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EXECUTIVE SUMMARY

An experimental study was conducted on wood deck diaphragms at the Wood Sclcnce Latmratory of the
University of British Columbia in collaboration with International Structure: Lock System Inc. The test

program was designed to evaluate the effectiveness of Quake Locl_d_f_‘__systen:_t-_-for__-_s_trengt_;;[;:enmg wood deck

diaphragms.

Six test specimens were constructed, |delivered to the laboratory and testzed Each deck was composed of

plywood sheeting panels with a suppotting frame. The supponmg ﬁ‘amc consisted of the perimeter members

and intermediate longitudinal joists. The panels were conncsl;ad to the peﬁmeter frame members with nails,

as well as to the joist beams. Two types of wood deck dtaphra smis. were constructed and investigated: Deck

with lumber joists; and deck with I+joists. Quake Jocl W-'Was installed underneath the deck and was

employed to connect the joists together in perpendié%féﬂar d;recthm Two decks without Quake Lock™ were

used as benchmark specimens.

The testing program included in-p[ane 1nela;stlc shear .eﬁ&"deﬂectlon tests anel""'hranon tests. The in-plane

shear tests included monotonic and qu

es:se.d cyclic inelastic def@nnat}ﬁn «and were used for
seismic evaluation of the decks..A l;:sgq:lmg pra,toco : was developed fo_ '

si Was used to determine ﬂib defor

Monotonic load-deformation respon
defining the amplitudes of the loadi
the decks under gravity loads and vi

the diaphragms.

howed that deck spec':fnw;;__s __I":"_%ened with Quake Lock™ were
such a system. This system mcrez.ilsed the ultimate shear strength and
7o and 30%, respectively. The deflection tests showed that the out-of
o for lumber joist and 22% for I-joist decks. Also, the specimens with
of vibration, indicating a higher stiffness than the specimens without

d that additional testing is required to confirm the observed behavior

for other types of deckmg systems, it is clear from these tests that adding the Quake Lock™ System to the

wood deck diaphragm improves the performance of the deck.
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1. Introduction

A series of tests on wood deck diaphragms was conducted at the University '

collaboration with International Strue

plane shear tests, deflection tests an

between July 8" and July 23% of 2010,

This test program was designed for ev
response and gravity load bearing per
is referred to as “QL” in the text, tab
strengthening strategy for wood decks
and reported inelastic deformation of {
is illustrated in Figure 1. As it is show
the deck. Therefore, the test program
The objectives of this test program‘

to evaluate the effectiveness’

Figure 1: Inelastic deformation of deck

PROJECT REPORT

mbia (UBC) in
ture Lock System Inc. The t‘ includim dnic and cyclic in-

Science Laboratory

Por simplicity, the Quake Lock™

V&tém has been suggested as an alternative

e wood deck diaphragms

Fdecks when subjected to

Inertia Forces
due to Earthquake

diaphragms in typical single-story structures during a severe earthquake
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2. Test Specimens Description

Six specimens with dimension of 4.839m x 2.438m were constructed by Internation

Inc. and delivered to the Wood Science Lab at UBC.

Each deck was composed of four she eting panels and a supporting f;

wide and 2.438m long, were made up of a layer of 19mm (%”) D F
members with 63.5mm (2.5™) nails at|200mm with center to centé
The supporting frame consisted of two transverse members at the | _
longitudinal joists with 406mm spacing running perpendicular-{6: ting panels. The transverse

members were made up of a 304.8mm x 31.8mm (12” nsi i3l lumber. Two joist types were

used for the deck specimens: 304.8mn 9
I-Joists consisted of two 30.5mm x '
(edgewise) to a 9.5 mm (3/8") thick
using 28.6mm (1 1/8") OSB rim board and @tz

nails into the end of the top and bottom flangeff®

Each QL assembly consisted of

hooked under the bottom chord of an ad;

st, connecting

thie middle of the U-chating

between them. Each member,

Figure 2.

