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Eighth International Specialty Conference on Cold-Formed. Steel Structures 
St. Louis, Missouri, U.S.A., November 11-12, 1986 

COMPOSITE SLABS SUBJECTED TO REPEATED POINT LOADING 

by 

Reinhold M. Schuster* and Ramadan E. Suleiman** 

ABSTRACT 

Composite slabs have been and still are primarily used in office and 
apartment buildings where the design load is based on equivalent uni
formly distributed static loading. The use of composite slabs in the con
struction of warehouses and indoor parking garages has been limited due 
to the lack of behavioural and strength information of composite slabs 
subjected to repeated point loading. This paper presents results of tests 
recently carried out at the University of Waterloo on composite slabs 
subjected to repeated point loading. Based on these tests, both simple 
and double span specimens were able to sustain repeated point loads of 
75% of static ultimate for at least 1.25 million cycles. The mode of 
failure in all cases was shear-bond with no early end-slip prior to ulti
mate load. 

* Associate Professor, Department of Civil Engineering and School of Architecture, University of Waterloo, 
Waterloo, Ontario, Canada. 

"Formerly graduate student, University of Waterloo, Waterloo, Ontario, Canada. 
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INTRODUCTION 

Composite slab construction refers to a structural slab system created by compositely 
combining the structural properties of concrete and cold formed steel decking. To 
develop the required composite action (mechanical interlocking resistance) between the 
concrete and steel deck, the steel deck must be able to resist horizontal shear and vert
ical separation between the concrete and steel deck. To achieve this, most common 
composite steel decks on the market today utilize a fixed pattern of embossments. 

To date, composite slabs are primarily used in office and apartment buildings, 
where the design load is assumed to be an equivalent uniformly distributed static load. 
This is due to the fact that testing of composite slab systems over the past 20 years 
has almost entirely been carrier out on slab elements subjected to static line loading. 
It has been well established and substantiated by a number of researchers [1,2,31 that 
shear-bond is the most common mode of failure of composite slabs when subjected to 
static line loading and that laboratory performance tests must be carried out to estab
lish the shear-bond resistance of any composite slab system. Based on numerous com
posite slab laboratory performance tests subjected to static line loading, design Stan
dards have recently been published in North America [4,5,6]. These Standards give 
performance and design criteria for composite slabs subjected to static line loading 
only. 

The use of composite slabs in the construction of warehouses and indoor parking 
garages is limited due to the lack of conclusive information on the behaviour of compo
site slabs subjected to repeated point loading. Such repeated point loading could be 
the result of fork lift truck and automobile wheel loading (see Figure 1.). The techni
cal literature does not contain conclusive information on repeated point loadings of 
composite labs, however, some noteworthy references related to the topic are 
[7,8,9,10,11,12]. 

The subject of this paper is to present results of an extensive experimental study 
of a composite slab system subjected to repeated point loading. The study was carried 
out at the University of Waterloo, by R. Suleiman [13]. The objective of the study was 
to establish standard test procedures and possible design criteria for composite slabs 
subjected to repeated point loading. It was initially realized that, since laboratory per
formance tests must be carried out to establish the structural resistance of any compo
site slab system under static loading, it is absolutely essential that similar tests be con
ducted under repeated point loading. Furthermore, testing is required since no two 
composite slab systems are the same, i.e., pattern, depth and size of embossments are 
different, and the mode of failure can either be shear-bond or tearing of the steel deck, 
especially under repeated loading. 

SHEAR-BOND FAILURE 

Since shear-bond is the most predominant mode of failure with composite slabs sub
jected to concentrated static line loading [1,14,15], it is important to briefly review cer
tain behavioural characteristics. Typical load-deflection and end-slip curves, as shown 
in Figure 2, are used to discuss the behaviour of composite slabs. Generally, composite 
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slabs behave in two different ways with respect to end-slip, i.e., 1) no end-slip prior to 
ultimate load is experienced, as indicated by curve 1 of Figure 2, and 2) where end-slip 
is experienced prior to ultimate load, as indicated by curve 2 of Figure 2. This differ
ence in behaviour concerning possible early end-slip is extremely important when a 
composite slab is subjected to repeated loading. Should the maximum repeated load be 
greater than the load at which early end-slip occurs, then the system would not be able 
to experience its anticipated fatigue life. 

