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TA BLE OF NOMENCLATURE 

(;(, = Correction factor for reinforcing bond 

(;(2 = Correction factor for loading time period 

A. = Area of reinforcing steel 

A.e = Area of the shear stud based on the nominal shear stud diameter 

C,• C2• C3 = Constants for parabolic representation of Load-Strain behavior of slab 

COY = Coefficient of variation 

5 = Deformation 

= Deformation 

5o.s0s01 = Stud deformation at a load of 0.5 Qsol 

£'I, = Reference deformation for Richard Equation 

DCDT = Displacement potentiometer 

£'15 = Change in deformation 

5r",,,,,, = Stud deformation at failure 

£'I,,,, = Deformation at last key point in multi-linear load-deformation behavior 

£'IR = Change in resistance 

d,h = Diameter of the shear stud shank 

E = Modulus of elasticity 

E = Strain 

E, . E2 = Strain values at key points for Load-Strain behavior of slab 

Eo = Modulus of elasticity of concrete 

Eer = Concrete tensile cracking strain 

f e = Compressive strength of the concrete 

fe = Concrete stress 

fer = Tensile cracking stress of concrete 
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Fu = Ultimate tensile stress 

F"", = Shear stud steel tensile strength 

F) = Yield stress 

h, = Height of the deck rib 

H. = Shear stud height after welding 

K = Elastic stiffness coefficient for Richard Equation 

KI = Stiffness coefficient for Richard Equation 

K I, K2 = First and second slope associated with key points for Load-Strain behavior of 

slab 

K, = lnitial stiffness 

Kp = Plastic stiffness coefficient for Richard Equation 

KI" = Plastic stiffness of reinforced slab 

K", = Plastic stiffness of shear studs 

LI, L2, L3 = Lengths of reinforcing bar in regions I, 2, and 3 

LolT = Effective length of reinforced concrete slab for deformation calculations 

n = Curvature parameter for Richard Equation 

, = umber of shear studs per deck rib 

N"ud. = Number of shear studs 

PI , P2, P3 = Loads in regions I, 2, and 3, of a reinforcing bar 

POT = Displacement potentiometer 

Q = Shear stud load 

Qb= = Basic shear stud strength for a weak position stud 

QIOI = The strength for a single shear stud 

R = Resistance, Load 

Ro = Reference load for Richard Equation 

RI = Reference load for Richard Equation 
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Rio R2, R3, It. = Load values at key points for Load-Strain behavior of slab 

Rim = Resistance at last key point in multi-linear load-deformation behavior 

Ro. = Intercept of K2 with ordinate axis 

SRf = Stud reduction factor used to account for metal decking 

ST = Displacement potentiometer 

W, = Unit weight of concrete 

w, = Width of the deck rib 
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AB TRACf 

To determine the moment-rotation behavior of a composite partially-restrained 

connection the load-deformation behavior of a reinforced composite lab is required. This 

report develops a component model that can be used to predict this load-deformation 

behavior. The model is validated by comparing it to the results of four full scale 

experimental tests that were specially designed to isolate the load-deformation behavior of 

the composite slab. Behavior models for reinforcing steel. concrete tension tiffening. and 

shear studs are presented and / or developed to provide the necessary tools to predict the 

composite slab load-deformation behavior. 
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1. Introduction 

As part of a larger research project dealing with partially-restrained compo ite 

beam-girder connections the load-deformation behavior of reinforced composite slabs is 

needed The reinforced composite lab is one of two major component that make up a 

composite connection The other component is the steel connection The behavior of the 

steel connection is developed in a eparate repon 

1.1 General 

The load-deformation behavior of the reinforced compo lie slab IS required to 

model the moment-rotation behavior of a compo ite connection The pnmary function of 

the slab with respect to the moment-rotation behavior of the connection is to provide a 

horizontal force at the top of the connection This force is one pan of a force couple that 

de\ elops moment resistance in the connection The opposing pan of the force couple IS 

developed by components of the steel connection This basic relationship I hown 

chematically in Figure 1 

SpnmeUlc About l'llicritne 

Cumposlte Slab Force 
( 

SlL-el ConnectIOn i -= : 
Forces ---+ 0 Beam 

• • 

1 Shear Force 
At the Inll."uon 
Pmot 

-7) ~"""'"-----==~--.....I 

Onder 

Figure I Fundamentals or omposite Beam-Girder onnection 
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As the beam is loaded, rotation at the end of the beam is restrained by the force 

couple developed between the composite slab and the steel connection However, for 

typical connection details rotation is not completely eliminated. For the composite slab 

and the steel connection to develop forces they must undergo deformations. These 

deformations result in connection rotation. To properly design the attached beam the 

moment-rotation behavior of the connection must be understood 

The basic premise is that if we know the relationship between load and 

deformation for the composite slab and the component of the steel connection then the 

moment-rotation behavior for the connection can be modeled as an a sembly of the 

individual components 

There are three primary load carrymg components in the reinforced composite 

slab reinforcing steel, concrete, and shear studs. There is typically also welded wire mesh 

and profiled steel decking but neither of these are considered to have significant load 

carrying capacity. It is assumed that if the behavior of each of the primary load carrying 

components in the composite slab is understood then the composite slab overall load

deformation behavior can be determined 

1.2 Review of Literature 

This report focuses on the development of a method for modeling the horizontal 

load-deformation behavior of the reinforced composite slab. The writers are not aware of 

any methods for doing this that are currently in the literature. However, certain impo!1ant 

items that are believed to control the load-deformation behavior of the composite slab 

have been considered by other researchers 

The amount and stress-strain behavior of the reinforcing steel 

2 Ten ion stiffening behavior of the concrete 

3 umber, distribution, and load lip behavior of shear studs 

4 Horizontal shear lag effects 
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5 Longitudinal shear failure in the composite slab 

Of these five the first three items are believed to be the most important and are discussed 

and developed later in this report . For convenience research dealing with these items will 

be presented at that time. The last two items are discussed below. 

Shear lag is referring to the difference in load carried by reinforcing steel close to 

the connection compared to that carried by reinforcing steel away from connection. The 

reduction, or lag, in the reinforcing steel load as it gets farther away from the connection is 

caused by deformations in the slab. These deformations are mainly shearing deformations 

thus the term shear lag. 

Tests on composite beam-to-girder connections have shown that there is a varying 

degree of shear lag present in composite connections. Research conducted at Virginia 

Tech (Rex and Easterling, 1995) showed that when a reasonable amount of reinforcing 

steel is used shear lag is not a significant factor within a 60-in effective width. In 

addition, most shear lag problems can be avoided if the reinforcing teel is paced tightly 

around the connection. Consequently, shear lag is not a significant concern at this time. 

Longitudinal shear failure of the slab occurs when the concrete on both ides of the 

beam fails thus eliminating any load transfer from the shear studs into the rest of the 

composite slab. Longitudinal shear failure occurred in composite connection tests reported 

by Bernuzzi et. al. (1991). The specimens that failed all had the composite deck running 

parallel to the beam instead of perpendicular as is standard for filler beams Research by 

Johnson and Huang (1994) showed that when the steel deck is orientated perpendicular to 

the composite beam it will usually provide sufficient transverse reinforcing to prevent 

longitudinal shear failure of the slab. In fact the steel deck was found to be more effective 

than transverse reinforcing in the prevention of longitudinal shear failure . Because the 

composite deck for beam-girder connections is almost always perpendicular to the beam, 

longitudinal shear failure is not a significant concern at this time. 
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2. Focu And Objective 

The objective of this investigation is to develop a method of modeling the load

deformation behavior of a reinforced composite slab. This behavior will later be used in 

finite element analysis and simplified design models for the composite beam-girder 

connection 

An experimental investigation of the load-deformation behavior of composite slabs 

was conducted by the writer ix composite slabs were tested in a manner that simulated 

boundary conditions associated with a composite connection. The purpose of these tests 

was to Isolate and measure the load-deformation behavior of the composite slab without 

the influence of the steel connection 

There are three primary load carrying components in the reinforced composite 

slab reinforcing steel , concrete, and shear studs. Behavior models are presented and/or 

developed for each of these components These behavior models are then lIsed to develop 

a method to predict the load-deformation behavior of the compo ite slab The method 

developed basically assumes that the behaVIOr of the composite slab is the sum of the 

behavior of the parts of the composite slab and has been termed a component model 

Finally, the component model is contrasted and compared with the experimental 

results The component model is summarized and conclusions and recommendations are 

made with regard to the behavior of the composite slab. 

3. Composite lab Experimental Investigation 

An experimental investigation was conducted to provide test data for development 

and verification of a load-deformation behavior model of composite slabs The goal of the 

experimental investigation was to isolate and measure the load-deformation behavior of 

six reinforced composite slabs 
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3.1 Test Specimens 

There were six composite slab test specimens. Each specimen consisted of a 

composite slab attached to two W8xI8 wide flange sections. These wide flange sections 

are referred to as the test beams. The general details of the specimen are shown 

schematical ly in Figure 2. 

The concrete was normal weight with a measured compressive strength of 4 4 ksi . 

All specimens were cast from the same batch on the same day. The specimens were 

covered and moist cured for the first seven days and were then uncovered Specimens 

were tested after 28 days of curing. Welded wire mesh (WWF 6x6 - WI 4 x W 1.4) and 

#4 Grade 60 reinforcing steel was used to reinforce the slab. 

60" C 

5-1 /2" 

II 

PI an 

• • • 

I 
55" 

Elevation 

I ftc;> Dc="> Ie=> 
W8x I Test Beam 

• ... 

S~ mmetric About Centerline 

r #4 Grade (.0 Reinforcing Steel 
Spaced ({! 12" On Center 

4" High' J /4" Round 
Headed Shear Studs 

2" VLI Composlle 
Steel Deck 20 gage 

Figure 2 Test pecimens 
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The only variable in the composite slab test specimens was the number and 

location of shear studs The shear stud po itions are shown in Figure 3. 

• Slab # I 5 studs in positions A, B, , E, G 

• lab #2 5 studs in positions A, B, C, D, E 

• Slab #3 4 studs in positions B, C, E, G 

• lab #4 4 studs in positions A, B, , E 

• lab #5 3 studs in positions C, E, G 

• lab #6 3 studs in positions B, C, E 

A B c D E 

S,nunctnc 
'About 

F G G:. 

Figure 3 hear tud Position 

3.2 In trumentation 

Composite slab tests of this nature had never been done before Consequently, 

some of the instrumentation varied from test to test in an attempt to improve the reliabi lity 

of the measurements. The instrumentation used for Slab # I is shown in Figure 4 

Instrumentation details for each test specimen are presented In Appendix B. 

following acronyms are used in Figure 4 and in Appendix B. 

• POT, linear potentiometer 

• DCDT, rotary potentiometer 
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• ST, rotary potentiometer 

All of these instruments are used to electronically measure displacement. The acronyms 

given above have been chosen based on how they are wired to a PC-based data acquisition 

system which was used to collect and record data. They are not (in general) reflective of 

the type of instrument and have been adopted merely for clarity and consistency between. 

These instruments were calibrated prior to being used and in general had an accuracy of 

+/- O.002-in. 
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Figure 4 Test Instrumentation For Slab #1 
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3.2.1 Load V . Displacement 1ea urement 

The primary goal of the instrumentation was to determine the load-displacement 

behavior for the test specimen. The hydraulic ram load was measured with a 500 kip 

capacity load cell. The ram load was then converted into a horizontal load in the lab by 

summing moments about the rotation pin. 

Two measurements were needed to determine the deformation in the slab First, 

the relative rotation between the fixed side of the test etup and the rotauon Ide of the 

test setup had to be measured econd, the horizontal separation of the test beams had to 

be measured 

DCDTs, STs, and POTs were attached to the underside of the fixed and rotation 

frame beams. This provided one measure of relative rotation In addition , DCDTs were 

attached directly between the fixed and rotation beams providing another measure of 

rotation Finally, POT and dial gages were attached between the te t beams This 

provided a third measure of relative rotation as well as a measure of the horizontal 

separation of the test beams 

3.2.2 Reinforcing teelln trumentation 

In an attempt to measure the load in the reinforcing steel directly train gages 

were attached at the center of each reinforcing bar Two gages were placed on oppo lie 

sides of the bar. This combination of gages ideally eliminates bending strainS so that the 

axial strain can be determined 

The reinforcing bars were prepared for the gages by removing the lugs in a three

In area around the intended gage location The gages were then Installed in a normal 

fashion To protect the gages from the concrete they were encased In multiple protective 

coatings; I) polyurethane, 2) Teflon, 3) FB butyl rubber, 4) FN neoprene rubber, 5) 

aluminum tape, 6) nitrile rubber. The wires for the gages were routed through small holes 

in the deck near the gages. Just prior to concrete placement, the outside cover of the 

9 



gages was coated in ball bearing grease to ensure the concrete did not attach itself to the 

outer gage covering 

Once the gages were attached and the protective coatings were in place, each bar 

was placed in an universal testing machine for calibration. Calibrating each reinforcing bar 

is believed to be the best way of determining reasonable values of the forces in each bar. 

train readings could not be directly related to forces in the bar without calibration as a 

result of the varying area of the bar and uncertainty of the actual alignment of the gage 

with respect to the longitudinal axis of the bar 

3.2.3 Other In trumentation 

Linear potentiometer (POT) were used to measure the slip between the composite 

slab and the test beams The main body of the POT was attached to the top of the test 

beam The plunger of the POT was then attached to a nail that had been driven into the 

composite slab through a small hole in the steel deck A POT was located at every deck 

trough where there was a hear stud located 

3.3 General Test etup And Te ting Frame 

Like the instrumentation, the test setup was modified as needed to correct 

problems encountered while testing. The final details of the test setup are given in Figure 

5. 
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Loading Frame --....... 
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r Tube Section 
Loading Ram , 

n ~t Specimen 

I 
/ 

x 

'" 

'" I' 
~/ 

I 
I 

/ 

r-
V- CI5x50 

V- Block & Roller 

/ 

!!Rotation Frame Beam 

W14x48 

" 
I)/" W 18x76 --....... '-Rotation Pin / 
~ ~ k/~=-~ 

Fixed Frame Beam W21xl01 L Lateral Braces 

Figure 5 Test Setu p 

The test specimen beams were attached to the frame beams (rotation and fixed) 

with 28 'I.-in. diameter A325 bolts, 14 on each side. A 100 kip capacity hydraulic ram 

powered by an electric motor was used to load the test specimen. The ram pushed against 

the top of composite slab through a block and roller that rested against a 38-in long, 8-in 

wide, I-in. thick plate. 