Figure 2: QL system fabricated for three Joists of the wooden diaphragm
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The QL system consisted of individual members arranged in four parallel row

spanning the gaps between the joists.

ith 1.588m spacing each

At each location, two members were insta etween the joists to

Joists through holes in their brackets, and to each other through the hole i dihe middie of the central U-

channel section. Additionally, the brackets on the members spanning the

screwed to the brackets on the members on the opposite side of the j o thabthefQL members were

interconnected across the entire width

of the floor (in the directio

\—Transvmsc End Member

QL Element —

Figure 3: Schematid

(b)

plan view of the specimens: a) Top view; b) Bottom view
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Two decks without QL were used as
schematic layout of deck specimens,
shown in Figure 4. Table 1 gives the
testing of specimen 1 and it was loca
between the hold down and the joist
repaired specimen is referred to as *“s

Plywood Sheeting P
E

pecimen 7" in this report.

anel ——\

benchmark specimens and represented a ty pical conventional deck. The

top and bottom views, are illustrated in Fi 3 and cross sections are

characteristics of all the test specimens. Damage wasiabserved during

ak connection

. The damaged specimen was gaired

=

s

ug

L

=
o,
38mm QL Element —

=

Plywood Sheeting Pa

QL Element —~

Plywood Sheeting Panel

| S e
DK

QL Element

- Testing Program and Descri

o pein en); b) Section A-A (I-joist
BB (I-joist specimen)

Description Loading Type Date of Test
umber Joist (Benchmark) Monotonic 8/ Jul./2010
Lumber Joist + QL Monotonic 19/Jul./2010
1-Joist (Benchmark) Monotonic 21/Jul./2010
I-Joist + QL Monotonic 21/Jul./2010
Lumber Joist + QL Cyclic 22/Jul./2010
[-Joist + QL Cyclic 23/Jul./2010
Repaired Specimen 1 Monotonic 23/Jul./2010
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3. Test Setup

A large-scale test setup was built to represent a half portion of a 10m span dec
consisted of a fixed reaction steel beam in one end (south side) and a loading steg

the specimen (north side). The loading beam was vertically supported to ayd

movement. The support system consisted of two beams attached to& rigid f

rollers located on both top and bottom sides of the loading beam. T

between the rollers in the west-east direction. The reaction beam atfz

connect the south side of the test frame to the rigid floor and preve .

profile was used for both reaction and loading beams. The speeitfien
loading beams firmly by eight steel bolts prior to testingg, ar

specimen laterally to the beams to avoid sliding.

The load was applied by a hydraulic ac
+250 mm. The actuator was connected

was pinned at both ends to rotate freel

to measure the applied load signagh
the actuator directly.

For the deflection test. an LVDT @

installed on the strong floor 4%

general view of the tes

ustrated in Figure 5.

iaphragm. The setup
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; ire 3. Wood Diaphyagm test set-up: a) General view; b) Schematic plan view
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4. Loading Protocol
A loading protocol was developed for

were displacement-controlled using a

good comparison of the results among the specimens. F igure 6 shows the

testing.

200

Displacement (mm)
&

500

load-displacement curveseb

illustrated in Figure 7.

tVes in both type
. Elastic stiffnes

monotonic 4

observed. This specimen sustained lar

rmed on diaphragms o

yelic tests. In the ¢

performing reversed cyclic tests on the dec imens. These tests

gradually increasing displacement at 1 |

4

Loading Protocol

'h—-1 mm/sec.| |

3000

* the QL system to observe the

ior under large deformation conditions. Load-displacement responses

QL system under cyclic and monotonic loads are compared in Figure
of decks showed an acceptable agreement with the envelope of the

s and initial yielding drift of each specimen type were similar in the

yelic test of lumber joist deck a pinched hysteretic behavior was

e inelastic deformation cycles with progressive strength degradation.
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In contrast, the specimen with I-joist

that occurred in the web joist close to t

showed a very rapid strength reduction d
he fixed end.

to a sudden brittle failure

Table 2: Measured response parameters of the specime.