Based on the fact that early end-slip can occur with composite slabs, it is essential 
that, prior to conducting repeated load tests, a companion static test be carried out to 
establish the maximum repeated load level in relation to end-slip. For a more detailed 
explanation of the various regions shown in Figure 2, see References [13,14,161. 

TESTING PROGRAM 

The testing program was initially established in consultation with an ad-hoc committee 
under the auspices of the Canadian Sheet Steel Building Institute (CSSBI) with Mr. C. 
Fung as project coordinator. This was done in an effort to help the researchers create 
an appropriate laboratory test set-up that would reflect, as much as possible, actual 
practice in the field. The committee also decided that the fatigue life for composite 
slabs subjected to repeated point loading be 1.25 million cycles. Testing was to be car
ried out on both single and double span specimens, subjected to both static and 
repeated point loading. The reason for testing both single and double span specimens 
was to obtain comparative results with the intention of recommending one performance 
test set-up to establish the fatigue resistance of composite slabs. 

Description of Test Specimens 

All single span specimens were approximately 2200 mm long with an average overall 
slab depth of 150 mm and a slab width of 1600 mm. All double span specimens were 
identical in geometric detail to the single span specimens with the exception that they 
were approximately 4400 mm in length with the interior support positioned symmetri
cally. 

Composite steel decks were nominally 75 mm in depth and 0.91 mm in thickness 
and of embossment type (see Figure 3). Since a number of different shipments of com
posite deck were received from the manufacturer during the course of the study, some 
embossment depth variation was experienced. Also, the steel decks had a phosphate
treated surface finish and the mechanical properties of the steel conformed to ASTM 
A446 Grade A material. 

:'IIormal density concrete, supplied by a local ready-mix plant, was used with all 
specimens. The specimens were cast with the steel decks supported along the length 
so that the overall depth of the concrete remained constant over the entire span 
length. It should be acknowledged that this does not occur in actual field installations 
where the system is generally not supported throughout casting, but rather at its ends 
or, perhaps, at some interior locations provided by shoring. Due to the effect of deflec
tion caused by the wet concrete during the construction stage, the nominal depth of 
the composite section is increased in actual construction practice. In design, neverthe
less, this slight increase in depth and consequently in stiffness can be regarded as an 
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additional factor of safety. Welded wire fabric consisting of No.6 wires (152 mm x 152 
mm) was used as supplementary reinforcement in all specimens, which is commonly 
used as shrinkage reinforcement. 

Test Equipment and Instrumentation 

In general, fatigue testing equipment, regardless of complexity, consist of the same 
basic elements. A test system loads the specimen through the load train, commands 
and programs the test through controls, monitors the test through sensors and com
municates with the investigator by means of read out devices. The load train consisted 
of a test frame, specimen and an MTS electrohydraulic servo drive system. 

Instrumentation consisted of various sensors used in monitoring specimen 
behaviour and recording devices used to communicate the behaviour to the investiga
tor, i.e., deflection monitoring devices such as mechanical dial gauges (O.Ol/mm) and 
displacement transducers. Three mechanical dial gauges were placed along the 
midspan centreline of the loaded span, positioned as shown in Section A-A of Figure 4. 
One dial gauge was placed at the centre of each composite slab support beam, includ
ing the external support beam of the unloaded span of the double span specimens and 
one at the centre of the unloaded span for double span specimens. For static testing 
only, two dial gauges were positioned at each end of both .the single and double span 
specimens for measuring possible horizontal end-slip and were placed at 1/3 of the 
specimen width from each side of the specimen. Three displacement transducers were 
placed along the midspan centreline of the loaded span, as shown in Section A-A of 
Figure 4. For static testing only, one displacement transducer was placed at each end 
of single span specimens and only at the loaded end of double span specimens. The 
transducers were located at the centre of the specimen width in order to measure pos
sible horizontal end-slip 

Electrical strain gauges were attached to the steel decks in the longitudinal direc
tion parallel to the deck corrugations. In general, the gauges were placed over only 
one-half of the specimen width on the flat areas of both the top and bottom flanges of 
the steel deck. The strain gauges were placed along the transverse midspan centerlines 
of both loaded and unloaded spans and for double span specimens, strain gauges were 
also placed on the steel deck along the interior support beam. 

