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1 Introduction

In the summer o f 1997, Forintek’s Building Systems Department in Sainte-Foy was invited by the “Centre 
de promotion du bâtiment de Québec” (CPIBQ) to participate in the elaboration o f the first building project 
in their indoor building new test facilities in Quebec City. This project among other things will be used to 
demonstrate and instruct builders and tradesmen in the use of several types of engineered wood floor 
systems.

The CPIBQ is a non-profit provincial organization created by the building industry (residential, commercial, 
and industrial) to promote the development and utilization o f products and services through the cooperative 
efforts o f research, teaching, trade associations, and industry.

In light o f our current research work on the development o f a "serviceability design criteria for commercial 
and multi-family floors", this provided us with the unique opportunity to work with our members on issues 
related to floor system performance. It allowed us to structure a case study to:

help address the recommendation made by the floor project task group concerning a laboratory study 
to supplement the database on floor performance using specially built floor systems;

help calibrate the Forintek floor models under development by allowing us to measure the mechanical 
properties o f the individual elements of the floor systems, and the dynamic performance o f the floor 
systems in actual buildings;

supplement the main field study database on floor performance.

The CPIBQ project consisted o f a two-storey, three-unit multi-family building measuring 10 meters by 18 
meters (34 feet by 60 feet). Each family unit (approximately 6 meters by 10 meters) was built using 
engineered wood floor systems. This provided the opportunity to study floor performance o f three types of 
wood truss and one type o f box beam floor designs.

Because o f the temporary nature o f the wood foundation system used during construction, it was not 
expected that floor performance would be optimum under these conditions. However, it was expected that
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Performance Tests on Engineered Wood Floors in Three Single Family Buildings under Construction at the CPIBQ

valuable information would be gained on the relative performance of the different engineered floor systems. 
It has been planned to repeat the performance tests once the building is moved to its permanent foundations.

Mechanical properties of the floor components were non-destructively determined using vibration techniques 
o f Chui (1991) prior to the floor construction. The performance tests included a 1 kN concentrated static 
load test to assess the floor’s static load performance, a shaker excitation test to determine the floor’s natural 
frequencies and viscous damping ratios, and a ball-drop impact test to evaluate the floor’s responses to 
dynamic loading. This report focuses on the performance tests and the results obtained at the CPIBQ 
building facility.

2 Description of the test floors

The floor systems were designed and engineered by the joist and truss manufacturers who provided 
installation instructions and carried out a formal on-site training for the builders and tradesmen. All floor 
systems used 15.5 mm (5/8") T&G Douglas Fir plywood sheathing which was fastened to the floor joists 
with construction adhesive and flooring screws,

A reusable 1.2 meter (42") high modular wood foundation was designed and provided by Forintek. The 
foundation elements were laid out to replicate the permanent foundations o f the building. Braces and 
sandbags were used to solidify and strengthen them where needed. Table 1 summarizes the construction 
details.

The mechanical properties, determined nondestructive^, for the four types o f floor joists are summarized 
in Table 2.

In family unit 1, the floors were built with 330 mm (13") wood trusses (referred to as type 1 joist in this 
report), spaced at 400 mm (16"). The floor framing details and plan are given in Figure 1. It can be seen 
that both the main and upper floors are divided into three separate and distinct floor areas. These three floor 
areas on the main floor were labelled from B1F1 to B1F3, while the upper floor areas were labelled from 
B1F7 to B1F9. The results of performance tests on floor areas B1F1 - B1F3 indicated lower than expected 
performance, close inspection o f the floor revealed that support columns and strong-backs called for by the 
truss manufacturer had not been installed. After the construction anomalies were rectified, the performance 
tests were repeated on the rectified floor areas and labelled as B1F4 to B1F6.

In family Unit 2, the floors were built with 292 mm (11.5") wood box beams (referred as type 2 joist) 
installed, depending on the floor area, at a spacing o f 400 mm or 300 mm (16" and 12"). As was the case 
for family Unit 1, both the main and upper floors separated into three distinct floor areas. Figure 2, provides 
details of the floor layout and joist spacing. Floor areas on the main floor were labelled B2F1 to B2F3 while 
the corresponding upper floor areas were labelled B2F4 to B2F6.

