m u l a t e s in the n o t c h e s . T o prevent 
t h i s , t he no t ches are s o m e t i m e s m a d e at t he b o t t o m of t he logs o n l y . T h i s is 
d i f f i c u l t and m a y no t r educe rot t o a n y a p p r e c i a b l e degree. 

F la t - f ace log c r i b b i n g 

F l a t t e n the face logs to the i r fu l l length o n the t o p and b o t t o m , and n o t c h 
the t i eback and w i n g logs t o f i t (F igu res 3 5 and 3 6 ) . F l a t t e n the logs w i t h a 
p o w e r saw us ing the c h a l k l i n e t e c h n i q u e or an A l a s k a n s a w m i l l . T h i s m e t h 
od is o f t en used w h e n the face logs are large and the t i e b a c k s are s m a l l e r ; the 
logs s h o u l d a lways be d r i f t ed w h e n t i e b a c k logs are c l o s e l y spaced . Use o f 
these t e c h n i q u e s is desc r i bed in t he sec t i on o n p r e p a r a t i o n o f log s t r ingers . 

T h i s c o n s t r u c t i o n a l l o w s prec ise f i t t i n g . R e m o v i n g the s a p w o o d leaves a 
large load-bear ing su r face w i t h m i n i m a l sh r i nkage p o t e n t i a l . 

Ro t - res i s tance m a y be increased b y us ing cedar logs and a p p l y i n g preserva
t ives o n the cu t sur faces and d r i f t ho les . 

Ceda r slabs and f i l te r fab r i cs can be used t o p lug the o p e n i n g s t o prevent the 
f i l l f r o m leak ing o u t . 

HOLE. 10 &e. F I L L E P 
WITH T A R 
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F I G U R E 3 5 . F la t - f ace log c r i b b i n g 



F I G U R E 3 6 . S i d e v i e w o f a f la t - face log c r i b 

T i gh t - f ace c r i b b i n g 

T igh t - f ace c r i b b i n g is usua l l y c o n s t r u c t e d w h e n it is necessary t o have the 
face logs c lose toge the r (F igu re 3 7 ) . It can be used to resist s c o u r i n g f r o m 
fas t - runn ing wa te r w h e n shot r ock is no t ava i lab le and the f i l l ma te r ia l c o u l d 
wash o u t . It is i m p o r t a n t to use the same size face and w i n g logs. 

T h e s ty le o f n o t c h e m p l o y e d is i den t i ca l t o tha t o f the " L i n c o l n L o g s " used 
as t o y s . E a c h log is d a p p e d abou t one -qua r te r its d i a m e t e r o n t o p and 
• b o t t o m to p r o d u c e a t i g h t l y - l o c k e d n o t c h . 

F I G U R E 3 7 . T i gh t - f ace c r i b b i n g de ta i l 

9 8 



It is bet ter no t to c lose the space b e t w e e n the face o r w i n g logs. T h e w o o d w i l l 
e v e n t u a l l y s h r i n k , and if t he gap is t o o smal l the face logs m a y ro l l o r sp l i t . 

T i gh t - f ace c r i b b i n g requ i res m o r e ma te r i a l and is m o r e l a b o u r - c o n s u m i n g 
t h a n open - face c r i b b i n g ( F i g u r e 3 8 ) . 

F I G U R E 3 8 . T i g h t - f a c e c r i b 

5 . P i le A b u t m e n t s 

P i le bents are used fo r a b u t m e n t s because d r i v i n g pi les m a y be faster and 
cheaper t h a n b u i l d i n g a log c r i b . P i les are the best w o o d e n l o a d - s u p p o r t i n g 
s t ruc tu res . T i m b e r is f ive t imes s t ronger para l le l to the gra in t han across the 
g ra in . T h e g r o u n d mus t be sof t and free o f large s tones o r any o the r obs ta 
cles tha t w o u l d p revent p i le p e n e t r a t i o n . So i l s w i t h 2 , 0 0 0 t o 1 0 , 0 0 0 psf safe 
bea r ing -capac i t y are su i tab le f o r p i le d r i v i n g . 

a) P i le a b u t m e n t t y p e s 

Pi le a b u t m e n t s are d i v i d e d in to t w o major g roups a c c o r d i n g to the i r f i l l -

re ta in ing f u n c t i o n . 

Pressure- f ree p i le ben t a b u t m e n t s 

Pressure- f ree p i le bent a b u t m e n t s are usua l l y bu i l t o n sof t g r o u n d w h e r e 
c r i b b i n g m a y sett le unde r the l o a d . T h e p i le bent or bents in th is t y p e o f 
a b u t m e n t d o no t susta in large f i l l pressures. T h e i r o n l y f u n c t i o n is to sup
p o r t t he supe rs t ruc tu re and the t r a f f i c l o a d . U s u a l l y these are l o w s t ruc tu res 
(less than 8 ft in he ight ) w i t h r i p - rapp ing in f r o n t o f the p i l i ng (F igu re 3 9 ) . 



F I G U R E 3 9 . L o w pressure- f ree p i le -ben t a b u t m e n t 

T h e r e m a y be c r i b w o r k b e h i n d the p i le bent w h i c h reta ins the f i l l (F igu re 4 0 ) . 
Use sho t r o c k o r ve ry coarse gravel a r o u n d the f i l l to p ro tec t the c r i b b i n g . 

F i l l - r e t a i n i ng p i le a b u t m e n t s 

S o m e p i le bents are able to s u p p o r t c o n s i d e r a b l e f i l l pressure w h i l e o the rs re
qu i re spec ia l s t ruc tu res ins ide the a b u t m e n t . T h e f i rst g roup is bu i l t w i t h o u t 
w i n g wa l l s and the s e c o n d g roup can be i den t i f i ed by f i l l - re ta in ing w i n g wa l l s 
and t i e b a c k s . 

F i l l - r e ta i n i ng p i le a b u t m e n t s w i t h o u t t i e b a c k s 

M u l t i p l e ben ts are ab le t o resist c o n s i d e r a b l e ear th pressure w i t h o u t t i e b a c k s 
(F igu re 4 1 ) . A l w a y s p lace logs or p l anks b e h i n d the p i l i ng to p revent d i rec t 
c o n t a c t w i t h the ea r t h , t o p revent damage t o the p i les , and to pe rm i t air c i r 
c u l a t i o n to reduce d e c a y . 

Use coarse ma te r i a l f o r f i l l , and a l l o w the f i l l t o c o v e r t he s ide o f t he p i l i ngs . 
Use r ip- rap in f as t - runn ing wa te r . 



F I G U R E 4 0 . A pressure- f ree pi le a b u t m e n t w i t h f i l l - re ta in ing c r i b w o r k 

- F i l l - r e ta in ing pi le a b u t m e n t w i t h w i n g wa l l s 

Y o u need a t i e b a c k s y s t e m a n d w i n g wa l l s t o re ta in t he f i l l in a f i l l - re ta in ing 
pi le a b u t m e n t w i t h w i n g wa l l s because the p i le bents in these a b u t m e n t s are 
not ab le t o resist ear th pressure. 

T o f o r m w i n g wa l l s , d r i ve a r o w o f p i l i ngs in a s t ra ight l ine w i t h p l anks o r 
sma l l logs l in ing the ins ide t o re ta in the f i l l (F igu res 4 2 and 4 3 ) . 

T h e end o f the wa l l usua l l y f o l l o w s the s lope o f the f i l l . T h e end o f a p l ank 
in the w i n g wa l l mus t a l w a y s be s u p p o r t e d b y a p i l e . (P lanks s h o u l d no t end 
h a l f w a y b e t w e e n t w o p i les. ) P l a c e p i les c lose e n o u g h so tha t t he p l a n k i n g o r 
logs are ab le to sus ta in t he f i l l p ressure , and t ie t h e m b a c k . (T i ebacks are 
desc r i bed later in th is tex t . ) 

- P i le a b u t m e n t s w i t h s t ra ight vying wa l l s 

S t ra i gh t w i n g wa l l s are e x t e n s i o n s o f t he load-bear ing p i le a b u t m e n t . T h e y 
are easy t o c o n s t r u c t and requ i re o n l y a s imp le t i e b a c k s y s t e m . T h e y are 
su i tab le fo r s l o w - f l o w i n g s t reams or if r o c k f i l l is used and the re is no danger 



F I G U R E 4 1 . F i l l - r e t a i n i n g p i le a b u t m e n t w i t h o u t t i eback 



F I G U R E 4 2 . P l a n k i n g t o re ta in f i l l 

tha t the f i l l w i l l be dan iaged by the wa te r f l o w . T h i s t y p e o f s t ruc tu re is ex
cava ted b e l o w the scou r level and the f r o n t is a l igned w i t h the o r ig ina l 
s t ream b a n k . 

S t ra igh t w i n g wa l l s m a y be used w i t h any t y p e o f p i le bents (F igu re 4 4 ) , but 
r o w . a n d sheet p i l i ng lend themse lves t o th is t y p e o f c o n s t r u c t i o n . 

P lace smal l logs be tween the t w o rows o f a d o u b l e - b e n t p i le a b u t m e n t and 
e x t e n d o n b o t h sides to f o r m a w i n g w a l l . These logs serve as sway b rac ing 
and f i l l - re ta iner (F igu res 4 5 and 4 6 ) . (Cedar logs s h o u l d be used fo r longer 
l i fe.) If y o u use t rea ted m a t e r i a l , pu t p l a n k i n g b e h i n d the second r o w of 
p i l i ng and no t b e t w e e n the p i les . 

b) P i le bents 

A p i le bent is a l ine of 5 or m o r e p i les . O n l y those p i les w h i c h share the load 
o f t h e supe rs t ruc tu re are c o n s i d e r e d m e m b e r s o f the ben t . 

In the f o l l o w i n g pages we w i l l d iscuss s o m e o f t h e ways tha t p i l i ng f o r m s p i le 
bents o r p i le a b u t m e n t s . 

S ing le bent 

Use w h e n o n l y a f ew p i les are n e e d e d . A l i g n p i l i ngs t o a c c o m m o d a t e the cap 
or s i l l ( F i g u r e 4 7 ) . C a r e f u l c o n s t r u c t i o n is r equ i red because p i les m a y have a 
ba t te r . T h e bent w i l l no t s u p p o r t the f i l l un less it is t ied b a c k . 
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F I G U R E 4 3 . F i l l - r e t a i n i n g p i le a b u t m e n t w i t h w i n g wa l l s 



P L A M 

F I G U R E 4 4 . P i le a b u t m e n t w i t h s t ra ight w i n g wa l l s 



F I G U R E 4 5 . L o g wa l l be tween rows o f p i l i ng 
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F I G U R E 4 6 . S m a l l logs t o re ta in f i l l be tween p i l i ng 

D o u b l e bent w i t h shor t caps 

T o c o n s t r u c t a p i le a b u t m e n t , d r i ve p i les in t w o r o w s , us ing the same n u m 
ber in each r o w . Fo re -and -a f t sho r t caps span each pai r o f p i l ings and t ie the 
t w o rows toge ther . A large sil l i ns ta l led o n the t o p p rov ides the s u p p o r t f o r 
t he s t r ingers (F igu re 4 8 ) . 

T h e p i l ings in the bent d o no t have t o be pe r fec t l y a l igned unless p l a n k i n g is 
used o n the ou t s i de . Use the d o u b l e bent w h e n large p i l i ng is ava i lab le or the 
necessary n u m b e r of p i les w i l l requ i re t w o rows . O n e advantage is tha t it 
can act as a re ta in ing w a l l . 

If the f r on t r o w has e n o u g h p i l i ngs t o s u p p o r t the ver t i ca l load the si l l m a y 
be p o s i t i o n e d over it (F i gu re 4 9 ) . If no t , the si l l mus t bear o n all the p i les . 

T w o s ingle bents t ied toge the r s ide by s ide w i t h shor t fo re -and-a f t caps m a y 
also f o r m a d o u b l e bent (F i gu re 5 0 ) . 

M u l t i p l e bent 

If a large n u m b e r o f p i les is n e e d e d , d r i ve t h e m in m u l t i p l e r ows . T i e t h e m 
toge the r w i t h shor t caps and keep m i n i m u m spac ing b e t w e e n t h e m (F igu res 
51 and 5 2 ) . 



F I G U R E 4 7 . S ing le bent 

EL£VATli?kl PLAM 

F I G U R E 4 8 . D o u b l e bent w i t h shor t caps 



T o s i m p l i f y th is p r o c e d u r e , a l ign the cen t re r o w and p lace a long cap over 
it. T i e the o u t s i d e rows and the long cap toge ther w i t h shor t fo re -and-a f t 
caps (F igu re 5 3 ) . 

F I G U R E 5 0 . T w o s ingle bents f o r m a d o u b l e bent 

SILL UJri 

SHORT UP 

UJLKi US' 

F I G U R E 5 1 . A m u l t i p l e bent 

M u l t i p l e bents are used fo r p i le p ie rs . Y o u can d r i ve as m a n y as f ive rows o f 
p i l i ng w h e n ex t ra s t rength is needed to resist s ide l o a d i n g . E a c h r o w o f 
p i l ings is t i ed toge the r w i t h a l ong cap f i rs t , and then shor t caps are used t o 
t ie the s i m p l e ben ts . 
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F I G U R E 52. Mult ip le bents plan 
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F I G U R E 53. Mult iple bent with a long cap over the centre row 

Single-line group bent 

Drive the piles in a straight row to form a bent (Figure 54). The bent is tied 
together with a long cap. Make sure the cap rests on every pile and distri
butes the load evenly. 



Use s ingle l ine p i le g roups 

if large n u m b e r s o f p i les mus t be d r i ven in a n a r r o w space 

if g roup p i l i ng is r equ i red in s a n d y so i ls 

if p i les d r i ven i n to b o u l d e r y so i ls are insecure 

if s t ream s c o u r i n g m i g h t o c c u r 

if p i l i ng acts as a re ta in ing wa l l 

M u l t i l i n e - g r o u p p i le ben t 

Use the m u l t i l i n e - g r o u p p i le bent to ach ieve the g roup -p i l e e f fec t in sandy 
so i l s . It is the m o s t res is tant to debr i s damage and can a lso s u p p o r t back 
pressure (F igu re 5 5 and 5 6 ) . 

F I G U R E 5 5 . M u l t i l i n e - g r o u p p i le bent w i t h shor t caps 

F I G U R E 5 4 . S ing le - l i ne g roup ben t 

PLAKl 

PLAKl 



I ndependen t -g roup p i le bent 

T h e i n d e p e n d e n t - g r o u p p i le -ben t a b u t m e n t is capab le of sus ta in ing a large 
b a c k l o a d i n g (F igu re 57). 

F I G U R E 57. I ndependen t -g roup p i le bent 

A r r a n g e the p i les in g roups in the a b u t m e n t and d r i ve t h e m in row/s fo r the 
cap . 

c) Types of piles in abutments and piers 

Pi les s u p p o r t the load by so i l f r i c t i o n a long the sur face o f the p i l e , or b y 
hav ing the t ip o f the p i le rest ing o n so l id m a t e r i a l , or by a c o m b i n a t i o n o f 
t h e t w o . 

F r i c t i o n p i les 

T h e load is s u p p o r t e d by f r i c t i o n and sur face c o h e s i o n in c lay so i ls . D r i ve 
tapered p i les w i t h the smal l end f i rs t . T h e m o i s t u r e c o n t e n t is increased 
a r o u n d the p i le and the soi l loses some of its s t rength d u r i n g d r i v i n g . T h i s 
loss is o n l y t e m p o r a r y . A f t e r t he m o i s t u r e c o n t e n t d r o p s t o its n o r m a l l eve l , 
the so i l regains its o r ig ina l s t reng th . T h i s p rocess m a y take several weeks and 
the b r idge c a n n o t be l oaded to fu l l c a p a c i t y d u r i n g th is t i m e . 

T h e a b u t m e n t tab les in the des ign sec t i on s h o w i n g pi le s ize and n u m b e r o f 
p i les requ i red refer to f r i c t i o n p i les . 

T o m a i n t a i n h igh f r i c t i o n , space the p i les a m i n i m u m of 3 ft o n cen t re o r 3 
t imes the p i le d i ame te r at g r o u n d leve l , w h i c h e v e r is greater . T h i s spac ing 
s h o u l d be increased in sof t c l a y . 



E n d - b e a r i n g p i les 

T h e t o p layer o f the so i l is no t ab le to p rov i de e n o u g h f r i c t i o n t o s u p p o r t the 
l oad in s o m e o rgan i c so i l s , l oose sands o r s i l ts , b u t it is o f t e n poss ib le t o d r i ve 
t h e p i le far e n o u g h to reach a so l id s t r a t u m . Y o u m a y have t o sp l ice t w o 
pi les t o reach so l id g r o u n d . S i m p l i f y sp l i c i ng b y d r i v i n g t h e f i rst pi le bu t t 
f i rs t t o a l l o w the sp l i c i ng o f t he t o p e n d s . T h e t i p o f t he p i le must be capa 
b le o f s u p p o r t i n g the l o a d . A m i n i m u m spac ing o f 2 1/2 feet o r 2 1/2 t i m e s 
the p i le d i a m e t e r is r e c o m m e n d e d . 

C o m b i n a t i o n end -bea r i ng a n d f r i c t i o n p i les 

P e n e t r a t i o n is d i f f i c u l t if a hard so i l man t le is reached be fo re re fusa l o f a 
f r i c t i o n p i l e . M o s t of t he load w i l l be s u p p o r t e d b y end -bea r i ng and o n l y 
part by f r i c t i o n . These pi les are s t i l l c o n s i d e r e d f r i c t i o n p i les . 

G r o u p pi les 

T h e load c a p a c i t y o f f r i c t i o n p i les in cohes ion less s a n d y so i ls d e p e n d s o n the 
d e n s i t y o f t h e s o i l . D r i v i n g a g r o u p o f p i les nex t t o e a c h o t h e r w i l l c o m p a c t 
t he s o i l . Use the des ign tab le fo r f r i c t i o n pi les t o ca l cu la te the n u m b e r o f 
p i les necessary fo r t he bent (Tab le I V - E ) . T h e tab le gives the a p p r o p r i a t e 
n u m b e r o f p i les fo r loose cohes ion less so i l s . T h i s n u m b e r s h o u l d be increased 
fo r dense cohes ion less so i l s . 

T h e g r o u p acts as a deep f o o t i n g - f o u n d a t i o n fo r f r i c t i o n g roup pi les in c o 
hesive (c lay) so i l s . T h e f r i c t i o n p i le tab les are no t a p p l i c a b l e . T h e reiquired 
square f oo tage m a y be de r i ved b y us ing the c r i b b i n g f o u n d a t i o n tab les . T h i s 
square foo tage is o u t l i n e d b y the o u t s i d e pe r ime te r o f the pi le g roup at t he 
pi le t i p s . 

C a l c u l a t e the l oad c a p a c i t y o f t he p i les b y the m e t h o d d e s c r i b e d in t he f o l 
l o w i n g s e c t i o n . M u l t i p l y the C a p a c i t y o f one p i le by the n u m b e r o f p i les in 
t he g r o u p t o d e t e r m i n e the l oad c a p a c i t y o f a p i le g r o u p in l oose c o h e s i o n 
less so i ls . In denser , cohes ion l ess so i l s , h o w e v e r , the g roup m a y have less 
l oad c a p a c i t y t h a n one p i le t i m e s the n u m b e r o f p i les i n v o l v e d . 

d) P i le bent des ign 

P lac i ng p i l i ng in t he bent and d r i v i n g the bent d e p e n d s o n the b r idge des ign . 
T h e s t anda rd t r u c k b r idge f o r a s ing le- lane 1 0 0 - t o n l oad ing w o u l d have 
f i ve or s ix p i l ings u n d e r a 16-f t c a p . T h e o u t s i d e p i les are usua l l y d r i ven 



st ra ight bu t m a y be p laced o n an angle or ' ba t te r ' of 1 1/2 i n . to 2 i n . in 
every f o o t . T h e cen t re p i l i ng is ve r t i ca l . Use m o r e p i l i ng if necessary—de
p e n d i n g o n the load to be c a r r i e d , the size of the ava i lab le p i l i ng , and the 
w i d t h o f the br idge (F igu re 5 8 ) . F o r e x a m p l e , s o m e br idges have to be w i d e 
at the end t o a l l o w fo r a cu rved a p p r o a c h or c lea rance o f u n i q u e loads such 
as b o o m s t i c k s , cedar po les , or a m o b i l e spar . Use at least one large cedar p i le 
f o r each 2 0 tons o f l o a d . E n g i n e e r i n g and p i l i ng des ign invo lves fa i r l y c o m 
p lex fac to rs and des ign tab les are i n c l u d e d in th is sec t i on fo r g u i d a n c e . 

F I G U R E 5 8 . A p i le bent 

T h e c o n t a c t area be tween the p i les and the c a p m u s t be large e n o u g h t o p re 
vent c r u s h i n g the cap u n d e r fu l l l o a d i n g . R e m e m b e r tha t the bear ing area o f 
t h e p i le w i l l be r e d u c e d w h e n the s a p w o o d ro ts . T h e u s e o f overs ize p i l i ngs 
is the best safeguard and a l l ows fo r an increase in des ign l o a d . 

T h e t y p e o f so i l d e t e r m i n e s w h e t h e r t he p i le is t o serve as a f r i c t i o n p i le o r as 
an end -bea r i ng p i le . 

T h e f o l l o w i n g tab les p r o v i d e some g u i d a n c e fo r the design o f p i le bents f o r 
s i m p l e log br idges (Tab les I V - E , I V - F , I V - G ) . . 

T h e ver t i ca l l oad-bear ing c a p a c i t y o f the end -bea r ing p i les is usua l l y l i m i t e d 
by the compress i ve s t rength o f t he w o o d para l le l to the g ra in . 



T A B L E I V - E . R e c o m m e n d e d M i n i m u m N u m b e r o f L o a d - C a r r y i n g 
Wes te rn R e d C e d a r F r i c t i o n Pi les f o r an A b u t m e n t 

M a x i m u m Pi le L e n g t h A b o v e G r o u n d in Fee t 
Des ign 
T r u c k L o a d 17 19 2 0 2 0 2 0 2 0 2 0 2 0 2 0 

P i le D i a m e t e r at S m a l l E n d 

6 in 7 in 8 in 9 in 10 in 11 in 12 in 14 in 16 in 

B r i d g e S p a n 50 -80 Fee t 

5 0 T 2 9 19 13 8 5 5 5 5 5 

l O O T 2 2 14 9 7 5 5 5 

1 5 0 T 2 0 13 9 7 5 5 

B r i dge S p a n U p t o 6 0 Fee t 

S O T 2 0 14 9 6 5 5 5 5 5 

l O O T 2 S 16 10 7 5 5 5 5 

I S O T 2 3 14 10 7 6 5 5 

N o t e : T h i s tab le is based o n an a b u t m e n t w i t h c ross -b raced p i les d r i ven t o 
re fusal and m i n i m u m spac ing m a i n t a i n e d . 



T a b l e I V - F is a gu ide to the m a x i m u m c a p a c i t y o f end -bea r ing p i les s u p p o r t 
ed by d i f f e ren t soi ls and rock t y p e s . 

T A B L E I V - F . M a x i m u m Bear ing C a p a c i t y 
o f E n d - B e a r i n g Pi les 

S o i l and R o c k T y p e s M a x i m u m Bea r i ng C a p a c i t y 
lb 

M i n i m u m P i l e -po in t D i a m e t e r 

10 inch 7 -10 i nch 

Igneous and G n e i s s i c R o c k s 3 0 0 , 0 0 0 2 0 0 , 0 0 0 

L i m e s t o n e (sound) 2 0 0 , 0 0 0 1 0 0 , 0 0 0 

F o l i a t e d r o c k (schist and slate) 
in s o u n d c o n d i t i o n 1 6 0 , 0 0 0 8 0 , 0 0 0 

D e n s e , H a r d G l a c i a l T i l l 1 6 0 , 0 0 0 7 5 , 0 0 0 

H a r d Sha les , M u d s t o n e s 
and S a n d s t o n e s 1 1 0 , 0 0 0 3 0 , 0 0 0 

Dense G l a c i a l T i l l 7 5 , 0 0 0 2 5 , 0 0 0 



T A B L E I V - G . P i le and H a m m e r S i z e R e l a t i o n s h i p 

Ideal P i le S i z e in f t^ 

C e d a r 4 0 4 8 5 6 6 4 72 81 

F i r 2 9 3 5 4 1 4 6 5 2 5 8 

Ideal P i le D i m e n s i o n s 

C e d a r : L e n g t h (ft) 2 5 27 2 8 2 9 3 0 3 4 

D i a m e t e r s : L a r g e / 
smal l end (in.) 1 8 / 1 6 1 9 / 1 7 2 0 / 1 8 2 1 / 1 9 2 2 / 2 0 2 3 / 1 9 

F i r : L e n g t h (ft) 27 2 9 2 9 2 9 3 3 3 3 

D i a m e t e r s : L a r g e / 
smal l end (in.) 1 5 / 1 3 1 6 / 1 4 1 7 / 1 5 1 8 / 1 6 1 9 / 1 5 2 0 / 1 6 

P i le We igh t in lb 1 2 5 0 1 5 0 0 1 7 5 0 2 0 0 0 2 2 5 0 2 5 0 0 

H a m m e r S i z e in lb 2 5 0 0 3 0 0 0 3 5 0 0 4 0 0 0 4 5 0 0 5 0 0 0 

N o t e : F o r g o o d d r i v i n g , p i le we igh t s h o u l d be 5 0 % to 7 5 % o f h a m m e r we igh t . 

W e i g h t o f G r e e n C e d a r : 31 Ib / f t ^ 

We igh t o f G r e e n D o u g l a s - F i r : 4 3 Ib / f t^ 



e) Pile selection 

T h e p i l i ng se lec ted must be s t rong e n o u g h t o suppo r t the l o a d , as s t ra ight as 
poss ib le , and able to resist d r i v i ng f o r ces . T h e pu rchas ing agent s h o u l d m a k e 
sure the w o o d meets C S A S t a n d a r d 0 5 6 - 1 9 6 2 s p e c i f i c a t i o n s fo r a l l p e r m a 
nent s t ruc tu res . Pressure t r ea tmen t s h o u l d be in a c c o r d a n c e w i t h C S A 
S t a n d a r d 0 8 0 - 1 9 6 2 , W o o d P rese rva t i on . T h e f o l l o w i n g po in t s are usefu l to 
the bu i l de r cu t t i ng his o w n p i l i ngs . 

O n l y l ive t rees s h o u l d be cu t . 

T h e f o l l o w i n g de fec ts are no t p e r m i t t e d : d e c a y , ho les , c r a c k s , sp l i t s , 
insect damage , shor t c r o o k s , k n o t c lus te rs , large k n o t s and a b n o r m a l 
changes in tape r . 

T h e taper shou ld be g r a d u a l , and the f la re at the but t s h o u l d b e c u t o f f . 

T h e p i le must be s t ra ight so tha t a l ine be tween the m i d p o i n t o f the 
ends w i l l s tay ins ide the h e a r t w o o d . 

A l l p i l i ngs (espec ia l l y t hose f o r m i n g a bent) shou ld be u n i f o r m in size to 
pe rm i t neater and easier f i n i sh ing and b r a c i n g . 

U n t r e a t e d w o o d varies in e x p e c t e d serv ice l i fe . Wes te rn red cedar o r y e l l o w 
cedar s h o u l d be the f i rst c h o i c e fo r p i l i ngs . ( M a n y cedar log p i l i ngs are s t i l l 
in serv ice af ter 3 0 years . If these spec ies are not ava i lab le fo r a p e r m a n e n t 
b r i dge , o the r mater ia ls such as t rea ted t i m b e r , steel or c o n c r e t e p i l ings 
s h o u l d be cons ide red . ) 

M o s t spec ies are adequa te fo r t e m p o r a r y b r idges . 

f) P r e p a r a t i o n o f w o o d pi les fo r d r i v ing 

It is no t necessary to season green w o o d be fo re d r i v i n g . G r e e n w o o d is no t 
as b r i t t l e as d r y w o o d , and it has bet ter c u s h i o n i n g t o s tand up t o the h a m 
mer . T h e s t rength o f green w o o d , h o w e v e r , is less t han tha t of the season
ed w o o d s . Un less preservat ives are u s e d , p i l ings s h o u l d be s to red w i t h the 
bark o n o r d u r i n g hot wea the r . 

B e f o r e y o u d r i ve the p i l e , r e m o v e al l ba rk t o pe rm i t a i r ing the s a p w o o d and 
to e x p o s e a n y f l aw in the w o o d , i n c l u d i n g fa l l i ng b reaks and c r a c k s . A i r i n g 
the w o o d is i m p o r t a n t to reduce insect a t tacks and ro t . 



Glean k n o t s and b r a n c h s tubs f r o m the p i l i n g . R e m o v e or t r i m overs ize bu t t 
f la res . T h e sur face s h o u l d be s m o o t h and the p i le mus t f i t in t he leads. 

N o r m a l l y the p i l ing is d r i ven t o p d o w n . T h e bu t t mus t be p ro tec ted f r o m 
sp l i t t i ng o r sha t te r ing u n d e r the c o n t i n u o u s b l o w s of the h a m m e r . Un less a 
d r i v i n g cap is used , a c h a m f e r cu t w i t h an axe or p o w e r saw is usua l l y ade
qua te fo r th is p r o t e c t i o n ( F i g u r e 5 9 ) . If the p i l i ng is t o be d r i ven b u t t - d o w n , 
a mi ld -s tee l r ing m a y be f i t t ed over its t o p (F igu re 6 0 ) . 

C r e o s o t e - i m p r e g n a t e d w o o d is b r i t t l e and c h i p s or sp l i ts under a h a m m e r , 
so it is c u s t o m a r y t o cu t o f f t he c r e o s o t e d e n d a n d t h e t o p o u t e r she l l be fo re 
d r i v i n g . 

If a d r i v i n g cap is u s e d , the p i le t o p mus t be p repared so it f i ts ins ide the c a p . 
U s u a l l y c h a m f e r i n g is requ i red to f i t a s o c k e t e d d r i v i ng c a p . S o m e d r i v i ng 
caps have square socke t s t o p reven t t he p i le f r o m t w i s t i n g d u r i n g d r i v i n g 
(F igu re 6 1 ) . 

S T E E L B M C 
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F I G U R E 5 9 . C h a m f e r e d t o p F I G U R E 6 0 . S tee l r ing p ro tec t i ng 
a p i le t o p 



T h e p i le end tha t enters the g r o u n d must a lso be p repa red . Leave a square 
cu t or l ight c h a m f e r i n g w h e r e the so i l is u n i f o r m and sof t e n o u g h . T h e p i les 
m a y be p o i n t e d in hard g r o u n d if d r i v i n g is s l o w and it is d i f f i c u l t to ach ieve 
the requ i red p e n e t r a t i o n . D e c i d e o n the p i le po in t requ i red af ter d r i v i ng a 
test p i le . C u t a p y r a m i d p o i n t w i t h a p o w e r s a w to p revent t u r n i n g the p i les 
in the g r o u n d (F igu re 6 2 ) . 

FBIMTED Wa 

F I G U R E 6 2 . P o i n t e d pi le t i p 

If t he so i l is f u l l o f large s tones o r if the re is a l i k e l i h o o d tha t the p i le w i l l 
sp l i t , use a meta l guard ca l l ed a ' p o i n t ' or ' s h o e ' f i t t ed and s p i k e d t o the end 
o f the p i l e . F i gu re 6 3 shows t w o va r i a t i ons . 

F i t the p o i n t c a r e f u l l y and c h e c k the w e l d i n g f o r best resu l ts . 

g) G r o u n d p repa ra t i on and s p o t t i n g pi le l o c a t i o n 

A l l e x c a v a t i o n , b u l l d o z i n g and su rvey ing is d o n e be fo re the p i le d r iver 
moves in . It is i m p o r t a n t f o r f i re p r o t e c t i o n and safe ty tha t the d r i v i n g area 
be c lear o f b rush and debr i s . M a r k the cen te r l i ne of the br idge and the l o c a 
t i o n o f the bent . ( M a r k i n g and su rvey ing are d iscussed in the S u r v e y sec
t i on . ) M a r k i n g s h o u l d be d o n e so the po in t s are eas i ly rees tab l ished d u r i n g 
d r i v i ng . T h e l o c a t i o n o f the spo t whe re each p i le is to be d r i ven can be 
m a r k e d f r o m th is su rvey . P repare the g r o u n d fo r each p i l i n g . If the g r o u n d 
s lopes o f f and a layer o f ha rdpan is c lose to the su r face , it is good p rac t i ce to 
p repare a sma l l p o c k e t o r dep ress ion t o h o l d the e n d o f t h e p i l i ng ( F i g u r e 6 4 ) . 

T h e p repared p i l i ng can be la id o u t in g r o u p s o f va r ious lengths fo r ease in 
se lec t i on as the d r i v i ng p rocedes . 
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F I G U R E 6 3 . P i le shoes 
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F I G U R E 6 4 . S p i k i n g o n the steel p o i n t . 
N o t e the p o c k e t dug fo r 
s tar t ing the p i l e . 

M a r k p i le l oca t i ons to a l ign e i ther the f r o n t o r rear faces of the p i l i ng or the 
cen t res . These l oca t i ons m a y m a k e a d i f f e rence of several i nches in a l i gn 
m e n t w i t h p i l ings t h a t va ry c o n s i d e r a b l y in d i m e n s i o n . (P rope r a l i g n m e n t is 
i m p o r t a n t if the bent is to be p l a n k e d o n one or bo th sides o r if the p i l i ng 
w i l l be bear ing a long cap.) 

H e r e is a s tep -by -s tep t e c h n i q u e fo r s p o t t i n g p i le l o c a t i o n s . 

1. L o c a t e cen te r l i ne of b r idge and ben t . 

2 . L o c a t e p o s i t i o n o f t w o o u t s i d e p i l i ngs . 

3 . D r i v e o u t s i d e p i les . 

4 . M a r k l o c a t i o n s o f ins ide p i l i ng , e i ther by s ight ing a long the face o f the 
t w o d r i ven pi les and measu r ing d i s tance (F igu re 6 5 ) , or b y p lac ing tar
gets and measur ing d i s tance and d e p t h f r o m the target s t r ing (F igu re 6 6 ) . 
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F I G U R E 6 5 . A l i g n i n g the f r o n t o f the bent 

F I G U R E 6 6 . A l i g n i n g the cen t re o f t he p i l i ng r o w 

h) P i le dr ivers 

S o m e years ago m o s t logg ing c a m p s had e x p e r i e n c e d br idge c rews . T h e 
p e r m a n e n t br idge c r e w became unnecessa ry w i t h the arr iva l of m o d e r n 
logg ing and c o n s t r u c t i o n m a c h i n e r y , and the use o f p i le d r i ve rs al l bu t d i s 
appea red . P i l e -d r i v ing e q u i p m e n t is no t d i f f i c u l t to use, and a l t hough it is 
no longer read i l y ava i l ab le , there are st i l l " h a m m e r s " and even a f ew p i le 
d r ivers o r sets o f p i l e -d r i ve r " l e a d s " in s o m e logg ing c a m p s . 

T h e m o r e soph i s t i ca ted p i le -d r i ve r e q u i p m e n t — s u c h as the diesel o r a i r / 
s t eam hammer—is ra re ly n e e d e d in the w o o d s e x c e p t f o r large p ro jec ts . 
These m e c h a n i c a l ' h a m m e r s ' are e f f i c i en t if y o u ' r e d r i v i ng m o r e than 5 0 
p i les . 

T h e k e y e l emen t to the s i m p l e p i le d r i ve r (F i gu re 67) is a cab le w i n c h w i t h 
at least t w o d r u m s . O n e l ine l i f ts the h a m m e r and the o the r ho is ts the p i le 
i n to the leads and h o l d s the p i l i ng in p o s i t i o n w h i l e it is d r i v e n . T h e t w o 
l ines can a lso be used fo r se t t ing up a y a r d i n g sys tem to pu l l p i l i ng and o t h e r 
b r idge mate r ia l i n to p lace . 



F I G U R E 6 7 . A p i le d r i ve r 

T h e leads serve as rai l gu ides fo r a h a m m e r ( F i g u r e 6 8 ) . T h e y are suspended 
f r o m a b o o m or f rame o n the pi le d r iver and p laced in p o s i t i o n d i r e c t l y over 
the spot w h e r e the pi le is t o be d r i v e n . T h e pi le is p laced ins ide the leads 
under the h a m m e r . 

B o t h the t o p and b o t t o m o f the leads are f i x e d o n a s l e d - m o u n t e d or wate r -
b o r n e pi le d r i ve r . A set o f leads can be suspended f r o m the b o o m o f a log-
loader o r c rane t o m a k e a p i le -dr iver ( F i g u r e 6 8 ) . T h e p e n e t r a t i o n and 
he igh t o f the bent d e t e r m i n e the requ i red length of the lead . 

Leads s h o u l d be at least 25 ft l ong to a l l o w the h a m m e r its in i t ia l t ravel (1 
ft) and to a l l o w a n o t h e r f o o t f o r c u t o f f at t he t o p o f the p i l i n g . 

A cast-steel h a m m e r we ighs 2 5 0 0 to 6 0 0 0 lb w i t h sides m o u l d e d so t h e y 
s l ide o n the rai ls o f the leads (F igu re 6 9 ) . It has an e y e in the t o p to 
shack le the l ine f r o m the w i n c h . D o u b l e - l o o p the l ine t h r o u g h the h a m m e r ' s 
eye and j o i n the l ines w i t h w i r e c l i p s . T h e eye and the shack le s h o u l d be 
f r e q u e n t l y i nspec ted fo r wea r . T h e h a m m e r has a w i d e , s l i gh t l y concave base 
that c o m e s in con tac t w i t h the p i l e . 
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F I G U R E 6 8 . A set o f suspended leads 
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F I G U R E 6 9 . A cast-steel h a m m e r 

T h e d r i v i ng cap is a p iece o f heavy steel tha t s l ides up and d o w n o n the leads 
and has p o c k e t s on bo th the t o p and b o t t o m (F igu re 7 0 ) . T h e b o t t o m p o c 
ket houses the t o p of the p i l i ng and the t o p p o c k e t serves as a socke t t o h o l d 
a p iece o f h a r d w o o d or o the r c u s h i o n i n g m a t e r i a l . T h e d r i v i n g cap is used to 
s teady the t o p o f the p i le w h e n suspended leads are used . 

F I G U R E 7 0 . A d r i v i ng cap 
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i) P i le d r i v i ng and p e n e t r a t i o n 

A t least t h ree m e n are n e e d e d in a p i l e -d r i v i ng c r e w : an eng ineer t o r un t h e 
m a c h i n e , a p i le m a n to p repare the p i l i ng and a t tach the ho is t l ine to it, and 
a l eadsman to p lace the p i le i n to the leads and d i rec t the d r i v i n g . If the m a 
c h i n e does no t have a d r i v i n g c a p , t he c r e w uses p i k e po les t o keep the t o p o f 
the p i le in the leads and u n d e r the h a m m e r . T h e y s h o u l d wear h ip or chest 
waders in sha l l ow wate r o r s tand o n a sma l l f l oa t in deep wa te r . 

S w i n g the c rane - t ype m a c h i n e t o face the pi le sor t . T h e d r i v i ng cap is t ied 
sa fe ly t o the h a m m e r , ho i s ted to the t o p of the leads, and h e l d . 

T h e p i le (hoist ) l ine (a cab le f r o m the w i n c h ) is a t t ached to the t o p end o f a 
p i le and the pi le is m a n o e u v r e d i n to the leads. Use a pass-cha in o r a heavy 
r o p e w i t h a h o o k to t ie the ho is t l ine o n a p i l e . ( A sma l l c h o k e r m a y also be 
used.) O c c a s i o n a l l y t he pi le has t o be ro l l ed b y hand o r b y a peavey in o rder 
t o l ine up w e l l in the leads. O n c e it is l ined u p , a keeper (a shor t p iece o f 
2 x 6 p lank ) s l ides t h r o u g h t h e ' U ' b o l t s t o h o l d the p i l e . A r o p e o r c h a i n m a y 
be used in p lace of t he keeper but mus t be r e m o v e d a f ter the p i le is d r i ven a 
f e w inches . 

O n c e the p i le is in t he leads, the d r i v i n g cap and the h a m m e r are l owered o n 
t o p of the p i l i ng . T h e n the p i le is p o s i t i o n e d o n the g r o u n d and the t o p s o f 
the leads are ad jus ted . U n h o o k the d r i v i n g cap f r o m the h a m m e r . T h e p i le 
is n o w ready t o d r i ve . 

Seat the pi le in t he ea r th w i t h a f ew gent le taps . T h e hoist l ine shou ld be 
left h o o k e d o n t o the p i l i ng d u r i n g the in i t ia l d r i v i n g t o ensure c o n t r o l of the 
p i l i ng . 

It is g o o d p rac t i ce t o p lace a heavy-gauge w i r e screen o n t o p o f the p i l i ng to 
prevent it f r o m bu r r i ng or m u s h i n g o u t w h e n the d r i v i ng is hard and a d r i v i ng 
cap is no t used . U s u a l l y it w i l l no t be necessary to d r o p the h a m m e r m o r e 
t h a n a f ew feet . If p e n e t r a t i o n of 1 /2 - in . (or more ) is o b t a i n e d under a 5-
f t to 10-f t d r o p , d r i ve un t i l p e n e t r a t i o n s tops o r is r educed t o a ba re l y 
n o t i c e a b l e level ca l led ' r e fusa l . ' C l o s e o b s e r v a t i o n o f the p e n e t r a t i o n and 
the pi le t o p is i m p o r t a n t d u r i n g d r i v i n g , and if t h e t o p shows signs of be ing 
d a m a g e d , t h e n m a k e shor te r d r o p s . R o p e s or peavies are necessary t o h o l d 
t h e p i l i ng in t he leads w h i l e it is be ing d r i v e n . If the pi le star ts lean ing and it 
c a n n o t be c o r r e c t e d b y ad jus t ing the leads , p u l l it b a c k w i t h a c a b l e . It is 
i m p o r t a n t t o s top d r i v ing the p i le w h e n it reaches a so l i d base or is damaged 
by i nc reas ing l y h igher d r o p s o f the h a m m e r . It is also i m p o r t a n t tha t the 



p i l i ng be d r i ven far e n o u g h . P e n e t r a t i o n o f 1 /8 - in . per b l o w w i t h a 3 6 0 0 - l b 
h a m m e r is usua l l y cons ide red ' r e f usa l ' fo r a d r o p f r o m f ive t o six fee t . T h e 
pi le mus t be d r i ven in to the g r o u n d no t less t h a n 5 ft un less so l id r o c k is 
e n c o u n t e r e d . F o r m a n y B r i t i s h C o l u m b i a s i t ua t i ons the so i l man t l e is sha l 
l o w and f r e q u e n t l y h e a v i l y - c o m p a c t e d o r b o u l d e r y . P e n e t r a t i o n s greater 
t h a n 15 feet are rare. 

T h e c o n t i n u o u s i m p a c t of logging t r u c k s t rave l l i ng over the b r idge w i l l act 
as a p i le -dr iver h a m m e r and u n e v e n p i l e -se t t l emen t w i l l o c c u r if p i l i ng is no t 
d r i v e n t o re fusa l . 

T h e load-bear ing c a p a c i t y of the pi les in the bent mus t be c h e c k e d d u r i n g 
d r i v i n g . A t least o n e pi le in each a b u t m e n t s h o u l d be t e s t e d . T h e f o l l o w i n g 
f o r m u l a m a y be used t o d e t e r m i n e the safe p i le -bear ing va lues : 

2 W H 
P = 

S + 1 

w h e r e P = Sa fe -bear ing va lue ( in pounds ) 

W = We igh t o f h a m m e r (in pounds ) 

H = He igh t o f fa l l ( in feet) 

S = Ave rage pene t ra t i on (in inches) fo r the last s ix b l o w s . 

F o r e x a m p l e , if a 3 6 0 0 - l b h a m m e r and 5-ft d r o p gets a 1 /8 - in . average pene
t r a t i o n , t he safe-bear ing va lue b e c o m e s 3 2 , 0 0 0 p o u n d s . 

P = 2 ( 3 6 0 0 ) ( 5 ) = 3 2 0 0 0 lb 

1/8 + 1 

T h i s test p i le w i l l s u p p o r t 3 2 , 0 0 0 p o u n d s . If the des ign cal ls f o r a t o ta l load 
o f 2 4 0 , 0 0 0 p o u n d s o n the ben t , t h e n 8 p i l i ngs w i l l be r e q u i r e d . 

T h i s f o r m u l a app l ies o n l y to f r i c t i o n p i les and is not re l iab le in c lay soi ls 
whe re re fusal c a n n o t be a c h i e v e d . T h e a b u t m e n t s s h o u l d be des igned w i t h a 
large sa fe ty f a c t o r fo r these so i l s , and the br idge s h o u l d not be sub jec ted to 
heavy veh i cu la r t r a f f i c fo r at least 10 w e e k s . (If poss ib le , t he a b u t m e n t s 
s h o u l d not be loaded at al l fo r a p e r i o d o f t w o weeks. ) 



If the t o p o f the p i le sp l i ts b a d l y d u r i n g d r i v i n g , it m a y o n l y be a f l a w in the 
w o o d and y o u can cu t it o f f and c o n t i n u e . O n the o the r h a n d , it m a y be a 
sign of a p r o b l e m at t he o t h e r end w h e r e the p i le t i p is o n b e d r o c k and is 
be ing c rushed one-quar te r i nch w i t h every b l o w o f t he h a m m e r . T h e i n e x p e 
r ienced m a n m igh t c o n t i n u e d r i v i n g un t i l he runs ou t of p i l i n g . T h e e x p e r i 
e n c e d m a n can usua l l y te l l by feel or s o u n d w h e n he h i ts b e d r o c k . T h e h a m 
mer s h o u l d no t b o u n c e af ter t h e b l o w . 

T h e use o f a cast-steel h a m m e r p rov i des c o m p l e t e f l e x i b i l i t y f o r the br idge-
m a n w h o wan ts to va ry the energy t rans fe r red to the p i le e n d . T h i s is d i f 
fe ren t f r o m air or d iese l h a m m e r s ' w h i c h genera l l y t r a n s m i t a g iven energy 
w i t h each b l o w . 

j) P i le c u t o f f 

A f t e r all the p i les in a ben t are d r i v e n , t h e y mus t be cu t o f f at the c o r r e c t 
he ight . T h e c o n s t r u c t i o n p lan w i l l s h o w the d i f f e r e n c e in e l eva t i on be tween a 
f i e ld b e n c h m a r k and the p i le t o p . W h e n o n l y the e leva t i on o f the br idge 
d e c k sur face is s h o w n o n the p l a n , d e d u c t t he d e p t h of the supe rs t ruc tu re to 
d e t e r m i n e the p i le e l e v a t i o n . 

D r i ve a smal l nai l in a p i le at the c u t o f f e l eva t i on a l ready es tab l i shed w i t h a 
su r veyo r ' s level and r o d . N a i l 2 x 6 (or larger) s t ra ight p l anks on b o t h sides o f 
t he p i les in the ben t . T h e t ops o f the p l anks are at the c u t o f f e l e v a t i o n . 
Cross- leve l t h e m w i t h a ca rpen te r ' s level (F igu re 7 1 ) . 

A n o t h e r m e t h o d fo r es tab l i sh ing p i le e leva t ions is to have the eng ineer estab
l ish targets o n o p p o s i t e s ides o f the ben t . T h e c o n s t r u c t i o n c r e w sights across 
the targets to p o s i t i o n the s t ra ightedges (F igu re 72 ) . Targe ts m a y be used 
fo r m o r e t h a n one ben t . 

Us ing the s t ra ightedge as a gu i de , cu t o f f t he p i le t o p s w i t h a p o w e r s a w . 

k) B rac i ng p i le bents 

P i le a b u t m e n t s and bents over 10 ft in he igh t ( pa r t i cu l a r l y t hose w i t h smal l 
d i a m e t e r p i l ings w h i c h are no t s u p p o r t e d against s ide load ing) mus t have 
sway b rac ing as we l l as w a l i n g o n b o t h s ides. B r a c i n g n o r m a l l y cons is t s o f 
sawn boa rds o f at least 3 x 8 i nches . (See also B r a c i n g in the Piers sec t ion . ) 
B r a c i n g is he ld w i t h bo l t s no t less t h a n 3 / 4 i n . in d i a m e t e r . M a l l e a b l e wash 
ers and s p i k e d g r i d - c o n n e c t o r s are u s e d . (The s p i k e d gr ids have one c u r v e d 
sur face to f i t the p i le . ) 
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F I G U R E 71. Straightedges for pile cutoff 
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F I G U R E 7 2 . Targe t to es tab l i sh p i le c u t o f f s 

I) C a p s 

Caps are d iscussed in the C a p s and S i l l s s e c t i o n . (See also C a p s in the Pier 
sec t ion . ) 

m) L i n i n g p i le a b u t m e n t s 

P l a n k i n g is usua l l y na i led w i t h 6 - i n . ga lvan ized nai ls t o the p i l i ng ins ide 
the bent and w ings . (Na i l ho les are d a m a g i n g t o t rea ted p i les and m a k e the 
p i le suscep t ib le t o d e c a y so nai ls s h o u l d be used spa r i ng l y . T h e i r pu rpose is 
to h o l d the p l anks in p lace un t i l the a b u t m e n t is f i l led . ) 

P l a n k i n g s h o u l d no t be less t han 3 - in . t h i c k and s h o u l d be j o i n e d so the ends 
over lap or are s u p p o r t e d by a p i l i n g . 

S m a l l logs (but larger t han 6 - i n . d i ame te r ) m a y be used w i t h o u t na i l i ng 
to l ine the a b u t m e n t . T h i s l i n i ng mate r ia l s h o u l d last as l ong as the p i l i n g . 
Use t rea ted p l a n k i n g w i t h t rea ted p i l i ng and cedar logs o r p i l i ng w i t h cedar 
p i l i n g . 



A b u t m e n t l i n ing no t o n l y re ta ins the f i l l but it a l l ows the air to c i r cu l a te and 
reduces p i l i ng rot b y keep ing the f i l l a w a y f r o m the p i l i n g . It is a g o o d idea 
to l ine the a b u t m e n t even w h e n r o w p i l i ng is used . 

C o v e r the l i n ing o f the a b u t m e n t w i t h layers o f f i l te r f ab r i c to s top leakage 
o f f ine f i l l mate r ia l (sand, s i l t ) . Wate r s h o u l d a lways be able to run ou t o f 
the a b u t m e n t to reduce ear th pressure . 

n) P i l e - a n c h o r i n g sys tems 

Pi les are capab le of c a r r y i n g large ver t i ca l loads bu t are not ab le to sus ta in 
large h o r i z o n t a l f o rces . M u l t i p l e rows and i n d e p e n d e n t g roups m a y be ab le 
t o s tand w i t h o u t he lp bu t if there is any d o u b t a b o u t the a b u t m e n t ' s a b i l i t y 
to re ta in the f i l l , t hen use a t i eback s y s t e m . 

( M a n y ma te r ia l s such as sma l l logs, c o n c r e t e - r e i n f o r c i n g s tee l , steel rods or 
angle i ron can be used fo r the t i e b a c k s bu t w i re rope is mos t c o m m o n . P i les 
are t i ed back to a d e a d m a n , p i l i n g , or t o some na tu ra l ancho rs f o u n d a r o u n d 
t h e a b u t m e n t l i ke s t u m p s o r r ock . ) 

F i g u r e 73 shows the des i red p o s i t i o n o f a d e a d m a n . T h e cab le angle s h o u l d 
n o t e x c e e d 4 5 ° and the d e a d m a n s h o u l d be kep t as deep in t h e f i l l as poss i 
b le . 

I I 

F I G U R E 7 3 . P o s i t i o n o f d e a d m a n 
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If d e a d m e n also need to be t i ed b a c k , p o s i t i o n t h e m para l le l t o the p i le bent 
and to the w i n g wa l l s . These logs mus t be he ld in p o s i t i o n w h i l e the cab les 
are t ied and the a b u t m e n t f i l l e d . A n c h o r t h e m to s t u m p s or r o c k , or d r i ve 
p i l i ngs in f r o n t o f t h e m . T w o p i l i ngs are e n o u g h to a n c h o r a d e a d m a n . P i les 
can a lso be used as a n c h o r s w i t h the t i e b a c k l ines t ied to the f o o t . If m o r e 
t h a n one layer o f l ine is used to t ie b a c k the ben t , each layer s h o u l d have its 
o w n a n c h o r . 

Use na tura l ancho rs (whenever y o u can f i n d t h e m in the f i l l area) to a c c o m 
m o d a t e a p r o p e r a l i g n m e n t o f t he t i e b a c k cab les . 

T i e b a c k cab les s h o u l d run in a ve r t i ca l p lane p e r p e n d i c u l a r to the l ine of p i le 
bents or w i n g wa l l s t o reduce s ide pressure o n the p i le ( F i g u r e 7 4 ) . 
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F I G U R E 74 . S i d e pressure f r o m a n c h o r i n g 

If it is d i f f i c u l t to keep the cab les in a p lane p e r p e n d i c u l a r to the ben t , re
d u c e the s ide pressure o n the p i l i ng by t y i n g the cab les to a large l o n g i t u d i n a l 
b race in f r o n t o f the p i les (F igu re 75 ) . T h e b rac ing s h o u l d be 1 0 x 1 0 sawn 
t i m b e r o r a s t ra ight log no t less t h a n 12 - i n . d i a m e t e r at t he sma l l e n d . B o l t 
it to every p i le w i t h o u t e x c e p t i o n . 



f 

F I G U R E 7 5 . Cab les t ied to t i m b e r b rac ing 

He igh t d e t e r m i n e s the n u m b e r o f t i e b a c k layers in a p i le ben t . A ben t 
4 f t to 8 f t h igh s h o u l d have one layer o f t i e b a c k s fas tened 2 feet below/ the 
pi le t o p . If it is over 8 f t there s h o u l d be a second layer in t he cen t re . Use 
ga lvan ized w/ire rope at least o n e i nch in d i a m e t e r . T h e cab le s h o u l d a l w a y s 
be m u c h s t ronger t h a n the bo l ts because a s t re t ched or b r o k e n cab le is d i f f i 
cu l t to de tec t d u r i n g i n s p e c t i o n bu t a b r o k e n or loose bo l t is read i l y seen. 

B o l t i n g t h r o u g h the pi le (F i gu re 76) is the mos t c o m m o n and leas t -damag ing 
m e t h o d f o r fas ten ing the cab le . W i re rope a r o u n d the pi le m a y c rush the 
o u t s i d e w o o d and e x p o s e un t rea ted w o o d , resu l t ing in s t rength loss. T h e gal 
van ized layer o n the w i re rope a r o u n d the pi le m a y also be w o r n o f f . 

T h e f o l l o w i n g ske tches i l lus t ra te s o m e of the w a y s to a t tach the cab le to the 
p i l ing ( F i g u r e 77) . 

F I G U R E 76 . B o l t i n g t h r o u g h the pi le 
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F I G U R E 7 7 . F a s t e n i n g cab les t o p i l i ngs 

1 3 5 



Use 3 / 4 - i n . ga l van i zed e y e b o l t s w i t h large ga lvan ized washers if y o u use 1-in. 
d i ame te r w i r e r ope . B o l t s sma l le r t h a n 3 / 4 i n . s h o u l d not be c o n s i d e r e d . 
H o l e s s h o u l d be d r i l l e d in the d i r e c t i o n o f the pu l l t o avo id tw i s t i ng or 
sp l i t t i ng the p i l e . It m a y be necessary to f i t the washer o n the p i le w h e r e the 
bo l t - ho le f o r m s a large angle w i t h the h o r i z o n t a l . 

T h e ho le s ize in un t rea ted p i les s h o u l d be the same as the bo l t s i ze . T h e ho le 
in t rea ted p i les s h o u l d be d r i l l ed 1 /16 - i n . t o 1 /18 - i n . larger t h a n the bo l t s ize 
and s h o u l d be heav i l y t rea ted w i t h preservat ives . It is i m p o r t a n t to have a 
t h i m b l e in the e y e o f t he w i r e r ope . 

F igu re 78 s h o w s a n c h o r i n g de ta i l s and b rac ing fo r t w o layers o f t i e b a c k s . 

If the l ines are h o r i z o n t a l , p lace the b rac ing b e t w e e n the p l a n k i n g w i t h o u t 
fas ten ing . See tha t the d i r e c t i o n o f the pu l l is p e r p e n d i c u l a r t o the p i le bent 
or w i n g wa l l s ( F i g u r e 79 ) . 

o) Fas ten ing cab le to d e a d m e n 

Preven t m o v e m e n t o f the d e a d m a n or a n c h o r w h e n t i gh ten ing the cab le . 
T i g h t e n i n g the cab les s h o u l d start at the cen t re and progress t o t he w i n g 
wa l l s o n b o t h s ides. 

W i r e c l ips 

Us ing w i re c l i ps is o n e o f the easiest m e t h o d s fo r fas ten ing cab les ( F i g u r e 
8 0 ) . Use f o u r c l ips 5 i n . apar t w i t h a 1-in. d i a m e t e r w i r e r ope . T h e cab le can 
be p a r t l y t e n s i o n e d by t i gh ten ing the c l i ps one af ter the o the r as y o u m o v e 
t o w a r d the d e a d m a n . 

S tap les and ra i l road sp ikes 

S tap les and ra i l road sp ikes can be used t o fasten a cab le to a d e a d m a n . 

T h e cab le s h o u l d a l w a y s go a r o u n d the d e a d m a n t w o c o m p l e t e w r a p s . T h e 
wraps s h o u l d no t c ross . A f t e r the f i rst w r a p is c o m p l e t e d , the cab le s h o u l d 
be pu l l ed t i gh t and s tap led b y f o u r s taples at each end ( F i g u r e 8 1 ) . S tap les 
s h o u l d be 6 i n . apar t . If ra i l r oad sp ikes are u s e d , d r i ve 3 o r 4 so tha t 
the f r i c t i o n and the p i n c h i n g e f fec t o f the sp ikes w i l l s t op the rope f r o m s l i d 
ing ( F i g u r e 8 2 ) . 



F I G U R E 7 8 . A n c h o r de ta i l s fo r t w o t i e b a c k layers 
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F I G U R E 79 . P lan v i ew o f a b rac ing and t i eback sys tem 

F I G U R E 8 0 . F a s t e n i n g a cab le w i t h w i re c l i ps 
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F I G U R E 8 2 . F a s t e n i n g a cab le w i t h ra i l r oad sp ikes 

N o w t h e second w r a p can be t i gh tened and fas tened ( F i g u r e 8 3 ) . 

F I G U R E 8 3 . C o m p l e t e d wraps 

T h e easiest w a y t o h o l d the end o f w i r e r o p e is w i t h a f a rmer ' s -eye sp l i ce or a 
pass -cha in . If a cha in is u s e d , w r a p it a r o u n d the cab le at least th ree t i m e s 
and t hen h o o k it back so it s tays t i gh t . 



W h e n m o r e t han one t i e b a c k l ine is u s e d , lead the w raps f r o m a l te rna te sides 
of the log a n c h o r t o prevent r o l l i n g . 

If the t i e b a c k is no t p e r p e n d i c u l a r to the l og , the ove r -and -unde r w r a p is easy 
to use ( F i g u r e 8 4 ) . 

F I G U R E 8 4 . Fas ten ing a t i e b a c k at an angle 

T h e l ine m a y also be gu ided a r o u n d the a n c h o r p i le and w r a p p e d a r o u n d the 
d e a d m a n ( F i g u r e 8 5 ) . A n under -and -ove r w r a p is p re ferab le to pe rm i t 
s tap l i ng o n t o p of the d e a d m a n . 