The rotation beam was laterally braced with special lateral brace mechanisms that 

allow unrestrained vertical movement but prevent any lateral movement. The whole 

testing frame was attached to the reaction floor beams. 
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Slab #5 was the first of the six slabs tested. This test had the loading ram pushing 

against the top of the rotation beam rather than the top of the composite slab. In addition, 

there was no tube section across tbe fixed end of the composite slab. Slab #6 was the 

second of the six slabs tested, had the loading ram pushing against the top of the 

composite slab but did not have the tube section across the fixed end of the composite 

slab. Both of these test setups resulted in premature failure of the specimen. 

The modifications made to avoid the premature failures included loading the 

specimen on top of the composite slab and adding a tube section at the fixed end to hold 

this part of the specimen down. The tube section rested against the top of the composite 

slab and was held down by a set of chains that were attached to the reaction floor. 

3.4 Testing Procedure 

The rotation beam had to be supported at its free end when a test specimen was 

not attached. This support was left in place until the start of the test. Typically all 

instrumentation would be zeroed and then the temporary support would be removed. The 

weight of the rotation beam and half the test specimen was carried by the composite slab 

at this stage. This corresponds to approximately 2.4 lcips of axial load in the composite 

slab The specimen would then be pre-loaded and unloaded. Occasionally after unloading 

some of the instrumentation would be adjusted and re-zeroed. The test loading would 

then start. The loading was initially controlled by load increments and later by 

displacement increments. Slabs #3 and #6 were unloaded after the test loading had started 

because of problems with instrumentation or with the test setup. The test was ended when 

the test was deemed to have undergone excessive deformations or when there was a shear 

stud failure . 
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4. Composite Slab Experimental Results 

The following sections summarize some of the more important test results. 

Complete data packs with all test results are included in Appendix B 

4.1 Data Packs 

Complete data packs are found in Appendix B. A typical data pack includes two 

figures that show the location and number of all instrumentation used for each test. The 

figures are followed by a table that describes each piece of instrumentation. Tables of raw 

data and test comments are then presented. These are followed by an equation sheet that 

shows how all the data calculations were made. This is followed by tables of calculated 

data and then finally plots of slab load vs. slab deformation and slab load vs shear stud 

slip. 

4.2 Te t etup Problems 

As a result of test setup problems Slabs #5 and #6 failed prematurel . lab #5 was 

the first test of the series. The load ram was placed beyond the end of the composite slab 

and pushed against the rotation frame beam directly. Consequently, nothing was forcing 

the composite slab to remain in contact with the test beams. As loads increased the 

composite slab started to separate from the test beam at the rotating end of the specimen 

and the shear studs were unable to develop their full horizontal shear capacity 

To correct this problem the load ram was placed on the end of the composite slab 

for Slab #6. As this test proceeded, it became clear that the fixed end of the specimen was 

separating vertically from the test beam. The test was unloaded and a tube section was 

placed over the fixed end of the composite slab. The tube was then secured to the 

reaction floor. This prevented the slab from separating vertically from the test beam. 

Unfortunately, this fix was implemented after the stud strength had been severely 

compromised by the vertical separation that occurred prior to adding the tube section. 

J3 



Because venical separation of the slab from the beam is not consistent with actual 

service conditions, labs #5 and #6 have been removed from further consideration in the 

test results and analysis. 

4.3 lab Load V . lab Deformation 

The load in the composite slab was determined by sumrmng moments at the 

locations of the rotation pin Both the dead load of the rotation end of the test setup and 

the ram load were multiplied by their respective horizontal distances to the rotation pin 

ThiS moment was then divided b the di tance from the centerline of the reinforcing to the 

rotation pin This results in the horizontal axial load in the slab. The exact details on how 

the slab load was calculated for each test are included in Appendix B 

The slab deformation was defined as the horizontal deformation at the level of the 

reinforcing steel. Various methods were used to determine the slab deformation. The 

method used depended on the instrumentation that was used for the test. In general, two 

quantities had to be determined to calculate the slab deformation The first of these is the 

relative rotation between the fixed and the rotation side of the specimen The second is 

the horizontal separation of the te t beams The horizontal deformation at the level of the 

reinforcing was then determined by similar triangles and small angle theory The exact 

details on how the slab deformation was calculated for each test are included in Appendix 

B 

The slab load vs slab deformation measurements for Slabs # 1 through #4 are 

plotted in Figure 6 Load vs deformation plots for the individual tests can be found in 

Appendix B 
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Figure 6 Test Load Vs. Deformation Behavior 

The maximum test loads for Slabs # I through #4 were 76.0, 70.0, 78.3, and 61.8 kips 

respectively. The reinforcing steel yielded in each test specimen; but, the maximum test 

load was limited by shear stud failure for all tests. 

Two conclusions can be reached by considering these maximum loads and by 

reviewing Figure 6. First, by comparing Slab # I to Slab #3 it is clear that the extra shear 

stud in position "A" in Slab # I had little to no effect on the overall load-deformation 

behavior. This could also be concluded by comparing Slab #3 to Slab #4. Second, by 

comparing Slab # I to Slab #2 it is clear that a shear stud in position "E" is not as effective 

as a shear stud in position "G". 
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4.4 lab Load V . hear tud lip 

Slab load was determined as described previously and stud slip was directly 

measured with potentiometers a detailed in Section 3.2.3. The slab load vs. stud slip 

mea urements for Slab #3 is shown in Figure 7 Although not identical, most load vs. stud 

slip relationships followed the same basic trends seen in Figure 7 Load vs slip plots for 

the individual tests can be found in Appendix B 

80 T 
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Figure 7 lab Load Vs. Shear Stud Slip 

The designations in Figure 7 refer to the stud position and which side of the te t specimen 

the stud was on. For example " G Fix" means the stud was in location " GH on the fixed 

side of the test specimen. 

The typical trend was for the studs on both sides of the specimen to deform fairly 

evenly The stud response would start to soften at approximately 75% of the maximum 
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load. The response was still fairly similar on each side of the specimen although in two 

cases it appeared that the side where the studs failed seemed to have a slightly stiffer 

response than the opposite side. After the maximum load was reached the studs on one 

side of the specimen would start to loose load carrying capacity and would incur large 

deformations (i .e. these studs failed) . The opposite side maintained a constant level of 

deformation as the load decreased and deformation increased on the failure side. 

The slab deformation measurements included deformations of both sides of the 

specimen. Before the maximum load was reached both sides of the pecimen were 

deforming and the deformation measurements could be attributed to deformations on both 

sides. However, because of the typical behavior of one side failing and the other side not , 

deformation measurements taken after the maximum load was reached are mainly 

attributable to only one side of the specimen deforming. This observation is important for 

later analysis of the load-deformation behavior 

Because the load capacity of all the test specimens was limited by the load capacity 

of the shear studs it seems reasonable to wonder if the load-deformation behavior of the 

test specimen is also dominated by the shear stud load-slip behavior. Figure 8 shows the 

combined average stud slip compared to the measured slab deformations for Slab #3 . The 

combined average stud slip is the sum of the two average stud slips for each side. 
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Figure 8 Total Stud Slip Vs. lab Deformations For Sla b #3 

Review of Figure 8 shows two things First the shape of tbe load-deformation behavior 

appears to be similar to shape of the load-slip behavior except the stud deformations lag 

behmd the slab deformalion econd. it is clear that something aside from the shear studs 

is contributing to the overall slab deformation. 

4_5 lab Load Vs. Reinforcing Steel Load 

Strain gages were attached to the reinforcing steel as discussed in Section 3.2.2. 

Using the average of the two gage readings and the calibration factor determined for each 

reinforcing bar the load in each bar was calculated These loads were only calculated 

using strain readings taken before the reinforcing steel started to yield The total load 

carried by the reinforcing steel was then calculated as the sum of the loads in each 

reinforcing bar. The total reinforcing load vs the slab load is shown in Figure 9 
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Figure 9 Measured Reinforcing teel Load Vs. lab Load 

The dashed line in Figure 9 represents a one to one ratio between reinforcing load 

and slab load . Data points that lie on the dashed line are ideal reinforcing loads if the slab 

is cracked at the gage location (i .e. the slab load must equal the reinforcing steel load) 

Siah # I seems to exhibit this behavior. However, if the slab is not cracked at the gage 

location then it is expected that the load in the reinforcing steel would be less than the 

total slab load because some of the load would be carried by the concrete. This is the case 

for data points tbat lie below the dashed line. The behavior of Slab #2 provides an 

excellent example of this. The load in the reinforcing steel is very low until the slab 

cracking starts to occur. Tben the reinforcing steel load increases and slowly approacbes 

the total slab load as concrete cracking progresses. 
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Points above the dashed line indicate the load in the reinforcing steel is higher than 

the load in the slab This can occur when a specimen is unloaded and cracked concrete 

prevents the reinforcing steel from coming back to its initial state. However, if the 

specimen is being loaded then the only reason for calculated reinforcing loads greater than 

the slab load is simply inaccurate strain gage readings. 

The only conclusion that can be drawn from Figure 9 is that attaching gages to 

reinforcing steel mayor may not give you a good estimate of the actual load in the 

composite slab. 

4.6 Typical equence of ompo ite lab Cracking 

The typical sequence of composite slab cracking was as follows. The first crack 

would occur very early if not right at the stan of the test. This crack was typically at the 

center of the slab, perpendicular to reinforcing steel. Cracks parallel to and on each side of 

the initial crack would form soon after These cracks result from a combination of tension 

and flexural stresses in the lab ext , cracks running parallel to the line of the shear studs 

staned to form These types of cracks typically indicate the beginnings of longitudinal 

shear failure. The next cracks typically formed in the concrete under either the load ram 

or the tube section bolding down the fixed end of the specimen These cracks would 

widen and eventually the concrete in these areas would become almost completely 

separated from the rest of the slab. The cracks running parallel to the line of the shear 

studs would increase in size until the test was ended because of excessive stud 

deformations or a stud shear failure. 
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5. Modeling Composite Slab Load-Deformation Behavior 

The objective of this study is to develop a method of modeling tbe load

deformation behavior of a reinforced composite slab. To do this, behavior models for the 

three primary components of the composite slab must first be developed. Once the 

behavior of the reinforcing steel, concrete, and shear studs is understood then a method of 

modeling the composite slab load-deformation behavior can be developed. This 

composite slab model can then be compared to the composite slab test results for 

verification. 

5.1 Behavior Models For Composite Slab Components 

There are three primary components that determine the behavior of the reinforced 

composite slab: reinforcing steel, concrete, and shear studs. Methods for predicting the 

behavior of these three components are needed so that the behavior of the composite slab 

can be predicted. The component behavior for reinforcing steel , concrete, and shear studs 

is developed in the following three sections. 

5. 1.1 Reinforcing Steel 

Previous research (Rex and Easterling, \996(a» developed a normalized stress

strain behavior for #4 Grade 60 reinforcing steel which is shown in Figure \ 0 This is the 

most common grade and size of reinforcing steel currently used in composite floor slabs. 
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Figure 10 Multi-Linear Approximation For Reinforcing Steel Stress-Strain 

Behavior 

Mean values ofF. and Fu were determined to be 71 ksi and III ksi respectively based on a 

mill survey of reinforcing steel. These mean values can be used when the actual yield and 

ultimate strengths are unknown. 

5.1 .2 Concrete 

The concrete in a composite beam-girder connection is typically going to be in 

tension. This concrete is normally assumed to have no strength. In reality, the concrete 

has significant strength before cracking and after cracking it has a stiffening effect on the 

reinforcing steel. 

After cracking, the concrete cannot carry load across the cracks. This load has to 

be carried by the reinforcing steel. However, between cracks the concrete can carry load. 

This reduces the load in the reinforcing steel and consequently reduces the axial 
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defomations in the reinforcing steel. This effect on the reinforcing steel is called concrete 

tension stiffening. 

One way to account for the stiffening effect the concrete has on the reinforcing 

steel is to model the concrete as an axially loaded member acting in parallel with the 

reinforcing steel. A special stress-strain behavior is used for the concrete and the strain in 

the concrete is assumed to be the same as the strain in the reinforcing steel (i.e., no slip 

between the reinforcing steel and the concrete surrounding it) . By combining the load 

resisted by the reinforcing steel with the load resisted by the fictitious concrete element the 

real effect of concrete tension stiffening is satisfactorily represented. 