Test Set-Up 

All slab specimens were placed on pin and roller reactions which in turn rested on 
W200 x 27 support beams. The test set-up for the single and double span specimens is 
shown in Figures 4 and 5, respectively. Steel beams were used to transfer the load 
from the slab to the support columns, thus creating a similar condition to that found 
in -actual field practice. In each case, the bottom flange of each beam was rigidly 
clamped on both sides to the support columns to prevent horizontal and vertical move
ment. 

For repeated load tests, it was also necessary to restrict horizontal movement of 
the pin reactions. This was achieved by clamping small steel plates to the top flange 
of the steel beams on either side of the bar used as the pin reaction. In certain cases 
the same procedure was also used for roller reactions, although some space was left 
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between the roller reactions and the steel plates to allow for movement of the rollers. 

Loading of the slabs was accomplished by applying a concentrated point load at 
the geometrical center of the specimen. The load cell and hydraulic actuator formed 
the loading component of the drive system with a cylindrical extension connected to 
the bottom of the load cell onto which a steel plate was bolted. This was necessary 
due to limitations on the available stroke in the hydraulic actuator. A 200 mm x 200 
mm x 20 mm neoprene pad was placed between the metal plate and the contact sur
face of the concrete to provide a relatively uniform bearing surface between the con
crete and the applied load. Figure 6 shows a photograph of the testing frame set-up. 

TEST RESULTS 

It is not the intention of this paper to discuss the results of each individual test but 
rather present some typical results and an overall summary of the test results in gen
eral. The reader is referred to Reference [131 for more detailed information. Using the 
composite deck shown in Figure 3, eight single and four double span slab specimens 
were tested. 

Failure Mode 

Based on the test results, the primary mode of failure experienced with all specimens 
was shear-bond, which was identified as an approximately diagonal crack either under 
or near the concentrated load, causing end-slip only at ultimate load, i.e., no early 
end-slip prior to ultimate load occurred. However, in no case was there disengagement 
of the concrete shear span from the steel deck. In fact, the speci'mens remained 
extremely well interlocked, even after failure. Moreover, the ultimate load was defined 
as the largest load attained by the specimen. Figure 7 shows the shear-bond failure of 
specimen W 4-DD, which can be considered typical for all other specimens. The charac
terization of this composite slab system failing in shear-bond is similar to other 
embossment type systems failing in the same mode when subjected to static line load
ing, as reported in References [1,2,3,14,151. 

Strength Behaviour 

To establish the ultimate load and end-slip characteristics, one single and two double 
span specimens were first tested statically. Since shear-bond was the mode of failure 
and in neither test did early end-slip occur, the maximum repeated load level was 
determined on the basis of the ultimate failure load in conjunction with a weighted 
load factor, as follows: 

where 

Pue 
P =

mr WL 

1.25PD + 1.5Pue 
WL=-----

PD + Pue 

P mr = maximum repeated load 

Pue = maximum ultimate static load 

(1) 
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WL = weighted load factor 

PD = dead load of composite slab 

1.25 and 1.5 are dead and live load factors respectively, which are consistent with limit 
states design and the National Building Code of Canada [171. 

Experimental test results for single and double span specimens all having failed in 
shear-bond, are summarized in Tables 1 and 2, respectively. As listed in Table 1, the 
ultimate static load of the siI).gle span specimen WI-SSwas 71.9 kN and 81.9 kN of the 
double span specimen WIO-DS (see Table 2). Based on these two tests, the double 
span specimen was able to carry approximately 14% more load than the single span 
specimen. It should be noted that the double span specimen behaved essentially as 
two single span specimens since only marginal negative reinforcement (welded wire 
mesh) was located over the interior support and shear-bond failure occurred at the 
exterior end of the loaded span. 

