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CHAPTER 1
INTRODUCTION

The question of the adequacy of standard steel joist/conventional deck
roofing systems as lateral bracing for the compression chords of large trusses
has been posed. This method of lateral bracing differs from "textbook bracing"
in that the structural components which provide the bracing, the roof panel and
joists, also are part of the ldéd path which delivers load to the member re-
quiring 1atera1 restraint, the compression chord. Thus, at load levels where
the chord lateral bracing is critical, the components providing the bracing may
also be fully loaded.

Numerous references are available on the design of lateral bracing for
compression members, the most notable being References 1, 2 and 3. However, in
the references cited the bracing member is not considered to be loaded except
by the bracing force. The writer is unaware of any literature on the subject
of the adequacy of a member as a lateral brace when subjected to loads other
than the brace force. Although hundreds of roof systems have been designed
and have performed satisfactory using what will be referred to here as an active
bracing system, e.g. a bracing system which is also part of the load path, no
analytical or experimental studies appear to exist on the subject. Examples
of such systems are typical deck/joist/truss systems and deck /cold-formed
purlin/frame systems used by the metal building industry. To vérify the ade-
quacy of deck/joist systems as lateral bracing for the compression chords of

_large trusses, particularly for spans greater than 100 ft., an experimental



program was undertaken at the Fears Structural Engineering Laboratory, Univer-

sity of Oklahoma.

The determination of the adequacy of a lateral bracing system must

answer two questions:

1. What strength and stiffness is required by the member being
braced?

2. What strength and stiffness can be delivered by the bracing system?
It is believed that the work of Yura(3) sufficiently answers question 1 for the
case of compression chords of large trusses braced at discrete points by stand-
ard steel joists which in turn are laterally braced by the roof panel (diaphragm).
As previously mentioned no literature is available to answer the second question
when an active bracing system is used. This report summarizes the test procedure

and pertinent results for a full-scale test of a deck/joist/truss roof system.



CHAPTER 11
TEST SETUP AND TESTING PROCEDURE

2.1 Overview of Test

The test setup is shown in Figures 2.1 and 2.2. Three 36LH12
steel joists, 57 ft. 4 in. in length, were used to support the roof deck.
The joists were supported at one end by a 31 ft. 0 in. length of W14x211
representing the truss compression chord and at the other end by stands
and rollers under each joist seat, Figure 2.2. The joist-to-chord con-
nection details are shown in Figure 2.3. The roof deck was a blend of
3 in. (rib height) Types N and NF (accoustical) panels placed in a ratio
of 1:2, respectively. The panels provided a nominal coverage of 2 ft. 0
in. by 30 ft. 0 in. A total of 28 panels were used to construct the set-
up, 19 NF-type and 9 N-type. The first panel at the simulated truss chord
end (south end) was a NF-type panel, the second panel was N-type, the
third and fourth were NF-type, the fifth N-type, followed by the repeating
pattern of two NF-type and one N-type. A space of 1 ft. 4 in. at the
north end of the setup was not covered by panel to allow access to instru-
mentation at that location.

The panels were attached to the Joist chords by spot welding in .
each non-sidelap valley. Weld washers were used. Sidelaps were fastened
using button punching at 24 in. on center.

Simulated gravity load was applied to the system using concrete

blocks. Simulated lateral brace force was applied to the joist ends using
-3-
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Figure 2.3  Joist-to-Chord Connection Details
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Figure 2.5 Photograph of Instrumentation at Midspan of Truss Chord




three 60 ton capacity hydraulic cylinders connected in parallel to a manual
hydraulic pump. The force at each ram was measured using calibrated load
cells. See Figures 2.2 and 2.4 for details.

Displacements at sixteen locations on the test setup were measured
using wire or probe type displacement transducers. Figure 2.5 shows in-

strumentation at the midspan of the simulated truss chord.

2.2 Test Components

Deck. The roof deck used in the test was manufactured by Roll
Form Products, Inc. and des{gnated as P-34 RFDK Galvanized G60% and C-33
RFDK Galvanized G60% accoustical.

Joists. The three steel joists used were standard SJI 36LH1?
joists and were manufactured by VULCRAFT at Grapeland, Texas. The Joists
were 57 ft. 4 in. long out-to-out of chords. Prior to shipment, the joists
were loaded to 85% of their ultimate capacity using VULCRAFT'S production
test frame. The load was left on the joists for one hour and then removed.
The.permanent deflection after removal was reported by VULCRAFT to be less
than 20% of the deflection when loaded to 85% of the ultimate joist capa-
city. (This testing procedure is normally used by VULCRAFT for quality
control purposes.)