One stress-strain model for concrete tension behavior botb before and after 

concrete cracking is given by Collins and Mitchell (1991). The after cracking behavior is 

the tension stiffening stress-strain relation. 

For &SE~ 

f,=E, E 

For &> Ea (Tension stiffening) 

Where: 

fer = 

E = 
" 

4.)1000 r, 
1000 

4.)1000 r , 
1000 Eo 

f, = 

E, = w, IS.Jf. (Load and, 1993) 

1 + 500 & 

r , = Compressive strength of concrete (ksi) 

w, = Unit weight of concrete (lb/cf) 
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The factor UI accounts for bond characteristics of reinforcement and is equal to 1.0 for 

deformed reinforcing bars The factor Ul accounts for the loading time period It is equal 

to I 0 for short-term monotonic loads and 0.7 for sustained and/or repeated loads. 

The load in the concrete is determined by multiplying the stress by the area of 

concrete. Before cracking the area of concrete is the gross area. For a composite slab this 

would probably be interpreted as the gross area within the effective \ Idth of the slab. 

After concrete cracking the area IS the effective area which is taken as a block of concrete 

around each reinforcing bar with a height and width of 15 time the bar diameter It is 

assumed that if the full effective concrete area is not available (as would be the case for 

thin composite slabs) that the portion of this area that is available would be used instead. 

Equation 2 is essentiall a curve that was fit through test data Equation 2 and the 

test data are presented in Figure II , along with a multi-linear representation The data for 

Figure I I is based on Figure 4-16 of Collins and Mitchell (1991). 

I 
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Figure 11 oncrete Tension tiffening tress- train Behavior 

Comparison of Equation 2 with the test data sbows good agreement except for the very 

small strains where Equation 2 tends to be conservative For this reason and the fact that 

a multi-linear representation of the tension stiffening stress-strain behavior may be needed 

for finite element analysis, the multi-linear representation given in Table I will be used 

Table 1 Recommended Concrete Tension Stiffening Stress-Strain Behavior 

train 

fo./ E< (, 
0001 06 r. , 
0.002 04 k, 
0008 o 3 1;" 
01 0 

ote that the tension stiffening stress is slowly reduced to zero at a strain of 10% The 

stress-strain behavior is forced to zero at 10% strain to ensure that the maximum load 

capacity of a reinforced composite slab in tension is limited by the ultimate load of the 

reinforcing steel. The strain at the ultimate load of the reinforcing steel is around 10% 

5.1.3 Shear tuds 

Round headed shear studs are currently the most common shear connector used in 

composite construction. Except in cases where the combined strength of the shear 

connectors is far in excess of the strength of the reinforcing steel and concrete, the load

deformation behavior of the shear studs has a significant influence on the load-deformation 

behavior of the composite lab 

The following sections either develop or verify existing procedures to estimate 

both the strength and load-deformation behavior of shear studs in both weak and strong 

positions. These procedures are verified against test data from pushout tests that have 

been conducted at Virginia Tech over the last few years. 
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5.1.3.1 Dolo for Del'elopment amI Verificatioll of Shear Stll(/ Behavior 

Strength and load-deformation data for shear studs was collected from two 

sources. Lyons et al (1994) conducted 87 pushout tests with steel deck. Sublett et al 

(1992) conducted 36 pushout tests with steel deck but only 8 of these tests were designed 

to represent studs welded to wide flange shapes. The other tests were designed to 

repre ent studs welded to open web joists All of these tests used normal weight concrete 

and ),.-in diameter shear tuds . The typical arrangement for these pushout tests is shown 

in Figure 12 

Figure 12 Typical Pushout Test (Lyons et al 1994) 

Of the tests reported by Lyons et al (1994) and Sublett et al (1992) only the tests 

that had failure modes consistent with those expected in actual service were considered. 

In addition, only tests in which a single shear stud was in a strong or weak posItion (these 

positions are explained later) were considered. A summary of the tests included in this 

analysis is presented in Table 2. All the test parameters as well as the load-deformation 

data for each test was entered into a database program. The database was then used to 

help develop and to verify behavior models for the shear studs. 
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Table 2 Pu houl Tests Included In Analys is 

Test Test Source Stud Deck 'tud Deck Slab Concrete Ma\ Iud 

• umber Deslgnauon of Data· PosItion·· HeIght lIolgbt TIuckness Deplh SIreO~1h Load 
(m) ( In ) (m) (m ) (P") (kips) 

2 D2 Lyons S 2 35 001 12 575 ~5('J 2191 

3 D3 Lyons S 2 1.5 00312 575 ~5(>3 1808 
4 D4 Lyons 2 4 00312 5.75 4S<iJ 1944 

6 D6 Lyons S 2 4 00312 575 45101 2073 

• 7 D7 Lyons S 2 45 00312 575 4561 21 18 
R D8 L)ons S 2 45 00312 575 4563 20.37 

9 D9 Lyons S 2 4.5 0 .0312 575 45(,J 2146 

10 DlO Lyons S 2 5 00312 575 45(,J 2062 

II DII Lyons S 2 5 0 .0312 575 4561 2102 
12 Dl2 Lyons S 2 5 0 .0312 .5 75 4S<iJ 2197 

• 13 DI3 Lyons S 2 55 011312 .5 75 45(,1 19R4 

14 DI4 Lyons S 2 55 00112 575 45(,1 2014 

15 DI5 L~ons S 2 5.5 00312 575 4'iliJ 21 45 

40 D40 Lyons W 2 1 .5 001\2 575 271(, II 15 

41 041 Lyons W 2 3.5 () OJI2 575 1"71(' 10.% 

42 042 L\ons W 2 35 O.OJ 12 575 2il(l 1246 

• 41 043 Lyons W 2 15 00363 575 ~716 1156 

44 044 Lyons W 2 3.5 00163 575 ~71(, 1279 
45 045 Ly()11S W 2 35 00363 575 1716 I J (,(, 

47 047 Lyons W 2 15 004 5 575 1716 14 M 

4K 04 Lyons W 2 3.5 00485 575 "1.71 (, 13 (,2 

4~ 049 Lyons W 2 3.5 00(,03 575 271(, 1506 • 52 D52 Lyons S 1 45 00363 575 llf1:!. 1719 

54 D54 Lrons 3 4 .5 00363 575 "(·2 I 35 

55 D55 Lyons S 3 5 0 .0.163 575 3162 )824 

5h D56 Lyons S 3 5 0036 575 1162 1549 

58 OSS Lyons S 3 55 00363 575 )1(,2 1867 

59 D59 Lyons S 3 55 0 .0363 575 ll(,:! 19.6 

90 15A Sublett S 1 .5 0036 (, 4610 1803 • 
QI 158 Sublett S 3 5 0 .036 6 4610 1966 

92 16A Sublett W J 5 0 .016 6 4114 1366 

93 16B Sublett W 3 5 0036 (, 42 4 1287 

94 17A Sublell S 1 5 0 .036 6 4446 1448 

95 178 Subleu S 3 5 0036 6 4446 I .76 

% ISA ubleu W 3 5 0 .036 (, 4118 1292 • 
97 19B Subl.u W 3 5 006 6 42~ 1475 

• Lyons et aI (1994) and Sublc:tl (1992) 

• • S SIrOn, POSltJon. W - Weak poIlltOll 

• 5. 1.3.2 S trength of Shear Studs 
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Today almost all steel-concrete composite floor systems use a profiled steel 

decking. The shear studs are welded to the tops of the steel beams through the steel 

decking and are placed in the ribs of the decking pattern. Because of a stiffener that is 

present in most commonly used deck patterns, the shear stud cannot be placed in the 

center of the rib. Easterling et al (1993) deemed studs welded on one side of the rib weak 

position studs and the other side strong position studs The designation of weak or strong 

depends on the relative direction of the force in the concrete These relationships are 

hown schematically in Figure 13 

Weak Strong 

p 

Top of Steel Beam 
ComposIte teel Deck 

Figure 13 Weak and trong Position hear tud Location (Easterling et al 1993) 

Strength prediction equations for shear studs were first developed for solid slabs 

Later, when composite slabs were becoming more common, strength reduction equations 

were developed to account for possible reductions in strength resulting from the 

differences between the solid lab and the composite slab. 

There are a large number of shear stud strength prediction equations and strength 

reduction equations available. A recent review of these equations is found in Lyons el aI 

(1994) Lyons concluded that none of the current strength prediction equations did an 

adequate job of predicting the strength of studs in steel deck. 
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For simplicity, the current AISC pecification (Load alld, 1993) equations for 

hear stud strength with some modifications which are discussed and developed in the two 

following sections will be used. 

Both Sublett et al (1992) and Lyons et a1 (1994) have shown that the current AISC 

pecification (Load alld, 1993) stre"b>th prediction equations do not work well for a ingle 

stud in a composite deck trough Two recommendations have been made to try to 

improve the accuracy of the prediction equations. Easterling et al (1993) recommended 

that an upper limit of 0 75 be used when calculating the stud reduction factor with AI 

pecification (Load Gild, 1993) equation 13-1 In addition, Lyon et al (1994) 

recommended that the upper limit on the shear stud strength be 0 g . Fu rather than 

Fu as is currently given by AI C pecification (Load alld, 1993) equation 15-1 

The test strength along with the predicted strength based on the AI 

peclfication (Load alld, 1993) equations, with and without the above recommended 

modifications, is presented in Table 3 for all the strong position shear stud pu hout tests 
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Table 3 Strong Position hear tud Test Strength Vs. Predicted Strength 

Test o. Test Test AlSC AlSC TestlAlSC TestlAlSC 

Source Strength Modified Modified 

(kips) (kiDS) (kiDS) 

2 Lyon's 21.91 26.51 21.21 083 1.03 

3 Lyon's 18.08 26.51 21.21 068 0.85 

4 Lyon's 19.44 26.51 21 .21 073 0.92 

6 Lyon's 20.73 26.51 21 .21 078 0.98 

7 Lyon's 21.18 26.51 21 .21 0.80 1.00 

8 Lyon's 20.37 26.51 21 .21 077 0.96 

9 Lyon's 21.46 26.51 21 .21 081 1.01 

10 Lyon's 20.62 26.51 21.21 0.78 0.97 

II Lyon's 21 .02 26.51 21 .21 0.79 0.99 

12 Lyon's 21.97 26.51 21 .21 0.83 1.04 

13 Lyon's 19.84 26.51 21 .21 0.75 0.94 

14 Lyon's 20. 14 26.51 21 .21 076 095 

15 Lyon's 21.45 26.51 21 .21 0.81 101 

52 Lyon's 17.39 19.78 17.45 0.88 1.00 

54 Lyon's 18.35 19.78 17.45 0.93 1.05 

55 Lyon's 18.24 23 .27 17.45 0.78 1.05 

56 Lyon's 15.49 23 .27 17.45 0.67 0.89 

58 Lyon's 18.67 23 .27 17.45 0.80 1.07 

59 Lyon's 19.60 23 .27 1745 0.84 1.12 

90 Sublett 18.03 26.51 21.21 0.68 0.85 

91 Sublett 19.66 26.51 21.21 0.74 0.93 

94 Sublett 14.48 26.51 21.21 0.55 0.68 

95 Sublett 18.76 26.51 21.21 0.71 0.88 

Avg: 0.77 0.96 

COY 0.10 0.10 

The average value of the test over predicted strength is 0.96 with a coefficient of variation 

of 10%. This represents a significant improvement in the prediction accuracy over the 

AlSC strength prediction equations without modification and should be sufficient for 

purposes of this research. 
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Unfortunately, like strong position studs, the current AlSC Specification (Load 

alld, 1993) equations do not predict the trength of weak position studs very well (Sublen 

el al 1992 and Lyons el aJ 1994). Because weak position studs typically ha e concrete 

failures a modification to the stud reduction factor ( RF) equation seems appropriate 

However, unlike the strong position studs there is an additional parameter that is not 

currently recognized by the AI C Specification (Load alld, 1993) equations that has a 

significant effect on the strength of weak position studs 

Lyons et al (1994) suggested that the load capacity of a ingle stud in the weak 

position was a combination of load carried by the shear stud and load carried by the steel 

deck. The load carried by the deck was developed by the attachment of the deck 10 the 

steel beam that occurs at the weld collar around the shear stud. The author also showed 

that this deck strength could be approximated by using equations for spot welds found in 

the AlSI Specification (Load alld, 1991) For the AlSI Specification (Loud ell/d, 1991) 

equations the author suggested that d (the visible diameter of the outer surface of puddle 

weld) be taken as I-in. which corresponds to the diameter of the shear stud welding 

ferrule used for 'I.-in. diameter shear studs. 