F I G U R E 8 5 . W i re rope a t t ached to a d e a d m a n at a p i le 

If the l ine s l ips o f f the end of the d e a d m a n , c ross the l ines (F igu re 8 6 ) . (Th is 
m e t h o d s h o u l d no t be used t o t ie t he l o a d - c a r r y i n g p i le bent . ) 

T h e l o o p i n g t i e b a c k l ine does n o t e n d at t he d e a d m a n bu t re tu rns t o a n o t h e r 
p i le fo r fas ten ing (F igu re 8 7 ) . T h e l ine s h o u l d have a c o m p l e t e w r a p a r o u n d 
the d e a d m a n . It is easier t o t e n s i o n the l ine if it is s tap led t o the d e a d m a n . 
E y e bo l t s o r w i re c l i ps a l l o w easy t e n s i o n i n g . 



F I G U R E 8 6 . L i n e s c rossed t o p reven t s l i p p i n g 

Viet K^Pt 

F I G U R E 8 7 . L o o p i n g t i e b a c k 

p) F i l l - r e t a i n i ng c r i b b i n g 

F i l l - r e t a i n i ng c r i b b i n g m a y rep lace the t i e b a c k sys tem desc r i bed in the c r i b b i n g 
s e c t i o n . C r i b b i n g is easy to pu t toge ther and it is usua l l y cheaper if the 
w o o d is ava i lab le . A n y spec ies c a n be used f o r c r i b c o n s t r u c t i o n w i t h no 
danger o f ro t t i ng if the f i l l ma te r i a l c o m p l e t e l y covers the logs. 

B u i l d the c r i b b i n g as c lose as poss ib le t o the p i l ings in the ben t , bu t leave 
r o o m fo r a w o r k e r b e t w e e n the c r i b b i n g and the p i l i n g . T h i s sys tem has the 
advantage o f p e r m i t t i n g p i l e -ben t r e p l a c e m e n t w i t h o u t rep lac ing the rest o f 
the a b u t m e n t . 

q) S t u m p a n c h o r s 

S t u m p s can be used in p lace o f d e a d m e n . O n e d isadvan tage o f us ing s t u m p s , 
h o w e v e r , is tha t o n l y a f e w o f t h e m are ava i lab le w i t h i n the a b u t m e n t area 
and it is o f t en d i f f i c u l t t o keep the t i e b a c k l ines p e r p e n d i c u l a r t o t he p i le 
ben t . 



r) R o c k ancho rs 

Use r o c k a n c h o r s fo r t i e b a c k s o n steep b a n k s . 

Y o u can m a k e ancho rs w i t h sp l i t -wedge steel p ins (F igu re 88). 
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F I G U R E 88. Se t t i ng rock a n c h o r s 

A f t e r the p in is f i x e d in p lace , f i l l the ho le w i t h m o l t e n su lphu r w h i c h w i l l 
s o l i d i f y w i t h o u t sh r i nkage . T h e r e are also c h e m i c a l c o m p o u n d s such as ' R o k 
L o k . ' If conc re te is used as g rou t , the aggregate must be re la t i ve ly f i ne sand 
w i t h a r ich m i x t u r e of p o r t l a n d c e m e n t . T h e conc re te shou ld be we l l v ib ra ted 
and t a m p e d . 

s) F i l l i n g pi le a b u t m e n t s 

A f t e r the t i eback sys tem is c o m p l e t e d , p i le a b u t m e n t s s h o u l d be f i l l ed w i t h 
mate r ia l tha t d ra ins we l l—pre fe rab l y grave l , sho t r o c k or sand . T a k e care not 
t o damage the cab les and the p i les . S a n d and gravel can be d u m p e d s l o w l y 
but f ree ly i n to the a b u t m e n t . Use a smal l b a c k h o e t o p lace shot r o c k . T h e 
f i l l s h o u l d be c a r e f u l l y c o m p a c t e d . A f i l l - re ta in ing c r i b b i n g s h o u l d be f i l l ed 
as the c o n s t r u c t i o n progresses. Use a b u l l d o z e r fo r c o m p a c t i o n . F i l l t he 
a b u t m e n t c o m p l e t e l y to he lp s tab i l i ze it be fo re p lac ing the s t r ingers. 



t) P r o t e c t i o n of p i le a b u t m e n t s 

P i le bents are suscep t i b le no t o n l y to m o v e m e n t f r o m ear th pressure , but t o 
damage f r o m scou r i ng and f r o m f l o o d wate rs c a r r y i n g f l o a t i n g deb r i s . 

If it is no t poss ib le t o b u i l d a b u t m e n t s o u t s i d e the s t ream c h a n n e l , cons ide r 
o the r k i n d s o f p r o t e c t i o n . 

Prepare a s m o o t h s t ream bed in a s l o w - f l o w i n g s t ream b y r e m o v i n g al l 
the obs tac les a r o u n d the br idge tha t w o u l d d i rec t the wa te r f l o w against 
the a b u t m e n t s , reduce the c ross -sec t ion o f the s t ream b e d , o r cause the 
s t ream to m o v e . T h i s mus t be d o n e in c o n s u l t a t i o n w i t h loca l a u t h o r i 
t ies . 

P l a n k the face and w i n g wa l l s o f the a b u t m e n t . 2 x 1 2 or 3 x 1 0 p l a n k i n g 
is u s u a l l y a d e q u a t e f o r th i s p u r p o s e , b u t a n o t h e r m e t h o d s h o u l d be 
used if p l a n k i n g larger t h a n 4 x 1 2 appears t o be necessary . S o l i d p l ank 
ing is a g o o d subs t i t u te f o r b r a c i n g . N a i l eve ry p l a n k to every p i l i ng at 
least t w i c e w i t h 8 - i n c h ga l van i zed na i l s . 

If it appears tha t p l a n k i n g c o u l d not resist s c o u r , use heavy steel sheet
ing ins tead (not less t h a n 1 /4 - in . s teel sheets) . N a i l these sheets to the 
p i l i ng using 8 - i nch ga l van i zed na i ls . If p re -ho le p u n c h i n g is d e s i r e d , 
t h e n 5 x 1 0 p l a n k i n g c o u l d be bo l t ed to the p i l ing in the a p p r o p r i a t e 
l oca t i ons and t h e n the sheet ing na i led t o the p l a n k s . T h e sheet ing 
s h o u l d be used leng thw ise and i t m a y even be w e l d e d at the seams 
to f o r m a c o n t i n u o u s p la te cove r . 

D r i v e w o o d or steel sheet p i l i ng b e l o w scour d e p t h . It mus t be d r i ven 
at the t i m e o f d r i v i ng the m a i n ben t . 

D r i v e r o w p i l i ng a r o u n d the a b u t m e n t ins tead o f sheet p i l i ng . These 
r o w p i l ings are b raced and t i ed t o t he ben t . L i n i n g the ins ide o f the 
a b u t m e n t is no t necessary . 

B u i l d p ro tec t i ve c r i b b i n g a r o u n d the a b u t m e n t . T h i s c r i b b i n g also re
places the w i n g wa l l s , s i m p l i f i e s c o n s t r u c t i o n , and reduces the n u m b e r 
o f p i les requ i red fo r the a b u t m e n t . C r i b b i n g must start b e l o w the scou r 
l eve l . U s i n g p i l i ng and c r i b b i n g p r o t e c t i o n enlarges the size o f the abut 
m e n t s and reduces the size of the s t ream c h a n n e l . 



Use c o n c r e t e to p ro tec t p i l i ngs . It r e in fo rces and preserves the ben t . 
T h e c o n c r e t e cas ing s h o u l d star t b e l o w scou r d e p t h and the f i n i s h e d 
bent s h o u l d be o n e s lab o f c o n c r e t e a r o u n d the p i l i n g . A t least 6 inches 
o f conc re te s h o u l d cover the p i l i ng . Y o u can b u i l d s i m p l e , m a i n t e n a n c e -
f ree conc re te a b u t m e n t s by cover ing the pi le t o p s w i t h at least 12 inches 
o f c o n c r e t e . 

Pu t f l oa t i ng shear logs a r o u n d the a b u t m e n t t o c h a n n e l al l the f l oa t i ng 
debr i s a w a y . 

D r i ve a d o l p h i n at a s t rategic l o c a t i o n ups t ream to p rov i de adequa te 
p r o t e c t i o n against f l oa t i ng debr i s and ice. T h i s m e t h o d c a n be c o m 
b ined w i t h the use o f shear logs. 

P r o t e c t against u n d e r m i n i n g b y l i n ing the pe r ime te r o f t he a b u t m e n t 
w i t h g o o d q u a l i t y r ip - rap . T h e mate r ia l mus t be so coarse tha t even the 
mos t t u r b u l e n t wa te r w i l l no t m o v e it. T h e area l ined w i t h r ip - rap 
s h o u l d be a p p r o x i m a t e l y 1.5 t i m e s the scou r d e p t h measured f r o m the 
f oo t o f the ben t . 

B u i l d r o c k d y k e s in an oval shape to reduce t u r b u l e n c e ( F i g u r e 8 9 ) . 

F I G U R E 8 9 . R o c k d y k e p r o t e c t i o n 



6. C o n c r e t e A b u t m e n t s 

T h e a b u t m e n t s we d iscuss here have c o n c r e t e wa l l s no h igher t h a n 10 ft and 
f o u n d a t i o n s rest ing o n mate r ia l (usua l ly so l i d r o c k or larger bou lde rs ) w i t h 
a l oad -bear ing c a p a c i t y o f m o r e t h a n 1 5 , 0 0 0 psf . 

C o n c r e t e a b u t m e n t s used in p lace o f log c r i bs o r p i l i ng requ i re ex tens i ve de
sign t o m a k e sure the c o n c r e t e can s u p p o r t t he ear th pressure f r o m the f i l l . 
A l l c o n c r e t e a b u t m e n t s must be secured against m o v e m e n t . Y o u can use the 
des igns in th is b o o k t o b u i l d s i m p l e c o n c r e t e f o o t i n g s as par t ia l a b u t m e n t s . 

a) A d v a n t a g e s o f c o n c r e t e 

It f o r m s a long- las t ing a b u t m e n t if d u r a b l e w o o d is no t ava i lab le and 
pi les c a n n o t be d r i v e n . 

It p rov ides a f o u n d a t i o n o n s teep, r o c k y g r o u n d ( F i g u r e 9 0 ) . 

It can be a n c h o r e d t o a r o c k sur face t o s u p p o r t a c r i b o r f r ame ben t . 

F I G U R E 9 0 . C o n c r e t e pad f o u n d a t i o n 



b) C o n s t r u c t i o n mater ia ls 

C o n c r e t e is a r t i f i c i a l s tone shaped t o a requ i red f o r m . It is a m i x t u r e of 
c e m e n t , wa te r , and aggregates. In some cases a d m i x t u r e s are a d d e d to i n 
f l uence the c h e m i c a l r e a c t i o n . T h e aggregate par t i c les are he ld toge the r by 
h a r d e n e d , d r y , c e m e n t paste. R e i n f o r c i n g steel is o f t e n used in the p o u r e d 
conc re te to increase its s t reng th . 

S h o r t l y a f ter the c o n c r e t e is m i x e d , a c h e m i c a l r eac t i on ( h y d r a t i o n ) beg ins . 
C u r i n g t i m e d e p e n d s o n the t y p e o f c e m e n t , t e m p e r a t u r e , and the m i x t u r e ' s 
c o m b i n a t i o n . C o n c r e t e generates heat d u r i n g the ear ly days o f h y d r a t i o n . 
In c o l d wea the r it is necessary to cove r the s t ruc tu re to prevent heat loss. 

C e m e n t 

C e m e n t is the b o n d i n g agent used in c o n c r e t e . P o r t l a n d c e m e n t T y p e 10-
N o r m a l is used unde r mos t br idge c o n s t r u c t i o n c o n d i t i o n s . C o n c r e t e m i x e d 
w i t h th is c e m e n t reaches its des ign s t rength in 28 d a y s . (Des ign s t rength is 
a p p r o x i m a t e l y 9 0 % of m a x i m u m st rength. ) P o r t l a n d c e m e n t T y p e 3 0 - H i g h -
E a r l y - S t r e n g t h is used if fast se t t ing is requ i red ; , if the c o n c r e t e s t r uc tu re is 
f l o o d e d ; if the c o n s t r u c t i o n mus t be c o m p l e t e d q u i c k l y ; if the c o n c r e t e is 
used fo r such u n d e r g r o u n d repai rs as u n d e r p i n n i n g , or if the c o n c r e t e is 
p o u r e d in c o l d wea the r . It w i l l reach des ign s t rength faster t han n o r m a l 
c e m e n t . C o n c r e t e m i x e d w i t h T y p e 3 0 c e m e n t p r o d u c e s m o r e heat t h a n 
n o r m a l c o n c r e t e and is no t r e c o m m e n d e d fo r use in t e m p e r a t u r e c o n d i t i o n s 
over 2 1 ° C d u r i n g the c u r i n g p e r i o d . 

Us ing a i r -en t ra ined p o r t l a n d c e m e n t T y p e 10 o r T y p e 3 0 w i l l i m p r o v e the 
conc re te ' s res is tance to f reeze - thaw and c h e m i c a l a t tacks ( i .e. , salt) w h i c h 
cause sca l i ng . It w i l l a lso i m p r o v e the w o r k a b i l i t y o f the c o n c r e t e , a l t h o u g h 
a s l ight loss in conc re te s t rength m a y be e x p e c t e d . A i r c o n t e n t due to air-
en t ra in ing in the conc re te must be 4 % to 6% b y v o l u m e . A l l r e a d y - m i x c o n 
crete s h o u l d be o rde red w i t h a i r -en t ra ined p o r t l a n d c e m e n t . 

T h e u l t i m a t e s t rength o f t he c o n c r e t e d e p e n d s o n the w a t e r / c e m e n t ra t i o . 
T h e r e c o m m e n d e d ra t io is 0 . 4 5 to 0 .5 b y w e i g h t . 

W A T E R 



T h e c e m e n t con ten t s h o u l d be ove r 2 5 5 kg /m-^ but mus t never be less t h a n 
2 1 6 k g / m ^ . T h e r e c o m m e n d e d ra t io fo r b r idge c o n s t r u c t i o n is 3 5 6 k g / m ^ or 
6 0 0 I b / y d 3 . 

A 0 :5 w a t e r / c e m e n t ra t io w i l l m a k e a wa te r t i gh t c o n c r e t e , p r o v i d e d the c o n 
crete is cu red unde r mo is t c o n d i t i o n s . If a ve ry abras ion- res is tan t c o n c r e t e is 
needed fo r t u r b u l e n t w a t e r , t h i s ra t io s h o u l d be reduced t o 0 . 4 5 . 

T h e m i n i m u m s t rength accep tab le fo r a n y c o n c r e t e w o r k in b r idge c o n s t r u c 
t i o n is 2 5 0 0 p s i . A 0 . 5 - w a t e r / c e m e n t ra t io w i l l ensure a s t reng th of 3 6 0 0 psi 
f o r a i r -en t ra ined c o n c r e t e and 4 6 0 0 psi f o r non -a i r -en t ra ined c o n c r e t e (using 
3 5 6 kg c e m e n t in 1 m-^ o f c o n c r e t e ) . 

T h e c o n c r e t e m i x must be p l iab le so it can be eas i l y p laced and w o r k e d t o 
achieve a g o o d f i n i s h . T h e , m i x t u r e m a y be m a d e d r ie r or so f ter b y a d d i n g 
more o r less aggregate. 

Aggregates 

i) F i n e aggregate 

F i n e aggregates are c lean sand w i t h less t h a n 4 % si l t and c l a y c o n t e n t . S o m e 
sands i-eact w i t h a lka l i s in c e m e n t t o i n d u c e d e t e r i o r a t i o n of the c o n c r e t e . 
L o c a l e x p e r i e n c e usua l l y he lps i d e n t i f y these i m p u r i t i e s . 

ii) Coa rse aggregate 

Coa rse aggregates are gravel o r c r u s h e d r o c k , rang ing f r o m 1/4 i n . (6 m m ) t o 
4 i n . (90 m m ) in s i ze , d e p e n d i n g o n the t y p e of c o n c r e t e m i x t u r e p l a n n e d . 
S o m e larger s tones m a y be a l l o w e d in the m i x , and in s o m e cases the use o f 
larger bou lde rs m a y be use fu l t o f i l l o u t the space and save o n c o n c r e t e ( F r e n c h 
c o n c r e t e ) . T h e aggregate mus t be w e l l g raded in s ize t o m a k e a good m i x t u r e . 

* * * * * * 

S o m e r o c k s react w i t h the a l ka l i s in t he c e m e n t . M a t e r i a l w h i c h de te r io ra tes 
eas i l y s h o u l d no t be u s e d . ( M o s t sha les a n d cher t are no t su i tab le f o r conc re te . ) 

M a x i m u m aggregate s i ze : 

F l o o r s labs : if o n l y c o m p r e s s i v e s t reng th is requ i red and r e i n f o r c i n g is 
no t u s e d , the aggregate m a y be a n y size ( i n c l ud i ng bou lde rs ) as long as 



it is w i t h i n the slab and p r o p e r l y covered w i t h f ine r aggregate and 
c e m e n t paste. A m a x i m u m size o f one - t h i r d the s lab t h i c k n e s s is rec
o m m e n d e d . 

Wa l l s w i t h o u t r e i n f o r c i n g : no p iece larger t h a n o n e - f i f t h the w i d t h o f 
the w a l l . 

In r e i n f o r c e d c o n c r e t e : no p iece larger t h a n th ree-quar te rs of the 
m i n i m u m c lear spac ing b e t w e e n r e i n f o r c i n g bars o r o u t e r su r faces . 

A d m i x t u r e s 

T w o g roups o f a d m i x t u r e s are i m p o r t a n t to b r idge bu i l de rs . T h e f i rst g roup 
speeds u p the h y d r a t i o n p r o c e s s ; t h e s e c o n d g r o u p increases t h e c o n c r e t e ' s 
res is tance to damage and m a k e s it m o r e p l i ab l e . B o t h are so ld in l i qu id or 
p o w d e r f o r m w i t h the c o n t e n t i den t i f i ed and the m i x i n g i n s t r u c t i o n s p r i n t e d 
o n the package . 

A d m i x t u r e s s h o u l d be d i sso l ved in t he m i x i n g wa te r t o ach ieve a h o m o 
geneous m i x . 

C a l c i u m c h l o r i d e (an acce le ra t ing a d m i x t u r e ) reduces the cu r i ng t i m e of t he 
c o n c r e t e . C o n c r e t e m i x e d w i t h the m a x i m u m a m o u n t w i l l reach 1 0 0 % de
sign s t reng th in 2 0 d a y s . C a l c i u m c h l o r i d e is so ld in f l a k e , pe l le t or s o l u t i o n 
f o r m s . It w i l l no t change the w o r k a b i l i t y o f the m i x but it reduces its 
s t rength s l i gh t l y . It is m i x e d w i t h n o r m a l cemen t w h e n H i g h - E a r l y - S t r e n g t h 
( T y p e 30) cemen t is no t ava i lab le . T h e c o n c r e t e has the same charac te r i s t i cs 
as that m i x e d w i t h T y p e 3 0 c e m e n t . 

A i r - e n t r a i n i n g a d m i x t u r e s are used to i m p r o v e the w o r k a b i l i t y o f c o n c r e t e 
w h e n a i r -en t ra in ing p o r t l a n d c e m e n t is no t ava i l ab le . These a d m i x t u r e s w i l l 
also i m p r o v e the d u r a b i l i t y o f c o n c r e t e w h i c h has been e x p o s e d t o m o i s t u r e 
du r i ng f reez ing and t h a w i n g . T h e y reduce or e l i m i n a t e b l e e d i n g . A s l ight 
loss in c o n c r e t e s t rength (up to 20%) m a y be e x p e c t e d w h e n us ing these ad 
m i x t u r e s . 

A i r - e n t r a i n e d c o n c r e t e c o n t a i n s very sma l l air bubb les (4% to 6% by v o l u m e ) 
u n i f o r m l y d i s t r i b u t e d t h r o u g h o u t the c e m e n t paste. These air bubb les re
ma in in the c o n c r e t e even after v i b r a t i o n . A i r - e n t r a i n i n g a d m i x t u r e s are 
ava i lab le in p o w d e r o r l i qu id f o r m s . 

A d m i x t u r e s s h o u l d be used a c c o r d i n g t o m a n u f a c t u r e r s ' i n s t r uc t i ons . 



R e i n f o r c e m e n t 

O n l y d e f o r m e d re in fo rc ing -s tee l o r w i r e f a b r i c spec ia l l y m a n u f a c t u r e d for 
c o n c r e t e - r e i n f o r c e m e n t s h o u l d be u s e d . T h e steel s h o u l d be c l e a n , f ree f r o m 
c h e m i c a l s or o rgan ic m a t e r i a l , o i l and grease. B a d l y so i l ed steel shou ld be 
washed w i t h c lean wa te r and s c r u b b e d w i t h a w i r e b r u s h . S tee l w i t h a l ight 
rust coa t i ng can be used w i t h o u t any t r e a t m e n t bu t heav i l y rus ted steel 
s h o u l d be b rushed o f f f i r s t . If d e t e r i o r a t i o n is so advanced tha t it is d i f f i c u l t 
t o c lean and the steel is p i t t e d , it mus t be ra ted to a sma l le r s i ze . 

R e i n f o r c i n g steel is i d e n t i f i e d b y bar n u m b e r s w h i c h represent the n o r m a l 
d i ame te r of the bars measu red in one-e igh th i nches ( i .e.. N o . 8 = 1 i n c h ) . T h e 
n o r m a l d i m e n s i o n o f a d e f o r m e d bar is equ i va l en t t o tha t o f a p l a i n r o u n d 
bar hav ing the same we igh t -pe r - f oo t as the d e f o r m e d bar . T a b l e I V - H shows 
the n o r m a l d i m e n s i o n s and we igh ts of t he d i f f e ren t - s i zed bars. 

W h e n y o u p lace the bars in the f o r m s , keep a m i n i m u m c lea rance of 3 i n . 
f r o m the sides o f the f o r m . L e a v e e n o u g h c lea rance f o r t he largest s tone in 
the c o n c r e t e to m o v e f ree ly w h e n the c o n c r e t e is p o u r e d . R e b a r s mus t no t 
be spaced f u r t h e r t h a n 18 i n . apa r t . 

J o i n bars b y w e l d i n g . If t he s teel has t o be s p l i c e d , o v e r l a p the para l le l r u n n i n g 
bars 3 3 i nches . W e l d t h e m toge the r in t he m i d d l e of t he ove r l ap fo r a length 
equa l t o 1.5 t i m e s the d i a m e t e r o f the smal le r bar . If a sma l l ba r ' j o ins per
pend i cu la r to a large bar , it can be h o o k e d t o the large bar . T h e h o o k end 
must e x t e n d at least 1 f t above the large bar , para l le l w i t h the sma l l ba r . 
Y o u can a lso j o i n the rebars w i t h a 9 0 ° bend o n e - f o o t long o n the sma l l ba r , 
p lace it a long the large bar , and t h e n s p o t - w e l d i t . 

R e b a r s can be bent c o l d . T h e d i a m e t e r o f the bend s h o u l d no t be less t h a n 
1 0 t i m e s the d i a m e t e r o f the bar . 

R e i n f o r c e d w i r e fab r i cs are m a d e o f w e l d e d p la in w i r e , d e f o r m e d w i r e , and 
w e l d e d d e f o r m e d - w i r e so ld in sheets o r ro l l s . T h e w i res in the f ab r i c f o r m a 
mesh w i t h a square o r rec tangu la r o p e n i n g . T h e o p e n i n g size s h o u l d be at 
least o n e - t h i r d larger t h a n the s ize o f the largest aggregate in t he c o n c r e t e . 
W i r e f ab r i cs can be j o i n e d by o v e r l a p p i n g t w o mesh squares or rec tang les . 
T h e y s h o u l d be c l ean a n d s h o u l d have a m i n i m u m c l ea rance o f 3 i n . f r o m 
a n y o u t s i d e sur face o f the c o n c r e t e . 



T A B L E I V - H . D e f o r m e d Bar N u m b e r s , U n i t We igh t and N o r m a l D i m e n s i o n s 
( Imper ia l Un i t s ) 

Bar N u m b e r U n i t We igh t D i a m e t e r C ross S e c t i o n a l A r e a 
lb / f t in in 2 

3 0 . 3 7 6 0 . 3 7 5 0 .11 
4 0 . 6 6 8 0 . 5 0 0 0 . 2 0 
5 1 .043 0 . 6 2 5 0 .31 
6 1 .502 0 . 7 5 0 0 . 4 4 
7 2 . 0 4 4 0 . 8 7 5 0 . 6 0 
8 2 . 6 7 0 1 .000 0 . 7 9 
9 3 . 4 0 0 1 .128 1.00 

10 4 . 3 0 3 1 .270 1.27 
11 5 . 3 1 3 1 .410 1.56 
14 7 . 6 5 0 1 .693 2 . 2 5 
16 1 0 . 4 1 3 1 .975 3 .06 
18 1 3 . 6 0 0 2 . 2 5 7 4 . 0 0 

D e f o r m e d Bar N u m b e r s , U n i t W e i g h t a n d N o r m a l D i m e n s i o n s 
(SI U n i t s ) 

Bar n u m b e r U n i t We igh t D i a m e t e r C ross S e c t i o n a l A r e a 
k g / m m m 2 

m m ' ^ 

10 0 . 7 8 5 11 .3 1 0 0 
15 1 .570 1 6 . 0 2 0 0 
2 0 2 . 3 5 5 19 .5 3 0 0 
2 5 3 . 9 2 5 2 5 . 2 5 0 0 
3 0 5 . 4 9 5 2 9 . 9 7 0 0 
3 5 7 . 8 5 0 3 5 . 7 1 0 0 0 
4 5 1 1 . 7 7 5 4 3 . 7 1 5 0 0 
5 0 1 9 . 6 2 5 5 6 . 4 2 5 0 0 

c) Site preparation for concrete structures 

O n c e y o u have c o m p l e t e d the s i te su rvey and d e c i d e d o n the l o c a t i o n o f t he 
a b u t m e n t , m a r k the s i te . P i c k e t s and target boards must be p laced w h e r e 
t h e y w i l l no t be hi t by the m a c h i n e s . T a k e care tha t be fo re a target boa rd is 
m o v e d it can be eas i l y r ees tab l i shed . O u r s k e t c h s h o w s a s imp le s i te l a y o u t 
(F i gu re 9 1 ) . 



VATEP-

F I G U R E 9 1 . S i t e p lan o f c o n c r e t e a b u t m e n t 

C l e a r t he s i te a n d e x c a v a t e t h e f o u n d a t i o n d o w n to r o c k o r hard g r o u n d . In 
hard g r o u n d (ha rdpan ) , the f o o t o f the f o u n d a t i o n must reach b e l o w the 
s t ream's scou r d e p t h and mus t e x t e n d at least 6 ft i n to the s u b s o i l . E x c a v a 
t i o n fo r the f o u n d a t i o n mus t be large e n o u g h fo r easy c o n s t r u c t i o n o f the 
f o r m . 

T h e sur face s h o u l d be c l e a n e d , w a s h e d and s c r u b b e d if the a b u t m e n t is bu i l t 
o n r ock . If the a b u t m e n t is bu i l t over o l d c o n c r e t e f o u n d a t i o n s , use a b o n d 
ing agent ava i lab le f r o m c e m e n t supp l i e r s . 

d) Dra inage 

A n a b u t m e n t is l i ke a large c o n c r e t e b o x w h i c h mus t be d ra i ned w h e n f l o o d e d . 
D ra inage p ipes m a y be p las t i c , c o n c r e t e , or c l a y d ra in t i les—or steel p ipes . 
T h e y s h o u l d be no sma l le r t han 2 - in . d i a m e t e r . If the f i l l ma te r ia l is p o r o u s 
e n o u g h to a l l o w wate r m o v e m e n t , the p ipes s h o u l d be p laced in the f r o n t 
wa l l at the f oo t of the c o n c r e t e w o r k ; if n o t , a d d i t i o n a l p ipes s h o u l d be 
p laced h igher t o d ra i n o f f par t o f t h e wa te r . P o s i t i o n t h e m c a r e f u l l y so t h e y 
f u n c t i o n fo r long pe r i ods w i t h o u t b e c o m i n g p l ugged . 

e) C o n c r e t e s lab f o u n d a t i o n 

Y o u need a conc re te slab f o u n d a t i o n if the a b u t m e n t is go ing to m o v e or 
set t le o r if t he use o f r o c k bo l t s is no t p rac t i ca l ( i .e. , w i t h wea the red r o c k , 
c o m p a c t e d g lac ia l t i l l or ha rdpan) (F igu res 9 2 and 9 3 ) . T h e conc re te s lab 
f o r m s the base fo r the a b u t m e n t . O n c e hard (after a m i n i m u m 3-day per iod) 



it is ready f o r the a b u t m e n t t o be bu i l t o n it. P o s i t i o n the slab b e l o w scour 
level t o reduce u n d e r m i n i n g . A b u t m e n t designs 1, 2 and 4 w i l l f i t o n these 
s labs. 

N u m b e r 18 (or larger) rebar p ins must be loca ted in the s lab to f i t the abu t 
men t des ign . A l l c o n n e c t i o n s s h o w n are w e l d e d . 

I— I n 1 1 1 1̂  





f) Des ign of conc re te a b u t m e n t s 

W e s h o w f o u r basic designs w h i c h w i l l suppo r t a br idge w i t h a 1 5 0 - t o n des ign 
logging t r u c k l o a d . He igh t and length measu remen ts s h o w n are m a x i m u m 
a n d a n y changes in the des ign w h i c h increase these d i m e n s i o n s w i l l requ i re 
the app rova l of a qua l i f i ed eng ineer . W i n g . w a l l s n iay be angled up to 2 0 ° 
f r o m those s h o w n on Des igns . 1, 2 and 3. 

Des ign 1 

T h i s des ign shows an a b u t m e n t (F igu res 9 4 , 9 5 , 96) w i t h a wa l l t h i c k n e s s o f 
2 4 i n . bu i l t o n r o c k . T h e cap or s i l l rests d i r e c t l y o n the a b u t m e n t . Use 
f i l l ma te r i a l t h a t w i l l no t d a m a g e the c o n c r e t e . T h e f o u n d a t i o n mus t be 
c lean so l id r o c k o r a c o n c r e t e s lab tha t canno t se t t le . 

T h e h o o k e d re in fo r c i ng - rod c o n n e c t i o n s (F igu re 97) m a y be rep laced b y the 
w e l d e d c o n n e c t i o n s s h o w n in F igu re 9 8 . (When us ing w e l d e d c o n n e c t i o n s , 
y o u must raise the base bar 2 0 in . above the g r o u n d so the re i n fo r c i ng rods 
can run st ra ight d o w n w i t h a 6 - i n . c learance at the g round . ) 

I n I I,. I I I I ;„ 1 I ; ; -I I I 
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F I G U R E 9 4 . Des ign 1 f o u n d a t i o n p lan 
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F I G U R E 9 5 . Des ign 1 S e c t i o n . A - A and B - B 
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F I G U R E 9 6 . Des ign 1 S e c t i o n C - C 
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T h i s des ign is s im i la r in appearance to the f i rs t e x c e p t tha t the w a l l t h i c k n e s s 
is 3 0 i n . (F igu res 9 9 , 1 0 0 , 1 0 1 , 102 ) . Des ign 2 w i l l w i t h s t a n d greater ea r th 
pressures and coarser f i l l m a t e r i a l . It can serve as a f o u n d a t i o n fo r a 
l o w log c r ib and m a y be bu i l t o n w e a t h e r e d f r ac tu red r o c k , or o n a c o n c r e t e 
s lab . 
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F I G U R E 1 0 0 . Des ign 2 S e c t i o n A - A and B - B 
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F I G U R E 1 0 1 . Des ign 2 S e c t i o n C - C 
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F I G U R E 1 0 2 . Des ign 2 w e l d e d rebar c o n n e c t i o n s 



Des ign 3 is a l ow-cos t f o u n d a t i o n fo r a l o w log c r ib o r a l o w a b u t m e n t . It 
s h o u l d be bu i l t o n g o o d r o c k f o u n d a t i o n . M a x i m u m height o f t h e c o n c r e t e 
w o r k is f i ve f t (F i gu re 103 ) . J o i n r e i n f o r c i n g bars b y w e l d i n g o r h o o k i n g . 

If- o' 

F I G U R E 1 0 3 . Des ign 3 



Des ign 4 has a c o u n t e r f o r t (F i gu res 1 0 4 and 1 0 5 ) . it has a w a l l t h i c k n e s s o f 
2 4 i n . and a height o f 10 feet . T h i s a b u t m e n t w i l l w i t h s t a n d large ear th 
pressures and is r e c o m m e n d e d if the re is a chance o f s e t t l e m e n t . It m a y be 
c o n s t r u c t e d o n r o c k o r hard g r o u n d . O n sof ter g r o u n d , the s t ruc tu re needs 
a c o n c r e t e slab f o u n d a t i o n . 

g) F o r m s 

A 10 - foo t -h igh c o l u m n o f f resh c o n c r e t e can exer t a f l u i d pressure o f m o r e 
t h a n 10 psi o n the f o r m . Use l u m b e r heavy e n o u g h t o w i t h s t a n d these pres
sures and t ie t he f o r m w i t h bo l t s or t ie rods . 

M o s t conc re te is p o u r e d c o n t i n u o u s l y and the speed o f the pour es tab l ishes 
the des ign o f the f o r m . If the j o b is large and the pou r - ra t i o fast , t hen f o r m -
w o r k mus t be mass ive . 

M a n y d i f f e ren t t y p e s o f f o r m s m a y be u s e d . It m a y be adv isab le t o rent the 
f o r m w o r k t o save the e x p e n s e of f o r m s bu i l t f o r one j o b o n l y . 

Here we desc r ibe a f o r m w o r k up to 10-rft h igh w h i c h can be bu i l t l o ca l l y 
(F igu re 1 0 6 ) . T h i s f o r m is m a d e of 3 / 4 - i n . (or heavier) c o n s t r u c t i o n - g r a d e 
p l y w o o d sanded o n one s ide and s u p p o r t e d b y s t i f f m e m b e r s r u n n i n g in t w o 
d i r e c t i o n s , ve r t i ca l and h o r i z o n t a l . T h e up r igh t w i l l usua l l y be 2 x 4 l u m b e r 
o n 16 - i n . cen t res , and d o u b l e 2 x 6 wa les w i l l be p laced h o r i z o n t a l l y as o f t en 
as necessary (F igu re 1 0 7 ) . S p a c e these c lose r at t he base to w i t h s t a n d the 
pressure. 

O n l y c o n s t r u c t i o n - g r a d e (or bet ter) dressed l u m b e r s h o u l d be used . L u m b e r 
s h o u l d be s t ra ight and f ree o f tw is t o r w a r p . U p r i g h t s (2x4) s h o u l d not be 
sp l i ced bu t s h o u l d run to the f u l l he ight o f the f o r m . 

T h e f o r m s are he ld t oge the r b y steel rods o r w i res w i t h end t i es , wedges , o r 
s o m e o t h e r dev ice (F igu res 1 0 8 and 109) . These in te rna l t ies s h o u l d be 
t i gh tened t o s t ra igh ten o u t the f o r m and to e l i m i n a t e the s lack in the t ies . 
H igh - tens i l e steel t ies c a n n o t be w e l d e d , hea ted o r bent w i t h o u t los ing 
s t reng th . W i t h the e x c e p t i o n o f w i r e t ies , b e n d i n g s h o u l d be avo ided and 
bent t ies s h o u l d be d i s c a r d e d . 
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F I G U R E 1 0 9 . F o r m fasteners at co rners 

Spacers (spreaders) m a y be meta l or w o o d . Use 2 x 4 p ieces ins ide the bo t 
t o m of the f o r m s and na i led o n the t o p . A v o i d leav ing w o o d spreaders in the 
c o n c r e t e i tsel f (o ther t h a n at the b o t t o m ) . If w o o d spreaders are used al l the 
w a y t h r o u g h the f o r m s , t h e y s h o u l d be r e m o v e d one by one as the c o n c r e t e 
level reaches t h e m . 

T h e f o o t o f the f o r m s h o u l d f o l l o w the c o n t o u r s of the g r o u n d . C u t the 
l ower end o f the f o r m to f i t the g r o u n d a p p r o x i m a t e l y . Larger ho les can be 
p lugged b y pu t t i ng s l igh t l y larger c lean s tones ins ide the ho le , or by na i l i ng 
smal l p ieces o f l u m b e r against the p l y w o o d ou t s i de and sho r i ng t h e m to 
prevent m o v e m e n t . ( Y o u can p lace gravel a r o u n d the edge of the f o u n d a 
t i o n f r o m o u t s i d e t o p revent the c o n c r e t e f r o m r u n n i n g ou t the smal l ho les. ) 



Place d ra inage p ipes o n the b o t t o m o f the f o r m . 

P lace p l y w o o d ve r t i ca l l y in t he f o r m and j o i n it t o a 2 x 4 u p r i g h t . T h e l u m 
ber m a y be d o u b l e d at the j o i n t s us ing 3 1 /2 - in . na i l s , 6 i n . o n cen t re . T h e 
t o p t w o feet o f the f o r m m a y be le f tover p l y w o o d p ieces o r a fu l l sheet r i pped 
in hal f and p laced h o r i z o n t a l l y in the f o r m . N a i l l u m b e r o u t s i d e the 
seams t o prevent the p l y w o o d f r o m b u c k l i n g . 

N a i l the p l y w o o d t o the up r i gh t s , us ing c o m m o n na i ls no t sma l le r t han 2 1/2 
i n . at 12 - i n . spac ing (or c loser) a l ong the i n t e r m e d i a t e s u p p o r t s . 

T h e steel in te rna l t ies s h o u l d be no sma l le r t h a n 5 / 8 - i n . d i a m e t e r f o r the f i rs t 
2 .5 feet f r o m the g r o u n d , and 7 / 1 6 - i n . d i a m e t e r f o r the t ies above 2.5 feet . 
If t he space be tween these h o r i z o n t a l t ies is less t h a n 2 4 i n . the t ie s izes m a y 
be reduced t o 7 / 1 6 - i n d i a m e t e r . 

2 x 4 lumber -spacers m a y be used t o h o l d the f o r m s in p o s i t i o n (F igu re 1 0 7 ) . 
T h e r e must be e n o u g h r o o m unde r the t o p spacers fo r the f i n i sh i ng w o r k . 

T h e t o p o f the p l y w o o d in t he f o r m serves as a gu ide fo r f i n i sh i ng the abut 
men t t o p and it s h o u l d be leve l led and p o s i t i o n e d a c c o r d i n g l y . If p o s i t i o n 
ing the f o r m is d i f f i c u l t , a r im m a d e o f 1-in. l u m b e r or p l y w o o d m a y be 
na i led ins ide the f o r m to serve as a p o u r i n g g u i d e . 

T h e s e s t r ips m a y also s u p p o r t t he t e m p l a t e t o h o l d the s i l l t i e d o w n - b o l t s in 
p o s i t i o n . 

h) S h o r i n g 

O n c e the f o r m w o r k is in t he co r rec t p o s i t i o n , shore it u p o n b o t h s ides to 
prevent it f r o m m o v i n g . S h o r i n g is m o r e i m p o r t a n t at the b o t t o m of the 
f o r m s t h a n at the t o p . 2 x 4 o r 2 x 6 sho r i ng l u m b e r is the easiest to use. 

i) P r e p a r a t i o n of f o r m w o r k sur faces 

C o n c r e t e s t i cks to un t rea ted p l y w o o d and f o r m - r e m o v a l is d i f f i c u l t unless 
the ins ide sur face is t rea ted w i t h o i l o r grease o r o t h e r par t ing agents ava i l 
able f r o m c e m e n t supp l i e r s . T a k e care t o keep the r e i n f o r c i n g steel c l e a n . 
R e m o v e a n y par t ing agent tha t sp i l l s o n the s tee l . If no o i l , grease, o r par t 
ing agent is ava i lab le , soak the f o r m s w i t h wa te r at the t i m e o f p o u r i n g . 



j) F i n a l a l i gnmen t o f f o r m s 

C h e c k the f o r m w o r k just be fo re the pou r i ng begins to co r rec t a n y mis 
a l i g n m e n t . F o r m s mus t also be c h e c k e d af ter p o u r i n g . F o r m s m a y m o v e or 
bu lge f r o m the we igh t o f the conc re te and a n y m o v e m e n t must be co r rec ted 
i m m e d i a t e l y . 

k) M i x i n g c o n c r e t e 

T h e best c o n c r e t e is bough t f r o m a m i x i n g p lant w h e r e the m i x i n g is u n d e r 
s t r ic t c o n t r o l . If p lant c o n c r e t e is no t ava i l ab le , use a m i x e r large e n o u g h fo r 
t he j o b . 

S to re c o n c r e t e and aggregate near the si te in a c lean p lace w h i c h is cove red 
t o p revent c o n t a m i n a t i o n . Use large h e a v y - d u t y b u c k e t s t o load the m i x e r 
and measure the c e m e n t , aggregates and wa te r . P lan to have e n o u g h m e n t o 
c o m p l e t e the j o b in a c o n t i n u o u s p o u r . 

It is d i f f i c u l t to d e t e r m i n e the exac t wa te r c o n t e n t o f the aggregate w h e n 
m i x i n g c o n c r e t e o n s i te . T h e f o l l o w i n g m e t h o d gives an a p p r o x i m a t i o n o f 
the requ i red p r o p o r t i o n s . 

P r e - m i x e n o u g h d r y sand (40%) and gravel f o r a t r ia l b a t c h . 

Pu t wa te r in the e m p t y m i x e r to the requ i red w a t e r / c e m e n t rat io (0 .45 
to 0 .5 ) . If y o u suspect tha t the aggregates are not c o m p l e t e l y d r y , use a 
0.4 w a t e r / c e m e n t ra t i o . 

S tar t up the m i x e r and put in th ree-quar te rs o f the requ i red aggregates. 

Pu t t he c e m e n t in to the m i x e r and m i x f o r the requ i red t i m e . 

K e e p add ing measured a m o u n t s o f aggregate m i x t u r e un t i l y o u have a 
conc re te paste w i t h the requ i red c o n s i s t e n c y . 

G o o d c o n c r e t e is a wet paste eas i l y w o r k e d b y h a n d , bu t d r y e n o u g h so a 
h a n d f u l p laced o n a f la t sur face w i l l no t c r u m b l e . A s l u m p - m e a s u r i n g t o o l is 
he lp fu l t o c h e c k the c o n s i s t e n c y of the c o n c r e t e . T h e tester is a t r u n c a t e d 
meta l c o n e w i t h a he ight o f 12 inches . T h e t o p d i ame te r is 4 i n . , the base 
8 i nches . T h e t o o l is p laced o n a f lat sur face f i l l ed up w i t h c o n c r e t e . T h e 
paste is c o m p a c t e d and the t o p is s m o o t h e d d o w n . T h e t o o l is c a r e f u l l y l i f ted 
and the he ight o f the c o n c r e t e d r o p s . T h e height d i f f e rence b e t w e e n the 



c o n e and the conc re te is measured at o n c e . T h e d i f f e rence in i nches is ca l led 
t h e ' s l u m p . ' T h e s l u m p s h o u l d be f r o m 1 i n . t o 3 i n ches . 

O n c e the requ i red c o n s i s t e n c y is a c h i e v e d , use the measured aggregate v o l 
ume fo r al l ba tches of c o n c r e t e . T h e nex t t r ia l ba t ch w i l l d e f i n e the requ i red 
v o l u m e o f wa te r . 

E m p t y the c o n c r e t e m i x e r . Pu t in t w o - t h i r d s o f the wa te r r equ i red f o r 
a 0 .5 w a t e r / c e m e n t ra t i o . T h e m i x e r mus t be r u n n i n g c o n t i n u o u s l y 
d u r i n g the m i x i n g p e r i o d . 

Pu t in the aggregate as-is (the a m o u n t d e c i d e d d u r i n g the f i rst tes t ) . 

Pu t in the c e m e n t and m i x it f o r the requ i red t i m e . 

A d d wa te r l i t t le b y l i t t le (and measure it) un t i l the requ i red c o n s i s t e n c y 
is a c h i e v e d . 

T h e v o l u m e of water used fo r m i x i n g th is t r ia l ba tch is t he a m o u n t tha t w i l l 
be used fo r m i x i n g the c o n c r e t e . D u r i n g c o n c r e t e p l a c e m e n t , the m o i s t u r e 
c o n t e n t o f the aggregate m a y change and it w i l l be necessary t o increase or 
decrease the a m o u n t o f wa te r . If a d m i x t u r e s are used , p re -m ix t h e m in a 
large c lean c o n t a i n e r o f wa te r . 

1 bag o f c e m e n t = 4 0 kg (88 lb) = 2 6 . 5 7 L (5 .84 gal) . 

Ma te r i a l s to m a k e a p p r o x i m a t e l y 1 y d ^ o r 1 m ^ o f c o n c r e t e w i t h a 3 5 0 0 psi 
compress i ve s t rength are s h o w n in T a b l e IV - I . 

N o r m a l c o n c r e t e f resh un i t we igh t is be tween 135 t o 1 5 5 Ib / f t^ . M u l t i p l y 
t he r equ i r ed v o l u m e b y 1.5 f o r a r o u g h es t ima te w h e n y o u ca l cu la te the re
qu i r ed aggregate. T h e v o l u m e s h r i n k s a r o u n d one - t h i r d w h e n m i x e d . 

M i n i m u m M i x i n g T i m e fo r P o r t a b l e M i x e r s 

1 yd-^ m i x e r s 
fo r eve ry a d d i t i o n a l yd-^ o r part t h e r e o f 

1 m i n 
a d d i t i o n a l 15 sec 

1 m-^ m i x e r s 
fo r every a d d i t i o n a l m'^ or part t he reo f 

1 m i n 2 0 sec 
a d d i t i o n a l 2 0 sec 



T A B L E IV - I . Ma te r i a l L i s t fo r C o n c r e t e 

Ma te r i a l 
Imper ia l U n i t s SI (Me t r i c ) U n i t s V o l u m e t r i c 

ra t io Ma te r i a l We igh t V o l u m e We igh t V o l u m e 
V o l u m e t r i c 

ra t io 

C e m e n t 6 0 0 lb 6 .4 f t 3 3 5 6 kg 0 . 2 3 7 m 3 1.00 
S a n d 13 .5 f t 3 0 . 5 0 0 m 3 2.11 
Grave l 18 f t 3 0 . 6 6 7 m 3 2.81 
Water 3 0 0 lb 2 9 . 9 gal 178 kg 1 7 8 L 0 . 7 5 

a d m i x t u r e s 
2 % 9 6 o z 2.4 q t 3 .56 L 

1.5% 72 o z 1.8 q t 2 .67 L 

T o t a l V o l u m e 1 y d ^ 1 m 3 

I) P lac ing 

C o n c r e t e p u m p s are mos t e f f i c i en t fo r p lac ing c o n c r e t e in f o r m s bu t m a y not 
be p rac t i ca l f o r b r idge b u i l d i n g . If poss ib le the m i x t r u c k s h o u l d d u m p d i 
r ec t l y i n to the f o r m s . W h e e l b a r r o w s , b u c k e t s , and chu tes m a y be used to 
t r anspo r t c o n c r e t e . C h u t e s s h o u l d no t be s teeper than 1 :2 . W h e e l b a r r o w 
ramps s h o u l d be s m o o t h and secure . C o n c r e t e s h o u l d not be d r o p p e d m o r e 
t han 10 feet (2.5 m) to prevent sepa ra t i on of the aggregate. 

S ta r t at one end o f the f o r m and c o n t i n u e to the o the r so the p o u r is c o n t i n 
u o u s . T h e c o n c r e t e layer mus t be less t han 2 feet deep or t h i n enough so 
tha t the nex t layer can be a p p l i e d in less t h a n 2 0 m i n u t e s . 

It is poss ib le to p o u r c o n c r e t e unde r water but th is is a spec ia l t e c h n i q u e 
w h i c h requ i res e x p e r i e n c e . Readers are c a u t i o n e d to get a d d i t i o n a l adv ice 
be fo re u n d e r t a k i n g th is t y p e o f p o u r . 

m) C o m p a c t i o n 

C o n c r e t e does no t f l o w we l l and c o m p a c t i o n is necessary to r emove air p o c k 
ets, to get the c o n c r e t e b e t w e e n the r e i n f o r c i n g , and t o f i l l ou t the f o r m s . 

Use an i m m e r s i o n - t y p e spud v i b r a t o r 2 i n . (or larger) w i t h a f r e q u e n c y of 
over 4 5 0 0 i m p u l s e s - p e r - m i n u t e . L e t the v ib ra to r s i nk b y g rav i t y in to the 
c o n c r e t e to penet ra te the p rev ious layer o f conc re te b y o n e i n c h . V i b r a t e 



f o r 5 t o 15 seconds as bubb les are be ing released and un t i l a f i ne paste w i t h a 
sheen appears . D o no t over -v ib ra te the c o n c r e t e and cause b l e e d i n g . If 
b l eed ing o c c u r s , b leed wa te r mus t be r e m o v e d be fo re f i n i s h i n g or p lac ing the 
n e x t l aye r o f c o n c r e t e . 

R e m o v e the v i b r a t o r as g radua l l y as it w e n t d o w n , i m m e r s i n g it at 1-ft i n 
terva ls . 

Use v i b r a t i n g screeds t o c o m p a c t c o n c r e t e s labs . D o n o t w o r k layers heav ie r 
t han 12 in . w i t h the screeds. If v i b ra to r s are no t ava i lab le , use steel rods 
o r even a 2 x 4 to c o m p a c t the c o n c r e t e . S tee l rods and 2 x 4 ' s d o an in fe r io r 
j o b c o m p a r e d to v i b ra to r s and s h o u l d no t be used o n large j o b s . 

Regard less o f t he t oo l s o r e q u i p m e n t used f o r c o m p a c t i n g , it is easier t o 
w o r k a t h i n layer (abou t 1 ft) t han a t h i c k o n e . P o u r i n g t h i n layers and 
w o r k i n g the c o n c r e t e in a r o u n d the rebars and f o r m s m a y be l a b o r i o u s , 
bu t t a m p i n g is essent ia l f o r a s t rong and s m o o t h l y f i n i shed s t ruc tu re . 

n) F i n i s h i n g the t o p 

F i n e f i n i sh ing is no t requ i red fo r an a b u t m e n t or p ie r . T h e t o p s h o u l d be 
f la t and reasonab ly s m o o t h to p r o v i d e a g o o d f o u n d a t i o n fo r the si l l o r c r i b 
log . T h e t o p m a y be s lan ted s l igh t l y (no t m o r e t h a n 1 ° ) so wa te r w i l l 
r un o f f . 

A n y requ i red bo l ts s h o u l d be spo t t ed in the f o r m and set in p lace in the c o n 
c re te . (Ho les can be d r i l l e d and the bo l t s g r o u t e d in t he c o n c r e t e later , bu t it 
is m u c h easier to set t h e m in the f resh conc re te . ) B o l t s mus t be p l u m b . It is 
e x t r e m e l y d i f f i c u l t t o set a d r i l l e d cap o n t o t w o or m o r e bo l t s e m b e d d e d in 
c o n c r e t e if the bo l ts are no t in a l i g n m e n t . Set a t e m p l a t e of w o o d o n the 
f resh and f i n i shed c o n c r e t e w i t h the bo l ts in it. ( C o n c r e t e mus t be t i gh t l y 
p laced a r o u n d the bo l ts . ) Leave the t e m p l a t e in p lace un t i l the c o n c r e t e is 
h a r d . 

o) C u r i n g c o n c r e t e 

C o n c r e t e m a d e w i t h N o r m a l p o r t l a n d c e m e n t deve lops its des ign s t rength in 
2 8 d a y s . T h e c o n c r e t e s h o u l d be c u r e d fo r 3 d a y s t o 2 weeks d e p e n d i n g o n 
the t y p e o f c o n c r e t e (Fas t , N o r m a l ) a n d the t e m p e r a t u r e . 

C u r i n g c o n c r e t e requ i res ca re fu l c o n t r o l . K e e p the t e m p e r a t u r e a r o u n d 2 1 ° C . 
K e e p the sur face d a m p . T h e m o s t c r i t i ca l c u r i n g p e r i o d is the f i rs t t w o or 



t h ree d a y s . C o n c r e t e can be kep t we t b y cover ing it w i t h a m o i s t a b s o r b e n t 
f a b r i c ( c o t t o n ) ; by using a cu r i ng c o m p o u n d t o p revent wa te r e v a p o r a t i o n — 
o r b y cove r i ng the sur face w i t h a p las t ic sheet or w a t e r p r o o f paper . In ho t 
wea the r the t empe ra tu re can be kep t d o w n b y wa te r ing the cove r . Wa te r i ng 
m a y also be necessary t o keep the cover w e t w h e n us ing a m o i s t abso rben t 
f a b r i c . 

T h e m i n i m u m tempe ra tu re o f t he c o n c r e t e w h e n it is p laced s h o u l d not be 
less t h a n 1 0 ° C and it must no t d r o p b e l o w 5 ° C . If the wea the r is c o l d af ter 
y o u f i n i s h p lac ing the c o n c r e t e , keep the heat in for the cu r ing pe r iod b y 
cove r i ng the c o n c r e t e w i t h i nsu la t i on b l a n k e t s . If the t e m p e r a t u r e d r o p s t o 
0 ° C , the c o n c r e t e s h o u l d be c o n t i n u o u s l y hea ted . C o v e r it w i t h t a r p a u l i n s 
o r large p las t ic sheets and use a heater . C i r c u l a t e the air to prevent c a r b o n 
m o n o x i d e b u i l d u p w h i c h c o u l d damage the c o n c r e t e . In co ld wea the r the 
f o r m s s h o u l d be left o n the c o n c r e t e d u r i n g the fu l l cu r ing pe r i od (2 w e e k s 
or m o r e ) . 

D . P I E R S 

A pier is the i n d e p e n d e n t m i d s u p p o r t o f a br idge used w h e n s t r inger ma te r ia l 
f o r a s ingle u n s u p p o r t e d span is no t ava i lab le o r is t o o expens i ve to span the 
t o ta l d i s tance be tween the a b u t m e n t s . Piers cause c o n s t r i c t i o n o f the s t ream 
and increase scou r a c t i o n unless t h e y are bu i l t o n a na tu ra l r ise o r i s l and . 
T h e y are vu lne rab le to damage f r o m f l oa t i ng t rees, ice and o t h e r deb r i s . 
D u r i n g an u n u s u a l l y h igh f l o o d it m a y be imposs ib le to d e t e r m i n e the c o n d i 
t i o n of a p ier and it m a y be necessary t o c lose the b r idge u n t i l t h e wa te r sub 
sides and pe rm i t s i n s p e c t i o n . 

E x a m i n e the a l te rnat ives be fo re m a k i n g a f ina l d e c i s i o n to bu i l d a p ier . A n 
u n s u p p o r t e d supe rs t ruc tu re w i t h t russ ing m a y be long e n o u g h to e l i m i n a t e 
the need f o r a p ier . 

T h e f o l l o w i n g sec t i on descr ibes f ou r t y p e s o f p iers . 

1. P i le p iers or p i le -ben t p iers 

2 . Pos t -ben t o r f r ame-ben t p iers 

3 . L o g c r ib piers 

4 . C o n c r e t e piers 



1. P i l e -Ben t Piers 

P i le s e l e c t i o n , p r e p a r a t i o n , d r i v i n g , p i le -bent t y p e s and c o n s t r u c t i o n t e c h 
n iques are d iscussed in the P i le A b u t m e n t s e c t i o n . 

P i l e -ben t p iers are used fo r br idge c o n s t r u c t i o n w h e n g r o u n d c o n d i t i o n s per
m i t and the c o n s t r u c t i o n e q u i p m e n t is ava i l ab le . If t he r ight t y p e of p ier is 
se lected and a l igned it w i l l h a v e l i t t le e f fec t o n wa te r f l o w . Use single bents 
and o p e n - e n d d o u b l e - b e n t p iers in f as t - runn ing wa te r (F i gu re 1 1 0 ) . 

F I G U R E 110- P i l e -ben t p iers a l igned w i t h wa te r f l o w 

P i le -ben t piers are the easiest to, c o n s t r u c t because the p i les can be d r i ven in 
reasonab l y deep wa te r . ( Y o u m a y have t o spo t t he p i les f r o m the shore and 
the m e n gu id ing the p i le m a y have t o w o r k f r o m a f l oa t and use a long b o o m 
crane fo r a p i le dr iver . ) 

P i les mus t be d r i ven at least s ix ft b e l o w scou r d e p t h . E s t i m a t e scou r 
d e p t h at l o w water - leve ls w h e n all the ho les can be seen. P r o b e the channe l 
at a d i s tance of no t less t han 1 0 0 ft ups t ream and d o w n s t r e a m f r o m the 
c ross ing . If the b o t t o m c a n n o t be seen c lea r l y at the deepes t h o l e , t hen the 
m a x i m u m d e p t h w i l l have t o be e s t i m a t e d . 

T h e p i le p iers l is ted in t he f o l l o w i n g s e c t i o n are the m o s t c o m m o n . 



Sing le p i le -bent piers 

In the ea r l y days th is was the m a i n des ign used fo r logging ra i l road t rest les 
and p l ank - road br idges (F igu re 1 1 1 ) . 

F I G U R E 1 1 1 . S ing le p i le -ben t piers 

S ing le p i l e -ben t p iers are easy to use w i t h sawn t i m b e r s t r ingers. T h e ends of 
the s t r ingers o n the piers ove r lap (F igu re 1 1 2 ) . If enough long s t r ingers are 
ava i lab le to over lap t w o spans, y o u can p lace t h e m on single p i le -ben t p iers 
in h e r r i n g b o n e f a s h i o n . T h i s t y p e o f p ier c o u l d be used to p r o p up long 
spans, but the long st r ingers mus t run the fu l l length o f the b r idge . L o g 
s t r ingers c a n n o t be bu t t ed Over the s ingle c a p . 

D o u b l e - b e n t piers 

T h i s pier s t ruc tu re is made up o f t w o single bents bu i l t nex t to each o the r 
and c ross-braced at bo th ends (F igu re 113 ) . In a swi f t cu r ren t , logs c o u l d 
j i l l p o k e be tween the pi les and damage the ben ts . 

S ide -cove red d o u b l e - b e n t piers 

C o v e r the d o u b l e - b e n t p iers o n the s ide to prevent j i l l p o k i n g by f l oa t i ng logs 
b e t w e e n the pi les (F igu re 1 1 4 ) . B r a c i n g is requ i red if the cover is sp i ked to 
the p i l i ng bu t no t if it is b o l t e d . 



F I G U R E 1 1 2 . O v e r l a p p i n g sawn t i m b e r s t r ingers o n a s ingle bent 
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F I G U R E 1 1 4 . S i d e - c o v e r e d d o u b l e - b e n t pier 

D o u b l e - b e n t p ier w i t h shor t caps 

If it is d i f f i c u l t t o l ine up the p i l ings in the ben ts , it m a y be easier to use 
shor t caps t o t ie the o p p o s i n g pairs of p i les f i rst and then rest the si l ls o n 
t o p (F igu re 1 1 5 ) . 

ELEVATI^M 

F I G U R E 1 1 5 . D o u b l e - b e n t pier w i t h shor t caps 



D o u b l e - b e n t pier w i t h a log spacer 

Y o u can l ine the pi les in the bents by pu t t i ng a large log o r s a w n - t i m b e r 
spacer be tween the bents at t he t o p . If a log is u s e d , f l a t ten it to m a k e 
u n i f o r m spac ing be tween the p i les . B o l t the p i les t i g h t l y to the log (F igu re 
116 ) . 