In family Unit 3, all floors were built with 240 mm (9.5") deep wood trusses (referred to as type 3 and 4 
joists) installed with a spacing of 400 mm (16"). Trusses for the main floor were of type 3 while trusses for 
the upper floor were type 4. The framing details provided by the manufacturer are presented in Figure 3. 
Both the main and upper floor were divided into three distinct large floor areas and one smaller area. The 
three large floor areas o f the main floor were labelled as 3BF1 to 3BF3 and 3BF7 to 3BF9, while the 
corresponding upper floor areas were labelled 3BF4 to 3BF6.

Forint*
Page 2 of 7



Performance Tests on Engineered Wood Floors in Three Single Family Buildings under Construction at the CPIBQ

For the first series o f performance tests on the main floor the supporting LVL beams were not fastened with 
bolts at 610 mm spacing and the floor trusses were not supported by joist hangers as called for by the truss 
manufacturer.

For this reason, two series o f performance tests were carried out, hence the two sets of data labels for the 
floor areas of the main floor (i.e. before and after corrective measures). Only the data for floor areas 3BF1 
and 3BF7 to 3BF9 is significant to this case study.

3 Floor Performance Tests

The test methods used were based on the floor test protocols developed at Forintek and reported by Flu 
(1998). The protocols were also presented to the October, 1997 meeting o f ASTM D07 on wood. 
Standardization o f the test methods as ASTM standards is underway.

3.1 1 kN Concentrated Static Load Test

The test was conducted to determine the static deflection o f a floor under 1 kN static load. Static deflection 
has been recommended as a performance variable to evaluate floor serviceability in several design criteria 
for controlling floor vibration. A serviceability criterion based on the maximum deflection of a floor under 
a 1 kN concentrated load is currently used in Part 9 of the Building Code o f Canada ( 1990). This deflection 
requirement is based on field and laboratory studies at the Eastern Forest Products Laboratory o f the 
Canadian Forestry Service (now Forintek Canada Corp.) and was reported by Onysko (1988). Olhsson 
(1991) has also recommended a deflection criterion o f this type together with dynamic vibration 
considerations for controlling the vibration performance o f light-framed floor systems. Furthermore, the 
transverse deflection profile o f a floor resulting from a concentrated load test is useful in evaluating the 
degree o f lateral load distribution and provides information for estimating the effective mass o f the floor 
needed for calculating its response when the dynamic response is dominated by the fundamental mode of 
vibration.

The basic elements needed to measure static deflection under a concentrated load are: a) a stable reference 
from which to measure floor movement; b) a deflection measuring device; c) a loading system. In this 
study, a stiff beam supported at the edge of the floors (i.e. over the floor supports) was used as the reference. 
A Digimatic electronic gauge (resolution 0.001 mm) with a remote printer was mounted from this reference 
beam and in contact with the floor at a joist location corresponding to the centre o f the floor area. One 
member of the testing staff weighing approximately 1 kN was used as the concentrated load. Figure 4 shows 
a static deflection test and the setup o f the reference beam and electronic dial gauge. The photo was taken 
during tests on floor area B1F8.

3.2 Dynamic Tests

The tests were done to determine the dynamic characteristics o f the floors such as the natural frequencies, 
the viscous damping ratios associated with each frequency, and the responses to a specified dynamic loading. 
These properties are also useful for assessing floor serviceability. They have been used by Olhsson (1991), 
by CSA (1989), and by Smith and Chui (1988) in their recommendations for vibration controlled floor

Forintek
Page 3 of 7



Performance Tests on Engineered Wood Floors in Three Single Family Buildings under Construction at the CPIBQ

design.