A summary of the weak position pushout test loads, deck gage, and calculated 

deck strength is given in Table 4. The deck strength was calculated with the AlSl 

Specification (Load and, 1991) equations using measured deck thickness and an average 

deck strength of 56.3 ksi. Note that the concrete strength for tests 40 through 49 was 

around 2.7 ksi while the strength for tests 92 through 97 was around 4.3 ksi 
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Table 4 Weak Posi tion hear tud Strength and Deck trength 

Test Deck Gage 

40 11.15 22 2.37 
41 10.96 22 2.37 
42 12.46 22 2.37 
43 11 .56 20 3.19 
44 1279 20 3 19 
45 1366 20 3 19 
47 148 18 5.62 
48 1362 18 5.62 
49 15.06 16 707 

92 1366 20 3.19 
93 12.87 20 3 19 
96 12.92 20 3.19 
97 14.75 20 3.19 

Review of Table 4 indicates that the increases in the calculated deck strength eem 

to correlate well with the variation in the shear stud test strength which was the conclusion 

reached by Lyons et al (1994) Because of the significant effect the deck gage has on the 

weak position shear stud strength It seems reasonable to account for this parameter when 

predicting the shear stud strength The method for doing this is described in the fOllowing 

paragraph; however, other valid methods could certainly be developed 

As Lyons et al (1994) suggested the strength of a weak position stud can be 

decomposed into two fu ndamental strengths: the strength of the shear stud and the 

strength of the deck Lyons et al (1994) also pointed out that the effect of deck strength 

tends to deteriorate in the later stages of the load-deformation behavior Because of this 

later attribute of the stud strength the current AlSC Specification (Load alld, 1993) SRF 

equation will be calibrated to the later strength This calibrated strength will be called the 

"base strength" (Qbuc) It seems to correlate well with the strength associated with 22 and 
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20 gage steel deck. The decision was arbitrarily made to calibrate Q",,,, to the strength 

associated with 22 gage deck. 

Base strengths for all the weak position stud pushout tests were calculated by 

subtracting the calculated deck strength from the test strength and then adding back in the 

deck strength for 22 gage deck. These base strengths along with the predicted stud 

strength based on concrete failure using the current AISC Specification (Luad alld, 1993) 

shear stud strength equations are given in Table 5. 

Table 5 Weak Position hear tud Base Strength And RF 

Test 

40 

41 
42 

43 
44 
45 
47 
48 
49 

92 

93 
96 
97 

Base Strength AISC Strength 
(ki s 

1l.l5 

10.96 
12.46 
10.74 
II 97 
1284 
11 .55 

10.37 
10.36 
1284 
12.05 

12. 10 

13 .93 

1993 

19.93 

1993 

19.93 
1993 

19.93 

19.93 
1993 
28.39 
28. 19 

27.92 

27 .92 

SRF 

0.56 

055 

063 

0.54 
060 
064 

0.58 

0.52 
0.52 
0.45 
043 
0.43 

0.50 

A stud reduction factor is also presented in Table 5. This factor was calculated by 

dividing the base strength by the predicted strength. The average stud reduction factor is 

0.53 . A value of 0.5 seems justifiable. 

Because Qb". is based on the strength of studs in 22 gage deck Qb ... would need to 

be modified for different deck gages. The modification factor is simply the difference in 

deck strength between the deck gage used and the 22 gage deck. Example modification 
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faclOrs are given in Table 6 for the deck gages included in this analysis These values are 

based on >I.-in. diameter studs and a deck strength of 56.3 ksi 

Table 6 Weak Position hear tud trength Modification Factors 

Deck Gage 

22 
20 
18 
16 

Modification Factor 

0.00 
0.82 
3.25 
470 

The proposed method for determining the weak position shear stud trength is 

• 

• 

• 

• 

summarized as follows • 

Step I) Determine the base strength This is the AlSC strength using a max.imum 

SRF of 0.5 

tep 2) If desired, the shear stud strength can be modified to account for the actual 

deck gage by adding a strenh'1h modification factor . Example modification 

factors are given in Table 6 ote that if these modification factors are 

applied II is important to insure that the weld collars around the shear studs 

are indeed attaching the steel deck 10 the beam. 

Clearly, because of the way in which the above method for determmmg the shear 

stud strength was developed, comparison of the predicted value to actual value would he 

favorable and is consequently not warranted. 

Almost all the equations developed and research done deals with shear studs that 

are in concrete which is in compression The concrete in the region of a composite beam

girder connection is normally in tension The effect of the concrete being in tension on the 

strength of shear studs is not currently well understood. 10hnson et aI (1969) conducted 

push-out tests of solid slab specimens in which the concrete was in tension. Based on the 

34 

• 

• 

• 

• 

• 

• 



.... · , . .... 

• 

• 

• 

• 

• 

• 

• 

• 

• 

- --- ------ - --------------

results of these tests a reduction in strength of 20% was suggested. Because these were 

solid slab specimens it is hard to say whether a similar reduction would be suitable for 

specimens with metal deck. 

The only basis of comparing the effect of tension or compression in the concrete 

on the shear stud strength where the studs are in composite metal deck is by comparing 

typical strength values from pushout tests to the strengths determined in the composite 

slab tests described in Section 4. Considering pushout tests with similar parameters to 

those for the slab tests the average shear stud strength for strong and weak position studs 

is 20 kips and 12.7 kips respectively. Adding up these strengths for the weak and the 

strong position studs and only considering the effective studs (i .e. no studs in position 

"A") the estimated stud load capacity would be 80, 72.5, 80, and 60 kips for Slabs # 1 

through #4. The ratio of slab test loads to these simple predictions are 0.95, 0.97, 098, 

1.03 for Slabs # I through respectively. This would seem to indicate that the fact that the 

concrete is in tension has little if any detrimental effects on the shear stud strength when 

the studs are in composite steel deck. 

5.1.3.3 Loatl-Deformation Beltallior of Shear Studs 

5 I 3 3 I General Observations 

Earlier it was shown that weak position and strong position studs have different 

strengtbs. It turns out that they also have different load-deformation behaviors. Two sets 

of test data showing these typical behaviors are presented in Figure 14. This data has been 

normalized by the maximum test load. 
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1.00 

The average load-deformation behavior for a strong position stud can be 

characterized by five normalized load-deformation points which are presented in Table 7 

The load was normalized by maximum test load and the last point is considered the failure 

load and deformation 

Table 7 Average ormalized Load-Deformation Points For trong Position hear 

tuds 

Load (; (in.) 

50% Q .. , 0.009 
80% Q .. , 0.027 
94% Qool 0.06 

Q .. , 018 
76% Q .. , 0.36 
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The average load-deformation behavior for a weak position stud is affected by the 

deck gage. Ln general , the average load-deformation behavior can be characterized by five 

normalized load-deformation points which are presented in Table 8 ote that Q .. I was 

taken as the maximum test load and the last point is considered the failure load and 

deformation. 

Table 8 Average ormalized Load-Deformation Points For Weak Position hear 

Studs 

Load /) (in) 
40% Q",I 0007 
92% Q",I 01 
96% Q",I 0.2 

Q .. ", 08 
Qb .. , I I 

The effect of deck gage is accounted for by the transition from Q ,I to Qo- as the 

normalizing load Because Q...., is smaller than Q",I for deck thicker than :!:! gage there IS 

a drop in load that occurs between 0.2-in and 0 8-in of deformation This load oftenmg 

as well as other load-deformation characteristics that depend on the deck gage can be seen 

in Figure 15 where test data for four different deck gages is plotted The test loads in 

Figure 15 have been normalized by the base strengths given previously in Table 5 
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Figure 15 Effect of Deck Gage on ormalized p-~ Behavior 

Three characteristics of the load-deformation behavior for weak position studs are evident 

in Figure 15. 

o The thicker the deck the stiffer the initial response. This is expected because of the 

increase in strength discussed previously. 

o Decks thicker than 22 gage have a peak strength around O.2-in of deformation After 

the peak, the strength tends to degrade. This degrading levels out around 0 8-in. of 

deformation. 

o After O.8-in. of deformation the stud load for all deck gages is near the base strength. 

Deformation continues at the base load until failure at an average deformation of 1.1-

In 
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Three analytical models for predicting the load-deformation behavior of shear 

studs were found One model was developed by Buttry (1965) 

[ 
800" ] 

Q = Q",I I + 80 0" 

Where 

Q = Load on shear stud (Kips) 

Q .. I = Ultimate strength of shear stud (Kips) 

5 = hear stud deformation (in) 

(Eq 3) 

A second model was developed by Ollgaard, et al (1971) for continuously loaded 

shear studs in solid slabs 

[ I"" ]' , Q = Q ,I I - e (Eq 4) 

The third model is given by Oehlers and Coughlan (1986) Ba ed on tatistlcal 

anal)' is of 116 pu hout tests the authors sugge ted a bi-Itnear repre entation of the load

deformation behavior The authors determined that the average deformatton when the 

pushout test was at half of the maximum test load is given by 

Where. 

505 (1001 = (80x I 0" - 86x I 0.5 f ,)d", 

f < = Concrete compressive strength ( Imm2
) 

d", = Diameter of shear stud shank (mm) 

(Eq 5) 

The standard deviation for this equation was given as 0 .026 ~ For 4000 p i concrete 

and )I.-in diameter shear studs this corresponds to a coefficient of variation of around 

50'1-0 The initial stiffne s is then obtained by dividing half the m3.XJmum te t load by the 

above deformation and is given by 
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K, = 
(016 - o.OOl7r,)d.J. 

CEq 6) 

Upper and lower bounds for the initial stiffness were also given. The upper bound is 

obtained by substituting 0.08 for the O. I 6 in the equation and the lower bound is obtained 

by substituting 0.24 for the 0 16 

The bi-linear model consists of the initial stiffness up to Q..,I and then a plastic 

response at Qool until the failure deformation is reached. The authors defined the failure 

deformation as the deformation when there was a I % drop from the maximum test load. 

The failure deformation is given as 

/)r"lo .. = (0 48 - 0 0042 r ,) d.Jo (Eq 7) 

The units are again in and mm A lower bound for the failure deformation was given by 

substituting 0.42 for the 0 48 in the above equation For 4000 psi concrete and 'l.-in. 

diameter studs the failure deformation, based on Equation 9, would be 0.27-in This value 

is slightly larger than the average deformation values associated with the first drop in load 

capacity ba ed the pushout te ts by Lyons et al (1994) and Sublett et al (1992) These 

values were 0 18-in and 0 2-in for strong and weak position studs respectively 

'i 

All three of tbe above analytical models were evaluated again t the test data for 

strong and weak position shear studs. Many of the pushout tests exhibited a softening in 

the load-deformation response after the peak load was attained but before failure. 

Because none of the above models attempt to include this softening only data up to the 

point where test softening occurred was included in the evaluation The maximum 

measured test load was used for QooI in the analytical expressions The evaluation was 

carried out by calculating the ratio of the test load over the predicted load for each 

analytical method and for each load-deformation point. The results of the evaluation are 

summarized in Table 9 Ole that "n" is the number of load-deformation pomts included 
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in the evaluation. in addition, example load-deformation plots for a weak position 

pushout test and a strong position pushout test are presented in Figures 16 and 17 

respectively. 

Table 9 Evaluation of Load-Deformation Behavior Models 

Buttry OJl gaard Oehl ers & Coughlan 

Weak Stron Weak Strong Weak Strong 

Mean 125 1.30 0.98 1.08 3.92 401 
COY 122% 76% 17% 23% 315% 187% 

n 27 1 595 271 595 271 595 
Maximum 22.61 19.79 1.97 2.59 172. 78 141.41 

Minimum 0. 12 0.00 0.02 000 0.79 0.01 

12 
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Figure 16 Weak Position Pushout Test Load-Deformation Behavior 
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Figure 17 Strong Position Pushout Test Load-Deformation Behavior 

Of the three analytical models Ollgaard (1971) appears to fit the test data the best. Both 

Buttry (1965) and Oehlers and Coughlan (1986) typically under predict the load. [n 

addition the initial stiffness estimate by Oehlers and Coughlan clearly underestimates the 

initial stiffness seen in this test data. 

[f the load-deformation behavior after the initiation of softening occurs is not of 

interest then clearly using Ollgaard's analytical model appears to be justifiable. However, 

if the load-deformation behavior after initiation of softening is of interest then none of the 

analytical models considered so far would be suitable in the later stages of the load

deformation behavior The refinement required to include the load softening effect is not 

believed necessary at this point and therefore Ollgaard ' s analytical model is recommended 

for use up to the average failure deformations of 0.36-in. and 1. I-in. for strong position 

and weak position studs respectively. 
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It should be noted that an evaluation of the previous analytical models including all 

test data (i .e. not just up to the point where load softening began) gave results similar to 

those in Table 9. This is attributed to the fact that there are far more data points taken 

before than after load softening occurs. 

5.1.3.4 Behllvior Model For S hellr Studs 

tn summary, the behavior model suggested for shear studs is as follows The 

strength is determined by using modified AlSC Specification (Load al/d, 1993) equations. 

Where 

Where 

Qsol = SRF 0.5 A", (f' . E.)O.1 5 0.8 A", F"", (Eq 8) 

Q .. I = The strength for a single shear stud (kips) 

A.. = Area of the shear stud based on the nominal shear stud diameter (inl ) 

f' . = Compressive strength of the concrete (ksi) 

F"", = Shear stud steel tensile strength (typically taken as 60 ksi) 

Ee = Modulus of elasticity of concrete = w. Ll Jr: (Load al/d, 1993) (ksi) 

We = Unit weight of concrete (Ib ./cf.) 

RF = Stud reduction factor which is given by 

0.85 0.75 For Strong Position tuds 
SRF = r.;- (w,/h,)[(H,Ih,) - 1.0] 5 0 5 F Weak P . . d (Eq 9) 

"N, . or OSItion tu 5 

,= Number of shear studs per deck rib 

H. = Shear stud height after welding 

h, = Height of the deck rib 

w, = Width of the deck rib 

For weak position studs this strength can be modified by adding in a strength modification 

factor as given in Table 6 which accounts for the increased resistance from the deck weld. 
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The load-deformation behavior IS given by Ollgaard's analytical expression 

repeated below. 

