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SUMMARY 

Tests were carried out to determine tlie resistance of lumber bolted to concrete and subjected to ramp 
loading in the longitudinal direction ofthe wood. Specimens were made from Hem-Fir and from SPF 
lumber. Anchor bolt sizes studied were nominal in. and V* in. in diameter. Both lumber and anchor 
bolts were representative of material usually used in the construction of low-rise timber structures. 

It was foimd that the minimum strength of a connection with a single bolt exceeds the characteristic 
strength used by current design procedures in CSA 086.1 by a factor of 1.6 for Vi in. diameter bolts and 
a factor of 2.0 for Y* in. diameter bolts . Reasons for this imderestimate ofthe strength of bolted wood-
to-concrete connections are attributed to (a) a low estimate of the calculated embedment strength of 
bolts in wood, (b) a low estimate ofthe embedment strength of bolts in concrete, (c) bolt yield strength 
14 to 37 percent higher than that specified in CSA 086.1, and (d) lack of a model for the strength of 
bolted connections which accounts for the anchorage of wood provided by washers, and friction 
between the concrete and the wood member. 

Some changes in the current design method which would improve the ability of this procedure to predict 
the strength of bolted wood-to-concrete connections are recommended. 



1.0 INTRODUCTION 

All regions in Canada are subjected to wind loads; except for the prairie region, earthquakes of varying 
intensity can also be expected. Timber structures subjected to these loads should be designed to resist 
safely the resulting lateral forces. This design includes the connection between the timber structure 
itself and the foimdation supporting the structure. Foundations usually are constructed from concrete. 
During the construction of these foundations steel bolts are set into the concrete and, after the concrete 
has ciu'ed, the timber structure is then attached to the concrete foimdation by means of these bolts. 

In the case of timber structures, which are supported by wood columns, there will be a steel baseplate or 
some steel angles cormected to the lower end of each column. Lateral forces are then transferred from 
the wood column to the baseplate or the steel angles and from there through the boits to the concrete. 
The design of the steel bolts connecting the steel baseplate to the concrete therefore can be carried out 
in the same manner as for a steel column and the designer is not faced with any special problem when 
the column is designed in wood. 

However in the case of lowrise wood structures, these are often constructed as timber frames with 
vertical, nominal 2 x 4s, 2 x 6s or 2 x 8s spaced at 400 or 500 mm and sitting on a wooden plate. In 
these structures all vertical and horizontal forces are carried by sheathed walls. There are no columns 
and the vertical as well as horizontal forces are transferred from the walls to the ground through wooden 
plates resting on top of a concrete foimdation. Each wooden plate itself is anchored to the concrete by 
bolts at some predetermined spacing. 

Design of these bolted connections requires the consideration of both horizontal forces as well as 
vertical uplift forces. This report considers the lateral resistance of such bolted wood-to-concrete 
coimections as determined by the wood and the bending strength of the bolt. The calculated lateral load 
resistance of a bolted wood-to-concrete connection is given by the minimum of the following three 
strength capacities: 

(a) Capacity as determined by the embedment strength of the wood and the bending strength of the 
bolt calculated according to the CSA Standard on Engineering Design in Wood, CSA 086.1̂ ; 

(b) The shear capacity of the bolt determined according to the CSA Standard on Design of Steel 
Structures, CSA S16̂ ; 

(c) The capacity of the concrete to resist lateral loads applied by the bolt as determined by the CSA 
Standard on the Design of Concrete Structures, CSA A23.3'. 

The test program in this study was designed to study the capacity of the connection as determined by 
the embedment strength of the wood and the bending strength of the steel bolts. 

To determine the size and spacing of these bolts connecting the sheathed wall and the concrete footing, 
information on the strength of bolted wood-to-concrete connections is required. Rules for the design of 
these bolted connections were introduced into the CSA Standard on Engineering Design in Wood̂  in 
1994. The research reported here was initiated prior to 1994, when the design standard only provided 
information on the lateral strength of bolted wood connections with wood or steel side plates. A series 
of tests were carried out to determine the resistance that can be provided by a bolted wood-to-concrete 



connection. These tests were performed in January of 1993 at the Vancouver Laboratory of Forintek 
Canada Corp and the results ofthe tests are presented in this report. 

To obtain material constants required for mathematical modelling ofthe behaviour ofthe test 
specimens, a series of supplementary tests were carried out. These included the determination of wood 
density, embedment strength of wood as well as the yield strength of the steel bolts. 

2.0 BOLTED WOOD-TO-CONCRETE TEST 

No standard test methods exist for the evaluation ofthe lateral resistance of bolted wood-to-concrete 
connections. Therefore a test specimen and a test method for this evaluation had to be developed. 
Factors affecting the lateral resistance ofthe connection will be the mechanical properties ofthe bolt as 
well as the bearing properties of the wood. The test specimen should be easy to assemble and the test 
method should be inexpensive so that a representative number of specimens can be tested in order to 
account for the usual variability of wood. 

A specimen was sought which would allow a single bolt to be fixed in the concrete and which would 
then permit a short piece of lumber to be attached to the concrete by means of the bolt. A lateral load 
would then be applied to the lumber in its longitudinal direction and at a right angle to the axis ofthe 
bolt. Since the lateral load on the lumber would be acting eccentrically to the lateral support provided 
by the concrete a moment would be created, which also would have to be considered in the support of 
the concrete. Furthermore the assembled specimen should be light enough so that it could still be 
handled by a single worker without the help of any mechanical equipment. 

A number of shapes and support conditions for the concrete were considered and preliminary tests were 
carried out to evaluate their suitability during the autunui of 1992. 

The final shape chosen for the concrete part of the specimen was a cube with sides of 200 mm length 
(Fig. 1). The anchor bolt was placed at the centre of one face. The threaded end ofthe anchor bolt was 
allowed to project sufficiently above the surface ofthe concrete so that a 150 mm wide, 300 mm long 
and 38 mm thick piece of lumber, representative ofthe standard thickness of lumber used in this type of 
construction, could be bolted to the surface ofthe concrete cube. A fixture was designed to hold the 
concrete cube during testing, so that the eccentric force applied to the concrete cube by loading the 
wood concentrically could be resisted by the concrete cube without toppling over or rotating. 

After preparing and curing the concrete cubes with bolts inserted at the midpoint of one face the 
previously sized and drilled lumber was bolted to the concrete. Washers supplied with the bolts were' 
used and a nut was applied barely fingertight. Thus no embedding or crushing of the wood below the 
washer took place prior to testing. 

Lateral loading ofthe lumber bolted to the concrete was carried out with a hydraulically operated 
piston, whose movements were controlled by the laboratory's MTS testing console. The lateral load was 
applied to the end surface ofthe 300 mm long lumber plate through a steel plate attached to the lumber. 
The lateral load was applied in the longitudinal direction of the lumber and at a right angle to the axis 
ofthe bolt. 



In principle the same testing arrangement could also be used to evaluate the load carrying capacity of 
bolts loaded perpendicular to the fibre direction of the wood, but such tests were not carried out in this 
investigation. 

Lateral displacements of the lumber as well as the top of the bolt were measured relative to the 
concrete. The lateral displacement of the lumber was measured at the end of the 300 mm long lumber 
plate at midheight of the 38 mm thickness, i.e. 19 mm above the surface of the concrete; that of the top 
of the bolt was measured 67 mm above the surface of the concrete. 

Three series of tests were carried out. Wood species, bolt diameter and number of specimens for each 
test series are summarized in Table 1. Nominal bolt diameters used were Vi in. and V* in; species used 
were Hem-Fir and Spruce-Pine-Fir. 

3.0 SUPPLEMENTARY TESTS 

3.1 Relative Density 

Relative density of wood was calculated using the weight and volume of a density specimen after drying 
to zero moisture content. 

3.2 Embedment Strength of Wood 

The embedding tests used here were carried out following a procedure described by Wilkinson*. A bolt 
of similar diameter as that used in the connection tests is placed into a semicircular groove in the radial-
tangential plane of a 40 mm thick test piece of wood. The bolt is then pressed into the wood in the axial 
direction of the test piece. 

Specimens were cut from lumber with a 140 x 150 mm cross section about 200 mm long. The relative 
density of this lumber covered the range of relative densities observed for the wood used for the bolted 
wood-to-concrete tests, but was not matched to the wood used in those tests. A hole was drilled at the 
centre of the 150 mm wide face at mid-length. Three 40 mm thick specimens were then cut from the 150 
mm thick lumber and planed. Finally each stick was cross cut at midlength through the hole drilled 
previously. One side of each cut piece was discarded and the other side with its semicircular groove was 
set aside for embedment testing. 