F I G U R E 1 1 6 . D p u b l e - b e n t p ier w i t h log spacer 

T h e o u t s i d e pi les at b o t h ends m a y be leaned (bat te red) to i m p r o v e the 
r i g i d i t y o f the pier (F i gu re 1 1 7 ) . C o m m o n lean or ' ba t te r ' is 1 1/2 i n . h o r i 
z o n t a l per ver t i ca l f o o t . 

T h e spacer log must f i l l . the space b e t w e e n the pi les w h i c h is usua l l y 2 .5 to 3 
feet (F i gu re 118 ) . It is no t necessary t o use cross b rac ing o n large pi les 12 ft 
(or less) in he igh t . 

D o u b l e - b e n t pier w i t h a pi le spacer 

Use a pu l led -over p i l i ng b o l t e d be tween t w o c l o s e l y d r i ven p i le -bents to 
s t reng then a n a r r o w pi le p ier ( F i g u r e 1 1 9 ) . 

L o c a t e a large p i le d o w n s t r e a m and d r i ve it be tween the t w o single bents a 
f e w feet i n to the g r o u n d so it can be leaned s i deways w i t h o u t b r e a k i n g . T h e 
pi le is pu l l ed d o w n , b e t w e e n the t w o rows of p i l i ng and t i ed to a fender p i l i ng 
d r i ven at the ups t ream end of one o f the r o w s . 



F I G U R E 1 1 7 . D o u b l e - b e n t p ier de ta i l s 
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F I G U R E 1 1 8 . D o u b l e - b e n t p ier w i t h bat ter p i les 
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ELLVATÎ W . ELB/mM 
FU5V 

F I G U R E 1 1 9 . D o u b l e - b e n t p iers w i t h p i le spacers 

B o l t the lean ing p i le to each o f the p i l ings in the ben t , s ta r t ing w i t h the f r o n t 
p i le c loses t to the fende r p i l e . If t he p i les in b o t h bents are a l i gned , t hen the 
t w o o p p o s i n g p i les can be b o l t e d w i t h a s ingle long b o l t . 

T h e t w o bents mus t be d r i ven c lose e n o u g h so the lean ing p i le can f o r m a 
t igh t spacer . Y o u m a y have t o use sho r t caps t o p o s i t i o n the s i l ls . P l a n k the 
o p e n i n g be tween the fende r p i le and the f i rst p i le in the o p p o s i t e bent t o 
p revent debr i s f r o m j a m m i n g b e t w e e n the ben ts . 

D o u b l e - b e n t p iers fo r d i f f e ren t - s i zed st r ingers 

O n e span of the br idge is o f t e n sho r te r t h a n the o the r so the st r inger sizes are 
d i f f e ren t (F igu re 120 ) . D o u b l e - b e n t (mu l t i -ben t ) p iers can eas i ly a c c o m m o 
date d i f f e ren t s t r inger f o o t i n g s . F i g u r e 121 s h o w s a m e t h o d fo r cen te r i ng a 
si l l so b o t h bents share the l o a d . 



F I G U R E 1 2 0 . D o u b l e - b e n t p ier w i t h d i f f e ren t - s i zed st r ingers 

If s t r ingers are d i f f e ren t in s ize bu t l oad ing o n the t w o bents is adequa te , one 
w a y o f ba lanc ing t h e m is to e levate one o f the t w o caps (F igu re 1 2 2 ) . 

A n o t h e r w a y is s h o w n in F igu re 1 2 3 . (We s h o u l d p o i n t o u t , h o w e v e r , tha t 
th is s t ruc tu re has m a n y e x p o s e d sur faces whe re wa te r can a c c u m u l a t e and 
lead to rot.) 



F I G U R E 1 2 1 . C e n t e r i n g the si l l t o share the load 
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F I G U R E 1 2 2 . D o u b l e - b e n t t o s u p p o r t d i f f e ren t - s i ze s t r ingers 
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T r i p l e - b e n t p ier 

T h r e e b raced bents m a y be requ i red to s u p p o r t the load (F igu re 1 2 4 ) . T h e 
t w o p i le bents s u p p o r t i n g the larger span s h o u l d be c lose t oge the r . T h e 
we igh t is s e l d o m d i s t r i b u t e d even ly o n the cap due to the d e f l e c t i o n o f the 
s t r ingers . T h e f r o n t r o w o f p i l i ng m a y be o v e r l o a d e d and s ink f u r t he r i n to 
the g r o u n d . T o so lve th is p r o b l e m , use shor t caps and one si l l over the t w o 
bents (F igu re 1 2 5 ) . 

F I G U R E 124 . T r i p l e - b e n t p ier w i t h long caps 
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F I G U R E 1 2 5 . T r i p l e - b e n t p ier 

Mul t ip le-bent p ier 

Piers w i t h m o r e t h a n th ree bents m a y in ter fe re w i t h the wa te r f l o w ( F i g u r e 
1 2 6 ) . 

O n e of t he mos t use fu l m u l t i p l e - b e n t piers is s h o w n in F i g u r e 1 2 7 . D r i v e 
pa i red rows o f ben ts c lose to each o the r t o m i n i m i z e b l o c k i n g of t he s t ream 
c h a n n e l . B r a c i n g is r equ i red b e t w e e n the t w o t igh t r o w s o f p i l i n g . 

Y o u can b u i l d th is pier as t w o i n d e p e n d e n t d o u b l e p iers (using shor t caps t o 
span the t w o rows of p i l ing) bu t t o give it ex t ra s t rength and m o r e r i g i d i t y 
s o m e or al l of t he shor t caps s h o u l d span the fu l l p ie r . (Th is s t ruc tu re is no t 
r e c o m m e n d e d fo r f a s t - f l o w i n g s t reams.) 

G r o u p - p i l i n g p ie r 

D r i v e t w o rows of p i l ings t i gh t l y t oge the r to f o r m a n a r r o w pier (F i gu re 
1 2 8 ) . T h e p ier needs c ross -b rac ing o n the o u t s i d e o n l y . T w o caps m a y be 



F I G U R E 1 2 6 . W i d e m u l t i p l e - b e n t p ier 

used t o ca r ry the s t r ingers , bu t one large s i l l has the advan tage of d i s t r i b u t i n g 
the load and t y i n g al l the p i l ings toge the r . If t w o long caps are u s e d , t i e the 
bents toge the r w i t h shor t caps . 

If o n l y sma l l p i l i ng is ava i lab le , d r i ve it in smal l g roups ( F i g u r e 129) o r pa i r 
it ( F i g u r e 1 3 0 ) , us ing long and shor t caps as in F igu re 1 2 8 , o r us ing a larger 
s i l l . P ro tec t th is p ier w i t h a steel nose . 

P i le pier t rest le 

T h e pier t rest le is a spec ia l s t r uc tu re used m a i n l y to p r o p up o l d br idges and 
p rov ide r e i n f o r c e m e n t to e x t e n d the l i fe o f s t r ingers (F igu re 1 3 1 ) . 

U s u a l l y a g r o u p o f p i les or one large p i le is d r i ven on each side o f the br idge 
and c a p p e d w i t h a large w o o d si l l or a steel I -beam (F igu re 1 3 2 ) . T h e cap is 
p laced unde r the s t r inger l i ke a n e e d l e b e a m to f o r m the t res t le . 

P i l i ng d r i ven at b o t h sides o f the si l l w i l l p revent it f r o m fa l l i ng o f f the sup
po r t i ng p i les . D r i v e a large pi le o r a d o l p h i n in f r on t o f the pier fo r p ro tec 
t i o n . Use b l o c k i n g to m i n i m i z e n o t c h i n g the s t r ingers . 
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F I G U R E 1 2 7 . M u l t i p l e - b e n t p ier 
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F I G U R E 1 2 8 . G r o u p - p i l e p ier us ing sma l l p i l i ng 
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F I G U R E 1 3 0 . G r o u p - p i l e p ier w i t h pa i red p i les 
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F I G U R E 1 3 1 . P i le p ier t rest le 



F I G U R E 1 3 2 . H -beam pi le s u p p o r t i n g t res t le 

P r o t e c t i o n o f p i le p iers 

Pi le piers are resistant t o s c o u r , but t h e y are eas i l y damaged by f l oa t i ng 
debr i s o r ice. D a m a g e can be p reven ted by us ing the f o l l o w i n g mate r ia l s . 

i) F e n d e r pi les 

F e n d e r p i les are the mos t bas ic p ro tec t i ve dev i ce . D r i v e a single fender 5 ft 
t o 10 ft ups t ream f r o m the p ier . A n o t h e r p i le m a y be d r i v e n in f r o n t o f t he 
f i rs t p i le f o r a d d i t i o n a l p r o t e c t i o n . F igu res 1 3 3 and 1 3 4 s h o w a pier w i t h 
t w o fende r p i les . 

F I G U R E 1 3 3 . F e n d e r - p i l e p r o t e c t i o n 

193 



FEKlDEJ?. P i l e s 

i 

'1 

m 
;4 
n 
1 

N 
If 

r 

s 

1 

\\ r 1 1 

1 
i 

'1 

m 
;4 
n 
1 

N 
If 

r 

s 

1 

/I STREAM 

1 

1 ^ ^ 1 
" ^ ^ ^ 

[ 1 

1 1 1 1 
( 1 

1 1 1 1 
j 1 

1 
1 1 
i 1 

] 1 
j 1 1 

1 

E L E V A T l ^ M 

F I G U R E 134 . P ier p r o t e c t e d b y t w o fender p i les 

ii) P i l i ng nose 

A p i l i ng nose sheathed w i t h p l a n k i n g is p a r t i c u l a r l y e f fec t i ve if the s t ream is 
sub jec t to severe ic ing (F igu re 1 3 5 ) . T h e nose s h o u l d be just w i d e e n o u g h t o 
sh ie ld the p ier . 

i i i ) F e n d e r d o l p h i n 

A d o l p h i n d r i ven 5 ft t o 10 ft in f r o n t of a p ier w i l l de f l ec t any f l o a t i n g 
debr i s or ice. It m a y n a r r o w the s t ream c h a n n e l more ' t h a n the pier bu t it 
p rov ides p r o t e c t i o n fo r a w i d e r p ie r (F i gu re 1 3 6 ) . 

T i e the t ops o f the pi les in the d o l p h i n so t h e y w o r k as a g r o u p . T h e usual 
n u m b e r o f p i l i ngs in a fender d o l p h i n is 3 , 5 o r 6 . T h e f r o n t p i le in the d o l 
p h i n is usua l l y d r i ven at an angle to he lp b reak f l oa t i ng ice . 
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F I G U R E 1 3 5 . P i l i n g nose 
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F I G U R E 1 3 6 . A fender d o l p h i n 



T i e the d o l p h i n s t r u c t u r a l l y to the pier to give added p r o t e c t i o n in h igh 
wa te r ( F i g u r e 137 ) . D r i v e the d o l p h i n a r o u n d a large beam or log e leva ted t o 
the h igh wa te r - l eve l . T h i s log w i l l d i s t r i bu te the i m p a c t f o r ces over the p i l 
ing. A l l p i les s h o u l d be t i g h t l y b o l t e d to th i s log . Spacers m a y be necessary 
f o r t igh t f i t t i n g . 

ELEVATl<?M FILE.—A 

F I G U R E 1 3 7 . P ier w i t h d o l p h i n secured to spacer 

T o p r o v i d e a d d e d p r o t e c t i o n against a d i rec t f r o n t a l h i t , d r i ve an a d d i t i o n a l 
p i le ups t ream f r o m the d o l p h i n . 

iv) P l a n k i n g 

P l a n k i n g is the most c o m m o n p r o t e c t i o n against f l oa t i ng deb r i s and logs 
w h i c h get s t uck be tween the p i les . If p l a n k i n g is n e e d e d , the p i l i ng s h o u l d 
be in t he same p lane . U s u a l l y rough 2 x 1 0 , 2 x 1 2 , o r 3 x 1 0 p l a n k i n g is used . 
T h r e e - i n c h p l a n k i n g w i l l no t b reak as eas i l y as 2 - i n . but is heavier f o r the 
same leng th . C h o o s e p l a n k i n g t w o m e n can h a n d l e . P l a n k s s h o u l d span 
th ree p i les . Use ga lvan ized sp ikes pene t ra t i ng every pi le at least 5 i nches . 



J o i n t l ie p l a n k i n g at a p i l i ng and nai l the ends w i t h t w o s p i k e s , leav ing a 
space 1/2 i n . t o 4 i n . b e t w e e n p l a n k i n g . 

C o m b i n i n g s ide p l a n k i n g w i t h fender p i l ings w i l l p ro tec t the pier w i t h o u t 
n a r r o w i n g the s t ream c h a n n e l (F i gu re 1 3 8 ) . 

T h e p i le bents s h o w n in F i g u r e 1 3 8 s h o u l d be spaced at least 4 f t b e t w e e n 
the t w o rows o f p i l i ng to reduce wa te r t u r b u l e n c e . 
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F I G U R E 1 3 8 . O p e n - f r o n t p ier w i t h sides p l a n k e d 

A p l a n k e d nose p ro tec t s a n a r r o w p ie r in a s t ream w h e r e t h e f l o o d wa te r car 
ries a large a m o u n t o f debr i s . Y o u can p la te the f r o n t o f the nose w i t h steel 
to p reven t damage t o p l a n k i n g (F igu re 1 3 9 ) . T h e nose p i l ings and the up
s t ream p i l i ng in each o u t s i d e ben t have a bat ter t o he lp break up i ce . 

W i d e p l a n k i n g w i l l n o t l ie f la t o n the p i l i n g because o f t he d i f f e r e n c e in t he 

d i r e c t i o n of t he nose p i l i n g . Use 3 x 8 or 2 x 6 p l a n k i n g fo r the nose (F igu re 

1 4 0 ) . 
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F I G U R E 1 3 9 . S tee l -p la ted nose 
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F I G U R E 1 4 0 . N o s e cove red w i t h n a r r o w p l a n k s 

v) S tee l sheet ing 

Use steel sheet ing instead of w o o d p l a n k i n g fo r p iers in s t reams w i t h large 
a m o u n t s of ice or deb r i s (F i gu re 1 4 1 ) . 

Y o u can a t tach w o o d p l a n k i n g af ter the rest o f the br idge is c o m p l e t e d but 
steel sheet ing mus t be m o u n t e d o n the p ier be fo re the s t r ingers so it can be 
eas i ly l i f ted i n to p lace . Use m i l d 1 /4 - in . t o 1 /2- in . steel sheets. C o m m o n 
sheet sizes are 4 x 8 ft and 4 x 1 0 feet . O n e - q u a r t e r i nch sheets m a y be sp i ked 
o n the pi les us ing 6 - i n . (or larger) ga l van i zed sp i kes . Heav ie r sheets s h o u l d be 
bo l t ed or sc rewed o n . E a c h sheet is fas tened to each p i le by th ree 1 /2- in . (or 
larger) bo l ts or 3 sc rews . W h e n w o o d screws are u s e d , t h e y s h o u l d have a 
p e n e t r a t i o n of over 6 inches . S h i m the pi les to m a k e a s m o o t h sur face fo r 
the steel sheets. W e l d the sheets toge the r t o increase s t reng th . 

L i g h t sheet ing (1 /4- in . ) can be w r a p p e d a r o u n d . a d o l p h i n t o m a k e a p ier 
nose . T h e nose m a y be r e i n f o r c e d by w e l d i n g an e x t r a s t r ip o f heavier gauge 
ang le - i ron over it. 



F I G U R E 1 4 1 . S tee l sheet ing 

2 . P o s t - B e n t or F r a m e - B e n t P iers 

Pos t -ben ts o r f r ame-ben ts m a y be used fo r a p ier w h e n it is no t p rac t i ca l to 
d r i ve p i l i ngs or use c r i b b i n g . F r a m e bents can be p laced on m i d s t r e a m is lands , 
b e d r o c k o r bou lde rs . 

P i l i ngs are rep laced by c o m p r e s s i o n c o l u m n s w h i c h bear the load w i t h o u t 
pene t ra t ing the g r o u n d . R o u n d logs are used in a post bent ( F i g u r e 142) and 
sawn t i m b e r is used fo r f r ame bents ( F i g u r e 143 ) . 

A m i n i m u m of '6 posts is requ i red t o f o r m a ben t . T a b l e I V - E m a y be used 
fo r f r ame-ben t des ign . T h e c ross -sec t ion area m a y be used t o conve r t r o u n d 
logs t o rec tangu la r t i m b e r s izes . 

S ing le pos t -ben t or f r a m e - b e n t 

T h e mos t f r e q u e n t l y used pos t -ben t or f r ame-ben t is the single bent used fOr 
s u p p o r t i n g log-st r inger b r idges (F igu re 1 4 4 ) . D o n o t bu t t log s t r ingers over 
the p ier . S a w n - t i m b e r st r ingers can be j o i n e d over the pier b y o v e r l a p p i n g as 
s h o w n in the P i le P ier s e c t i o n . 



F I G U R E 1 4 2 . Pos t bent 

L e a n i n g pos t -ben t or f r ame-ben t p iers 

B u i l d p iers ou t s i de the s t ream a n d , if poss i b l e , o n d r y g r o u n d . Piers can be 
leaned to s u p p o r t s t r ingers at the r ight l o c a t i o n (F igu re 1 4 5 ) . 

V e r t i c a l o r lean ing bents can be f r a m e d in p lace . E a c h post is p laced o n the 
base and the bent leaned as requ i red and b raced i n to f ina l p o s i t i o n (F igu re 
1 4 6 ) . 

T i e t he lean ing p iers t o t he a b u t m e n t s and to each o the r to p reven t a n y m o v e 
m e n t d u r i n g p l a c e m e n t of the s t r inger . T o o m u c h lean creates excess ive 
b e n d i n g in the pos ts , so d o no t lean bents m o r e t h a n 3 0 ° f r o m the v e r t i c a l . 

D o no t n o t c h the s t r ingers b e l o w the s a p w o o d . Use b l o c k i n g . 





F I G U R E 1 4 5 . L e a n i n g pos t -ben t p ie r 
*Note: The design of a bridge of this height is beyond the scope of this book. 

F I G U R E 146 . B r i dge w i t h lean ing pos t -ben t p iers 



D o u b l e pos t -bent o r f r ame-ben t piers 

F igu re 147 shows the c o n s t r u c t i o n de ta i l s o f a d o u b l e - f r a m e bent p ier used 
to s u p p o r t s t r inger ends . T h i s c o n s t r u c t i o n is o f t en used o n br idges c ross ing 
t ida l f la ts or l o w - l y i n g areas, p r o v i d e d there is a hard s u b s o i l . 
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F I G U R E 1 4 7 . D o u b l e f rame-ben t piers o n m u d si l ls 

Pos t -ben t o r f r ame-ben t t rest le 

T h e pos t -bent o r f rame-ben t t rest le is usua l l y used fo r p r o p p i n g up o ld 
br idges so o n l y 4 c o l u m n s are needed ( F i g u r e 1 4 8 ) . T h i s t y p e o f p ier u s u a l l y 
has a large log o r steel I-beam cap to d i s t r i b u t e the load over the pos ts . 



F I G U R E 1 4 8 . F r a m e - b e n t t rest le 

Pier f o u n d a t i o n des ign fo r post bents o r f r ame bents 

Use the c r i b f o u n d a t i o n tab les in t h e A b u t m e n t s e c t i o n t o ca l cu l a te the area 
o f the f o u n d a t i o n . D o u b l e the s izes i n d i c a t e d in the tab les fo r p iers s u p p o r t 
ing up to t w i c e the load o f mos t a b u t m e n t s . F igu re 147 shows a t y p i c a l 
d o u b l e f r ame-ben t p ier w i t h m u d s i l ls . 

T h e sil l s h o u l d be no sma l le r t han 1 0 x 1 4 and the w i d t h o f the si l l s h o u l d be 
n o less t han the d i a m e t e r o f t he largest pos t . S i l l s o n o t h e r t h a n a r o c k o r 
c o n c r e t e f o u n d a t i o n s h o u l d be 24 i n . d i a m e t e r (or larger) bu t u n d e r no c i r 
c u m s t a n c e s s h o u l d t h e y be less t h a n 18 i n . d i a m e t e r . R e m o v e the t op sap-
w o o d f r o m sil l logs and f l a t ten t h e m fo r posts and c o n n e c t o r s . 

C o n c r e t e f o u n d a t i o n s f o r pos t -ben t o r f r ame-ben t piers 

Use c o n c r e t e o n so l id r o c k t o even o u t the roughness o f the g r o u n d . R o c k 
a n c h o r s mus t secure the si l l if r e i n f o r c i n g is no t used (F igu re 149 ) . 



F I G U R E 1 4 9 . C o n c r e t e s lab f o u n d a t i o n 

Posts m a y be set in to the c o n c r e t e d u r i n g p o u r i n g or ho les m a y be left fo r 
t h e m ( F i g u r e 1 5 0 ) . T h e f o u n d a t i o n s h o u l d be w i d e e n o u g h t o a l l o w 18 i n . 
a r o u n d the pos ts . T h e ho les mus t be 18 i n . deep . T h i c k c o n c r e t e requ i res 
r e i n f o r c i n g w i t h r e i n f o r c i n g bars ( rebars) . P lace N u m b e r 8 rebars 12 i n . 
apar t a r o u n d the s ide and b o t t o m (F igu re 1 5 1 ) . A n c h o r the f o u n d a t i o n t o 
t he r o c k . Posts set in c o n c r e t e s e l d o m d r y ou t and are sub jec t t o d e c a y . 

D r a i n the base ho les if the f o u n d a t i o n is ou t o f wa te r . Use d ra inage p ipe 2 
i n . (or larger) in d i ame te r p laced l o n g i t u d i n a l l y in the c o n c r e t e at the bo t 
t o m of t he ho les . S l a n t the p ipe t o prevent wa te r s t agna t i on . 
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F I G U R E 1 5 1 . R e i n f o r c e d c o n c r e t e f o u n d a t i o n 

2 0 7 



F o u n d a t i o n fasteners 

R o c k a n c h o r bo l ts s h o u l d be at least 3 / 4 - i n . d i ame te r and long e n o u g h to 
pene t ra te at least 18 i n . (or to the d e p t h o f t w o r e i n f o r c i n g rods) . A n c h o r 
bo l t s h o l d i n g the si l l in p lace s h o u l d be no m o r e t han 6 ft apar t . 

D r i f t bo l t s mus t be at least 3 / 4 - i n . d i a m e t e r and long e n o u g h to e x t e n d 9 in . 
i n to the pos t . Use one d r i f t o r d r i f t bo l t f o r each pos t . 

Posts m a y be toe -sp i ked to the si l l log w i t h d r i f t bo l t s . D r i v e t w o 3 / 4 - i n . 
d r i f t bo l ts d i a g o n a l l y , one f r o m each s ide , to e x t e n d 9 i n . i n to b o t h the post 
and s i l l . 

B o l t c l i p angles t o the si l l us ing 3 / 4 - i n . d i a m e t e r bo l ts w i t h washers . A t t a c h 
t h e m to the posts w i t h t w o 5 / 8 - i n . lag sc rews. F igu re 1 5 2 i l lus t ra tes a c l i p 
ang le . F igu re 153 shows a t i m b e r shoe . T i m b e r shoes p r o v i d e bet ter secu r i t y 
and need l i t t le p r e p a r a t i o n fo r use o n posts . 

F I G U R E 1 5 2 . C l i p angle 

2 0 8 



F I G U R E 1 5 3 . T i m b e r shoe 

F igu res 154 and 155 s h o w t w o t y p e s of c o n c r e t e pedesta ls w h i c h can be 
used o n hard g r o u n d . 

F I G U R E 1 5 4 . C o n c r e t e pedesta l f o u n d a t i o n 



F I G U R E 1 5 5 . Large c o n c r e t e pedesta l 

C a p s 

C a p sizes are s h o w n in T a b l e I V - J in the Caps and S i l l s s e c t i o n . T h e y m a y be 
a t t ached to the c o l u m n s b y c o n n e c t o r s ( i n c l ud i ng c l i p angles and t i m b e r 
shoes) or d r i f t e d . If t h e y are d r i f t e d , use 3 / 4 - i n . d r i f t p ins or bo l t s and pene
t ra te the c o l u m n s at least 9 i nches . S e c u r e the c a p t o prevent m o v e m e n t 
w h e n y o u p lace a p reassemb led ben t . 

B r a c i n g 

Use large l u m b e r (not less t h a n 3 x 8 ) to m a k e s t rong b rac ing and reduce 
s p l i t t i n g . Y o u can use d e c k p l a n k i n g p r o v i d e d it is at least 3 i n . t h i c k . B o l t 
d i agona l b rac ing (w i t h a s lope no t e x c e e d i n g 4 5 ° t o the h o r i z o n t a l ) to every 
m e m b e r in a ben t . Use 3 / 4 - i n . (or larger) bo l t s . 

B r a c i n g s h o u l d run in o p p o s i t e d i r e c t i o n s o n o p p o s i n g sides o f the ben t . 
T a k e care no t t o l oosen t h e bo l t s w h e n y o u m o v e p reassemb led ben ts . 

P r o t e c t i o n o f pos t -ben t and f r ame-ben t p ie rs 

It is d i f f i c u l t to p ro tec t pos t -ben t and f r ame-ben t p iers against f l o o d d a m a g e 
w h e n t h e y mus t be bu i l t in the s t ream c h a n n e l . S h e e t i n g and p l a n k i n g p ro 
v ide p r o t e c t i o n fo r the sides o f these piers and fo r e x t r a sa fe ty . T h e y can be 
t ied w i t h w i re rope to s t u m p s or ancho rs on the sho re . 



F l o a t i n g guard logs can be used to p r o t e c t the pier against f l oa t i ng debr i s . 
T h e guard logs shou ld be t i ed to the shore so t h e y c a n n o t r ub against the p ier . 

3 . L o g C r i b Piers 

B o x c r i b b i n g p iers are the least expens i ve fo r so f t or b o u l d e r y g r o u n d . T h e 
L o g C r i b F o u n d a t i o n T a b l e s m a y be used t o ca l cu l a te the necessary f o u n d a 
t i o n s ize. M u l t i p l y the f igures s h o w n in these tab les by t w o . B u i l d the 
f o u n d a t i o n b e l o w scou r leve l . A log c r i b p ier bu i l t o f large logs and f i l l ed 
w i t h heavy rock or coarse gravel c a n w i t h s t a n d the i m p a c t o f f l oa t i ng deb r i s . 
Lash or d r i f t the logs at the co rne rs t o s t reng then the c r i b . 

It is d i f f i c u l t to b u i l d a n a r r o w log c r i b because o f the need to a l l ow s o m e 
end r o o m b e y o n d the n o t c h e s as we l l as s o m e f i l l r o o m ins ide the c r i b . T h e 
na r rowes t p ier tha t can be bu i l t w i t h 2-ft d i a m e t e r logs is 8 ft w i d e . 

F igu re 156 shows a b o x c r i b p ier . T i e b a c k logs can be a d d e d , but these 
s h o u l d be at least 6 ft apar t w h e n f i l l ed w i t h sho t r o c k or b o u l d e r s . 

We l l - p l aced large r o c k s just ups t ream f r o m the c r i b m a y d i rec t f l o o d waters 
to each side of the p ier . W i t h l u c k , the cen t re p ier m a y a c t u a l l y cause a 
b u i l d u p o f r ock and gravel d u r i n g f l o o d , bu t th is is rare. A s a ru le , log c r i b 
piers are vu lne rab le t o u n d e r m i n i n g and the p ier mus t be inspec ted af ter 
every f l o o d . 

B u i l d a nose at bo th ends o f the c r i b fo r p r o t e c t i o n . Pos ts s h o u l d be d r i f t e d 
t o the end o f the c r i b logs be fo re the f o u n d a t i o n is c o v e r e d . T h e n erect a 
lean ing nose-post he ld in p lace by p l a n k i n g (F igu re 157 ) . P lace r o c k or 
gravel ins ide the c r i b s o l i d l y against the nose posts and p l a n k i n g . O u t s i d e 
r i p - rapp ing is a lso p laced a r o u n d the p ie r (F i gu re 1 5 8 ) . 

O n e ha l f - i nch m i l d steel shee t ing can be used instead o f p l a n k i n g . S tee l 
sheet ing adds s t rength to t he nose and prevents the w a s h o u t o f sma l le r 
grave l . 

F i g u r e 159 shows an e x a m p l e o f a s a w n - t i m b e r nose . T h e nose is p l a n k e d or 
sheeted and f i l l ed w i t h sho t r ock o r coarse grave l . 

If g r o u n d c o n d i t i o n s pe rm i t p i le d r i v i n g , a p i le p ier is supe r i o r to c r i b . If a 
p i le d r i ve r is no t ava i lab le t h e n b u i l d a c r i b and at a later da te b u i l d p ro 
tec t i ve s t ruc tu res as descr bed fo r p i le p ie rs . 
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F I G U R E 1 5 7 . L e a n i n g nose-pos t he ld b y p l a n k i n g 

4 . C o n c r e t e Piers 

We desc r i be c o n c r e t e p iers used u n d e r t w o d i f f e ren t g r o u n d c o n d i t i o n s . T h e 
f i rst g roup shows piers bu i l t o n r o c k or hard g r o u n d , and the second g roup 
shows p i le -based p iers . 

Piers c o n s t r u c t e d o n r o c k or hard g r o u n d 

Prepare the r o c k su r face , m o u n t t he r o c k bo l t s , erect f o r m s , and pou r c o n 
cre te as desc r i bed ear l ie r f o r c o n c r e t e a b u t m e n t s . 

If r o c k is b e l o w the scou r level it m a y be best t o pou r a c o n c r e t e s lab to use 
as a base fo r a p ier . A p o i n t e d nose s h o u l d be a d d e d if the r o c k is h igh 
e n o u g h fo r the slab t o e x t e n d i n to the r u n n i n g wa te r . 

T h e r o c k ancho rs s h o u l d pene t ra te the r o c k at least 3 fee t . T h e r e s h o u l d be 
e n o u g h ancho rs t o prevent a n y m o v e m e n t o f the s lab u n d e r any load c o n d i 
t i o n s . R o c k w i t h a f r a g m e n t e d , loose sur face mus t be c leaned or b las ted 
d o w n to so l i d r o c k . 

F i g u r e 1 6 0 shows a t y p i c a l c o n c r e t e s lab . 

T i e d o w n t h e s t ruc tu re above the pad w i t h ga lvan ized a n c h o r bo l t s . T h e y 
s h o u l d e x t e n d as deep as the s e c o n d h o r i z o n t a l rebar . T h e p o s i t i o n o f the 
rebars s h o u l d be m o d i f i e d t o c o n f o r m to the l o c a t i o n o f the a n c h o r bo l t s . 
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F I G U R E 1 5 8 . B o x c r ib pier w i t h r i p - rapp ing 

These bo l t s m a y be t ied or w e l d e d to the bars and he ld in p lace w i t h a 
t e m p l a t e p laced o n t o p o f the c o n c r e t e du r i ng the cu r i ng p e r i o d . 

If y o u are b u i l d i n g a c o n c r e t e s t r uc tu re o n the s lab , rep lace the bo l t s w i t h 
N o . 19 rebars and t ie t h e m to at least t w o o f the h o r i z o n t a l bars. 

Piers desc r i bed in th is sec t i on m a y be bu i l t to a he igh t of 2 0 feet (F igu re 
1 6 1 ) . 
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F I G U R E 1 6 0 . C o n c r e t e s lab 

F I G U R E 1 6 1 . C o n c r e t e pier o n s lab f o u n d a t i o n 

T h e f r o n t and rear o f the p ier s h o u l d be p o i n t e d t o m i n i m i z e wa te r t u r b u 
lence . T h e pier can also be p ro tec ted f r o m ice , logs and o the r deb r i s b y bo l t 
ing large ang le - i rons t o the pier nose ( F i g u r e 162) . 

C o n c r e t e p iers o n so i l 

O c c a s i o n a l l y it is necessary t o c o n s t r u c t a conc re te pier w h e n it is no t p rac
t i ca l to excava te to r o c k o r hard s o i l . P i l i ng d r i ven in to the so i l f o r m s a 
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F I G U R E 1 6 2 . P lan of a c o n c r e t e pier 

su i tab le base fo r a c o n c r e t e p ie r . It is essent ia l t o excava te t o a level b e l o w 
the e x p e c t e d scou r d e p t h s be fo re d r i v i n g t he p i l i ng and p o u r i n g the c o n c r e t e . 

F o r m s fo r c o n c r e t e p iers 

C o n c r e t e f o r m c o n s t r u c t i o n fo r p iers up to 10 ft is s im i l a r to that fo r c o n 
cre te a b u t m e n t s . If t he pier is h igher t han 10 f t , t hen 1-in. p l y w o o d f o r m s 
s h o u l d be used . In t he f r a m e w o r k b e l o w the 10-f t l eve l , 2 x 4 ' s s h o u l d be 
rep laced w i t h 2 x 6 ' s and the 2 x 6 ' s w i t h 2 x 8 ' s . T h e h o r i z o n t a l 2 x 8 wa les 
s h o u l d be repeated at 16 - i n . cen t res al l the w a y t o the t o p o f t he p ier . If the 
pier is p o u r e d in sec t i ons , t hen a l ight f o r m w o r k m a y be used d e p e n d i n g o n 
the height of the s e c t i o n . 

If the f o r m s are used in sec t i ons , t h e y s h o u l d be bu i l t so t h e y f i t over each 
o t h e r . T h e 2 x 4 upr igh ts can be sp l i ced toge the r t o e x t e n d the f o r m s up t o 
2 0 fee t (F igu re 1 6 3 ) . 

Use r e i n f o r c i n g rods t o keep the f o r m s in p o s i t i o n . T h e rods s h o u l d run al l 
t he w a y t h r o u g h the f o r m s . T h e rod end ings mus t be w e l d e d to a bar so the 
f o r m s can be t i gh tened w i t h w o o d e n wedges (F igu re 1 6 4 ) . 
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F I G U R E 1 6 3 . S p l i c e d up r i gh ts fo r c o n c r e t e f o r m 

C o n s i d e r sheet p i l i ng to rep lace w o o d e n f o r m s w h e n the c o n c r e t e p ier is 
c o n s t r u c t e d in r unn ing water and p lac ing the f o r m s d i f f i c u l t . T h i s t y p e o f 
c o n s t r u c t i o n is usefu l o n sof t g r o u n d to p revent scou r . • S tee l shee t -p i l i ng 
c o m e s in s tandard sec t ions w h i c h can be de l i ve red in requ i red s izes and 
lengths . D r i v i n g sheet -p i l i ng is no t d i f f i c u l t . T h e t ongue -and -g roove steel 
p i l ings f o r m a so l i d wa l l (F igu re 1 6 5 ) . 

G e t the f i rs t p i le s tar ted c o r r e c t l y . S o m e f o r m o f w o o d p i l i ng f a l s e w o r k is 
requ i red to h o l d the f i rst p i l i ng ve r t i ca l (F i gu re 1 6 6 ) . 

Shee t p i l i ng acts as a r e i n f o r c e m e n t in the c o n c r e t e so r e i n f o r c i n g rods are 
not necessary unless the p iers are m o r e t han 10 ft h i g h . H ighe r p iers s h o u l d 
have N o . 7 ver t i ca l r e i n fo r c i ng - rods spaced every 18 inches . H o r i z o n t a l re-
bars h o l d i n g the ver t i ca l r e i n f o r c i n g can be fas tened to the w o o d p i l i n g . 

S m a l l fa lse p i l i ng m a y be d r i ven 4 ft to 6 ft apar t . Shee t p i l i ng s h o u l d be 
d r i ven deep enough so it w i l l no t be u n d e r m i n e d . 

A f t e r the sheet p i l i ng has been d r i v e n , the f a l sework is cu t o f f and the p ier 
c o m p l e t e d by f i l l i ng it w i t h c o n c r e t e . 
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F I G U R E 1 6 4 . Use of wedges to t i gh ten f o r m 
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F I G U R E 1 6 5 . T o n g u e - a n d - g r o o v e steel sheet p i l ings 
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F I G U R E 1 6 6 . S h e e t - p i l i n g c o n c r e t e f o r m w i t h f a l s e w o r k 

A pier can be c o n s t r u c t e d b y d r i v i ng 4 x 1 2 (or larger) s t rong w o o d sheet-
p i l i ng in the same w a y as steel p i l i n g . T h e d r i ven p l a n k s are bo l t ed t o a 
h o r i z o n t a l suppo r t to f o r m a s t r uc tu re . Use t rea ted t i m b e r fo r longer l i fe . 

C o n c r e t e p ier t o p s 

G a l v a n i z e d bo l t s s h o u l d be p laced in t he t o p o f the pier to accept the s i l l . 
Y o u can p o s i t i o n these bo l t s w i t h a t e m p l a t e c a r e f u l l y p laced af ter p o u r i n g . 
Use d i f f e ren t s izes o f si l ls t o c o m p e n s a t e fo r d i f f e ren t s t r inger dep ths (F igu re 
1 6 7 ) . 
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F I G U R E 1 6 7 . Caps o n c o n c r e t e pier 

E . C A P S A N D S I L L S 

T h e cap or si l l t rans fers the b r idge load f r o m the s t r ingers t o the g r o u n d or 
the s u b s t r u c t u r e . A s t r inger can be p laced d i r e c t l y o n so l i d r o c k or c o n c r e t e 
but a si l l p rov ides bet ter s u p p o r t . O n l y the best q u a l i t y t igh t -g ra ined mate 
rial s h o u l d be used fo r caps o r s i l l s . 

W o o d in the cap must s u p p o r t the m a x i m u m load as c o m p r e s s i o n p e r p e n d i 
cu la r t o the g r a i n . G o o d q u a l i t y Doug las - f i r has a 3 1 0 - p s i w o r k i n g s t reng th 
in c o m p r e s s i o n p e r p e n d i c u l a r t o the g ra in , w h i l e Wes te rn red cedar has a 
s t reng th of 1 9 0 ps i . T o des ign the size o f cap r e q u i r e d , ca l cu la te the m i n i 
m u m c o n t a c t area b e t w e e n the s t r inger and the cap and be tween the cap 
and the p i l i ng or p ier . T a b l e I V - J m a y be used as a g u i d e . H e a r t w o o d is t he 
o n l y t y p e to cons i de r . M a k e w i d e caps by b o l t i n g t w o t i m b e r s t oge the r . 



T A B L E I V - J M i n i m u m C a p S izes in I nd ies 
(Caps lie o n w i d e s ide) 

Des ign L o a d ( tons) Doug las - f i r Y e l l o w cedar S p r u c e Wes te rn red cedar 

5 0 12 X 12 12 X 14 12 X 16 12 X 18 
1 0 0 16 X 18 16 X 18 16 X 2 0 16 X 2 4 
1 5 0 16 X 2 4 16 X 2 8 18 X 2 8 18 X 3 0 

S i l l logs s h o u l d be debarl<ed and f l a t tened w i t h a p o w e r s a w o r b r o a d a x e 
using the m e t h o d s desc r i bed in the sec t i on o n s t r ingers . T h e logs s h o u l d be 
inspec ted c a r e f u l l y fo r c r a c k s , rot o r a n y fau l t or damage w h i c h w i l l r educe 
the i r s t reng th . P lace s i l ls so tha t a n y sp l i t w h i c h m a y o c c u r w i l l be h o r i z o n 
t a l , no t ve r t i ca l . 

D r i f t p ins are used t o fasten the cap to a p ier bu t lashing m a y be used o n a 
c r i b . L a s h i n g requ i res a large a m o u n t o f w i r e rope (usua l l y w i t h 3 / 4 - i n . o r 
7 / 8 - i n . d i ame te r ) ra i l road sp ikes o r s tap les, and s o m e m e t h o d o f t i gh ten ing 
(such as a t r a c t o r w i n c h ) . G a l v a n i z e d lashing s h o u l d be used near t i d e w a t e r . 
T h e use of w i re rope larger t h a n 1 i n . is no t r e c o m m e n d e d because of its 
we igh t and relat ive s t i f fness . D i f f e r e n t t y p e s o f lashing m e t h o d s are d is
cussed under ' C r i b b i n g and S t r i nge rs . ' 

F i x o n e end o f the cab le to a c r i b log fo r lash ing a n d t h e n pass it ove r t he s i l l 
and b a c k unde r t he log . Pu l l the l ine t igh t b y using a t r a c t o r w i n c h and d r i ve 
a m i n i m u m of 3 ra j i road sp ikes o r 4 s taples in to the t i e b a c k log (F igu re 1 6 8 ) . 
Lash ing c o n t i n u e s w i t h each f u l l l o o p s p i k e d t o the log . T h e lashing l ine 
s h o u l d not cross over i tsel f . T h e k e y t o success fu l lashing is to have p l e n t y 
o f w i r e rope and ra i l r oad sp i kes . E v e r y t i e b a c k and w i n g log n e x t t o t h e s i l l 
mus t be lashed t o it. 

S i l l lash ing is usua l l y used in the c o n s t r u c t i o n o f cu l ve r t - t ype br idges . T a k e 
care tha t the s t r inger seat does not rest o n the lashing cab les . 

Use d r i f t s w i t h p repared s t r ingers . D r i f t p ins are r o u n d , m i l d steel w i t h 3 / 4 -
i n . d i a m e t e r . D r i f t p ins s h o u l d e x t e n d at least 9 i n . i n t o the s i l l o r cap bu t 
s h o u l d never go al l the w a y t h r o u g h . H o l e s s h o u l d be p re -d r i l l ed 1 /16 - i n . 
smal le r t h a n the d r i f t p i n . 

A l t e r n a t e log st r ingers but t and t o p o n the cap , and b l o c k o r s h i m unde r 
sma l le r s t r ingers . B l o c k i n g s h o u l d be f i r m l y s p i k e d t o the cap to p revent it 
f r o m v ib ra t i ng ou t of p o s i t i o n . ( B l o c k i n g is d iscussed in m o r e de ta i l in the 



St r inge r Sec t i on . ) If the s t r ingers have been m a n u f a c t u r e d and the ins ta l la 
t i o n pa t te rn is k n o w n be fo re the log si l l is h e w n , it m a y be poss ib le t o h e w 
the sil l w i t h bu i l t - in b l o c k i n g . T h i s process requ i res a m a n sk i l l ed w i t h an adze 
or p o w e r s a w (F igu re 159 ) . T h i s sec t i on of the si l l is suscep t i b l e t o d e c a y . 

F I G U R E 168 . L a s h i n g the si l l 

SILL 

F I G U R E 1 6 9 . H e w i n g a si l l w i t h bu i l t - i n b l o c k i n g 

D e c a y p r e v e n t i o n in the caps 

Use cedar or t reated t i m b e r f o r the c a p . T h e cap is d i f f i c u l t to inspec t a f ter 
the br idge has been bui l t—it is f r e q u e n t l y in c o n t a c t w i t h wa te r , and it has 



poor air c i r c u l a t i o n . It s h o u l d be f i e ld - t rea ted w i t h a preservat ive such as 
c reoso te , p e n t a c h l o r o p h e n o l , c o p p e r nap thena te , or f i b r o u s aspha l t . T a k e 
care to t reat al l ends and d r i l l ho les in c o n t a c t areas. R e m e m b e r tha t t o x i c 
preservat ives requ i re care in a p p l i c a t i o n and m a y requ i re a p p r o v a l f r o m 
g o v e r n m e n t agenc ies . 

K e e p the pier d r y by s lop ing the t o p , using a so l id d e c k , and d ra in i ng ap
p roach roads a w a y f r o m the br idge e n d s . 

K e e p the area a r o u n d the s t r ingers , the caps , and the pier c lear o f o b s t r u c 
t i o n so air can c i r cu la te . 

F. S T R I N G E R S 

St r ingers are the ma in l oad -suppo r t i ng m e m b e r s in the b r i dge . T h e y mus t be 
des igned and the design s p e c i f i c a t i o n s mus t be f o l l o w e d . M a x i m u m l i fe and 
sa fe ty o f the b r idge d e p e n d s o n the s e l e c t i o n , p repa ra t i on and i ns ta l l a t i on o f 
the st r ingers ( F i g u r e 170) . See the s t r inger -des ign sec t i on in t h i s h a n d b o o k . 

F I G U R E 1 7 0 . S t r i nge r sa fe t y : ove r l oad or unde rdes ign? 

T h e d u r a b i l i t y o f the s t r ingers d e p e n d s o n the t y p e of w o o d used . Doug las -
f i r c o m b i n e s s t rength and d u r a b i l i t y bet ter t h a n a n y o the r w o o d o n the West 
C o a s t . S i t k a spruce and h e m l o c k can be used bu t are less d u r a b l e , and 
Wes te rn red cedar is du rab le bu t o f t e n u n o b t a i n a b l e in lengths r e q u i r e d . 

R e m e m b e r tha t spec ies f o u n d at the l im i t s o f the i r range m a y not be su i ta 
b le . F o r e x a m p l e , Doug las - f i r a r o u n d the n o r t h e r n edge of its range tends t o 



be b r i t t l e , to sp l i t eas i ly and t o have de fec ts . O v e r m a t u r e S i t k a spruce usua l 
ly has u n d e t e c t a b l e p o c k e t - r o t in a d d i t i o n t o o the r v i s ib le de fec t s , and cedar 
is suscep t i b le t o heart rot and h o l l o w bu t t s . 

1. S t r i nge r S e l e c t i o n 

B e f o r e y o u select s t r ingers , y o u mus t be able to recogn i ze signs o f t i m b e r de
fec ts and decay as we l l as any p r o b l e m s in fa l l i ng and recover ing the t ree. 
T h e r e is no po in t in c h o o s i n g trees f r o m an area w h e r e the cos t of recover 
ing the large logs is excess ive or whe re there is the danger o f damage d u r i n g 
fe l l i ng or y a r d i n g . T rees s tand ing near the br idge si te are no t necessar i ly 
good st r inger ma te r i a l . C h e c k by ' s o u n d i n g ' t o see w h e t h e r there is hear t 
rot or the tree is h o l l o w . D o no t accep t any h o l l o w t ree as a po ten t i a l 
s t r inger . E v e n af ter l o n g b u t t i n g , the rest of the t ree m a y have i nc i p i en t de
c a y . V e t e r a n trees left af ter the o r ig ina l logg ing are usua l l y sub jec t to r ing 
and w i n d s h a k e . 

A u n i f o r m s tand o f h e a l t h y t rees s h o u l d be j udged by the f o l l o w i n g c r i t e r i a : 

Trees s h o u l d be larger t h a n the c a l c u l a t e d s t r inger sizes to a l l o w fo r 
bu t t s w e l l , l o n g - b u t t i n g , ba rk , and s a p w o o d . 

Trees s h o u l d p r o v i d e s t r ingers of s im i l a r s izes. 

D o m i n a n t o r c o - d o m i n a n t t rees w i t h e x c e l l e n t o u t s i d e appearance 
s h o u l d be c h o s e n . 

O l d or w o l f trees f r o m a p rev ious s tand s h o u l d be a v o i d e d . T h e y usua l 
ly have u n d e t e c t a b l e f l aws . 

O v e r m a t u r e t rees w i t h dead t o p s and large dead b ranches m a y have de
cay , bu t t ro t , h o l l o w t r u n k , and loose ro t t en k n o t s . 

E x a m i n e po ten t i a l s t r inger t rees fo r t he f o l l o w i n g v is ib le J e f e c t s : 

D e c a y : Re jec t trees w i t h c o n k or m is t l e toe as these are a l m o s t ce r ta in 
i nd i ca to r s o f d e c a y . 

C r a c k s : Re jec t t rees w i t h v i s ib le c racks of any k i n d , pa r t l y because o f 
t he t rees ' s u s c e p t i b i l i t y t o d e c a y . 

Large b ranches : S t r ingers s h o u l d be free o f large k n o t s . K n o t s larger 



t h a n 3 1/2 i n . o n t o p and b o t t o m and 5 1/2 i n . a long the side are no t 
pe rm i t t ed in the m i d - t h i r d sec t i on o f the s t r inger . 

S u c k e r s : These f o r m areas of w e a k f i b re and also pe rm i t d e c a y t o enter 
the t ree t r u n k . 

Insect damage and b i rd ho les : S u r f a c e i nd i ca to rs o f insect damage w i l l 
no t n o r m a l l y be reason to re ject a t ree but if the t ree has been under 
a t t ack fo r some t i m e it m a y have h i d d e n d e c a y . 

F o r k e d and b r o k e n t o p : A b r o k e n t o p is an i n d i c a t i o n tha t the t ree is 
o v e r m a t u r e and d e c a y e d . 

Scars and ca t faces : S h o r t r o u n d scars m a y be accep tab le but long scars 
m a y a f fec t the l oad -ca r r y i ng c a p a b i l i t y o f a s t r inger . C a t f a c e is usua l l y 
a sign o f decay and shou ld no t be loca ted in the m i d d l e o f a s t r inger . 
Wes te rn red cedar is p a r t i c u l a r l y sub jec t to d r y s i d e o r ca t face . Use an 
i n c r e m e n t - b o r e r t o judge the ex ten t o f the damage and t h o r o u g h l y e x 
a m i n e the t ree af ter f e l l i n g . P o w d e r w o r m m a y i nd i ca te d e c a y in cedar . 

Sp i r a l gra in or sp i ra l tw i s t : A sp i ra l tw is t to the gra in is no t ser ious in 
log s t r ingers p r o v i d e d the t ree is s o u n d and no t sub jec t to o t h e r de 
fec ts . Sp i ra l -g ra in logs are m o r e f l e x i b l e t han st ra ight g ra i n . D o no m i x 
the t w o t y p e s o n the b r idge . 

S w e e p s : M i n o r sweep does no t a f fec t the q u a l i t y o f w o o d . A cu rved 
s t r inger must be f l a t t ened o n the t o p t o s u p p o r t the d e c k i n g and st i l l 
have e n o u g h w o o d rema in i ng t o s u p p o r t the load (F igu re 1 7 1 ) . G e n t l e 
sweeps are accep tab le in s t r ingers f o r cu l ve r t - t ype log br idges . 

- C A P 

F I G U R E 1 7 1 . F l a t t e n i n g the t o p of a s t r inger w i t h sweep 

C r o o k s : M a n y trees g r o w n o n h i l l s ides have a c r o o k at the bu t t . R e 
m o v e the c r o o k b y l ong -bu t t i ng . It is no t ser ious if the s t r inger can be 
cut to its des igned shape . 



S h o r t c r o o k s : T h e s e are a s u d d e n d e v i a t i o n w i t h d i f f e ren t s t rength 
charac te r i s t i cs f r o m the s t ra ight part o f the t ree . Re jec t t rees w i t h 
shor t c r o o k s . 

L o n g f lare and bu t t s w e l l : S o m e trees e x h i b i t large f lare and are o f t en 
h o l l o w or r o t t e n . T h e de fec t m a y be loca l and the t ree m a y m a k e a 
good s t r inger a f ter it is l o n g b u t t e d . 

Insec t -damaged , f i r e -k i l l ed o r w i n d t h r o w n t i m b e r : S o m e t rees k i l l ed by 
f i re , insects , or w i n d are usable but y o u s h o u l d l o o k fo r d e c a y . 

2 . F a l l i n g 

Fe l l t rees w i t h o u t damag ing t h e m . A f t e r s t u d y i n g the d i r e c t i o n o f fa l l and 
the g r o u n d c o n d i t i o n s , p repare a s m o o t h bed f ree o f logs, s t u m p s , and r ocks . 
Y o u m a y need a b u l l d o z e r o r s k i d d e r t o p repare the b e d . If the na tu ra l lean 
prevents the t ree f r o m fa l l i ng in the des i red d i r e c t i o n it m a y be necessary t o 
use d i r e c t i o n a l fe l l i ng -dev ices ( h y d r a u l i c j a c k s , pu l l i ng the t ree w i t h l ines, e tc . ) . 

3 . G r o u n d Inspec t ion o f t h e T r e e 

Measure the t ree t o be sure tha t it w i l l y i e l d a s t r inger the r ight s ize . T h e 
t ree m a y be l o n g b u t t e d at th is stage bu t r e m e m b e r to a l l o w fo r e x t r a s iz ing 
and t r i m m i n g . 

T h e t ree must be inspec ted be fo re and af ter l o n g b u t t i n g fo r the v is ib le de
fec ts desc r ibed fo r s tand ing trees and fo r the f o l l o w i n g f l a w s : 

Excess t ape r : T a p e r is no t a s t reng th - reduc ing f au l t , but it m a y be d i f f i 
cu l t to f i t al l the s t r ingers o n the b r i dge . Tape r is o f t en the l im i t i ng 
f ac to r in b u i l d i n g long cedar spans. 

Hear t rot and h o l l o w p o c k e t s : These logs m a y be used fo r br idges w i t h 
a very shor t l i f espan , but no t f o r o the r a p p l i c a t i o n s . 

D e c a y in k n o t s : Y o u m a y a p p r o v e a s t r inger w i t h some ro t t en k n o t s 
but r e m e m b e r tha t the rot m a y progress in to the w o o d . 

C o m p r e s s i o n w o o d : C o m p r e s s i o n w o o d appears in leaning t rees, and 
is m u c h w e a k e r in t e n s i o n t h a n n o r m a l w o o d . It is cha rac te r i zed b y 
large e c c e n t r i c annua l g r o w t h r ings. D o not use st r ingers w i t h a large 
p r o p o r t i o n o f c o m p r e s s i o n w o o d . 



4 . T r a n s p o r t a t i o n o f S t r ingers 

O n c e tine st r ingers are cu t r o u g h l y to l eng th , m o v e t h e m to a s torage and 
p r e p a r a t i o n s i te . T h e y can be g r o u n d - y a r d e d w i t h a b u l l d o z e r over shor t d is 
t ances . S m a l l e r s t r ingers m a y be m o v e d w i t h a s k i d d e r , but a logg ing-arch 
and b u l l d o z e r c o m b i n a t i o n is the best w a y t o m o v e larger logs shor t d i s tances . 

S t r ingers s h o u l d be loaded o n logging t r u c k s fo r long-d is tance hauls and the 
r o u t e s h o u l d be c h e c k e d fo r c lea rance ahead o f t i m e . Use t w o t r u c k s to 
hand le long s t r ingers. Face t w o t r u c k s in the same d i r e c t i o n and pa r t i a l l y 
load the t r u c k s w i t h logs. P lace c ross logs o n the loads and cut no t ches fo r 
t h e s t r ingers . T h e c ross log a l l ows the c learance necessary f o r s t r ingers t o 
p r o t r u d e over the cab o f b o t h veh ic les . D o no t f i x the s t r ingers o n the cross-
logs; leave the t w o t r u c k s f ree to m a n o e u v r e a r o u n d c o r n e r s . 

Y o u can also m o v e str ingers o n t w o e m p t y t r u c k s b a c k - t o - b a c k w i t h the 
s t r ingers o n the b u n k s . T h i s sys tem is p r o b a b l y the best o n cu rv ing roads , 
but the t r u c k s must dr ive s l o w l y and it is t i r ing fo r a d r iver to d r i ve in re
verse. It is i m p o r t a n t t o t ie the s t r ingers to the b u n k s and t o have b o t h 
t r u c k s e q u i p p e d w i t h t w o - w a y r a d i o . 

5 . S t r i nge r S to rage and Season ing 

S t r i ngers s h o u l d a l w a y s be seasoned f o r a f ew m o n t h s be fo re t h e y are used 
because seasoned w o o d is s t ronger and l igh ter . T a b l e I V - K d e m o n s t r a t e s the 
increases in w o o d s t reng th ( E x t r e m e F i b r e in B e n d i n g and M o d u l u s o f 
E l a s t i c i t y ) by s h o w i n g the stresses fo r we l l - seasoned and d r i ed w o o d . 

L o g s s h r i n k in d i a m e t e r bu t no t in leng th . T h e average rad ia l sh r i nkage has 
been f o u n d to be 1.7% of the green d i m e n s i o n f o r Doug las - f i r logs seasoned 
to 2 0 % m o i s t u r e c o n t e n t . T a b l e I V - L shows the sh r i nkage o f f o u r d i f f e ren t 
West C o a s t spec ies . 

If logs are t o be s to red fo r a n y length o f t ime t h e y must be b l o c k e d so tha t 
a n y na tu ra l sweep is d e e m p h a s i z e d and no sag can d e v e l o p . L o g s s to red fo r 
m o r e t han a m o n t h w i l l t ake a p e r m a n e n t set. A n o t h e r s torage m e t h o d is to 
let the logs sag. E a c h s t r inger is s to red o n t w o logs. These t w o logs s u p p o r t 
t he s t r ingers at the ends w i t h the b e l l y d o w n . If t h e y are seasoned th i s w a y 
t h e y w i l l no t d e v e l o p an e x t r a sag w h e n p laced o n the b r i dge . W h e n the 
s t r ingers are p repared t h e y are r i pped in th is p o s i t i o n t o p r o v i d e a level t o p . 



T A B L E I V - K . A Tes t R e s u l t o f Stresses in G r e e n and D r y W o o d 

F O R C O M P A R I S O N O N L Y D O N O T U S E T H I S T A B L E F O R D E S I G N 

Moisture 
Content 
of Green 
Wood 

Green 
Wood 

Air Dry 
(12% 
Moisture 
Content) 

Coast Douglas-fir 
Extreme Fiber in Bending 
Modulus of Elasticity 

38 
38 

4500 
1570 

7800 
1950 

Western hemlock 
Extreme Fiber in Bending 
Modulus of Elasticity 

74 
74 

3400 
1220 

6800 
1490 

Western red cedar 
Extreme Fiber in Bending 
Modulus of Elasticity 

37 
37 

3200 
920 

5300 
1120 

Sitka spruce 
Extreme Fiber in Bending 
Modulus of Elasticity 

42 
42 

3300 
1230 

6700 
1570 

Extreme Fiber Stresses in Bending; psi 
Modulus of Elasticity: 1000 psi 



T A B L E I V - L . S h r i n k a g e in Percen t Based o n G r e e n W o o d D i m e n s i o n 

W O O D D R I E D T O 2 0 % M 0 I S 1 " U R E C O N T E N T 
R A D I A L T A N G E N T I A L V O L U M E T R I C 

Coas t Doug las - f i r 1.7 2.6 3 .9 

Weste rn h e m l o c k L 4 2.6 4 . 0 

Wes te rn red cedar 0 .8 1.7 2 .3 

S i t k a sp ruce L 4 2.5 3 .8 

L o g s s h o u l d be s to red w i t h bark to prevent season ing c r a c k s . T h e bark pre
vents fast d r y i n g o f the s a p w o o d su r face . S t r ingers s h o u l d have good air 
c i r c u l a t i o n to a l l o w d r y i n g and to prevent d e c a y . 

T h e m o i s t u r e c o n t e n t o f a t ree var ies g rea t ly d e p e n d i n g o n its l o c a t i o n , the 
wea the r and the season. T a b l e I V - M shows the m o i s t u r e c o n t e n t o f ' g reen ' 
w o o d fo r f ou r spec ies . 

T A B L E I V - M . M o i s t u r e C o n t e n t o f G r e e n W o o d 

H e a r t w o o d 
% 

S a p w o o d 
% 

Coas t Doug las - f i r 3 7 1 1 5 

Wes te rn h e m l o c k 8 5 1 7 0 

Wes te rn red cedar 5 8 2 4 9 

S i t k a sp ruce 4 1 142 

If the br idge is des igned to be c o n s t r u c t e d ou t of d r y w o o d and is a c t u a l l y 
bu i l t o f green logs, there is a c h a n c e tha t the s t ruc tu re w i l l be ove r l oaded 
s u p p o r t i n g less than the des ign l o a d . 

E a c h 1% of mo i s t u re c o n t e n t is equ i va len t to a p p r o x i m a t e l y 0 .3 lb o f wa te r 
per c u b i c f o o t o f w o o d . Wa te r we igh t in green logs ranges f r o m a l o w o f 
11 .3 Ib/ft-^ fo r f i r h e a r t w o o d to 7 4 . 7 Ib / f t^ f o r cedar s a p w o o d . F i ve ' g reen ' 
Doug las - f i r logs (44 in . m i d - d i a m e t e r w i t h a span of 6 0 feet) w i l l we igh 



20 9 0 0 lb m o r e t han t h e y w i l l a f ter d r y i n g t o 2 0 % m o i s t u r e c o n t e n t . In the 
case o f h e m l o c k th is m a y be as m u c h as 57 0 0 0 p o u n d s . 