[ -''' Jv, Q = Q.." I - e (Eq 10) 

When using this equation for modeling the composite slab behavior it is convenient to 

rearrange it so that the deformation can be determined for a given load. This is given as 

I [ (Q )2'] t5 = -iSln 1- Q." CEq II) 

5.2 Component Model of Composite lab 

The fundamental model used to combine the behavior of the reinforcing steel, 

concrete, and shear studs is the three spring model shown in Figure 18 As can be seen in 

the figure , the concrete and reinforcing steel act in parallel and the strains in each element 

are assumed to be the same. The combined concrete and reinforcing steel behavior then 

acts in series with the shear studs. 

Concrete 

Shear Studs 

~-I Reinforcing Steel 

K 
Figure 18 pring Model Of Reinforced Composite lab 

5.2. 1 Load- train Relation For Concrete And Reinforcing teel 

The first step in the modeling process is to develop a load-strain relationship for 

the combined concrete and reinforcing steel acting in parallel. The reason for developing a 

load-strain relationship rather than a load-deformation relationship is that the load-strain 

relationship will not change throughout the loading process, but because of a changing 
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effective length (discussed In the next section) a load-deformation relationship would 

change. 

Stress-strain behavior models were presented for both concrete and reinforcing 

steel in Section 5. 1.1 and 5. 1.2. To determine the load, the stresses can be multiplied by 

the effective area of the concrete and the nominal area of the reinforcing. The effective 

area of concrete is different before and after cracking. For the component model , it is 

recommended that the concrete area, used from start to finish , is the effective area after 

cracking. The details of calculating this area were given in Section 5. 1.2. This simplifies 

the analysis and because the slab is also in flexure, it is likely that the concrete would crack 

before the average axial strain reached the cracking strain. 

The basic outline of the load-strain relationship can be found by determining four 

key load-strain points. 

Load and strain at the cracking stress of the concrete 

2. Load and strain when the reinforcing steel yields 

3 Load and strain at start of strain hardening in the reinforcing steel 

4 Load and strain at the reinforcing steel ultimate stress 

Each of these points is determined by first determining the reinforcing steel load and the 

corre ponding strain that is compatible with the load. Because the strain in the concrete 

and the reinforcing steel is assumed to be equal, the reinforcing strain is then used to 

determine the stress in the concrete and finally the load in the concrete. By adding the 

loads for the reinforcing steel and concrete the total load for the calculated strain is 

determined. A summary of these four key points in terms of yield stress and ultimate 

stress of the reinforcing steel and cracking stress of the concrete and the respective elastic 

modulus is given in Table 10. 
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Table 10 Key tress- train Points For Reinforcing teel And oncrete 

Point I Point 2 Point 3 Point 4 

Concrete Stress f" ·039 f ... 0.3 f ... 0 
teel Stress f", (E.IE.) Fy Fy F" 
train fclEe ·0.00245 O.OOS 0 . 1 

• Depends on reinforcing steel y,eld stress. vaJue g,ven IS for Fy = 7 J ksi . 

previou Iy mentioned. the load values can be determined by multiply the concrete and 

reinforcing steel stress values by the effective area of the concrete and the nommal area of 

the reinforcing steel re pectively 

The load strain behavior between the origin and Pointl , between Point I and Point 

2. and between Point 2 and Point 3 is basically linear. The segments are not exactly linear 

because of the nonlinear behavior of the cracked concrete. Later it wi ll be convenient to 

have defined two stiffness values 

K, = R,/E, 

K2 = (Rr R,)/(ErE,) 

It IS also convenient to define the intercept of K2 with the ordinate axis 

Where 

R, = Load at Point I 

R2 = Load at Point 2 

(Eq 12) 

(Eq 13) 

(Eq 14) 

The load-strain behavior between Point 3 and 4 is parabolic. A parabolic interpolating 

function is given by 

R = CI E2 + C2 E + C) CEq 15) 

Where 

I= IIS(R) -R.) (Eq 16) 

C2 = 23 .6 (-R) + R.) (Eq 17) 

C~ = 1.1S15 R) - 0. IS15 It, (Eq IS) 
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And 

R3 and It. are the loads that correspond to Points 3 to 4 in Table 10. 

Later it will also have been convenient to rearrange Equation 17 to solve for the strain at a 

given load. This is done by solving the quadratic which gives 

s = 
- C, ± )C,' - 4C,(C, - R) 

2 C, CEq 19) 

The sign on the square root is positive for strains less 10%. 

5.2.2 Effective Length 

To determine the deformation of the reinforcing steel and concrete there must be 

some effective length (L,IT) by which the calculated strains can be multiplied The 

geometry of a typical reinforced composite is considered to determine the effective length 

The important parts of this geometry are shown in Figure 19 

l. 
Of lab 

L, L2 '-l 

P P, 
( 

P2 P3 

A 
B 

Figure 19 Typical Geometry For Elastic Effective Length of Reinforcing tcel 

In Figure 19 LI, L2. and L, are the distances from the centerline of the composite slab to 

the first shear stud and then the shear stud spacing respectively. PI, P2• and P, represent 

the loads carried by the reinforcing steel in each section and P is the total load carried by 

the reinforcing steel at the center line of the slab 
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lfthe load capacity of each shear stud is assumed to be that ame then PI would be 

P, P2 would be 2/3 P, and p] would be 1/3 P. The elastic deformations from point A to 

point B would then be given by 

This could be replaced by 

Where 

P (3L, 
§ = 

A,E 

P 
§ = - L." 

A,E 

In general , for """,, L,\f would be given by 

3 

L,\f = [nLl + (n-I )L2 + . + Lnl IIud. 

The same logic can be used for the concrete element as well. 

(Eq 20) 

(Eq 21) 

(Eq 22) 

(Eq 23) 

The above assumes elastic deformations For concrete when the load exceeds the 

cracking load and for reinforcing steel when the load exceeds the yield load the above 

effective length are no longer valid For convenience it is assumed that both the concrete 

and reinforcing steel elements have the same effective lengths and that the above effective 

length is valid until the reinforcing steel yields Consequently, any variation in effective 

length that would occur when the concrete cracks is ignored for purposes of this model. 

Once the reinforcing steel has yielded, the above effective length can no longer be 

used Because the load in the reinforcing steel and the concrete between the center of the 

slab and the first shear stud is the highest, the reinforcing steel will yield here first. The 

deformations that occur after yielding are much larger than the elastic deformations For 

this reason the effective length after yielding should be assumed as LI until the ultimate 

stress of the steel is reached Becau e necking of the reinforcing is typically very 
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localized. the effective length after the ultimate stress should be taken as one or two inche 

if deformations beyond the ultimate stress of the reinforcing steel are desired 

5.2.3 Developing A Multi-Linear Repre entation of the Load

Deformation Behavior 

All the tools Deeded to Implement the spring model hown in Figure I have been 

developed 

• The load-strain curve for the combined behavior of the reinforcing steel and the 

concrete 

• ffective length of the reinforcing steel and concrete 

• hear stud load-deformation behavior summarized in ection 5 I 4 

The deformation in the composite slab can be determined directly for any given load using 

these tools and the spring model Likewise, the load for any given deformation can also 

be determined, however, this is an iterative procedure because of the non-linear load

deformation behavior of each of the springs in the model 

A multi-linear representation of the composite slab load-deformation behaVior can 

be obtained by determining a variety of key load-deformation points and then connecting 

them with straight line segment Because the deformation can be calculated directly for a 

given load it is suggested that various key load points be picked and then the 

corresponding deformations be determined. The following ke loads are recommended 

Key loads for combined reinforcing steel and concrete 

Load when the reinforcing steel stress is at 50% F 

2 Load when the reinforcing steel yields 

3 Load when the reinforcing steel stress is midway between Fy and F. 

4 Load wheD the reinforcing steel stress is at F. 

Key loads for shear studs 
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I. 50% of the maximum total shear stud load capacity 

2. 80% of the maximum total shear stud load capacity 

3. 94% of the maximum total shear stud load capacity 

4. Load at a shear stud deformation ofO.36-in. 

These key points were picked because they represent transition points in the typical load

deformation behavior for either of the elements. Obviously only loads up to the maximum 

load for either the shear studs or for the reinforcing steel and concrete would be included 

in the multi-linear representation. 

5.2.4 Determining Richard Equation Parameters 

Sometimes it is convenient to represent the composite slab load-deformation 

behavior with a continuous analytical curve. The parameters of the Richard Equation 

(Richard and Elsalti , 1991) can be determined from the multi-linear representation. A 

typical curve represented by the Richard Equation along with definitions of the basic 

equation parameters are given in Figure 20. 
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R, 1---f-7f 

- In 2 
n = -,::-'=-=:-;--, 

I (R'_~) 
"\Ro K - K, 

R = Force 
/). = Dcfonnallon 
K = IniUal Elastic StilTness 
K, = PlasUc Stiffness 
K, = K - K, 
R. = Reference Load 

n = Curvuture Parameter 

Figure 20 Richard Equation (Richard and Elsalti 1991) 

The most accurate way to determine the equation parameters would be to fit the equation 

through the key points of the multi-linear representation using non-linear regression. 

However, because the key points of the multi-linear representation are approximations to 

the real behavior already, it seems justifiable to use approximate methods to determine the 

Richard equation parameters. 

The first parameter is K, the elastic stiffness. This can be approximated by the 

initial stiffness of the multi-linear representation. This would be done by determining the 

fll'St key point (i .e. either 50% reinforcing steel yield load or 50% Qsol) and dividing the 

load by the deformation at that point. 

The next parameter, Kp the plastic stiffness, can be approximated by the slope of 

the load-deformation behavior between the last two key points. If the reinforcing steel 

controls the maximum load capacity of the slab then the change in load and the change in 

deformation between the last two key points are given by 
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dR = A, (Fu-Fy)/2 

liB = 0.07 letT 

(Eq 24) 

(Eq 25) 

The resulting value of the plastic stiffness when the mean values of Fu and Fy given in 

ection 5. I I are substituted into Equation 26 is given by 

Kpr = 300 A. / LetT (Eq 26) 

ote that LetT here would be the plastic letT not the elastic LetT. 

If the shear studs control the maximum load capacity of the slab then the plastic stiffness 

can be derived as 

K",= 024 QIO' (Eq 27) 

either Kpr or K", above consider the additional deformations that would occur in the slab 

because of the flexibility of the other component (i .e. if the shear studs control then the 

added flexibility from the combined concrete and reinforcing or if the reinforcing controls 

then the added flexibility from the shear studs). For typical combinations of reinforcing 

steel and shear studs the added flexibility can be accounted by dividing Kpr or K", by two. 

To determine the reference load, R.I, the plastic stiffuess (Kp) and the load (R'm) 

and deformation (lI, ... ) associated with the last key point of the multi-linear representation 

mu t be known. Once these values are known, the reference load is calculated by 

R.i = R,,,, - 1I", .. Kp 

The deformation at the intercept of K and Kp is given by 

1I, = R.i I (K - Kp) 

(Eq 28) 

(Eq 29) 

The parameter R, is the load at deformation 1I, . This can be determined by 

interpolating between points on the multi-linear representation. Typically only the first 

two or three key points are required to determine R, . 

Finally. the curvature parameter n is given by 

-In 2 
CEq 30) 

n = In (~_ Kp) 
Ro K-Kp 

52 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

The method for determining the Richard equation parameters just outlined was 

verified by comparing the resulting curve to the multi-linear representation for a wide 

variety of composite slab variables. Overall agreement between the curve and the multi

linear representation was excellent. 

5.3 Component Model Vs. Experimental Results 

The component model described in Section 5.2 was used to develop multi-linear 

representations and Richard equation parameters for the load-deformation behavior of 

Slabs # I through #4. This section compares and contrasts these two approximations to 

the test data . 

Before any comparisons between the model and the test data could be made a 

couple of modifications to the test data were required . First, the initial stages of the load

deformation behavior for Slabs # I, #3 and #4 had significant jumps in the data. These 

jumps were caused by large slips between the rotation pin and the fixed side of the test 

setup Slab #2 did not have these jumps because most of the slipping was prevented by 

using shims and by fully tightening the bolts attaching the frame beams to the rotation pin. 

These jumps in deformation were removed from the test data. 

Second, the slab deformation determined from the tests represents the 

deformations from both sides of the specimen. This is true at lea t up to the point of 

maximum load when the shear studs in one side of the specimen would start to fail while 

the studs on the opposite side typically maintained a constant deformation. The proposed 

model considers only one side of the composite slab. Consequently, the slab deformations 

up to maximum load were divided by two. Increases in deformation that occurred after 

the maximum load can mainly be attributed to the shear studs failing on one side of the 

specimen. Consequently, these deformation measurements were taken at full value and 

simply added to the deformation at the maximum load. 
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Third, shear studs in position "A" were obviously ineffective based on reviewing 

the results presented in Section 4.3. 

ignored for modeling purposes. 

Consequently, shear studs in position "A" were 

The following parameters were considered when modeling the test specimens. 

• The effective concrete area was 98 in2 based on the guidelines given in Section 5. 1.2. 