Embedment tests were carried out using bolts of nominally %, '/2 and in. diameter. The actual size of 
these bolts is shown in Table 4. Bits used for drilling holes were 1 to 2 mm larger than the nominal bolt 
diameter (Table 4). 

To press the bolts into the grooved wood a special testing device was fabricated for each bolt type. This 
testing device consisted of a T-section to which a bolt with the appropriate diameter had been welded at 
the bottom of the stem of the T. The long axis of the bolt was centred on the axis of the T. Holes were 
drilled into the flanges of the T so that the device could be bolted to the head of a hydraulically operated 
testing machine. 



For testing, tiie specimen was placed on the supporting table of the testing machine, the groove centred 
on the bolt and the bolt embedded into the wood at a rate of 0.17 mm/s for a distance of up to 18 mm. 
Displacements ofthe bolt relative to the base ofthe 200 mm long specimen were measured using two 
displacement transducers, each with a total stroke of 25 mm. These displacement transducers were 
placed on either side ofthe specimen where the bolt projected from the groove. 

A computer-based data acquisition system was used to record loads and corresponding deformations, 
and a load-deformation curve was plotted for each ofthe two transducers. 

Ofthe three specimens obtained from each piece of lumber only two were tested for their embedment 
strength. 

3.3 Bolt Bending Test 

The strength ofthe bolts was determined according to a draft ISO standard\This testing device is 
operated manually. The bolt is loaded as a beam in simple bending and the applied forces and 
corresponding rotations of one end ofthe bolt are measured. The maximum moment applied to the bolt 
is determined. 

4.0 MATERIAL 

4.1 Lumber 

Wood for the 300 mm long lateral load test pieces was cut from kiln-dried Hem-Fir and Spruce-Pine-Fir 
lumber. Hem-Fir was rough nominal 2x6 lumber which was surface planed to 38 mm thickness. The 
narrow edges were left in a rough condition, so that the overall width remained at about 145 mm. The 
Spruce-Pine-Fir was planed nominal 2x8 lumber ripped to about 150 mm. Test specimens were cut 
300 mm long and a hole for a single bolt was drilled on the centre line 100 mm from one end avoiding 
any large defects, such as knots, that might have been present. To assure a representative sample, only 
one 300 mm long test piece was cut from each available piece of lumber. 

Drills used were either 12.7 mm ('/2 in.) or 19 mm (Yt in.) in diameter Test pieces were marked with a 
code and the wood species of each test piece was identified. 

Following strength testing, the moisture content and the density of each individual test piece were 
determined. A summary ofthe moisture content and density ofthe pieces is given in Table 2; data for 
individual pieces are given in the appendix (Table Al). The column in Table 2 marked N gives the 
number of test pieces for each species group and bolt diameter. For assembling connections with a 
single nominally Vi in. diameter bolt there were 25 Hem-Fir test pieces (Series H) and 26 SPF test 
pieces (Series S) available, for connections with a single nominally in. diameter bolt five Hem-Fir 
test pieces (Series 3H) were assembled. 

For a study of embedment strength additional tests were carried out using three different bolt diameters 
(nominal diameter % in., V2 in. and Vi in). The actual diameters ofthe Y2 in. and VA in. bolts for the 
embedment study differed slightly from those ofthe bolts used for the wood-to-concrete tests (Tables 4 
and 5). The wood for these embedment tests was similar in density to the wood for the main tests, but 



was not taken from the remains of the boUed connection tests. A summary of the density and moisture 
content of the specimens for these additional tests is given in Table 3. Sizes of the bits used to prepare 
the embedment specimens are given in Table 4. 

4.2 Steel Bolts 

Two types of steel anchor bolts were identified at two different suppliers. Supplier A could provide 
anchor bolts with a series of crimps along the length. Supplier B could provide bolts with a smooth 
shank with a slight bend at the end. This bolt with the bend at its end will be referred to as a J-bolt. 
Both types of bolts appeared to have rolled threads such that the thread diameter was larger than the 
shank diameter. The J-bolt was selected for construction of specimens and testing since the bending 
strength of this bolt could be determined more readily because of its smooth shank. 

The dimensions of the J-bolts are given in Table 5. The yield stress (fy) in the bolt at the section of 
maximum moment (M) was calculated as 

fy = 6M/d̂  

where d is the diameter of the shank of the bolt. 

A typical load-rotation curve is given in Figure 2. The curve rises steeply until a rotation of about two 
degrees has taken place. The slope of the load-rotation curve then changes abruptly and the curve 
follows a second straight line. The intersection of the two straight lines that define the load-rotation 
behaviour of the bolt has been defined as the yield point of the bolt. The corresponding stress has been 
defined as its yield strength. It has been assumed that at the yield point one half of the circular cross-
section is stressed uniformly in tension, the other half uniformly in compression. 

The mean yield strength in flexure of three nominally 'A in. diameter J-bolts was determined as 
436 MPa, that of three nominally Vi. in. diameter J-bolts as 360 MPa. Individual values of the yield 
strength are given in the Appendix in Table A2. Assuming a modulus of elasticity for steel of 
200 000 MPa, the strain at yielding can be calculated as approximately 0.2 percent. 

4.3 Concrete 

Individual forms for the 200 x 200 x 200 mm concrete blocks were built. The concrete blocks were 
poured upside down, so that the bolt could be positioned inside the form with the threaded top of the 
bolt protruding from the bottom of the concrete form. 

Concrete was obtained from a commercial supplier and a 25 MPa fooring concrete mixture was used. 
Maximum aggregate size was 20 mm and the actual slump was 80 mm. Three standard compressive 
strength specimens (cylinders of 152 mm diameter) were prepared from the same mixture. The 
compressive strength of one of these cylindrical specimens obtained after 7 days was 25.8 MPa, that of 
the remaining two cylindrical specimens tested after 28 days of curing was 43.2 and 44.1 MPa. 



Fifty-one concrete test specimens were prepared with nominally 'A in. and five test specimens with 
nominally Vi. in. diameter bolts. Testing ofthe bolted wood-to-concrete connections was carried out over 
an eleven day period 36 to 47 days after manufacturing the concrete cubes. 

5.0 LOADING PROCEDURE FOR BOLTED CONNECTIONS 

After fitting a specimen into the test fixture, lateral load was applied to the bolted connection by 
displacing the loaded end surface ofthe wood at a rate of 4.2 mm/min. The hydraulic system was 
operated under displacement control for all tests. At a load of approximately 3.6 kN loading was 
stopped and the piston was returned to its original position. This initial preloading was well below the 
yield point of the connection. After the actuator had reached the starting position loading was once 
again initiated at the same rate of displacement (4.2 mm/min) and continued until the wood had been 
displaced relative to the concrete by about 12 mm. The total time taken for one test was approximately 
four minutes. 

6.0 RESULTS OF TESTS ON BOLTED CONNECTIONS 

A typical load-displacement curve is shown in Figure 3. This figure for a Hem-Fir to concrete 
connection using a nominal '/z in. diameter bolt shows the displacement of the wood relative to the 
concrete. There was not an appreciable increase in load up to a displacement of about 0.5 mm. The load 
then increases linearly at a rate of about 9 kN/mm until it reaches a load of about 5 kN (Point A). The 
load then decreases again to zero, when the wood reaches its original position relative to the concrete. 

During subsequent reloading the load-displacement curve follows approximately the original trace. 
After reaching the previous maximum load (Point A) the curve continues at about the same slope until 
it reaches a proportional limit at about 9 kN (Point B). At that point the displacement-to-load ratio 
increases gradually until a displacement of the wood relative to the concrete of about 3 mm has been 
reached (Point C). From that point on the load-deformation curve is almost straight until a deformation 
of about 5 mm has been reached (Point D). 

At point D the connection stiffens somewhat and the load-displacement curve continues as an almost 
straight line until the test is terminated by the operator at a displacement of about 12 mm (Point E). The 
load carried by the connection at this point is approximately 22 kN. 

A summary ofthe loads and displacements at the yield point (as defined in Section 7.4) is given in 
Table 6. Results for individual connections are given in the Appendix in Tables A3 to A5. Families of 
load-deformation curves for all tests are given in Figures 5 to 7. 