Ideally, the behavior of a specimen under repeated load is best represented by 
constructing an S - N (fatigue strength vs number of cycles) curve, however, this 
requires the testing of numerous specimens at different load levels. Since repeated load 
tests of composite slabs are expensive and time consuming to run, it is most desirable 
to reduce the number of tests to an absolute minimum, i.e., select the proper maximum 
repeated load that can be maintained throughout the desired fatigue life, knowing that 
a higher load would fail the specimen before reaching the fatigue life. This of course is 
almost impossible to achieve consistently, especially when shear-bond is the mode of 
failure, hence, one must be prepared to carry out a number of tests. 

Initially, repeated .load testing was carried out by using the weighted load factor 
method of Equation 1 to establish the maximum starting repeated load and cycling the 
specimen at 3 cycles per second until the fatigue life of 1.25 million cycles was reached. 
After having reached the fatigue life, the specimen was then statically tested until 
failure. This was done in the case of the two single span specimens W5-SD and 
W6-SD, the results of which are summarized in Table 1. As can be observed, both 
specimens carried their maximum repeated loads, P mr' through the fatigue life. What 
is of interest to note is that the final static ultimate load, PUer! after both specimens 
had been subjected to their respective P mr repeated loads over 1.25 million cycles, was 
in both cases larger than the ultimate load of the companion 1 - cycle static load speci
men WI-SS. This may be, at least in part, be attributed to the fact that the fatigue 
strength of some materials can be increased or "coaxed" by subjecting the specimen to 
a repeated load below its fatigue limit, after which a final static load test is carried 
out. The percent load increase of specimens W5-SD and W6-SD in comparison with 
specimen WI-SS without a load history is only about 8%. The same observation can 
be made in the case of the double span specimen W4-DD subjected to repeated load in 
comparison with its companion static load specimen WIO-DS, where the percent load 
increase is about 16% (see Table 2). 

In an effort to reduce the number of repeated load tests to a minimum, it was 
decided to use an "increasing load approach" with the remaining specimens. With this 
approach, the specimen was subjected to the first maximum repeated load as esta
blished by Equ. 1, and tested until 1.25 million cycles were reached. The maximum 
repeated load was then increased a certain increment and the test repeated until 
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another 1.25 million cycles were reached. This procedure was repeated until the speci" 
men finally failed. The absolute maximum repeated load of the specimen can then be 
taken as the last increment of repeated load that was successfully maintained over the 
fatigue life. Two single span specimens, namely, Wll-SD and W12-SD were subjected 
to this approach, the results of which are summarized in Table 1 and one double span 
specimen, W7-DD, given in Table 2. An interesting observation can be made by com
paring the results of specimen W5-SD with those of specimen Wll-SD, both summar
ized in Table 1. i.e., the maximum repeated load in the case of specimen W5-SD was 
44.5 kN after 1.25 million cycles, which was also the initial maximum repeated load for 
specimen Wll-SD, however, specimen Wll-SD was able to sustain an absolute max· 
imum repeated load of 53.3 kN after 3;75 million cycles, which is an increase in load of 
about 20%. This same comparison can be made between single span specimens W6-SD 
and W12-SD, where the initial maximum repeated load was 48.9 kN and the final 
repeated load for specimen W12-SD was 57.7 kN after about 3.75 million cycles, an 
increase in load of about 18%. 

Repeated loads below the fatigue limit seem to have a favourable effect on the 
fatigue life of a specimen when the repeated loading is increased. For example, the sin
gle span specimen W8-SD (Table 1.) with no load history, was subjected to a repeated 
load of 74% of ultimate static load and failed after only 18 160 cycles. In contrast, an 
identical specimen (Wll-SD) previously loaded for 1.25 million cycles each at 62 and 68 
percent of ultimate static load, respectively, sustained repeated loading at 75 percent 
of ultimate static load for another 1.25 million cycles without failure. 