Bridging. The bridging used was bolted X-type L1 3/4x1 3/4x1/8,
and was supplied by VULCRAFT. One 3/8 in. diameter by 1 in. long machine
bolt was used to connect each end of each angle to an ear plate welded to
the joist. A third bolt connected the two angles at this intersection.

The three bridging line locations are shown in Figure 2.2.



Simulated Chord. The simulated member (Figure 2.2(b)) was a
W14x211, A36 steel, and was obtained from Robberson Steel Company, Okla-
homa City, Oklahoma. A1l detail plates were A36 steel and were purchased

from Robberson Steel Company. A1l welding was done by the Laboratory

technician.

Miscellaneous Components. A1l support frames, reaction beams,

stands, etc. were either owned by the Laboratory or specially constructed

for the test setup.

2.3 Instrumentation

Instrumentation consisted of three calibrated load cells and
sixteen displacement transducers. The load cells were located between
the joist chords and the hydraulic rams (Figure 2.2(c)) and were used to
measure the applied horizontal force. Estimated accuracy of the load
cells is 0.1 kip. The estimated accuracy of the transducers used to
measure vertical deflections is +0.05 in. and that of the transducers used
to measure lateral displacements is +0.0025 in.

The location of all displacement transducers is shown in Figure
2.6. A1l transducers measured relative to the Laboratory reaction floor,
a concrete slab 30 ft. by 60 ft. by 3 ft. 6 in. thick weighing over one
million pounds. Transducers 1, 2 and 3 were used to measure vertical
deflections of each joist (east to west, respectively) at midspan. Trans-
ducers 4, 5 and 6 were used to measure joist top chord vertical deflec-
tions approximately 18 in. from the centerline of the chord member (Figure
2.4(a)). Transducers 7, 8 and 9 were used to measure vertical deflection
of the chord member at the joist support locations. These latter two

sets of measurements were made to determine if a “hinge" formed in the
-10-
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Joist chord near the support. In addition, data from transducers 6, 7 and
8 was used to correct the midspan deflections to account for support set-
tlement due to the chord deflection.

Transducers 10, 11 and 12 were used to measure lateral movement
of the joist chords at the simulated truss chord end of the setup. Trans-
ducers 13 and 14 were used to measure lateral movement of the east and
center joists, respectively, at the hydraulic ram end of the setups. Re-
sults from these two sets of measurements were used to compute relative
movement of one chord end with respect to the other.

| Finally, transducers 15 and 16 were used to measure lateral
movement of the simulated truss chord (W14x211) near the top and bottom
flange edges directly below the center joist support location (Figures
2.5 and 2.6(d)). The measurements were used to determine twist in the
chord member. |

A1l data was taken using a micro-computer based data acquisition
system. The system consists of an HP85 desk top computer, an HP3497A
data acquisition/control unit, and an HP7470A two pen plotter. Computer
programs were written to read, record, and print all data and to plot
critical load/deflection relationships in real time as the tests pro-

gressed.

2.4 Testing Procedure

Two types of tests were conducted: (1) gravity load tests and

(2) gravity plus lateral load tests.

-12-



Gravity Load Tests. Two gravity load tests were conducted. The

first test was to approximately 40 psf based on a tributary area width of
10 ft. and the second to approximately 60 psf, again based on 10 ft. of
width per joist. For both tests, concrete blocks were used to simulate
actual dead and live loads. Standard weight, hollow core, 8 in. by 8 in.
by 16 in. (nominal) concrete blocks and normal weight, solid, 4 in. by

8 in. by 16 in. (nominal) concrete blocks were used for the tests. Thir-
teen randomly selected hollow core blocks were weighed and the average
weight was found to be 38.6 1bs. with a standard deviation of +0.7 1bs.
Ten randomly selected so]id'b]ocks were weighed. Calculated average
weight was 33.8 1bs with a standard deviation of +0.8 1bs. The deviations
represent 1.8% and 2.4% of the tota] weights.

For the 40 psf test, the blocks were placed in four increments
and arranged in a pattern so that each joist was approximately equally
loaded. Figure 2.7(a) shows the Toading pattern. Only 4 ft. 0 in. of
each deck cantilever was loaded so that the deck moment at the outside
joists was limited to wL2/12 with L equal to 10 ft. A solid block was
added over each outside joist and a hollow block was omitted over the

center joist to balance the load on each Joist. Figure 2.7(a) shows the

resulting live load to each Joist based on weights of 39 1bs per hollow
block and 33 1bs per solid block. These Toads were calculated assuming
constant moment of inertia over the Tength of the panel and using stiffness
analyses techniques. ’ |
The blocks were placed in 43 rows (lengthwise) of 42 hollow core
blocks plus two solid blocks each. The loading was applied in 10 psf
equivalents by placing each fourth row starting from the simulated truss

chord (south) end. A1l data was recorded after each increment.