Inspection of the wood, the bolt and the concrete after release of the load indicated that practically all of 
the relative displacement of the wood occurred because of large deformations in the wood and an 
accompanying yielding of the bolt. Only a small amount of spalling of concrete was observed. Yielding 
ofthe bolt only occurred at the surface ofthe concrete and nowhere else along the length ofthe bolt. As 
the bolt yielded and rotated at the surface of the concrete one edge ofthe washer below the nut 
gradually was pressed into the wood. The edge of the washer pressing into the wood was that edge 
located furthest away from the end ofthe specimen where the load was applied. The deformation ofthe 
bolt was consistent with a type (d) failure mode for bolts shown in clause 10.4.4.2 of CSA 086.1. 



In four specimens, premature failure of the connection occurred because of splitting of the wood. Three 
of these specimens were assembled with a nominally '/z in. diameter bolt. Splitting in these specimens 
occurred at a wood displacement relative to the concrete of about 9.0 mm. The splitting occurred on the 
side of the wood resting on the concrete and in only one of these three specimens did the split penetrate 
the total thickness of the wood. Load dropped off by about 1.5 kN for the specimen where the split 
penetrated the whole thickness of the wood, less for the other two specimens. Further imposed 
displacements resulted in some build-up of load, but this load did not exceed the previous maximum 
load. 

In the specimen bolted with a nominally Yi in. bolt the split occurred at a wood displacement of about 
3.0 mm and a load of 30.5 kN. The drop-off in load for this specimen was about 0.6 kN. As the 
specimen was displaced further relative to the concrete load continued to build up to a maximum of 
41.4 kN at 12.8 mm displacement. 

The three specimens with nominally Vi in. diameter bolts were included in the analysis with their 
maximum loads at the point where splitting occurred. Since the load carrying capacity of the specimen 
using a nominally in. diameter bolt did not appear to be affected by the split the fmal maximimi load 
carrying capacity recorded at the time the test was terminated has been used for this specimen. 

In all specimens, except the three split specimens using a nominally Yi in. bolt, further increases in 
displacement could have occurred without fracture of the wood, although in some specimens the load 
carried by the connection started to decrease around the imposed displacement of 12.5 mm. 

7.0 DISCUSSION 

7.1 Wood Density 

The Hem-Fir lumber used in this study was a mixture of Pacific Coast Hemlock and Amabilis Fir. 
Table Al in the appendix gives the species and densities for the individual test pieces. The relative 
density of the Pacific Coast Hemlock and the Amabilis Fir showed the usual relative position for these 
two species, with the relative density of the eight Amabilis Fir pieces being below and that of the 
Pacific Coast Hemlock being at or above the mean for the group. This could be observed both for the 
lumber used with nominally Vi in. bolts and that used with nominally in. bolts. The mean relative 
density of 0.48 for the lumber used with nominally Vi in. bolts and of 0.51 for that used with nominally 
y* in. bolts was slightly greater than that of 0.46 listed for Hem-Fir in the Appendix of CSA 086. P. 

The SPF lumber used with the nominally in. bolts was a mixture of Alpine Fir, White Spruce and 
Pine. The particular species of pine was not identified. As would be expected the relative density of 
0.35 of the two alpine fir pieces was the lowest in this group. The relative density of the spruce 
bracketed the mean relative density of 0.42, whereas that of the pine pieces was above the mean. The 
mean of 0.42 was identical to that for SPF listed in the appendix of CSA 086.1 for use in calculations 
of the bolt embedding strength of lumber. 



7.2 Embedment Strength of Wood 

A series of bolt embedding tests were carried out on lumber similar to that used for testing the lateral 
strength of bolted wood-to-concrete connections. The density of this lumber is summarized in Table 3. 
The relative density ofthe thirteen Amabilis Fir pieces at 0.38 is somewhat less than the mean density 
of the lumber used in the cormection tests, while the moisture content at the time of determining the 
embedding strength at 15.2% was greater than that ofthe lumber used for the connection tests. Both the 
lower relative density and the higher moisture content ofthe amabilis fir lumber used for the 
embedment tests would tend to produce a somewhat lower embedding strength than would have been 
obtained for the lumber on which the bolted connection tests were performed. 

The embedment strength (f) can be calculated as a function ofthe relative density of wood (G) and the 
diameter (d) ofthe bolt in millimeters. Clause 10.4.4.2 of CSA 086.1-94 suggests a relation where the 
embedment strength is given as f = 63 G (1 - O.Old). The relative density required in this equation is 
the mean relative density. The embedment strength obtained by this equation is the 5th percentile value 
for the wood species at 15 percent moisture content. No displacement corresponding to this embedment 
strength is given in the CSA code. 

Embedment loads determined in this investigation are given in Table 7. The mean ofthe experimentally 
determined maximum load in kN is given in column 5. The embedding strength, shown in Table 8, was 
calculated by dividing individual maximum loads by the projected area ofthe bolt, i.e. the length ofthe 
contact area between bolt and wood multiplied by the bolt diameter. The maximum embedment loads 
shown in Table 7 were reached after deformations in the wood of about 2 to 3 nun below the bolt. As 
the bolt was embedded further into the wood a small decrease in load resistance was observed. Bolts 
were embedded by varying amounts up to 18 mm with little decrease in resistance. 

The minimum of the observed embedding strengths shown in column 5 in Table 8 can be compared with 
the embedding strength, calculated by using the CSA 086.1 equation. These calculated embedding 
strengths are shown in the last column of Table 8. 

The observed embedding strengths of all three species, Amabilis Fir, Pacific Coast Hemlock and Pine 
are substantially greater than the values calculated using density and bolt diameter. It is therefore 
concluded that the embedment strength calculated with the above equation from CSA 086.1 
underestimates the actual embedding strength and can be considered as a conservative value. 

Calculated embedding strengths of the Hem-Fir and SPF used for the wood-to-concrete connection tests 
are shown on the last three lines of Table 8. These embedding strength values were used in the 
calculation ofthe lateral strength ofthe bolted connections presented in Table 9. 

7.3 Embedment Strength of Concrete 

The wood design codê  assumes an embedment strength for the concrete (fj) equal to that ofthe wood 
(f,), i.e. f2/f,=1.0. However the concept of an "embedment strength" for concrete appears to be 
unreasonable, let alone to assiune that the embedment strength of concrete is as low as that of wood. 
Instead, the lateral resistance of bolts in concrete is derived from different principles. The concrete 
design standard CSA A23.3' does not use the concept of embedment strength for the calculation ofthe 
lateral resistance of bolts embedded in concrete. If for convenience of calculation it is necessary to use 



the concept of an "equivalent embedment strength" for concrete in CSA 086.1 then there are a number 
of reasons to suggest that this "equivalent concrete embedment strength" should be greater than that of 
wood. 

Data on density and modulus of elasticity in the wood design standard indicate that for wood the 
modulus of elasticity and the embedment strength increase with density. Clause 8.6.2.2 of the CSA 
standard for the Design of Concrete Structiu-es' provides the following expression for the calculation of 
the modulus of elasticity of concrete: 

E = [3300(f,f' + 6900](w,/2300)" 

where: = 28 day compressive strength of concrete, MPa 
w,, = density of concrete, kg/m^ 

For a density of 2400 kg/m^ and a compressive strength of f „ = 25 MPa the modulus of elasticity can be 
calculated as E„ = 25,000 MPa. This is more than twice the modulus of elasticity for the longitudinal 
direction of a Select Structural grade of Douglas fir (E = 12,500 MPa). Because of this knovra 
dependence of E on the density of either concrete or wood, it appears reasonable to expect also an 
increase in the embedding strength of concrete over that of wood, based on its higher density. 

7.4 Bolted Wood-to-Concrete Strength 

A summary of the results of the bolted wood-to-concrete tests is given in Table 6. The table gives 
minimiun, mean and maximum values of the loads at yielding and when the maximum resistance has 
been reached. Corresponding displacements are given as well. 

To allow comparison of experimental results with the analytical expressions for the strength of bolted 
connections given in CSA 086.1 the point at which the bolted connection has yielded completely is of 
particular interest. Inspection of Fig. 3 will show that yielding of the connection is initiated at a lateral 
displacement of about 1 mm, but that the wood has to be displaced relative to the concrete for about 
another 2 mm before the connection has yielded completely, as indicated by the nearly horizontal 
position of the load-displacement curve. The following mathematical expression therefore was fitted to 
the data up to a displacement of 3 mm: 

P = k,[l-exp(-k,y/k,)] 

where: P = load, kN 
y = displacement, mm 
k, = slope of the tangent to the initial part of the load - displacement curve, 

kN/mm 
kj = intercept of a horizontal line with the load axis of the graph, fitted to the 

upper part of the load-displacement curve, kN 

For purposes of discussion the value has been defined as the yield point in this report. The slope k, 
and the yield point kj were calculated for each set of experimental load - displacement points up to a 
displacement of 3 mm using a fitting technique minimizing the squares of the deviations of calculated 



points from tlie observed points. The values of k,, and kj are given in Tables A3 to A5. A typical fitted 
curve is shown in Fig. 4. 