Deflection Behaviour 

Comparisons between experimental and calculated maximum deflections were made 
and are summarized in Table 3, using beam and slab theories as follows: 

Beam Theory: 

Single 

where 

Pue = ultimate experimental load 

L = span length 

Double Span 
Pue L3 

Llb = ~---
c 67EJcc B 

Ec = modulus of elasticity of concrete 

Icc = moment of inertia based on cracked equivalent concrete section 

B = width of test specimen 

Slab Theory: 

(2) 

An approximate slab theory equation, taken from Reference [181, was used for both sin
gle and double span specimens to compute maximum deflections, and is given by 
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6.cs 3 . 
5Ectc 

(3) 

where tc is the depth of concrete above the top of steel deck. Table 3 summarizes, for 
both single and double span specimens, the maximum experimental deflections as well 
as the calculated deflections based on the slab theory, Equ. 3, and the beam theory, 
Equ. 2. As can be observed from Table 3, the experimental deflections did not agree 
with the beam theory, hence, single and double span specimens did not behave as 
beams. However, the deflections calculated according to the slab theory, Equ. 3, were 
in good agreement with the experimental deflections. Therefore, it can be concluded 
that single and double span specimens behaved as slabs with respect to deflections. 

Concerning the stiffness of the static load tests, Figure 8 shows the load-deflection 
behaviour of single span specimen Wl-SS and the load-deflection behaviour of double 
span specimen WI0-DS is shown in Figure. 16. Both specimens showed similar deflec
tion characteristics, with the actual average curves falling between the uncracked and 
cracked calculated deflections, a behaviour characteristic of composite slabs [141. 

The load-deflection behaviour of specimens subjected to repeated loading for one 
fatigue life (1.25 million cycles), followed by a final static load, was in all cases similar 
to the one cycle static tests. This is illustrated in Figure 10 for single span specimen 
W5-SD and in Figure 17 for double span specimen W4-DD. A moderate continuous 
increase in deflection was experienced with an increase in number of cycles under con
stant loading. Figure 11 shows this behaviour for specimen W5-SD. 

In the case of specimens being subjected to the "increased load approach", load
deflection curves are shown in Figures 15 and 18 for single span specimen WI2-SD and 
double span specimen W7-DD, respectively. The stiffness of both specimens remained 
virtually the same during the different stages of repeated load cycling, and only at 
failure did the stiffness change. Also, the double span specimen W7-DD was more stiff 
in comparison to the single span specimen WI2-SD, indicting the presence of some con
tinuity and restraint over the interior support. 

The irrecoverable deflection (6. er ) experienced by the single span specimens was 
larger in comparison to the double span specimens. Furthermore, 6. er increased for 
double and single span specimens when the number of cycles and/or the maximum 
repeated load increased. (See Tables 1 and 2). 

Steel Stresses 

Neither of the static load specimens, Wl-SS (single span) or WlO-DS (double span) 
yielded at any point, as evidenced by the strain gauge results. This can be observed 
for specimen Wl-SS in Figure 9, for example. However when specimens W5-SD and 
W6-SD (both single span) and W 4-DD (double span) were subjected to a final cycle 
static load, after repeated loading for approximately 1.25 million cycles, the steel deck 
yielded at the bottom fiber under the point of load application. Figure 13 shows this 
behaviour for specimen W5-SD. The repeated loading produced locked-in stresses 
which in turn resulted in irrecoverable deflections. These locked-in steel stresses 
ranged from 8 to 25% of the yield strength after 1.25 million cycles for specimens 
W5-SD, W6-SD and W4-DD. Figures 12 and 13 verify this for specimen W5-SD. Also, 
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the steel stresses increased only marginally as the number of repeated load cycles 
increased, an example of which is illustrated in Figure 14 for specimen W5-SD. Hence, 
the steel deck yielded under the point of load application prior to failure, when the 
final cycle static load was applied. 