The test procedure was carried out in two parts: 1) modal testing to determine the natural frequencies and 
viscous damping ratios, 2) forced vibration testing to determine the floor responses to dynamic loading. 
The test instrumentation consisted of an exciter for inducing floor vibration, transducers for acquiring the 
excitation force and the floor vibration signals, and a signal analyser for extracting the desired information 
from the acquired signals. A shaker weighing 15 kg was used for modal testing while a 5 kg medicine-ball 
was used as the exciter for forced vibration testing. A force transducer having a sensitivity of 0.23 mv/N 
was used to measure the excitation forces, and six Vibra-Metrics accelerometers having sensitivities o f 469.6 
mv/g> 500.2 mv/g, 497.2 mv/g, 492.2 mv/g, 476.2 mv/g, and 489.7 mv/g respectively were used to acquire 
the floor vibration responses to the excitations generated by the shaker or the ball drop. The accelerometers 
were attached using wax to a brass mounting base which had previously been nailed into the surface of the 
plywood sub-floor. A Data-Physics multi-channel analyser was used to record and post-process the signals.

Modal testing followed a standard procedure described generally in ISO 7626-2 (1990 (E)) and specified 
in Forintek's floor testing protocols (Hu, 1998). Random excitation was selected because of its many 
advantages as discussed in ISO 7626-2 (1990 (E)). The shaker was suspended from a soft spring attached 
to a tripod resting on the test floor. It must be pointed out that the mounting arrangement for the shaker 
adopted a compromise solution described by Ewins (1984). Ideally, the shaker and its suspension system 
should be separated from the test floor. However, laboratory study showed that the influence o f the 
compromise arrangement on the test results was negligible (Hu, 1998). The shaker was located on a joist 
adjacent to the centre joist and offset from the centre line o f the test floor area. At such a location, it was 
unlikely that a nodal point o f the vibration modes o f interest existed (i.e. a point which remains stationary 
during floor vibration). The floor vibration was measured at the centre of the span o f each joist. Figure 5 
shows a modal test with the shaker on floor area B2F1 and the accelerometers at mid-span of the joists. The 
force and acceleration signals o f the test floors were recorded by the multi-channel analyser. To obtain the 
natural frequencies and viscous damping ratios, the signals were post-processed using a modal analysis 
software called M E’scope and which is manufactured by Vibration Technology.

Forced vibration tests followed the procedure described in the Forintek's floor testing protocols (Hu, 1998). 
The excitation force was generated by dropping the 5 kg medicine-ball on a force plate with a transducer 
having a sensitivity o f 0.23 mv/N. The impact force was applied in the centre o f the floor area over a joist 
location. An accelerometer was located at the same location to measure the response o f the centre o f the 
floor. Figure 6 shows a ball drop test on floor area B2F6. The force and acceleration signals were recorded 
by the multi-channel analyser. The signals were post-processed using the built-in software in the analyser 
to obtain the information on the floor response to the impact, such as peak and Root-Mean-Square (RMS) 
accelerations. To improve the precision o f peak and RMS measurements, the analyser software was 
modified to remove the direct current (DC) components of the signals.

4 Results and discussions

The measured performance attributes o f the floor are shown in Table 3. The maximum static deflections 
under a 1 kN concentrated load, the fundamental natural frequencies and the associated viscous damping 
ratios, and the peak and Root-Mean-Square acceleration responses to 1 N-second impulse are presented in 
the table. The design criterion used by the manufacturers for sizing the floor joists is also quoted in the table.
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The static deflections were compared with the serviceability criterion for engineered wood floors (CWC, 
DMO Associates, et al, 1997) which are shown in Figures 7-9. The criterion is a revised version o f the 
criterion in the 1990 edition o f the National Building Code o f Canada (1990). The criterion defines the 
acceptability limit of a floor in terms of its span and maximum deflection under 1 kN concentrated load. The 
performance o f a floor is defined as unacceptable if the plot for a floor is above the boundary shown in 
Figures 7-9.

It must be pointed out that the performance attributes documented in Table 3 and plotted in Figures 7 - 9 
were determined in a building supported on temporary modular wood foundation walls. This type of support 
is not as good as a permanent foundation. A better performance is expected from the floors tested after 
installation on permanent foundations. It has been planned to repeat the performance tests once the building 
is moved to its permanent foundation. The results reported in still provide some valuable information on 
the influence o f various construction details, such as the floor. This study support conditions, the types of 
floor joists, bridging, spacing, etc. on floor performance.