6 . S t r inger P repa ra t i on 

a) D e b a r k i n g 

S t r ingers fo r t e m p o r a r y o r cu l ve r t - t ype br idges d o not have t o be d e b a r k e d . 
D e b a r k i n g m a y t ake p lace at the f a l l i n g , s torage or p r e p a r a t i o n s i te . D e b a r k 
ing seasoned logs is d i f f i c u l t . It is m u c h easier t o r e m o v e the bark f r o m 
green logs w h i c h have been fe l led w h i l e t he sap is up and r u n n i n g . O n the 
lower B . C . C o a s t , th is pe r i od is usua l l y f r o m m i d - A p r i l to m i d - J u n e . L o g s 
d e b a r k e d du r i ng th is pe r iod are sub jec t t o heavy c h e c k i n g , h o w e v e r , unless 
t h e y are under shade c o n t i n u o u s l y un t i l seasoned—and even t h e n c h e c k i n g 
s h o u l d be e x p e c t e d . R e m o v e b a r k b y c h o p p i n g a n d p r y i n g . 

T h e best t o o l is a sharp spud or a g o o d , heavy , s w a m p i n g axe . It is easy t o 
remove a s t r ip of ba rk f r o m the t o p and u p p e r s ides o f t he log w h e n s t a n d 
ing beside it. Y o u w i l l have t o ro l l the log over so the logs s h o u l d be set o n 
c ross logs . L o g s can be ro l l ed w i t h a w i n c h - c a b l e , o r b y hand us ing peaveys , 
o r by a log (G i l ch r i s t ) j a ck . T h r e e m e n are requ i red fo r t u r n i n g logs—two 
using peaveys and o n e set t ing the b l o c k i n g . T h e s k i d logs s h o u l d be smal l to 
m a k e it c o n v e n i e n t to d e b a r k , h e w , and s lab a large s t r inger . Larger sk i d logs 
s h o u l d be used fo r sma l l s t r ingers t o e levate t h e m to the w o r k i n g he igh t . 
La rge s t r ingers m a y requ i re a w o r k i n g p l a t f o r m . 

Y o u m a y use a b u l l d o z e r b lade to remove t igh t b a r k . T h i s process requ i res 
care and s h o u l d no t be a t t e m p t e d if the log c o u l d be d a m a g e d . 

C h e c k the s t r ingers for de fec ts af ter d e b a r k i n g . 

b) P repa ra t i on area 

T h e p repa ra t i on area is usua l l y at the br idge s i te . A l l o w e n o u g h space in the 
p repa ra t i on area for al l the b r idge mate r ia l t o be la id ou t fo r safe r i pp ing and 
ro l l i ng and pre- f i t t ing (F igu re 1 7 2 ) . A 4-ft d i a m e t e r log requ i res 12 .5 f t t o 
be c o m p l e t e l y ro l led ove r . 

T h e w o r k area a l l ows the s t r ingers to be la id ou t and w o r k e d in the i r s e q u e n 
t ia l p l acemen t o n the b r idge . N o sw ing ing o f the s t r ingers w i l l be r e q u i r e d , 
and if the logs are set up o n cross logs t h e y can be pu l l ed d i r e c t l y i n to pos i 
t i o n o n the b r idge . 



F I G U R E 1 7 2 . S t r i nge r p r e p a r a t i o n area at t he b r idge s i te 

Cross logs s u p p o r t the st r ingers o n l y at the ends . T h e s t r inger s h o u l d be f ree 
o f t he g r o u n d and any o the r s u p p o r t . C ross logs must be long e n o u g h so tha t 
t he s t r inger can be r o l l e d . 

O n c e the s t r ingers are o n the sk ids ready fo r h e w i n g , t h e y mus t be ro l l ed t o 
t he p o s i t i o n t h e y w i l l t ake in the b r i dge . 

L o g s s h o u l d have the na tu ra l sweep d o w n . T h i s w i l l p rov i de a w i d e r s l abb ing 
o f t h e t o p near t h e ends and m o r e t h i c k n e s s in t he cen t re w h e r e it is n e e d e d . 
( A log la id w i t h a side sweep takes m o r e t h a n its share o f r o o m o n the br idge 
and tends t o tw is t every t i m e a load passes.) 

c) E n d cu ts 

N e x t , b u c k s t r ingers t o the exac t length w i t h a square cu t . A n e x p e r i e n c e d 
b u c k e r m a y be ab le t o d o th i s w i t h o u t a n y h e l p , b u t t o be sure o f a c c u r a c y , 
m a r k and f r ame the l ine t o gu ide the c u t . 

M a k e the angle cu t later . F r a m e fo r the cu t w i t h 2 x 6 l u m b e r . A good w a y 
to m a k e a l ine o n the log af ter f r a m i n g is to ro ta te a ca rpen te r ' s level or 
o the r s t ra igh tedge w h i l e it is he ld f l ush against t h e f r a m i n g ( F i g u r e 1 7 3 ) . 



F I G U R E 1 7 3 . U s i n g a ca rpen te r ' s level t o m a r k the end cu t 

d) M a r k i n g the s t r inger ends 

A n y ca rpen te r ' s penc i l or fe l t pen can be used fo r m a r k i n g d r y w o o d . O n 
d a m p w o o d i nde l i b l e penc i l w o r k s bes t . 

O n c e the ends are t r i m m e d and the s t r inger is in p o s i t i o n w i t h its t o p u p , 
d r a w a ver t i ca l l ine t h r o u g h t h e log cen t re at each e n d . T h i s is a basel ine tha t 
w i l l be used fo r m a r k i n g . M e a s u r e m e n t s w i l l be t a k e n f r o m it and the s t r i ng 
er w i l l be p o s i t i o n e d b y it. T h i s ve r t i ca l l ine is m a r k e d by us ing a p l u m b b o b 
or a ca rpen te r ' s leve l . 



D r a w the ver t i ca l l ines on bo th ends o f all the s t r ingers and measure the 
bu t t s and t ops be fo re m a r k i n g any o f the h o r i z o n t a l l ines or m a k i n g any 
f u r t h e r cu t s . D e c i d e o n the e x a c t l o c a t i o n of each s t r inger o n the br idge and 
p l a n t h e cu t s necessary t o m a k e it f i t . T h e s e m e a s u r e m e n t s are espec ia l l y i m 
p o r t a n t w h e n the s t r ingers are b ig , d i f f i c u l t to m a n o e u v r e , and are to be 
p laced c lose t o each o t h e r . F i g u r e 174 s h o w s the s t r ingers o n a b r idge and 
the area t h e y w i l l o c c u p y . 

F I G U R E 174 . S t r i ngers o n b r idge and area t h e y w i l l o c c u p y 

U n l e s s the s t r ingers are o v e r s i z e d , o n l y a m i n i m u m d e p t h o f w o o d s h o u l d be 
r e m o v e d to p rov i de su f f i c i en t area fo r the t ies . If the br idge c o n t a i n s f o u r 
s t r ingers , t hen a t op sur face w i d t h o f a b o u t 8 i n . ( for 8 - i n . t ies) is s u f f i c i e n t . 
T h i s w i l l g ive 6 4 i n . ^ o f c o n t a c t area f o r each t ie o n each s t r inger . 

A n 8 - in . su r face on a 2 0 - i n . d i a m e t e r log requ i res a c u t t i n g d e p t h o f jus t 
over 0 .8 i n . ; o n a 2 4 - i n . d i a m e t e r log it requ i res a c u t t i n g d e p t h o f 0 .7 i n . ; 
and o n 4 0 - i n . d i ame te r logs it requ i res 0.4 i n . cu t . 

A good r u l e - o f - t h u m b is to l im i t the to ta l c u t t i n g d e p t h at the m i d d l e of the 
s t r inger to 2 1/2 % o f its d i a m e t e r s ize to m i n i m i z e s t r e n g t h - r e d u c t i o n . 
T h i s creates a f lat sur face o f a b o u t 3 0 % of t he log 's d i a m e t e r . A n o t h e r g o o d 
rule is to l im i t the cu t t o the d e p t h o f s a p w o o d at the m i d d l e o f the s t r inger . 

T h e smal l end o f the s t r inger s h o u l d have o n l y a smal l c u t . A f t e r y o u c a l 
cu la te the d e p t h o f cu t , ma rk a h o r i z o n t a l l ine o n bo th s t r inger ends w i t h a 
ca rpen te r ' s leve l . N o w nai l a b o a r d f o r s igh t ing u n d e r th i s l ine . S t r e t c h a 
s t r ing l ine over these boards to s h o w the l o c a t i o n o f the c u t l i n e on the s t r ing
er. T h e end cu t l i nes m a y requ i re a d j u s t m e n t at th is t i m e . 



T h e nex t s tep is to mark the h o r i z o n t a l l ine f o r the b o t t o m cu t . T h e bu t t o f 
t he s t r inger w i l l a l w a y s be big e n o u g h but the sma l l end m a y requ i re s h i m m i n g 
ra ther t h a n c u t t i n g . T h e best sh ims are p l a n k i n g and c ross t ies , and the st r inger 
end s h o u l d be m a r k e d to a l l o w f o r th i s d e p t h . If a c ross t ie is no t big e n o u g h 
fo r s h i m m i n g , t h e n the s t r inger is p r o b a b l y t o o s m a l l . 

Measu re the s t r inger d e p t h f r o m t o p cu t l i ne a long the end base l ine and m a r k 
it w i t h a ca rpen te r ' s level ( F i g u r e 1 7 5 ) . 

CHALK.LIUE. 
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5I6HT CtJiKO hVilLEX" 

THE- e m Z P MUST B t 
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U t 4 L 

©AfsE. U M E . 

5MAU_ U)C 

F I G U R E 1 7 5 . M a r k e d s t r inger end 

C a r p e n t e r s ' levels s h o u l d a lways be c h e c k e d fo r a c c u r a c y be fo re s tar t ing a 
new j o b . T h e easiest w a y to c h e c k is t o d r a w a ve r t i ca l l ine w i t h the leve l , re
verse it, and c h e c k aga in . D o the same w i t h a h o r i z o n t a l l ine . If the level 
does no t s h o w the same fo r ve r t i ca l and h o r i z o n t a l , d i sca rd the i n s t r u m e n t . 

e) M a r k i n g the s ide o f the s t r inger 

W e w o u l d l ike to e m p h a s i z e again tha t be fo re a n y m a r k i n g is d o n e , it is mos t 
i m p o r t a n t t o have the s t r inger s u p p o r t e d o n c ross-sk ids l oca ted o n l y at the 
ends . A n y na tura l sag w i l l be a l l o w e d f o r in hew ing and the t o p sur face w i l l 
be level and rema in level w h e n the log is o n the b r idge . 



M a r k the l ines the length o f the s t r inger , us ing a ' snap ' or c h a l k l i n e be tween 
the end boa rds . A c h a l k l i n e can be used o n l y in d r y wea the r . If t he l ine is 
wet or d a m p it w i l l not release the c h a l k p o w d e r but the log mus t be d a m p 
to accep t the c h a l k . T h e log must be c lean and bark - f ree unde r t he l ine . 

T h e t w o boards o n the log ends mus t be pa ra l l e l . If t h e y are no t , al l l ines 
mus t be c h e c k e d . 

T h e c h a l k l i n e is l oaded w i t h cha l k be fo re it is m o u n t e d o n the boa rds . O n e 
end o f it is h o o k e d t o the nai l at one end of t he s t r inger , t a k e n t o the o the r 
end o f t he s t r inger over the b o a r d , pu l l ed ve ry t i gh t , and t ied t o t he nai l at 
tha t e n d . 

A w o r k m a n stands b e h i n d one end and s ights over the boards w h i l e ano the r 
w o r k m a n pu l ls the c h a l k l i n e a w a y f r o m the log (about one or t w o feet ) . See 
that the c h a l k l i n e is in the same p lane as the boa rd t ops and then q u i c k l y re
lease it to snap against the log (F igu re 1 7 6 ) . 

10 UNL A T E X T R E M I T Y Of 
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A f t e r the c h a l k m a r k has been pu t o n the log , it s h o u l d be t raced w i t h an i n 
de l i b l e penc i l o r l u m b e r c r a y o n t o m a k e sure i f does not f a d e . 

It is no t c u s t o m a r y t o put a n y c a m b e r in to a log-st r inger b r idge but if bu i l t 
i n , it s h o u l d never e x c e e d 2 inches . If c a m b e r is r equ i red it can be m a r k e d 
o n the st r ingers us ing a c h a l k l i n e as f o l l o w s : 

M a r k the s t r inger ends and p lace a c h a l k l i n e at a level tha t w i l l a l l o w 
fo r c a m b e r (F igu re 1 7 7 ) . 

M a r k des i red c a m b e r w i t h a n a i l . T h e n m a r k one-ha l f t he c a m b e r w i t h 
a nai l at the one -qua r te r po i n t s a long the s t r inger . Ra ise the sight 
boards to th i s level (F i gu re 1 7 8 ) . 
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F I G U R E 1 7 7 . M a r k i n g fu l l c a m b e r 
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S n a p a c h a l k l i n e be tween each pa i r o f nai ls and use the s igh t ing boa rds . 
(It is i m p o r t a n t to h o l d the c h a l k l i n e e x a c t l y h a l f w a y b e t w e e n the nai ls 
w h e n it is pu l l ed fo r snapp ing—see F igu re 179.) 
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F I G U R E 1 7 9 . U s i n g a c h a l k l i n e to m a r k c a m b e r 

f) F l a t t e n i n g the s t r inger t o p 

A sk i l l ed m a n can hew a s t r inger w i t h an axe , adze or b r o a d a x e . S a w cu ts 
are m a d e every 6 inches a long the s t r inger t o t he c h a l k l i n e level be fo re hew
ing . A s k a he lper to w a t c h the far s ide o f the s t r inger t o m a k e sure tha t t he 
cu t d o e s no t go t o o d e e p . 

A n ' A l a s k a n s a w m i l l ' a t t a c h m e n t w i t h a p o w e r s a w a l l ows t w o m e n t o d o an 
accu ra te j o b o f h e w i n g . T h e A l a s k a n s a w m i l l requ i res gu ides or a s t ra ight 
edge p laced level and at a m e a s u r e d d i s t a n c e a b o v e t h e c h a l k l i n e . T h e ro l le rs 
o f t he A l a s k a n s a w m i l l w i l l r ide o n th is gu i de , and the saw w i l l be suspended 



u n d e r n e a t h the gu ide and m a k e a h o r i z o n t a l c u t . A use fu l gu ide rai l can be 
i m p r o v i s e d us ing a long a l u m i n u m ladder . S t raps h o l d the rai ls t o t he l og . 
T h i s w o r k s we l l o n shor t s t r ingers , bu t o n long s t r ingers it m a y be d i f f i c u l t 
to keep the gu ide s t ra igh t . 

T h e best w a y to r ip a s t r inger is t o use a large p o w e r s a w w i t h a h a n d l e at
t a c h e d fo r t w o - m a n o p e r a t i o n . O n e w o r k m a n opera tes the saw and f o l l o w s 
the c h a l k l i n e o n one s ide , and the o the r gu ides the end o f the bar o n the 
o the r s ide . T h e bar mus t be he ld level in o r d e r t o m a k e a f la t cu t . T h e saw 
or t he bar end s h o u l d be tw i s t ed t o change d i r e c t i o n ra ther t h a n pushed 
d o w n or pu l l ed u p . T h e cu t s mus t be accu ra te e n o u g h so the crosst ies w i l l 
l ie f la t o n the s t r ingers . If t he cu t leaves hal f t he c h a l k l i n e o n the s t r inger 
t h e n the j o b has been we l l d o n e . 

T o star t the cu t w i t h a t w o - m a n saw , nai l a shor t p iece o f l u m b e r ( 2 x 4 or 
2 x 6 ) unde r the l i ne . Res t t he bar o n th is and leave t h e eng ine i d l i ng . O n c e 
the saw is in p o s i t i o n and leve l , t he w o r k m a n ope ra t i ng the saw cu ts i n to the 
st r inger at least one -ha l f b a r - w i d t h w h i l e the o t h e r h o l d s the end o f t he bar 
in p o s i t i o n . W h e n the bar cu ts i n to the s t r inger , t he saw o p e r a t o r ho lds the 
saw at tha t p o i n t and the p o i n t m a n moves his end in to the s t r inger . H e 
then h o l d s the end s teady w h i l e the o p e r a t o r ca tches u p . T h e p o i n t m a n 
s h o u l d a l w a y s be ahead o f t h e o p e r a t o r and o n l y one end o f t he saw s h o u l d 
be pushed fo r c u t t i n g at a n y o n e t i m e . 

g) Preparation of the stringer seat 

C u t s o n the unde rs ide o f the s t r inger mus t be para l le l t o the t o p cu ts or the 
s t r inger w i l l no t rest p r o p e r l y o n the si l l or c a p . 

O n c e the t o p o f the s t r inger is r i p p e d , t u r n it ups ide d o w n o n the sk id logs. 
If the m a r k i n g s on the ends o f the s t r inger are no t c lea r , reestab l ish t h e m 
us ing a ca rpen te r ' s square and leve l . T h e n pu t a c h a l k l i n e o n the s t r inger as 
y o u w o u l d fo r r i p p i n g the t o p . T h e length o f the cu t o n the b o t t o m s h o u l d 
be at least a f o o t longer t han necessary fo r the caps . M a k e the m a r k at the 
ends a b o u t 6 ft l o n g . 

A t the ends o f t he cu t t he saw s h o u l d be t u r n e d u p w a r d and the cu t f i n i shed 
o n a gent le s l ope . T o prevent stress c o n c e n t r a t i o n and s labb ing never e x c e e d 
a s lope o f 1 :10 fo r t he c u t - o u t (F igu res 1 8 0 t o 1 8 2 ) . 



F I G U R E 1 8 0 . C o r r e c t cu t s w i t h gent le s lope 

F I G U R E 1 8 1 . Inco r rec t cu t 

enejkj&EK. s e a t 

F I G U R E 1 8 2 . T h e s lope o f the c u t o u t s h o u l d never exceed 1 :10 



F i g u r e 183 s l i ows the r e d u c t i o n in c ross -sec t ion if s l abb ing o c c u r s . 

F I G U R E 1 8 3 . R e d u c t i o n in c ross -sec t ion f r o m s labb ing 

A l w a y s m a k e the s l op ing cu t f i rs t to avo id the stress p r o b l e m s h o w n in 
F igu re 184 . 
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F I G U R E 1 8 4 . Incor rec t c u t t i n g o f s t r inger seat 

W h e n sh ims are necessary u n d e r a s t r inger , use a target t o assist m a r k i n g w i t h 
the c h a l k l i n e (F igu re 1 8 5 ) . -

At L A K J & E E U P £ 7 U A P U M E -



S h i m s s h o u l d be at least as w i d e as the cap and s h o u l d be m a d e f r o m sawn 
d e c k i n g o r t ies , or f r o m the same mater ia ls as the cap or s t r inger . If the 
s t r ingers are cedar t hen sh ims s h o u l d also be cedar (F igu re 1 8 6 ) . If the sh ims 
are no t cedar , use preservat ives o r t rea ted t i m b e r sh ims . 

7. P l ac i ng S t r ingers 

N e x t c o m e s the mos t de l i ca te step in br idge b u i l d i n g : p l ac ing the s t r ingers 
o n the a b u t m e n t . If t he w o r k i n g area was p l a n n e d c a r e f u l l y , t hen p l ac i ng 
the s t r ingers w i l l go s m o o t h l y . 

A l w a y s r e m e m b e r to c o n s u l t the f i she ry and c o n s e r v a t i o n o f f i ce r s be fo re 
us ing e q u i p m e n t in a s t r eam. 

It is i m p o r t a n t t o k n o w the e x a c t l o c a t i o n o f each s t r inger o n the b r i dge as 
it is spec i f i ed in the des ign . O n c e al l the s t r ingers are p l a c e d , the i r l o c a t i o n 
c a n be ad jus ted o n l y a f e w inches in e i t he r d i r e c t i o n . 

If poss i b l e , p lace t h e cen t re s t r inger o n t h e b r idge f i rs t . M a r k the cen t re o f 
the br idge c l ea r l y o n the cen t re s t r inger and a lso on the a b u t m e n t s . 

F I G U R E 1 8 6 . S h i m m i n g a s t r inger 



If the p l acemen t mus t start at one s ide o f the br idge or if the s t r ingers are 
no t p l aced t i g h t l y t oge the r , i t is necessary t o m a r k each s t r inger l o c a t i o n o n 
the a b u t m e n t s . 

H a n d l e s t r ingers very gen t l y and c a r e f u l l y to p reven t damage . La rge s t r ing 
ers m a y be m o v e d w i t h w i re rope c h o k e r s , bu t large ropes o r f la t canvas 
sl ings are p re fe rab le fo r smal l s t r ingers . Large c ranes o r c r a n e - t y p e log l o a d 
ers are ideal f o r p l ac ing s t r ingers . T w o c ranes , one at each end o f the b r i dge , 
c a n m a n o e u v r e and p lace t h e s t r ingers . 

A large c rane set up in the s t ream can ho is t the s t r ingers by h o l d i n g t h e m 
near the ba lance p o i n t . T h e st r inger is m o v e d s l o w l y , t o u c h i n g the g r o u n d 
here and there t o m a i n t a i n a l i g n m e n t . O n c e the s t r inger is rest ing o n the 
caps , the ho is t l ine is m o v e d a f ew feet f r o m the ba lance p o i n t t o w a r d the 
st r inger end be ing p o s i t i o n e d . 

A heavy crane set up at o n e end o f the b r idge and g u y l i n e d fo r sa fe ty m a y 
also p lace s t r ingers. L o n g s t r ingers are d i f f i c u l t to p o s i t i o n th is w a y , h o w 
ever, and it m a y be necessary to h a n d - p o s i t i o n t h e m by using log j acks . If 
a log loader is no t ava i lab le o r i f the s t r ingers are t o o large t o l i f t , s l ide t h e m 
in to p o s i t i o n o n ro l le rs m a d e o f s m o o t h peeled logs. R e m e m b e r t ha t once 
the s t r inger has reached its ba lance po in t over the o p e n i n g , it w i l l t e n d t o 
nosed i ve i n t o the h o l e . T w o b u l l d o z e r s p u l l i n g and s n u b b i n g can prevent 
th is p r o b l e m ( F i g u r e 1 8 7 ) . T h e m a c h i n e d o i n g the pu l l i ng is best l oca ted o n 
the o p p o s i t e s ide of t he b r idge f r o m the s t r inger , but if th is is no t poss ib le , 
t h e n a heavy b l o c k can be used t o change the d i r e c t i o n o f the p u l l . T h e p u l l 
ing m a c h i n e s h o u l d be w e l l secured ( F i g u r e 1 8 8 ) . B e sure t ha t the m a c h i n e 
and rope are large e n o u g h t o hand le the we igh t o f the s t r ingers . 

If o n l y o n e b u l l d o z e r is ava i l ab le , use the w i n c h t h r o u g h a b l o c k sys tem to 
t i gh t - l i ne the far end o f the s t r inger and push the st r inger w i t h the b lade . 
T h e st r inger mus t a lways be t i ed t o the b lade ( F i g u r e 1 8 9 ) . 

In s o m e cases it m a y be poss ib le to f l oa t t he s t r ingers c lose e n o u g h f o r l i f t 
ing in to p o s i t i o n . 

T h e use of a false bent w i l l ensure sa fe ty and success in p l a c i n g the s t r ingers 
and w i l l add l i t t le to the cos t . Bas ic f a l s e w o r k m a y be l i ke the l ong po le 
s h o w n in F igu re 1 9 0 . M a r k the po le at a he igh t w h e r e the s t r inger has t o 
c lear the si l l o n the far s ide . L e a n the po le against the a b u t m e n t at the 
m a c h i n e s ide and push t h e s t r inger far e n o u g h so it w i l l be in t he p r o p e r pos i 
t i o n w h e n the po le is lean ing against the o the r a b u t m e n t . T h e s t r inger m a y 



F I G U R E 1 8 7 . S t r i nge r p o s i t i o n i n g us ing t w o b u l l d o z e r s o n e i ther bank 

F I G U R E 1 8 8 . S t r inger p o s i t i o n i n g w i t h t w o b u l l d o z e r s o n one bank 
and a heavy b l o c k o n the o the r bank 



F I G U R E 1 8 9 . S t r i nge r p o s i t i o n i n g us ing one b u l l d o z e r and a b l o c k sys tem 

F I G U R E 1 9 0 S t r i nge r p o s i t i o n i n g us ing f a l s e w o r k 



have to be raised o n larger sl<id-logs to have it at the exac t he ight m a r k e d o n 
the po le . T a k e care the s t r inger does no t sw ing s ideways w h e n p u s h e d . It 
m a y be necessary t o t ie the po le t o b o t h s ides o f the s t r e a m . A n o t h e r b u l l 
d o z e r can keep the l ines t i gh t . 

Repea t the process fo r each s t r inger . A f t e r t w o st r ingers have been p l a c e d , 
t h e y can be lashed s o l i d l y toge the r and the r e m a i n i n g st r ingers s l id across 
t h e m and t h e n r o l l e d o f f o n t o the s i l l . ( G e n t l e h a n d l i n g is i m p o s s i b l e he re , 
and the a b u t m e n t and st r ingers mus t be s t rong enough to resist the abuse.) 
T w o smal l logs m a y be put across the o p e n i n g to assist in p lac ing the f i rst 
s t r inger . 

Y o u can use t w o c rossed logs t o p reven t the side m o v e m e n t o f the s t r inger 
w h i l e it is be ing pushed (F igu re 1 9 1 ) . (The f a l sework mus t be d i s m a n t l e d 
and re loca ted af ter every st r inger. ) 

F I G U R E 1 9 1 . F a l s e w o r k o f t w o crossed logs is used t o p lace a s t r inger . 

A f t e r the st r ingers have been p laced over the si l l and s h i m s , the i r p o s i t i o n 
must be c h e c k e d fo r a c c u r a c y . 

C a r e t aken in the p r e p a r a t i o n stage w i l l pay o f f n o w . If the bu i l de r has d o n e 
a g o o d j o b in measu r i ng and h e w i n g , t h e n sh ims p r o b a b l y w o n ' t be r e q u i r e d . 
A s t ra ightedge ( 2 x 1 0 ) reach ing f r o m o n e s ide o f the b r idge t o the o the r m a y 
be used to c h e c k the sur face by m o v i n g it f r o m one end o f the br idge to the 
o t h e r . If one st r inger is c o n s i s t e n t l y l ower t h a n the o ther t h e n it needs e x t r a 
s h i m m i n g . T o adjust h igh s t r ingers , l i f t the s t r inger u p , t u r n it ups ide d o w n 
and r e m o v e the a p p r o p r i a t e a m o u n t o f w o o d f r o m the b o t t o m seats. If the 
cap is m o r e t h a n 12 i n . t h i c k , the easiest r e m e d y is to raise o n e s t r inger end 
and cut w o o d f r o m the cap , t hen d o the same th ing at the o the r e n d . T a k e 
care t o b l o c k the s t r inger t o p reven t it f r o m a c c i d e n t a l l y fa l l ing b a c k in 
p lace . T h e f resh l y - cu t part o f the si l l s h o u l d a lso be t rea ted w i t h preservat ives. 



S h i m low sec t i ons in t he .s t r i nge r sur face and r e m o v e the h u m p s be fo re y o u 
lay the c ross t ies . T h e s t r inger sur face s h o u l d be even t o w i t h i n one -qua r te r 
i n c h , bu t as m u c h as one -ha l f i nch is a c c e p t a b l e . 

D r i f t i n g 

T i g h t l y - s p a c e d st r ingers w i l l usua l l y s tay in p lace w i t h o u t be ing fas tened 
t o the a b u t m e n t s o n a br idge w i t h s t ra ight a p p r o a c h roads (F igu re 1 9 2 ) . 
W i d e l y - s p a c e d st r ingers (or s t r ingers o n br idges in a cu rve or at the f o o t o f 
a h i l l ) mus t be fas tened t o prevent m o v e m e n t u n d e r l o a d . A l w a y s d r i f t o u t 
side s t r ingers . 

F I G U R E 1 9 2 . T i g h t l y - s p a c e d s t r ingers 

D r i f t s are m a d e f r o m r o u n d , m i l d s tee l , cu t t o the a p p r o p r i a t e length a n d 
p o i n t e d at one e n d . Use 1-in. d r i f t s f o r log s t r ingers up to 3 0 - i n . d i a m e t e r 
and 1 1 /4 - in . d i a m e t e r d r i f t s f o r larger s t r ingers . 

T h e dr i f t ho le must be p re -d r i l l ed r igh t t h r o u g h the st r inger and sh ims and at 
least 9 i n . i n to the cap or s i l l . T h e ho les m u s t b e deep e n o u g h fo r the f u l l 
length o f the d r i f t . If y o u ' r e us ing seasoned w o o d , m a k e the ho le 1 /16 - i n . 
larger t h a n the size o f the d r i f t in s t r ingers w i t h m o r e t h a n a 2 4 - i n . d i a m e t e r . 
(If the w o o d is g reen , m a k e the ho le 1 /8 - in . larger.) S o a k the ho le w i t h 
w o o d preservat ives be fo re y o u d r i ve the d r i f t . D r i ve the t o p o f the d r i f t at 
least 2 i n . b e l o w the st r inger su r face . T h e excess space in the ho le a b o v e the 
d r i f t s h o u l d be f i l l ed w i t h a f i b r o u s aspha l t (not r o o f i n g cemen t ) to p reven t 
ro t . F i g u r e 1 9 3 i l lus t ra tes d r i f t i n g a s t r inger e n d . A heavy p ipe 1 1 /2 - in . t o 
2 - in . d i a m e t e r m a y a lso be used as a d r i f t . 
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F I G U R E 1 9 3 . D r i f t i n g the st r inger end 

B l o c k i n g 

F a s t e n log s t r ingers t o t h e si l l w i t h w o o d b l o c k s . If t h e s t r ingers are t i g h t l y 
s p a c e d , o n l y the ou ts ide s t r ingers need t o be b l o c k e d . If n o t , spacers mus t 
be p l aced be tween the s t r ingers (F igu re 1 9 4 ) . T h e w o o d b l o c k s and spacers 
are wedge-shaped to s u p p o r t a larger s t r inger sur face area bu t t h e y can also 
be h e w n to f i t a r o u n d su r face . 

P ieces o f c ross t ies are usua l l y big e n o u g h t o use fo r b l o c k s and spacers . 
B l o c k s are fas tened w i t h 3 / 4 - i n . r o u n d , m i l d steel d r i f t s , d r i v e n in the pre-
d r i l l e d 3 / 4 - i n . ho le . A f t e r d r i l l i n g , the ho le s h o u l d be soaked w i t h w o o d pre
servat ives o n c e again and the t o p mus t be w a t e r p r o o f e d . 

L a s h i n g 

If t he re is a n y danger tha t the supe rs t r uc tu re c o u l d f l oa t o f f the p iers d u r i n g 
a f l o o d , t h e n it mus t be lashed t o o n e end o f the b r i dge . T h r e e t y p e s o f lash
ing are d iscussed here . 

C a b l e lashing is t i g h t l y w r a p p e d a r o u n d the s t r ingers t w o and one -ha l f 
o r t h ree t i m e s and secured by sp ikes o r s taples o n cu lver t log-br idges— 
and o c c a s i o n a l l y o n t i m b e r - d e c k e d br idges (F igu re 1 9 5 ) . 

S tap le o r sp i ke the cab le t o t he ou t s i de s t r ingers at least ; m a n y br idge 
bu i l de rs s p i k e it to every log . 



V I E E - R O P E . 



Pu t the lashing o n a t i m b e r - d e c k e d br idge be fo re y o u sp i ke the crosst ies 
and t h e n f i t the lashing be tween t h e m . It m a y be h e l p f u l t o h a m m e r 
t w o g u i d e sp ikes in to o u t s i d e s t r ingers so the cab le does not m o v e w h e n 
pu l l ed t igh t . 

N e e d l e b e a m s are lashed to s t r ingers o n t i m b e r - d e c k e d br idges as s h o w n 
in F igu re 196 . 

S t r ingers and guardra i ls are lashed t o a c ross log or n e e d l e b e a m to sup
po r t a gravel d e c k o n a c u l v e r t - t y p e br idge (F igu re 1 9 7 ) . 

A l t h o u g h w e ' v e ske t ched o n l y one set o f l ash ing , in ac tua l p rac t i ce a second 
c o m p l e t e lashing l ine w o u l d be a d d e d . L a s h i n g cables must a l w a y s be t igh t 
and must never cross each o t h e r . 

T a b l e I V - N gives a gu ide fo r the m i n i m u m size o f cab les to be used w h e n logs 
are lashed at least 2 1/2 t imes . A cable s h o u l d be f l ex i b l e w i r e rope o f g o o d 
q u a l i t y and its b reak ing s t rength s h o u l d no t be less t han one - t h i r d the des ign 
l o a d . 

T A B L E I V - N . C a b l e S i ze R e q u i r e m e n t fo r L a s h i n g 

( Imp roved P l o w - S t e e l , W i r e Co re ) 

M i n i m u m C a b l e S i ze Des ign T r u c k l o a d in T o n s 
m m in 

Des ign T r u c k l o a d in T o n s 

2 5 . 4 1 1 5 0 

22.1 7 /8 1 0 0 

15 .9 5 / 8 5 0 

8 . S t r i nge r C o n f i g u r a t i o n and L o a d D i s t r i b u t i o n ' 

T h e st r ingers s h o u l d be g r o u p e d u n d e r the whee ls t o d i s t r i b u t e the load even l y 
(F i gu re 1 9 8 ) . O n sho r t b r idges w i t h w i d e r u n n i n g sur faces t h e gap b e t w e e n 
the st r ingers at the cen t re m igh t be t o o w i d e , and the t ies and ins ide st r ingers 
c o u l d be overs t ressed w i t h an o f f - cen t re v e h i c l e . T o p ro tec t the br idge f r o m 
u n e v e n l y - d i s t r i b u t e d loads , use e x t r a st r ingers to f i l l the gap or leave the gap 
o p e n w i t h o u t p l a n k i n g . (See also the D e c k i n g sec t i on o f th is h a n d b o o k . ) 
A n o t h e r m e t h o d is to lay an e x t r a s t r ip o f p l a n k i n g over t he d e c k i n g . A n y 
of these t e c h n i q u e s w i l l he lp t o gu ide the whee ls over the s t r ingers . 



F I G U R E 1 9 6 . L a s h i n g st r ingers t o a n e e d l e b e a m 
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F I G U R E 197. S t r ingers and guardra i l s lashed t o need lebeams 



F I G U R E 1 9 8 . G r o u p i n g st r ingers t o d i s t r i b u t e we igh t unde r t he whee ls 

Idea l l y , t he requ i red n u m b e r o f s t r ingers s h o u l d f i t u n d e r the br idge d e c k . If 
the d e c k is w i d e r t han the necessary r u n n i n g sur face the crosst ies m a y de
f l ec t , overs t ress ing the s t r ingers ( F i g u r e 199 ) . Y o u c a n reduce th i s p r o b l e m 
by us ing n e e d l e b e a m s , st r ingers as guard ra i l s , or d o u b l e t ier s t r ingers . 

a) N e e d l e b e a m s (queen logs) 

A n e e d l e b e a m is a large log or steel b e a m w h i c h t ies the st r ingers t oge the r 
and d i s t r i bu tes the l o a d . It makes the s t r ingers w o r k as a un i t and de f l ec t t o 
gether . 

U s e need lebeams if even l y - spaced s m a l l logs have been used f o r s t r ingers ; if 
t he re is a large va r i a t i on in s t r inger s i z e ; if the b r idge has a w i d e r unn ing sur
face necessary to hau l o c c a s i o n a l w i d e l oads ; o r if t he re is no o t h e r w a y 



t o spread the load over the s t r ingers . A n e e d l e b e a m can also be used to t ie a 
cu l ve r t - t ype br idge toge the r . 

L o g need lebeams 

T a b l e I V - 0 m a y be used as a gu ide to es tab l i sh m i n i m u m n e e d l e b e a m s izes. 
Increase n e e d l e b e a m sizes if m o r e t h a n s ix s t r ingers are used . 

T A B L E I V - 0 . L o g N e e d l e b e a m S izes 

BRIDGE LENGTH 

up t o 15 ft 

15 ft t o 2 4 ft 

over 2 5 ft 

NEEDLEBEAM DIAMETER 

S a m e as largest s t r inger end 

S a m e as des ign s t r inger d i a m e t e r 

S a m e as smal les t s t r inger end 

£3TPlM&E.P,f> 

F I G U R E 1 9 9 . L o n g c ross t ies bend u n d e r load o n w i d e r u n n i n g su r face 



Logs m a y be used fo r need lebeams w i t h no p repa ra t i on o the r t h a n r e m o v i n g 
the bark (F igu re 2 0 0 ) . B a r k r emova l is necessary t o p r o v i d e a last ing t igh t 
f i t . F o r s e m i p e r m a n e n t o r p e r m a n e n t br idges, the t o p o f the n e e d l e b e a m 
s h o u l d be r i pped f lat to m a k e a larger c o n t a c t sur face and p r o v i d e a sur face 
fo r b l o c k i n g . 

F I G U R E 2 0 0 . R o u n d log n e e d l e b e a m — n o t e sp i ra l gra in in s t r inger . 

Fas ten need lebeams to the s t r ingers w i t h lash ing , bo l ts o r sadd les . L a s h i n g 
is d iscussed in the L o g C r i b s and C u l v e r t - T y p e L o g Br idges sec t i ons o f th i s 
h a n d b o o k , and saddles are s h o w n o n the f o l l o w i n g pages in c o n j u n c t i o n w i t h 
s t r ingers as guardra i l s . 

S tee l need lebeams 

P lace steel need lebeams b e t w e e n the crosst ies if c learance under the b r idge 
is l i m i t e d . 

9 x 3 / 4 - i n . m i l d steel p lates are w e l d e d o n b o t h s ides to 8 x 2 1 /2 - i n . s t r uc tu ra l 
channe l t o f o r m a steel n e e d l e b e a m fo r a 10 - i n . c ross t ie ( F i g u r e 2 0 1 ) . 

T h i s f ab r i ca ted b e a m is a t tached to the st r ingers w i t h 1-in. to 1 1 /2 - in . 
d i a m e t e r bo l t s , w i r e r ope , o r m i l d steel p la te s l ings as s h o w n in F igu re 2 0 2 . 

6 x 3 / 8 - i n . f la t , m i l d steel bars can be bent to the log shape l i ke a s l i ng . (Use 
1 /4- in . steel o n s t r ingers less t han 2 4 - i n . in d iamete r . ) T h e sl ings s h o u l d be 
bu i l t so t h e y can be t i gh tened up later . T h e ou t s i de bo l t m a y be t i gh tened 
f r o m t h e d e c k bu t t he ins ide bo l t s s h o u l d be t i gh tened f r o m the b o t t o m . 
W e l d the t o p o f the bo l t to the n e e d l e b e a m . 
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F I G U R E 2 0 1 . C r o s s - s e c t i o n o f a steel n e e d l e b e a m 

Wi re rope used fo r sl ings s h o u l d no t be less t han 1-in. d i a m e t e r and s h o u l d 
be c o n n e c t e d to the bo l ts w i t h a w i r e - r ope s o c k e t . Na i l " t r e e p l a t e s " (cut 
f r o m 4 x 3 / 8 - i n . f lat m i l d steel bar 12 i n . long) t o the s t r ingers t o p revent the 
rope f r o m c u t t i n g in to the w o o d (F igu re 2 0 2 ) . 

Use a d o u b l e s tee l -need lebeam if a d d i t i o n a l s t rength is r e q u i r e d . A need le 
beam be tween the c ross t ies is b o l t e d to a n o t h e r unde r the st r ingers (F igu re 
2 0 3 ) . A l l s t r ingers rest on the l o w e r b e a m . Use b l o c k i n g to avo id c u t t i n g 
d e e p l y i n to the s t r ingers . 
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F I G U R E 2 0 2 . F a s t e n i n g a steel n e e d l e b e a m to s t r ingers 



F I G U R E 2 0 3 . D o u b l e s tee l -need lebeam 

b) S t r i ngers serv ing as guard logs 

T w o st r ingers m a y be p laced on the crosst ies d i r e c t l y above the ou t s i de 
s t r ingers and t ied to t h e m w i t h a n e e d l e b e a m (F igu re 2 0 4 and 2 0 5 ) . 

Y o u can use steel need lebeams fo r e x t r a c l ea rance . 

G u a r d l o g s t r ingers mus t be the same size as the o the r s t r ingers and mus t be 
p re - tens ioned to ca r r y the i r share o f the dead l o a d . B o t h ends o f t he gua rd -
logs are d a p p e d and b l o c k e d i n to p o s i t i o n so that the i r t o p is para l le l to the 
d e c k . M a r k b o t h log ends an equa l d i s tance above the d e c k (F igu re 2 0 6 ) . 
S n a p a c h a l k l i n e be tween these p o i n t s . T i g h t e n the need lebeam s l ing -bo l t s 
un t i l the c h a l k l i n e is para l le l t o the l ower s t r ingers . 

T h e guard logs are fas tened w i t h w i re rope saddles and s l ings. S m a l l e r s t r ing 
ers m a y be bo l t ed bu t th is resul ts in s o m e loss o f s t rength and it is d i f f i c u l t 
to d r i l l t h r o u g h th ree logs. 

F I G U R E 2 0 4 . S t r ingers as guard logs 

2 5 6 
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F I G U R E 2 0 5 . B r i d g e c ross -sec t ion w i t h s t r ingers as guard logs 
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F I G U R E 2 0 6 . P re - tens ion ing a gua rd log 

F igu re 2 0 7 shows the n e e d l e b e a m secured w i t h l ash ing . It is i m p o r t a n t to 

keep the lashing t igh t and t o re- lash o lde r b r idges . 

F igu re 2 0 8 shows d o u b l e sadd le - fas ten ing and F i g u r e 2 0 9 shows a steel 

d o u b l e - c h a n n e l w i t h l ong bo l t s . 

c) D o u b l e - t i e r s t r ingers 

Y o u can see f r o m F igu re 2 1 0 tha t s t r ingers are p o s i t i o n e d in t iers so tha t a 
great m a n y can be f i t t ed across the w i d t h o f the b r i dge . 



F I G U R E 2 0 7 . G u a r d l o g s lashed to a need lebeam w i t h w i re rope 
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F I G U R E 2 0 8 . D o u b l e sadd le - fas ten ing 

2 5 8 
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F I G U R E 2 0 9 . S t r u c t u r a l channe l and long bo l t s 

i 

F I G U R E 2 1 0 . P l a c e m e n t of s t r ingers in t ie rs 

Use th i s des ign w h e n m o r e t h a n f o u r e x t r a s t r ingers are requ i red o r w h e n 
st r ingers c a n n o t be used as gua rd logs . Pa i r b o t t o m s t r ingers t o t he t o p s t r i ng 
ers. If the re are fewer s t r ingers in the b o t t o m t h a n in t he t o p , a gap is left in 
the cen t re . A l t e r n a t e but t and t o p st r inger ends across the w i d t h and be
t w e e n t o p and b o t t o m pai rs . 



Prepare the b o t t o m str ingers as u s u a l . D a p b o t h ends t o sit o n the si l ls and 
r ip the t o p f la t . R i p the t o p o f the u p p e r t ier s t r ingers . M a r k the des ign m i d -
d i a m e t e r on the but t o f each upper s t r inger and r ip the b o t t o m para l le l t o the 
t o p at th i s p o i n t . T h e smal l e n d o f the u p p e r s t r ingers w i l l no t be d a p p e d . 
Use sh ims be tween the need lebeams as r e q u i r e d . 

R i p the need lebeams to the same t h i c k n e s s . T a b l e I V - P shows the requ i red 
n u m b e r o f need lebeams . 

T A B L E I V - P . N e e d l e b e a m s R e q u i r e d B e t w e e n D o u b l e - T i e r S t r ingers 

SPAN NUMBER OF NEEDLEBEAMS 

up to 2 0 ft 

2 1 - 4 0 ft 

over 4 0 ft 

3 

4 

5 (not m o r e t h a n 15 ft apar t ) 

T h e f igures in T a b l e I V - P i n c l u d e t hose f o r the t w o end need lebeams p laced 
b e t w e e n the s t r ingers above the caps . 

B e f o r e p lac ing s t r ingers , m a r k t h e m and the si l l f o r the exac t l o c a t i o n . P lace 
the b o t t o m - t i e r s t r ingers a c c o r d i n g to the des ign (F igu re 2 1 1 ) . Fas ten the 
ou t s i de b o t t o m - t i e r s t r ingers t o t h e s i l l . 

N e x t , p o s i t i o n the end need lebeams above the si l ls and d r i f t o r t ie t h e m to 
every s t r inger . Space the rest of the need lebeams and fasten t h e m to the 
o u t s i d e s t r ingers . 

N o w put the t o p t ie r o f s t r ingers o n the n e e d l e b e a m s . B l o c k each s t r inger 
after it is in the co r rec t p o s i t i o n and be fo re the nex t s t r inger is pu t o n the 
b r idge . B l o c k i n g s h o u l d be t i gh t , bu t no t e n o u g h t o p re - tens ion the st r inger 
so t ha t the crosst ies w i l l no t l ie e v e n l y (F igu res 2 1 2 t o 2 1 4 ) . S h i m m i n g and 
b l o c k i n g mus t cover t he f u l l w i d t h o f t he need tebeam's t o p su r f ace . 

Y o u can use st r ingers o n t e m p o r a r y br idges w i t h o u t r i pped sur faces bu t the 
ex t ra s h i m m i n g m i g h t cos t m o r e t h a n p r e p a r a t i o n o f t he s t r ingers . T h e a d 
vantage o f th is t y p e o f s t ruc tu re is tha t long spans can be c o n s t r u c t e d w i t h 
sma l l - d i ame te r s t r ingers . Use o n l y t i e -and -p lank d e c k s (F igu re 2 1 5 ) . 





F I G U R E 2 1 2 . C e d a r sh ing le s h i m m i n g 
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F I G U R E 2 1 3 . B l o c k i n g w i t h wedge-shape b l o c k s 

d) C u l v e r t - t y p e log br idges 

T h e cu l ve r t - t ype br idge is l ow-cos t and easy to erect but it has a shor t l i fe . 
Its gravel deck does no t d i s t r i b u t e t h e l oad bu t does he lp p r o t e c t and s tab i 
l ize the s t r ingers. S t r ingers fo r th is t y p e o f b r idge are no t r i pped and its s i l l 
log t ops are s e l d o m p repa red . 



F I G U R E 2 1 4 . S h i m m i n g w i t h sh ing les over b l o c k s 

F I G U R E 2 1 5 . D o u b l e - t i e r s t r ingers w i t h t i e -and -p l ank d e c k 

It is no t necessary t o d e b a r k the s t r ingers fo r every t e m p o r a r y br idge bu t 
t h e y mus t be t i gh t l y lashed . A s the s t r ingers d r y and s h r i n k , t he t ra f f i c 
f o r ces bal last be tween t h e m and keeps t e n s i o n in the lash ing cab les . Y o u 
m a y use green w o o d if the e x t r a we igh t is no t a l i m i t i n g f a c t o r . 

A l t h o u g h the c o n s t r u c t i o n t e c h n i q u e m a y be ve r y c r u d e , t a k e care tha t the 
s t r ingers d o no t e x t e n d m u c h over the si l l logs. If t h e y d o , c o n t i n u o u s 
t r a f f i c p o u n d i n g o n the ends w i l l l oosen the su r fac ing m a t e r i a l . 



It is no t necessary t o t ie the s t r ingers to the si l l l og , bu t the s t r ingers t h e m 
selves must be s o l i d l y t ied toge the r b y lashing or need lebeams lashed to 
every s t r inger . 

T a b l e I V - Q show/s the re la t i onsh ip be tween lashing d i ame te r and s t r inger 
d i a m e t e r . 

T A B L E I V - Q . W i r e - R o p e S izes fo r C u l v e r t - T y p e B r i dge L a s h i n g 

W i r e R o p e Largest L o g 
D i a m e t e r D i a m e t e r 

5 / 8 in 13 in 

3 / 4 in 18 in 

7 /8 in 2 4 in 

1 in 3 2 in 

W i re rope s h o u l d be w r a p p e d 2 1/2 t i m e s (or more) a r o u n d the s t r inger t o 
f o r m the lash ing . Less m a y cause the rope to s l ip at the s tap les . T a b l e I V -
R is a gu ide to the lashing r e q u i r e m e n t fo r cu l ve r t - t ype log b r idges . 

T A B L E I V - R . L a s h i n g F r e q u e n c y fo r C u l v e r t - T y p e Br idges 

M i d - D i a m e t e r o f S t r i nge r L a s h i n g F r e q u e n c y 

up to 2 0 in 10 ft o r less 

21 t o 4 0 in 15 ft or less 

over 4 0 in 2 0 ft o r less 

N e e d l e b e a m s shou ld be used fo r s t r ingers less t h a n 3 0 inches m i d - d i a m e t e r 
and fo r b r idges w i t h spans e x c e e d i n g 3 0 fee t . U s e T a b l e I V - R fo r need le 
beam s p a c i n g . 

L o g need lebeams m a y be r o u g h and u n p r e p a r e d f o r t e m p o r a r y s t ruc tu res . 
F o r d u r a b i l i t y t h e y must be b a r k e d and f l a t t ened fo r b l o c k i n g . 



C u l v e r t - t y p e log br idge supe rs t ruc tu res are usua l l y bu i l t o n s i m p l e (or cr ib) 
a b u t m e n t s , a l t h o u g h some o f the m o r e e labo ra te g rave l -decked br idges are 
s u p p o r t e d by steel p ipe p i les w i t h c o n c r e t e caps ( F i g u r e 2 1 6 ) . 

F I G U R E 2 1 5 . C u l v e r t - t y p e log b r idge o n a s tee l -p ipe p i le p ier 

O n c e the a b u t m e n t is c o m p l e t e , p lace the s t r ingers o n the s i l l log a n d lash 
t h e m together,. T r i m the s t r ingers a f te r the lashing is c o m p l e t e d . 

T h e s t r ingers m a y be p laced in a va r i e t y o f c o n f i g u r a t i o n s as f o l l o w s : F i g u r e 
2 1 7 i l lus t ra tes s t r ingers w i t h o u t gua rd ra i l s . 

V I R E . W^-

F I G U R E 2 1 7 . S t r i ngers w i t h o u t guardra i l s 

F igu re 2 1 8 shows large s t r ingers serv ing as guardra i l s and f i l l re ta iners . T h r e e 
d i f f e r e n t sets o f w i r e ropes are used fo r l ash ing . T w o sets t ie the o u t s i d e 
s t r ingers t o the ad jacent ones (so l id l ine) and one set (open l ine) t ies the 
ins ide s t r ingers t oge the r to m a i n t a i n f r i c t i o n b e t w e e n the logs. 



F I G U R E 2 1 8 . Large st r ingers serv ing as f i l l re ta iners 

F igu re 2 1 9 shows three st r ingers o n the o u t s i d e lashed toge ther (so l id l ine) 
to f o r m a gua rd ra i l . A second l ine is w r a p p e d a r o u n d these st r ingers l oose l y 
to f o r m a c rad le fo r the ins ide s t r ingers. T h e lash ing o n the cen t re s t r inger 
s h o u l d be t igh t enough so tha t it pops ou t o f p l ace . O n c e all the lash ing is 
c o m p l e t e , a b a c k h o e or b u l l d o z e r can fo rce the cen t re s t r inger back d o w n 
be fo re su r f ac i ng . 

F I G U R E 2 1 9 . T r i p l e - s t r i nge r guard logs 

T h e t w o o u t s i d e s t r ingers c a n be p o s i t i o n e d above each o t h e r ( F i g u r e 2 2 0 ) 
and t ied toge the r w i t h a sma l le r log (open l ine) rest ing o n the ins ide s t r ing
ers. F o r m a c rad le o f w i r e rope (so l id l ine) t o s u p p o r t t he ins ide s t r ingers. 
T h e t e c h n i q u e s h o w n in F igu re 2 1 9 is used to t i gh ten the cab les . 

F igu re 221 is the same s t ruc tu re s h o w n in F igu re 2 2 0 , but sma l le r logs are 
b o l t e d t o t he o u t s i d e s t r ingers t o c o n t a i n t h e f i l l and serve as guard logs . 
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F I G U R E 2 2 0 . D o u b l e s t r inger gua rd logs 
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F I G U R E 2 2 1 . S m a l l gua rd logs b o l t e d t o s t r ingers 

T h e use of a need lebeam is i l l us t ra ted in F i g u r e 2 2 2 . T w o st r ingers serve as 
guard logs . T h e t w o o u t s i d e s t r ingers are bo l t ed toge ther and the t o p of the 
bo l t is t i ed to the n e e d l e b e a m to p revent the gua rd log f r o m m o v i n g . 

Y o u can e levate the o u t s i d e s t r ingers by p lac ing a sma l le r log unde r t h e m , as 

s h o w n in F igu re 2 2 3 . 

F igu re 2 2 4 i l lus t ra tes logs lashed toge the r as in F i g u r e 2 1 7 . S m a l l logs o r 
s labs are p laced o n t o p t o serve as a crosst ie (F i gu re 2 2 5 ) . T h e y m a y break 
d u r i n g the su r fac ing process but w i l l c o n t i n u e to d i s t r i b u t e the load over the 
s t r ingers . 
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F I G U R E 2 2 2 . B o l t e d guard logs t i ed t o n e e d l e b e a m 
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F I G U R E 2 2 3 . O u t s i d e s t r ingers e leva ted t o re ta in t he f i l l 
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F I G U R E 2 2 4 . S labs and smal l logs over s t r ingers 
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F I G U R E 2 2 5 . S l a b s and sma l l logs d i s t r i b u t e the l o a d . 

F i l l the spaces b e t w e e n the s t r ingers w i t h slabs o r sma l l logs, t h e n cover the 
s t r ingers and s labs w i t h at least t w o layers o f g o o d q u a l i t y ro t - res is tant f i l t e r 
f a b r i c ( r o a d - c o n s t r u c t i o n f a b r i c ) . T h e f a b r i c s h o u l d be loose and pushed in 
t o t he ho les so it adheres t o the o r ig ina l sur face and does no t b reak . T h i s 
lets the wa te r d ra i n bu t re ta ins s i l t and p ro tec ts t he s t r e a m . It a lso makes it 
easier to r emove the supe rs t r uc tu re at some later da te w i t h o u t d r o p p i n g the 
gravel ma te r i a l i n to the s t r eam. 

T h e sur face mate r ia l s h o u l d no t c o n t a i n a n y par t i c les larger t h a n one - t h i r d of 
t he ba l las t t h i c k n e s s . L a y the ba l las t o n the b r idge in t he n o r m a l w a y , 
c o m p a c t i n g it t o the des igned t h i c k n e s s . Use a f r o n t - e n d loader o n long 
br idges . Neve r e x c e e d the des ign bal last t h i c k n e s s . Neve r t ake the sag ou t o f 
a br idge by leve l l ing it w i t h f i l l m a t e r i a l . D o n ' t let the su r fac ing layer wear 
d o w n to the po in t w h e r e a s t r inger is d i r e c t l y e x p o s e d t o t he t r a f f i c . 

C u l v e r t - t y p e br idges need ex tens i ve sur face m a i n t e n a n c e . Road -g rade rs 
s h o u l d grade the b r idge sur face w h e n t h e y grade the r o a d . T a k e care tha t 
t he grader b lade does no t cu t the gua rd log lashing o n the s t r ingers . 

e) T russed - l og br idges 

T r u s s i n g is a s imp le and p rac t i ca l w a y to e x t e n d the span w i t h l oca l l y -ava i l ab le 
log s t r ingers . T h e o r e t i c a l l y it is poss ib le t o t r i p l e the m a x i m u m span length 
w i t h a g iven s t r inger b y us ing an inver ted q u e e n t russ . T h e t russ ing carr ies 
the f u l l load and the logs span o n l y the d i s tance b e t w e e n the t russ ing p o i n t s . 

W i r e rope and steel rods are the s tandard mater ia ls used fo r t r uss ing . W i r e 
r o p e is e x p e n s i v e , d i f f i c u l t t o t e n s i o n , test and i nspec t , and it e v e n t u a l l y 
s t re tches . It is r ead i l y ava i lab le fo r t e m p o r a r y logging b r idges , h o w e v e r , and 



is used to re i n fo r ce o l d e r b r idges . W i r e trusses are d iscussed in the M a i n 
tenance S e c t i o n . 

H i g h tens i le -s t rength steel rods are easy t o t e n s i o n e v e n l y , c h e a p t o p u r 
chase and easy t o inspec t . In th is chap te r we d iscuss one t y p e o f h igh tens i le -
s t rength steel r o d : the D Y W I D A G d e f o r m e d - b i l l e t steel c o n c r e t e - r e i n f o r c i n g 
t h r e a d b a r , w h i c h is c o m m o n l y c a l l e d a ' D Y W I D A G R O D . ' 

T h e s e th readbars were d e v e l o p e d as r e i n f o r c i n g bars fo r prestressed c o n c r e t e 
and as a n c h o r s f o r r o c k bo l t s . T h e en t i re leng th o f the bar is d e f o r m e d w i t h 
a c o n t i n u o u s r o l l e d - o n th read w h i c h does not reduce its s t r eng th . S leeves , 
nuts and washers are des igned f o r use w i t h t h readba rs . Y o u can cut t h e m 
a n y length o r sp l i ce t h e m w i t h c o u p l e r s as s h o w n in F igu re 2 2 6 . 

F I G U R E 2 2 6 . T h r e a d b a r coup le r 

Use an abras ive cu t t i ng t o o l (not a cu t t i ng t o r ch ) and avo id h igh t e m p e r a t u r e s 
w h i c h m i g h t w e a k e n t h e s tee l . Pu rchase rods w i t h b l ack - j acke t c o a t i n g t h a t 
is no t sens i t ive to u l t rav io le t l ight f o r p r o t e c t i o n f r o m c o r r o s i o n . 

S p e c i a l h y d r a u l i c j acks fo r t ens i on i ng the rods can be ren ted f r o m the dea le r . 

M a k e sure th readbars are h a n d l e d c a r e f u l l y d u r i n g f a b r i c a t i o n and s h i p p i n g . 
D i s c a r d ben t rods o r ben t s e c t i o n s . D o no t a t t e m p t t o s t ra igh ten d a m a g e d 
bars. J o i n cu t p ieces b y c o u p l i n g — d o not w e l d . R o u n d o f f cu t ends fo r safe 
h a n d l i n g . 

O t h e r h igh-s t rength steel rods m a y be subs t i t u t ed fo r D Y W I D A G bu t the 
t h read d e f o r m a t i o n and the f i t t i ngs mus t m a t c h . A q u a l i f i e d eng ineer s h o u l d 
ce r t i f y the s t rength of subs t i t u te r ods . 

T h r e e equa l panels are used f o r the f o l l o w i n g b r idge des igns . T h e d e p t h o f 
the n e e d l e b e a m is L / 1 1 and L / 1 6 o f the b r idge s p a n . A l t h o u g h o the r t h r e a d -



bars are ava i lab le , we use G r a d e 1 5 0 in o u r d e s i g n s — N o . 10 D Y W I D A G 
th readbars w i t h a 1 .27- in . d i ame te r and y i e l d s t rength o f 1 5 0 0 0 0 p s i . W e 
use t w o bars w i t h each s t r i nge r in o u r des igns , b u t y o u m a y use f o u r . 