. Initial Shear Stiffness (G’) Ultimate Shear th
Test Specimens (kN/mm) -
Specimen | 228
Lumber Joist (Benchmark) i
Specimen 2
Lumber Joist + QL 23 22
Specimen 3 _
I-Joist (Benchmark) e —
Specimen 4
LJoist + 0L 3.19 15.94
Specimen 5 2.63 11.58 8.67
Lumber Joist + QL : (in west direction) | (in east direction)
Specimen 6 4 15.89 14.75
I-Joist + QL (in west direction) | (in east direction)
Specimen 7
Repaired Specimen | s

Lumber Joist Deck

gcement

specinie

and panels from

in uniform failure along the specimen.

Load (KN)
- n » (£
[+.] o Lo L= o

-
(=]

— with Quake Lock ‘
== Benchmark ]

L

250 200

A . 100 150 250

\ Displacement (mm)

(b)

response of strengthened specimens by Quake Lock™ versus benchmark

ens: a) Lumber joist deck; b) I-joist deck

the failure was localized at the end beam. It was developed by

the end transverse beam. Adding the QL system to the deck resulted

The failure happened by rotation of the panels, shear deformation of

the nails and separation of the panels from the perimeter joists. Similar behavior was observed in the cyclic
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test. Figure 9 illustrates the general v
under monotonic loading. Deformati
specimen are shown in Figure 10. |

specimen with shear deformation of t}

In both monotonic and cyclic testing

iew of a lumber joist deck strengthened with QL system that deformed

on of the joists and a close up of a failed “area of the panel at this

of a deck strengthened with Q

end beam occurred following a sudden brittle failure of the web Jjoist closéstt

Load (KN)

=
o

20 |

-50 o 50
Displacement {mm)

-150 -100

(a)
Figure 8: Cyclic Loada

Figure 9: Deformation of the lumber joi

Lumber Joist Deck (with Quake Lo¢

— Cyclic
—— Monotonic |

100 100

-150 -100

150 200

07 the specimens versus ey
k: b) Ljoist deck

st-deck with Quake Lock™ System (Specimen 2) under monotonic loading

(general view)
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Figure 10: Deformation of

a) Deformation of the lumber

6. Deflection Tests

Deflection tests were conducted on th the effect of the QL system in reducing the

vertical deflection of a wood deck di e/tests were performed such that the system

Su arg Lad=3,11 kN
0\ (700 1b)
| 383
2.66
|05 s
#Joist Benchmark) ‘ .
Specimen 4 .
“Joist + QL) 1.5 2.17
£ 8pecimen 5
gmber Joist + QL) 1.82 2.69
Specimen 6
(I-Joist + QL) 1.47 2.12
Specimen 7
(Repaired Specimen 1) 2.82 3.95
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Lumber Joist Decks
45 4 - —
4 B Benchmark
‘é‘ 35 B with Quake Lock
g2
é 254
8 2
® 1.5
05
0

222

an

Surcharge Load (kN)

Figure 11: Average of

‘vertical deflection at centr,

Vertical Deflection (mm)

The out-of-plane stiffness of the lumber joist decks and 14 decks are“compared in Figure 12 for both

conditions; wood decks without QL

schematic deflected shape of the speci

Load-Deflection Curve

for Lumber Joist Dec

o
3

ks

N
» ow

-
w

Surcharge Load (kN)
S}

=

2
3

Figure 12: Ve

(benchmark specimen

mens when subj

Surcharge Load KNy ;

Load-Deflection Curve
forl-Joist Decks
il oo

Benchmark
= With Quake Lock
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Vertical Deflection (mm)

Lumber Joist Decks

_4 | = i L i == B -—
0 500 1000 1500 2500
Deck Span {mm)
I-Joist Decks
0.5 2.22 kN

Vertical Deflection (mm)

Vertical Deflection (mm)

Vertical Deflection (mm)

—4— Benchmark
~&— with Quake Lock

2000 2500 3000
Deck Span (mm)

(2.22 kN=500 Ib and 3.11 kN=700 Ib)

4000 4500 5000

f the specimens when subjected to surcharge load at the centre point
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7. Vibration Tests

Vibration tests (hammer tests) were
reducing the vibration of the wood de
acceleration response of the specimen
at the top of the specimens by hamm
undamaged specimens prior to in-plat
Figure 14 shows the layout of the imp
load; Point “A™ and Point “B”. Only

recorded from impact at “A” is available in the companion

packages were used for signal proce
transformed to the spectral response

shown in Figure 15.

cks due to vertical dynamic loads. Hammerpt

ssing. Each recorde

performed on the specimens to evaluate the of QL system in

iltered and corrected and then

history obtained from specimen 1 is

Figure 15: 4 recorded vertical accele

1.5
Time (Sec.)

ration for specimen 1,lumber joist-deck (benchmark) - impact at point B




Earthquake Engineering Research Facility
International Structure Lock System Inc.