Moments 

The maximum experimental moments were calculated by using experimental stresses 
(strain gauge results) and yield strength values obtained from coupon tests, namely 

Fse Icc 
M t = ---

s C 

where Fse = fsEs' 
€s = measured strain in steel deck, 
Es = modulus of elasticity of steel, 

(4) 

Icc = moment of inertial of composite slab based on equivalent cracked concrete sec
tion, 
c = distance from neural axis of composite section to bottom fibre of steel deck. 
The experimental moments were calculated based on equilibrium, as follows: 

Single Span Double Span 
PueL 13Pue L 

M =-- M =----"-'---
ue 4B ue 64B 

(5) 

Another expression for calculating moments in slabs subjected to point loading at the 
center, reported in Reference [18], was used to establish a possible effective slab width. 
This is accomplished in the following manner: 

The maximum moment in the span direction is 

Single Span 
Pue L 

M ---
01 - 4Be 

Double Span 
13Pue L 

]vl l = ---
a 64Be 

and the maximum moment in the support direction is 

lvlob = Mol - 0.0676Pue , 

where Be = effective width of slab. 

(6) 

(7) 

Different experimental expressions of calculaing the effective width, Be' of a slab of 
infinite width can be found in Reference [19]. For example, Be can be taken as 0.78L 
for the loading and boundary conditions of the study by Suleiman [131, however, 
Be = 0.75L was selected as an average value. By making the appropriate substitu
tions, Equ. 6 can be simply expressed as 

Single Span Double Span 

M == Pue Mol = ~Pue 
01 3 48 

(8) 

To compute the maximum moment based on yielding of the steel deck, the following 
expression was used: 
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(9) 

Comparisons of maximum moments for both single and double span specimens are 
shown in Table 4. It should be noted that the calculated moments of Table 4 include a 
dead load component, which is not included in the equations above. As can be 
observed from Table 4 in comparing the results of Mst and Muy, none of the specimens 
reached the calculated yield moment. In comparing the calculated moments, Mue and 
Mol with the experimental moments based on strain gauge results, M st , the slab 
moments, Mol' of Equ. 8 result in a better correlation with the experimental values 
than the beam moments, Mue, of Equ. 5. The difference between calculated beam and 
slab moments is only marginal since the failure mode was shear-bond in all cases, with 
the failure crack extending almost straight across the width of the specimens. This 
suggests that in the case of maximum moment, the slab influence was only marginal. 

Using strain gauge results, the distribution of moments across the width of speci
mens was also investigated at the center of single span and loaded double span speci
mens. It as observed that the moment reached a maximum under the point of load 
application and decreased towards the edges of the slab to approximately 60% of the 
ultimate moment. The reader is referred to Reference [131 for more detailed informa
tion relating to this topic. 

CONCLUSIONS 

Based on the study by Suleiman [131 the following conclusions and observations can be 
made: 

Single Span Specimens 

(1) The mode of failure of all one cycle static load specimens was shear-bond without 
yielding of the steel deck. 

(2) The mode of failure of the specimens loaded repeatedly for 1.25 million cycles, 
after which a final static load was applied, also was shear-bond with evidence of yield
ing in the steel deck. 

(3) Shear-bond was also the mode of failure with those specimens that were subjected 
to an increasing repeated load approach. 

(4) Early end-slip prior to ultimate load was not experienced. 

(5) Specimens that were loaded to failure after being subjected to 1.25 million cycles 
of repeated loading failed at a higher final static load (approximate 8%) than the speci
men which was subjected to a one cycle static load. 

(6) Specimens could sustain a maximum repeated load of approximately 75% of ulti
mate static load exceeding 1.25 million cycles without failure, based on the increasing 
repeated load approach. 

(7) The stiffness of the repeated load specimens remained relatively constant 
throughout the cycling history. A change in stiffness was only experienced at failure, 
but even then, the reduced stiffness of the specimens shows that the slab system was 
still well interlocked. 
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(8) During the repeated load application, permanent deflection (irrecoverable) 
occurred. Most of this permanent deflection was experienced in the first 100 000 
cycles. The rate of increase in permanent deflection became smaller as the number of 
cycles increased. Different specimens subjected to repeated loading of 1.25 million 
cycles showed approximately the same magnitude of permanent deflection. 