Table 4 shows the effect o f construction defects, specially defects in the floor support system on floor 
performance. In general it can be observed that the static and dynamic performance o f all the floor areas 
presented in the table were greatly improved after the remedial actions. This improvement is indicated by 
the reduction o f static deflections and acceleration responses, as well as by the increase in damping ratios 
and natural frequencies. The floor acceptability based on the revised Part 9 criterion (CWC, DMO 
Associates, et al, 1997) was also improved. This is shown in Figures 7 and 9. It should be noted that the 
major corrective action taken was the reinforcement o f the floor supporting conditions such as: adding 
columns to the first level floor framing o f Unit-1, adding joist hangers to floor area B3F1, and reinforcing 
its two LVL supporting beams by bolting them together. Furthermore, if we examine the floor framing 
constructions o f Units 1 and 3 (Figures 1 and 3), we see that the remedy greatly strengthened the supporting 
conditions o f floor areas B1F1 and B3F1, therefore significantly improving their performance as shown in 
Table. 4. It can be concluded that the supporting conditions o f a floor significantly affect its performance. 
Attention should be given to the floor supports during floor design and construction.

Table 5 shows an interesting comparison of the performance between two types of wood truss floor systems. 
The measured floor performance attributes o f these two floor systems indicate a relationship with joist 
bending stiffness. The floor areas numbered as B3F7-B3F9 ( level 1 floor o f Unit 3) were constructed with 
type 3 trusses. The floor areas B3F4-B3F6 (level 2 o f Unit 3) were built with type 4 trusses o f the same 
manufacturer. These two floor systems had similar floor framing except for the bridging systems. The type 
3 truss floor system used 38x140 mm (2"x6") strong-backs at 2.7 m (9 feet) spacing and the type 4 truss floor 
system used joist-blockings cut from the same type trusses. Test data from the joist property show that the 
type 3 trusses have about 14 percent higher bending stiffness than that o f the type 4 trusses (Table 2). The 
static deflection and acceleration in the type 3 truss floors were less than for the type 4 truss floors; the 
natural frequencies o f the type 3 truss floors were higher than that of the type 4 truss floors. It is interesting 
to observe that the damping ratios in the type 3 truss floors were slightly less than that in the type 4 truss 
floors. This may be attributed to the difference in the web material.

Table 6 shows three comparisons o f type 2 joist floor systems with three types o f truss floor systems (type 
1, 3 and 4 joists). The first comparison is made between type 2 joist (floor B2F1) and type 3 joist (floor 
B3F7). It is surprising to observe that the performance o f type 2 joist (floor B2F1) was not as good as that 
o f type 3 joist (floor B3F7). The static deflection and the accelerations o f type 2 joist (floor B2F1) were
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unexpectedly larger than that found in type 3 joist (floor B3F7). The joist property test data indicates that 
the type 2 jo ist has almost twice the bending stiffness o f the type 3 joist. A possible explanation for the 
unexpected poorer performance o f type 2 joist (floor B2F1) is its weaker supporting system. As shown in 
Table 1, the ends o f the type 2 joist in floor B2F1 were supported by joist hangers attached to a 38x286 mm 
(2"xl2") LVL supporting beam. By comparison, type 3 joist (floor B3F7) had a better supporting system. 
Its supporting beam was made o f two LVL beams which rested on an intermediate support post. This 
observation again demonstrates the importance o f floor supporting systems in the floor performance. The 
second comparison is between type 2 joist (floor B2F3) and type 1 joist (floor B1F6). It is interesting to 
observe that the two floor systems achieved similar performance attributes for a joist spacing o f 300 mm 
(12 ) in the case o f type 2 joists and 400 mm (16"), in the case o f type 1 joists, when there is only 
approximately 6 percent higher bending stiffness in the type 2 joists. The third comparison made is between 
type 2 joist (floor B2F4) and type 4 joist (floor B3F4). It was found that the ratio o f floor performance 
attributes between the type 2 joist and the type 4 joist was of the same order of magnitude as the ratio of their 
bending stiffness.
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Table 1 CPIBQ Building-1 Floor Construction Details

Floor
Area
No.