The yield theory for bolted connections as used in CSA 086.1-94 suggests six possible failure modes 
for a single bolt connection. The minimum unit lateral strength for these six failure modes is the 
strength that will determine the design of the connection. Failure modes (a) and (b), illustrated in 
Clause 10.4.4.2 of CSA 086. will only occur if a very stiff bolt is used together with a very weak 
member. Calculations readily show that these two failure modes will never occur in a wood-to-concrete 
connection for the range of bolt sizes that can be used, i.e. Vi to V* in. Failure mode (e) can only occur, if 
the wood is stiffer and stronger than the concrete, again an unlikely occurrence. This leaves only three 
possible failure modes: bending ofthe bolt at the faying surface of concrete and wood together with 
large deformations in the wood (failure type (d)); yielding ofthe bolt in both concrete and wood 
simultaneous, so that the bolt has two inflection points (failure type (g)); and, lastly, rotation ofthe bolt 
as a rigid body together with large deformations in both concrete and wood (failure type (f)). 

Using the equations given in CSA 086.1-94 for the six possible failure modes of bolted connections in 
single shear lateral resistances were calculated for a number of bolt diameters, species, ratios of 
embedment strengths and ratios of bolt penetration. (For sample calculation see Appendix, Table A6). 
The results of these calculations are summarized in Table 11 for 38 mm and in Table 12 for 89 mm 
thick lumber. The equivalent embedment strength for concrete assumed for these calculations ranges 
from an embedment strength of concrete equal to that of wood (fs/f, = 1.0) to five times that of wood 
(f2/f.=5). 

Column 5 in Table 11 and 12 gives the minimum lateral resistance of bolted connections for an 
embedment strength ratio of fj/f, = 1.0 and an embedment length ratio of Ij/li = 2.0, i.e. the parameters 
specified in CSA 086.1-94. The calculations indicated that with a lumber thickness of 38 mm for bolt 
diameters equal to 12.7 mm and less, the failure mode to be expected would be a bending ofthe bolt at 
the interface between concrete and wood (failure type (d)), for larger bolt diameters the increased 
stiffness of the bolt would result in a rotation of the bolt as a rigid body, coupled with large 
deformations in the wood and concrete (failure type (f)), rather than a bending failure ofthe bolt. 

No such rigid body rotations ofthe bolt were observed for any ofthe bolts tested, including the VA in. 
diameter bolts. This observation suggests that the ratio of Ij/l, = 2.0 prescribed in CSA 086.1 may be 
too conservative and could be replaced by a higher ratio. Calculations indicate that for ratios of l2/li>2 
the calculated shear resistance will stay constant (see column 9 of Table A6). A ratio of y i , = 3.0 is 
recommended. 

If the lumber thickness is increased to 89 mm, i.e. the lumber then can provide a larger lateral 
resistance, the theoretical failure mode for the smaller diameter bolts changes to a type (g) failure mode, 
i.e. yielding ofthe bolt would be expected both in the wood and in the concrete. The bolt diameter at 
which a transition occurs from a type (d) failure to a type (g) failure is a function ofthe density ofthe 
wood. As the density of the wood decreases the critical bolt diameter also decreases at which the 
calculated minimum resistance, determined by a double curvature ofthe bolt (type (g) failure), occurs, 
rather than a single yield location (type (d) failure) ofthe bolt. 

No tests were carried out with 89 mm wood members and it is not known therefore, if a failure of type 
(g) will actually occur. It should be noted that the absence of a type (g) failure for nominally % in. 



diameter bolts used with Douglas Fir, Hem-Fir or SPF would be further proof that the embedment ratio 
f j / f i is not equal to 1.0 and can safely be increased to a greater value. 

The observed shear resistance for the connection with 10.9 and 17.0 mm bolts is given in Table 9. 
Columns 5 and 6 give the experimental minimum and mean shear resistances respectively at yield of the 
specimen. Column 7 gives the characteristic strength of the connection. This characteristic strength was 
calculated as 1.25 (to account for the difference between the short-term strength and the specified 
strength for the standard term load duration) times the lateral strength resistance Pu as given in Clause 
10.4.4.2 in CSA 086.1. Column 8 of this table gives the lateral resistance for bolts embedded in 
concrete calculated according to Clause D4.3.2 in Appendix D of CSA A23.3'. The lateral resistance 
shown in Table 9 represents the unfactorcd resistance of a bolt embedded in concrete subject to a lateral 
load applied at the level of the concrete. To achieve this lateral resistance CSA A 23.3 requires a certain 
minimum distance of the bolt from the edge of the concrete. Finally the last column of Table 9 provides 
the lateral resistance of the bolt as governed by the shear strength of the steel. It is readily apparent that 
the calculated shear resistances of 25.9 kN for the 17 mm diameter bolt and of 13.0 kN for the 10.9 mm 
bolt are of the same order of magnitude as the lateral resistance of the tested bolted connections shown 
in columns 5 and 6 of Table 9. 

On the other hand the procedure given in CSA 086.1 only results in a calculated characteristic lateral 
resistance of the connection (column 7 of Table 9) that ranges from about half to three-quarters of the 
observed minimum resistance at yield. Part (b) of Table 9 shows the results of calculations for bolted 
wood-to-concrete connections using a yield strength for the bolts of 310 MPa. It is evident that the 
characteristic shear strength calculated using the CSA procedure will result in even somewhat smaller 
values for comparable bolt diameters and wood densities. 

The calculated characteristic strength as determined by the wood properties can be compared with the 
minimum experimentally obtained lateral resistance or with the mean lateral strength shown in Table 9. 
It is evident that, based on the experimentally observed yield strength of the bolts of 360 and 436 MPa, 
the calculated characteristic strength is about half the observed minimum lateral yield strength of these 
bolted concrete-to-wood connections. Probable reasons for this underestimate of the characteristic 
strength are (a) friction between wood and concrete (b) the effect of the washer underneath the nut on 
the lateral resistance. Also the code-based calculated characteristics values are for a 15 percent 
moisture content, while the test specimens were at about 10 to 11 percent moisture content. It is also 
evident that with a yield strength of 310 MPa assumed by the code the calculated strength is reduced 
even further. 

One of the assumptions made by the CSA 086.1 code is that the embedment strength of the concrete is 
equal to the embedment strength of the wood. However we did not observe failures in the concrete. The 
estimate of the bearing resistance of concrete from Appendix D of CSA A23.3 suggests an "embedment 
strength" of concrete equal to 1.4 times the compressive strength of the concrete at 28 days. It must be 
borne in mind that this "strength" is an average strength related to the effective bearing area prescribed 
by the concrete code. The actual "embedment resistance" of concrete against a laterally loaded bolt in 
all likelihood is greater than this suggested value. 

To obtain calculated values that are more in line with the actually observed strength values it is 
suggested therefore that an "equivalent embedment strength" rafio of fj/f, = 5.0 be used in CSA 086.1. 



The last column of Table 10 shows the increases in the calculated shear resistance of the tested 
connections. Even with a fj/fj ratio of 5.0 the calculated resistance would be still substantially below 
the observed strength for both a bolt yield strength of 360 MPa and that of 436 MPa. The last three 
lines of Table 10 give the results for the ASTM A307 bolts with a yield strength of 310 MPa specified 
in CSA 086.1. The calculated characteristic shear resistance in the last column is somewhat smaller 
than that for the bolts with the experimentally observed yield strength of 360 and 436 MPa. However 
an increase of about 25 percent over the characteristic shear strength calculated using present design 
procedures (Column 7) could be obtained. 

The proposed change for the embedment strength ratio fz/f, from 1.0 to 5.0 should be considered as an 
interim step until a more appropriate theory for the calculation of the lateral strength of bolts 
connecting wood to concrete has been developed. 

An increase in the ratio of embedment strength is not sufficient to explain all the differences between 
the experimentally observed lateral resistance and the calculated strength. A major factor in the lateral 
resistance of the connection is the resistance provided by the washer underneath the head of the nut 
holding the wood plate to the concrete. As the anchor bolt deflects laterally and the major axis of the 
nut starts to deviate from a vertical position one edge of the washer progressively becomes embedded 
into the surface of the wood. This provides an additional resistance of the connection to further lateral 
displacements even though the bolt and the wood have started to yield. 