• The concrete was normal weight with a compressive strength of 4.4 ksi This is based 

on measured concrete properties and the fact that normal weight concrete was 

ordered. 

• The area of reinforcing steel was 0.8 in2 based on the nominal area of four # 4 bars. 

• F) and Fu of the reinforcing was 71 and III ksi respectively based on the mean values 

fo r #4 Grade 60 bars given in Section 5.1. 1. 

• Strong and weak position shear stud strengths were 21 .2 and 15.2 kips respectively 

These are the nominal strengths determined using the guidelines suggested in Section 

5 1.3 .2. 

• The stud spacing LI through L., which were described in Section 5 2 2, and the 

corresponding elastic and inelastic effective lengths (L,IT) are given in Table II The 

effective lengths were determined using the guidelines given in Section 5.2 2. 

Table 11 Stud Spacing and Effective Lengths of Test Specimens 

Slab LI (in.) L2 (in.) L3 (in.) L4 (in.) LeffElastic (in.) Leff Inelastic (in .) 

# 1 5 12 12 12 23 5 

#2 17 4 8 12 27 17 

#3 5 12 12 12 23 5 

#4 17 12 12 fA 29 17 

The multi-linear and Richard equation representations of the load-deformation 

behavior are compared to the test data in Figures 2 1 through 23 . Because studs in 
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position "An were ignored test Slabs # I and #3 were considered to be the same and are 

consequently combined in Figure 21 . 
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Figure 21 Model Vs. Test Results Slab #1 And #3 
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Figure 23 Model Vs. Test Results Slab #4 

Review of Figure 21-23 shows favorable comparison between the model and the 

test results with a couple of notable exceptions. The first notable exception is that the 

maximum load predicted with the model was between 3% and 11 % higher than the 

maximum load of the test. There are two sources for this difference. First, in Section 

5. 1.3.2. 1 it was shown that the average ratio of test to predicted stud strength was 96%. 

Second, in Section 5. 1.3 .2.3 it was shown that there may be a slight drop in the stud 

strength because the concrete is in tension rather than compression. These combined 

sources of error easily explain the difference between predicted and test loads. Overall, 

the error is still small and refinement of the model is not deemed necessary. 

The second notable exception is that the deformation at the maximum load do not 

agree well . This is mainly attributable to that fact the predicted test loads were higher 

than actual test loads. The difference in deformation is attributed to the increase in 

reinforcing steel and concrete element deformations that occurred between the maximum 

test load and the maximum predicted load. 
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Based on the above comparison between the model and the test data it appears 

that the model provides a good estimate of the load-deformation behavior for the 

reinforced composite slab. However, this comparison is somewhat incomplete. All the 

composite slab tests failed because of shear stud failures . None of them completely failed 

the reinforcing steel although all of them did cause the reinforcing steel to yield . 

Ln general there are three basic combinations of reinforcing steel and sbear studs. 

First. the shear studs can be weak compared to the reinforcing steel. Essentially this 

means the shear studs fail before the reinforcing steel ever yields or is just ready to yield . 

The load-deformation behavior associated with thiS combination would mainly be 

determined by the shear stud behavior. Test Slab #4 falls into this category econd, the 

shear stud strength could be sufficient to cause the reinforcing steel to yield and stan into 

the strain hardening region but not sufficient to cause the reinforcing steel to fail The 

load-deformation behavior associated with this combination would be determined by the 

combined behavior of the reinforcing steel and shear studs. Slabs # 1 through #3 fall into 

this category, Third, the shear studs could be strong compared to the reinforcing steel 

which results in the reinforcing steel 10 failing before the studs The load-deformation 

behavior associated with this combination would mainly be determined by the reinforcing 

steel rather than the studs. None of the tests were in this category. This means that 

although the model did well in the first two categories of behavior it may not do well in 

the third . 

6. Summary, Conclusions, and Recommendations 

6.1 Summa ry 

Six composite slabs were experimentally tested in an attempt to isolate and 

determine the load-deformation behavior of a composite slab. This load-deformation 
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behavior is needed to determine the moment-rotation behavior of composite beam-girder 

connections. 

Behavior models for reinforcing steel , concrete, and shear studs were presented 

and I or developed. These behavior models were used to create a component model of the 

reinforced composite slab. A method for creating a multi-linear representation of the slab 

load-deformation behavior was developed. Ln addition, a method for determining the 

parameters of the Richard Equation so that it could be used to represent the slab load

deformation behavior was developed . The two representations of the load-deformation 

behavior compared favorably with experimental results from the composite slab tests. 

6.2 Conclusions 

The following conclusions were made in this report. 

• Shear studs that are close to the end of a composite slab (such as those near the ends 

of the composite slab test specimens) cannot properly develop forces in the concrete 

and are in general ineffective. 

• Whether the composite slab is in tension or compression seems to have little effect on 

the strength of the shear studs. 

• Using the AlSC Specification (Load alld, 1993) shear stud strength equations with 

previously suggested modifications (Easterling et al 1993 and Lyons et al 1994) 

provides a reasonably accurate estimate of the shear stud strength for studs in profiled 

steel deck. 

• The stud reduction factor calculated using the current AlSC Specification (Load al/d, 

1993) should be limited to a maximum of 0.5 for studs in the weak position. 

6.3 Recommendations 

The following recommendations are made for further study of the load

deformation behavior of composite slabs. 

58 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



e ;-: 

e 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• The behavior models developed for shear studs in this report was based on a very 

limited number of pushout tests in which a limited number of parameters were 

considered. Clearly, a more comprehensive study beginning with a collection and 

analysis of a much larger base of data would be warranted. 

• Further simplification of methods to determine a multi-linear representation of the 

load-deformation behavior or to determine the parameters of the Richard Equation are 

needed. The methods outlined in this report are still too cumbersome for use in day to 

day design. Most likely, the easiest way to simplify these methods would be to 

develop parameter equations. 

• Additional composite slab tests are also recommended to provide further verification 

of the component model. Lo particular composite slab tests were the reinforcing steel 

fails instead of the shear studs is needed. 
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Appendix A 

Material Properties 

. The yield, ultimate stress, and % elongation for tensile coupons taken from the 

reinforcing steel used in the composite slab experimental tests are presented in Table A-I 

The first part of the designation indicates which composite slab the bar was from . The 

second pan of the designation indicates the location number of the bar. The final pan of 

the designation refers to the coupon if there were multiple coupons taken For example, 

the designation I-I &2a means this was coupon a from the reinforcing bar used in 

locations I and 2 in composite slab number one. 
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Table -I Reinforcing Steel Properties 

Stress Ultimate 

Designation 2% Offset Stress % Elongation • 
(ksi) (ksi) (2" Gage) 

1-1&2a 699 115 I 178% 

1-3&4a 71 5 113 I 16.2% • 
1-3&4b 71 2 1126 161% 

1-3&4c 724 112.8 15 .2% 

2-1&2a 703 114 7 176% • 
2-1&2b 69.9 114.9 16.2% 

2- 1&2c 699 11 5.3 17.5% 

2-3&4a 683 11 5.2 18.8% 

3- 1&2a 720 114.2 173% • 
3-1&2b 728 1133 168% 

3-1&2c 719 113 6 16.8% 

3-3&4a 688 1103 1090 .0 • 
3-3&4b 704 III 4 135% 

3-3&4c 71 I 113.2 174% 

4-1&2a 696 114.9 162% • 
4-3&4a 68 .5 114.1 16.8% 

4-3&4b 675 113.6 17 6% 

4-3&4c 699 115.0 168% 

5-1&2a 683 113 I 184% • 
5-3&4a 676 114 I 19 1% 

6-3&4a 683 1153 171% 

• 
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Appendix B 

Data Packs For ompo ite lab Te t 

A typical data pack Includes eight Items 

Instrumentation Diagram Part This figure hows the overall setup for the 

particular test and some of the instrumentation 

2 Instrumentation Diagram Part B This figure shows a close up of the 

3 

4 

instrumentation u ed near the center of the te t setup 

Description of Instrumentation This table links each gage number (from the 

in trumentatlon diagrams) to a description of the instrument and the particulars 

about the in trument 

Raw Data' This table presents the raw data from each in trument 

5. Test Comments This table presents any comments that were noted during the 

test. 

6. Data Calculations' This table presents the method by which the raw data was 

manipulated to derive the calculated data. 

7 Calculated Data This table presents the calculated data of Interest based on 

• the raw data 

• 

• 

8 Plots: Plots showing Composite Slab Load vs Deformation as well as Load 

Vs. Stud lip are presented here 
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omposilt Sbb Asial Stiffn" T<Sl. lab NI 

Tnt ummary • 
Ot~criplion ofln t",mfRlalion 

GagtNo. 
Also Sense of 

Channel No. Extension Description of Musuremtnt Gag.Typ< en ilivily Full talc • 0 -.. Fh:ed Beam Rotation ST2 1.0901 10" 

I + Fixed Hearn Rotation sn 1.0931 10" 

2 Compression (.) Load cdl Load C.II 1.99 500 kips 

12 + Rebar 1·1-1 Far Side Strain Gage 4.975 I Ibsl~ slmm 

IJ + Rebor 1-1·2 For Side Strain Gage 
14 + Rebor 1-2·1 I·ar Ide Stram Gage 4 9173 Ibsl~ st"'m 
15 + Rebor 1-2-2 Far Side Stram Gage • 16 + Rebar 1-3-1 "lear Side Stram Gage 5.0335 Ibsl~ tr"m 
17 + Rebar 1-3-2 'car ide Stram Gage 

18 + Rebar 1-4-1 ear Ide Stram Gage 5.2003 Ibsl~ stram 
19 + Rebar 1-4·2 ear Side Strain Gage 

80 -.. Iud Slip fixed Side Location G POT 6" 

81 -.. SlUd lip Free Side Location G POT 6" • 82 -.. IUd Slip Fixed ide Location E POT 6" 
83 -' . tud lip Free Side Location E POT 6" 

84 .' . SlUd Slip Fixed ide Location C POT 6" 

85 -•• Stud Slip Free Side Location C POT 6" 

86 -" Stud Slip Fix Side Location B POT 6" .1 87 Stud Slip Free Side location B I'OT 6" 

88 -.. Stud Slip Fix ide Location A POT 6" 

89 -.. Stud Slip Free Side Location A POT 6" 

90 + Frome Rotation Top Near DCDT 10 094 10" 

91 + Frame Rotallon Top Far DCDT I 0934 10" 

n + Fr.une Rotation Bottom Near DCDT II 0845 10" 

93 .. Frame Rotation Bottom Far DCDT6 0.9U 10· 

94 + Lateral Displacement At loading Point DCDT4 0471 10" • 95 + Free Beam Vertu::al DI placement DCDT9 0701 15" 

96 + Free Beam Vertical Displacement DCDT8 0.947 10" 
97 + Free Beam Vertical Displacement DCDT3 0.47 10" 

98 -.. Bclo\\ Pm Vertical Displacement POT 6" 

100 -•• Test Beam Rotation Top car POT 6" 

101 -' . Test Beam Rotation Top Far POT 6" 

102 -.. Test Beam Rotation Bouom Near POT 6" • 
103 . ' . Test Beam Rotation Bottom Far POT 6" 

OGI .' . Near Pm I tonzontal Displacement Dial Gage I" 

OG2 . ' . Test Beam Rotation Near Middle Dial Gage I" 

OG3 •• Far Pm I tonzanlal Displacement Dial Gage I" 

DG4 •• Te t Beam Rotation Far Middle Dial Gage I" 

•• All data has been modified so that ( .... ) read lOgs mdicatc extension. • 

• 
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omposile Slab Axia l StifTness Test, 
Test Summary 

2 12 13 14 15 16 17 18 
(kips) (~strain) (~strain) (~stram) (~Strain) (~stram) (~strain) (~strain) 

-013 
000 
-339 
000 
-4 15 
-4 15 
-452 
-678 
-7 .91 
-8.54 
-992 

-11 31 
-1369 
-1671 
-1834 
-1997 
-2136 
-2387 
-25 .63 
-2789 
-2977 
-31.53 
-3304 
-35.30 
-37.31 
-3882 
-4008 
-41.58 
-4133 
-4083 
-39.01 
-37.69 
-35.80 
-34.17 
-32.19 
-31.28 
-2877 
-2789 
-24.62 
-23 49 
-2299 
-22.61 
-22.24 
-025 

o 
-1 

402 
335 
483 
563 
679 
776 
838 
862 
928 
1033 
1143 
1214 
1223 
1131 
1135 
1216 
128 
1164 
1043 
-135 
-185 
-279 
-305 
-299 
-3 15 
-334 
-368 
-363 
-359 
-350 
-342 
-329 
-3 12 
-293 
-262 
-230 
-207 
- 192 
-178 
-165 
-157 
-93 

68 

-1 
-13 
327 
265 
397 
464 
565 
643 
699 
718 
776 
868 
989 
1145 
1226 
1342 
1461 
1615 
1767 
1988 
2157 
1484 
1580 
1639 
1510 
1467 
1685 
2074 
2024 
2030 
2027 
2002 
1940 
1882 
1840 
1764 
1638 
1591 
1380 
1292 
1243 
1233 
1230 
-115 

-1 
-21 
344 
283 
418 
489 
592 
687 
752 
775 
835 
958 
1098 
1296 
14 3 
1662 
1979 
2348 
2449 
7143 
7300 
1542 
1316 
972 
954 
919 
938 
1051 
10 0 
995 
893 
82 1 
888 
927 
939 
950 
1012 
1093 
1121 
1062 
872 
888 
880 
823 

-1 
-1 

56 1 
474 
674 
797 
975 
1135 
1246 
1291 
1390 
1591 
1792 
2028 
2174 
2307 
2320 
2283 
2744 
831 
668 
669 
632 
546 
376 
211 
99 
29 
-5 
-5 
58 
89 
115 
150 
162 
175 
168 
196 
93 
167 
225 
266 
297 
-978 

-1 
-1 

460 
386 
558 
710 
851 
969 
1063 
1139 
1274 
1546 
1763 
1991 
2095 
2202 
2303 
2441 
2563 
1174 
721 
499 
503 
496 
503 
411 
385 
370 
380 
364 
355 
385 
383 
377 
369 
349 
292 
274 
255 
254 
264 
381 
332 
278 

-1 
-30 
295 
238 
360 
440 
504 
569 
640 
702 
819 
1080 
1275 
1513 
1624 
1143 
1880 
2110 
2439 
1515 
1264 
1425 
1461 
1529 
1719 
1894 
IQ24 
2{t99 
2385 
2400 
2268 
2301 
2338 
2364 
2389 
2367 
2280 
2278 
2078 
2006 
1041 
1919 
2055 
86 

o 
-18 
369 
310 
446 
554 
660 
741 
803 
849 
944 
1188 
1354 
1546 
1629 
1732 
1866 
2098 
2334 
2594 
2585 
7114 
11151 
11926 
12751 
13040 
13868 
5006 
4767 
4703 
4635 
4566 
4517 
4507 
4539 
4514 
4463 
4509 
4379 
4364 
4328 
4137 
4115 
3479 

Slab HI 
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Composite Slab Axial Sti rrnc s TC!ls lab HI 

Tos, ummary • 
Ra", Oat. 