Level Span
(feet)

Joist

Bridging
type Comments

Type
Depth
(inch)

Spacin 
g (inch)

End Supports

End-1 End-2

B1F1 1 19'-1.5 1 13 16
2x4"
wood
wall

2x6" wood wall
None With defects 

1 and 2

B1F2 1 12'-10 - - - -

-Sitting on joist hanger connected to a double 
2"xl3" LVL supporting beam.
- Each end of the supporting beam was attached to 
a 13” PM truss with a face mount joist hanger.

- With defects 
1 and 2

B1F3 1 19'-1.5 - - - - 2x6" wood wall
- With defects 

1 and 2

B1F4 1 19'-1.5 - - - - 2x6" wood wall 2x6" strong-
back 9' o.c

Remedied
B1F1

B1F5 1 12’-10 - - - -

-Sitting on joist hanger connected to a double 
2"xl3" LVL supporting beam.
- Each end of the supporting beam was attached to 
a 13" PM truss with a face mount joist hangers.
- Each end of the supporting beam was further 
supported by a column.

- Remedied
B1F2

B1F6 1 19’-1.5 - - - - 2x6" wood wall - Remedied
B1F3

Notes:
Defect 1 : Missing two columns in the floor framing.
Defect 2: Missing bridgings.



Table 1 CPIBQ Building-1 Floor Construction Details (Cont’d)

Floor
Area
No.

Level Span
(feet)

Joist

Bridging
type CommentsType Depth

(inch)
Spacing
(inch)

End Supports

End-1 End-2

B1F7 2 19'-1.5 1 13 16
2x4"
wood
wall

2x6" wood wall
2x6"

strong-back 
9' o.c

Above
B1F1

B1F8 2 12-10 - - - -

-Sitting on joist hanger connected to a double 
2"xl3" LVL supporting beam.
- One end of the supporting beam was attached 
to a 2"xl3" LVL with a joist hanger and 
further supported by a column.
- The other end of the supporting beam was 
attached using a joist hanger to the plywood 
face of a beam composed of a layer of 3/4" 
plywood and a 13" PM truss

-

Above
B1F2

B1F9 2 19'-1.5 - - - - 2x6" wood wall - Above
B1F2



Table 1 CPIBQ Building-2 Floor Construction Details (Cont’d)

Floor
Area
No.

Level
Span
(feet)

Joist

Bridging
type

Comments
Type

Depth
(inch)

Spacing
(inch)

End Supports

End-1 End-2

B2F1 1 1F-6 2 11.5 16
2x6"
wood
wall

-Sitting on joist hanger connected to a 2"xl2" 
LVL supporting beam.
- The ends of the supporting beam sitting on 
wood walls.

1-row 1X4" 
strapping

B2F2 1 13-8 - - 16
2x4"
wood
wall

-Sitting on joist hanger connected to a double 
2"xl2" LVL supporting beam.
- Each end of the supporting beam was 
attached to a 2"xl2" LVL beam with joist 
hangers.

1-row 1X4" 
strapping

B2F3 1 19-2 - - 12 - 2x6" wood wall 2-row 1X4" 
strapping

B2F4 2 ir-6 - - 16
2x6"
wood
wall

-Sitting on joist hanger connected to a 2"xl2" 
LVL supporting beam 
- The supporting beam has an intermediate 
post and the ends of the supporting beam sit on 
wood walls.

1-row box-
beam
blocking

Above
B2F1

B2F5 2 13'-8 - - 16
2x4"
wood
wall

-Sitting on joist hanger connected to a double 
2"xl2" LVL supporting beam.
- One end of the supporting beam was attached 
to a 2"xl2" LVL beam with a joist hanger.
- The other end of the supporting beam was 
attached to a double 2"xl2" LVL beam with 
joist hangers. Two rows of nails were used to 
fasten the double LVL beam.