This probably explains the increase in the lateral resistance of the connection even after substantial 
displacements have taken place. However there is no model available at the present time which would 
allow a numerical evaluation of this phenomenon. Until such a model has been developed the designer 
can only rely on the empirical evidence of the substantially higher lateral strength of a wood-to-concrete 
connection as demonstrated in this investigation. If a better utilization of the capacity of such a 
connection is to be achieved, it could be done by increasing the embedment strength ratio from 1.0 to 
5.0, as suggested above. 

Finally it must be noted that the tests reported on here were carried out under relatively slow ramp 
loading. The rate of loading imposed on a structure during an earthquake is substantially greater and the 
seismic loading consists of numerous cycles. The evaluation of the resistance of bolted wood-to-
concrete connections subject to cyclic loading therefore should be evaluated separately. 

8.0 RECOMMENDATIONS 

To achieve a full utilization of the capacity of bolted wood-to-concrete connections the following is 
recommended: 

For immediate implementation: 

(1) Change the assumption for the ratio of the length penetration of bolts in concrete and wood 
from Ij/l, = 2.0 to I2/I, = 3.0. 

(2) Change the presently recommended ratio of concrete embedment to wood embedment strength 
from 1.0 to 5.0. 



(3) Develop a model which will accoimt for the additional lateral anchorage provided by the 
washers underneath the nuts holding down the wood to the concrete. 

(4) Verify the proposed increase in the ratio of concrete to wood embedment strength to 5.0 by 
carrying out lateral strength tests of bolted high-strength Douglas fir-to-concrete connections. 

(5) Verify the proposed modified calculation method by lateral strength tests of wood bolted to 
concrete and loaded perpendicular to its longitudinal axis. These tests are of particular 
importance, because of the possibility of splitting of the wood, when loaded perpendicular to its 
grain direction. 

(6) Verify the lateral strength of wood-to-concrete connections with single bolts embedded in 
concrete by carrying out a series of tests on multiple bolt connections. 

(7) Establish the slip modulus and the resistance of wood-to-concrete bolted connections subject to 
cyclic loading as would occur in an earthquake. 

9.0 CONCLUSIONS 

(1) Strength tests of connections of lumber bolted to concrete suggest that current CSA 086.1 
design procedures underestimate the actual minimum yield strength of connections using Vi in. 
or % in. diameter standard anchor bolts subjected to ramp loading by a factor of about two, that 
ofthe actual minimum strength at 12.5 mm deformation by a factor of two and a half to three. 

(2) The assumption of a concrete "embedment strength" equal to that of wood is one of the factors 
contributing to an underestimate ofthe strength of these connections. 

(3) The estimate of the lateral resistance of bolted wood-to-concrete connections can be 
substantially improved by assuming an embedment strength for concrete equal to five times the 
embedment strength of wood. 

(4) Current methods of estimating the strength of bolted wood-to-concrete connections should be 
improved by accounting for the capability of washers to add to the lateral resistance of bolted 
connections. 
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Conversion Factors: 

1 incli = 25.4 mm 

1 kN = 0.2248 kip 

1 MPa = 145.038 psi 



Test Specimens 

Test Species Nominal Bolt Number 
Series 

Species 
Diameter of 

in. Specimens 

H Hem-Fir Vi 25 

3H Hem-Fir VA 5 

S Spruce-Pine-Fir Vi 26 

Table 2 

Summary of Relative Density and Moisture Content 
of Lateral Load Test Specimens 

Test Species N Relative Density Moisture Content 
Series Mean S V 

% 
Mean 

% 
S V 
% % 

H Hem-Fir 25 0.48 0.087 18 10.2 0.766 8 

3H Hem-Fir 5 0.51 0.111 22 10.7 1.23 12 

S SPF 26 0.42 0.042 10 10.8 0.432 4 



Summary of Relative Density and Moisture Content 
of Embedment Specimens 

Species N Relative density Moisture Content 

Mean S V Mean S V 
% % % 

Amabilis Fir 13 0.38 0.035 0.09 15.2 0.841 5.5 

Pacific Coast Hemlock 2 0.52 - - 9.7 - -

Pine 2 0.47 - - 11.7 - -

Table 4 
Bolt Dimensions and Drill Sizes 

for Embedment Specimens 

Nominal Bolt Size, in % '/2 % 

Shank Diameter, mm 9.4 12.7 18.8 

Drill Size for Hole, mm 10.3 13.9 21.0 

Table 5 

Anchor Bolt (J-Bolt) and Washer Dimensions 

Nominal Bolt Size, in. VA 

Shank Diameter, mm 10.9 17.0 
Thread Diameter, mm 11.7 18.0 

Washer Diameter, mm 27.2 37.3 
Washer Thickness, mm 2.5 3.1 
Bolt Length, mm 200 250 
Bolt Projection above concrete, mm 63.5 76.2 
Shank projection above concrete, mm 15.9 9.5 



Summary of Results of Bolted Wood-to-Concrete Tests 

Species Bolt Diameter Yield Point Slope Observed 

Nominal Actual Predicted Displace- K, Max. Displ. at Max. 
Load Kj ment Load MaxXoad Displ. 

in. mm kN mm kN/mm kN mm mm 

Hem-Fir Vi 10.9 Min 9.3 0.57 7.1 12.9 11.6 11.6 
N = 25 Mean 13.0 0.84 16.3 18.8 12.2 12.2 

Max 21.2 1.31 25.2 27.8 12.7 12.7 

Hem-Fir % 17.0 Min 23.7 0.79 21.1 27.8 12.2 12.2 
N = 5 Mean 28.4 1.04 28.3 34.8 12.6 12.6 

Max 32.7 1.26 36.3 41.5 13.1 13.1 

S-P-F Vi 10.9 Min 9.7 0.58 5.9 10.3 8.3 11.4 
N = 26 Mean 11.3 0.87 13.6 15.0 11.9 12.2 

Max 13.4 1.64 19.3 17.6 12.7 12.9 

Table 7 

Summary of Results of Bolt Embedment Tests 
(Embedment Length: 40 mm ) 

Species Mean Measured N Average Average 
Relative Bolt Maximum Embedment 
Density Diameter Embedment At Maximum 

Load Load 
nun kN mm 

Pacific 0.52 9.4 2 18.9 2.3 
Coast Hemlock 0.52 18.8 1 42.5 3.6 

Pine 0.47 9.4 2 12.6 1.4 
0.47 12.7 3 18.6 1.2 

Amabilis Fir 0.38 9.4 8 9.9 3.1 
0.38 12.7 4 13.8 3.3 
0.38 18.8 8 20.6 2.6 



Table 8 

Embedding Strength (0 

Species Mean 
Relative 
Density 

Bolt 
Diameter 

mm 

N Observed f 

Minimum Mean 
MPa MPa 

CSA 086.1 
f 

MPa 

Embedment Tests 

Pacific 0.52 9 4 2 42.7 50.3 29 7 
Coast Hemlock 0.52 18 8 1 56.5 56.5 26 1 

Pine 0.47 9 4 2 33.1 34.0 26 8 
0.47 12 7 3 33.2 36.6 24 0 

Amabilis Fir 0.38 9 4 8 23.3 26.3 21 7 
0.38 12 7 4 22.7 27.2 20 9 
0.38 18 8 8 20.7 27.4 19 4 

Lateral Resistance Tests 

Hem-Fir 0.51 17 0 - 26 7 

Hem-Fir 0.48 10 9 - 26 9 

S-P-F 0.42 10 9 - 23 6 



(a) Test Material 
Species Density Bolt f 1 Shear Resistance At Yield Species Density 

Diameter From Tests Calculated 

mm MPa 
Min. 
kN 

Mean 
kN 

CSA 086.1* 
kN 

Characteristic 
Strength 

CSA A23.3 
kN 

(f ,=25 kN) 

CSA S 16.1 
kN 

(F„=310MPa) 

fy = 360 MPa 

Hem-Fir 0.51 17.0 26.7 23.7 28.4 11.6 25.9 42.2 

fy =436 MPa 
Hem-Fir 0.48 10.9 26.9 9.3 13.0 6.0 13.0 17.4 

S-P-F 0.42 10.9 23.6 9.7 11.3 5.4 13.0 17.4 

(b) Code Specified Densities and Bolt Yield Strength 

Species Density Bolt 
Diameter 

f 1 Shear Resistance At Yield Bolt 
Diameter 

From Tests Calculated 

mm MPa 
Mini 
mum 
kN 

Mean 
kN 

CSA 086.1* 
kN 

Characteristic 
Strength 

CSA A23.3 
kN 

(f =25 kN) 