These t russed- log s t r ingers we re des igned f o r supe rs t ruc tu res w i t h c ross t ie 
and p l a n k d e c k i n g ; We d o no t r e c o m m e n d o t h e r d e c k t y p e s f o r t h i s a p p l i c a 
t i o n (F igu re 2 2 7 ) . 

T russ ing is i l l us t ra ted in F igu re 2 2 8 . T h e steel rods are fas tened to the 
s t r inger e n d s . T h e t russ rods mus t c ross the h o r i z o n t a l c e n t e r l i n e o f the 
s t r ingers above the cap or s i l l t o f o r c e the s t r ingers t o bend u p w a r d and he lp 
s u p p o r t the l o a d . L o a d s c ross ing the c e n t e r l i n e be tween the a b u t m e n t s w i l l 
de f l ec t the s t r ingers d o w n w a r d . 

T h r e a d b a r s pu l l against the s t r inger ends w i t h the he lp o f ' s t r o n g b a c k s , ' a 
w e l d e d s t ruc tu ra l c h a n n e l f a b r i c a t i o n s u p p o r t i n g the t h r e a d b a r , washer and 
nut (F igu res 2 2 9 and 2 3 0 ) . T h e s t r o n g b a c k is na i led t o t he st r inger f o r t e m 
po ra ry s u p p o r t d u r i n g c o n s t r u c t i o n . T a b l e I V - S s h o w s ^ t h e r e c o m m e n d e d 
s p e c i f i c a t i o n s fo r the s t r o n g b a c k . 

T A B L E I V - S . S t r u c t u r a l C h a n n e l s f o r S t r o n g b a c k 

Des ign L o a d S t r u c t u r a l 
C h a n n e l 

S i z e ( inch) 

W e i g h t / F o o t 

(lb) 

W e b T h i c k n e s s 
( inch) 

1 5 0 t 8 1 8 . 7 5 0 . 4 8 7 

l o o t 7 1 4 . 7 5 0 . 4 1 9 

5 0 t 6 1 3 . 0 0 0 . 4 3 7 

T h e need lebeams and rods are j o i n e d w i t h the he lp o f a b r a c k e t made f r o m 
ha l f - i nch steel p late (F igu res 2 3 1 and 2 3 2 ) . It is i m p o r t a n t tha t the ve r t i ca l 
cen te r l i ne of the n e e d l e b e a m be e x a c t l y h a l f w a y b e t w e e n the angle f o r m e d 
b y the rods (F igu re 2 3 2 ) . 



F I G U R E 2 2 7 . T russed - l og b r idge 
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F I G U R E 2 2 8 . D i a g r a m of t russed- log br idge 



F I G U R E 2 2 9 . F a s t e n i n g t h e rods t o t h e s t r inger ends 

F I G U R E 2 3 0 . S t r o n g b a c k c o n s t r u c t i o n 
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F I G U R E 2 3 1 . T h r e a d b a r c e n t r e - c o n n e c t o r 

M E E P L E B E A M e K A ^ I C E - T 
C V E L D E p 5 1 E E L F A C - e i i S A T K ^ U -

F I G U R E 2 3 2 . E n d c e n t e r l i n e o f n e e d l e b e a m bisects 
angle f o r m e d by th readbars . 



s t r i n g e r p r e p a r a t i o n fo r t he strongbacl< and n e e d l e b e a m s u p p o r t 

M a k e a ske t ch of the s t r inger and t russ sys tem so y o u can p lace the s t rong-
back in the co r rec t p o s i t i o n at the p l a n n i n g stage. T h e ske t ch s h o u l d l o o k 
l i ke F igu re 2 2 8 (d rawn to scale so y o u can t ake m e a s u r e m e n t s ) . F i gu re 2 2 8 
shows the exac t s t r inger and n e e d l e b e a m size and the s ize of s t r ongbacks and 
n e e d l e b e a m b racke ts . 

B u i l d the a b u t m e n t s , p repare the s t r ingers , and r ip t h e m o n the t o p as y o u 
w o u l d fo r any o the r c ross t ie and p l a n k - d e c k b r i dge . 

It takes spec ia l t e c h n i q u e s t o m a r k , c u t and p repare the s t r ingers t o accep t 
the s t r ongback and need lebeams . F r a m e the s t r inger end by m a r k i n g it w i t h 
a penc i l or use t e m p l a t e s t o gu ide the saw. S ta r t the cu t o n the st r inger 6 
i n : b e h i n d a ver t i ca l l ine above the f r o n t suppo r t i ng -edge o f the c a p . T h e 
seat mus t be deep e n o u g h t o p lace t h e s t r o n g b a c k b e l o w the t ie level and t o 
l ower the cen t re of the rod b e l o w the s t r inger c e n t e r l i n e w h e r e it crosses the 
f r o n t o f the cap (F igu re 2 2 9 ) . 

M a k e a t e m p l a t e f r o m 1-in. p l y w o o d t o s i m p l i f y c u t t i n g . It mus t be large 
e n o u g h to e x t e n d above the s t r inger (F i gu re 2 3 3 ) . 



M a r k para l le l h o r i z o n t a l l ines o n the s ide o f the t e m p l a t e in 2 - i n . or 4 - i n . in 
terva ls to he lp pos i t i on the t e m p l a t e o n the s t r ingers . T h e s e l ines are also 
para l le l w i t h the b o t t o m of the seat and the p l y w o o d edge . M a r k the p o s i 
t i o n o f t he t russ rod o n the t e m p l a t e . Y o u can r e i n f o r c e t h e t e m p l a t e edge 
w i t h a 2 x 4 to gu ide a saw. T w o sheets o f p l y w o o d cut t o a m i r r o r image 
m a k e a set o f t e m p l a t e s . O n c e the t e m p l a t e is c o m p l e t e d , w e are ready t o 
m a r k the s t r inger . 

F I G U R E 2 3 4 . M a r k i n g the s t r inger fo r the t e m p l a t e 

S T E P 1. 

F i rs t m a r k the s t r inger ends w i t h f o u r h o r i z o n t a l l i n e s a s f o l l o w s ( F i g u r e 2 3 3 ) : 

1. T h e f i rst l ine m a r k s the d e p t h o f the d a p fo r the s t r o n g b a c k seat. 

2 . T h e second is a g u i d e l i n e near the w ides t part of the sma l l e n d o f the 
s t r inger , e i ther t w o or f o u r inches (or mu l t i p l es ) b e l o w the d a p p i n g l ine 
so it ma tches a h o r i z o n t a l l ine o n the t e m p l a t e . 

3. T h e t h i r d l ine m a r k s the w i d e s t par t o f t he large e n d o f t he s t r inger . 

4 . T h e f o u r t h l i ne is the m a r k fo r d a p p i n g the seat o n t h e b o t t o m o f t h e 
s t r inger . 



S T E P 2 . 

N e x t , run a c h a l k l i n e a long the s ides o f the s t r ingers far e n o u g h t o m a r k 
t e m p l a t e p o s i t i o n (us ing t h e e n d m a r k s as a gu ide ) . Y o u c a n c h e c k and a d 
just t he p o s i t i o n o f the t e m p l a t e s o n the s t r ingers b y us ing the para l le l l ines 
as a gu ide . 

S T E P 3 . 

M a r k the cen t re of the s t r inger length o n t o p w i t h a na i l . Y o u can use the 
s k e t c h o f t h e t russ and st r inger t o d e t e r m i n e the d i s tance be tween the t e m 
plate and the cen t re o f t h e s t r inger (F igu res 2 2 8 and 2 2 9 ) . M a r k th i s d is 
tance in b o t h d i r e c t i o n s f r o m the cen t re o f the s t r inger ( F i g u r e 2 3 4 ) . 

S T E P 4 . 

M a r k a l ine o n the t o p o f t he s t r inger para l le l t o the c e n t e r l i n e o f the b r i dge . 
(If the bu t ts and t o p s are s taggered, the s t r ingers m a y no t be para l le l t o the 
br idge.) D r a w a l ine p e r p e n d i c u l a r t o b r idge d i r e c t i o n at the m a r k e d t e m 
plate p o i n t s . N a i l a p iece o f 2 x 4 o r 2 x 6 l u m b e r b e y o n d t h i s l ine t o s u p p o r t 
the t e m p l a t e . 

S T E P 5 . 

P lace the t e m p l a t e s o n the s ide o f t h e s t r inger a n d na i l t h e m in t he co r rec t 
p o s i t i o n . T h e c h a l k l i n e at the w i d e p o i n t o n the st r inger mus t m a t c h the ap
p rop r i a te l ine o n the t e m p l a t e . C h e c k t e m p l a t e p o s i t i o n again be fo re f i na l 
n a i l i n g . Use d o u b l e - h e a d e d f o r m na i ls t o fas ten each t e m p l a t e t o the s t r ing 
ers. T h e t e m p l a t e s s h o u l d be b raced o n t o p w i t h 2 x 4 l u m b e r . C h e c k a l l 
measu remen ts be fo re c u t t i n g . 

S T E P 6. 

M a k e the s lop ing cu t w i t h a 2 -man p o w e r s a w . E a c h e n d o f t he bar can be 
gu ided b y the t e m p l a t e . 

S T E P 7. 

If y o u need t o m a k e the s t r inger n a r r o w e r f o r the t h r e a d b a r s , y o u can s lab 
o f f 1 0 % of s t r inger d i a m e t e r o n each s ide w i t h o u t los ing s i gn i f i can t s t reng th . 
F o r e x a m p l e , y o u c a n r e m o v e 4 i n . o n each s ide o f a 4 0 - i n . d i a m e t e r s t r i ng 
er ( F i g u r e 2 3 5 ) . Instead o f s l abb ing the s t r inger , y o u m a y cu t t he channe l s 



F I G U R E 2 3 5 . S l a b b i n g the st r inger sides 

fo r the t h readba r . Mart< the s ide o f the s t r inger fo r the l o c a t i o n o f the c h a n 
nels by d r i l l i ng ho les t h r o u g h the t e m p l a t e . T h e n al ign the m a r k e r s f o r t he 
t h readba r g rooves . N o t c h the grooves to the co r rec t d e p t h by h e w i n g or 
c u t t i n g w i t h a p o w e r s a w . T h e grooves s h o u l d be s m o o t h and no deeper t h a n 
necessary . 

S T E P S . 

A f t e r the t e m p l a t e is r e m o v e d cu t above the c h a l k l i n e t o f i n i sh the b o t t o m 
seat f o r the s t r o n g b a c k . 

M a k i n g the N e e d l e b e a m S u p p o r t 

M a k e a need lebeam-sea t t e m p l a t e as s h o w n in F i g u r e 2 3 6 f r o m 1-in. (or 
heavier) p l y w o o d and re in fo r ce it w i t h 2 x 4 ' s a long the c u t t i n g edges and 
whereve r b rac ing is necessary . 

M a r k the angle o f the cu t by re fer r ing to the large s t ruc tu ra l ske tch m a d e at 
the beg inn ing of the p ro jec t (F igu re 2 2 8 ) . M a r k the cen t re o f the need le 
beam o n the t e m p l a t e . 

S T E P 1. 

M a r k the t e m p l a t e p o s i t i o n measured f r o m the cen t re m a r k o n the t o p o f the 
s t r inger . 
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F I G U R E 2 3 6 . Need lebeam-sea t t e m p l a t e 

S T E P 2 . 

M a r k l ines p e r p e n d i c u l a r t o the br idge c e n t e r l i n e . N a i l 2 x 4 ' s or 2 x 6 ' s o n the 
l ines w i t h i n the m a r k e r s . T h e s e b o a r d s w i l l s u p p o r t t he need lebeam-sea t 
t e m p l a t e s , so t h e y must be long e n o u g h and s t rong e n o u g h so the t e m p l a t e s 
can rest o n t h e m (F igu re 2 3 6 ) . R e i n f o r c e the boards (if requ i red) be fo re 
t h e y are na i led t o the s t r inger . 

S T E P 3 . 

T u r n the s t r inger ups ide d o w n w i t h o u t m o v i n g the boards ou t of p o s i t i o n . 
Leve l the s t r inger end so the ve r t i ca l e n d m a r k rema ins v e r t i c a l . 

S T E P 4 . 

P lace the need lebeam-sea t t emp la tes p rec ise ly on the s u p p o r t s . M a k e sure 
tha t the t emp la tes are v e r t i c a l . N a i l t h e m to the st r inger and brace t h e m se
c u r e l y o n the t o p as s h o w n in the s k e t c h . 

T h e same need lebeam-seat t e m p l a t e is used on st r ingers tha t requ i re b l o c k i n g . 
L i n e s are m a r k e d o n the b o t t o m of the t e m p l a t e fo r the a p p r o p r i a t e b l o c k 
s izes. In ou r case, (F i gu re 2 3 6 ) , l ines are s h o w n fo r 4 - i n . and 8 - in . b l o c k i n g . 



W h e n the s t r inger is cu t f o r b l o c k i n g , a 2 x 4 is na i led t o the t e m p l a t e o n the 
a p p r o p r i a t e b l o c k i n g l ine . T h i s 2 x 4 w i l l rest o n the boa rds na i led t o t he bo t 
t o m of the st r ingers (F igu re 2 3 7 ) . T h e suppo r t s in th is case are na i led o u t 
side the marke rs t o a l l o w the t e m p l a t e s t o hang be tween t h e m . 

F I G U R E 2 3 7 . N e e d l e b e a m t e m p l a t e p o s i t i o n e d fo r b l o c k i n g 

S T E P S . 

T h e s t r inger is n o w cu t a l ong the t e m p l a t e edge . S t r ingers s h o u l d be cu t 
o n l y deep e n o u g h t o p rov ide a rest f o r the n e e d l e b e a m , and the cu t mus t be 
l i m i t e d to 1 0 % of s t r inger d i a m e t e r . T r i m the n e e d l e b e a m if necessary . 

S T E P 6. 

D a p the s t r inger seats in the usual m a n n e r . 

* * * * * * 

Y o u m a y use t w o or th ree smal l logs to f o r m a need lebeam—as long as t h e y 
are w i d e e n o u g h fo r the b racke t s . B o l t these logs toge ther to s i m p l i f y c o n 
s t r u c t i o n and t o prevent s h i f t i n g . A steel o r sawn t i m b e r f r ame m a y also be 
used as a need lebeam to increase the d e p t h . 

If t i m b e r is used fo r the f r ames , it s h o u l d be the same size as t i m b e r used fo r 
caps bu t n o n e o f its d i m e n s i o n s can be sma l l e r t h a n 12 i nches . T h e r e mus t 
be a ver t i ca l m e m b e r u n d e r every s t r inger (F i gu re 2 3 8 ) . 
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F I G U R E 2 3 8 . S a w n t i m b e r - f r a m e n e e d l e b e a m 

T h e need lebeams s h o u l d rest d i r e c t l y u n d e r at least t w o s t r ingers . Instead o f 
d a p p i n g the large s t r ingers , use b l o c k i n g be tween the n e e d l e b e a m and the 
sma l le r s t r ingers. It is g o o d p rac t i ce t o use p l a n k i n g fo r b l o c k i n g or o the r 
sawn t i m b e r a l ready o n h a n d . 

P l a c e m e n t o f s t r ingers a n d t russ ing 

S T E P 1. 

P lace the st r ingers in p o s i t i o n o n the caps w i t h o u t a t t ach ing the t russ ing 
c o m p o n e n t s . A d j u s t t h e m fo r c o r r e c t l o c a t i o n ove r t he caps and l ine u p 
s t r o n g b a c k and n e e d l e b e a m seats. If t he w o r k m a n s h i p has been i n e x a c t , it 
w i l l be necessary to ad jus t t he seats. 

S T E P 2 . 

N o w fab r i ca te the s t r o n g b a c k t o f i t t he s t r inger e n d s . 

S T E P 3 . 

C h e c k the a l i g n m e n t and s ize o f t he g rooves f o r t h e t h readba rs . (Th is w i l l be 
the last c h a n c e t o m o v e the str ingers.) 

S T E P 4 . 

S p i k e the b l o c k i n g to t he need lebeams a n d hang t h e m u n d e r the s t r ingers . 
T i e t h e m loose l y to the s t r ingers , or t o a t e m p o r a r y log rest ing across the 
s t r ingers . 



S T E P 5 . 

F i t the n e e d l e b e a m to its seat b y s h i m m i n g or c u t t i n g . C u t the n e e d l e b e a m 
o n l y — n o t the s t r inger . A p l a t f o r m unde r the s t r ingers mus t be p r o v i d e d f o r 
the w o r k m e n . T a k e e x t r e m e care w h i l e ad jus t ing the n e e d l e b e a m . 

S T E P 6. 

Lash the f i t t ed n e e d l e b e a m t i gh t l y to the s t r ingers. S t r o n g lashing is no t 
necessary because the t ens ion in the rods w i l l keep it in p lace . 

S T E P 7. 

Measu re and m a r k the b racke t l oca t i ons o n the need lebeams . N a i l the b rack 
et w i t h d o u b l e - h e a d e d f o r m na i ls . 

S T E P S . 

P lace and nai l the s t r ongbacks in to p o s i t i o n . T h e y must be f lat against the 
s t r ingers . If s h i m m i n g is necessary , use me ta l sh ims ra ther t h a n w o o d . 

S p r a y o r b rush the s t r o n g b a c k s and b racke ts w i t h an a n t i c o r r o s i o n coa t i ng 
be fo re a t t ach ing t h e m to the s t r ingers . 

S T E P 9. 

R e m o v e part o f the p las t ic j acke t f r o m the t h readba r rods fo r the f i t t i ngs be
fo re p lac ing t h e m in to p o s i t i o n . A f t e r the rods are in p o s i t i o n the f i t t i ngs 
s h o u l d be hand- t igh t (F i gu re 2 3 9 ) . T h e th readbars s h o u l d have a b o u t 5 i n . 
of f ree end beh ind the nut at the n e e d l e b e a m b racke ts whe re the j ack is used 
f o r t ens i on i ng the rods . T w o in . o f f ree end is needed at the s t r o n g b a c k 
w h e n a seal cap is used ( F i g u r e 2 4 0 ) . One -ha l f i nch is e n o u g h if y o u use p ro 
tec t i ve pa in t . 

S T E P 10 . 

O n c e the f i t t ings are hand- t i gh t , r e m o v e the nai ls f r o m the b r a c k e t s . N o w 
t i gh ten the rods so the b racke t is a lmos t t o u c h i n g the n e e d l e b e a m . C h e c k 
the a l i g n m e n t and l o c a t i o n o f the b racke ts . C o n t i n u e to t i gh ten c a r e f u l l y 
un t i l t he b racke ts are against the n e e d l e b e a m . N o w nai l the b racke ts t o the 
n e e d l e b e a m aga in . 



S T E P 1 1 . 

A f t e r f ina l rea l i gnment of all r ods , use a s ing le-bar D Y W I D A G prestress ing 
j a c k * fo r f ina l t e n s i o n i n g . 

A l l the rods are t e n s i o n e d t o the same t o r q u e . T h e t e n s i o n is i nc reased , l i t t le 
by l i t t l e , o n e rod at a t i m e , un t i l all the rods are t ens ioned—or the s t r ingers 
are raised to a s l ight c a m b e r ( 0 . 1 % to 0 . 5 % of the span ) . A l l the o the r rods 
are t i gh tened to the same t e n s i o n . T h e t e n s i o n i n g m a y be d o n e at the 
need lebeams or at the s t r o n g b a c k . If it is d o n e at the s t r o n g b a c k , it m a y be 
necessary to cu t the rod ends . ( D o no t use a c u t t i n g to rch . ) 

* DYWIDAG Prestressing Hydraulic Jacks are designed to fit on DYWIDAG threadbars 
and fittings. They are attached to the end of the rod and pull the bar end away from 
the anchor plate or lock washer by resting against them at a controlled tension. The nut 
is then tightened up against the anchor plate by a wrench. This jack has a maximum 
155 000-1b jacking force. Its maximum stroke is 4 in. and it weighs 96 pounds. It is 
powered by an electric hydraulic pressure pump with a maximum working pressure of 
7200 psi. The pump has a pressure gauge for the control of the exact pressure. The 
pump and the jack are connected by a hydraulic hose. (They are available for rent from 
DYWIDAG Canada Ltd.) 

F I G U R E 2 3 9 . H a n d - t i g h t t russ rods 
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F I G U R E 2 4 0 . T h r e a d b a r f i t t i ngs and s t r o n g b a c k 

S T E P 1 2 . 

N o w r u s t p r o o f the f i t t i ngs , b r a c k e t s , and s t r ongbacks and r e m o v e the w o r k 
p l a t f o r m s unde r fhe b r idge . 

S T E P 13 . 

S t r inger ex tende rs are put o n the st r inger ends and t ied w i t h d r i f t p ins t o 
elevate the st r inger ends to s u p p o r t the crosst ies (F igu re 241 ) or to s u p p o r t 
the p l a n k i n g (F igu re 2 4 2 ) . T h e br idge is n o w ready fo r d e c k i n g . 

G . B R I D G E D E C K S 

D e c k i n g is part of the supe rs t r uc tu re . Its f u n c t i o n is to p rov ide a r unn ing 
sur face fo r the t r a f f i c and to d i s t r i b u t e the l ive- load ( t ra f f i c - load) over the 
s t r ingers . T h e f o l l o w i n g d e c k t y p e s are d i s c u s s e d . 

1. G r a v e l D e c k s 
2 . T i e - a n d - P l a n k D e c k s 
3 . L a m i n a t e d D e c k s 
4 . S p e c i a l t y D e c k s 



1. G r a v e l D e c k s 

Grave l d e c k s m a y cons is t o f any mate r ia l w h i c h p rov ides a g o o d t ra f f i c sur
face and does no t reta in wa te r . S o m e f r e q u e n t l y - u s e d mate r ia l s are gravel 
(p i t - run , r iver , c r u s h e d ) , r o c k ( s h o t r o c k , f i ne and p r i m a r y c r u s h e d - r o c k , 
r i pped r o c k , s l ide r o c k ) , sand (coarse sand p re fe rab l y ) and coarse m ine ra l 
soi ls (glacial t i l l , h a r d p a n , e tc . ) . E v e n o rgan ic s o i l , sawdus t , or w o o d ch ips 
c o u l d be used fo r a gravel d e c k o n a t e m p o r a r y b r idge . 

G rave l d e c k s p rov i de a c h e a p , e a s y - t o - m a i n t a i n r u n n i n g sur face fo r br idges 
w i t h a shor t l i f espan and fo r br idges bu i l t w i t h large s t r ingers . A l l cu lve r t -
t y p e log br idges use gravel d e c k s . C o n s t r u c t i o n and m a i n t e n a n c e cos ts o n 
p r o p e r l y - c o n s t r u c t e d grave l -deck br idges w i l l be l o w e r t han fo r o the r br idges 
and these br idges t end to b l end i n to the landscape bet ter . 

F I G U R E 2 4 1 . S t r i nge r -ex tende r c ross t ie s u p p o r t 

2 8 5 



F I G U R E 2 4 2 . S t r i nge r -ex tende r p l a n k i n g s u p p o r t 

2 8 6 



A gravel d e c k is the o n l y t y p e o f d e c k w h i c h does no t d i s t r i b u t e t r a f f i c load 
even l y over the s t r ingers . It is t he re fo re i m p o r t a n t tha t t he s t r ingers be fast
ened toge the r t o w o r k as a un i t . A m i n i m u m o f 6 - i n . su r face mate r ia l is re
qu i r ed to p ro tec t the s t r ingers and lashing and to a l l o w road grad ing the 
b r i dge . T h e d e c k t h i c k n e s s must be at least t h ree t i m e s the s ize o f the largest 
r o c k p ieces . 

2 . T i e - a n d - P l a n k D e c k s 

T i e - a n d - p l a n k d e c k s are l igh t , easy t o c o n s t r u c t , c o n t a i n t he least a m o u n t of 
w o o d and are the best c h o i c e f o r long br idges . T h e y are w i d e l y u s e d . Pre
pare and p o s i t i o n the s t r ingers so tha t the t o p sur faces are in o n e p lane . Pu t 
crosst ies across the s t r ingers and s p i k e t h e m . Fore -and-a f t p l a n k i n g is t hen 
laid and na i led o n the c ross t ies . 

T h e d e c k mate r ia l s h o u l d be a i r -d r ied and seasoned be fo re use t o reduce its 
we igh t and t o p revent it f r o m w o r k i n g loose w h e n it s h r i n k s . 

a) Cross t ies 

Use crosst ies f r o m w o o d spec ies hav ing h igh s t rength cha rc te r i s t i cs and re
s is tance to d e c a y . A v o i d w o o d tha t t ends to d e f o r m or sp l i t d u r i n g d r y i n g . 
Doug las - f i r , cedar , sp ruce and p ine are a c c e p t a b l e . 

C ross t i e r e q u i r e m e n t s d e p e n d o n s t r inger and cross t ie spac ing and the size o f 
the design l o a d . T a b l e I V - T m a y be used as a gu ide f o r se lec t ing s izes . U n 
t rea ted crosst ies are s e l d o m p laned and m a y s h o w as m u c h as one -ha l f - i nch 
va r i a t i on in s ize. T i e s w i t h a square c ross -sec t ion are p re fe rab le so tha t o f f -
s ize t ies can be t u r n e d to m a k e an even sur face fo r the p l a n k s . 

T h e length of the c ross t ies d e p e n d s o n the w i d t h of t he s t r ingers and the re
q u i r e d runn ing su r face . If, f o r e x a m p l e , a 15 - f t -w ide load must be t rans
po r ted over the b r idge , t h e n the crosst ies mus t a c c o m m o d a t e the whee l 
spac ing and the s t r ingers mus t be p laced to s u p p o r t th is l o a d . T h e veh ic le 
whee ls mus t never run o u t s i d e the s t r ingers . N o t o n l y is there a r isk of t ies 
shear ing , bu t ser ious e c c e n t r i c ove r l oads c o u l d o c c u r o n the b r idge . T i e s 
must not ove rhang the s t r ingers b y m o r e t han t w o feet . M o s t coas ta l logging 
o p e r a t i o n s are c u r r e n t l y b u i l d i n g br idges w i t h a c learance o f 14 f t , 2 i n . be
t w e e n guard ra i l s . Use ex t ra st r ingers to prevent the crosst ies f r o m over 
hang ing m o r e t han 2 ft o n an o t h e r w i s e n a r r o w b r idge . 



T A B L E I V - T . C ross t i e S i z e G u i d e ( Inches) 
(Crosstie sizes show rough dimensions.) 

D E S I G N L O A D 1 5 0 t o n 1 0 0 t o n 5 0 t o n 

P l a n k i n g 4 in 5 in 4 in 3 in 

S P E C I E S : O . C . S i z e O . C . S i z e O . C . S i z e O . C . S i z e 

Doug las - f i r 

Y e l l o w cedar 

Wes te rn 
h e m l o c k 

16 1 0 x 1 0 

2 0 1 0 x 1 2 

18 1 0 x 1 0 

2 0 1 0 x 1 0 

16 8 x 8 

14 8 x 8 

12 6 x 6 

S i t k a sp ruce 
16 1 0 x 1 0 16 1 0 x 1 0 16 8 x 8 12 6 x 6 

16 8 x 8 

Wes te rn 
red cedar 

P ine 

S p r u c e 
(excep t S i t k a ) 

16 1 2 x 1 2 16 1 0 x 1 0 16 1 0 x 1 0 12 6 x 6 

16 8 x 8 

N o t e : O . C . = o n cen t re 

Wes te rn h e m l o c k is used seasoned , a i r - or k i l n -d r i ed t o prevent w a r p 
ing and sp l i t t i ng . 1 0 x 1 2 t ies l ie o n 12 - i n . su r face . 



If the d e c k must be bu i l t t o a c c o m m o d a t e occas iona l w i d e t ra f f i c , tha t part 
o f t he b r idge no t used f o r n o r m a l t r u c k t ra f f i c s h o u l d be b l o c k e d o f f t o 
f o r c e t r u c k s to use the cen t re o f t he br idge w h e n t h e y . d o no t need the e x t r a 
w i d t h reserved fo r spec ia l loads . T h i s can be d o n e by p lac ing smal l logs in 
s ide the guardra i l s . P u t t e m p o r a r y f ende r logs o n each e n d o f t he b r idge t o 
gu ide the t ra f f i c to the cen t re (F igu re 2 4 3 ) . 

F I G U R E 2 4 3 . N a r r o w e d br idge d e c k 

Cross t ies w h i c h s u p p o r t the guardra i l s mus t be 3 f t longer t han the o the r 
t ies. Regu la r - l eng th t ies m a y be staggered to s u p p o r t the guardra i l (F i gu re 
2 4 4 ) . O r d e r an e x t r a 5 % fo r b l o c k i n g and breakage w h e n y o u o rde r t ies . 

L a y i n g the c ross t ies 

S T E P I. 

L a y a c ross t ie o n each e n d o f t he s t r ingers . 

S T E P 2 . 

T h e cen te r l i ne o f the br idge is m a r k e d at bo th ends o f the s t r uc tu re . If it 
fa l ls o n a s t r inger su r face , m a r k it w i t h a penc i l or na i l . If n o t , nai l a p iece 
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F I G U R E 2 4 4 . Staggered- t ie guardra i l s u p p o r t 

2 9 0 



of l u m b e r across bo th ends o f the s t r ingers f l ush w i t h the t o p , and use tha t 
f o r m a r k i n g . 

S T E P 3. 

M a r k the cen te r l i ne b e t w e e n the m a r k s and cen t re the end crosst ies pe rpen 
d i c u l a r t o th is cen te r l i ne . P o s i t i o n i n g m a y be d o n e w i t h a ca rpen te r ' s square 
o r b y tape-h ieasur ing the s ides o f a r igh t -ang led t r iang le (F igu re 2 4 5 ) . (The 
re l a t i onsh ip o f the s ides in th is r ight -ang led t r iang le is a r ranged as 3-4-5.) 

F I G U R E 2 4 5 . L o c a t i n g crosst ies o n the s t r ingers 

S p i k e these t ies o r m a r k t h e i r e x a c t l o c a t i o n o n the s t r ingers . 

S T E P 4 . 

Measu re the d i s tance b e t w e e n the t ies and ca l cu la te t ie s p a c i n g . P lace the 
second t ie f r o m each end of the b r idge nex t to the f i rs t to m a k e a b u l k h e a d 
against the pressure o f the ad jo i n i ng road mate r ia l and t o resist s h o c k l o a d i n g 
b y t r a f f i c . T h e p o s i t i o n o f eve ry t e n t h c ross t ie s h o u l d be m a r k e d o n the o u t 
s ide s t r ingers . ( A c c u r a c y t o t he nearest hal f i nch is sa t i s f ac to r y unless o t h e r 
wise spec i f i ed in t he design.) 



S T E P 5 . 

L a y the crosst ies o n the s t r ingers . If a m a c h i n e is u s e d , star t at the beg inn ing 
of the b r idge and lay loose p l a n k i n g o n the t ies . If it is poss ib le t o run a 
f r o n t - e n d loader d i r e c t l y o n the s t r ingers , start p lac ing the t ies at the far 
e n d . (T rack e q u i p m e n t s h o u l d no t be a l l o w e d o n the str ingers.) 

S T E P 6. 

It is no t necessary to m a r k every t ie l o c a t i o n o n the s t r ingers if spacer t e m 
plates are used . Use t w o t emp la tes , one at each end o f the t ies . C u t the 
t e m p l a t e s one e i g h t h - i n c h sma l le r t han the space needed b e t w e e n the t ies 
(F igu re 2 4 6 ) . C h e c k the l o c a t i o n of every t en th t ie by c h e c k i n g against the 
m a r k s . 

^PtsCtSi. -mMPLATE. - T H E T E M P L S T t 
I* MADE rxa- LUMBER, oz. 
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F I G U R E 2 4 6 . T e m p l a t e fo r c rosst ies 

S T E P 7. 

L a y a s t ra ightedge over the t ies to c h e c k the he igh t . He igh t d i f f e rences 
s h o u l d no t be m o r e t han one e i g h t h - i n c h o n a so l i d d e c k . If he igh t is m o r e 
t han one q u a r t e r - i n c h , the t ies s h o u l d be n o t c h e d or t u r n e d and c h e c k e d 
aga in . If t h e y are st i l l h igh (or l o w ) , t h e y s h o u l d be r ep l aced . 



S T E P S . 

T h e crosst ies mus t l ie o n the s t r ingers . S h i m gaps o f m o r e t h a n one -e igh th 
i n c h . C e d a r sh ing les used f o r s h i m m i n g can be wedged in f r o m b o t h sides 
u n d e r t he t i e . 

S T E P 9 . 

S p i k e the f i rs t t w o t ies in the co r rec t p o s i t i o n . 

S T E P 10 . 

N a i l a p iece o f 2 x 4 o n t o p o f these t ies a n d d r a w a c h a l k l i n e t o a l ign the t ie 
ends . O n l y the o u t s i d e ends need to be a l igned if the t ies are s taggered. 

S T E P 11 . 

A f t e r p o s i t i o n i n g the c ross t ies c o r r e c t l y , fas ten t h e m w i t h b r idge sp i kes o r 
d r i f t s tha t pene t ra te the s t r ingers at least f o u r i nches . T o prevent sp l i t t i ng , 
p re-dr i l l one-ha l f i nch d i a m e t e r ho les f o r sp i kes . T h e ho les f o r d r i f t s s h o u l d 
be at least one-e igh th i nch sma l le r t h a n the d r i f t d i a m e t e r . Ho les s h o u l d be 
less t han fu l l d e p t h to a l l o w p rope r f i t t i ng of the p o i n t . Use a 1 0 - p o u n d 
s l edge -hammer and d r i ve the sp i kes so the head is f l ush w i t h the w o o d su r face . 

S T E P 1 2 . 

T r i m the t ies a long a c h a l k l i n e af ter t h e y have been s p i k e d t o the s t r ingers . 

* * * * * * 

It is no t necessary t o sp ike the t ies to eve ry s t r inger o n t e m p o r a r y b r idges . 
Y o u can sp ike every o t h e r t ie b e t w e e n s t r ingers . B u t sp i ke every t ie t o 
every s t r inger o n p e r m a n e n t b r idges . S p i k e the guard ra i l s u p p o r t i n g t ies to 
every s t r inger . (Th is app l i es t o al l br idges.) 

B r i dge sp ikes are m a d e f r o m one ha l f - i nch -squa re ga l van i zed m i l d steel w i t h a 
ch ise l edge at one end and a large r o u n d m u s h r o o m head at the o t h e r . D r i f t s 
are 1 /2 - in . or 3 / 4 - i n . d i a m e t e r r o u n d s tee l , p o i n t e d at one end and cu t square 
at the o the r . We r e c o m m e n d the use of b r idge sp ikes because the head he lps 
t o p reven t ve r t i ca l m o v e m e n t . 



b) P l a n k i n g 

T h e size of p l a n k i n g d e p e n d s o n the des ign load and the t r a f f i c d e n s i t y . 
R o u g h 4 x 1 2 Doug las - f i r o r h e m l o c k p l a n k i n g is c o m m o n l y used f o r 100 - t on 
(or larger) loads . 5 x l 2 ' s m a y be used o n a b r idge c a r r y i n g u n u s u a l l y heavy 
t ra f f i c . R o u g h 3 x 1 0 f i r , h e m l o c k , p ine o r sp ruce p l a n k i n g is used o n 5 0 - t o n 
c a p a c i t y b r idges . T h e p l a n k s mus t n o t be shor te r t h a n 8 ft and mus t span 
6 or m o r e c ross t ies . Use r a n d o m lengths . 

P l a n k i n g m a y be separa ted in to t h ree bas ic g r o u p s : t i gh t p l a n k i n g , o p e n 
p l a n k i n g and runn ing p l anks f o r t e m p o r a r y b r idges . 

T i g h t p l a n k i n g is t i gh t l y la id t o f o r m a r u n n i n g su r face . It w i l l p ro tec t the 
s t r ingers f r o m m u d and wa te r to p revent d e c a y . O n e d isadvan tage is e x 
cessive wear f r o m grave l and d i r t . T o reduce t h i s d e c k w e a r , t rea t t he ap
p roaches w i t h pav ing o r so i l c e m e n t i n g and give the d e c k s an o c c a s i o n a l 
h o s i n g - d o w n . (Hos ing is n o t r e c o m m e n d e d over f i sh s t reams w i t h n o r m a l 
wa te r levels bu t it m a y be d o n e d u r i n g f l o o d pe r i ods . C o n s u l t w i t h loca l 
f i she r y and c o n s e r v a t i o n o f f i ce rs . ) T h i s d e c k is easy t o inspec t a f ter h o s i n g , 
and w o r n p l a n k s can be r e p l a c e d . 

O p e n p l a n k i n g has a space of a b o u t one ha l f - i nch lef t be tween the p l a n k i n g . 
T h i s t y p e o f d e c k tends to be se l f - c l ean ing , requ i res less m a i n t e n a n c e , and its 
p l a n k s last longer and w i l l be easier to rep lace . D i r t w i l l c a k e o n the s t r ing
ers , h o w e v e r , and keep t h e m wet—a c o n d i t i o n c o n d u c i v e t o ro t . O p e n p l a n k 
ing is r e c o m m e n d e d fo r t e m p o r a r y br idges w h e r e the d e c k has to last the re
q u i r e d l i fe o f the b r idge . 

R u n n i n g p l anks are used o n t e m p o r a r y b r idges—two panels w i d e e n o u g h to 
s u p p o r t t h e t r u c k t i res . L e a v e t h e cen t re o f t h e b r i dge o p e n . T h i s t y p e o f 
d e c k i n g is no t r e c o m m e n d e d fo r roads o p e n t o t he p u b l i c . 

L a y i n g the p l a n k s 

S ta r t l ay ing the p l anks f r o m the o u t s i d e o f the b r idge and progress t o w a r d 
the cen t re . M a r k the o u t s i d e edge o f the d e c k e d area b y us ing a c h a l k l i n e 
and a s t ra igh tedge . 

P lace and na i l long p ieces o f p l a n k i n g a long the m a r k o n b o t h s ides of the 
b r idge m a r k i n g the i r ends f l ush w i t h the f i rs t c ross t ie . F i l l in b e t w e e n these 
p lanks row by r o w . A n y ad jus t ing necessary is d o n e in the cen t re w i t h nar
r o w p l a n k s . ( T r i m w i t h a sma l l powersaw . ) T a k e care tha t n e i g h b o u r i n g 



p lanks d o no t end over the same t i e . O n e w a y to m a k e sure o f th is is to use 
the longest p lanks o u t s i d e and progress ive ly shor te r p l a n k s i ns ide . 

P l anks mus t j o i n over a c ross t ie if the space be tween the t ies is m o r e t h a n 6 
i n . o r if the p l ank t h i c k n e s s is less t han 4 i nches . If the space is less t han 5 
i n . and p lank t h i c k n e s s m o r e t h a n 4 i n . , the p l a n k s can j o i n b e t w e e n crosst ies 
to reduce end-sp l i t s f r o m s p i k i n g (F igu re 2 4 7 ) . 

F I G U R E 2 4 7 . J o i n i n g p l anks b e t w e e n cross t ies 

A s y o u cu t , t ake care to l i f t the p l anks f r o m the t ies to p revent damage . 
T r i m p l a n k ends at b o t h ends of the b r idge , f l ush w i t h the ou t s i de o f the 
f i rs t c ross t ies . D o no t d r o p t ie and p l a n k t r i m m i n g i n to the s t r e a m . 

Fas ten ends w i t h t w o sp i kes . D r i v e the sp ikes in a s lant as far as poss ib le 
f r o m the ends to p reven t sp l i t t i ng the p l a n k (F igu re 2 4 8 ) . Use a 5- lb s ledge
h a m m e r to dr ive the sp i kes . It m a y also be necessary t o p re-dr i l l ho les . D r i l l 
1 /4 - in . d i ame te r ho les 3 i n . deep in to the p l a n k . 

F I G U R E 2 4 8 . P l a n k s j o i n e d over a c ross t ie 

P l a n k s are no t necessar i l y na i led t o every t ie bu t mus t have one nai l in every 
second t ie . N e i g h b o u r i n g p l anks s h o u l d be na i led t o d i f f e ren t t ies. 

Na i l s s h o u l d be longer t han t w i c e the p l a n k i n g t h i c k n e s s . T a b l e I V - U shows 
the t y p e and s ize o f nai ls r e c o m m e n d e d fo r d i f f e r e n t p l ank s izes. O r d e r 1 0 % 
to 2 0 % m o r e t han y o u need t o a l l o w fo r i n a c c u r a c y in the c o u n t . 



T A B L E I V - U . Na i l S i z e G u i d e 

Deck Plank Thickness 5 in 4 in 3 in 2 in 

Nails and Spikes - Size L C D L C D L C D L C D 

Common Round Wire Nails 
-Bright 

Flat Heads - Diamond Points 
- Standard 
- Galvanized 

6 
6 

9 
9 

0.28* 
0.28* 

6 
5 

9 
18 

0.28 
0.23 

Common Round Wire Spikes 
- Bright - Standard 

Flat Heads - Diamond Points 
* * - Galvanized 

12 
10 

2.9 
3.6 

0.35 
0.35 

10 
8 

3.6 
5.2 

0.35 
0.32 

7 
6 

7 
8 

0.3 
0.3 

6 
6 

8 
8 

0.3 
0.3 

***Common Spiral Nails 
- Bright 

Flat Heads - Diamond Points 
- Standard 
- Special 

12 4.1 0.32 10 5 0.32 7 10.2 0.28 6 
5 

14.2 
14 

0.25 
0.28 

L = Length in inches 
C = Count/lb 
D = Diameter in inches 

*May be used for bridges with a very short life span, or for decking where every crosstie is nailed to 
the planking. 

**Diameters of galvanized nails are marginally larger than shown. The table shows the original dia
meter and count before galvanization. 

***Diameters of spiral nails are measured across the opposing crest of the spiral. 

C o m m o n r o u n d w i re nai ls m a y b e u s e d fo r t e m p o r a r y br idges. Sp i r a l or gal

v a n i z e d nai ls s h o u l d be used o n larger br idges to p revent the p l anks f r o m 

w o r k i n g loose . G a l v a n i z e d nai ls have m o r e s t rength t han spira l na i l s ; the i r 

h o l d i n g p o w e r is p r o v i d e d by the z i n c c o a t i n g . Use ga lvan ized nai ls in sea

soned w o o d and sp i ra l nai ls in green w o o d . 



3 . L a m i n a t e d D e c k s 

A l am ina ted d e c k is m a d e f r o m s ized l u m b e r p laced o n edge across the 
s t r ingers and na i led to f o r m a one -p iece so l id d e c k . L i g h t fo re -and-a f t p l a n k s 
o r aspha l t f o r m the r u n n i n g su r face . L a m i n a t e d d e c k s are wa te r t i gh t and 
keep the st r ingers d r y . T h e y ' r e m a d e f r o m t rea ted mate r ia l o n p e r m a n e n t 
br idges bu t are s e l d o m used o n t e m p o r a r y br idges because o f t he i r h igh cos t . 

T a b l e I V - V shows the requ i red l u m b e r s ize . T h e l u m b e r s h o u l d be p re -cu t , 
p re -d r i l l ed and p ressure- t rea ted . F resh cu t s and ho les s h o u l d be f i e ld - t rea ted . 
A n y part of the w o o d damaged d u r i n g t r a n s p o r t a t i o n , h a n d l i n g , and c o n 
s t r u c t i o n s h o u l d a lso be t r ea ted . 

T A B L E I V - V . D e p t h s o f L a m i n a t i o n s 

(Depth shown in inches. All lumber has 2-in. nominal thickness.) 

Design Load 150 ton 100 ton 50 ton 

Planking thickness 
in inches 2 3 4 asphalt 2 3 4 asphalt 2 3 asphalt 

Wood Species 

Douglas-fir 
Western hemlock 
Sitka spruce 
Yellow cedar 

10 10 8 10-8 8 8 6 8-6 6 4 6-4 

Pine 

Spruce (Interior) 
Western red cedar 

12 10 10 12-10 10 8 8 10-8 8 6 8-6 

Weste rn red cedar and y e l l o w cedar m a y be used w i t h o u t pressure t r e a t m e n t , 
bu t t h e y s h o u l d be sur face- t rea ted t o w a t e r p r o o f t he d e c k a f te r the l a m i n a 
t i ons are l a i d . 

M a k e the d e c k w i d e e n o u g h to c o v e r a l l c u t s t r inger sur faces and t o t rans fe r 
the load t o every s t r inger . It s h o u l d be no w i d e r t h a n 16 feet . 



A 2 1/2-ft sec t i on mus t e x t e n d 18 i n . o n bo t i i s ides t o s u p p o r t t l i e guard ra i l s . 
H o l e s fo r t he guardra i ls are d r i l l e d in t he f i e ld and f i e l d - t r ea ted . F i g u r e 2 4 9 
shows a l a m i n a t e d d e c k w i t h guard ra i l s u p p o r t s . 

F I G U R E 2 4 9 . L a m i n a t e d d e c k 

M a r k the st r ingers as y o u w o u l d fo r t i e -and -p lank d e c k s . N a i l th ree gua rd ra i l -
s u p p o r t i n g l a m i n a t i o n s toge the r so t h e y f o r m a 6 - i n . t i m b e r . T h e easiest w a y 
t o d o th i s is to lay th ree p ieces o n t o p o f each o the r and na i l o n one s ide ac
c o r d i n g t o the nai l pa t te rn . T h e n t u r n t h e m o n the o the r s ide and n a i l . T h i s 
l a m i n a t e d t i m b e r is p laced l i ke the f i rst c ross t ie o n a t i e -and -p lank d e c k . 

O n c e the f i rs t th ree l a m i n a t i o n s are in p o s i t i o n t hen the o the rs are na i led t o 
t h e m and t o t he s t r ingers , as i n d i c a t e d b y the na i l i ng pa t te rn in F igu re 2 5 0 . 

N a i l the l a m i n a t i o n s w i t h 5 - in . c o m m o n or ga lvan ized na i ls . T h e r e is l i t t le 
advantage t o ga lvan ized nai ls in a d r y c l i m a t e but t h e y mus t be used in wet 
areas. (Toe nai ls mus t a lways be ga lvan ized . ) 
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Preset the nai ls be fo re each l a m i n a t i o n is p laced in to p o s i t i o n . M a k e sure the 
l a m i n a t i o n s lie p r o p e r l y on every s t r inger . If no t , sh im af ter na i l i ng . T h e 
t o p o f the l a m i n a t i o n s s h o u l d be s m o o t h and even . M a k e sure each l a m i n a 
t i o n is up r i gh t by c h e c k i n g f r e q u e n t l y w i t h a ca rpen te r ' s square . C o r r e c t any 
t i l t i ng by inser t ing cedar sh ing les or t rea ted wedges. 

If s t r ingers are no t w a t e r p r o o f e d , nai l a p iece o f t rea ted l u m b e r ( 2 x 4 or 1 x 2 
or a large m o u l d i n g ) to the unde rs i de at the edge of the l a m i n a t i o n s ( F i g u r e 
2 5 1 ) . T h i s w i l l p revent wa te r f r o m runn ing unde r the d e c k and soak ing the 
st r ingers. W a t e r p r o o f g lue, s i l i c o n e , r o o f i n g c e m e n t or o the r w a t e r p r o o f m a 
ter ia l mus t be used be tween the w o o d st r ip and the l a m i n a t i o n s . 

3/4-V 3a" 6LWtD-

M<?UUDlkl<a-(ALLIED 
A U P MAILED 

^ U A K D R A I L UMDEP-

- 2 V a " UP GLUED ' 
AUP MAILED 

F I G U R E 2 5 1 . L a m i n a t e d d e c k w i t h r unn ing p lanks 

Use p l a n k i n g over the l a m i n a t i o n s to p rov ide a r u n n i n g sur face o n logg ing 
br idges. ( H i g h w a y br idges are su r faced w i t h asphal t or conc re te . ) C o n c r e t e 
su r fac ing is the mos t wear - res is tant—and also the mos t expens i ve . If c o n 
cre te is used , b o t h the des igner and bu i l de r mus t have e x p e r i e n c e w i t h th is 
t y p e o f c o n s t r u c t i o n . P u b l i s h e d p lans m a y be used fo r the c o n s t r u c t i o n and 
p l a n n i n g o f 50 - t on br idges. C o n s u l t M O D E R N T I M B E R B R I D G E S - S O M E 
S T A N D A R D S A N D D E T A I L S , ava i lab le f r o m the C a n a d i a n Ins t i tu te o f 
T i m b e r C o n s t r u c t i o n . 

Use rough un t rea ted p l a n k i n g fo r d e c k i n g (as s h o w n in T a b l e I V - X ) . T h e 
p lank w i d t h is 10 or 12 inches. P l a n k i n g shor te r than 8-ft lengths s h o u l d 
not be used . Na i l p l anks to the l a m i n a t i o n by us ing spi ra l ( A r d o x ) nai ls at 
least t w i c e the length of the p l a n k i n g t h i c k n e s s , t a k i n g care tha t the nai ls d o 
not pene t ra te m o r e than hal f the l a m i n a t i o n t h i c k n e s s . T w o nai ls are used 



on b o t h ends of the p l a n k s , bu t t h e y are d r i ven in to d i f f e ren t l a m i n a t i o n s 
(F igu re 2 5 2 ) . T h e p l anks are a lso na i led to the l a m i n a t i o n at 2 ft in te rva ls . 
(Take care to dr ive the nai ls i n to the l a m i n a t i o n s and no t be tween t h e m or 
t h r o u g h the edge.) 

F I G U R E 2 5 2 . N a i l i n g pa t te rn fo r r unn ing p l anks o n l am ina ted d e c k 

Y o u can e x t e n d br idge l i fe by us ing t h i c k e r p lanks o r b y d o u b l i n g the 
p l a n k s . If y o u d o u b l e the p lanks y o u can rep lace the t o p layer w i t h o u t 
damage t o the l a m i n a t i o n s . T h e t o p layer s h o u l d be na i led t o t he b o t t o m 
layer bu t the nai ls s h o u l d not pene t ra te the l a m i n a t i o n s . Pressure- t reat—or 
at least f ie ld- t reat—the b o t t o m layer . A 3 - i n . t rea ted base w i t h 2 - i n . r o u g h , 
un t rea ted t o p p l anks w i l l m a k e a g o o d r u n n i n g su r face . 

Y o u can use runn ing p l anks a l o n e , but if p u b l i c use is p e r m i t t e d or the p l ank 
ing t h i c k n e s s is over 2 i n . the en t i re sur face s h o u l d be t i g h t l y p l a n k e d . 

B i t u m i n o u s asphal t p rov ides a s m o o t h r u n n i n g d e c k f o r a l am ina ted b r i dge . 
L a y at least 2 i n . o f aspha l t o n t o p o f the l a m i n a t i o n s to p revent a n y damage . 

A s p h a l t w i l l n o r m a l l y be la id by a c o n t r a c t o r but the logging eng ineer m a y 
be requ i red to p rov i de s p e c i f i c a t i o n s . A s p h a l t m a y be pu t o n level o r it m a y 
be c r o w n e d to he lp wa te r run o f f . T h e c r o w n s h o u l d not be m o r e t h a n 2 i n . 
at t he cen t re . B e f o r e pav ing , na i l a t rea ted 2 x 4 s t r ip o n the edge o f the 
r u n n i n g sur face to keep the asphal t o n the b r idge (F igu re 2 5 3 ) . 

O i l the l am ina ted sur face heav i l y to m a k e a b o n d f o r the aspha l t . T h e aspha l t 
mus t be a g o o d q u a l i t y ho t m i x . It m a y be la id by a pav ing m a c h i n e or b y 
h a n d , and t h e n c o m p a c t e d and ro l l ed to a s m o o t h f i n i s h . T h e pav ing m a y be 
d o n e in one or m o r e layers . 



F I G U R E 2 5 3 . 2 x 4 s t r ip to h o l d asphal t 

Pave br idge app roaches to p revent asphal t b r e a k u p at the ends of the b r i dge . 

A s p h a l t w i l l c r a c k if the b r idge de f l ec t s m o r e t h a n 1 /360 . S t r i nge r d i a m e t e r 
s h o u l d be s l igh t l y larger (5% to 10%) t han i nd i ca ted by the des ign graphs fo r 
s i m p l e log s t r ingers . (See M a i n t e n a n c e sec t i on fo r i n f o r m a t i o n a b o u t de
f l e c t i o n test ing.) 

T o p r o v i d e a be t te r b o n d b e t w e e n t h e w o o d o n m o r e f l e x i b l e b r idges , m a k e 
every o the r l a m i n a t i o n 2 i n . h igher . Pavemen t t h i c k n e s s is measured f r o m 
the t o p o f the h ighest l a m i n a t i o n s (F igu re 2 5 4 ) . 

F I G U R E 2 5 4 . H ighe r l a m i n a t i o n s fo r bet ter b o n d 



4 . S p e c i a l t y D e c k s 

P r e c o n s t r u c t e d d e c k sec t i ons can be hau led to the b r idge si te whe re it m a y 
t ake o n l y a f ew hou rs t o rep lace the d e c k . A w e l l - c o n s t r u c t e d sec t iona l d e c k 
keeps the str ingers d r y (F igu re 2 5 5 ) . T h e d e c k is m a n u f a c t u r e d in 6-ft 
panels us ing 1 2 x 1 2 cedar or o the r spec ies . J o i n t he t i m b e r s w i t h t w o 6-ft 
l o n g , 1-in. d i a m e t e r c o u n t e r s u n k bo l t s . T h e panels themse lves are bo l t ed t o 
one a n o t h e r t h r o u g h the guardra i l s u p p o r t s . 

T w o - i n c h p l a n k i n g or o the r su i tab le mate r ia l s h o u l d be used as a r u n n i n g sur
face to p revent wear . 

T h e sec t iona l d e c k is no t fas tened t o the s t r ingers and it m a y m o v e . T o pre
vent l o n g i t u d i n a l m o v e m e n t , rest the sec t ions against the br idge a b u t m e n t 
at b o t h ends . Y o u can prevent s ide m o v e m e n t w i t h b l o c k i n g bo l t ed u n d e r 
the guardra i l s u p p o r t s to rest against the s t r ingers (F igu re 2 5 5 ) . 

F o r easy c o n s t r u c t i o n , use the same size t i m b e r fo r guard ra i l s , guardra i l b l o c k 
ing , and c ross t ies . 

T h e f o l l o w i n g r u n n i n g sur faces m a y be used o n l a m i n a t e d or spec ia l t y d e c k s : 

T w o - i n c h r u n n i n g p l a n k i n g is c o m m o n l y used t o p reven t wear . 

A s p h a l t s t r ips c o m e in a va r i e t y o f s izes. T h e y are m a d e fo r the do- i t -
y o u r s e l f pav ing p ro jec t be ing d o n e w i t h o u t any spec ia l e q u i p m e n t . T h e 
mos t c o m m o n size is 1 ft x 4 ft o n e - i n c h - t h i c k , p r e m a n u f a c t u r e d s t r ip . 

L a y the asphal t s t r ips l eng thw ise o n the d e c k if the fu l l sur face is to be 
c o v e r e d , or across the br idge if o n l y the r u n n i n g sur face is to be c o v e r e d . 
Na i l the s t r ips w i t h no fewer t han e ight 2 - in . c o m m o n ga lvan ized na i ls . 
L a y the str ips t igh t and f i l l the c r a c k s w i t h tar or aspha l t . (It m a y no t 
be necessary to f i l l the c r a c k s in ho t wea the r w h e n the s t r ips are sof t . ) 

Y o u m a y use e x p a n d e d meta l and a gravel- tar m i x t u r e . N a i l e x p a n d e d 
meta l over the r u n n i n g sur face and be sure t o nai l al l ends d o w n to pre
vent t h e m f r o m c u r l i n g and c u t t i n g . T h e sheets m a y be w e l d e d to 
gether to p r o v i d e a c o n t i n u o u s r u n n i n g su r face . (Use f l a t t ened mesh 
w i t h an a p p r o x i m a t e we igh t o f 2 3 lb or 5 3 lb per sheet , and an o p e n i n g 
of 0 . 7 5 i n . X 1.81 i n . o r 1.0 i n . x 2 .49 i n . respec t i ve ly . ) 
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N e x t , lay a t h i c k layer o f aspha l t o r gravel tar pavemen t over the m e t a l . 
T h e pavemen t m a y break up o n a b o u n c y br idge bu t the e x p a n d e d me
ta l w i l l ho l d it in p lace ( F i g u r e 2 5 6 ) . 

F I G U R E 2 5 6 . A t h i n layer o f aspha l t over e x p a n d e d meta l 

A tar-sand m i x t u r e m a y be cheaper t h a n hot asphal t bu t it w i l l no t last 
as long o r p rov ide the same q u a l i t y r u n n i n g su r face . 

C h e c k e r e d steel p la tes can be used w h e n t h e e x t r a we igh t is no t s ign i f i 
can t . W e l d t h e m by p lac ing t h e m f la t o n b l o c k s and na i l t h e m to the 
d e c k . (We ld ing d o n e o n the b r idge d e c k w i t h o u t b l o c k i n g w i l l bu rn a 
ho le in the w o o d and the w e l d m a y b reak unde r t ra f f i c . ) T a k e p recau
t i ons to p reven t f i re d u r i n g and a f ter w e l d i n g . 

T h e s ize o f the p la te d e p e n d s o n the we igh t l i m i t a t i o n s o f the br idge 
and t ra f f i c d e n s i t y . T a b l e IV-W s h o w s the we igh t o f c h e c k e r e d steel 
p la tes . 

O n e - i n c h p l y w o o d m a y rep lace the crosst ies and p l a n k i n g on l ight 
br idges and the t h i c k n e s s requ i red can be bu i l t up in layers . T h e to ta l 
t h i c k n e s s o f the layers s h o u l d equa l tha t o f t he crosst ies t h e y rep lace . 
T h e layers s h o u l d ove r lap and t o p revent damage to the nex t layer the 
t o p layers s h o u l d be changed w h e n t h e y are w o r n . 

R u b b e r be l t ing (used c o n v e y o r bel t ) m a y be na i led t o the p l a n k i n g to 
prevent damage f r o m t r a c k e d veh ic les . 



T A B L E I V - W . C h e c k e r e d S tee l P lates 

Plate S i z e W e i g h t / S h e e t 
(lb) 

2 8 0 

( i n ) 

3 / 1 6 X 4 8 X 9 6 

1/4 X 4 8 X 9 6 3 6 0 

3 / 8 X 4 8 X 9 6 5 2 8 

H . G U A R D R A I L S A N D G U A R D L O G S ( S H E A R , F E N D E R , B U M P E R ) 

G u a r d r a i l s keep a veh i c le f r o m a c c i d e n t a l l y d r i v i ng o f f the br idge and t h e y 
give dr ivers a fee l ing o f sa fe t y . 

Shea r logs are p laced at the sides o f the app roaches to gu ide veh ic les to the 
cen t re o f the b r idge . T h e y s h o u l d be p r o p e r l y m a r k e d so m o t o r i s t s can see 
t h e m in the da rk (F igu re 2 5 7 ) . 

G u a r d r a i l s are usua l l y p laced o n the b r idge af ter the d e c k i n g has been la id . 
If t hey are no t par t o f the l oad -bear ing s t ruc tu re t h e y are m a d e o f sawn t i m 
ber o r smal l logs (guard logs) . T h e y mus t rise above the r u n n i n g sur face 10 
in .—and 2 0 in . is p re fe rab le . T h e guardra i l is e levated to the necessary he ight 
w i t h b l o c k i n g at 6-ft t o 10-f t in te rva ls . 

F I G U R E 2 5 7 . Shea r logs t o gu ide t ra f f i c 



E x t r a crosst ies m a y be used fo r the c o n s t r u c t i o n of sawn t i m b e r guardra i ls 
and the i r b l o c k i n g . If ex t ra he igh t is n e e d e d , use d o u b l e b l o c k i n g . 