1-row box-
beam
blocking

Above
B2F2

B2F6 2 19-2 - - 12
2x6" wood wall 2-row box-

beam
blocking

Above
B2F3



Table 1 CPIBQ Building-3 Floor Construction Details (Cont’d)

Floor
Area
No.

Level
Span
(feet)

Joist

Bridging
type

Comments
Type

Depth
(inch)

Spacing
(inch)

End Supports

End-1 End-2

B3F1 1 IT-6 3 9.5 16
2x6"
wood
wall

-Nailed to a 2"x 9.5" LVL supporting beam 
having an intermediate post.
- The ends of the supporting beam sitting on 
wood walls.

1-row
strong-back

With
defects 3 
and 4

B3F7 1 1F-6 - - - -

-Sitting on joist hanger connected to a double 
2"x 9.5" LVL supporting beam having an 
intermediate post.
- The supporting beam sits on wood walls

- Remedied
B3F1

B3F8 1 13'-8 - - - -

-Sitting on joist hanger connected to a double 
2"x9.5" LVL supporting beam.
- One end of the supporting beam was attached 
to a 2"x9.5" LVL beam with joist hangers, 
and further supported by a column.
- The other end of supporting beam to a double 
2"x9.5" LVL beam with joist hangers.

-

B3F9 1 13'-8 - - - - - -

B3F4 2 11’-6 4 - - - Same as End- 2 of B3F7

1-row 
blocking 
cut from the 
joist

Above
B3F7

B3F5 2 13'-8 - - - - Same as End-2 of B3F8 - Above
B3F8

B3F6 2 13'-8 - - - - Same as End-2 of B3F9 - Above
B3F9

Notes:
Defect-3: Missing bolts in multi-ply built supporting beam.
Defect-4: Nailing joist ends to supporting beams instead of using face mounted joist hangers.



Table 2 Floor Joist Properties

Joist Type Location Size Mass/Length
(lbs/ft)

Bending Stiffness 
(106 lbs. in2)

1 B 1F1-B 1F9 3"x l3" 3.51 280.49

2 B 2F1-B 2F6 2"x l2" 3.27 266.07

3 B3F1
B 3F7-B 3F9 3"x9.5” 3.33 139.83

4 B 3F4-B 3F6 3"x9.5" 2.46 122.66



Table 3 Performance Attributes of CPIBQ Floors

F lo o r (1) 
A rea No.

Static D eflection 
under 1 kN Load 

(mm )

Fundam ental 
N atural 

Frequency 
(Hz) '

V iscous 
D am ping 
Ratio (3)

(%)

Peak
A cceleration 
due to 1 N-s 
im pulse (g)

R M S<2)
A cceleration due 
to 1 N -s im pulse

(g)

B1F1 1.46 14.53 2.8 0.111 0.0123

B1F2 1.01 16.15 3.0 0.146 0.0145

B1F3 1.17 14.57 2.8 0.091 0.0105

B1F4 1.06 14.88 3.5 0.094 0.0091

B1F5 0.88 18.15 4.3 0.140 0.0122

B1F6 0.97 15.00 4.2 0.107 0.0109

B1F7 0.78 16.07 2.4 0.225 0.0165

B1F8 0.72 14.37 4.2 0.317 0.0186

B1F9 0.94 14.64 2.4 0.106 0.0105

B2F1 0.81 15.68 4.5 0.144 0.0133

B2F2 0.87 16.46 3.4 0.111 0.0109

B2F3 1.00 15.59 3.8 0.098 0.0103

B2F4 0.45 15.04 3.2 0.069 0.0067

B2F5 0.63 15.14 *1.3 0.192 0.0160

B2F6 0.78 18.19 3.8 0.183 0.0148

Notes:
1. A ll o f  the floors w ere designed for 40 lbs live load and 15 lbs dead load by using the 

deflection  criterion o f  span/480.
2. RM S stands for R oot M ean Square.
3. * indicates the dam ping cannot be reliably identified due to higher ratio o f  noise to  signal.