CSA S 16.1 
kN 

(F„=310MPa) 

fy = 310 MPa 

Hem-Fir 0.51 17.0 26.7 - - 11.0 25.9 42.2 
10.9 28.6 - 5.6 13.0 17.4 

0.48 17.0 
10.9 

25.1 
26.9 - -

10.6 
5.4 

25.9 
13.0 

42.4 
17.4 

0.46 17.0 
10.9 

24.1 
25.8 

- - 10.3 
5.2 

25.9 
13.0 

42.2 
17.4 

S-P-F 0.42 17.0 
10.9 

22.0 
23.6 

- - 9.7 
4.9 

25.9 
13.0 

42.2 
17.4 

*Note: fj/f, = 1.0; for d = 17.0 mm: y i , = 4.6 
for d = 10.9 mm: y i , = 3.6 



Effect of Relative Embedment Strength f̂ /fj 
on Calculated Shear Resistance 

of Experimental Bolted Wood-to-Concrete Connections 
(li = 38 mm) 

Bolt Yield 
Strength 

Density BoU 
Diameter 

I2/I, Shear Resistance 

Species Tests Calculated 
• Minimum f,/f, 

mm MPa kN 
1.0 
kN 

2.0 
kN 

5.0 
kN 

f, =360 MPa 

Hem-Fir 0.51 17.0 26.7 4:6 23.7 11.6 12.9 14.0 

fy =436 MPa 

Hem-Fir 0.48 10.9 26.9 3.6 9.3 6.3 6.5 7.0 

S-P-F 0.42 10.9 23.6 3.6 9.7 5.7 6.0 6.4 

fy =310 MPa 

(Hem-Fir) 0.51 17.0 26.7 4.6 - 11.0 12.2 13.2 

Hem-Fir 0.48 10.9 26.9 3.6 - 5.4 5.9 6.3 

S-P-F 0.42 10.9 23.6 3.6 - 4.9 5.3 5.7 



Effect of Relative Embedment Strength f̂ /fj 
on Calculated Shear Resistance 

of Bolted Wood-to-Concrete Connections 
Using 38 mm Lumber and Bolts with fy = 310 MPa 

Species Density Bolt 
Diameter 

mm 

f. 

MPa 

Shear Resistance 
Calculated 

Species Density Bolt 
Diameter 

mm 

f. 

MPa 

f^/f, 

Species Density Bolt 
Diameter 

mm 

f. 

MPa 

1.0 
1,/1,=2 

1.0 
yi,>2 

2.0 5.0 
yi,^2 

Species Density Bolt 
Diameter 

mm 

f. 

MPa kN kN kN kN 

D. Fir ,0.49 10.9 27.5 5:5 5.5 6.0 6.4 
- Larch 12.7 26.9 6.9 6.9 7.5 8.1 

15.9 26.0 9.7 9.7 10.7 11.6 
17.0 25.6 9.9* 10.8 11.9 12.9 
19.1 25.0 10.9* 12.9 14.3 15.6 

Hem-Fir 0.46 10.9 25.8 5.2 5.2 5.7 6.1 
12.7 25.3 6.6 6.6 7.2 7.8 
15.9 24.4 8.8* 9.3 10.3 11.1 
17.0 24.1 9.3* 10.3 11.4 12.4 
19.1 23.4 10.2* 12.4 13.8 15.0 

S-P-F 0.42 10.9 23.6 4.9 4.9 5.4 5.8 
12.7 23.1 6.2 6.2 6.8 7.3 
15.9 22.3 8.1* 8.8 9.7 10.5 
17.0 22.0 8.5* 9.7 10.8 11.7 
19.1 21.4 9.3* 11.7 13.0 14.2 

Northem 0.35 10.9 19.6 4.3 4.3 4.7 5.1 
Species 12.7 19.2 5.5 5.5 6.0 6.5 

15.9 18.5 6.7* 7.8 8.6 9.4 
17.0 18.3 7.1* 8.7 9.6 10.5 
19.1 17.8 7.8* 10.4* 11.6 12.7 

Note: Predicted failure mode is type (d), i.e. bolt bending in wood, except for strength values marked 
with an asterisk (*), which have a predicted failure mode type (f), i.e. rigid body rotation of bolt 
without bolt bending. 



Effect of Relative Embedment Strength fj/f̂  
on Calculated Shear Resistance 

of Bolted Wood-to-Concrete Connections 
Using 89 mm Lumber and Bolts with f, = 310 MPa 

Species Density Bolt 
Diameter 

mm 

f. Shear Resistance 
Calculated 

Species Density Bolt 
Diameter 

mm MPa 
1.0 
kN 

(1,/1,^2) 
f,/f, 
2.0 
kN 

5.0 
kN 

D. Fir 0.49 10.9 27.5 6.4* 7.3* 8.2* 
- Larch 12.7 26.9 8.5* 9.8* 11.0* 

15.9 26.0 13.1* 14.9 15.8 
17.0 25.6 14.9* 16.3 17.4 
19.1 25.0 17.8 19.2 20.5 

Hem-Fir 0.46 10.9 25.8 6.2* 7.0* 8.0* 
12.7 25.3 8.3* 9.5* 10.7* 
15.9 24.4 12.7* 14.2 15.1 
17.0 24.1 14.4* 15.6 16.6 
19.1 23.4 17.0 18.3 19.6 

S-P-F 0.42 10.9 23.6 5.9* 6.8* 7.6* 
12.7 23.1 7.9* 9.1* 10.2* 
15.9 22.3 12.1* 13.3 14.1 
17.0 22.0 13.5 14.6 15.5 
19.1 21.4 15.9 17.2 18.4 

Northern 0.35 10.9 19.6 5.4* 6.2* 6.9* 
Species 12.7 19.2 7.2* 8.3* 9.0 

15.9 18.5 10.8 11.6 12.4 
17.0 18.3 11.8 12.8 13.7 
19.1 17.8 13.9 15.1 16.2 

Note: Predicted failure mode is type (d), i.e. bolt bending in wood, except for strength values marked 
with an asterisk (*), which have a predicted failure mode type (g), i.e. double curvatiue in the 
bolt. 
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Figure 1. Test Specimen; a) top view; b) side view 
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A P P E N D I X 



A p p e n d i x 

Table Al 

Species, Moisture Content and Density of Wood 
of Individual Bolted Test Pieces; 

Test Series 3H, H and S 

Spec. Species MC G Spec. Species MC G Spec. Species MC G 
No. % No. % No. % 

HOI Abies 9.6 0.42 SOI Alp. Fir 10.2 0.35 -

2 Hemloclf 11.2 0.56 2 Spruce 11.1 0.35 -
3 Abies 9.6 0.44 3 Spruce 11.2 0.42 3H03 Abies lO.g 0.45 
4 Hemlock 10.2 0.51 4 Pine 10.6 0.4g 4 Hemlock 11.1 0.50 
5 Abies 10.9 0.47 5 Spruce 10.7 0.42 16 Hemlock 12.5 0.66 
6 Hemlock 9.6 0.48 6 Spruce 11.1 0.41 Ig Hemlock 9.7 0.57 
7 Hemlock lO.g 0.55 7 Spruce 11.4 0.41 21 Abies 9.4 0.37 
g Hemlock 9.6 0.48 g Spruce 11.1 0.35 
9 Hemlock 10.3 0.46 9 Spruce 10.6 0.49 
10 Hemlock 11.2 0.6g 10 Pine 11.2 0.47 
11 Abies 9.9 0.41 11 Pine 10.2 0.42 
12 Abies 9.1 0.35 12 Spruce 11.3 0.47 
13 Hemlock 10.5 0.47 13 Spruce 10.7 0.46 
14 Hemlock 10.2 0.49 14 Pine 11.3 0.42 
15 Hemlock 11.1 0.60 15 Spruce 10.5 0.39 
16 Hemlock 11.0 0.65 16 Spruce 10.6 0.37 
17 Abies 9.6 0.34 17 Alp. Fir 10.4 0.35 
Ig Hemlock 10.1 0.59 Ig Spruce 10.6 0.40 
19 Abies 10.9 0.43 19 Spruce 11.0 0.39 
20 Hemlock 9.4 0.41 20 Spruce 10.5 0.36 
21 Abies 8.8 0.37 21 Pine 9.9 0.41 
22 Hemlock 10.0 0.51 22 Spruce 10.7 0.44 
23 Hemlock 9.7 0.43 23 Spruce 11.1 0.43 
24 Hemlock 9.7 0.42 24 Pine 11.4 0.44 
25 Hemlock 11.5 0.4g 25 

26 
Spruce 
Pine 

11.6 
10.6 

0.45 
0.47 

Mean 10.2 0.48 lO.g 0.42 10.7 0.51 

Std. Dev. 0.8 0.0g7 0.4 0.042 1.2 0.11 



Yield Strength of nominal Vi inch and % inch J-Bolts 

Nominal Vi inch Bolts 

Bolt diameter 
Plastic Section modulus of bolts: 
Moment arm: 

10.9 mm 
217.2 mm' 
1772.9 mm 

Specimen 
No. 