A l w a y s sp l i ce guardra i ls above a b l o c k . T h e y m a y be b u t t e d or d a p p e d t o 
o v e r l a p . F igu re 2 5 8 shows a n u m b e r o f guard ra i l sp l i ces . 

- 5/4* <*• et?L"T vnH -
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F I G U R E 2 5 8 . J o i n i n g guardra i l s 

T h e guardra i l m a y be b o l t e d to t he b l o c k i n g , and the b l o c k i n g bo l t ed t o the 
c ross t i e , or a long bo l t m a y be used t o t ie t he g u a r d r a i l , b l o c k i n g and cross-
t ie t oge the r . If the re is l i m i t e d r o o m b e t w e e n the s t r inger and the c ross t i e , 
bo l t s t h readed at b o t h ends a l l o w t i g h t e n i n g f r o m e i the r e n d . 

B o l t heads be tween the guardra i l and b l o c k i n g m u s t be c o u n t e r s u n k o n t o the 
b l o c k i n g t o a l l o w p rope r c o n t a c t b e t w e e n t i m b e r su r faces . 



O n e bo l t is e n o u g h to fas ten the guard ra i l to the crosst ies fo r a m i d s u p p o r t . 
F igu re 2 5 9 shows th ree va r i a t i ons . 

F I G U R E 2 5 9 . M i d s u p p o r t s fo r guardra i ls 

Use a p la te t o s u p p o r t the guard ra i l bo l t o n l a m i n a t e d d e c k s . T h e p la te m a y 
be m a d e f r o m the l a m i n a t i o n mate r ia l and s h o u l d e x t e n d a p p r o x i m a t e l y 1 ft 
o n each s ide o f the b o l t . A c o n t i n u o u s p la te g lued to the l a m i n a t i o n s m a y 
also serve t o s u p p o r t the guard ra i l and act as a l ip t o p reven t wa te r f r o m 
runn ing o n t o the s t r ingers . F igu re 2 6 0 d e m o n s t r a t e s t w o m e t h o d s fo r 
s u p p o r t i n g the guardra i l s o n a l am ina ted d e c k b r idge . 

F I G U R E 2 6 0 . Fas ten ing guardra i l s to l am ina ted d e c k s 

S m a l l logs are c o m m o n l y used as guard logs . T h e y are heavier and m u c h 
s t ronger t h a n sawn t i m b e r , easier t o pu t o n the b r i dge , and safer f o r t r a f f i c . 



If poss ib le , choose s m a l l , r o u n d Wes te rn red cedar logs w i t h a 1 6 - i n . t o p , 
a 2 2 - i n . bu t t , and long e n o u g h t o e l i m i n a t e sp l i ces . T h e guard logs shou ld 
be p e e l e d . T h e y s h o u l d be s u p p o r t e d w i t h . b l o c k i n g w h e r e needed and bo l t ed 
t o the c ross t ie at 6-ft in te rva ls , (or t o every f i f t h c ross t ie ) . 

G u a r d l o g s m a y be sp l i ced l i ke sawn t i m b e r s ( F i g u r e 2 6 1 ) . T h e logs are p laced 
bu t t t o bu t t and t o p t o t o p . 

F I G U R E 2 6 1 . S p l i c i n g guard logs 

G u a r d l o g s m a y p r o t r u d e b e y o n d the ends o f t he b r idge t o f o r m a s u p p o r t f o r 
the shear logs fas tened to t h e m . 

G u a r d r a i l s are bo l t ed to the crosst ie w i t h 3 / 4 - i n . bo l t s and washers . Tab le I V - X 
descr ibes f r e q u e n t l y - u s e d washe r t y p e s w h i c h f i t a 3 / 4 - i n . d i a m e t e r bo l t . 

H o m e m a d e square washers can be cu t f r o m 3 / 8 - i n . m i l d steel p la te (4 - in . x 
4- in.) w i t h a 7 / 8 - i n . d i ame te r h o l e . 

Shear logs (also ca l led f ende r o r b u m p e r logs) a r e a c o n t i n u a t i o n o f t h e g u a r d -
rai ls t o c h a n n e l t r a f f i c at the e n d s o f the b r idge ( F i g u r e 2 6 2 ) . A n a p r o n o f 
aspha l t pavemen t at each br idge a p p r o a c h m a y reduce the r isk o f road 
graders a c c i d e n t a l l y push ing shear logs over t he b a n k . 

F i g u r e 2 6 3 shows a m e t h o d f o r a t t ach ing shear logs t o gua rd logs w i t h a s i m 
ple step n o t c h . Y o u can sp l ice ove r the end gua rd log s u p p o r t , w h e r e the 
g u a r d l o g , shear log and cross t ie can al l be bo l t ed t oge the r . 



T A B L E I V - X . Washers to F i t 3 / 4 - l n c h - D i a m e t e r B o l t s 

H o l e A r e a o f We igh t per 
D i a m e t e r S i z e T h i c k n e s s Washer 1 0 0 Pieces 

in in in in 2 lb 

W r o u g h t i r on or steel 3 3 / 4 1/4 6.6 59 
(square p late) 3 1/4 7 / 8 5 / 1 6 7.6 8 7 

W r o u g h t i r on o r steel 2 3 / 4 9 / 6 4 2.6 10 
( r ound p late) 3 3 / 4 1/4 6.6 4 5 

Ma l l eab le i r on 3 3 / 4 7 / 1 6 6.6 31 
3 1/2 7 / 8 7 / 1 6 9 .0 37 

Cas t i r on ogee 3 1/2 3 / 4 3 / 4 9.1 107 

F I G U R E 2 6 2 . Shea r logs 

3 1 0 



LOG 

F I G U R E 2 6 3 . J o i n i n g shear logs to guard logs over c rosst ies 

T h i s is an aes the t i ca l l y -p leas ing c o n n e c t i o n , bu t it is r ig id and a s l ight m o v e 
m e n t o f the shear log m a y m o v e the guardra i l and damage the c ross t ies . T h e 
sp l i ce s h o w n in F igu re 2 6 4 is m o r e f l e x i b l e . He re the gua rd log is e x t e n d e d 
ou t f r o m the br idge and b o t h logs are d a p p e d and t h e n d r i f t ed w i t h a 3 / 4 - i n . 
d i a m e t e r d r i f t - p in or b o l t . 

F l e x i b l e c o n n e c t i o n s be tween the guardra i l and the shear log can be m a d e 
f r o m steel s t r ips or used cu t t ing -edges f r o m a grader sp i ked w i t h 8 - in . t o 
10 - i n . sp i kes . 

S h o r t p ieces of w i re rope m a y also be used (F igu re 2 6 5 ) . E a c h end of the rope 
mus t be fas tened to the logs w i t h at least th ree s taples no t less t h a n 6 in . apar t . 

Shea r logs m a y be p laced o n the g r o u n d and kep t in p lace w i t h a gravel 
b e r m . W h e n there is no t e n o u g h r o o m fo r a gravel s u p p o r t b e h i n d the shear 



logs, a s u p p o r t i n g c ross log m a y be p laced across the road at each end of the 
shear logs just deep enough unde r the road sur face t o a l l o w grad ing w i t h o u t 
get t ing d a m a g e d . T h i s m a y be o n the t o p o f a c r i b . T h e shear log is d r i f t e d , 
l ashed , n o t c h e d or b l o c k e d to t he c ross log (F igu re 2 6 6 ) . 

. CUAFV LOG 

F I G U R E 2 6 4 . J o i n i n g a shear log t o an e x t e n d e d gua rd log 



F I G U R E 2 6 5 . L o g s sp l i ced w i t h w i r e rope 
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F I G U R E 2 6 6 . Shear log d r i f t e d t o c ross log 



V . W O O D P R E S E R V A T I O N 



V . W O O D P R E S E R V A T I O N 

T h i s sec t i on o n w o o d p rese rva t ion is a br ie f i n t r o d u c t i o n to d e c a y p r o b l e m s 
and preservat ive t y p e s and i nc l udes m e t h o d s fo r d e c a y p r e v e n t i o n and de 
ta i l ed t e c h n i q u e s f o r us ing preservat ives in the f i e l d . Y o u r f i rs t c h o i c e fo r a 
long br idge l i fe w i l l be w o o d species w i t h a na tu ra l res is tance t o d e c a y (such 
as Wes te rn red or y e l l o w cedar ) , w h i c h c o m b i n e s t r uc tu ra l s t rength w i t h rea
sonab le cos t . (T rue f i r s , a lde r , b i r c h , pop la r and c o t t o n w o o d have l o w re
s is tance t o d e c a y and must be t reated. ) T h e o n l y part suscep t i b le t o d e c a y 
in Wes te rn red and y e l l o w cedar is a sma l l a m o u n t of s a p w o o d w h i c h y o u 
m igh t w a n t to t reat w i t h preservat ives. E v e n w i t h no t r e a t m e n t , these 
species w i l l last as long as o the r spec ies w h i c h have been t rea ted—somet imes 
as long as 3 0 years . • 

T h e r e are t w o g roups o f f ung i w h i c h cause d e c a y . O n e des t roys b o t h the 
l ign in and ce l l u lose in the w o o d , caus ing w h i t e ro t . T h e o t h e r des t roys ce l l u 
lose o n l y , leav ing b r o w n ro t . " D r y r o t " has w a t e r - c o n d u c t i n g s t rands and a l 
t h o u g h it l ives in d r y w o o d it has a source of wa te r . It m a y no t be p rac t i ca l 
o r poss ib le t o keep al l water a w a y f r o m the s u b s t r u c t u r e , bu t keep ing s t r ing
ers d r y and p r o v i d i n g air c i r c u l a t i o n a r o u n d t h e m is the best and cheapest 
w a y t o p ro tec t t he i r s t rength and e x t e n d the i r l i f e . 

C h e m i c a l preservat ives w i l l p ro tec t w o o d against d e c a y , insect a t t ack o r ma r i ne 
bo re rs . S a p w o o d is eas i l y imp regna ted w i t h c h e m i c a l s b u t t h e h e a r t w o o d o f 
some species s t r ong l y resists t r e a t m e n t . T h e last ing q u a l i t y of preservat ives 
d e p e n d s o n the i r c h e m i c a l c o m p o s i t i o n , the a p p l i c a t i o n t e c h n i q u e u s e d , the 
w o o d spec ies , and w h e t h e r or no t h e a r t w o o d or s a p w o o d is be ing t r ea ted . 

Preservat ives in use t o d a y are e i ther o i l -based or wa te r -based . O i l - based 
preservat ives are r e c o m m e n d e d f o r br idge c o n s t r u c t i o n because t h e y resist 
wea the r i ng and d o no t leach o u t e a s i l y . 

A . W O O D P R E S E R V A T I V E S 

1. C o a l - T a r C r e o s o t e s 

Coa l - t a r c reoso tes are the mos t p o p u l a r and least expens i ve of the preserva
t ive o i l s . T h e y are eas i ly a p p l i e d in t r e a t m e n t p lan ts , have g o o d pene t ra t i ng 
qua l i t i es , are t o x i c to w o o d - d e s t r o y i n g o rgan i sms , and are a lmos t , i nso lub le 
in wa te r . T h e y can increase the l i fe o f the s t ruc tu re up t o f ive t i m e s tha t o f 
un t rea ted w o o d . C r e o s o t e w i l l no t t a k e p a i n t . It can cause s k i n i r r i t a t i o n , 
has an undes i rab le s m e l l , and its o i l s can b e c o m e t o x i c to f i s h . 



A s a ru le , e f fec t i ve a p p l i c a t i o n o f coa l - ta r c reoso te is poss ib le o n l y in t reat
m e n t p lan ts at h igh t empe ra tu res . If ons i te a p p l i c a t i o n is necessary , c r y s t a l -
f ree coa l - ta r c reoso te is r e c o m m e n d e d . If c reoso te s o l u t i o n s are t o be u s e d , 
t he c reoso te c o n t e n t s h o u l d be h igher t h a n 5 0 p e r c e n t . 

2 . P e n t a c h l o r o p h e n o l and C o p p e r N a p t h e n a t e S o l u t i o n s 

U s u a l l y the p e t r o l e u m o i ls f o r these s o l u t i o n s va ry f r o m l ight d iesel fue l t o 
heavy o i l s . L i g h t o i l s o l u t i o n s are r e c o m m e n d e d f o r ons i t e a p p l i c a t i o n . T h e 
p rope r m i x t u r e s fo r these s o l u t i o n s are 5 % c h l o r i n a t e d p h e n o l s or 3 % c o p p e r 
n a p t h e n a t e . M i x i n g p e n t a c h l o r o p h e n o l w i t h l ight m i n e r a l sp i r i ts resul ts in a 
preservat ive w h i c h leaves the w o o d sur face ready to pa in t . T h e y are s e l d o m 
t o x i c t o m a r i n e l i fe and reasonab l y c lean to w o r k w i t h . P e n t a c h l o r o p h e n o l 
s o l u t i o n does n o t change t h e appea rance o f t he w o o d , bu t c o p p e r n a p t h e n a t e 
leaves a green ish c o l o u r . N o t e t ha t p e n t a c h l o r o p h e n o l causes s k i n i r r i t a t i o n . 
Wear p r o t e c t i v e c l o t h i n g and avo id c o n t a c t . 

3 . W a t e r - S o l u b l e Preservat ives 

Wa te r - so l ub le c h e m i c a l s are c lean and eas i ly app l i ed by b rush or s p r a y g u n 
and y o u can pa in t the w o o d sur face later . G o o d re ten t i on can be e x p e c t e d 
w h e n these c h e m i c a l s are a p p l i e d to the w o o d at the si te w h i l e the sap is 
r u n n i n g . S o m e of these preservat ives are h i gh l y t o x i c and we c a u t i o n the 
user t o c h e c k t h e m be fo re pu rchase . W e d o no t r e c o m m e n d preservat ives 
w i t h an arsen ic c o n t e n t to be used fo r the p rese rva t ion o f b r idge m a t e r i a l . 

T w o wa te r - so lub le preservat ives w h i c h have good res is tance to leach ing are 
c o p p e r i z e d c h r o m a t e d z i n c c h l o r i d e and ac id c o p p e r c h r o m a t e ( C e l c u r e ) . 
O n e o f t he o ldes t wa te r - so lub le preservat ives is z i n c c h l o r i d e . It is easy t o 
use, c lean and i n e x p e n s i v e , but its leach ing charac te r i s t i cs reduce its e f fec t i ve 
ness. It is used o n l y w h e n o t h e r wa te r - so lub le preservat ives are no t ava i l ab le . 

B. U S E O F P R E S E R V A T I V E S 

L P lan t T r e a t m e n t 

S m a l l logs and t i m b e r can be t rea ted at a p lan t unde r ve ry s t r ic t and c o n 
t r o l l ed c o n d i t i o n s t o ach ieve o p t i m u m p e n e t r a t i o n . P lan t t r ea tmen t is r e c o m 
m e n d e d fo r al l b r idge mate r ia l e x c e p t large s t r ingers and si l l logs. 

B e f o r e a n y o f t he ma te r i a l is c u t o r o r d e r e d , d iscuss it w i t h the t r e a t m e n t 
p lan t p e r s o n n e l . 



T h e pressure process is be t te r f o r t rea t ing b r idge mate r ia l in the p lan t . 
T h e fu l l - ce l l pressure process is used f o r c r e o s o t e . W o o d is put in the t rea t 
men t c h a m b e r s and the air is p u m p e d o u t to c reate a v a c u u m w h i c h removes 
the m o i s t u r e f r o m the w o o d . T h e n the c h a m b e r is f l o o d e d w i t h c reoso te . 
O n c e the w o o d is f u l l y s u b m e r g e d in the p reserva t i ve , the v a c u u m is rep laced 
w i t h pressure to f o r ce the c reoso te i n to the w o o d and th is pressure is kep t 
o n fo r several h o u r s . 

T h e e m p t y - c e l l pressure process is used w i t h o i l - b o r n e preservat ives . T h e 
w o o d in the c h a m b e r s is kep t u n d e r h igh a i r -pressure fo r a t i m e be fo re be ing 
f l o o d e d w i t h preservat ives and t h e n pressure is m a i n t a i n e d fo r a f ew m o r e 
h o u r s . 

T h e non-pressure process is usua l l y an o p e n - t a n k sys tem fo r soak ing the 
w o o d in preservat ives. A hot and c o l d ba th process is used fo r coa l - tar c r e o 
sote and o i l - b o r n e preservat ives . T h e w o o d is p laced in to a hot preservat ive 
ba th f i rst and then the ba th is q u i c k l y rep laced w i t h c o l d preservat ives. T h e 
process is repeated o f t e n and the w o o d f i n a l l y left to soak in the c o l d b a t h . 
T h i s process is used fo r p i l i ng w h e r e o n l y a p o r t i o n of the pi le must be 
t r e a t e d . 

2 . F i e l d T r e a t m e n t 

T h e f i e ld sys tem is used t o t reat s t r ingers and o the r large logs. It cons is ts o f 
c o l d - s o a k i n g the w o o d w i t h c rys ta l - f ree c reoso te o r l o w v i s c o s i t y o i l - b o r n e 
preservat ives (using the d i f f u s i o n process) or a c o m b i n a t i o n o f b o t h . F i e l d -
t rea ted w o o d re ta ins m u c h less c h e m i c a l t han p lan t - t rea ted w o o d . C r e o s o t e 
and o i l - b o r n e preservat ive p e n e t r a t i o n s e l d o m reaches 1/16 in . e x c e p t at the 
ends . 

D i f f u s i o n p rocess 

T h e d i f f u s i o n process is used fo r l ive w o o d w h i l e the sap is st i l l r u n n i n g . It 
does not w o r k at al l o n dead w o o d or t rees cu t in the d o r m a n t p e r i o d . 
T h e l i q u i d c h e m i c a l s are i n t r o d u c e d t o the log at t he sma l l end i m m e d i a t e l y 
af ter fe l l i ng and car r ied t h r o u g h by the sap: T h i s is no t a c o m p l e t e t rea t 
m e n t , h o w e v e r , and shou ld o n l y be used t o c o m p e n s a t e f o r the s h a l l o w 
pene t ra t i on o f o t h e r o i l - b o r n e preservat ives or c reoso te . 

If y o u p lan to use the d i f f u s i o n p rocess , fe l l the t ree , b u c k o u t the s t r inger 
w i t h e x t r a w o o d left at each e n d , and m o v e it i m m e d i a t e l y t o a shaded l o c a 
t i o n f o r t r e a t m e n t and s torage. 



S T E P 1. 

B l o c k up each end so the log is at least 12 i n . o f f the g r o u n d . T h e sma l l 
end s h o u l d be b l o c k e d h igher so the log is s l op i ng t o w a r d the bu t t . 

S T E P 2 . 

T r i m the smal l end a b o u t 1 f t , spray wa te r o n it i m m e d i a t e l y , and keep it 
m o i s t . 

S T E P 3 . 

C o v e r the cu t w i t h fe l t , c o t t o n , o r o the r mo i s tu re - re ta i n i ng mate r ia l s o a k e d 
in wa te r - so lub le preservat ives. 

S T E P 4 . 

T r i m the bu t t end and repeat steps 2 and 3 . 

S T E P S . 

S m o o t h the bark at each end and f o r m c o n t a i n e r s w i t h an a l u m i n u m sheet 
c o m p l e t e l y a r o u n d the t o p and bu t t ends . T h e c o n t a i n e r s s h o u l d have an 
inch o f c lea rance at the s t r inger ends . Use s i l i cone or o t h e r w a t e r p r o o f i n g 
to l e a k p r o o f edges and nai l the a l u m i n u m t i gh t l y t o the s t ronger s ide o r use a 
steel band t o a t tach the c o n t a i n e r s to the s t r inger . 

S T E P 6. 

F i l l the c o n t a i n e r s w i t h p repared preservat ive s o l u t i o n . Use S % wa te r - so lub le 
preservat ive s o l u t i o n f o r th is p u r p o s e . 

If the wea the r is c o o l , f i l l the c o n t a i n e r s w i t h preservat ive s o l u t i o n o n the 
bu t t of the s t r inger . T h i s c o n t a i n e r m a y o v e r f l o w d u r i n g the t r e a t m e n t . T h e 
e x t r a preservat ive s o l u t i o n s h o u l d be d r a i n e d o f f and m a y be used t o re f i l l 
the t o p c o n t a i n e r . M a k e sure the s o l u t i o n is m a i n t a i n e d at 5 pe rcen t . 

If the wea the r is w a r m , f i l l t he bu t t c o n t a i n e r w i t h wa te r t o keep the w o o d 
m o i s t because the s o l u t i o n w i l l evapora te m o r e r a p i d l y in the heat . 

K e e p the c o n t a i n e r s fu l l f o r at least th ree days or as long as the f l u i d is m o v 
ing in the w o o d . 



O n c e the d i f f u s i o n process is c o m p l e t e d , r emove the c o n t a i n e r s and season 
the s t r ingers fo r the t i m e i n d i c a t e d in T a b l e V - A . 

T A B L E V - A . Season ing P e r i o d 

Ma te r i a l Spec ies Season ing T i m e 
(mon ths ) 

D o u g l a s - F i r 5 - 10 

Wes te rn R e d C e d a r 2 - 4 
Cross t ies 

Wes te rn H e m l o c k 5 - 10 
and 

Wes te rn L a r c h 5 - 10 
T i m b e r ( s ) 

P ine 4 - 10 

S p r u c e 4 - 8 

Wes te rn R e d C e d a r 3 - 5 

D o u g l a s - F i r 4 - 10 
Pi les 

Wes te rn L a r c h 5 - 12 
and 

P ine 6 - 1 2 
S t r ingers 

Wes te rn H e m l o c k 2 - 12 

S p r u c e 4 - 10 

Y e l l o w C e d a r 4 - 10 

S t o r e t i m b e r fo r season ing o n sk ids at least 12 i n . h igh o n c lean hard g r o u n d . 
If it is s to red in layers , 12 - i n . sk ids s h o u l d separate each layer . T h e r e mus t 
be good air c i r c u l a t i o n and no ro t t en w o o d or vege ta t i on to cause d e c a y . 



S a w n t i m b e r s h o u l d be s to red w i t h 3 / 4 - i n . of a i r space . T h e r e shou ld be 
s u p p o r t s be tween the layers t o p reven t d e f o r m a t i o n . 

Season ing s h o u l d be d o n e in a d r y shaded p lace to prevent the sur face f r o m 
d r y i n g t o o fast . 

F i e l d t r ea tmen t w i t h c reoso te 

A p p l y c reoso te o r o i l - b o r n e preservat ive t r e a t m e n t d u r i n g hot wea the r a f ter 
the s t r inger is a i r -d ry . Prepare the s t r ingers b y h e w i n g , r i pp ing and d a p p i n g . 
T h e y mus t be c o m p l e t e l y c l e a n . M o v e the st r ingers to a s u n n y spot and 
b rush t h e m i m m e d i a t e l y w i t h bo i l i ng hot preservat ives. T h e preservat ive 
must have a t e m p e r a t u r e o f at least 9 0 ° C w h e n a p p l i e d . 

Le t the s t r inger soak in the preservat ives f o r an hour and repeat the hot a p 
p l i c a t i o n . T h e ho t te r the air and preserva t ive , the be t te r the t r e a t m e n t . R e 
peat the t r e a t m e n t and let soak ove rn igh t . T rea t the s t r ingers fo r at least 
th ree days or un t i l t h e y w i l l no t soak u p any m o r e preservat ives. Neve r let 
t h e st r ingers d r y du r i ng t r e a t m e n t . 

If y o u d o n ' t p lan to season green logs, t h e y can be t rea ted w i t h c reoso te or 
o i l - b o r n e preservat ives. In th is case, t h e y are pee led and p repared t o rece ive 
the ho t preservat ive t r ea tmen t i m m e d i a t e l y . F u r t h e r t r ea tmen ts are app l i ed 
o n c e a w e e k . 

S t o r e s t r ingers o n b l o c k s in the shade and p ro tec t t h e m f r o m ra in as m u c h as 
poss ib le . S t o r e p i les in the shade at least 12 i n . o f f the g r o u n d o n sk i ds . 

T r e a t m e n t o f cu ts and ho les d u r i n g b r idge c o n s t r u c t i o n 

A l l f resh cu ts and damage to the t rea ted shel l of the s t r inger s h o u l d be 
b rushed w i t h preservat ives at least t w i c e . 

S o a k a l l ho les w i t h preservat ives. D r i f t ho les shou ld be pa r t i a l l y f i l l ed w i t h a 
t h i n n e r preservat ive s o l u t i o n (creosote) be fo re inser t ing the p i n . T h e d r i f t 
p ins s h o u l d be set one i nch b e l o w the w o o d sur face and the ho le f i l l ed up 
w i t h a w a t e r p r o o f p lug (coal - tar p i t c h ) . 

K e e p s t r ingers d r y o n the b r idge . B e f o r e y o u p lace the c ross t ies , cover the 
s t r ingers w i t h a preservat ive-sa tura ted fab r i c—or r oo f i ng fe l t and a l u m i n u m 
shee t ing . ( Y o u can also use s t rong r o o f i n g paper instead o f a l u m i n u m sheet
ing but it w i l l no t last as long o r give the same p ro tec t i on . ) T h e a l u m i n u m 



sheet ing s h o u l d be bough t in ro l ls and run in one p iece the length of the 
s t r inger . T h e fe l t is needed u n d e r the a luminunn shee t ing t o p revent water 
c o n d e n s a t i o n . T h e a l u m i n u m sheet ing s h o u l d be m u c h w i d e r t han the r i pped 
sur face and s h o u l d be bent d o w n o n bo th sides and over the end o f the 
s t r inger to a l l o w wate r r u n o f f and t o p revent the wa te r f r o m get t ing in to the 
fe l t be tween the sheet ing and the s t r inger . T h e r o o f i n g fe l t s h o u l d be s l ight
ly w i d e r t han the r i pped su r face . T h e a l u m i n u m sheet ing s h o u l d no t be 
na i led to the s t r inger . (It w i l l be he ld in p lace by the crosst ies. ) A v o i d u n 
necessary ho les in the shee t ing . 

S o a k al l the ho les d r i l l ed fo r b r idge sp ikes w i t h heavy c reoso te s o l u t i o n w h e n 
fas ten ing the c ross t ies . 

T r e a t m e n t o f p i le t o p s af ter cu t -o f f 

A f t e r the p i le t ops are cu t t h e y s h o u l d be soaked w i t h c r e o s o t e . A p p l y at 
least t w o heavy coa ts at in terva ls t o soak the w o o d . 

T h e nex t step is to cove r the p i le t o p w i t h a heavy coa t o f coa l - ta r p i t c h . 
P lace a c reoso te -sa tu ra ted f a b r i c , r o o f i n g or sh ip - fe l t over it and cover the 
t o p w i t h a l u m i n u m shee t ing . T h e shee t ing s h o u l d be ben t d o w n a r o u n d the 
s ide o f the p i le at least 4 i n . and na i led w i t h ga lvan ized sh ing le na i ls . 



B R I D G E I N S P E C T I O N A N D M A I N T E N A N C E 



V I . B R I D G E I N S P E C T I O N A N D M A I N T E N A N C E 

Fo res t road br idges represent the h ighest un i t i nves tmen t in the road s y s t e m . 
D e t e r i o r a t i o n of the s t ruc tu re—or damage t o i t—not o n l y reduces its va lue 
bu t a lso th rea tens b r idge f a i l u re , i n j u r y and d i s r u p t i o n o f t r a f f i c f l o w (F igu re 
2 6 7 ) . A good p reven t i ve m a i n t e n a n c e p r o g r a m w i l l increase the l i fe and safe
t y o f br idges. 

F i r s t , we desc r ibe m e t h o d s fo r i nspec t i ng and tes t ing br idges , and s h o w the 
p r o b l e m areas in general b r idge m a i n t e n a n c e . We also desc r ibe w a y s fo r re
pa i r ing b r idge c o m p o n e n t s , p reven t ing the spread o f d e c a y and p reven t ing 
f u r t he r e ros i on or damage t o the c h a n n e l and s t r uc tu re . 

B r idge i nspec t i ons mus t be car r ied ou t regu la r l y t o d e t e r m i n e any de te r i o ra 
t i o n in the br idge mate r ia l or the s t r u c t u r e . A s a ru le , a fu l l i n spec t i on is re
q u i r e d a n n u a l l y in a d d i t i o n t o i n spec t i ons d u r i n g and af ter f l o o d s . 

C o n s t r u c t i o n reco rds and i n s p e c t i o n i n v e n t o r y 

E a c h br idge mus t have its o w n f i le c o n t a i n i n g al l the records re la ted to the 
b r idge . These reco rds s h o u l d i n c l u d e the de ta i l ed site su rvey , f i na l b r idge 
p l a n , cos t es t ima tes , ma te r ia l o rde rs , c o n s t r u c t i o n cos ts , c o r r e s p o n d e n c e , de
ta i l ed b r idge p lan " a s c o n s t r u c t e d , " c o n s t r u c t i o n reco rds , and a de ta i l ed i n 
v e n t o r y o f b r idge c o m p o n e n t s . A t the t i m e of c o n s t r u c t i o n it is i m p o r t a n t 
to reco rd al l the deta i ls a b o u t the b u r i e d p o r t i o n o f the b r idge . 

F I G U R E 2 6 7 : B r i dge fa i l u re 



T h e reco rds mus t a lso i n c l u d e i n s p e c t i o n repor ts and the de ta i l s o f al l repai rs 
and changes m a d e t o the b r idge . P i c t u r e s and ske tches s h o u l d be kep t in the 
f i l e . 

It is best to have th i s i n s p e c t i o n i n v e n t o r y in the f o r m of a list t o be used 
d u r i n g each i n s p e c t i o n . T a b l e V I - A shows an i n s p e c t i o n i n v e n t o r y l is t . 

T A B L E V I - A . I nspec t i on I nven to ry 

B r i d g e N u m b e r : R o a d : M i l e a g e : 

Da te B u i l t : 

Des ign E n g i n e e r : 

C o n s t r u c t i o n S u p e r v i s o r : 

Des ign L o a d : 

B r i dge T y p e : 

T o t a l L e n g t h : 

L e n g t h of E a c h S p a n : 

R u n n i n g S u r f a c e W i d t h : 

M a x i m u m H e i g h t : 

C lea rance above H i g h W a t e r m a r k : 

Tes t p i l e : D r i v i n g R e c o r d : 

L o a d C a p a c i t y : 



A B U T M E N T S : 

P I L E A B U T M E N T S 

T y p e -
Spec ies— 
D e p t h d r i v e n — 
He igh t above g r o u n d -
He igh t above r ip - rap— 
T r e a t m e n t -
D i a m e t e r at g r o u n d l e v e l -
D i a m e t e r at t o p -
C o n d i t i o n -
V i s i b l e d e f e c t -
R e c o m m e n d e d a c t i o n -

B r a c i n g : S p e c i e s -
S i z e -
F a s t e n i n g s -
C o n d i t i o n s -
R e c o m m e n d e d a c t i o n — 

S I M P L E O R C R I B B I N G A B U T M E N T S 

T y p e : 

M u d S i l l s : S p e c i e s -
S i z e -
D e p t h -
C o n d i t i o n -
R e c o m m e n d e d a c t i o n -

Base L o g : S p e c i e s -
S i z e -
D e p t h -
C o n d i t i o n — 
R e c o m m e n d e d a c t i o n -

C r i b L o g s : S p e c i e s -
S i z e -
C o n d i t i o n — 



V i s i b l e d e f e c t s -

R e c o m m e n d e d a c t i o n -

P r o t e c t i o n : 

P l a n k i n g : S p e c i e s -
S i z e -
He igh t above g r o u n d -
C o n d i t i o n -
R e c o m m e n d e d a c t i o n — 

C O N C R E T E A B U T M E N T S 

H e i g h t above g r o u n d -
D e p t h -
L o c a t i o n o f d ra inage h o l e s -

S i z e -
M a t e r i a l -

C o n d i t i o n o f c o n c r e t e -
V i s i b l e d e f e c t s -
R e c o m m e n d e d a c t i o n — 

R I P - R A P P I N G 

S i z e o f ma te r ia l— 
W i d t h -
D e p t h -
L e n g t h — 
C o m p a c t i o n in to g r o u n d -
R e c o m m e n d e d a c t i o n — 

P I E R S 

S a m e as a b u t m e n t s — 
H e i g h t -
L e n g t h , d e p t h d r i v e n — 
D i s t a n c e be tween p i l e s -
In terna l t i e s -
C o n d i t i o n — 



V i s i b l e d e f e c t s -
R e c o m m e n d e d a c t i o n -

D o l p h i n s : Spec ies— 
H e i g h t -
P i le lengths , d e p t h d r i ven 
D i s t a n c e f r o m pier— 

. In terna l t i e s -
T ies to p i e r -
C o n d i t i o n -
V i s i b l e d e f e c t s -
R e c o m m e n d e d a c t i o n -

P ro tec t i ve T y p e -
S h e e t i n g : Spec ies or m a t e r i a l -

S i z e -
H e i g h t -
D e p t h f r o m c a p -
C o n d i t i o n -
V i s i b l e d e f e c t s -
R e c o m m e n d e d a c t i o n — 

T y p e -
S i z e o f m a t e r i a l -
D e p t h -
W i d t h -
R e c o m m e n d e d a c t i o n -

S c o u r 
P r o t e c t i o n : 

C A P S O R S I L L S 

S p e c i e s -
S i z e — 
T r e a t m e n t -
T i e s t o p i les o r c r i b -
C o n d i t i o n -
V i s i b l e d e f e c t -
R e c o m m e n d e d a c t i o n -

SSI 



A N C H O R S A N D A N C H O R C A B L E S 

T y p e -
S i z e — 
C o n d i t i o n -
R e c o m m e n d e d a c t i o n — 

S T R I N G E R S 

T y p e o f b r idge s t r i n g e r s -
S p e c i e s -
L e n g t h -
T r e a t m e n t -

D e s c r i p t i o n M i d - d i a m e t e r — 
by S t r i n g e r : E n d - d i a m e t e r s — 

E n d h e i g h t s -
W i d t h if s ide is r i p p e d — 
C o n d i t i o n -
V i s i b l e d e f e c t s -
S i z e of end cu ts f o r t russ ing— 
C u t s f o r need lebeams— 

R e c o m m e n d e d a c t i o n — 

N E E D L E B E A M S , F R A M E S 

S p e c i e s -
S i z e -
T r e a t m e n t -
C o n d i t i o n -
V i s i b l e d e f e c t s -
A t t a c h m e n t s — 
C o n d i t i o n o f a t t a c h m e n t s -
R e c o m m e n d e d a c t i o n -

L a s h i n g : 
D r i f t i n g : 

D e s c r i p t i o n -
S i z e o f p i n s -
L o c a t i o n -
T r e a t m e n t — 



W I R E R O P E A N D / O R T R U S S R O D S 

D e s c r i p t i o n -
P r o t e c t i o n — 
T e n s i o n -
C o n d i t i o n — 
V i s i b l e d e f e c t s -
R e c o m m e n d e d a c t i o n — 

D E C K I N G 

T y p e -
Cross t ies— 
S p e c i e s -
S i z e -
S p a c i n g -
S p i k e d e s c r i p t i o n -
F r e q u e n c y o f s p i k e s -
T r e a t m e n t -
R e c o m m e n d e d a c t i o n -
P l a n k i n g -
S p e c i e s -
S i z e -

Na i l d e s c r i p t i o n -

N a i l i n g p a t t e r n -

R e c o m m e n d e d a c t i o n -

S u r f a c i n g -

T y p e o f su r fac ing m a t e r i a l -

T y p e o f f i l l i ng be tween s t r ingers (smal l logs, e tc . )— 

T y p e o f f i l t e r f a b r i c -

Ba l las t i ng d e p t h above s t r i n g e r s -

L o c a t i o n of lash ing tha t c o u l d eas i l y be damaged by road g r a d e r s -

R e c o m m e n d e d a c t i o n — 



G U A R D R A I L 

T y p e -
Spec ies— 
S i z e — 
H e i g h t -
B l o c k i n g — 
D e s c r i p t i o n of f a s t e n i n g s -
C o n d i t i o n -
V i s i b l e d e f e c t s -
R e c o m m e n d e d a c t i o n — 

F E N D E R L O G S 

T y p e -
L o c a t i o n — 
S p e c i e s -
S i z e -
F a s t e n i n g s -
R e c o m m e n d e d a c t i o n — 

R O A D A P P R O A C H E S 

D e s c r i p t i o n -
R e c o m m e n d e d a c t i o n — 

S T R E A M C H A N N E L 

C ross -sec t i on u n d e r the b r i d g e -
L e n g t h and t y p e o f c h a n n e l c o n t r o l 
C h a n n e l mate r ia l ( s i z e ) -
C h a n n e l c o n d i t i o n -
B a n k m a t e r i a l -
B a n k s t a b i l i z a t i o n w o r k s -
B a n k c o n d i t i o n s -
V i s i b l e scou r h o l e s -
P r o b l e m a r e a s -
R e c o m m e n d e d a c t i o n — 



D E F L E C T I O N T E S T S 

Tes t v e h i c l e s -
L o a d s ize— 
G . V . W . -

D e f l e c t i o n fo r each t e s t -
U n u s u a l nnovements by b r idge m e m b e r s unde r t ra f f i c— 

T h e br idge i nspec to r mus t be t h o r o u g h l y f am i l i a r w i t h the des ign and c o n 
s t r u c t i o n features o f the b r idge . H e mus t be able t o recogn i ze any changes in 
the s t ruc tu re , j udge the i r s i g n i f i c a n c e , and p rescr ibe the necessary a c t i o n t o 
c o r r e c t the p r o b l e m . T h e i n s p e c t i o n is best d o n e by s o m e o n e w h o was in 
vo l ved w i t h the c o n s t r u c t i o n o f the b r i dge . 

L Inspec t ion T o o l s 

A x e : A smal l 2- lb axe is one of the m o s t e f fec t i ve t oo l s used . A n e x p e r i 
e n c e d i nspec to r c a n de tec t ro t in the w o o d b y p o u n d i n g it w i t h an a x e . A 
sharp r ing ind ica tes s o u n d w o o d w h i l e a du l l t h u d ind ica tes ro t . A l l the 
reachab le logs s h o u l d be s o u n d e d t h o r o u g h l y — e s p e c i a l l y p i l i ngs . S ta r t 
h i t t i ng the p i l ings as h igh as y o u can reach and w o r k d o w n to the g r o u n d 
l i ne . S t r ingers s h o u l d also be s o u n d e d . K n o t s , i n g r o w t h s and the d i s tance 
f r o m nearest s u p p o r t w i l l al l a f fec t the s o u n d o f the w o o d . S k i l l w i l l c o m e 
w i t h e x p e r i e n c e , bu t in case o f d o i j b t an i n c r e m e n t - b o r e r s h o u l d be used fo r 
f u r t h e r i nves t i ga t i on . S u r f a c e ro t c a n be e x p l o r e d b y us ing the axe t o sc rape 
or c h o p . 

N a r r o w c h i s e l , long na i l , k n i f e b lade (p ick tes t ) : A n y o f these sharp ins t ru 
men ts c o u l d be h a m m e r e d or p o k e d i n to the w o o d sur face fo r 1 /2 - in . t o 
one i n c h . T h e p r o b i n g t o o l s h o u l d go in p e r p e n d i c u l a r t o the grain w i t h 
the b lade sur face r u n n i n g para l le l to it. P r y t he w o o d up w i t h the t o o l and 
c h e c k the b reakage . S o u n d w o o d has l ong s l ivers , w h i c h are ra re ly b r o k e n 
at the t o o l . R o t t e n w o o d has shor t b r o k e n c h u n k s . T h e process is ca l led the 
' p i c k tes t . ' 

M a r l i n s p i k e : T h i s is a use fu l i n s t r u m e n t to p r o b e u n d e r t ies and s t r ingers 
and o the r ha rd - to - reach p laces t o c h e c k fo r ro t . 

I n c r e m e n t - b o r e r : A n i n c r e m e n t - b o r e r is used if ro t is suspec ted f r o m s o u n d 
ing . T h e co re w i l l s h o w the s ize o f t he ro t p o c k e t and the d e p t h and q u a l i t y 
of p reservat ive pene t ra t i on in t rea ted w o o d . T h e bi t mus t be long e n o u g h t o 



reach the cen t re o f the s t r ingers . T h e borer does not eas i l y pene t ra te d r y , 
hard w o o d , bu t y o u can d r i l l a f e w inches at a t i m e . T o ease d r i l l i n g , rub the 
bit w i t h a mo is t bar o f soap , and o i l the rest . G r o u n d - l i n e ho les s h o u l d be 
d r i l l ed d o w n w a r d and al l o the rs s l i gh t l y u p w a r d . 

She l l - t h i c kness i n d i c a t o r : T h i s is a s imp le t o o l m a d e o f s t i f f w i r e at least 
3 / 1 6 i n . in d i a m e t e r w i t h a sma l l h o o k at the end (F igu re 2 6 8 ) . 

3/16' 

F I G U R E 2 6 8 . S h e l l - t h i c k n e s s i n d i c a t o r 

D r i l l a ho le w i t h an e lec t r i c d r i l l , auger, o r i n c r e m e n t - b o r e r and push the t o o l 
in it w i t h the h o o k pressed against the s ide o f the h o l e . Y o u can feel the 
g r o w t h r ings in so l id w o o d , bu t if the w o o d is ro t ten the h o o k w i l l go in 
s m o o t h l y . A s y o u pu l l the t o o l o u t , the h o o k cu ts t h r o u g h the rot eas i l y bu t 
it s tops w h e n it h i ts so l id w o o d and y o u can measure the t h i c k n e s s o f the 
w o o d at th i s p o i n t . 

S h o v e l : W h e n y o u inspec t p iers and a b u t m e n t s , it is necessary t o d ig d o w n 
p e r i o d i c a l l y t o c h e c k fo r rot u n d e r the g r o u n d l i ne . T h e d igg ing in c o m 
pac ted mate r ia l s h o u l d e x t e n d 18 in . b e l o w the g r o u n d l i ne . It m a y be nec
essary t o go deeper in we l l - d ra i ned gravel or sand . Ceda r p i l i ng m a y ro t 3 ft 
b e l o w the g r o u n d l ine in some areas. S c r a p e the p i le sur face w i t h the shove l 
to e x p o s e the e x t e n t o f o u t s i d e ro t . 

2 . V i s u a l I nspec t i on 

N o t e a n y t h i n g unusua l such as damage t o the w o o d o r a t t a c h m e n t s , heavy 
scou r m a r k s , or season ing c h e c k s . E x a m i n e sur face rot in un t rea ted w o o d 
and n o t e the c o n d i t i o n o f the t rea ted w o o d . J u d g e the e x t e n t o f u n d e r 
m i n i n g and c h e c k insect ho les and o t h e r signs o f insects . C h e c k al l loose 
b rac ing and d e t e r m i n e w h y it came loose . 

T rea t al l the ho les and cuts m a d e d u r i n g i n s p e c t i o n w i t h preservat ives (c reo
so te , p e n t a c h l o r o p h e n o l ) and p lug the ho les w i t h t rea ted d o w e l s t o p revent 
ro t . 



Y o u can de tec t some p r o b l e m s by l i s ten ing f o r s q u e a k i n g , c r a c k i n g or 
t h u m p i n g noises as a load passes over the b r idge and y o u can c h e c k fo r any 
m o v e m e n t in the s t ruc tu re as it s u p p o r t s the m o v i n g l o a d . F igu re 2 6 9 shows 
a c ross -sec t ion of a supe rs t ruc tu re w i t h a heavy l ine to i nd i ca te w h a t is v is i 
b le . A s y o u can see, m o s t o f the areas suscep t i b l e t o decay are h i d d e n . 

F I G U R E 2 6 9 . V i s i b l e areas o f supe rs t r uc tu re 

O n l y the ou ts ide shel l o f a c r i b b i n g can be i n s p e c t e d . T h e t i eback logs and 
the ins ide t ies are i nv i s i b le . 

3 . D e f l e c t i o n Tes t 

D i r e c t i n s p e c t i o n can s h o w br idge damage but it w i l l no t reveal changes in 
the l oad -ca r r y i ng c a p a c i t y of t he b r idge . It is dangerous to judge the c o n d i 
t i o n o f an o l d br idge based o n i n s p e c t i o n o n l y . Y o u need t o use the de f l ec 
t i o n test . 

D u r i n g the test a heavy load of k n o w n we igh t is d r i ven s l o w l y over the 
br idge and the d e f l e c t i o n is m e a s u r e d . ( A large w a t e r t a n k e r is a good veh i 
c le fo r th is purpose. ) 

Measu re the d e f l e c t i o n at the m i d d l e of the span w i t h a leve l l ing rod and 
i n s t r u m e n t . ( A s t r ing s t rung t i gh t l y b e t w e e n the a b u t m e n t s w i t h a leve l l ing 
rod hang ing ups ide d o w n f r o m the m i d d l e o f the o u t s i d e st r ingers w i l l a lso 
s h o w the d e f l e c t i o n . ) T h e test s h o u l d be repeated th ree t i m e s o n each s ide 
of t he b r idge . T h e test load s h o u l d a p p r o x i m a t e the des ign l o a d . 



Measure the d e f l e c t i o n u n d e r the f i rst f ew large t r u c k l o a d s to test a n e w 
br idge fo r sa fe ty . If o n e s ide o f the b r idge appears t o be w e a k e r , measure 
d e f l e c t i o n w i t h the k n o w n test l oad o n the w e a k e r s ide o f the b r i dge . 

Safe d e f l e c t i o n is c o n s i d e r e d to be no greater t h a n 1 / 2 0 0 of t he span u n d e r 
t h e des ign l o a d . T h e sp i ra l -g ra in log-s t r inger b r idge is t he o n e e x c e p t i o n ; in 
th i s case the m a x i m u m a l l o w a b l e d e f l e c t i o n is 1 / 1 0 0 . T h e m a x i m u m a l 
l o w a b l e d e f l e c t i o n f o r a 60 - f t span is 0 .3 f t , o r 3 .6 in.—or 7.2 i n . if a l l logs 
have sp i ra l g ra in . 

If t he s t rength of the b r idge is a p p r o a c h i n g the m a x i m u m a l l o w a b l e de f l ec 
t i o n , the br idge mus t be s t reng thened or t he load s ize r e d u c e d . 

T h e f i rs t test w i t h the k n o w n load m a y no t be d e f i n i t i v e o n a new br idge be
cause the s t reng th o f green st r ingers w i l l increase as the w o o d b e c o m e s sea
s o n e d . It w i l l t hen decrease s l o w l y d u r i n g the usefu l l i fe o f the b r idge and 
d e f l e c t i o n tests w i l l s h o w t h e e x t e n t o f th i s s t reng th loss. 

Repea t d e f l e c t i o n tests 5 years a f te r c o n s t r u c t i o n , 10 years af ter c o n s t r u c 
t i o n , and a n n u a l l y af ter the s t ruc tu re is 12 years o l d . These tests mus t a lso 
be m a d e wheneve r there is suspec ted se t t l emen t in the a b u t m e n t o r p ie r . 

4 . Inspec t ion A r e a s 

T h e br idge s h o u l d be inspec ted in a sys tema t i c and o rgan i zed w a y , as ou t 
l i ned in t he Inspec t ion I nven to r y B o o k l e t . I nspec t ion is a process fo r de tec t 
ing and eva lua t i ng the na tu ra l aging of the s t ruc tu re—and m o r e i m p o r t a n t , 
t h e damage caused by wa te r , deb r i s , f l o a t i n g i ce , insects , a c c i d e n t a l m e c h a n 
ical i m p a c t s , n o r m a l wear and tear , f i re , w i n d and f ros t . F o l l o w i n g are spec i 
f ic de ta i l s to assist i n s p e c t i o n . 

a) A p p r o a c h e s 

Is there a grade break at the b r idge e n d ? Is ver t i ca l and h o r i z o n t a l a l i gnmen t 
s m o o t h ? Is the j o i n t be tween the b r idge d e c k and a p p r o a c h road c o n t i n u o u s 
o r does the br idge end in a po t -ho le? 

Is wa te r d r a i n i n g o n t o the br idge or a w a y f r o m it? A r e there f ros t h u m p s at 
t h e b r idge e n d s ? W h a t is the c o n d i t i o n o f the b r i dge and s t r uc tu re , e .g . , 
f ender logs and fas ten ing? A r e d ra inage s t ruc tu res in the a p p r o a c h - f i l l and 
cut f u n c t i o n i n g p r o p e r l y ? K e e p y o u r answers t o these q u e s t i o n s so later 
eva lua t i ons can be m a d e to co r rec t the p r o b l e m . 



b) W a t e r w a y s 

N o t e the a l i gnmen t o f t he b r idge and a p p r o a c h roads t o the s t r e a m . Is the 
a l i g n m e n t s t ra ight o r in need o f c o r r e c t i o n ? Was the o p e n i n g adequa te d u r 
ing f l o o d s ? Was there c lea rance f o r t he f l o a t i n g deb r i s and ice? 

A r e there new gravel or sand depos i t s and scou r ho les? Has the channe l 
sh i f ted s i gn i f i can t l y? (If so , a new p ro f i l e o f the c ross ing s h o u l d be done . ) 
T h e i n f o r m a t i o n s h o u l d i d e n t i f y t r o u b l e areas, i n c l u d i n g the f o r m a t i o n o f 
new obs tac les . 

Inspect t he p r o t e c t i o n dev ices f o r t he b a n k and sho re . A r e t h e y adequa te in 
size and mate r ia l? A r e there new areas whe re b a n k p r o t e c t i o n is needed? 
O b s e r v e the i n f l u e n c e ,of t he b r idge u p s t r e a m a n d d o w n s t r e a m . A r e the re 
signs o f ups t ream f l o o d i n g o w i n g to t he f l o w res t r i c t i on by the b r idge? Is 
there ex t ra c h a n n e l - e r o s i o n u n d e r the br idge u p s t r e a m or d o w n s t r e a m o w i n g 
to the increased s t ream v e l o c i t y c rea ted b y the b r idge? 

c) Abutments and piers 

C h e c k these s t ruc tu res fo r s c o u r i n g and u n d e r m i n i n g . Idea l l y , i n spec t i on 
s h o u l d be d o n e at l o w wa te r - l eve l . A t h igh wa te r , h o w e v e r , a p i k e po le is a 
usefu l t o o l to p r o b e the wa te r d e p t h . O r i g i na l p i le l eng th , p i le p e n e t r a t i o n , 
o r the a b u t m e n t he igh t a b o v e g r o u n d (and its d e p t h in t he g r o u n d ) mus t be 
k n o w n at a f ew p laces. U n d e r m i n i n g is espec ia l l y dange rous fo r c r i b w o r k 
and c o n c r e t e s t ruc tu res . If it o c c u r s , c lose the br idge, un t i l the damage is 
repa i red . C h e c k a b u t m e n t s and piers fo r any v is ib le d a m a g e . C h e c k c o n 
cre te fo r c r a c k s and d e t e r i o r a t i o n . T i m b e r p i les and c r i b logs mus t also be 
c h e c k e d f o r d e c a y . T h e h a m m e r test m a y reveal ins ide r o t - p o c k e t s in t he 
pi les, w h i c h are no t v i s ib le f r o m the o u t s i d e . T r e a t e d p i les m a y be ro t ten in 
s ide . T h e mos t l i k e l y p lace fo r ro t in t he p i le is a t . the g r o u n d l ine and at t he 
t o p unde r the c a p . 

If t he b r idge crosses t i d e w a t e r , tha t par t o f a w o o d e n s t r u c t u r e b e l o w the 
t i de l ine m a y be damaged by ma r i ne borers such as t e redos . L i m n o r i a -
in fes ted p i les have an ' hou rg lass ' e f fec t . 

E x a m i n e c o n t a c t sur faces be tween the w o o d m e m b e r s fo r ro t , damage or 
looseness . Inspect t h e c o n t a c t su r faces o f w i n g logs, face logs, t i e b a c k logs, 
caps arid b rac ing fo r c r u s h i n g and sp l i t t i ng . 



d) S t r ingers 

S t r ingers are p r o b a b l y the m o s t d i f f i c u l t to inspec t v i sua l l y (espec ia l l y d u r i n g 
f l o o d c o n d i t i o n s ) but t hey s h o w the mos t m o v e m e n t u n d e r loads . If a n y o f 
t h e s t r inger m o v e m e n t s appear t o be excess ive , c l ose t h e b r idge t o heavy t raf 
f i c un t i l it can be p r o p e r l y i n s p e c t e d . 

C h e c k the st r ingers fo r d e c a y , sp l i t t i ng , c r a c k i n g and d e f l e c t i o n u n d e r loads . 
See if any s t r inger has m o v e d o n the si l l o r c a p . C h e c k the s t r inger seats fo r 
c r u s h i n g . C h e c k b l o c k i n g and s h i m m i n g f o r ro t , c r u s h i n g and m o v e m e n t . 
C h e c k d i r t a c c u m u l a t i o n o n the s t r ingers . C h e c k the s t r inger -end v e n t i l a t i o n ; 
is it w o r k i n g p r o p e r l y or is d e c a y d e v e l o p i n g there? 

C h e c k fo r w o o d sta ins and invest igate the i r o r i g i n . R u s t a r o u n d fas ten ings 
w i l l c o m b i n e c h e m i c a l l y w i t h w o o d and l o w e r its s t reng th . 

See if the st r ingers w o r k as a un i t u n d e r a l o a d . W e a k e r ones m a y have to be 
r e i n f o r c e d . 

e) N e e d l e b e a m s 

N e e d l e b e a m s s h o u l d be c h e c k e d l i ke s t r ingers a l t h o u g h wear and tear is m o r e 
ev iden t . C h e c k rot and c r u s h i n g of the s h i m m i n g . C h e c k all the h a r d w a r e 
fo r c r a c k s , rust and looseness. T h e n e e d l e b e a m mus t be t igh t . 

f) C a b l e s and ha rdware 

C h e c k w i re rope , steel rods and h a r d w a r e fo r p ro tec t i ve c o a t i n g , t e n s i o n , and 
wear . A l l the t ies and fas ten ings mus t be t igh t . T h r e a d b a r t ens ion fo r s tee l -
r od t russ ing is eas i ly c h e c k e d if the f i t t ings were pa in ted af ter c o n s t r u c t i o n . 
If the pa in t is no t c r a c k e d at the nut it p r o b a b l y has the o r ig ina l t e n s i o n . 
S tee l rods and w i re ropes w i t h less tens ion w i l l sag. W a t c h t h e m u n d e r a 
l o a d : the one w i t h h igher t ens ion w i l l b e c o m e s t ra ight f i rs t . R o d s and w i r e 
rope w i t h h igher t e n s i o n w i l l g ive a h i ghe r -p i t ched s o u n d w h e n h i t w i t h a 
p iece o f w o o d or m i l d s tee l . (One c a n , in fac t , t u n e the t russ ing un t i l every 
t russ rod or w i re rope gives the same note. ) 

g) D e c k s 

E x a m i n e p l a n k i n g fo r wear and tear . C h e c k the na i l i ng . P l a n k i n g wears u n 
e v e n l y , m o r e u n d e r t ra f f i c and less at t he guardra i l s . P l anks mus t be rep laced 



w h e n t h e y start to c r a c k . R e p l a c e p l a n k s in the whee l ' s pa th m o r e o f t en 
than o the r p l a n k s , and renai l p l a n k s w h i c h m o v e u n d e r a l o a d . 

It is d i f f i c u l t t o inspec t c ross t ies , bu t y o u m a y f i n d c ross t ie weakness w h e n 
y o u no t i ce a s u d d e n d r o p in p l a n k i n g as whee ls go over it. 

C h e c k gravel d e c k s f o r t h i c k n e s s , po t - ho les , and uneven spots d e v e l o p e d b y 
g rad ing . D o a n y o f t he s t r ingers o r ins ide lashings s h o w ? Is al l the v is ib le 
lashing and b o l t i n g t i gh t? A r e a n y o f the lashings d a m a g e d ? A r e a n y o f the 
gua rd log s t r ingers d a m a g e d ? 

A r e sma l l logs b e t w e e n the lash ing at the guard ra i l s b ig e n o u g h t o p ro tec t t he 

lash ing? 

A loose sur face ind ica tes tha t t he s t r ingers d o not w o r k toge the r and s h o u l d 

be r e i n f o r c e d . 

L a m i n a t i o n s s h o u l d be c h e c k e d f o r d e c a y . A r e l a m i n a t i o n s t i g h t l y na i l ed 
against each o t h e r ? Is the d e c k w a t e r t i g h t ? Is there a n y appa ren t damage t o 
the l a m i n a t i o n s ? 

D o e s the d e c k need c l ean ing? T h e d e c k s h o u l d be f ree o f g r i t t y ma te r i a l tha t 

w o u l d increase sur face w e a r . 

h) G u a r d r a i l s 

G u a r d r a i l s , gua rd logs , and t e m p o r a r y cu rbs s h o u l d al l be c h e c k e d fo r me
c h a n i c a l damage , m i s a l i g n m e n t and looseness . D o the guardra i l s appear t o be 
h igh e n o u g h ? A r e the guardra i l s b r o k e n or m o v e d ou t o f p lace? A r e the 
bo l t s and lashings t igh t and in g o o d shape? A r e the guardra i l s sp l i t and the 
f i t t i ngs ben t? Is the b l o c k i n g u n d a m a g e d and in p lace? A r e the suppo r t 
c rosst ies sp l i t ? A r e the guard ra i l s a l igned w i t h the fender logs? 

i) S igns 

C h e c k a l l s igns and m a r k e r s pos ted a r o u n d the b r i dge . 

If there are n o n e , c h e c k to see if pos t ing the b r idge is necessary . D o the 
b r idge ends need m a r k i n g f o r n igh t? A r e speed signs necessary? S h o u l d a 
load l im i t s ign be pos ted? Is the br idge n u m b e r e d ? Is t he n u m b e r v is ib le? Is 
t he b r idge m a r k e d fo r s n o w p l o w s ? 



j) G e n e r a l 

O b s e r v e the b r idge u n d e r t h e l oad and give spec ia l a t t e n t i o n t o excess ive 
v i b r a t i o n and d e f l e c t i o n . T h e i n tens i t y o f v i b r a t i o n s s h o u l d be r e c o r d e d fo r 
c o m p a r i s o n w i t h fu tu re i nspec t i ons . D e t e r m i n e the cause o f any excess ive 
v i b r a t i o n . C a r r y o u t a d e f l e c t i o n test if s c h e d u l e d or r e q u i r e d . 

N o t e the general appearance of the b r i dge . A br idge w i t h p o o r appearance 
does n o t p resent a g o o d p u b l i c image . 

C h e c k fo r f i re hazards . Deb r i s and fas t -g row ing weeds create a f i re haza rd 
w h i c h mus t be e l i m i n a t e d . C h e c k f i r e - p r o t e c t i o n e q u i p m e n t , espec ia l l y at 
the beg inn ing o f s u m m e r . 

If the t i m b e r s t ruc tu re has been t rea ted w i t h preservat ives, see if c h e m i c a l s 
are l eak ing i n to the s t r e a m . W h e n t h e c h e m i c a l c o n t e n t o f t h e wa te r reaches 
a ce r ta in level it can be h a r m f u l to f i sh . Invest igate al l m i n o r c o m p l a i n t s 
a b o u t the b r i dge , i n c l u d i n g those re la t ing t o v i s i b i l i t y on and a r o u n d the 
s t r u c t u r e . 

C h e c k the c o n c r e t e u n d e r t he si l l f o r su r face c racks o r c r u m b l i n g f r o m salt o r 
f r o m o t h e r causes . 

F r o s t h u m p causes a p r o b l e m if f i ne -g ra ined soi l is used fo r f i l l . F i n e so i l e x 
p a n d s d u r i n g f r eez ing wea the r a n d f o r m s a h u m p at t h e b r idge e n d . L o a d e d , 
f as t -mov ing veh ic les h i t t he h u m p (and br idge) w i t h c o n s i d e r a b l e i m p a c t . 
R e p l a c e the f ine-gra ined so i l w i t h g ranu la r so i l (gravel) . 