Table 3 Performance Attributes of CPIBQ Floors (Cont’d)

F lo o r (1> 
A rea No.

Static 
D eflection 
under 1 kN  
Load (m m )

Fundam ental 
Natural 

Frequency 
(Hz) '

V iscous 
D am ping 
Ratio (3)

(%)

Peak
A cceleration 
due to 1 N-s 
im pulse (g)

RM S(2)
A cceleration due 
to 1 N -s im pulse

(g)

B3F1 1.22 14.38 4.4 0.105 0.0107

B3F7 0.61 14.71 2.1 0.087 0.0087

B3F8 0.79 15.01 2.6 0.221 0.0132

B3F9 0.57 15.68 1.9 0.100 0.0057

B3F4 0.90 14.42 *6.8 0.130 0.0099

B3F5 1.07 12.77 3.8 0.210 0.0144

B3F6 0.98 15.08 2.9 0.152 0.0136

Notes:
1. A ll o f  the floors w ere designed for 40 lbs live load and 15 lbs dead load by using the 

deflection criterion o f  span/480.
2. RM S stands for R oot M ean Square.
3. * indicates the dam ping cannot be reliably identified due to higher ratio o f  noise to signal.



Table 4 Effect of Construction Defects on Floor Performance

Floor A rea No. D efect Code
(2)

Static 
D eflection 
under 1 kN 
Load (mm )

Fundam ental
Natural

Frequency (Hz)

Viscous 
D am ping 
Ratio (%)

Peak-
A cceleration 
due to 1 N-s 
im pulse (g)

RM S(I)- 
Acceleration 
due to 1 N-s 
im pulse (g)

B1F1 1 and 2 1.46 14.53 2.8 0.111 0.0123

Rem edied B1 F l (B1F4) N one 1.06 14.88 3.5 0.094 0.0091

B1F2 1 and 2 1.01 16.15 3 0.146 0.0145

Rem edied B1F2 (B1F5) N one 0.88 18.15 4.3 0.14 0.0122

B1F3 1 and 2 1.17 14.57 2.8 0.091 0.0105

Rem edied B1F3 (B1F6) N one 0.97 15 4.2 0.107 0.0109

B3F1 3 and 4 1.22 14.38 4.4 0.105 0.0107

Rem edied B3F1 (B3F7) N one 0.61 14.71 2.1 0.087 0.0087

Notes:
1. RMS stands for Root Mean Square.
2. Defect 1: Missing two columns in the floor framing. Defect 2: Missing bridgings. Defect 3: Missing bolts in multi-ply built supporting beam. 

Defect 4: Nailing joist ends to supporting beams instead of using face mounted joist hangers.



Table 5 Performance: Type 3 Joist Floors vs. Type 4 Joist Floors

Floor
Area
No.

Span

Joist Static 
Deflection 
under 1 kN 
Load (mm)

Fundamental 
Natural 

Frequency 
(Hz) '

Viscous 
Damping 
Ratio(3> 

(%)

Peak
Acceleration 
due to 1 N-s 
impulse (g)

RMS<2> 
Acceleration 
due to 1 N-s 
impulse (g)

Type M/L
(lbs/ft)

Bending
Stiffness

(10‘lbs.in2)

Spacing
(in)

Brid.<0

B3F4 11 "-6 4 2.46 122.66 16 B3 0.90 14.42 *6.8 0.13 0.0099

B3F7 11 "-6 3 3.33 139.83 16 B1 0.61 14.71 2.1 0.087 0.0087

B3F5 13"-8 4 2.46 122.66 16 B3 1.07 12.77 3.8 0.21 0.0144

B3F8

00cn 3 3.33 139.83 16 B1 0.79 15.01 2.6 0.221 0.0132

B3F6 13"-8 4 2.46 122.66 16 B3 0.98 15.08 2.9 0.152 0.0136

B3F9 13 "-8 3 3.33 139.83 16 B1 0.57 15.68 1.9 0.100 0.0057

Notes:
1. Bridging type code: B 1 -Strong-back, B3-Type 4 jo is t blocking.
2. RM S stands for Root M ean Square.
3. * indicates the dam ping value determ ined is not reliable due to higher ratio o f  noise to signal.