Channel 19 80 81 82 83 84 85 86 87 88 

(jJSIIoml (m ) (m I (in I (m.1 (in I (m) (in I (m I (in) 

Poml 
253 0 0000 0000 0000 0.000 -0001 -0001 0000 0000 0.000 • 254 -4 0000 0.000 0.000 0.000 -0.001 0.000 0.000 0000 0.000 

255 432 0001 0000 0.001 0.000 0000 0002 0000 0002 0000 

256 367 0001 0000 0.001 0.000 0.000 0001 0000 0001 0000 

257 519 0002 0000 0001 0.000 0001 0002 0000 0002 0000 

258 635 0002 -0002 0002 0000 0001 0003 0000 0002 0000 

259 752 0002 -0004 0.002 0.001 0001 0003 0.000 0.003 0000 

260 841 0002 -0005 0.002 0001 0001 0.004 0.000 0004 0.000 • 161 916 0002 -0005 0002 0001 0001 0.004 0000 0003 0000 

262 973 0002 -0006 0001 0001 0001 0004 0000 0004 0000 

263 1081 0002 -0006 0002 0002 0.001 0004 0000 0004 0000 

264 1372 0003 -0006 0002 0.002 0002 0005 0000 0004 0000 

265 1559 0003 -0006 0.003 0.002 0002 0.005 0001 0006 0000 

266 1758 0004 -0006 0004 0002 0003 0007 0001 0007 0000 
267 1833 0004 -0006 0004 0002 0004 0007 0001 0007 0000 • 268 1912 0005 -0006 0.005 0002 0004 0008 0002 0009 0001 

269 1985 0006 -0006 0006 0002 0005 0009 0002 0010 0001 

270 2047 0007 ·0006 0006 0002 0.006 00 10 0004 0.010 0002 
271 2067 0007 -0006 0007 0.001 0007 0.01 1 0.005 00 12 0.002 

272 2 140 0009 -0006 0.009 0001 0.009 0.012 0007 00 13 0004 

173 1157 0010 -0006 0010 0001 0011 0013 0.009 00 15 0005 

274 3467 0012 -0005 0.012 0.001 0013 0015 0012 0017 0006 • 275 2288 0016 -0004 0018 0001 0019 0017 0018 0018 0008 

276 1943 0022 -0002 0023 0001 0025 0020 0024 0021 0008 
277 1862 0027 0000 0028 0001 0030 0022 0029 0023 0009 
:278 1772 0034 0004 0036 0005 0.037 0026 0037 0016 0010 

279 1712 0045 001) 0.045 0017 0.047 0036 0048 0037 0.011 

280 1665 0060 0038 0060 0042 0065 0D61 0D65 0057 0013 

281 1518 0071 0093 0069 0096 0.074 0121 0076 0109 0015 • 182 1405 0073 0148 0070 0144 0077 0181 0078 0163 0015 

283 1375 0073 0221 0072 0208 0079 0258 0079 0229 0016 

284 1346 0073 0294 0072 0.268 0078 0336 0079 0308 0016 

285 1327 0073 0367 0072 0.329 0078 04\3 0080 0.382 0016 

286 \311 0073 0449 0072 0403 0077 0499 0079 0469 0016 

287 13D6 0073 0537 0072 0484 0.077 0.593 0079 0563 0016 

288 1296 0073 0615 0.072 0.555 0.077 0676 0079 0.647 0.016 • 
289 1289 0.073 0749 0072 0.683 0076 0822 0078 0793 0016 

290 1288 0.072 0898 0072 0821 0076 0958 0078 0961 0015 

291 1277 0070 1061 0072 0989 0074 1112 0077 I 153 0.015 

292 1274 0070 1211 0072 I 147 0074 1251 0076 1330 0015 

293 1273 0068 1.350 0072 1296 0074 1380 0076 1492 0016 

294 1253 0068 1.503 0072 1455 0074 1.534 0076 1658 0016 • 295 1247 0068 1655 0.072 1614 0074 1685 0076 1829 0016 

296 1136 0051 1.589 0.055 1.521 0.054 1674 0057 1742 0012 
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Ra" Data 
Channel 

Point 
253 
254 
255 
256 
257 
258 
259 
260 
26 1 
262 
263 
264 
265 
266 
267 
268 
269 
270 
111 

272 
273 
274 
275 
276 
277 
~78 

279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
2% 

89 
(in.) 

0.000 
0000 
0.003 
0.002 
0004 
0.005 
0.005 
0.006 
0006 
0.006 
0.006 
0007 
0.008 
00 10 
00 10 
0012 
0013 
0015 
0.0 15 
00 16 
0.018 
0020 
0.020 
0.022 
0023 
0025 
0.037 
0062 
0.095 
0.138 
0.191 
0242 
0.29 1 
0.345 
040 1 
0447 
0.515 
0.530 
0488 
0.477 
0.468 
0.482 
0.537 
0.536 

90 
(in.) 

0.001 
.{).01O 
-0.05 1 
-0.05 1 
-0.062 
-0.089 
-01 16 
-0132 
-0.144 
-0.151 
.{). 160 
-0169 
-0 178 
-0. 180 
-0180 
-0181 
-0180 
-0.178 
-0176 
.{) 173 
-0169 
-0165 
-0154 
-0144 
.{) 135 
-0 120 
-0. 100 
-0062 
-0.0 II 
0.025 
0.066 
0. 109 
0.148 
0 192 
0.241 
0.285 
0359 
0445 
0.536 
0618 
0693 
0775 
0.858 
0.809 

omposi le Slab Axial StiffnH! Tests 
Tesl Summa,) 

91 
(in.) 

0.00 1 
-0.008 
-0055 
.{).053 
.{).065 
-0.093 
-012 1 
-0 139 
-0. 152 
-0159 
-0.168 
-0 178 
-0184 
-0190 
-0 19 1 
.{) 192 
-0 191 
.{) 189 
-0186 
-0.183 
-0 18 1 
-0 176 
-0166 
-0.155 
-0145 
-0 13 1 
-0109 
-0.072 
-0.02 1 
0.0 17 
0.059 
0.103 
0. 143 
0.190 
0.240 
0.286 
0.361 
0.443 
0.535 
0.617 
0.693 
0.773 
0.858 
0.822 

92 
(in.) 

0.00 1 
-0.018 
-0099 
-0.097 
-0119 
-0. 168 
-0.2 14 
-0.246 
-0 269 
-0.284 
-0.297 
'{).3 16 
-0.333 
-0.346 
-0.35 I 
-0.357 
-0.362 
-0.363 
-0.367 
'{)372 
'{).375 
-0.379 
-0.380 
-0380 
-0.380 
-0379 
-0.373 
-0.357 
-0.332 
-0.3 10 
-0.288 
-0.264 
-0.240 
-0.215 
-0.186 
-0.161 
-0.119 
-0.072 
-0018 
0.029 
0.071 
o 11 7 
0 161 
0.191 
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93 
(in) 

0002 
-0013 
-0082 
-0.080 
-0099 
-0.144 
-0.186 
-0213 
-0232 
-0243 
-0258 
-0.276 
-0.289 
-0.300 
-0.304 
-0307 
'{)3 10 
-03 14 
-0316 
-0.318 
-0.321 
-0.323 
-0324 
-0.324 
-0324 
-0.321 
-03 15 
-0301 
-0277 
-0260 
-0238 
-0.217 
-0 197 
-0.173 
-0 147 
-0124 
-0084 
-0044 
0003 
0044 
0.082 
0.122 
0 162 
0.191 

94 
(on ) 

0.002 
0004 
-0.024 
-0024 
-0.032 
-0043 
-0037 
-0037 
-0043 
-0045 
-00-15 
-0045 
-0043 
-0045 
-0043 
-0052 
-0058 
'{)065 
-0067 
-0071 
-0078 
-0078 
-0084 
-0086 
-0091 
-0097 
-0.099 
-0 106 
-0 11 2 
-0 11 2 
-0112 
-0.112 
-0 11 9 
-0.11 9 
-0119 
-0 11 9 
-01 12 
-0086 
-0058 
-0_032 
-0004 
0022 
0054 
-0052 

95 
(in ) 

0.000 
-0.094 
-0.464 
-0.399 
-0.55 I 
-0752 
-0948 
- I 100 
-1 216 
-1.279 
-137 1 
-1480 
- 1.593 
-1 708 
-1 776 
- I 857 
-1946 
-2037 
-2 11 8 
-2205 
-2.295 
-2401 
-25 15 
-2.663 
-2191 
-2944 
-3 .138 
-3441 
-3805 
-4040 
-4 .293 
-4.539 
-4766 
-5.036 
-5337 
-5.587 
-6.021 
-6526 
-704 1 
-7.542 
-8015 
-8533 
-9054 
-7949 

96 
(on ) 

0000 
-0049 
-0274 
-0.23\ 
-0.325 
-0442 
-0556 
-0650 
-07 14 
-0.753 
-0805 
-0870 
-0.936 
-1.005 
-1043 
-1 089 
-I 138 
-I 194 
-1243 
-1297 
-1.35 I 
-1410 
-1480 
-1.564 
-1643 
-1.729 
-1842 
-2020 
-2_230 
-2368 
-25 19 
-2663 
-2798 
-2956 
-3133 
-328 1 
-3.538 
-3842 
-4148 
-4445 
-4722 
-4752 
-4752 
-4677 

97 
(an.) 

0000 
'{)0 15 
-0 114 
-0 101 
-0.135 
-0.176 
-0227 
-0.261 
-0289 
-0302 
-0.323 
-0.345 
-0.375 
-0396 
-0409 
-0.424 
-0445 
-0465 
-0480 
.{) 501 
-0520 
-0542 
-0570 
-0 598 
-0632 
-0666 
-0.709 
-0.777 
-0861 
-09 12 
-0.972 
-1 028 
-1 084 
-I 148 
-1225 
-1.279 
-1.384 
-1.50 1 
-1628 
-1.752 
-I 863 
-1.981 
-2 107 
-1863 

98 
(in.) 