S o m e logg ing br idges c lose to c a m p s ca r r y u t i l i t y l ines (usua l l y wa te r l i nes ) . 
C h e c k these l ines and a n y a t t a c h m e n t s d u r i n g b r idge i n s p e c t i o n . 

P h o t o g r a p h de fec ts , if poss ib le . S u c h p h o t o g r a p h s w i l l be use fu l later in t he 
o f f i c e t o eva lua te the p r o b l e m areas and d e c i d e o n co r rec t i ve a c t i o n . T h e y 
are a lso h e l p f u l in j udg ing the rate o f d e t e r i o r a t i o n o f t he s t r uc tu re . 

5 . I nspec t i on R e p o r t s 

M a k e a w r i t t e n repo r t o f each i n s p e c t i o n . R e s u l t s o f t h i s i n s p e c t i o n can be 
r e c o r d e d in b o t h nar ra t ive f o r m or b y c h e c k l i s t s ys tem o n a su i tab le d o c u 
m e n t . 



We r e c o m m e n d the use o f a m a i n t e n a n c e - i n v e n t o r y f o r m w i t h th ree sma l l 
c o l u m n s and o n e large c o l u m n o n the r ight s ide of the l is t . Use the shor t 
c o l u m n s fo r c h e c k m a r k i n d i c a t i o n s o f the c o n d i t i o n o f t he s t r u c t u r e , such as 
' g o o d , ' ' fa i r , ' and ' p o o r . ' ' G o o d ' means tha t the s t ruc tu re requ i res no f u r t h e r 
a t t e n t i o n . If it is c h e c k e d ' fa i r ' t h e n it w i l l r equ i re repai r in the near f u t u r e . 
A n y t h i n g m a r k e d ' p o o r ' mus t be repa i red i m m e d i a t e l y . T h e large c o l u m n is 
fo r c o m m e n t s desc r i b i ng the p r o b l e m . 

T h e r e s h o u l d also be e n o u g h r o o m af ter each m a i n head ing fo r genera l c o m 
men ts desc r ib ing the c o n d i t i o n o f the s t r u c t u r e , i n c l u d i n g w h a t t o w a t c h fo r 
d u r i n g the nex t i n s p e c t i o n . 

O n c e the r e c o m m e n d e d repai rs are car r ied o u t , the i nspec to r s h o u l d upda te 
the m a i n t e n a n c e - i n v e n t o r y sheet t o s h o w the present c o n d i t i o n o f the b r idge 
c o m p o n e n t s . F i le al l i n s p e c t i o n repor ts in the b r idge f i l e . 

6. R e p a i r s 

In the f o l l o w i n g l ist, we i d e n t i f y a f e w c o m m o n p r o b l e m s o f t he s t ream as it 
a f fec ts each c o m p o n e n t of the b r idge and give some gu idance a b o u t repa i r ing 
these de fec t s . 

a) S t r e a m c h a n n e l 

A major problem is c h a n n e l e r o s i o n . E r o s i o n o c c u r s f o r the f o l l o w i n g 
reasons: 

C o n s t r i c t i o n of w a t e r f l o w 
M i s a l i g n m e n t of piers and a b u t m e n t s 
B r idge bu i l t o n a s t ream bend 
F l o o d 
Progress ive natura l s cou r 
U n e v e n s t ream bed 

If p iers or c r ibs or c o n c r e t e f o o t i n g s d o b e c o m e u n d e r m i n e d , a n u m b e r o f 
co r rec t i ve measures are poss ib le . 

La rge scou r ho les o r ho les m a d e b y rap id wa te r m a y be f i l l ed w i t h coarse 
s h o t r o c k . T a k e care no t to rest r ic t the wa te r f l o w because th is w i l l cause 
even m o r e e r o s i o n at u n p r o t e c t e d p laces . B e ve ry care fu l w h e n y o u f i l l the 
ho le w i t h r o c k or y o u m a y m o v e the scou r ho le to the edge o f t he f i l l . 



T h e f o l l o w i n g f o r m u l a m a y be used to ca l cu la te the coarseness of the sho t 
r ock and r ip - rap requ i red fo r d i f f e r e n t f l o w speeds. 

M i n i m u m coarse r o c k d i a m e t e r (ft) = Wate r v e l o c i t y ( f t / s e c ) ^ 
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T a b l e I I I -E can also be used f o r th is p u r p o s e . S t r e a m ve loc i t i es s h o w n in the 
tab le are fo r f l o o d c o n d i t i o n s . 

R o c k s h o u l d be we l l -g raded to act as a so l i d b l a n k e t . If o n l y large p ieces are 
used t h e n the wa te r pe rco la tes t h r o u g h t h e m and e rodes the s t ream b e d . O n 
s a n d y so i ls a layer of gravel (or f i l t e r fabr ic ) s h o u l d be laid be fo re us ing r ip
rap o r coarse r o c k . 

R o c k - f i l l e d w i re baskets (gabions) can be p laced in ho les n e x t to p iers and 
a b u t m e n t s . If poss ib le the g r o u n d s h o u l d be s m o o t h e d so the baskets can be 
p laced n e x t t o each o t h e r . 

R o w p i l i ng , w o o d or steel sheet p i l i ng d r i ven deep enough w i l l s t o p u n d e r 
m i n i n g and w i l l also prevent damage b y f l oa t i ng logs and d e b r i s . 

C o n c r e t e f i l l 

S o m e scou r ho les u n d e r a b u t m e n t s and p iers m a y be f i l l ed w i t h c o n c r e t e t o 
g ive s u p p o r t t o the s t r uc tu re . E x c a v a t e to m a k e sure tha t t he c o n c r e t e starts 
we l l b e l o w scou r leve l . 

C l e a n i n g and reshap ing the c h a n n e l 

If the c h a n n e l is p lugged w i t h gravel or deb r i s so that the s c o u r i n g e f fec t o f 
the wa te r w i l l endanger the b r i dge , it w i l l be necessary t o c lean and reshape 
the c h a n n e l unde r the b r idge and d o w n s t r e a m . T h i s shou ld be d o n e w i t h a 
b a c k h o e or b u l l d o z e r at l ow water - leve ls at t imes w h e n the si l t m o v e m e n t 
w i l l no t a f fec t f i sh -spawn ing g r o u n d s . 

C h a n n e l rea l i gnment 

O n f la t areas, a m e a n d e r i n g s t ream m igh t change its c h a n n e l at the br idge t o 
the e x t e n t tha t the br idge appears to be bu i l t in a b e n d . T h e s t ream w i l l 
u n d e r m i n e the a p p r o a c h f i l l at one s ide and scou r the a b u t m e n t o n the o the r . 
P ro tec t the s t ruc tu re and the f i l l w i t h scour - res is tan t mate r ia l (F i gu re 2 7 0 ) . 



( R e a l i g n i n g the channe l s h o u l d be the last resor t . It is e x p e n s i v e and d i f f i 
cu l t to s top a r iver f r o m meander ing . ) 

L i n i n g b a n k s w i t h c o n c r e t e 

L i n e eas i l y -e roded b a n k s w i t h c o n c r e t e if the wa te r is no t e x p e c t e d to ca r ry 
heavy debr i s . T h i s is an expens i ve process and s h o u l d be used o n l y as a last 
resor t . S h a p e the b a n k s at l o w water - leve l and d ig a d i t c h d o w n b e l o w scour 
leve l . L i n e the banks w i t h p las t i c sheets cove red w i t h r e i n f o r c i n g w i re mesh 
and c o n c r e t e . W h e n the c o n c r e t e sets, f i l l the d i t c h and pu t r ip - rap at t he 
f o o t of the bank . Preven t t he s t ream f r o m ge t t ing b e h i n d the c o n c r e t e sheet . 

R e m o v e u n d e r m i n e d t rees w h i c h c o u l d fa l l i n to the c reek . 

Ice jams 

Ice jams can be a p r o b l e m , so m a k e a s t ra igh t , s m o o t h c h a n n e l . If p iers mus t 
be added or rebu i l t , r e i n f o r ce t h e m w i t h a sharp steel nose or s tee l -c lad p ro 
tec t i ve d o l p h i n . 

b) Repairs to cribbing, abutments and piers 

C r i b b i n g a b u t m e n t fa i lu res are u s u a l l y caused b y the s ix t y p e s o f p r o b l e m s 
d iscussed in the f o l l o w i n g paragraphs . 

F I G U R E 2 7 0 . Scou r - res i s tan t a p p r o a c h f i l l 

R e m o v i n g u n d e r m i n e d trees 



D e c a y 

S o o n e r o r la ter , rot w i l l deve lop in the w o o d , bu t d e c a y is eas i ly d e t e c t e d if 
it is v i s ib le . S c r a p e it o f f or c h o p it ou t and t reat the so l id w o o d w i t h a 
heavy a p p l i c a t i o n of preservat ives (us ing a b rush ) . Preservat ives s e l d o m 
penet ra te w o o d d e e p l y and the t r e a t m e n t w i l l have to be repeated o f t e n . 

T rea t rot p o c k e t s as y o u w o u l d p i l i ngs . R o t ins ide nex t to the f i l l is ve ry d i f 
f i cu l t t o de tec t and even m o r e d i f f i c u l t to t reat w i t h o u t o p e n i n g the c r i b b i n g 
u p . U s u a l l y it is a l l o w e d t o r u n i ts c o u r s e . 

S h r i n k a g e 

L o o s e f i t t ings in the c r i b b i n g s h o u l d be s h i m m e d . W h e n one side of the 
b r idge s tar ts sagging, t he s u p e r s t r u c t u r e s h o u l d be j a c k e d u p and t h e si l l 
leve l led ou t by s h i m m i n g , e i ther be tween the st r ingers and the s i l l , or u n d e r 
the s i l l . 

G r o u n d se t t l emen t 

T h i s is the mos t d i f f i c u l t p r o b l e m to co r rec t w i t h o u t r e b u i l d i n g the abu t 
m e n t . G r o u n d se t t l emen t b e c o m e s a p r o b l e m w h e n the so i l ' s l o w l o a d -
c a r r y i n g c a p a c i t y is no t t aken in to a c c o u n t at the t i m e the a b u t m e n t is 
des igned . 

If se t t l emen t is g radua l , raise the supe rs t ruc tu re by r e - s h i m m i n g the si l l 
wheneve r it is necessary . If m o r e r a p i d , red i s t r i bu te the load e x e r t e d on the 
so i l by the base log . U n d e r p i n the base log w i t h c o n c r e t e to cover an area at 
least th ree t imes the base log 's w i d t h . T h e c o n c r e t e s h o u l d be at least 2 feet 
t h i c k . ( U n d e r p i n n i n g s h o u l d be d o n e in sma l l sec t i ons . It m a y a lso be neces
sary to j ack up the supe rs t ruc tu re be fo re digging.) F i rs t excava te a 5-ft 
sec t i on o f the base log at the weakes t sec t i on o f the c r i b b i n g . Pu t a f o r m in 
a r o u n d the ho le and f i l l it w i t h c o n c r e t e . If the g r o u n d is wet the f o r m s 
s h o u l d be l ined w i t h a p las t i c sheet . T h e pads mus t be cen te red u n d e r the 
base log t o d i s t r i b u t e t h e l oad e v e n l y over t h e g r o u n d . 

O n c e the c o n c r e t e is s t rong e n o u g h , excava te ano the r sec t i on u n d e r the base 
log and f i l l it w i t h c o n c r e t e . T h i s p rocess is repeated un t i l the base log is 
en t i r e l y s u p p o r t e d b y c o n c r e t e pads . 

A n o t h e r w a y to s top se t t l emen t is by d r i v i ng g roup p i l i ng (i .e., d o l p h i n s at 
each s ide o f the br idge) in f r o n t o f t he c r i b b i n g and p lac ing a large si l l across 



the p i l i ng as a t rest le t o s u p p o r t t he superstructure. ,^ T h i s sys tem n a r r o w s the 
s t ream c h a n n e l but it is an eas 'y iway t o e x t e n d the a b u t m e n t ' s l i fe and it can 
be d o n e w i t h o u t m u c h t ra f f i c i n t e r r u p t i o n . 

S c o u r 

T h e a b u t m e n t or p ier s h o u l d be res tored to its o r ig ina l c o n d i t i o n or re in 
f o r c e d against f u tu re s c o u r . D e t e r m i n e the reason fo r scou r and prevent f u 
tu re e r o s i o n . 

L i g h t scou r c o n d i t i o n s m a y be e l i m i n a t e d w i t h r i p - rapp ing a r o u n d the 
f o u n d a t i o n . If r i p - rapp ing has t o be p laced u n d e r w a t e r , o r the shape o f it 
mus t be c o n t r o l l e d , use r o c k - f i l l e d w i r e baskets (gab ions) . 

If the base log is no t d o w n deep e n o u g h , it can be u n d e r p i n n e d w i t h c o n 
cre te pads , c o n c r e t e pads and pos ts , or c o n c r e t e and ano the r base log . D i g 
d o w n far enough u n d e r the base log and f i l l the ho le w i t h c o n c r e t e . Use the 
same sys tem desc r i bed fo r g r o u n d se t t l emen t . D i g in sec t i ons . T o save o n 
c o n c r e t e in deep ho les , p o u r c o n c r e t e pads in the b o t t o m o f the e x c a v a t i o n 
and p lace w o o d e n posts o n these pads unde r the base log . T h e area o f the 
c o n c r e t e pads s h o u l d no t be sma l le r t h a n the area o c c u p i e d by the base log . 
P o u r a 2-ft t h i c k pad f i rs t and wa i t f o r it to h a r d e n . Pu t a post o n it ( so l i d l y 
j a m m e d u n d e r the base log) and use s h i m m i n g if necessary . T h e n p o u r 1 ft 
of c o n c r e t e a r o u n d the pos t . ; l f t he base log f o u n d a t i o n is t o t a l l y e r o d e d , 
y o u w i l l need at least s ix posts t o u n d e r p i n it. 

A n o t h e r m e t h o d is to r ip large log sec t i ons o n b o t h s ides, p lace t h e m o n the 
pads , and sh im t h e m up to s u p p o r t the base log . A f t e r the u n d e r p i n n i n g is 
c o m p l e t e d , the ho le s h o u l d be f i l l ed w i t h scour - res is tan t gravel or w e l l -
g raded c rushed r o c k , and th is in t u r n s h o u l d be p r o t e c t e d by r i p - rapp ing or 
r ock f i l l . 

Y o u can also, prevent scou r by d r i v i ng r o w or sheet p i l i ng in f r o n t of the 
a b u t m e n t or a r o u n d the p ier . P i le d r i v i n g can be d o n e o n l y w h e n the super 
s t ruc tu re is r e m o v e d . 

E a r t h pressure 

A b u t m e n t fa i lu re due to ear th p r e s s u r e ' m a y resul t f r o m the f o l l o w i n g p r o b 
lems. 

T h e logs are t o o smal l to resist the ear th pressure . 



T h e t i eback and face logs are ro t t en and loose . 

A n c h o r s are pu l l ed or the t ies are b r o k e n or loose . 

T h e base log has m o v e d o r se t t l ed . 

A n g l e d w ing -wa l l s are eas i ly r e i n f o r c e d by p lac ing p i l i n g , r o c k or coarse 
gravel against t h e m . Y o u can a lso p i le r o c k in f r o n t o f the a b u t m e n t s if c o n 
s t r i c t i o n o f wa te r f l o w is no t i m p o r t a n t . 

If y o u c a n ' t n a r r o w the c h a n n e l , here are s o m e t e m p o r a r y s o l u t i o n s : d i g 
ho les fo r s t rong posts t igh t against the c r i b f ace , p lace the pos ts , and then t ie 
t h e m back t o a so l id a n c h o r . Pu t a large log o r an I-beam across the t o p o f 
these pos ts and t ie it at bo th ends to a n c h o r . ( Y o u can d r i ve p i l i n g ins tead 
o f us ing posts.) If d r i v i ng p i l i ng o r d igg ing fo r posts is no t poss ib le because 
of ha rd g r o u n d c o n d i t i o n s , bo l t posts against the f r on t o f the c r i b face and 
a n c h o r at t o p and b o t t o m . 

M e c h a n i c a l damage 

M e c h a n i c a l damage is caused by f l oa t i ng logs, deb r i s , i ce , and ro l l i ng b o u l d e r s . 

T o t rans fer the ver t i ca l loads , it is i m p o r t a n t t o keep the end o f a t i e b a c k in 
p lace b e t w e e n the face logs. If t i e b a c k logs are m o v e d or b r o k e n , t h e y 
s h o u l d be m o v e d back in p o s i t i o n and fas tened . (It is d i f f i c u l t to rep lace a 
t i eback log un less the c r i b is t a k e n apar t . ) 

B r o k e n face and w i n g logs s h o u l d be reassembled and r e i n f o r c e d . B o l t f la t 
bars o f 1 /2- in . by 4 - i n . m i l d steel to the l og , us ing lag bo l t s (screws) at least 
6 1/2 i n . l o n g . Use t w o bars (or more ) fo r each log . 

Y o u can d r i ve p i l i ng d o l p h i n s ups t ream and d o w n s t r e a m as a q u i c k but t e m 
p o r a r y co r rec t i ve measure . C u t o f f the t o p o f the d o l p h i n s and s l ip a heavy 
si l l l og o r steel b e a m i n t o p lace across t h e m t o s u p p o r t the s t r ingers . Y o u 
w i l l need to j ack or l i f t the s t r ingers because it is necessary fo r the new si l l 
to have a t ight f i t . P lace si l ls o n b o t h sides o f the p ier to s u p p o r t the super 
s t ruc tu re . T h i s s u p p o r t m a y res t r ic t t he wa te r f l o w and s h o u l d be r e m o v e d 
o n c e the a b u t m e n t o r p ier is r epa i red . 



c) R e p a i r s to p i le bents 

P i le se t t l emen t 

U n d e r cer ta in g r o u n d c o n d i t i o n s , and if p i les are no t d r i ven t o re fusa l , the 
p o u n d i n g e f fec t of t r a f f i c m a y d r i ve some o f t he p i les f u r t h e r in and create a 
space b e t w e e n the cap and the pi le t o p . F i l l in the gap b y p e r i o d i c s h i m m i n g . 
B rac i ng s h o u l d also be t i g h t e n e d . 

M e c h a n i c a l d a m a g e : P r o t e c t i o n p i les and b rac ing are eas i ly repa i red or re
p l aced bu t rep lac ing a s t r u c t u r a l p i le is d i f f i c u l t and e x p e n s i v e . 

Y o u c a n repa i r b r o k e n or sp l i t p i les b y sp l i t t i ng a steel p i pe and b o n d i n g o r 
lag -bo l t ing it a r o u n d the b r o k e n s e c t i o n o f the p i l e . T h e p ipe s h o u l d be at 
least 4 ft l o n g . Use s t rong b a n d i n g o r no f ewe r t h a n s ix lag bo l t s t o h o l d 
each sec t i on o f p i pe . T h r o u g h - b o l t i n g ( ins tead o f lag bo l ts ) m a y be neces
sary in d i f f i c u l t p laces . 

If the lower part o f the pi le is s t i l l s o u n d bu t the t o p is b e y o n d repa i r , cu t 
t he p i le b e l o w the d a m a g e . S l i p a la rge-d iameter p i p e ( larger t h a n the p i le) 
over t he cu t p i le to rep lace the t o p par t . T h i s p ipe s h o u l d be at least a f o o t 
longer t h a n the cu t -ou t sec t i on o f the p i l i n g . T h e p ipe s h o u l d have t w o ears 
o n t o p so it can be fas tened t o the c a p . C u t t w o ho les 4 t o 6 inches in d i a 
mete r o n the s ide o f the p ipe f o r c o n c r e t e p o u r i n g , o n e o n t o p and one 
a b o u t a f o o t above the p i le c u t o f f . O n c e t h i s p ipe is in p lace and fas tened t o 
t he s i l l , the b o t t o m o f the p ipe is f i x e d in p lace (w i th a space a r o u n d the pi le 
bu t t ) and sealed o f f . P o u r f i n e , f a i r l y - d r y c o n c r e t e i n t o the b o t t o m ho le and 
t a m p it so it gets d o w n a r o u n d the p i l e . Sea l t he b o t t o m ho le and c o n t i n u e 
pou r i ng c o n c r e t e t h r o u g h the t o p ho le un t i l t he p ipe is s o l i d l y f i l l e d . If t he re 
is a l i k e l i h o o d that t he a b u t m e n t o r p ier w i l l be d a m a g e d aga in , p ro tec t i t . 

D a m a g e f r o m d e c a y : i f t h e p i le is b a d l y r o t t e d a b o v e g r o u n d , cu t it o f f and 
rep lace it w i t h a steel t u b e . If t he p i l i ng is w e a k e n e d u n d e r the g r o u n d - l i n e , 
d i g t he p i le b e l o w the r o t t e n s e c t i o n . C u t it o f f a b o u t 3 f t a b o v e the b o t t o m 
o f t he h o l e . 

Use a steel p ipe m u c h larger t h a n the p i le and l ong e n o u g h t o reach f r o m the 
b o t t o m o f the ho le to t he c a p . S p l i t t he sec t i on above the p i le in ha l f l eng th 
w ise and remove one ha l f . W e l d ears t o t he t o p f o r b o l t i n g , j ack up the c a p , 
pu t the large p ipe in p lace , and bo l t it to t he c a p . W e l d a p iece o f steel (at 
least 1 /2 - in . b y 6- in.) ins ide the p i p e res t ing o n t o p o f t he p i l e . T h e w e l d 
mus t be s t rong . F i l l up the l o w e r s e c t i o n of t he p ipe w i t h good q u a l i t y 



c o n c r e t e , m a k i n g sure it goes al l t he w a y t o the b o t t o m o f the h o l e . O n c e 
the conc re te is set , w e l d the c u t - o u t sec t i on b a c k in p lace and f i l l it up f r o m 
the t o p w i t h c o n c r e t e . A f t e r the c o n c r e t e is set r emove the j a c k . 

Pi les in piers o r a b u t m e n t s can also be repa i red by rep lac ing the t o p sec t i on 
w i t h a n e w - w o o d p i le . T h e pi le base is dug a r o u n d at least 3 ft b e l o w the rot 
and cu t just b e l o w the ro t . A m a k e s h i f t j a c k is p laced o n the cu t (see F i g u r e 
2 7 1 ) . Prepare a n e w p i le cu t to s ize w i t h a ho le d r i l l e d fo r the j ack bo l t 
and pu t it in p lace . Fas ten the p i le to the cap and t i gh ten the j ack b o l t . 
O n e - q u a r t e r - i n c h angles ( four) are t a c k - w e l d e d b e t w e e n the j ack p lates af ter 
j a c k i n g is c o m p l e t e d . F o u r 3 / 8 - i n . x 4 - i n . steel p la tes are b o l t e d t o the p i l e . 
F o r m s are p laced a r o u n d the pi le and c o n c r e t e is pou red as s h o w n in F i g u r e 
2 7 1 . T h e t o p o f the c o n c r e t e is s l o p e d f o r bet ter d ra inage . M a k e sure t h a t 
t he c o n c r e t e f i l ls the vo id a r o u n d the j a c k . A l l steel mate r ia l s h o u l d be 
t rea ted against c o r r o s i o n . 

If t he re is o n l y a sma l l a m o u n t o f ro t o n the o u t s i d e o f a p i le or l og , it can be 
sc raped o f f and b rushed w i t h p e n t o c h l o r o p h e n o l o r c reoso te . 

A p p l y the bandage t rea tmen t fo r rot at the g r o u n d l ine . D i g a ho le a r o u n d 
the p i l i ng b e l o w the r o t t ed s e c t i o n . Sc rape o f f the d e c a y e d w o o d and b rush 
o n wa te r - so lub le f l u o r i d e s , p e n t o c h l o r o p h e n o l o r c reoso te . These preserva
t ives m a y also be app l i ed as a m i x t u r e , w h i c h q u i c k l y d i f f uses i n to we t 
w o o d . C o v e r t he sec t i on w i t h a ve ry t h i c k coat o f p reservat ives . W r a p it 
w i t h a b l a c k p o l y e t h y l e n e sheet reach ing 18 i n . above the g r o u n d . C o v e r the 
ho le w i t h f i ne f i l l ma te r ia l bu t avo id p u n c t u r i n g ho les in the p o l y e t h y l e n e 
sheet . C o m p a c t the f i l l and p lace r ip - rapp ing (if necessary) to p revent 
s c o u r i n g . 

R o t p o c k e t s can also be t rea ted by d r i l l i n g a 3 / 4 - i n . ho le in the rot p o c k e t 
(more than one if the p o c k e t is large) and p o u r i n g in wa te r - so lub le f l u o r i d e 
preservat ive s o l u t i o n . F i l l the ho le w i t h tar and p lug it w i t h a t rea ted p l u g . 
(If ants are present the f i na l t r e a t m e n t s h o u l d be c reoso te or p e n t o c h l o r o 
p h e n o l m i x e d w i t h gaso l ine. ) 

These preservat ives w i l l n o t w o r k in Doug las - f i r a n d o t h e r w o o d spec ies 
w h e r e the rot p o c k e t s are not d e f i n e d . L i q u i d f u m i g a n t s must be used . 
S o m e f u m i g a n t s are V a p a m ( S o d i u m N - m e t h y l d i t h i o c a r b a m a t e ) , V o r l e x 
( m e t h y l i s o t h i o c y a n a t e and d i c h l o r o p r o p e n e s ) and C h l o r o p i c r i n ( t r i c h l o r o -
n i t r o m e t h a n e ) . A l l o f t h e m are vo la t i l e and p o i s o n o u s . F o l l o w t h e m a n u 
fac tu re r ' s i n s t r u c t i o n s and use e x t r a care . 
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F I G U R E 2 7 1 . P i le repai r 

D r i l l ho les d o w n w a r d a r o u n d the p i le f r o m 6 i n . t o 12 i n . apar t . T h e f i rs t 
ho les s h o u l d be b e l o w the rot p o c k e t and the last above it. S ta r t w i t h the 
b o t t o m h o l e , and use a squ i r t bo t t l e w i t h a p las t i c hose t o f i l l 3 i n . f r o m the 
e n d , t hen seal w i t h a t i gh t - f i t t i ng t rea ted p l ug . (Cedar p lugs m a y be used.) 

T a b l e V I - B shows the f u m i g a n t c a p a c i t y of a h o l e . 

Wear p ro tec t i ve e q u i p m e n t and s tand u p w i n d d u r i n g the f u m i g a t i o n p rocess . 

C a r r y ou t the f u m i g a t i o n at a t i m e w h e n the p i le w i l l no t be f l o o d e d fo r at 
least t w o m o n t h s . T h e t r e a t m e n t s d iscussed in th is sec t i on w i l l last f r o m 5 
years t o 9 years . 



T A B L E V I - B . F u m i g a n t C a p a c i t y o f H o l e s 

H o l e 
D i a m e t e r 

( inch) 

H o l e 
L e n g t h 

F u m i g a n t N u m b e r 
o f H o l e s per 

H o l e 
D i a m e t e r 

( inch) 

H o l e 
L e n g t h per i nch 

fl o z (Can) 
per c m 
(cm3) 

N u m b e r 
o f H o l e s per 

H o l e 
D i a m e t e r 

( inch) ( inch) (cm) 
per i nch 

fl o z (Can) 
per c m 
(cm3) 12 f l o z (Can) 0 . 5 L 

5 / 8 15 3 8 0 . 1 8 1.98 6 8 
18 4 6 0 . 1 8 1.98 5 7 

3 / 4 15 3 8 0 . 2 5 2 . 8 5 4 6 
18 4 6 0 . 2 5 2 . 8 5 3 5 

S c o u r damage in f r i c t i o n p i les 

F r i c t i o n pi les suppo r t mos t o f the load t h r o u g h f r i c t i o n b e t w e e n the pi le 
s k i n and the ad jacen t s o i l . T h e y are d r i ven in the g r o u n d un t i l t h e y generate 
e n o u g h s u p p o r t o r reach re fusa l . O f t e n the s t ream's scou r i ng a c t i o n l owers 
the o r i g i na l g r o u n d and reduces the o r i g i na l p i le p e n e t r a t i o n . T h i s reduces 
the p i le 's l oad -ca r r y i ng c a p a c i t y . T o prevent fa i l u re o f the a b u t m e n t o r p ie r , 
th is ho le must be filled w i t h well-graded gravel or sho t r o c k . If the f i l l is not 
scou r res is tant it s h o u l d be p r o t e c t e d by r i p - r a p p i n g . 

d) R e p a i r s t o C o n c r e t e A b u t m e n t s and Piers 

G r o u n d se t t l emen t and u n d e r m i n i n g 

U n d e r p i n the s t ruc tu re as s o o n as poss ib le af ter y o u no t i ce u n d e r m i n i n g . 
J a c k u p the supe rs t ruc tu re and shore up the damaged a rea . D i g ou t the 
f o u n d a t i o n in sec t i ons (see c r i b b i n g abu tmen ts ) and u n d e r p i n w i t h c o n c r e t e . 
If g r o u n d se t t l emen t is the p r o b l e m , the u n d e r p i n n i n g mus t be w i d e and 
start b e l o w scou r leve l . C o v e r the scour - res is tan t mate r ia l and r ip - rap . L e v e l 
the s t r inger seats be fo re l o w e r i n g the supe rs t r uc tu re . 

C r a c k i n g 

V e r t i c a l c racks ind ica te excess ive ea r th pressure. T h e a b u t m e n t is fa i l i ng 
because of p o o r wa l l des ign o r c o n s t r u c t i o n . 

T h e s t r uc tu re m a y be repa i red by b u i l d i n g a n o t h e r wa l l in f r on t of i t . J a c k 
up the supe rs t ruc tu re and ins ta l l a n u m b e r o f conc re te ancho rs in the w a l l . 



E x c a v a t e to the f o o t of the s t r u c t u r e . T i e re i n fo r c i ng -ba r fo r the new wa l l 
to the a n c h o r s . B u i l d the o u t s i d e f o r m s and p o u r g o o d q u a l i t y c o n c r e t e . 

S u r f a c e d e t e r i o r a t i o n 

T h i s m a y happen d u e to c h e m i c a l s in the w a t e r , p o o r c o n c r e t e m a t e r i a l , p o o r 
c o n c r e t e m i x , o r f r eeze - thaw d a m a g e . 

S c r a p e o f f al l the loose pa r t i c l es . A p p l y a b o n d i n g agent o r g rou t to sea l , 
and f i l l t he ho les w i t h new c o n c r e t e . 

S c o u r ho les in c o n c r e t e can be t rea ted the same w a y bu t m a k e sure tha t the 
c o n c r e t e has e n o u g h t i m e t o set be fo re it is f l o o d e d aga in . 

Spa l l i ng unde r the si l l o r s t r inger seats 

S p a l l i n g is a t y p e o f c h i p p i n g , a d e t e r i o r a t i o n caused b y c h e m i c a l s (usua l l y . 
road sa l t ) . T h e best p r e v e n t i o n is t o w a s h o f f the b r i dge , the a b u t m e n t , and 
the pier t ops f r e q u e n t l y . 

C l e a n the c o n c r e t e and w a t e r p r o o f t he su r f ace . F i f t y pe rcen t l inseed o i l and 
5 0 % mine ra l sp i r i t m a k e a c h e a p , w a t e r p r o o f c o a t i n g . 

M e c h a n i c a l damage 

M e c h a n i c a l damage is usua l l y caused b y f l oa t i ng logs. T h e best p r o t e c t i o n is 
t o cover the p r o b l e m areas w i t h steel shee t i ng . 

e) R e p a i r s t o caps and si l ls 

T h e p r o b l e m s w i t h caps and si l ls re late t o d e c a y , c r u s h i n g unde r loads and 
m e c h a n i c a l damage . If rot s h o w s , scrape t h e . w o o d and soak it w i t h preserva
t i ves . U n d e r mos t c o n d i t i o n s , s h i m m i n g is r e q u i r e d . Use t rea ted o r cedar 
s h i m m i n g . 

It is d i f f i c u l t to scrape ro t t en w o o d in c o n f i n e d areas. If the d e c a y is no t t o o 
a d v a n c e d it m a y su f f i ce to soak the r o t t ed area w i t h preserva t ives . In ve r y 
advanced cases, h o w e v e r , the cap or s i l l s h o u l d be r e p l a c e d . A c rushed cap 
must be rep laced w i t h a larger o n e . 

S p l i t caps or si l ls m a y be b o l t e d w i t h t h r o u g h - b o l t s or lag bo l t s . 



f) Repa i r s t o st r ingers 

R o t in s t r ingers is t rea ted as it is f o r p i l i ng and c r i b b i n g . T h e m o s t d e c a y -
sensi t ive part o f a s t r inger is unde r and be tween the c ross t ies . D o no t a l l o w 
d i r t t o c o l l e c t o n t o p o f t he s t r ingers . If t he re is a n y d o u b t o f t h e s t reng th 
of t he s t r inger , a d e f l e c t i o n test s h o u l d be d o n e . A n y t i m e the crosst ies are 
r e p l a c e d , t he s t r ingers s h o u l d be c leaned o f f and heav i l y t rea ted w i t h pre
servat ives. 

L o n g i t u d i n a l deep sp l i ts and s t ress -concen t ra t i on sp l i ts s h o u l d be w a t c h e d 
c a r e f u l l y . If t h e y progress r a p i d l y t he st r inger s h o u l d be rep laced or the 
s t ruc tu re r e i n f o r c e d . 

S h i m uneven s t r ingers . O n c e t h e y are seasoned it m a y be necessary to s h i m 
aga in . 

If s o m e str ingers are w e a k e r o r spr ing ie r t han o t h e r s , y o u m a y use need le 
beams to m a k e the supe rs t ruc tu re w o r k as a un i t . 

Increasing d e f l e c t i o n o n a b r idge is a sign o f o l d age. T h e br idge can be 
s t reng thened bu t s imp le s o l u t i o n s are t e m p o r a r y and give the b r idge o n l y a 
f e w m o r e years o f serv ice l i fe . 

R e i n f o r c e a w e a k br idge by us ing t w o e x t r a s t r ingers as gua rd ra i l logs. These 
st r ingers s h o u l d have a m i d - d i a m e t e r nea r l y 1 0 % smal le r t h a n the o r i g i na l 
average m i d - d i a m e t e r o f the o l d s t r ingers . L a y the ex t ra logs over the o u t 
s ide s t r ingers o n w i d e br idges and b l o c k up the t w o ends t o a c lea rance at the 
m i d d l e o f 1.0% of s t r inger length if y o u ' r e us ing o ld seasoned logs , o r 1.5% 
of s t r inger length f o r y o u n g , g reen , sp r i ngy logs. L a s h d o w n as s h o w n in 
F igu re 2 7 2 . T h i s t y p e of b r idge r e i n f o r c e m e n t is t e m p o r a r y because the 
crosst ies are o v e r w o r k e d . T h e y must spread the load b e t w e e n s t i f f ened o u t 
s ide s t r ingers and u n s t i f f e n e d ins ide s t r ingers . 

A be t te r s o l u t i o n is t o p lace a n e e d l e b e a m u n d e r t he s t r ingers and t i e t h e 
guard ra i l logs t o it (as e x p l a i n e d in the s t r inger sec t i on ) . 

A n inver ted k i n g t russ w i t h ga lvan ized w i re rope p rov ides r e i n f o r c e m e n t 
w h e n e x t r a s t r ingers f o r guard ra i l s are no t ava i lab le (F igu re 2 7 3 ) . T h e ropes 
s h o u l d run o u t s i d e the s ide s t r ingers . T h e same n u m b e r of w i re ropes must 
be used o n b o t h s ides and a l l mus t be the same s i ze . T h e t o t a l a l l o w a b l e l oad 
of t he w i re rope mus t be at least 1.25 o f the Des ign L o a d We igh t . T h e 
f i t t i ngs f o r t he w i r e ropes mus t be at least as s t rong as the w i re rope i tse l f . 



F I G U R E 2 7 2 . E m e r g e n c y use o f guard ra i l logs as s t r ingers 

F I G U R E 2 7 3 . B r i dge s t reng thened w i t h a w i r e rope t russ 

T h e n e e d l e b e a m mus t be large e n o u g h to assure an L / 1 0 or L / 8 t russ ing 
d e p t h (F igu re 2 7 4 ) . If y o u d o n ' t need the b r idge any longer t h a n t w o yea rs , 
t he t russ ing can run u n d e r the u n p r o t e c t e d n e e d l e b e a m . If t he br idge is t o 
have a longer l i fe , y o u can p ro tec t the n e e d l e b e a m w i t h t ree p lates or steel 
channe l s (sleeve segments ) . T h e y w i l l keep the rope f r o m c u t t i n g in to the 
w o o d , and w i l l p revent d e f o r m a t i o n o f the w i r e r o p e . 



F I G U R E 2 7 4 . K i n g t russ 

T e n s i o n the w i re rope as f o l l o w s (using t u r n b u c k l e s o r o the r s im i l a r d e v i c e s ) : 

1. T a k e the sag o u t o f the b r idge u p t o the o r ig ina l d e f l e c t i o n w i t h o u t l ive 
l o a d i n g . 

2 . R u n a f ew loads over it and t ens ion u p t o the o r i g i na l d e f l e c t i o n unde r 
l ive loads . 

3 . C h e c k and adjust a f ew d a y s later . 

In some cases the b r idge s h o u l d be rebu i l t , no t r epa i red . If y o u p l an t o re
p lace s t r ingers , h o w e v e r , y o u s h o u l d rep lace the s i l l s , c ross t ies , and p l a n k i n g 
at the same t i m e . ' . 

If in d o u b t a b o u t repa i r ing o r r e b u i l d i n g , consu l t a .br idge eng ineer . 

g) R e p a i r s to steel and w i r e rope trusses 

T russes m a y b e c o m e loose and s h o u l d be t i gh tened t o t h e r equ i r ed t e n s i o n . 
T h e trusses s h o u l d be c leaned and pa in ted at the f i rst s ign o f rust o r c o r r o s i o n . 

B r o k e n s t rands in w i r e ropes i nd i ca te tha t the t russ ing is o v e r l o a d e d . 
R u b b i n g m a y have damaged the w i r e rope at t he t ree p la tes . T h e s e w i r e 
ropes must be rep laced w i t h e i t he r larger s ize rope or e x t r a ropes . 

P lace e i the r t ree p lates o r w i re - rope shoes o n the beam if t russes b e c o m e 
loose w h e n the rope cu ts in to the n e e d l e b e a m . 

If t russes are damaged b y h igh f l o o d s , m o v e the m e m b e r s back i n to pos i 
t i o n , and t h o r o u g h l y c h e c k the o r ig ina l t e n s i o n . Ben t rods s h o u l d be rep laced 



or in tine case o f D Y W I D A G th readba rs , the sec t i on m a y be cu t ou t and 
sp l i ced w i t h a new s e c t i o n . 

If t he need lebeam has m o v e d , it is usua l l y necessary t o s h i m b e t w e e n it and 

the s t r ingers . 

h) Repa i r s t o c ross t ies 

R e m o v e p l a n k i n g and guardra i l s to rep lace the t ies . W h e n crosst ies are o f f , 
check the t o p of the s t r ingers fo r ro t . T h e s t r ingers s h o u l d be c leaned and 
coa ted w i t h preservat ive be fo re new crosst ies are l a i d . 

C ross t i e p r o b l e m s are usua l l y assoc ia ted w i t h loose d e c k s o r p o o r load d is
t r i b u t i o n . 

L o o s e crosst ies 

T h e r e are p r o b l e m s if n o t e n o u g h br idge sp ikes were u s e d , o r t h e y were t o o 
sho r t , o r t h e y have rus ted . If the o r ig ina l c ross t ie na i l i ng pa t te rn is k n o w n , 
d r i l l larger ho les t h r o u g h the p l a n k i n g w i t h o u t r e m o v i n g the p l anks and d r i ve 
the sp ikes d o w n t h r o u g h the p l a n k i n g and the c ross t ies . If n o t , t a k e o f f the 
p lanks and sp i ke every c ross t ie t o every s t r inger . 

A l w a y s use a mi ld -s tee l s l e d g e h a m m e r and wear p ro tec t i ve goggles. R e m e m 
ber t ha t a .ho le s h o u l d a l w a y s be d r i l l e d t h r o u g h the c ross t ie i n to the st r inger 
t o prevent sp l i t t i ng b y the s p i k e . (See D e c k i n g s e c t i o n fo r deta i ls . ) 

C ross t ies no t d i s t r i b u t i n g the l o a d : 

U n d e r s i z e c ross t ies : T h e c ross t ies w i l l e v e n t u a l l y have to be r ep l aced . 
N e e d l e b e a m s c a n be used as a t e m p o r a r y s o l u t i o n . 

N o t enough c ross t ies : T a k e o f f t he p l a n k i n g and p lace e x t r a crosst ies 
be tween the e x i s t i n g ones if the spac ing a l l ows i t . If n o t , the c ross t ies 
w i l l have t o be rep laced w i t h larger ones . 

R o t t e n c ross t ies : R e p l a c e r o t t i n g t ies if p l a n k s c o n t i n u e t o l oosen af ter 

re -sp i k ing . 

Cross t ies damaged f r o m o v e r l o a d s : C r a c k e d and b r o k e n t ies must be 
r e p l a c e d . Larger t ies s h o u l d be used i f the re is a chance o f f u t u r e o v e r l o a d 
ing . C h e c k t o see if the s t r ingers are capab le o f ca r r y i ng the o v e r l o a d . 



G u a r d r a i l - s u p p o r t c rosst ies m a y be d a m a g e d . A b r o k e n t ie m a y be left in p lace 
and fas tened un t i l the d e c k is r e p l a c e d . In th is case the guard ra i l s u p p o r t 
s h o u l d be m o v e d over t he s o u n d t ies . A ver t i ca l c rack o f t e n deve lops at the 
bo l ts in gua rd ra i l - suppo r t t ies . T h e s e c racks can be repa i red b y p lac ing a b l o c k 
b e t w e e n the t ies , and bo l t i ng it and the c r a c k e d t ie to an ad jacent c ross t ie . 

C h e c k al l c rosst ies w h e n the p l a n k i n g is r ep l aced . If there is a chance tha t 
the t ies w i l l no t last as long as the new p l a n k i n g , t hen the t ies s h o u l d be re
p laced as w e l l . T h e s t r inger t o p m a y also be t rea ted w i t h preservat ives to 
c h e c k d e c a y . 

i) R e p a i r s to p l a n k i n g 

P l a n k i n g de te r io ra tes f r o m wear and m e c h a n i c a l damage . R o t t i n g is a p r o b 
lem o n o l d , ou t -o f -se rv i ce br idges. R o t t e n p l a n k i n g s h o u l d a l w a y s be re
p laced if the br idge is e x p e c t e d to ca r r y a n o r m a l t r a f f i c l o a d . P l a n k i n g 
s h o u l d be rep laced wheneve r n e w cross t ies are i ns ta l l ed . 

O c c a s i o n a l l y a b r idge p lank w i l l b reak p r e m a t u r e l y . Q u i c k a c t i o n is neces
sary t o rep lace b r o k e n p l anks because shor t b r o k e n sec t i ons have been 
k n o w n to j i l l p o k e a veh i c l e . Use a p o w e r s a w and w r e c k i n g bar t o r emove the 
b r o k e n sec t i ons and sp i ke a new p lank in p lace . T h e cu ts s h o u l d be m a d e 
over a c ross t ie if t he fu l l length o f the p l ank is no t r e p l a c e d . 

P l a n k i n g is due fo r r ep lacemen t w h e n p l anks start c r a c k i n g and heavy wear 
shows a r o u n d sp i ke heads and k n o t s . It m a y o n l y be necessary t o rep lace 
the r u n n i n g p l a n k i n g . 

W h e n a spec ia l wear ing-sur face is used to e x t e n d the l i fe of t he p l a n k s , it 
must be kept in g o o d repa i r . R e p l a c e the p r o t e c t i o n sur face if repa i r ing is 
d i f f i c u l t o r has to be d o n e f r e q u e n t l y . 

j) R e p a i r s to guardra i l s and guard logs 

G u a r d r a i l s m a y be damaged by road-graders o r o the r veh ic les b u m p i n g or 
r u b b i n g against t h e m . T h e guard ra i l m a y break or c rack at the bo l t s . A l l o r 
part o f the guard ra i l sec t i on can be r e p l a c e d . Ben t and damaged bo l t s s h o u l d 
also be r e p l a c e d . 

G u a r d r a i l s ra re ly b e c o m e ro t t en e n o u g h t o war ran t rep lac ing separa te l y , but 
t h e y s h o u l d be rep laced a long w i t h p l a n k i n g o r c ross t ies . S o m e guardra i l s 
are pa in ted fo r v i s i b i l i t y . T h e pa in t sur face s h o u l d be kept c l e a n . 



k) R e p a i r s to pa in ted sur faces 

R e p a i n t i n g s h o u l d be par t o f t he a n n u a l m a i n t e n a n c e p r o g r a m . N e v e r a l l o w 
any e x p o s e d l oad -ca r r y i ng meta l par t o f a b r idge t o b e c o m e rus ted . E v e n the 
z i n c c o a t i n g o f ga lvan ized meta l can b e c o m e w o r n o r damaged so the meta l 
rusts. C l e a n it and cove r it w i t h pa in t . 

Use a good q u a l i t y z i n c - r i c h pa in t f o r e f f i c i en t r u s t p r o o f i n g . It requ i res sur
face p repa ra t i on bu t it is w o r t h it. Pa in ts w h i c h d o no t requ i re a rust- f ree 
sur face are usefu l f o r u rgent repa i rs . 

A g o o d q u a l i t y coa l - ta r E p o x y pa in t w i l l p ro tec t al l me ta l par ts f r o m c o r r o 
s i o n . Use any pa in t tha t w i l l d o the j ob—bu t p a i n t , and pa in t o f t e n . 



S C H E D U L I N G A N D C O S T - E S T I M A T I N G 

A we l l t h o u g h t o u t c o n s t r u c t i o n schedu le w i l l r educe d e l a y s and ensure the 
br idge is bu i l t o n t i m e . T o prepare th i s schedu le t he p lanner mus t k n o w the 
d e l i v e r y t i m e s f o r mater ia ls and must es t ima te t he t i m e requ i r ed t o d o spec i 
f i c j o b s . H e must also es tab l i sh c r i t i ca l dates and p r o b l e m areas w h i c h migh t 
restr ic t progress. T h e mos t o b v i o u s c r i t i ca l da te is the c o m p l e t i o n da te . 
S o m e ques t i ons t o ask m igh t be , Is the si te access ib le at a l l seasons o f t he 
yea r? M u s t .some o f t h e w o r k be d o n e at l o w w a t e r ? M u s t t h e s t r ingers be 
cut w h e n the trees are d o r m a n t and h o w long s h o u l d t h e y be seasoned? 

T h e " c r i t i c a l pa th t e c h n i q u e " g r a p h i c a l l y i l lus t ra tes the re la t ive t i m e s be
t w e e n o rde r i ng supp l i es and be tween s tar t ing and c o m p l e t i o n dates of parts 
o f t he pro jec t . T o m a k e a c r i t i ca l p a t h , begin w i t h the ear l iest s tar t ing da te 
o f the f i rst j o b and add the length o f t i m e requ i red t o c o m p l e t e it to f i nd its 
c o m p l e t i o n da te . N o w c o n s i d e r the sequence o f e l e m e n t s . C a n o n e start 
be fo re ano the r is c o m p l e t e ? W h e n mus t supp l i es be o r d e r e d ? W h e n w i l l 
t h e y ar r ive o n s i te? C o n t i n u e t o w o r k t h r o u g h e a c h e l e m e n t un t i l t he b r idge 
is f i n i s h e d . If the s c h e d u l e d c o m p l e t i o n da te does no t agree w i t h the re
qu i r ed da te , go b a c k and see if i t is poss ib le to sho r t en u p o r o v e r l a p ce r ta in 
e l emen ts . 

T h e f o l l o w i n g is an e x a m p l e o f a w o r k schedu le and a s i m p l e c r i t i ca l pa th 
d i a g r a m . 

SCHEDULE RESTRICTIONS 
Starting date; September 
Completion date: May 15 
Site inaccessible: November 15 to March 15 
Stringer seasoning: 2 months 

TIME ESTIMATES WEEKS 
Site preparation 1 
Preparation of crib logs 2 
Crib construction 1 
Choosing, felling, and yarding stringers 3 
Stringer preparation 2 
Stringer placement 1 
Deck material delivery 4 
Deck construction 1 
Bridge and road completion 1 
Hardware delivery 4 



C O N S T R U C T I O N S C H E D U L E 

Oct. Nov. Dec. Jan. Feb. March April May 

Site inaccessible . i 

Site preparation — • 

Fall, transport and store 
stringers •— 

Fall, transport and store 

crib logs ~ — " 

Order hardware ^ — 

Order deck material i 

Prepare stringers — — 

Fabricate fasteners — 

Prepare crib material 

and construct abutments 

Transport deck material — • 

Place stringers — 

Construct the bridge deck 

Construct bridge approaches 

First deflection test — 

Required completion date 



C O S T E S T I M A T I N G 

T h r e e t y p e s o f cos t es t imates are necessary d u r i n g the process o f c h o o s i n g a 
b r idge s i te , d e t e r m i n i n g the t y p e o f b r i dge and p repa r i ng a f i na l budge t . 

T h e f i rst is a rough cos t es t ima te used fo r long-range p lann ing—or to c o m 
pare s i tes. T h e p l anne r m u s t k n o w c o n s t r u c t i o n cos ts in t he area and m u s t 
k n o w the l i fe and length o f the b r idge and the he igh t and f o u n d a t i o n c o n d i 
t i o n s of the a b u t m e n t s . 

T h e second is the es t ima te used fo r c o m p a r i n g spec i f i c br idge si tes or br idge 
t y p e s and is a r e f i n e m e n t o f the rough es t ima te based o n m o r e i n f o r m a t i o n 
a b o u t the s t ream and s i te . T h e p l a n n e r m a k e s a series o f ske tches o f poss ib le 
br idge t y p e s , us ing a va r ie ty o f a l te rna t i ve c o m p o n e n t s . H e then es t imates 
the cos t o f each p r o p o s a l . T h e de ta i l r equ i red d e p e n d s u p o n the i m p o r t a n c e 
o f t he s t ruc tu re . 

T h e t h i r d is the de ta i l ed cos t es t ima te or budge t w h i c h can o n l y be m a d e 
a f ter the des ign , p lans , and ma te r i a l l ist are c o m p l e t e . It cons is ts o f es t i 
mates o f the t i m e and cos t o f the m e n and m a c h i n e s , the cos t o f ma te r ia l s 
( i n c l u d i n g f re ight ) and the supe rv i s i on o r a d m i n i s t r a t i v e cos ts . T h e c r i t i ca l 
pa th d i a g r a m and cos t es t ima te c a n be used t o p repare a w e e k l y o r m o n t h l y 
c a s h - f l o w s c h e d u l e . Here is a t y p i c a l samp le o f a de ta i l ed cos t e s t i m a t e : 



L A B O U R A N D M A C H I N E C O S T S 

Site preparation: 
Bulldozer (incl. 2 men) 16 h @ $65.00 = $1,040.00 

Stringers: Falling, transportation and storage 
2 faUers 
Log loader (2 men) (yard and load) 
Logging truck 
Bulldozer (2 men) 
Other equipment and transportation 

2 mandays @ $150.00 
3h @ $90.00 
4 h @ $60.00 
1 h @ $65.00 

$300.00 
$270.00 
$240.00 

$65.00 
$150.00 

Crib logs: Falling, transportation and storage 
1 faller 1 manday @ $150.00 
Log loader 1 h @ $90.00 = 
Logging truck 2h @ $60.00 = 
Log loader Vih @ $46.00 = 

$150.00 
$90.00 

$120.00 
$23.00 
$50.00 

Stringer preparation: 
2 men 48 h @ $13.00 = $624.00 
2 men 64 h @ $16.00 = $1,024.00 
Other equipment and transportation = $150.00 

Fabricating fasteners: 
1 man 4 h @ $18.00 = $72.00 

Preparation of crib material, construction of cribbings: 
2 men 32 h @ $16.00 = $512.00 
Backhoe 8h @ $40.00 = $320.00 
Other equipment and transportation = $60.00 

Transportation of decking material: 
Truck 8h @ $60.00 = $480.00 
Loader I h @ $46.00 = $46.00 



Placing stringers: 
Log loader 
2 men 
Transportation 

Deck construction; 
2 men 
2 men 
Loader 
Other equipment and transportation 

Bridge approach construction: 

150 yd of shot rock @ $6.00/yd 

Clean-up; 

Supervision: 

4 h @ $90.00 = $360.00 
16 h @ $16.00 = $256.00 

$20.00 

32 h @ $13.00 = $416.00 
32 h @ $16.00 = $512.00 
16 h @ $45.00 = $720.00 

12 days @ $150.00 

$100.00 

$900.00 

$200.00 

$1,800.00 

Total Labour and Machine Costs = $11,070.00 

MATERIALS 

Hardware; 

(% in. diam. mild steel, guardrail bolts, bridge spikes, spikes, etc.) 

Crossties; 
D.F. 10 in. X 10 in. X 18 ft rough-70 10.5 MBM @ $450.00 

Planking: 
D.F. 5 in. x 12 in. rough random 
length (min. 8 ft) 3.8 MBM @ $450.00 

Tools: 

Total Material Cost 

= $350.00 

= $4,725.00 

= $1,710.00 

= $100.00 

= $6,885.00 

TOTAL BRIDGE COST 
(Location, planning and design costs are not included in this bridge cost.) = $17,955.00 



E N G I N E E R I N G C H A R A C T E R I S T I C S O F S O I L S 
A N D S O I L T E S T I N G F O R B R I D G E C O N S T R U C T I O N 

by L . L . A d a m o v i c h 

S O I L A S C O N S T R U C T I O N M A T E R I A L 

Br idges are in d i rec t c o n t a c t w i t h so i l in t he f o l l o w i n g w a y s : 
L T h e f i l l mater ia ls exer t an h o r i z o n t a l o v e r t u r n i n g fo r ce o n the a b u t m e n t s . 
2. T h e ear th u n d e r the f o u n d a t i o n s mus t s u p p o r t the we igh t o f the br idge 

and the t ra f f i c l oad w i t h o u t excess ive se t t l emen t . 
3 . S o i l s a r o u n d the b r idge mus t resist e r o s i o n o r s c o u r i n g . 

T h e br idge des igner and bu i l de r m u s t have a k n o w l e d g e of the eng ineer ing 
charac te r i s t i cs of the so i ls . S o i l s are c o m p l e x s t ruc tu ra l ma te r ia l s . T h e 
s t reng th , e las t i c i t y and t h e r m a l e x p a n s i o n of w o o d , steel and c o n c r e t e are 
d e f i n e d s i m p l y fo r s t ruc tu ra l des ign . N o t so w i t h so i ls . S o i l s are m i x t u r e s o f 
va r i ous par t i c les , c o m i n g f r o m p h y s i c a l and c h e m i c a l a l t e ra t i on o f r o c k s or 
o rgan ic mat te rs . E n g i n e e r i n g cha rac te r i s t i cs i n c l u d e no t o n l y s t rength but 
o the r cha rac te r i s t i cs such as d ra inage p rope r t i es , c a p i l l a r i t y , c o h e s i o n and 
f r i c t i o n , behav iou r if f r o z e n , e x p a n s i o n and c o m p a c t i b i l i t y . 

T h e cha rac te r i s t i cs o f so i ls have been c lass i f i ed in a s im i l a r m a n n e r t o those 
fo r w o o d . T h e s t rength o f w o o d is d e t e r m i n e d by its spec ies and grades and 
we k n o w fo r e x a m p l e tha t D o u g l a s f i r is s t ronger t h a n Wes te rn red cedar and 
tha t s t ruc tu ra l grades are s t ronger t han u t i l i t y grades. T h e eng ineer ing 
p rope r t i es of soi l t y p e s have been tested and are k n o w n . U n f o r t u n a t e l y 
mos t soi ls f o u n d in na tu re are m i x t u r e s of soi l t y p e s . It is t he re fo re necess
ary to i d e n t i f y the i n d i v i d u a l so i l t y p e s and es t ima te the na tu re of the m i x t u r e 

T h e U n i f i e d S o i l C l a s s i f i c a t i o n S y s t e m w h i c h is used f o r eng ineer ing recog
n izes o n l y f ive ma jo r so i l g r o u p s . G rave l s ( G ) , Sands (S) , S i l t s ( M ) , C l a y s (C ) , 
and o rgan ic soi ls or peats (P) . These so i l g roups are desc r i bed and the i r 
cha rac te r i s t i cs s h o w n in T a b l e A - l l -a. 

S o i l s eng ineers use the f o l l o w i n g s izes o f pa r t i c les . 

C o b b l e s , b o u l d e r s 3 i n . (76 m m ) or larger 
G r a v e l 0 . 1 8 i n . t o 3 i n . (5 m m to 76 m m ) 
Sand 0 . 0 0 3 i n . to .18 i n . (0 .07 m m to 5 m m ) 
F ines less t han 0 . 0 0 3 i n . (0 .07 m m ) 



Inorgan ic soi ls have been d i v i d e d in to t w o d i s t i nc t g roups : (1) gravels and 
sands are g ranu la r soi ls w i t h v i s ib le par t i c les and (2) s i l ts and c lays are f i ne 
t e x t u r e d and cohes i ve w i t h par t i c les h a r d l y d i s t i ngu i shab le to the n a k e d e y e . 

G rave l s and sands are exce l l en t f o r c o n s t r u c t i o n . T h e y have good dra inage 
cha rac te r i s t i cs , d o not f reeze , and have good f r i c t i o n p rope r t i es be tween the 
par t i c les . T h e i r s t rength is no t a p p r e c i a b l y a f fec ted b y wa te r c o n t e n t (ex
cept w h e n pore pressure b e c o m e s h igh and creates q u i c k s a n d c o n d i t i o n s ) . 
T h e y can be c o m p a c t e d eas i ly b y pressure and v i b r a t i o n . T h e i r s h o r t c o m i n g 
is tha t t h e y lack c o h e s i o n . (Po tho les in f r o n t of the br idge are the resul t o f 
lack o f cohes ion . ) D u e to the lack of c o h e s i o n t h e y are eas i ly e r o d i b l e 
(pa r t i cu la r l y sands and f ine gravels) . 

G r a n u l a r soi ls are e i ther we l l -g raded (W) or p o o r l y graded (P) . A w e l l -
graded soi l has a great va r ie ty of pa r t i c l e sizes d i s t r i b u t e d t h r o u g h o u t its 
mass. If t he sizes are u n i f o r m it is p o o r l y g raded . F o r e x a m p l e , ma te r ia l 
c o m i n g f r o m a gravel p i t is usua l l y we l l graded (GW) and the sand o n the 
beaches is usua l l y p o o r l y graded ( S P ) . 