Table 6 Performance: Some Type 2 Joist Floors vs. Type 1,3,4 Joist Floors

F loor(4) 
Area No. Span

Joist Static 
Deflection 

under 1 kN 
Load (mm)

Fundamental
Natural

Frequency
(Hz)

Viscous 
Damping 
R atio (3> 

(%)

Peak
Acceleration 
due to 1 N-s 
impulse (g)

RMS <J> 
Acceleration 
due to 1 N-s 
impulse (g)

Type M/L
(lbs/ft)

Bending
Stiffness

(10‘lbs.in2)

Spacing
(in) % \d -

** B2F1 11 "-6 2 3.27 266.07 16 B4 0.81 15.68 4.5 0.144 0.0133

B3F7 11 "-6 3 3.33 139.83 16 B1 0.61 14.71 2.1 0.087 0.0087

B2F3 19"-2 2 3.27 266.07 12 B4 1.00 15.59 3.8 0.098 0.0103

B1F6 19'-1.5 1 3.51 280.49 16 B1 0.97 15 4.2 0.107 0.0109

B2F4 11 "-6 2 3.27 266.07 16 B2 0.45 15.04 3.2 0.069 0.0067

B3F4 11 "-6 4 2.46 122.66 16 B3 0.90 14.42 *6.8 0.13 0.0099

Notes:
1. Bridging type code: B1 -Strong-back, B2-Type 2 jo is t blocking, B3-Type 4 jo is t blocking, B4-Stripping.
2. RM S stands for Root M ean Square.
3. * indicates the dam ping value determ ined is not reliable due to higher ratio o f  noise to signal.
4. ** indicates the supporting condition o f  the floor area is poorer than that o f  F loor area B3F7, see Table 1 for the details.



Type 1 Joist Floor System

Figure 1. U n it-1 floor plan show ing level 1 floor fram ing details and the tested floor areas 
labeled.



PLAN D'INSTALLATION DES POUTRELLES Type 3 and 4 @ 16 ' c / c

SOUS-SQL R-D-C
( Type 3 Joist Floor System )

ETAGE
( Type 4 Joist Floor System )

F igure  3. U n it-3 floor p lan  show ing  lev e l- la n d  2 floo r fram ing  deta ils  and the tested  floor 
areas labeled.



Note
REIZ DE CHAUSSEE L ! 1 Lin-teau LV L 1 3/4' x 11 1/2' x 12'.
ESPACEMENT AU 16 ' c / c  Type 2 Joist Floor System ^  ' Les deux LV L  s e ro n t  boulones s u r

te c h a n t ie r ,  ce p o u r  les deux p o u tr e s .  
3. * P o u t r e l le s  SV312: 1 1 /2' X 11 1 /2 '



Figure 4. A  static deflection test setup show ing reference beam  supporting  an electronic 
deflection gauge (Photo taken at testing o f  floor area B1F8 in  U nit 1 on second 
level).

Figure 5. Shaker excitation  test setup showing the shaker and the accelerom eters (Photo 
taken at testing  o f  F loor area B2F1 in U nit 2 on first level).



Figure 6. Ball drop excitation test setup show ing the tester dropping the M edicine ball, the 
force p late  and accelerom eter (Photo taken at testing o f  F loor area B 2F6 in U nit 2 
on second level).
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Figure 7. CPIBQ Unit-1 floor performance vs. revised Part 9 criterion

13" T russ floors in tw o-story m ulti-fam ily build ing
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Figure 8. CPIBQ Unit-2 floor performence vs. revised Part 9 criterion

1 1 5 "  Box-beam  jo is t floors in tw o-s to ry  m ulti-fam ily build ing
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Figure 9. CPIBQ Unit-3 floor performance vs. revised Part 9 criterion

9.5" T russ floors in tw o-s to ry  m ulti-fam ily  build ing