Yield Force 
N 

Yield Moment 
mm 

Yield Stress 
MPa 

1 53.283 94,467 435 

2 54.985 97,485 449 

3 51.996 92,184 425 

Mean 436 

Nominal inch Bolts 

Bolt diameter: 
Plastic Section modulus of bolts: 
Moment arm: 

17.0 mm 
821.4 mm' 
1779.0 mm 

Specimen 
No. 

Yield Force 
N 

Yield Moment 
Nmm 

Yield Stress 
MPa 

1 164.1 291,900 355 

2 163.2 290,300 354 

3 171.1 304,400 371 

Mean 360 



Hem-Fir, Va" Diameter Bolt 

At-Maximum-Load Actual 

Spec k2 d2 kl Actual Actual Pred Max Spec 
kN mm kN/mm Disp Load Load Disp 

nun kN kN mm 

3H03 1.256 21.051 12.659 32.182 26.442 12.659 

3H04 28.623 0.788 36.301 12.451 34.630 28.623 12.451 

3H16 30.696 0.931 32.957 12.541 41.452 30.696 12.541 

3H18 32.714 1.194 27.406 13.097 38.106 32.714 13.097 

3H21 23.652 1.005 23.534 12.171 27.823 23.652 12.171 

Minimum 23.652 0.788 21.051 12.171 27.823 23.652 12.171 

Mean 28.425 1.035 28.250 12.584 34.838 28.425 12.584 

Maximum 32.714 1.256 36.301 13.097 41.452 32.714 13.097 

Notg? 

1) kl is the initial slope of the fitted curve. 
2) When the final segment of the fitted curve is extended in a negative direction, it intercepts the load 

axis at k2. 
3) The yield point is (d2, k2). 



Hem-Fir, 1/2" Diameter Bolt 
At-Maximum-Load Actual 

Spec k2 d2 kl Actual Actual Pred Max Spec 
kN mm kN/mm Disp Load Load Disp 

mm kN kN mm 
HOI 13.247 0.794 16.676 12.218 17.916 13.247 12.218 
H02 15.727 0.745 21.116 12.246 21.725 15.727 12.246 
H03 12.701 0.807 15.730 11.934 17.728 12.701 11.934 
H04 11.561 0.674 17.142 11.774 17.351 11.561 11.774 
H05 12.500 0.786 15.896 11.993 20.132 12.500 11.993 
H06 11.494 0.813 14.135 12.079 18.191 11.494 12.079 
H07 13.972 0.656 21.310 11.869 18.713 13.972 11.869 
H08 12.281 0.808 15.207 11.600 18.191 12.281 11.600 
H09 10.569 0.740 14.289 12.609 16.265 10.569 12.609 
HIO 21.165 0.862 24.550 12.710 27.779 21.165 12.710 
Hl l 13.855 1.131 12.246 12.284 17.264 13.855 12.284 
H12 9.325 1.312 7.106 12.618 12.934 9.325 12.618 
HIS 11.168 0.682 16.368 12.425 18.003 11.168 12.425 
H14 12.980 0.692 18.764 12.468 20.190 12.980 12.468 
H15 18.695 1.010 18.517 11.659 23.362 18.695 11.659 
H16 14.286 0.567 25.191 12.255 24.825 14.286 12.255 
H17 10.769 0.939 11.467 12.676 14.860 10.769 12.676 
HIS 13.016 0.749 17.375 12.472 23.869 13.016 12.472 
H19 12.219 0.979 12.482 11.819 17.424 12.219 11.819 
H20 12.455 0.631 19.727 12.194 17.221 12.455 12.194 
H21 10.064 1.293 7.782 11.891 13.426 10.065 11.891 
H22 13.474 0.822 16.401 11.971 19.292 13.474 11.971 
H23 12.792 0.754 16.961 12.018 18.481 12.792 12.018 
H24 11.446 0.883 12.959 12.365 16.091 11.446 12.365 
H25 14.138 0.759 18.631 11.838 18.452 14.138 11.838 
Minimum 9.325 0.567 7.106 11.600 12.934 9.325 11.600 

Mean 13.036 0.836 16.321 12.159 18.787 13.036 12.159 

Maximum 21.165 1.312 25.191 12.710 27.779 21.165 12.710 

Notes 

1) kl is the initial slope of the fitted curve. 
2) When the final segment of the fitted curve is extended in a negative direction, it intercepts the load 

axis at k2. 
3) The yield point is (d2,k2). 



S-P-F, 1/2" Diameter Bolt 

At-Maximum-Load Actual 

Spec k2 d2 kl Actual Actual Pred Max Spec 
kN mm kN/mm Disp Load Load Disp 

mm kN kN mm 
SOI 10.635 1.305 8.151 12.015 12.948 10.635 12.015 
S02 11.076 0.874 12.678 12.013 14.020 11.076 12.013 
SOS 11.794 0.884 13.340 12.518 16.946 11.795 12.518 
S04 12.348 0.638 19.347 11.832 16.598 12.348 11.832 
S05 10.483 0.577 18.159 12.317 15.048 10.483 12.317 
S06 10.120 0.934 10.835 12.524 14.426 10.120 12.524 
S07 11.172 0.826 13.525 11.404 14.078 11.172 11.404 
S08 9.736 0.762 12.777 12.675 13.281 9.736 12.675 
S09 12.024 0.766 15.705 11.452 15.425 12.024 11.452 
SIO 10.837 0.796 13.614 12.273 16.250 10.837 12.273 
Sll 11.928 0.753 15.838 12.261 15.295 11.886 12.261 
S12 10.618 0.657 16.172 12.308 16.873 10.618 12.308 
S13 12.207 0.763 15.996 12.177 17.206 12.207 12.177 
S14 10.875 1.218 8.925 8.284 11.283 10.867 12.898 
S15 10.752 0.781 13.771 12.157 14.961 10.753 12.157 
S16 11.732 0.839 13.988 12.422 15.512 11.732 12.422 
S17 9.720 1.640 5.926 9.379 10.341 9:688 11.972 
S18 11.472 0.884 12.977 12.539 15.106 11.472 12.539 
S19 10.657 0.977 10.913 12.232 14.657 10.657 12.232 
S20 10.289 0.832 12.366 11.904 13.716 10.289 11.904 
S21 11.449 0.808 14.174 12.135 15.975 10.569 12.135 
S22 11.785 0.885 13.312 11.720 14.599 11.785 11.720 
S23 11.502 0.952 12.076 11.736 15.295 11.502 11.736 
S24 12.143 0.860 14.121 12.743 16.613 12.143 12.743 
S25 11.897 0.719 16.553 12.046 16.062 11.897 12.046 
S26 13.377 0.731 18.303 12.597 17.641 13.363 12.597 

Minimum 9.720 0.577 5.926 8.284 10.341 9.688 11.404 
Mean 11.255 0.872 13.598 11.910 15.006 11.217 12.187 
Maximum 13.377 1.640 19.347 12.743 17.641 13.363 12.898 

NotgS 

1) kl is the initial slope of the fitted curve. 
2) When the final segment of the fitted curve is extended in a negative direction, it intercepts the load 

axis at k2. 
3) The yield point is (d2,k2). 



Lateral Resistance of Selected Bolt Sizes Calculated According to 
CSA 086.1-94 

Phi = 1.0 fy = 310.0MPa G = 0.490 D = 10.920mm 
11 = 38.0mm 

fy Bolt G f l 11 12/11 pua pub pud pue puf pug 
Dia. 