Double Span Specimens 

1. Similar to single span specimens, the failure mode was shear-bond (see items (1), (2) 
and (3) above). 

2. Early end-slip prior to ultimate load was not experienced as was the case with sin
gle span specimens 

3. One specimen which was loaded to failure after being subjected to 1.25 million 
cycles of repeated loading failed at a higher final statIc load (approximately 16%) than 
the specimen which was subjected to a one cycle static load. 

4. The same conclusion can be drawn as in item (6) above for single span specimens. 

5. The stiffness behaviour was similar to single span specimens described in item (7) 
above. 

6. Concerning irrecoverable deflections, the same behaviour was observed as with sin
gle span specimens, discussed in item (8) above. 

7. Shrinkage mesh does to some degree serve as negative reinforcement at midsupport 
of double span specimens. Based on the double span specimens tested, no visible 
cracks occurred at the interior support prior to ultimate load for both static and 
repeated loading. 

RECOMMENDATIONS 

The following recommendations are based on the study by Suleiman [13]: 

1) Since single span specimens give conservative results and are less expensive to con
duct in comparison to double span specimens, it is recommended that single span 
specimens be tested. 

2) To reduce the number of repeated load tests to a minimum, the increasing load 
approach is recommended, using the weighted load factor method presented herein. 

3) Maximum moments should be calculated in accordance with the slab approach 
given herein. 

4) Maximum deflections should be calculated in accordance with the slab approach 
given herein. 
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NOTATIONS 

As 
a 
B 
b 
D 

d 

EIGHTH SPECIALTY CONFERENCE 

Cross-sectional area of steel deck mm2/m of width 
AsFye/O.85f) 
Width of composite slab, mm 
Unit width of composite slab - 1000 mm 
Depth of composite specimen (from lowest point of steel 
deck to top of concrete), mm 
Effective depth of composite slab (from top of concrete 
to c.g.s.) m 
Modulus of elasticity of concrete, MPa 
Modulus of elasticity of steel deck, MPa 
Measured experimental steel deck strain, micro mm/m 
Compressive test cylinder strength of concrete, MPa 
Calculated experimental stress in steel deck, MPa 
Yield strength of steel deck obtained from standard 
coupon tests, MPa 
Moment of inertial of composite section based on 
equivalent cracked concrete section, mm4/m of width 
Length of span, mm 
Maximum moment in span direction, based on slab 
action, kN.m/m 
Maximum moment in support direction, based on slab 
action, kN.m/m 
Maximum moment based on equilibrium, kN.m/m 
Maximum moment based on experimental stress, kN.m/m 
Ultimate moment based on yielding of steel, kN.m/m 
Number of cycles 
Applied experimental load, kN 
Ultimate experimental static load, based on one cycle , 
kN 
Maximum repeated load, kN 
Ultimate experimental static load after (N) cycles of 
repeated load, kN. 
Nominal steel deck core thickness, mm 
Depth of concrete above top of steel deck, mm 
Irrecoverable midspan deflection, mm 
Experimental midspan deflection, mm 
Calculated midspan deflection, based on beam theory, 
mm 
Calculated midspan deflection, based on slab theory, mm 
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Table 1: Test Results of Single Span Specimens 

Specimen Specimen Emboss. Pm, N p u• P u., t.., Mode of 
No. Designat. Group (a) (kN) (Cycles) (kN) (kN) (mm) Failure 

Static 
Load 

1 W1-SS 1 1 71.9 Shear-Bond 

Repeated 
Load 
2(b) W2-SD 2 48.9 11 620 45.8 Shear-Bond 
3 W5-SD 2 44.5 1250000 76.8 1.70 Shear-Bond 
4 W6-SD 2 48.9 1270000 78.5 1.80 Shear-Bond 
5 W8-SD 3 53.2 18 160 45.0 Shear-Bond 
6 W9-SD 3 48.9 3672800 41.0 Shear-Bond 
7 W11-SD 4 44.5 1250000 1.80 

48.9 1250000 2.00 
53.3 1250000 2.30 
57.7 279720 57.5 Shear-Bond 

8 W12-SD 4 48.9 1250000 1.60 
53.3 1250000 2.00 
57.7 1260 110 2.15 
62.3 18670 57.5 Shear-Bond 

(a) Embossment depth (Group 1 - 1.86 mm; Group 2 - 1.85 mmj Group 3 - 1.65 mm; Group 
4 - 1.88 mm) 

(b) Test not considered reliable - problem with testing equipment. 