-13-
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Figure 2.7 Concrete Block Placement Patterns
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For the 60 psf test, the pattern shown in Figure 2.7(b) was used.
The load was increased from the 40 psf level in two increments by placing
every other required block (in both directions). Using the same procedures
and assumptions as previously discussed, the joist loads shown in Figure
2.7(b) were calculated. A1l data was recorded after each loading increment.

The test setup loaded to nominal 60 psf is shown in Figure 2.8.

Gravity Plus Lateral Load Tests. Two gravity plus lateral load

tests were also conducted. The first after the 40 psf gravity loading

was applied and the second after the 60 psf loading was applied. For.both
tests, the lateral force was applied using the three hydraulic cylinders
and was monitored using the load cells. A manual hydraulic pump was used
to increase the hydraulic pressure in the cylinders.

The first test was conducted with the nominal 40 psf gravity load
in place. Lateral force was applied in 1 kip increments to each of the
three joist chords until 10 kips was reached. The 10 kips force was
maintained for approximately 5 minutes and then released, 'Data was re-
corded at each increment and the test was conducted twice. For the sécond

test, the lateral force was released in 2.5 kips increments with data

recorded at each increment.

The second test was conducted with the nominal 60 psf load in
place. The lateral force was applied in 2 kips increments to 14 kips and
then an additional 1 kip increment was applied. The maximum 15 kips force
at each joist location was maintained for approximately 10 minutes. Data
was taken at all increments. The lateral force was released in 5§ kips

increments with data recorded at each increment.

-15-



Figure 2.8 Test Setup Loaded to 60 psf



Because of friction inherent in the cylinders, variation in load
occurred between the joists. For all tests, at 6 kips of force per joist
the maximum variation from the average of the three load cell readings was
6.8%; at 10 kips, 5.0% and at 15 kips, 4.0%. At all increments of all
tests, the location with the lowest reading was used to determine the
nominal load level. Hence, all loading data is conservative. For instance,
at the nominal 15 kip level of the second gravity plus lateral load test,

the actual applied force was actually 46.1 kips.

-17-



CHAPTER II1
TEST RESULTS

3.1 General

Test results consist of gravity or lateral load versus corrected
or net displacement relationships. Corrections were made to midspan ver-
tical deflections to account”for support settlement due to vertical de-
flection of the simulated truss chord member. Relative lateral movement
of one joist chord end with respect to the other was calculated by summing
the lateral displacements measured at each end. Rotations of the joist
ends and at the centerline of the simulated truss chord member were cal-
culated using appropriate geometric relationships.

Theoretical vertical deflection of the SJI 36LH12 joists was
detérmined from deflection data found in Reference 4. The theoretical load-
deflection relationship was also plotted on the appropriate graphs.

Data reduction was not complete at the time this preliminary

report was written. Selected results of the most critical measurements

are discussed in the following sections.

3.2 Gravity Loading

Nominal 40 psf Test. Test results for the nominal 40 psf gravity
load test are presented in Appendix A. Figure A.1 shows gravity load in
plf per joist versus corrected midspan vertical deflection. Both theoQ‘

retical and measured relationships are shown. The measured data is for

-18-



the center and east joists. Excellent agreement (less than 0.1% differ-
ence) was obtained as can be seen in Figure A.1.

Load versus relative lateral movement of one joist end with re-
spect to the other is shown in Figure A.2. Again, results for the center
and east Joist are plotted. The relationship is linear to 30 psf (300
p1f) where a slight softening occurred. Maximum total movement was less

than 0.3 in.

Nominal 60 psf Test. Test results for the nominal 60 psf gravity

load test are found in Appendix B. Figure B.1 shows both theoretical and
measured Toad versus midspan vertical deflection relationships. ‘Again,
correlation between theoretical and measured deflections for the center
and east joists was excellent (less than 0.1%).
Load versus relative movement of one joist end with respect to
the other is shown in Figure B.2. The curves for both the center and
east joists are similar with slight breaks at the 30 psf (300 p1f) and
40 psf (400 p1f) load levels. Maximum total movement was less than 4.38 in.
Upon removal of the concrete blocks, a final vertical deflection
measurement was made. The residual deflection at the east joist was 0.1 in.,

at the center joist, 0.08 in. and at the west Jjoist, 0.02 in.

3.3 Gravity plus Lateral Loading

Nominal 40 psf Test. Test results for the nominal 40 psf gravity

p]ushlateral loading tests are found in Appendix C. Two tests were con-
ducted with a maximum force of 10 kips applied in each test. Figures C.1
nad C.2 show results from Test 1 and Figures C.3 and C.4 show results for

Test 2. Data was taken during unloading in Test 2.