MPa mm MPa mm kN kN kN kN kN kN 

F2/F1 = 1.0 
.36 310 . 0 10 . 92 0 .49 27.5 38 . 0 1 . 0 11 .41 11 .41 5 .46 5 .46 4 . 56 6 .36 

310 . 0 10 . 92 0 .49 27 . 5 38 . 0 2 . 0 11 .41 22 . 82 5 .46 7 . 74 6 . 85 6 .36 
310 . 0 10 . 92 0 .49 27 . 5 38 . 0 3 . 0 11 . < 1 34 .23 5 .46 10 . 02 9 . 13 6 .36 
310 . 0 10 . 92 0 .49 27 . 5 38 . 0 4 . 0 11 .41 45 . 64 5 .46 12 .31 11 .41 6 .36 

F2/F1 = 2.0 
310 . 0 10 . 92 0 49 27 . 5 38 . 0 1 . 0 11 . 41 22 . 82 5 . 95 5 . 95 6 . 85 7 . 34 
310 . 0 10 . 92 0 49 27 . 5 38 . 0 2 . 0 11 .41 45 . 64 5 . 95 8 . 23 11 .41 7 .34 
310 . 0 10 . 92 0 49 27 . 5 38 . 0 3 . 0 11 .41 68 .47 5 . 95 10 . 52 15 . 98 7 .34 
310 . 0 10 . 92 0 49 27.5 38 . 0 4 0 11 .41 91 .29 5 . 95 12 . 80 20 . 54 7 . 34 

F2/F1 = 5.0 
310 . 0 10 . 92 0 49 27.5 38 . 0 1 0 11 .41 57 . 05 6 .39 6 .39 13 .69 8 .21 
310 . 0 10.92 0 49 27.5 38 . 0 2 0 11 .41114 . 11 6 .39 8 .67 25 . 10 8 .21 
310.0 10 . 92 0 49 27 . 5 38 . 0 3 0 11 .41171 . 16 6 .39 10 . 95 36 . 52 8 . 21 
310 .0 10 . 92 0 . 49 27 . 5 38 . 0 4 0 11 .41228 .22 6 .39 13 .23 47 . 93 8 . 21 



Phi 1.0 fy = 310.OMPa G = 0 .490 D = 19 .100mm 
11 3 8.0mm 

fy 

fy Bolt G • f l 11 12/11 pua pub pud pue puf pug 
Dia. 

MPa mm MPa mm kN kN kN kN kN kN 

F2/F1 = 1.0 
310 . 0 19 .10 0 .49 25 0 38 . 0 1 0 18 . 13 18 . 13 12 . 89 12 .89 7 .25 18 . 53 
31C . 3 19 .10 0 .49 25 0 38.0' 2 . 0 18 . 13 36 . 25 12 .89 16 . 52 10 . 88 18 . 53 
310 . 0 ,19.10 0 .49 25 0 38 . 0 3 . 0 18 . 13 54 .38 12 .89 20 . 14 14 . 50 18 . 53 
310 . 0 19 . 10 0 49 25 . 0 38.0- 4 . 0 18 . 13 72 . 50 12 . 89 23 . 77' 18 . 13 18 .53 

F2/F1 = 2.0 
310.0 19.10 0 49 25 . 0 38 . 0 1. 0 18 . 13 36 .25 14 .32 14 .32 10 . 88 21 .40 
310 . 0 19 . 10 0 49 25 . 0 3 8.0 2 . 0 18 . 13 72 .50 14 .32̂  17 . 95 18 . 13 21 .40 
310 . 0 19.10 0 . 49 25 . 0 38 . 0 3 . 0 18 . 13108 .76 14 . 32 21 . 58 25 .38 21 .40 
310 . 0 is. 10 0 . 49 25 . 0 38 . 0 4 . 0 18 . 13145 . 01 14 .32 25 .20 32 . 63 21 .40 

F2/F1 = 5.0 
310 . 0 19 .10 0 . 49 25. 0 38 . 0 1 . 0 18 . 13 90 . 63 15 . 59 15 .59 21 . 75 23 . 93 
310.0 19 . 10 0 . 49 25 . 0 38 . 0 2 . 0 18 . 13181 . 26 15 .59 19 .21 39 .88 23 .93 
310 . 0 19 .10 0 . 49 25 . 0 38 . 0 3 . 0 18 . 13271 . 89 15 .59 22 . 84 58 . 00 23 . 93 
310 . 0 19 . 10 0 . 49 25 . 0 38 . 0 4 . 0 18 . 13362 . 52 15 .59 26 .46 76 . 13 23 . 93 



Phi = 1.0 fy = 310.0MPa G = 0.490 D = 10.920mm 
11 = 8 9.0mm 

fy Bolt G f l 11 12/11 pua pub pud pue puf pug 
Dia. 

MPa mm MPa mm kN kN kN kN kN kN 

F2/F1 = 1.0 
3\0.0 10. 92 0 .49 27.5 89 . 0 1. 0 26 .73 26 . 73 8 . 52 8 . 52 10 . 69 6 .36 
310 . 0 10 . 92 0 .49 27 . 5 89 . 0 2 . 0 26 .73 53 .45 8 . 52 13 . 87 16 . 04 6 .36 
310.0 10 . 92 0 .49 27.5 89.0 3 . 0 26 .73 8 0 . 18 8 . 52 19 .21 21 .38 6 .36 
310 . 0 10 . 92 0 .49 27 . 5 89 . 0 4 . 0 26 .73106 . 90 8 . 52 2.4 . 56 26 . 73 6 .36 

F2/F1 = 2.0 
310 . 0 10 . 92 0 . .49 27 . 5 89 . 0 1 . 0 26 .73 53 .45 9 . 02 9 . 02 16 . 04 7 . 34 
310 . 0 10 . 92 0 . .49 27 . 5 89 . 0 2 . 0 26 .73106 . 90 9 . 02 14 .36 26 . 73 7 . 34 
310 . 0 10 . 92 0, ,49 27 . 5 89.0 3 .0 26 .73160 .35 9 . 02 19 . 71 37 .42 7 . 34 
310 . 0 10 . 92 0 . 49 27.5 89 . 0 4 . 0 26 .73213 . 81 9 . 02 25 . 05 48 . 11 7 . 34 

F2/F1 = 5.0 
310 . 0 10 . 92 0 . 49 27 . 5 89 . 0 1. 0 26 . 73133 . 63 9 .45 9 .45 32 . 07 8 .21 
310 . 0 10 . 92 0 . 49 27 . 5 89.0 2 . 0 26 .73267 . 26 9 .45 14 . 79 58 . 80 8 .21 
310.0 10.92 0 . 49 27 . 5 89 . 0 3 . 0 26 .73400 . 89 9 .45 20 . 14 85 . 52 8 .21 
310 . 0 10 . 92 0 . 49 27 . 5 89 . 0 4 . 0 26 .73534 . 51 9 .45 25 .48112 .25 8 .21 



Phi = ' 1.0 fy = 310.OMPa G = 0 .490 D = 19 10 0mm 
11 8 9.0mm 

fy 

fy Bolt G f l 11 12/11 pua pub pud pue puf pug 
Dia. 

MPa mm MPa mm kN kN kN kN kN kN 

F2/F1 = 1.0 
110 . 0 19 .10 0 .49 25 0 8 9 . 0 1 . 0 42 .45 42 .45 17 . 76 17 . 76 16 . 98 18 . 53 
310 . 0 19 .10 0 .49 25 0 89 . 0 2 . 0 42 .45 84 . 91 17 . 76 26 . 25 25 .47 18 . 53 
310 . 0 19 .10 0 .49 25 0 89 . 0 3 . 0 42 .45127 .36 17 . 76 34 . 74 33 . 96 18 . 53 
310 . 0 19 . 10 0 .49 25 0 89 . 0 4 0 42 .45169 . 81 17 . 76 43 .23 42 .45 18 . 53 

F2/F1 = 2.0 
310 . 0 19 . 10 0 49 25 . 0 89 . 0 1 0 42 .45 84 . 91 19 . 19 19 . 19 25 .47 21 .40 
310 .0 19 . 10 0 49 25 . 0 89 . 0 2 0 42 .45169 .81 19 . 19 27 . 68 42 .45 21 .40 
310.0 19 .10 0 49 25 . 0 89 . 0 3 0 42 .45254 . 72 19 . 19 36 . 17 59 .43 21 .40 
310 . 0 19 .10 0 . 49 25 . 0 89 . 0 4 0 42 .45339 . 62 19 . 19 44 .66 76 .42 21 .40 

F2/F1 = 5.0 
310 . 0 19 .10 0 . 49 25 . 0 89 . 0 1 . 0 42 .45212 .27 20 .45 20 .45 50 . 94 23 . 93 
310 . 0 19 .10 0 . 49 25 . 0 89 . 0 2 . 0 42 .45424 . 53 20 .45 28 . 94 93 .40 23 . 93 
310 . 0 19 . 10 0. 49 25 . 0 89.0 3 . 0 42 .45636 .80 20 .45 37 .43135 . 85 23 . 93 
310 . 0 19 .10 0 . 49 25. 0 89 . 0 4 . 0 42 .45849 . 06 20 .45 45 . 92178 .30 23 . 93 