Table 2: Test Results of Double Span Specimens 

Specimen Specimen Emboss. Pm, N p u• P u., t.., Mode of 
No. Designat. Group (a) (kN) (Cycles) (kN) (kN) (mm) Failure 

Static Load 
l(b) W3-DS 1 1 65.4 Shear-Bond 

2 W10-DS 4 1 81.9 Shear-Bond 
Repeated 

Load 
3 W4-DD 2 44.5 1 250000 94.8 1.00 Shear-Bond 
4 W7-DD 3 57.8 2590000 2.90 

62.3 1 240000 3.30 
66.7 490670 3.90 
77.8 2110 66.5 Shear-Bond 

(a). See Footnote of Table 1 
(b) Test not considered reliable - problem with testing equipment 
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Table 3: Comparison of Maximum Experimental and Calculated Deflections for Single and 
Double Span Specimens 

Au A" Acb 
Specimen (mm) (mm) (mm) 
Designation Equation 3 Equation 2 

Single Span 
W1-SS 6.10 6.30 4.40 
W5-SD 7.60 7.70 5.90 
W6-SD 7.70 7.90 6.10 

Double Span 
W3-DS 5.00 5.30 2.70 
W4-DD 8.20 8.50 4.80 
W7-DD 6.00 6.30 3.30 
W10-DS 5.20 6.60 3.40 

Note: Deflections of Loaded Span for Double Span Specimens 

Table 4: Comparison of Maximum Moments of Single and Double Span Specimens 

Mat Mu. MOl Muy 
Specimen (kNm/m) (kNm/m) (kNm/m) (kNm/m) 
Designation Equation 4 Equation 5 Equation 8 Equation 9 

Single Span 
W1-SS 28.37 25.10 25.50 38.21 
W5·SD 29.55 26.71 27.14 39.42 
W6-SD 29.55 27.26 27.70 39.42 

Double Span 
W3-DS 21.47 18.27 18.57 39.96 
W4-DD 28.54 26.11 26.54 40.82 
WIO-DS 23.91 22.67 23.04 40.55 

Note: Dead load moments are included in the moment calculations. 
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FIGURES 

FORK LIFT TRUCK 

HEAVY LOAD 

Figure L Schematic of Typical Composite Slab System Subjected to Poiht Loading. 

~_---···J@A F" ..... ~ ....................... + t al ure 

c After Crack 

" ........................................................... ,'b' At C ck ............................................................. +\& ra 

a Sefo re Crack 

Deflection 

Figure 2. Typical Load-Deflection and End-Slip Curves. 
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Figure 3. Photograph of Composite Deck Tested 
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42.00 -r------------------------------------------------~ 

35.00 

28.00 
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~ 21. DO 
I 
II) 

U\ 
LL.. 

14.00 

7.00 

0.0 
0.0 

SHEAR-BOND 
AVG. STR. OF 1 (!) 
AVG. STR. OF 2 • 
AVG. STR. OF 3 ~ 

F = 310 MPa ____ Y...e ____________________ _ 

r B "I 

2 2 
3 I I 3 

1. SO 3.00 4. SO 6.00 
Pe-KN (xl0 1, 

GJ 
::3 

a.. 

7.50 9.00 

Figure 9. Experimental Steel Stresses Versus Applied Static Load of Specimen Wl-SS. 
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6.00 -r------------------------------------------------~ 
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Figure 11. Deflection Versus Number of Cycles of Specimen W5-SD. 
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Figure 12. Experimental Steel Stresses Versus First Cycle Static Load of Specimen 
W5-SD. 
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Figure 13. Experimental Steel Stresses Versus Applied Load After 1.25 ~illion Cycles 
of Specimen W5-SD. 
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Figure 14. Experimental Steel Stresses Versus Nu~ber of Cycles of Specimen W5-SD. 
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