F i n e t e x t u r e d so i l s , s i l ts and c l ays are the p r o b l e m so i ls . T h e y genera l l y have 
p o o r d ra inage cha rac te r i s t i cs . T h e y create f rost heaves (espec ia l l y s i l ts o r 
s i l t y - c l ays ) , and the i r s t rength is g rea t ly i n f l u e n c e d by wa te r c o n t e n t — ( s o m e 
b e c o m e f l u i d w i t h wa te r ) . A t m o d e r a t e wa te r c o n t e n t , h o w e v e r , t h e y can be 
c o m p a c t e d t o a ve ry dense state by t a m p e r s (or sheep - foo t ro l le rs ) and if 
t h e y are d r y (or can be kep t d r y ) the i r s t rength app roaches tha t o f c o n c r e t e . 
F i n e t e x t u r e d so i l par t i c les are very sma l l so the s ize sub -c l ass i f i ca t i on c a n 
not be used and o the r d i s t i ngu i sh i ng cha rac te r i s t i cs are necessary . B o n e - d r y 
f i ne t e x t u r e d soi ls (e.g., c lays) are ve ry t o u g h . W i t h l i t t le wa te r , h o w e v e r , 
t h e y b e c o m e so f t or p las t i c and b y a d d i n g wa te r t h e y b e c o m e s t i c k y a n d 
f i n a l l y f l u i d . O t h e r f ine t e x t u r e d so i ls change f r o m p las t ic (mo ldab le ) t o 
l i qu i d ( f lu id) state w i t h m u c h less wa te r . T h i s cha rac te r i s t i c is ca l l ed 
' p l a s t i c i t y ' and var ies f r o m high to l o w . A so i l re fer red to as ' M L ' is a 
l o w - p l a s t i c i t y s i l t , and C H is a h i gh -p las t i c i t y c l a y . T h e p rac t i ca l a p p l i c a t i o n 
of th is k n o w l e d g e is tha t l o w - p l a s t i c i t y soi ls d r y ou t q u i c k l y and the i r 
s t rength increases r a p i d l y . H i g h - p l a s t i c i t y soi ls r ema in p las t ic and are d i f f i 
cu l t to d r a i n . P r o b l e m soi ls have less t h a n 5 0 % granu la r c o n t e n t . T h e y are 
t o u g h w h e n d r y , s t i c k y w h e n we t , and feel l i ke soap w i t h no gr i t . 

S o i l I den t i f i ca t i on 

T h e soi ls at a ma jo r br idge si te (or c o m p l e x soi ls at any site) mus t be i den t i 
f i ed by spec ia l is ts w h o have access to soph i s t i ca ted s a m p l i n g and tes t ing 



e q u i p m e n t . T h e f o l l o w i n g p r o c e d u r e s w i l l assist the br idge b u i l d e r to i den t i 
fy s i m p l e soi ls and w i l l p r o v i d e su f f i c i en t i n f o r m a t i o n fo r the c o n s t r u c t i o n of 
m a n y m i n o r br idges. 

T h e f i rst step is to get a represen ta t i ve samp le o f the s o i l . Use a shove l and a 
b u c k e t to get a samp le . F o r a b u t m e n t or p ier f o u n d a t i o n s , d ig d o w n to the 
f o u n d a t i o n leve l . S o i l samp les m a y no t be necessary fo r p i le s t ruc tu res , 
w h e n test p i le resul ts w i l l be used fo r des ign . 

Tes t i ng and i d e n t i f y i n g the so i l samp les : 

F i r s t , separate the f ines f r o m the g ranu la r so l id par t i c les . Use the soi l s ieves: 
r emove the large c o b b l e s and b o u l d e r s f r o m the s a m p l e . D r y the samp le 
(e.g., o n a c a m p stove) and shake it t h r o u g h s tandard so i l s ieves. We igh the 
t w o parts separa ted by sieve # 2 0 0 ( 0 . 0 0 3 in . ) . T h e i r ra t io de f ines the soi l 
t y p e as granu lar or f i ne t e x t u r e d . If m o r e than 4 0 % fa l ls t h r o u g h # 2 0 0 the 
soi l is f ine t e x t u r e d . 

A n o t h e r s imp le test to de f i ne the soi l t y p e is the se t t l emen t test . M i x the 
so i l samp le w i t h p l en t y of wa te r in a large glass jar , shake it and then let it 
rest. G rave l s and sands set t le f i rst ( in less t han ha l f a m i n u t e ) . T h e f ines w i l l 
set t le last, bu t m o s t o f it w i l l set t le in an h o u r . C o m p a r e the d e p t h o f f ines 
to the to ta l se t t l emen t d e p t h . In f i ne t e x t u r e d soi ls (si l ts or c lays) the f ines 
w i l l be over 4 0 percen t . F o r t hose so i ls it is i m p o r t a n t to k n o w the i r p las t i 
c i t y , because l o w - p l a s t i c i t y so i ls m a k e bet ter f o u n d a t i o n s . 

T o c h e c k the p las t i c i t y of the f ines f o r m a smal l m o l d by add ing a l i t t le 
wa te r (5% to 10%) . If the m o l d is ve ry sof t and s t i c k y t hen the samp le is o f 
l o w p las t i c i t y . H igh -p l as t i c i t y so i ls need 2 0 % to 5 0 % wate r c o n t e n t to reach 
th is state. 

G o o d gravel soi ls usua l l y have 5 % to 1 5 % f ines in t h e m . S e t t l e m e n t o f g ran
ular par t i c le sizes w i l l s h o w w h e t h e r or no t the soi l is gravel o r sand . S i m i 
l a r l y , the va r i a t i on in par t i c le s ize is an i n d i c a t i o n w h e t h e r t h e y are we l l or 
p o o r l y g raded . 

O n c e the soi ls are c l ass i f i ed , Tab le -A - I l-a w i l l s h o w the eng ineer ing charac te r 
is t ics fo r the soi l t ypes . O n l y we l l c o m p a c t e d so i ls w i l l p r o v i d e long serv ice 
l i fe as a f i l l . 



T A B L E A - I I - a . E n g i n e e r i n g C h a r a c t e r i s t i c s o f S o i l s f o r B r idge C o n s t r u c t i o n 

Soil Type Symbol Value as FUl Load-Bearing Strength 
Drainage 

Characteristics 

1. Rock (shot or crushed), boulders R Excellent Very high Excellent 

2. Well-graded gravel, gravel sand 
mixtures 

GW Excellent Very high Excellent 

3. Poorly-graded gravel, 
little or no fines 

CP Excellent High Excellent 

4, Silty-gravel, fines with low 
plasticity 

CM Fail to poor High Fair to poor 

5. Clayey gravels, plastic fines GC Fair to poor High Poor to very poor 

6. Well-graded sands, gravelly 
sands, no fines 

SW Very good Very high Excellent 

7. Poorly-graded sands SP Very good High Excellent 

8. Silty sands with low 
plasticity 

SM Poor Medium Poor 

9. Clayey sands with plastic 
fines 

sc Poor Medium Poor to very poor 

10. Inorganic silts, very fine 
sands, rock flour 

ML Very poor Very low Fair to poor 

11. Lean clay CL Poor Very low Impervious 

12. Elastic silts MH Very poor Almost none Fair to poor 

13. Fat clays CH Very poor Very low Impervious 

14. Organic silts or clays OH Very poor Very low Impervious 



Erosion or Scour Resistance 

Compactibility and 
Best Compaction Equipment Remarks 

Very good Compaction if needed: grid-roller Best material for bridge and road construction 1. 

Very good Crawler-type tractor, rubber-tired 
roller, vibrating roller 

Best all-around soil type. Fines up to 10%, 
all particle sizes are present. 

2. 

Good Crawler-type tractor, rubber-tired 
roller, vibrating roller 

Voids between particles are not filled as certain 
particle sizes are missing. 

3. 

Medium Rubber-tired roller, sheepsfoot 

roller, tamper 

Behaviour depends on the amount of silt. 4. 

Medium Rubber-tired roller, sheepsfoot 

roller, tamper 

Behaviour depends on the amount of clay. 5. 

Fair Crawler-type tractor, rubber-
tired roller, vibrating roller 

A mixture of sand and gravel. It is stable 

if all particle sizes are present. 

6. 

Poor Crawler-type tractor, rubber-
tired roller, vibrating roller 

If sand particles are round, they easily erode, 
angular particles can be stable. 

7. 

Very poor Rubber-tired roller, sheepsfoot 

roller, tamper 

Behaviour depends on the amount of silt. 8. 

Medium Rubber-tired roller, sheepsfoot 
roller, tamper 

Behaviour depends on the amount of clay. 9. 

Very poor Rubber-tired roller, sheepsfoot 
roller, tamper, close control of 
moisture 

These soils scour easily. 10. 

Medium, very 
good if hard 

Rubber-tired roller, sheepsfoot 
roller, tamper 

Fine soils cannot be kept dry in field, their 
strength is consequently very low. If pro
tected, can hold piles and cribs reasonably well. 

11. 

Poor Sheepsfoot roller, rubber-tired 
roller, tamper 

12. 

Medium, very 
good if hard 

Sheepsfoot roller, rubber-tired 

roller, tamper 

13. 

Medium Sheepsfoot roller, rubber-tired 

roller, tamper 

Muck when wet, not usable for construction 

purposes. 

14. 



L o a d - b e a r i n g c a p a c i t y of F o u n d a t i o n So i l s 

T h e s t rength o f f o u n d a t i o n so i ls can be tes ted by a s i m p l e h o m e m a d e 
dev ice s h o w n by F igu re A - l 1-1. 

F I G U R E A - l 1-1. Tes t i ng so i l load c a p a c i t y 

Y o u mus t k n o w the c ross -sec t ion o f t he tes t ing bar t o m a k e the c a l c u l a t i o n s , 
let 's say 16 i n . ^ . Y o u mus t dec i de the a l l o w a b l e se t t l emen t o f the f o u n d a 
t i o n u n d e r t he s t ruc tu re—usua l l y no t m o r e t h a n 1/2 i n c h . 

L o a d u p the basket so the tes t ing bar penet ra tes the g r o u n d the d i s tance o f 
t he a l l o w a b l e se t t l emen t . We igh the baske t - l oad and m u l t i p l y it b y 10 . 
D i v i d e t h i s f i gu re b y t h e area o f t he test bar 's c ross -sec t ion (in our case 16 
in .^ ) t o ar r ive at t he load-bear ing c a p a c i t y o f the s o i l . T h i s is the m a x i m u m 
load tha t the so i l w i l l ca r r y w i t h o u t e x c e e d i n g the a l l o w a b l e s e t t l e m e n t . 

T a b l e s can a lso be used fo r f i n d i n g the load-bear ing c a p a c i t y o f so i ls bu t 
w i t h less a c c u r a c y . A g o o d e x a m p l e is T a b l e A - l l-b. 

If f r i c t i o n p i les are be ing c o n s i d e r e d , d r i ve a test p i le to give y o u the 
mos t re l iab le l oad -bear ing c a p a c i t y o f the so i l or the load-bear ing a b i l i t y 
o f a p i l e . (See P i le D r i v i n g in the m a i n b o d y o f th i s b o o k . ) 

O n e mus t be ca re fu l a b o u t the p o s s i b i l i t y tha t the t i p s -o f t he pi les m igh t 
have pene t ra ted in to a dense layer above so f te r ones . F o r c e the test p i l e as 
m u c h as poss ib le t o m a k e sure tha t t he f i na l p o s i t i o n has been r e a c h e d . 



T A B L E A - l l-b. L o a d - B e a r i n g C a p a c i t y o f R o c k s and S o i l s 

Allowable Load-Bearing 
Capacity 

Material Ib/ft^ 

Massive bedrock in sound condition without laminations: granite, 
diorite, other granite rocks, gneiss, and thoroughly cemented 
conglomerates. (Minor cracks allowed.) 200 000 

Laminated rocks in sound condition (slate, schist, etc.). 

(Minor cracks allowed.) 70 000 

' Shale in sound condition (minor cracks allowed), 

shattered or broken bedrock 20 000 

Hardpan 20 000 

Gravel, compact sand-gravel mixtures 10 000 

Gravel, loose sand and gravel mixtures, compact coarse sand 8 000 

Loose coarse sand, compact fine sand 6 000 

Loose fine sand 2 000 

Hard clay 12 000 

Medium clay 8 000 

Soft clay 2 000 

If the p o s i t i o n has been i d e n t i f i e d , t he load-bear ing a b i l i t y o f a f r i c t i o n p i le 
can be a p p r o x i m a t e d b y m u l t i p l y i n g the sur face area of the p i le in the so i l 
w i t h s k i n - f r i c t i o n va lues s h o w n in T a b l e A - l l-c. T o get t he p i les sur face area 
in f t ^ , m u l t i p l y the p i le 's average d i a m e t e r (ft) in the so i l w i t h the pi le 
pene t ra t i on (ft) and b y 3 . 1 4 . 

T A B L E A - l l-c. A p p r o x i m a t e S k i n F r i c t i o n V a l u e s 

S k i n f r i c t i o n values 
Ma te r i a l Ib / f t^ 

S o f t s i l t and dense m u c k 5 0 - 1 0 0 
S i l t (wet but c o n f i n e d ) 1 0 0 - 2 0 0 
S o f t c l a y 2 0 0 - 3 0 0 
S t i f f c l a y 3 0 0 - 5 0 0 
C l a y and sand m i x t u r e 3 0 0 - 5 0 0 
F i n e sand (wet bu t c o n f i n e d ) 3 0 0 - 4 0 0 
M e d i u m sand and sma l l gravel 5 0 C - 7 0 0 



T h e Pene t ra t i on Test is p r o b a b l y t he least soph i s t i ca ted and m o s t p o p u 
lar test used f o r ons i te tes t ing . A sp l i t - spoon samp le r can be pu rchased 
or f ab r i ca ted in a s h o p . Y o u can eas i ly m a k e the dev ice d e m o n s t r a t e d 
by F i g u r e A - l 1-2. 

- 6 T E E L R.OD 

"[-•-gA/A STOP 

D HAUPLE. 

E A A 140 lb 

5TE£i- PIPE 

I 5 / a ' 

F I G U R E A - l 1-2. A dev i ce t o test so i l s t rength 

T h e samp le r is a s t rong h o l l o w p ipe w i t h one end m a d e in to a c u t t i n g edge 
w h i l e the o the r is r e i n f o r c e d to rece ive the b l o w s of the r a m . T h e ram is 
gu ided b y a rod f i t t ed t o t he samp le r ' s t o p . T h e ram we ighs 1 4 0 lb and fa l ls 
a d i s t ance o f 3 0 inches . T h e n u m b e r o f b l o w s needed t o d r i ve th i s samp le r 
i n to the g r o u n d fo r one f o o t (N) i nd i ca tes the s t rength o f t he s o i l . 

T h e samp le r s h o u l d be d r i ven p a r t l y i n to the g r o u n d (2 i n . t o 3 in.) b e f o r e 
t h e ac tua l test beg ins . T h e resul ts o f m a n y tests are s u m m a r i z e d in the f o l 
l o w i n g t w o graphs (F igu re A - l 1-3 and A - l 1-4). o n e f o r g ranu la r so i ls a n d o n e 
fo r f i ne t e x t u r e d so i l s . T h e graphs s h o w the s t rength of t he so i l s . 



N U M B E R O F BLOWS P E R F O O T 

F I G U R E A - l 1-3. S o i l s t rength s u m m a r y fo r g ranu la r so i l 

16 

14 

N U M B E R O F B L O W S P E R F O O T 

F I G U R E A - l 1-4. S o i l s t rength s u m m a r y f o r f ine-gra ined so i l 



S u m m a r y 

S o i l s can be i den t i f i ed and the i r eng ineer ing cha rac te r i s t i cs d e t e r m i n e d f o r 
b r i dge des ign . T a b l e A- I I -a c a n be used t o es t ima te t h e so i l ' s s u i t a b i l i t y f o r 
f i l l . T h e va lues s h o w n in the tab les are an i n d i c a t i o n of t he r e l a t i onsh ip o f 
so i l cha rac te r i s t i cs b e t w e e n soi l t y p e s . F o r e x a m p l e " v e r y g o o d " s c o u r i n g 
res is tance means tha t th i s so i l is m o r e res is tant t o e ros i on t h a n the one tha t 
has a va lue o f " g o o d , " bu t th is so i l m a y eas i l y scou r d e p e n d i n g o n o t h e r c i r 
c u m s t a n c e s . S c o u r i n g no t o n l y d e p e n d s o n the so i l t y p e , bu t a lso d e p e n d s 
very m u c h o n the v o l u m e , speed , and t u r b u l e n c e o f the wa te r f l o w . T h e 
f o r c e o f the wa te r m igh t b e c o m e so large tha t even r i p - rapp ing w i t h r o c k w i l l 
no t resist it. 

Y o u mus t k n o w the s t rength o f f o u n d a t i o n so i l s . If the re is a d o u b t a b o u t 
t he co r rec tness o f the i d e n t i f i c a t i o n t h e n f u r t he r tests mus t be c o n d u c t e d . 

S o i l s are va r iab le—and o c c a s i o n a l l y u n p r e d i c t a b l e — b u i l d i n g mate r ia l s . L o c a l 
e x p e r i e n c e a n d o b s e r v a t i o n s o f s im i l a r s t ruc tu res n e a r b y are t h e m o s t v a l u a 
ble gu ides t o j u d g i n g so i l cha rac te r i s t i cs o n a b r idge c o n s t r u c t i o n s i te . 



S A F E T Y F A C T O R S , D U R A T I O N O F L O A D S . O V E R L O A D I N G 

T h e sa fe ty f ac to r f o r w o o d s t ruc tu res is be tween 1 1/4 and 5 d e p e n d i n g o n 
the i nd i v i dua l t i m b e r s t rength and loca l c o n d i t i o n s . T o keep the safe ty 
f a c t o r above 2 1 /2 , it is i m p o r t a n t t o se lect g o o d q u a l i t y s t r ingers so the 
w o o d has bet ter - than-average s t r eng th . 

W o o d is the o n l y ma te r i a l w h i c h can sus ta in a load greater t han its des ign 
s t rength fo r a br ie f pe r i od of t i m e . S u c h an ove r l oad (or an i m p a c t load) m a y 
be t w i c e the des ign load ye t no t h a r m the br idge if the d u r a t i o n is sho r t . 
These heavy loads d o no t change the basic des ign - load c a p a c i t y of the b r idge . 

F igu re A-I I I -1 shows the shor t d u r a t i o n l oad ings . I n te rm i t t en t ove r l oads are 
c u m u l a t i v e . 

L o g ( w o o d ) br idges w h i c h are p r o p e r l y des igned and c o n s t r u c t e d w i l l sa fe ly 
s u p p o r t the des ign and dead load ( 1 0 0 % load ing) c o n t i n u o u s l y fo r ten years . 
These br idges can s tay in serv ice fo r over 5 0 years c a r r y i n g o n l y 9 0 % of the 
c o m b i n e d load if t h e y are k e p t in g o o d repa i r . 
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F I G U R E A - I I I - 1 . D u r a t i o n o f l oads 



T O O L S 

S o m e spec ia l t o o l s used in b r idge c o n s t r u c t i o n are s h o w n here . 

B r o a d a x e 

A b r o a d a x e is used to f l a t ten or h e w a log su r face . It is a heavy axe w i t h a 
w i d e c u t t i n g edge and f la t -s ided b l a d e . 

S w a m p i n g axe 

A s w a m p i n g axe is used fo r heavy s l a b b i n g , b a r k i n g and b rush ing o u t . 
- F r e q u e n t l y one bi t is kep t ve ry sharp and the o t h e r is used fo r c u t t i n g k n o t s 

o r b rush c lose t o the g r o u n d . 

s 

A d z e 

A n adze is a m a t t o c k - t y p e t o o l kep t sharp and used to p r o d u c e a s m o o t h , 
h e w n sur face (usua l l y h o r i z o n t a l ) . T h i s is a dangerous t o o l in the hands o f 
an i n e x p e r i e n c e d p e r s o n . 



Peavey 

A peavey is a i ieavy lever w i t h a h o o k . P o i n t s are sharp . T h i s is used fo r 
t u r n i n g logs and t imbe rs . 

P i k e Po le ^ 

A p i k e po le is a long po le w i t h a spear and h o o k p o i n t used fo r p r o b i n g , 
spear ing and p u l l i n g or p u s h i n g logs. It is m a d e to f loa t in wa te r . 

A l a s k a n S a w m i l l 

T h i s is a b rand name fo r a dev i ce tha t is m a n u f a c t u r e d to a l l o w accu ra te r ip-
saw ing o f l u m b e r or s labs w i t h a p o w e r s a w . 



S p u d 

A spud is a f la t , sharp t o o l used fo r pee l ing bark f r o m logs. A l ong b lade 
scraper is used fo r pee l ing sma l le r logs, w h i l e t he cedar spud is used w i t h 
large logs. 

L o g b lade scraper 

Gedar s p u d 

L o g g i n g (G i l ch r i s t , He rcu les ) j ack 

A logging jack is a heavy m e c h a n i c a l j ack tha t is used fo r t u r n i n g and . l i f t i ng 
logs. A n o t c h is cu t i n to the log to h o l d the j ack . T h e log can be p laced 
u n d e r the jack head or t he s ide h o o k fo r j a c k i n g . 



H o o k e r o o n or P i c k a r o o n 

A h o o k e r o o n or p i c k a r o o n is a sma l l h o o k t o o l w i t h a long a x e h a n d l e . It is 
used fo r m o v i n g logs, l u m b e r , c rosst ies and p l a n k i n g in to p lace . 

A n auger is also k n o w n as a sh i p -bu i l de r ' s auger. T h i s is a d r i l l b i t w i t h a 
long shank tha t is used w i t h a manua l o r p o w e r e d d r i l l - h o l d e r . These bi ts 
mus t go t h r o u g h several feet o f w o o d and mus t be kep t s t ra ight and sharp . 

T i m b e r Ca r r i e r 

A t imber -ca r r i e r is a large d o u b l e h o o k used by t w o m e n to ca r ry sma l l logs 
and large l u m b e r (crosst ies) . 



T I M B E R C O N N E C T O R S 

/ 
B r i d g e b u i l d i n g requ i res c o n s i d e r a b l e use o f s tandard f o r m s o f t i m b e r c o n 
nec to rs as we l l as s o m e u n i q u e c o n n e c t o r s . T h e m o r e c o m m o n and s tandard 
c o n n e c t o r s are l i s ted : 

R a i l r o a d S p i k e 

A ra i l r oad sp i ke is a s t r o n g , square shank s p i k e w i t h an o f f - cen t re head used 
fo r w i re - rope fas ten ing in l ash ing . 

S p i k e s and Na i l s 

C o m m o n , sp i ra l and ga l van i zed nai ls and sp ikes are used f o r na i l ing in f o r m 
w o r k , a b u t m e n t s and d e c k i n g . 

B r i dge S p i k e 

T h e br idge sp i ke has a sha rpened ha l f - i nch square shank w i t h a r o u n d h e a d . 
It is m a i n l y used fo r fas ten ing the c ross t ies to the s t r inger . 



D r i f t P in and D r i f t B o l t 

A d r i f t p in and d r i f t bo l t are r o u n d m i l d steel p ins p o i n t e d o n one e n d . T h e 
o t h e r end is cu t f la t (dr i f t p in) or m a y have a head (dr i f t b o l t ) . It is used fo r 
h o l d i n g logs or large sawn t i m b e r t oge the r . 

B o l t 

A bo l t is a steel rod th readed t o t ake nu ts . It is n o r m a l l y used w i t h washers 
fo r h o l d i n g p red r i l l ed w o o d and steel t oge the r . 

Lag B o l t or S c r e w 

A lag bo l t o r sc rew is a large w o o d s c r e w hav ing a sc rew- t ype th read o n the 
b o t t o m ha l f o n l y . It is used in p lace o f a s p i k e , whe re the sp i ke m igh t p u l l . 
S tee l p la tes are u s u a l l y ' f a s t e n e d to w o o d w i t h lag bo l t s . T h e lag bo l t is 
sc rewed in to a p red r i l l ed h o l e . 



Washer 

Washers are used w i t h bo l t s to spread the stress caused by the t i gh ten ing o f 
t he nu t over a large area and a l l o w easier t u r n i n g o f the nu t . S t a n d a r d and 
square-p la te washers are used over s tee l . T h e o thers are used over w o o d . 
T h e y are s h o w n in o rde r of inc reas ing s t reng th . 

S p i k e d G r i d 

A sp i ked gr id is a t i m b e r c o n n e c t o r to h o l d t w o p ieces o f w o o d f r o m s l id ing 
af ter it is b o l t e d , s p i k e d or d r i f t e d . T h e gr id is p laced be tween t w o p ieces o f 
w o o d and bo l t ed t h r o u g h the cen t re . 



Shear Plates 

Shear p lates are used in p lace o f washers whe re the w o o d mus t be p r o t e c t e d 
f r o m sp l i t t i ng . Ma l l eab le i ron shear p la te is s t ronger t han pressed s tee l . 

hlAU-EABLE I R ^ 
SNEAK- FliSTE* U V ) 

S p l i t R i n g 

A sp l i t r ing is a dev ice tha t can be used t o sp l i ce t w o beams toge the r end - to -
end w h e r e there is need t o m a i n t a i n s t rength against shear fo rces in the t w o 
beams . T h e spl i t r ing w i l l d i s t r i bu te the shear fo rces over a large area to pre
vent sp l i t t i ng o f the w o o d . 



W E I G H T O F S T R U C T U R A L T I M B E R S 

Weight of Wood 
Ib/ft^ 

12% Moisture 
SPECIES Green content 

CEDAR, EASTERN WHITE (Thuja occidentalis L.) 34 21 
WESTERN RED (Thuja plicata Donn) 29 24 
YELLOW (Chamaecyparis nootkatensis (D. Don) Spach) 35 30 

DOUGLAS FIR, (Pseudotsuga menziesii (Mirb.) Franco) 40 34 

FIR, AMBALIS, BALSAM (B.C. COAST) (Abies amabilis (Dougl. Forbes) 39 27 
GRAND, WESTERN BALSAM (Abies grandis (Dougl.) Lindl.) 39 27 
ALPINE, BALSAM (B.C. INTERIOR) (Abies lasiocorpa (Hook.) Nutt.) 39 27 
BALSAM (EASTERN CANADA) (Abies balsamea (L.) Mill.) 46 , 24 

HEMLOCK, EASTERN (Tsuga canadensis (L.) Carr.) 61 30 
WESTERN (Tsuga heterophyUa (raf.) Sarg.) 49 30 

TAMARACK (Larix laricina (Du Roi) K. Koch) 48 35 

LARCH, WESTERN (Larix occidentalis Nutt.) 52 40 

PINE, LODGEPOLE (Pinus contorta var. latifolia Dougl.) ,.40 29 
RED (Pinus resinosa Ait.) 52 28 
WESTERN WHITE (Pinus monticola Dougl.) 36 26 
YELLOW (PONDEROSA) (Pinus ponderosa Laws.) 47 32 
EASTERN WHITE (Pinus strobus L.) 46 27 

SPRUCE, BLACK (Picea mariana (miU.) B.S.P.) 37 30 
ENGELMAN (Picea engelmannii Parry) 37 28 
RED (Picea rubens Sarg.) 35 28 
SITKA (Picea sitchensis (Bong.) Carr.) 31 27 
WHITE (Picea glauca (Moench) Voss) 38 26 

These values represent approximate weights. Weights change with wood density and moisture content. 
Underlined figures are estimates. Logs and stringers are also heavier owing to the large amount of sap-
wood in them. For stringers and logs an extra 2 to 3 Ib/ft^ should be added to the green weight in 
load calculations. 



W E I G H T O F F I L L M A T E R I A L S 

UNIT WEIGHT* 

MATERIAL lb/ft3 

G R A V E L 
Well graded gravels, gravel sand mixtures (no fines) 125-140 
Poorly graded gravels, gravel sand mixtures (no fines) 110-140 

Silty gravels 115-145 
Gravel-sand-clay mixtures, clayey, hardpan 130-145 

SANDS 
Well graded sands, gravelly sands (no fines) 110-130 
Poorly graded sands, gravelly sands (no fines) 105-135 
Silty sands, sand-silt mixtures 100-135 

Sand-clay mixtures 100-135 

SILTS AND CLAYS 
Inorganic silts, very fine sands-with slight plasticity 90-130 
Inorganic clays, gravelly and sandy days-low to medium plasticity 90-130 

Inorganic clays of high plasticity 90-115 
Inorganic silts, elastic silts 80-105 

FINE BLASTED OR 
ROCK CRUSHED ROCK (DRY) SOLID ROCK 

Basalt 132 185 

Dolomite 129 180 

Granite 118 165 

Gypsum 125 175 

Limestone 118 165 
Schist 121 170 

Quartz 118 165 

Sandstone 107 150 

Shale 114 160 " 

Slate 118 165 

Talc 121 170 

*Moisture content is at natural state of "pit run" material. The weight range is an indication of "dry to 
wet" state range. 



M O I S T U R E C O N T E N T O F W O O D IN A I R D R Y C O N D I T I O N (%) 

Relative Humidity, % 

Air 
Temperature 

°C 30 40 50 60 70 80 90 98 

0 6.3 7.9 9.5 11.3 13.5 16.5 21.0 26.9 

5 6.3 7.9 9.5 11.3 13.5 16.5 21.0 26.9 

10 6.3 7.9 9.5 11.2 13.4 16.4 20.9 26.9 

15 6.2 7.8 9.4 11.1 13.3 16.2 20.7 26.8 

20 6.2 7.7 9.3 11.0 13.1 16.0 20.5 26.6 

25 6.1 7.6 9.1 10.9 13.0 15.8 20.3 26.4 

30 6.0 7.5 9.0 10.6 12.7 15.5 20.0 26.1 

35 5.8 7.3 8.8 10.4 12.4 15.2 19.6 25.8 

40 5.7 7.1 8.6 10.2 12.2 14.9 19.3 25.4 

45 5.5 6.9 8.3 9.9 11.9 14.6 19.0 25.1 

50 5.3 6.8 8.1 9.6 11.6 14.3 18.5 24.6 

55 5.2 6.6 7.9 9.4 11.3 14.0 . 18.2 24.2 

60 5.0 6.3 7.7 9.1 11.0 13.6 17.7 23.7 

65 4.8 6.1 7.4 8.8 10.6 13.1 17.2 23.1 



C O N V E R S I O N F A C T O R S 

The Table shows conversion factors for converting Imperial measurements 
(Canadian yard/pound system) to metric (Sl-International System of Units) units. 

1 ac 0.404 ha 1 lb/ft3 16.018 kg/m3 

1 Cunit 2.832 m3 1 mi 1.609 km 

1 fbm 2.360 dm 3 1 mi2 2.590 km2 

lOP 1.80C +32 1 mi/hr 1.609 km/h 

1 fluid oz 28.413 cm 3 1 N 1.000 mkg/s2 

1 ft 0.305 m 1 oz 28.349 g 

1 ft2 0.093 m2 IPa 1.000 N/m2 

lft3 28.317 dm3 1 psf 1.488 Pa 

1 ft/sec 0.305 m/s 1 psi 6.895 kPa 

1 ft3/sec 28.317 dm3/s 1 pt (Can.) 0.568 dm3 

1 gal (Can.) = 4.546 dm3 1 qt (Can.) 1.136 dm3 

1 gal (U.S) 3.785 dm3 1 t = 1 000.0 kg 

1 ha 10 000.0 m2 1 ton (short) 0.907 t 

1 in 25.400 mm 1 ton/yd3 1.186 t/m3 

1 in2 6.452 cm 2 1 yd 0.914 m 

1 in3 16.387 cm 3 1 yd2 0.836 m2 

1 L 1.000 dm3 1 yd3 0.764 m3 

l i b 0.454 kg 



A B B R E V I A T I O N S 

Imperial Units Metric Units 

ac = acres C Celsius 

Cunit = 100 ft^ of wood cm = centimetre 

F = Fahrenheit dm = decimetre 

fbm = board feet (measure) g ' gram 

ft = foot, feet h hour 

gal = gallon ha hectare 

hr = hour kg kilogram 

in = inch km kilometre 

lb = pound kPa kilopascal 

MBM = 1000 fbm I litre 

mi mile m metre 

oz = ounce mm = millimetre 

psf = pound per square feet N newton 

psi = pound per square inch Pa pascal 

Pt = pint s second 

qt = quart t tonne 

sec = second 

yd = yard 

SI P R E F I X 

Prefix Symbol Multiplying factor 

kilo k 1000 

deci d 0.1 

centi c 0.01 

mUli m 0.001 



GLOSSARY 

, abutment 

adze 

approach (bridge) 

back log 

back pressure 

base log 

batter 

batter pile 

bearing capacity 

bearing surface 

A substructure, supporting the ends of a superstructure. Its function 
is to transfer the weight of the bridge and the traffic to the ground, to 
retain the approach fill and to elevate the bridge to the requked 
height. 

An axe-like cutting tool used for dressing timbers with the cutting 
edge at right angles to the handle. 

A road segment at each end of a superstructure (bridge )guiding and 
carrying the traffic on and off the bridge. 

The back log holds the fill end of the tieback logs together in a box 
crib. It is laid parallel to the face log. 

The earth pressure exerted on the vertical walls of an abutment by the 
fill, or the lateral loading of a piling or face log in an abutment. 

This is the first log in a cribbing face (face log) resting directly on the 
ground or on the mud sills. 

The lean of the pile. It is expressed as one unit horizontal to a given 
number of units vertical (e.g., 1:10). 

A pile leaned slightly against the usual horizontal forces to counteract 
them and to make the structure rigid. The outside piles of an abut
ment or pier may be battered. 

See "load-bearing capacity." 

The sectional area of a structural member's surface which supports 
the load. 

bent (pile bent) 

bird hole 

A line of piling built as a structural unit, transverse to the length of 
the bridge and supporting the load of the superstructure. 

A small hole made in the wood by birds. Older bird-holes are ac
companied by discoloration of the wood, called "mineral streak." 

. Rot can enter a tree.in bird holes. 

block, wood block 

bracing 

A short, thick piece of wood (2 inches or thicker )used to transfer the 
load between two structural members. It is usually used between the 
small stringer end and the sill or cap to elevate the stringer. 

A diagonal-or sometimes horizontal-structural member used to 
stiffen a structure. Bracing is required to strengthen pile bents. 



bridge 

bridge heiglit 

bridge location 

bridge locator 

bridge maintenance 

bridge opening 

burring 

butt 

butt swell 

butting up (butted) 

camber 

cap 

catface 

centerline 

chalkline (snapline) 

chamfer 

In this book, bridge is a drainage structure with a span of 20 ft or 
more, having a designed clearance over the highest expected floods. 

The elevation difference between the deck surface and the deepest 
point in the channel under the bridge. 

1) The site of a bridge, or 
2) The process of selecting and surveying a bridge site. 

The person who searches for a bridge site and selects and surveys it. 

The process of inspecting and repairing the bridge to reduce deteriora
tion and insure safety. 

The distance between two abutments. In the case of single spans it is 
sometimes used as a synonym for "span." 

Cracks on the pile top caused by hammer blows during driving. A 
burred pile may split during driving. 

The large end of a log or the trunk of a tree above the stump. 

An unusually large flare of the tree trunk above the stump. 

Two logs or timber placed next to each other end to end. 

A rise in elevation at the middle of a stringer compared to its ends (if 
the stringer has a convex upper surface). 

A sawn timber placed horizontally on an abutment or pier to distri
bute the live and dead load of the superstructure. The stringers rest on 
the cap. 

A scar or deformation on the surface of a tree due to a wound which 
did not heal properly. 

Midway between the guardrails of a bridge or edges of a road. The 
final survey line of a bridge or road indicating the middle of the final 
structure. 

A fine reinforced cotton line bathed in chalk powder or rubbed with a 
cake of chalk used to mark a straight line on a timber or log surface. 
The chalkline is tightly fastened to two points at the ends of the re
quired line, pulled away from the wood at the centre, and allowed 
to snap' back. The line will release the chalk powder on impact and 
mark the wood surface. 

The bevelled edge on top of a pile cut to prevent splitting while the 
pile is driven. 



channel The bed of a stream or waterway. 

channel (braided) 

channel (flood) 

channel (meandering) 

clearance (bridge) 

clip angle 

column 

compression wood 

compressive strength (soil) 

counterfort 

cradle, cradle notch 

crib height 

croolt 

crook (short) 

crossbearers 

crosstie 

The large flood channel of a fast-flowing stream made up of many 
small stream beds crossing each other. These stream channels are 
associated with low stream banks. They are also associated with 
frequent runoffs and/or ice flows. 

The wetted area that the flood occupies at its peak. 

The bed of a slow-flowing stream in easily erodible material, on flat 
ground, with many curves and abandoned channels. 

The elevation difference between the lowest part of the superstruc
ture and the water surface directly under the bridge. The required 
clearance is stated at design flood. 

A connector made from steel used to fasten the post or frames to the 
sill in post or frame bents. 

A vertical member (post, pile, sawn timber) bearing axial load in 
compression. 

Abnormal wood with unusually wide eccentric annual rings formed in 
leaning trees or on the opposite side of the prevailing wind direction. 
There is little demarcation between springwood and summerwood. 
Compression wood has a low stiffness for its weight and a general 
deficiency in most other properties. 

The maximum compressive stress (loading) the material (soil) can 
withstand without failure. 

A strengthening wall in the middle of a concrete abutment. 

The side of a log carved out to fit another log placed across it. 

The elevation difference between the top of the cap or sill and the 
bottom of the base log at the centerline. 

An abrupt curvature of the tree trunk close to the stump. 

Deviation from straight growth in a short section of a tree trunk. 

See "mudsills." 

A sawn timber (part of the bridge deck) placed and fastened trans
versely over the stringers to distribute the load. Crossties provide a 
flat surface and carry the planking. 



culvert 

culvert-type log bridge 

cut-off 

dap 

deadman 

debark 

debris jam 

deck, bridge deck 

deflection 

design load 

dolphin 

dowel 

drift 

drift bolt 

drift pin 

driving cap 

A drainage structure-either a short bridge less than 20 ft in length-or 
a structure with enough fill over it so that little of its strength is 
needed to support the traffic load. Culverts may have their inlet sub
merged under flood conditions. 

A bridge with loose material (gravel, shot rock, dirt, sand, sawdust, 
etc.) decking. The deck is used as a running surface, is not a struc
tural member and does not spread the load over the stringers. 

The top cut of a driven pile at a marked elevation. 

To cut or carve out the end of a log so it will have a large flat contact 
area with another structural member. 

A log buried in the ground to serve as an anchor. 

To remove the bark from a log. 

Congested debris obstructing the free movement of the water in a 
stream. 

The top floor of a bridge providing a running surface for the vehicles 
and distributing the load over the stringers. 

The bending-down or sag of a more/less horizontal structural member 
(stringer) at the midspan due to the stress of the dead load and traffic 
load. 

See "load." 

A group of piles placed together for greater strength. They are driven 
in front of piers and abutments as a protection device and are used as 
anchors and trestle supports. 

A round steel pin cut square at both ends used for fastening post or 
frame bents. 

A round mild steel pin pointed at one end and cut square at the other. 
It is used to fasten timbers. 

A drift with a head welded on for hammering. Its appearance is 
similar to that of a giant nail. 

See "drift." 

A cast-iron or steel fabrication used for pile driving. It fits over the 
pile and cushions the blows of the drop hammer to prevent splitting 
the pile during driving. 



DYWIDAG rod A trade name for a high-strength concrete reinforcing bar with a 
rolled-on continuous thread. 

expected bridge hfe 

eye splice 

eyebolt 

face log 

falsework 

farmer's eye-splice 

fender logs 

field treatment 

fluvial layer 

fore-and-aft 

form 

formwork 

foundation area 

foundation logs 

frame 

The usable life of the bridge for which it is designed and maintained. 

The end of a wire rope bent back and spliced to the main stem to 
form a loop. 

A bolt with a large eye fabrication to replace the head. The hole or 
eye is bigger than the diameter of the bolt stem. Used to fasten wire 
rope to wood or steel in abutments. 

Logs placed in a crib parallel to the stream flow. 

A temporary timber structure to help support the main structure 
during construction or permit crossing of the stream while the bridge 
is being built. 

A simple temporary splice to form an eye on the end of the wire rope. 
It develops less than one-half the full strength of the rope. 

Logs placed at the end of the bridge on the road shoulder as a contin
uation of the guardrails to guide the traffic onto the bridge, or used as 
floating logs protecting the piers or abutments from damage from 
floating objects. 

Onsite application of wood preservatives. 

River or stream deposits. A layer of soil deposited by a stream. 

A direction parallel to the travel direction of the bridge. Fore-and-aft 
planking is laid parallel to the stringers. 

A temporary lumber and plywood structure used to contain fresh 
concrete while it is placed and sets. 

See "form." 

The area required to support the traffic and the load of the structure. 
("Cribbing foundation area" is the area occupied by the base log, mud 
silJs or foundation logs.) 

Logs placed under the mudsills in a cribbing to spread the load over a 
larger area. 

1) Round or sawn timber cut to fit other timbers in a structure. 
2) A rectangular sawn timber structure used in place of a needlebeam 
to increase its depth. 
3) A lumber or plywood structure built around a log, stringer or pile 
to guide the saw. 



frame bent 

framed strut 

French concrete 

gradient 

guardlog 

guardrail 

hardpan 

hew (hewn) 

jillpoke 

keeper (pile driver) 

lamination 

laminated decking 

lash (lashing) 

leads, set of leads 

leadsman 

leaning pier 

A bent in a pier or abutment made from sawn timber. 

See "frame." A replacement for a needlebeam. 

Concrete containing large stones or rock in order to save cement. 
Usually used as fill or for levelling out rock surfaces where it is not 
subjected to tension or bending. 

The slope of a stream bed in the direction of the water flow. 

See "guardrail." Using logs in place of sawn timber. 

Sawn timber fastened to the edge of a bridge deck to prevent vehicles 
from running over the side of the bridge. 

A hard solid layer containing gravel particles cemented together. The 
hardness of this soil does not change appreciably with changes in the 
moisture content. The wet surfaces tend to crumble under traffic and 
become muddy. 

To carve a timber to a specific dimension or shape, using an axe or an 
adze. (See also frame and dap.) 

A log or post which is caught on one end and pivots into something. 
It may be a floating log with one end stuck in the stream bank and 
the other end jammed in the abutment. Not only will it obstruct the 
stream flow but it can exert enough force on the structure to damage 
it. 

A piece of lumber or steel used to hold a pile in the leads. 

Transverse members of a laminated bridge deck having the same func
tion as the crossties. Two-inch nominal size lumber (usually preserva
tive treated) tightly placed perpendicular to the traffic direction and 
vertically on edge over the stringers, then nailed to the stringers and 
to each other. 

A decking with laminations used in place of the crossties and planks. 

To fasten logs or timber together with tightly wrapped and fastened 
wire rope. 

Pile-driver leads guide the hammer when it slides up and down and 
help to keep the pile in the correct position. They are made of steel 
or steel over wood. 

The person who directs the pile during driving. 

A pier which is not vertical. It is usually located ashore and leaned 
out over the stream to support the stringers. 



line 

load capacity 

load (dead) 

load (design) 

load (live) 

load (standard truck) 

load (traffic) 

load-carrying capacity 

log jam 

long cap 

mudsills (crossbearers) 

multispan 

mushing 

needlebeam 

notch (notching) 

O.C. 

ox-box (oxbow) 

passchain 

Used as a synonym for "wire rope." 

Synonymous with "load-bearing capacity"-see "load-carrying capaci-, 
ty." 

A load of a long duration. The load exerted on a structure by its own 
weight. 

A loaded vehicle (including its weight and axle spacing) used as a live 
load for the design of a bridge. This load represents 100% loading of a 
bridge. 

A short-duration or moving load such as a vehicle or the traffic on a 
bridge. 

See "design load." 

The loading that the bridge is subjected to by traffic. Often used as a 
synonym for "design load." 

The capacity of a material to sustain vertical (transverse) loading 
expressed in a unit of weight per area (psi, psf, etc.). 

Congested groups of logs and debris obstructing the flow of a stream. 

The cap of a pile bent that usually holds the piles of a single bent to
gether and distributes the load over them and is placed transversely to 
the bridge direction. 

Short pieces of horizontal logs placed transversely under the sill log or 
foundation log to spread loading over a large area to prevent settle
ment. 

A bridge containing a pier or piers and more than one span. 

See "burring." 

A transverse log or timber placed under the stringers and fastened to 
them to make them work as a unit. Used to join the stringers and 
trussing system. 

See "cradle notch." 

Abbreviation for "on centre." 

The abandoned part of a meandering stream channel. 

A short section of strong (4 ft to 8 ft) steel chain with a hook on one 
end and a large ring (eye) on the other. It is used for attaching logs to 
tow ropes. 



peak flood-level 

peavey (peavie) 

pier 

pike pole 

pile 

pile bent 

pile driving 

piling nose 

pile shoes 

pile spotting 

pUeman 

plank 

post 

post bent 

prepared log stringer 

preservation (wood) 

preservatives 

psf 

The water surface elevation of the design flood. 

A tool used for turning logs. See "Tools," Appendix IV. 

An intermediate vertical support (substructure) used to join and 
support the ends of two spans. 

A long pole (10 ft to 20 ft) made of aluminum tubing with a sharp 
twisted point and a hook or spar at one end made for hauling floating 
logs. See "Tools," Appendix IV. 

A structural column driven deep into the ground (at least 6 feet) to 
provide support for structures built on soft ground. Piles are used for 
abutments and piers and in protective dolphins and retaining walls. 

See "bent." 

The process of hammering or driving the pile into the ground. 

A fabrication of angle iron attached to the front of a fender pUe or 
dolphin to protect it from damage by floating debris or ice. 

A steel fabrication attached to the pile point to protect it during 
driving. 

Preparing the location of the. pile and placing it in the correct posi
tion. 

A member of a piledriver crew. 

A piece of sawn lumber having a rectangular cross-section with a 
nominal thickness of 2 in. to 5 in., a width of 8 in. to 12 in., and 
a random length, usually not less than 6 feet. Used for decking or 
bracing. 

A log column supporting vertical loads. See "Pile." Posts rest on sills 
or concrete, above the ground or partly dug in. 

A bent made of posts. See "pile bent." The bottom of the post held 
together by a sill log or concrete. 

A stringer that is barked, trimmed, hewed or ripped, ready to be 
placed in position. 

Synonymous for "treatment." The process of using chemicals to 
saturate the outside shell of wood to prevent decay. 

Chemicals used for treating wood to prevent decay. 

Abbreviation for "pounds per square foot." 



psi 

reconnaissance 

refusal 

retaining wall 

ripping 

rip-rap 

runoff 

safe bearing-capacity 

sawn timber 

scour, general 

scour, local 

scour, scouring 

shear log 

sheet piling 

shoring 

short caps 

Abbreviation for "pounds per square inch." 

The preliminary inspection of an area to gain general information 
useful forjudging bridge sites. 

The stage of a friction pile during driving when it reaches the point 
where further driving will not significantly improve its load-carrying 
capacity. 

A vertical structure designed to resist the horizontal earth pressures of 
the fill or other material. The wall has a slope steeper than the angle 
of repose of the fill. 

Cutting a long flat surface on a log or timber with a saw. Similar to 
hewing. 

Protective cover made of large stones or roclc. Used for covering 
stream banlcs, sides of fills, or the stream bed around abutments and 
piers to prevent erosion (scour). 

The movement of water from a drainage area after a ramfall or snow 
melt. 

The safe load-carrying capacity of the material. 

Sawn lumber 5 inches or more in nominal dimension. 

Natural scour in the stream bed. 

The erosion around obstructions and structures built in the stream. 

An erosion process caused by the flow of water through a stream 
channel and around structures in the stream. 

1) Logs placed on the side of the road as an extension of the guardrails 
to guide the traffic onto the bridge and to prevent vehicles accidental
ly driving off the bridge approaches. 
2) Logs placed in the water to direct debris away from the substruc
tures. 

Large sawn timber or interconnecting steel sheets driven lilce piling to 
protect structures or concrete forms. 

Lumber or small logs used as temporary support of concrete forms. 
They keep the forms in place and vertical while the concrete hardens. 

The caps in a pile abutment or pier which are placed in the direction 
of travel over two or three piles to hold them together and to accom
modate a long cap. 



short crook 

shim 

sUl 

sill log (bed plate) 

simple span 

single span 

skewed bridge 

skids, skid logs 

slender 

slope angle 

snapline 

soils, cohesionless 

soils, cohesive 

See "crook." 

A small block (usually less than 2 inches in thickness) used to even 
out differences in size between two structural members. 

A log with flat surfaces (top and bottom) placed on the top of an 
abutment or pier to support the stringers. It has the same function as 
a cap. 

A log placed transversely under the stringer ends to form a simple 
abutment; the bottom log of a post or frame bent. 

A superstructure with a single layer of stringers without trussing is 
usually referred to as the "span." 

A bridge without a pier. 

A bridge with a superstructure forming an angle other than 90° with 
the direction of the stream channel or the substructure. 

Short, small logs laid transversely at intervals under big logs or string
ers. They support logs being stored above ground, and support the 
end of stringers being prepared. 

A pUe, post or upright structure is called " slender" if it has a slender-
ness ratio of over 10. Slenderness ratio: the length of a compression 
member to its least actual dimension. 

The natural angle of repose of the fill material. The angle of the fill 
side slope measured from a horizontal plane. 

See "chalkline." 

These soils do not have cohesion between the soU particles and they 
stay loose (e.g., sand). 

In cohesive soils the particles are held together by attractive forces 
between the soil particles (cohesion), including electrostatic attraction 
and surface tension caused by the air-water interfaces between parti
cles. In this soil the particles stick together (e.g., clay soils). 

soil strength (ground strength) The safe load-bearing capacity of the soil. See "load-carrying capacity." 

span The distance between the caps or sills of two neighbouring structures 
(abutments and piers). The stringers are always longer than the span. 

spike Large nail. Spikes have a larger diameter than nails and are used for 
fastening large pieces of timber. 



spiked grid 

spiral grain 

splice 

spotting 

spreaders 

spud 

spur dyke 

stratum 

stream 

stream size 

stringer 

strut 

stud 

substructure 

suckers 

superstructure 

swamping axe 

A timber fastener with spikes on both sides used between bolted 
timbers to prevent movement between the two timbers. 

Wood grain at an angle to the length of the tree or timber. It weakens 
sawn timber. 

To connect two pieces, or two parts of a wire rope to form a contin
uous length. 

See "pile spotting." 

Pieces of lumber or steel rods placed between the concrete forms to 
keep them apart while placing the concrete. 

A hand tool with a narrow sharp blade designed for log barking. See 
"Tools," Appendix IV. 

Rip-rap or rock fill shaped as a quarter of an ellipse, built in front of 
or behind abutments or piers to prevent scouring. Its length is more 
than 1.5 times its width. 

A homogeneous soil layer in a stratified soil deposit. 

A body of running water in a narrow, clearly-defined natural water
course or channel. Includes rivers, creeks and brooks. 

A reference to the width or depth of the channel and volume of water 
flowing. 

A load-carrying longitudinal member of a superstructure resting on 
the caps or sills and supporting the decking. Stringers are made of 
logs, sawn timber, or other materials. 

A structural member subject mainly to longitudinal compression 
stress. The word is a synonym for "frame" in the case of trussing. 

A horizontal sawn timber or log between two leaning pier caps to 
keep them apart and in position. 

Abutments, piers, their foundations and protective works which form 
the bridge substructure supporting the superstructure above. 

Large dead or live branches on the stem of a tree, or a lone branch 
below the crown. 

The entire structure of a bridge resting on the abutments and piers, 
consisting of stringers, decking, trussing, and guardrails. 

A double-bitted axe. One edge is usually kep sharp for wood cutting 
while the other is used as a utility blade (wire rope cutting, etc.). 



sweep A gentle curve in a log or tree. 

taper 

target board 

target string 

tie rod 

timber 

treatment 

tree plate 

trestle 

truss 

undercut bank 

undermine 

The decrease in thickness. The decrease in diameter of a log or tree 
toward the top. 

A wood fabrication with a point marked on it fixed to the ground or 
a solid, horizontal surface made of lumber. Such fabrications are used 
in pairs or multiple numbers to align structures or to mark the bounda
ries of excavations. The marks on them are used as sight points. 

A line tightly stretched between two target boards to align structures 
(e.g., the face of an abutment during pile driving). 

A steel rod used to tie concrete forms together. It passes through the 
forms horizontally and prevents them from moving. Some tie rods 
also serve as spacers. 

Wood suitable for bridge or heavy construction. Can be logs or sawn 
lumber with not less than 5 in. nominal dimension. 

See "preservatives." 

Flat steel strips nailed around a log to prevent a wire rope from 
cutting into the wood. 

A braced, framed pier to support the stringers. It may rest on sill logs 
(post or frame trestle) or be made of piling with a cap (pile trestle). 

A braced structure made of wire rope or steel rods combined with 
needlebeams or frames to support the stringers and to carry part or 
most of the load. It is part of the superstructure. 

A bank that is undermined by the stream flow. 

To erode the soil under a structure or at the foot of a bank. See 
"scour." 

vehicle load 

waling 

watercourse 

Synonym for "design load." See "load." 

See "bracing." 

1) A stream of water. 
2) A natural water channel. 

watermark The water surface elevation of the design peak flow. 

watermark, high (HWM) The highest visible mark left behind by a flood. It is usually the sign 
of the 10-year peak flow. 

watermark, low (LWM) The average surface elevation of the expected low water. 



The speed of the stream. It usually refers to the average water speed 
throughout a stream's cross-section. Measurements are used for 
calculating the volume of water flow and the scouring activity of a 
stream. 

The logs making up the wing walls of a crib. 

The side walls of an abutment which is built into the bank to help 
contain the fill. 

A rope made of twisted strands of wire. It has strength and flexibil
ity. 
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Abutments, 5, 71, 339, 345, 352 
concrete, 8, 151 
design, 43, 367 
drainage, 151 
faUure, 339, 345, 352 
log crib, 6, 74 
pUe, 7, 99 
simple, 5,71 

Adze, 379 
Alasl^an sawmill, 380 
Approaches, 338 

Bearing capacity of rocks 
and soils for end-bearing piles, 113 

Bench marks, 36, 38 
Bracing, 129, 210 

outside longitudinal, 129 
Bridge, 3, 71 

abutments, 5, 71 
approaches, 4 
basic components, 4 
culvert-type, 13, 262 
hfe, 4 
size and peak flow, 26 
trussed log, 269 
types, 3, 13 

Broadaxe, 379 

Cables and hardware, 134, 136 
Caps and sills, 107, 210, 221 . 

minimum sizes, 222 
repairing, 353 

Cement, 146 
Chamfer cut, 129 
Concrete, 145,342,352 

admixtures, 148 
aggregate, 147 
compaction, 172 
curing, 173 
forms, 166, 217 
mixing, 170 
reinforcement, 149 
unit weight, 171 

Construction, 69 
cost, 361,363 
material, 65, 365 
records, 328 

Cradle notch, 92, 93 

.. Crib, 6, 74 
construction, 92 
design, 83 
fining, 95 
lashing and drifting, 94 
log fittings, 92 

types, 95 
crude, 95 
fiat-face, 97 
loose, 95 
partly-fitted, 96 

log preparation, 89 
Cribbing, 74, 345 

box, 78, 213 
fill-retaining, 141 
open-end, 77 
tight-face, 98 

Crossties, 284 
repairing, 357 

Culvert, 3 

Deadman, 136 
Decay, 223,317,346 
Decking, 13,284,340 

asphalt, 305 
crosstie and planking, 287 
crosstie size guide, 288 
gravel, 285 
joining plank ends, 295 
laminated, 297 
laymg crossties, 289 
nail size guide, 296 
planking, 294 
plywood, 305 
sectional, 303 

Definitions, 3 
Deflection test, 331 
Design load, 55, 377 
Dolphin, 89, 194 
Drift pins, 247, 384 
DYWIDAG rods, 269 

-Eccentric loading, 45 
Environmental protection, 32 

Fastenings, 108,208,310 
Fender pile, 194 
Field reconnaissance, 34 



Fisheries Department, 32 
Foundations, 151, 205 
Foundation logs, 74 
Fumigants, 351 

Gravel and sand bars, 21 
Ground preparation, 120 
Guardrails, 13, 306, 341 

repairing, 358 
Guardlogs 

(shear, fender, bumper logs), 306, 341 

High watermark, 25 
Hookeroon, 382 

Ice jams, 345 
Inspection, 327 

inventory, 327 
reports, 328, 342 
tools, 335 

Lashing, 248, 264 
Logjams, 22 
Logging (Gilchrist, Hercules) jack, 381 

Maintenance, 327 
concrete abutments and piers, 352 
culvert-type log bridges, 340, 354 
decks, 340, 357, 358 
guardrails, 341, 358 
inspection limitations, 336 
inventory form, 342 
settlement, 346, 349, 352 
tie and plank decks, 357, 358 

Material list, 65, 365 
Moisture content of green wood, 230, 391 
Mud sills, 73, 74 

Needlebeam, 252, 278, 340 
repairs, 340 

Notching or dapping, 92 

Peak-flow, 23, 26 
Peavey (peavy), 380 
Pickaroon, 382 
Piers.'s, 174, 339, 345,352 

bracing, 129 
caps, 131 
concrete, 8, 213, 216 
double-bent, 176 
foundation design, 205 

frame bent, 200 
group-piling, 187 
leaning, 201 
load-distributing three-bent, 186 
log crib, 211 
multiple-bent, 187 
pile-bent, 175 
post-bent, 200 
protection, 193, 210 
simple, 174 

Pike pole, 380 
Pile, 7,99 

abutment, 7, 99 
fill-retaining, 100 

bents, 103, 349 
bracing, 129 
design, 113 

drivers, 123 
driving, 127 
friction, 112 
group, 113,187 
number in a bent, 114 
piling nose, 194, 198 
point, 120, 121 
preparation, 118 
protection, 73, 143,210,323 
selection, 118 
steel, 193,217 
type of, 112 

combination end-bearing, 113 
and friction piles, 112 

wooden, 7, 118 
Pile and hammer size relationship, 117 
Planking, 196 

repair, 358 
Preparation of plans, 65 
Preservation, 371 

Railroad spikes, 136, 383 
Repairs (see also individual components), 343 

painted surfaces, 359 
pile settlement, 349 
scour, 347 
shrinkage, 346 
stream channels, 343 

Reports, 328,342 
Rip-rap, 31, 144, 214, 344 
Rock anchors and stumps, 141,142 

Scour, 27, 29, 347 
Seasoning of wood, 228 



Shear logs, 144, 306 
Shims, 248 
Shrinkage, 230, 346 
Signs, 341 

traffic, 341 
Simple abutments, 5, 71 
Site, 4, 37,38 

choosing, 32, 34, 37 
preparation, 69, 150 
survey and plans, 36, 38, 43 

Slab foundation, 151 
Span,11 
Spud,381 
Staples, 136 
Steel sheeting, 199 
Storage and seasoning, 228 
Stream, 19,341,344 

bank stability, 20 
bends, 20 
channel and bank investigation, 19 
channel realignment, 343, 344 
crossings, 38 
size and peak flow, 22 
type, 19 
velocity, 28, 29 

Stringer, 10, 224, 250, 340 
guardlogs, 256 
blocking, 248 
design, 45 

criteria, 45 
culvert-type log bridges, 52, 262 
graphs, 47 
stresses, 46, 229 
trussed log bridges, 54 

distribution, 250 
double tier, 257 
drifting 247, 
extenders, 284 
falling, 227 
lashing, 248 
placing, 242, 281 
preparation, 231,275 

area, 231 
debarking, 231 
hewing or ripping, 231, 232 
marking, 233, 235 
repairing, 354 
sawn-timber, 281 
selection, 225, 227 
transportation, 228 
trussed log, 269,278 

Strongback, 271 
Substructure, 5 
Superstructure, 10 

Timber carrier, 382 
Timber connectors, 383 

bridge spike, 383 
bolt, 384 
drift bolt, 384 
drift pin, 384 
lag bolt or screw, 384 
railroad spike, 383 
shear plates, 386 
spiked grid, 385 
spikes and nails, 383 
split ring, 386 
washer, 385 

Trees, 225 
defects, 225,227 

Truss, 12,269 
designs, 54 
wire rope, steel, 54, 355 

repair of, 356 

Wire clips, 136 
Wood, 387 

desired species, 387 
weight, 76, 387 

Wood preservation, 317 
Wood preservatives, 317 

coal-tar creosotes, 317 
field treatment, 319 

with creosote, 322 
with copper napthenate and 

pentachlorophenol solutions, 319 
plant treatment, 318 
water-soluble, 318, 319 
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