Page No. 16
Project No.: EERF 10-03

Modal frequencies of the specimens 2, 3, 4 and 7, obtained from a Frequen
recorded acceleration time histories and viscous damping, determined from the
presented in Table 4. The specimens \with QL showed larger damping ratio than the

This means the QL system reduces vibration of the deck. Figures 16 and 17 shéw t

Power Spectra of the response of these specimens, respectively.

these (pi

vibration, which is related to the whole setup, does not show significantd

to a wood deck increases its natural frequencies in higher modes atio
stiffness of deck.

Table 4. Damping and modal frequencies of the specimens

Domain Analysis of the

f free motions, are

plitude and

increases the out-of-plane

mmer test - impact at Point B

; ency (Hz)
Specimen Damping (%) Mode 402 Mode 3
Lumber Joist Benchmark (Test 7) 0.64 18.56 29.05 39.31
Lumber Joist + QL (Test 2) 2.45 36.62 74.95
[-Joist Benchmark (Test 3) 0.72 2.4 37.35 63.72
1-Joist + QL (Test 4) 1,75 1 38.82 72.51

Test? LumberJoist Deck (Benchmark - Pattsrn B _
0.24 ——

o
o

Fourier Amplitude

Fourier Amplitude
Fourier Amplitude
o
=

Test 2 - Lumber Joist-Deck +QL - Pattern B

Frequency (Hz)

J ist-Deck +QL - Pattern B

0 20 40 60 80 100 120 0 20
Frequency (Hz)

40

80 80 100 120
Frequency (Hz)

Figure 16: Fourier Amplitude of the response of the specimens — impact at point B
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8. Conclusions

those without

was increased

increase.

s include:

B 84 88 92 96 100

. point B:

showed that deck specimens strengthened with Quake Lock™ were

such a system. In monotonic tests, QL system increased the ultimate

ber joist deck and the I-joist deck 20% and 25%, respectively. The initial stiffness of
30% while the stiffness of the I-joist deck did not show significant
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2. The monotonic tests on benchmark

0% higher than the lumber joist deck. Both systems had a comparable initial stiffne

post peak responses. The specimen

strength degradation. In contrast, the specimen with lumber Jjoist showed rap

peak load was reached.

3. The monotonic curves of both type

with I-joist sustained large inelastic deformation<

specimens showed that ultimate shear stgength of the I-joist deck is
but exhibited different
' progressive

gth.reduction after the

curves. Elastic stiffness and initial yielding drift of each type of spe cr€ Similar in the monotonic and

cyclic tests. The cyclic test of lumber joist deck showed a pinched'f i ehavior. This specimen

sustained large inelastic deformation cycles with progressive stren,

with I-joist showed a very rapid strength reduction due to

Joist close to the fixed end.

4. Failure of the lumber joist deck without QL was local

of the joists and panels from the end
failure along the specimen. It happg
separation of the panels from the perin

5. Failure of the I- joist deck withg

nails, rotation of the panels and sé

end beam occurred in both mon
the fixed end.

6. Deflection test results showeditha
Vertical deflection at the ¢
35% for lumber joist and 22%

7. In vibration tests thetSpi

on. However, the specimen

failure which occurred in the web

dbeam. [t was developed by separation

system to the deck resulted in a uniform

fness of the wood decks.

f the deck was decreased

jratio and stiffness under impact

The natural jcimens for 2" and 3" modes of

. This difference was not obseed for the 1 mode of vibration which

1al testing is required to confirm this same kind of observed behavior

is clear from these tests that adding QL system to the wood deck

diaphragm improves the performance of the deck.