-19-



Figures C.1 and C.3 show lateral force versus joist midspan ver-
tical deflection for Tests 1 and 2, respectively, of the east and west
Joists. Maximum deflection was less than 0.20 in. for both tests. Fig-
ures C.2 and C.4 show lateral force versus lateral movement of one end of
a joist with respect ot the other end. Results are shown for the east and
center joists. It is believed that the stiffening effect shown in Figure
C.2 was caused by a slight out-of-vertical plane rotation of the east
.joist seat. The measurement at this location was taken using a short piece
of angle clamped to the top of the seat (see Figure 2.4) and, hence, slight
rotations result in magnified'latera] movements. This effect was not ob-

served in Test 2, Figure C.4.

Nominal 60 psf Test. Test results for the nominal 60 psf gravity
plus lateral loading are found in Appendix D. The maximum applied lateral
force in this test was 15 kips. Data was taken during unloading. Figure
D.1 shows lateral load versus Joist midspan vertical deflection for the
east and west joists. Maximum’vertica] deflection was less than 0.3 in.

Figure D.2 shows lateral force versus lateral movement of one
end of a joist with respect to the other end. Results for both the east

and center joists are shown. The erratic behavior of the east Joist is

unexplained.

-20-



CHAPTER IV
CONCLUSIONS

Full-scale tests of a steel joist/steel deck roof system were
conducted as part of the research reported here. The primary objective
of these tests was to determine if such a system is also capable of pro-
vfding lateral support to compression chord members of large trusses when
fully Toaded by gravity loadings. Gravity load tests and gravity plus
lateral load tests were conducted.

Although all data had not been analyzed at the time of the writ-
ing of this preliminary report, it is concluded that the system tested is
capable of supporting a gravity load of 60 psf and simultaneously providing

lateral force restraint.

-21-
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APPENDIX A
Test Results for 40 psf Gravity Load Test



1S9] peoT A3LAeay jsd 1s9] peo] A3LAedy jsd Qp cuoLidell

Ot €BuLudl4OyS PAOY) 3SLOQ °*SA peo] 2y =4nbL4 -9(0 |eOL349\ uedSpLW 3SLOQ °"SA peo] T°Yy 24nblL4
C°H1) LN3IW3AVIdSIa C°UTd> NOIL33430
ub o 0 e ] -9 rs w MG . w’— “.o rc
0 @ (0] & N Q o] ] (®) 0 o 0
3 8 8 8 & 3 8§ 8 8 8 8 &
F ¥ | L] T ] ] L3 T 1 ; o DD 4 M |} ¥ ni T T T T T T - 0 OD
{
;40 *oot <0 "o0ot
g
ISLOQ UBIUI) == ===~ % ASLOP 3SPY rovererenses
ISLOQ IS8 tmmmw=a P ° ISLOP UBIUR) cmmmewm: da -
&a =0 00 Le3133.000y | O "o
"
4 r
\“\ =0 "00€ O =0 “00e
7" >
i o
\“s <10 “0O0¥ A -0 "00v
0
==
-0 “00s w =10 "00s
<0 ‘008 <10 "00®
-0 "00<4 =10 "004
<40 006 =0 008

(o

<31y av

A-Z



APPENDIX B
Test Results for 60 psf Gravity Load Test



1S9] peoq A3LAedy jsd
09 ‘buiuajuoys puoy) 3sLop “SA peo] z'g dunbL

C°UE) LNIW3ATJVIHSIO

> 0
] 8 [] 8 ) 8 r o e ® 8
0O © & § 6 & & ® N =» O
© 0O 0 0 m 0 m 0 0 0 0O
© O 0 0O Q 0 0 0O an.ﬁu
§ 1 ] | S T T T T i %
k\
ISLOQ UBJUD) == ===~ N <0 “00¢%
ISLOP 150] (=== e - :
bl
nﬁ <0 “00&
a
u -
i <0 “00€ O
” S
7 2
i O *o0v
1 D
/4 A
\ ©
[
g 16:0000
¥
01
g3
- <0 “00e
<0 004
<0 "GO0

3s3L peo A3LAeug ysd 09 ‘uoL3odly

-3(Q |eJL343\ uedsSpLW 3SLOP *SA peo] 1°g d4nblL4

C°UI> NOILI3T430

@ @ » ® N @
6 6 8 8 8 &8 38
g v 4 L] ] L] ] ¥ T T DOD
JSLOP 3SPT reveservenes =0 °001
ISLOQ UBJUS) s m=w:
LedL3auoay
<0 ‘00
10 "00e
<10 “00v
<0 ‘00s
=0 "00e
<0 004
=0 “008

B.2

¢31dy avon



APPENDIX C

Test Results for Combined 40 psf Gravity
plus Lateral Load Test
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APPENDIX D

Test Results for Combined 60 psf Gravity
plus Lateral Load Test
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