0.000 
-0002 
-0011 
-0.006 
-0.0 14 
-0.012 
-0012 
-00 14 
-0014 
-0013 
'{)012 
-0.009 
-0.007 
-0006 
-0005 
-0004 
.{) 00 I 
0001 
0002 
0006 
0009 
0012 
0015 
0011 
0019 
0021 
0023 
0028 
0030 
0032 
0.032 
0032 
0032 
0032 
0032 
003 1 
0029 
0.028 
0021 
0.026 
0.026 
0.027 
0.028 
0018 

lab NI 
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ompo!Jile lab A.l.ia l Sliffnt s Tests lob NI 
Ttll ummllry • 

Raw Oafl 
Channel 100 101 102 103 001 DG2 003 DG4 

(in) (on 1 (in ) (in) (in) (in ) (in) (in) 

Point 
253 0.000 0000 0.000 0.000 • 254 -0.002 -0003 -0.007 -0.007 
255 -0012 -0017 -0.036 -0.038 -0102 -0024 -0076 -0.027 
256 -0012 ·0016 -0.032 -0.035 -0097 -0.025 -0070 .(J025 
257 -0015 -0019 -0043 -0045 -0.120 -0.030 -0.090 -0033 
258 -0.021 -0.026 -0060 -0063 -0.169 -0041 -0129 -0.043 
259 ·0027 -0032 -0.076 -0080 -0.188 -0053 -0.152 -0054 
260 -0.032 -0.036 -0087 -0089 -0201 -0.060 -0.178 -0061 • 261 -0034 -0038 -0093 -0.097 -0216 -0066 -0.203 -0065 
262 -0035 -0039 -0098 -0101 -0.226 -0070 -0.218 -0068 
263 -0036 -0.040 -0.102 -0106 -0.239 -0073 -0237 -0070 
264 -0.037 -0041 -0108 -0.112 -0.259 -0.075 -0.260 -0074 
265 -0036 -0041 -0112 -0116 -0275 -0077 -0278 -0078 
266 -0035 -0040 -0 115 -0.119 -0287 -0.077 -0292 -0080 
267 -0035 -0039 -0.116 -0121 -0292 -0077 -0297 -0080 • 268 -0.034 -0037 -0117 -0123 -0.299 -0076 -0.304 -0080 
269 -0.032 -0034 -0118 -0124 -0304 -0076 -0309 -0080 
270 -0029 -0032 -0120 -0125 -0310 -0075 -03 15 -0079 
271 -0026 -0029 -0.120 -0125 -03 IS -0.074 -0321 -0078 
272 -002 1 -0024 -0 11 9 -0123 -0321 -0070 -0.326 ·007S 
273 -0015 -0.018 ·0117 -0121 -0326 -0066 -0332 -0071 
274 -0005 -0009 -0 I 13 -01 16 -0332 ·00S7 -0338 -0065 • 275 0009 0006 -0104 -0106 -0337 -0046 -0.344 -0052 
276 0.027 0026 -0.090 -0.093 -0.343 -0.029 -0350 -0036 
277 0046 0043 -0078 -0081 -0.348 -0.013 -035S -0021 
278 0070 0067 -0061 -0066 -O.3S3 0.007 -03S9 0001 
279 0105 0103 -0035 -0.039 -0.357 0038 -0364 0031 
280 0167 0.165 0014 0009 -0362 0094 -0370 0085 
281 0251 0251 0082 0074 -0.366 0.173 -0374 0159 • 282 0.312 0.312 0129 0.121 -0367 0228 -0375 0.212 
283 0383 0.381 0184 0177 -0366 0292 -0376 0275 
284 0451 0449 0238 0230 -0.366 0354 -0.376 0335 
285 0.517 0516 0.290 0.281 -0.364 0414 -0.376 0.394 
286 0592 0.591 0.350 0.339 -0.363 0482 -0376 0461 
287 0674 0.673 04 15 0.406 -0.361 OSS6 -0.376 0.534 
288 0744 0746 0 471 0.460 -0.360 0.620 -0.376 o S98 • 
289 0867 0868 0567 0.55S ·0.3S6 0.732 -0.376 0707 
290 1000 1004 0676 0.662 -0.355 -0.376 
291 I 149 I 153 0.793 0778 -0.350 -0376 
292 1281 1.286 0900 0883 -0.349 -0.376 
293 1384 1412 0997 0.982 -0.348 -0376 
294 1488 1547 1104 1087 -0348 -0376 • 295 1624 1684 1212 1.193 
296 1.505 1.564 I 138 1.117 
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T est Notes 
Data 

ompo ite lab AJ< ial tiIToess Tests 
Test umm ary 

lab # 1 

Poiot Test omm eot 

253 
254 
255 

256 
257 
296 

Instrumentation zeroed while rotation beam on temporary suppon. 
Temporary suppon removed. 
Preload. ate that this took many attempts because of problems with load cell wiring. 
this may have a softening effect on initial test data 
Remove preload 

tan test loading 
End test, because of excessive stud defonnations. 
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Composite lab Axial tiffness Tests 
Test ummary 

Data Calculations 
Rotation Calculations 

Method 
I B = Average (90,91) - Average (92,93) 

10.125-2.375 

2 B = Average (100.101) - Average (102, 103) 

3 

5.125-1.125 
B = Average (OG2.0G4) - Average (102,103) 

5.125-2.4375 

4 () = B Free Bu m - B Fu: ed Beam 

Where: 0 fixed D ea m = 
(I) - (0) 

28 

a () Fret Bea m 

b e f ree Bum 

C e Free S t i rn 

lab Deformation Calculations 

Method 

= 

= 

= 

(97) - (96) 

58 .875 - 24 .25 
(97) - (95) 

95 .875 - 24 .25 
(96) - (95) 

95.875 - 57 .875 

I 1:1 = Average (102.103 ) + 9 .25 () 

2 f). ~ Average (DG2.DG4) + 6 .5625 (J 

3 1:1 = Average (100 , 101) + 5 .25 () 

lab Load Calculations 

p = (2) 5 3 

29.9375 
+ 2 . 3 7 

Ole: Numbers enclosed in parenthesis, i.e. (2), correspond to gage numbers. 
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Ca lculated Oat. 
OaLa Load @Centerline 
Point of Reinrorcing Steel 

(Kips) 

253 0.22 
254 2.37 
255 8.37 
256 2.37 
257 9.71 
258 9.71 
259 10.38 
260 14.38 
261 16.38 
262 17.49 
263 19.94 
264 22.39 
265 26.61 
266 31.95 
267 34.84 
268 37.73 
269 40.18 
270 44.63 
271 47.74 
272 51.74 
273 55.08 
274 58.19 
275 60.86 
276 64.87 
277 68.42 
278 71.09 
279 73.32 
280 75.99 
281 75.54 
282 74.65 
283 71.S4 
284 69.09 
285 65.76 
286 62.86 
287 60.42 
288 57.75 
289 53.30 
290 51.74 
291 45.96 
292 43.96 
293 43.07 
294 42.40 
295 41.74 
296 2.8 1 

Composite lab Axial tiffness Tests Slab NI 
Test Summar') 

Rebar #1 Rebar 112 Rebar #3 Rebar #4 Rebar Total Rotation Rotation 
Axial Force Axial Force Axial Force AxiaJ Force Axial Force I 2 

(kips) (kips) (kips) (kips) (kips) (rud) (rad) 

0.00 0.00 0.00 0.00 -0.01 -00001 0.0000 
-0.04 -0.05 -0.08 -0.06 -0.23 0.0009 0.0010 
1.81 2.22 1.90 2.08 8.02 0.0049 0.0057 
1.49 1.86 1.S7 1.76 6.68 0.0047 0.0048 
2. 19 2.69 2.3 1 2.51 9.69 0.0059 0.0067 
255 3. 16 2.89 3.09 II 70 00084 0.0095 
3. 10 3.85 3.4 1 3.67 14.03 0.0105 0.0120 
353 4.48 3.87 4.12 16.00 00121 0.0136 
3.82 4.91 4.29 4.47 17.50 00133 00148 
3.93 5.08 4.63 4.74 18 38 0.0140 0.0157 
4.24 5.47 5.27 5.27 20.24 0.0147 00165 
4.73 6.27 6.61 6.66 2416 0.0158 0.0177 
5.3 1 7. 11 7.65 757 27.63 0.0167 0.0189 
5.87 8.17 8.82 8.59 31.45 00178 0.0199 
6.09 8.87 9.36 9.00 33.32 0.0183 0.0204 
6.15 9.76 9.93 9.47 35.3 1 0.0188 00212 
6.46 10.57 1053 10.01 37.57 0.0194 0.0219 

00200 0.0230 
0.0207 00237 
0.0215 0.0246 
00223 00256 
00233 0.0268 
00248 00280 
0.0261 00296 
00274 00309 
00289 0.0330 
00309 00352 
00338 0.0387 
0.0372 0.0434 
0.0395 0.0467 
00420 0.0503 
00447 0.054 1 
0.0469 0.0577 
0.0497 0.0617 
00525 0.0658 
0.0552 0.0699 
00596 00765 
00648 0.0832 
00700 0.0913 
0.0750 0.0980 
0.0795 0.1021 
00844 0.1054 
0.0899 0.1128 
0.0806 01017 
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Composite SI.b A.xia' Sliffness Tests Slab ~ I 

Test Summary • 
Ca lculate 

Da .. Rotation Rotation Rotation Rotation Rotation ~Slab ~ Slab ~Slab ~SI.b 

Point 3 4. 4b 4c Average 1 2 3 Average 
(rad) (rod) (rod) (rad) (rad) (in.) (in.) (in.) (in.) 

253 0.0003 0.0003 0.0003 0.0002 0.002 0.00 1 0.00 1 • 
254 0.0012 0.0013 0.0013 0.0011 0.004 0.003 0.003 
255 0.0043 0.0043 0.0044 0.0045 0.0047 0,001; 0.005 0.010 0.007 
256 0,003 1 0.0036 0,0038 0,0041 0.0040 0.004 0,00 1 0,007 0.004 
257 0.0047 0,0052 0.0053 0.0055 0.0056 0,007 0.005 0.0 12 0.008 
258 0.0072 0.0073 0.0074 0.0075 0.0079 0.012 0.0 10 0.0 18 0.013 
259 0.0091 0.0091 0.0094 0.0097 0.0100 0,014 0.0 12 0.022 0.016 • 260 0.0102 0.0106 0.0107 0.0109 00114 0,017 0.014 0.026 0.019 
261 0.0110 00118 0,0121 0.0124 00126 0.021 0.017 0.030 0.023 
262 0.0114 0.0126 0,0128 0.0 130 0.0 132 0.023 0,018 0,033 0.024 
263 0.0122 0.0135 0.0138 0.0141 0,0141 0026 0.021 0036 0.028 
264 0.0131 0.0148 00150 0.0152 0.0153 0.032 0.026 0.041 0.033 
265 0.0136 0.0154 0.0157 0.0160 0.0 160 0.034 0.028 0.046 0.036 • 266 0.0145 0.0171 0.0173 0.01 75 00 174 0.043 0.D35 0.054 0.044 
267 0.0149 0.0179 0.0181 0.0183 0.0 180 0048 0.040 0.057 0.048 
268 00156 0.0188 0.0190 0.0192 00188 0054 0.045 0.063 0.054 
269 00159 0.0193 0.0196 0.0199 00194 0.058 0.049 0.069 0.059 
270 0.0168 00205 0.D208 0.0210 00204 0.066 0.057 0.077 0.067 
271 00 173 0.0214 0.0216 0.0217 0021 I 0.072 0.062 0.083 0.072 
272 0.0181 0.0224 0.0225 0.0226 0.0219 0.082 0.071 0.093 0082 • 273 0.0188 0,0234 0.0235 0.0235 00228 0092 0.081 0,103 0092 
274 00199 0.0240 0.0242 00243 0.0238 0105 0.095 0.11 7 0106 
275 00208 0.0253 0,0254 0.0254 00249 0.126 0.115 0.138 0126 
276 0.0220 0.0271 0.0272 0,0273 00266 0. 154 0.142 0.166 0.154 
277 0,0232 0.0284 0.0285 0.0286 0.0279 0.178 0.166 0.191 0.178 
278 00250 0.030 1 0.0303 0.D305 0.0297 0.21 I 0.199 0224 0.211 
279 0.0265 0.0319 0.0321 0.0323 0.0315 0.254 0.241 0.269 0.255 • 280 00291 0.0350 0.0352 0.0354 0.0345 0.331 0.316 0.347 0.33 1 
28 1 0.0328 0.0389 0.0393 0.0396 00385 0.434 0.419 0.454 0.436 
282 0.0354 0,04 15 0.0419 0.0422 0.0412 0,506 0.490 0.528 0,508 

283 0.0383 0.0439 0.0442 0.0445 0.0439 0.586 0.571 0.6 12 0,590 
284 00411 0.0468 0.0472 0.0476 00469 0.668 0.652 0.697 0.672 
285 0.0441 0.0492 0.0496 0.0500 0.0496 0.744 0.729 0.777 0.750 • 286 0.0472 0.0520 0.0525 0.0529 0.0527 0.832 0.817 0.868 0.839 
287 0.050 1 0.0549 0.0556 0.0562 0.0558 0.927 0.911 0,967 0.935 
288 0.0534 0.0576 0.0582 0.0587 0.0588 1.010 0.995 1.054 1.020 
289 0.0589 0.0623 0.0629 0.0635 0.0640 1.153 1.139 1.203 1.165 
290 0.0678 0.0684 0.0689 0.0706 1.322 1.373 1.347 
291 0.0732 0.0738 0.0743 0.0765 1.493 1.552 1.523 
292 0.0783 0.0790 0.0797 0.0820 1.650 1.714 1.682 • 293 0.0834 0.0842 0.0850 0.0869 1.793 1854 1.823 
294 0.0806 0.0897 0.0977 0.0916 1.943 1.998 1.970 

295 0.0765 0.0949 0.1111 0.0970 2.100 2.163 2.132 
296 0.0837 0.0850 0.086 1 0,0874 1.936 1.993 1.965 
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Composite lab Axial tiffness Tests 
Test ummary 

Composite lab Load Vs. Deformation 

80 J 
70 

60 + 

50 

30 

20 

10 

0 

0 0.1 0.2 0.3 0.4 

lab Deformation (in.) 

Load Vs. Stud Slip 

80 -
,Jilllltl « 00 _ 0 0 

W • X6ro 0 ti.... X 6 0 0 0 

~ - X 6 00 0 

60 • x ~ -50 ;1 • 
40 ; I j.GFix oG Free - • E Fix 6 E Free 
30 -- . C Fix o C Free 

20 I • B Fix o B Free 

10 . +A Fix x A Free --
0 ' -+- • 

0 0.1 0.2 0.3 0.4 

tud Slip (in.) 
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Composite Slab Axial Stiffness Tests 
Test Summary 

Instrumentation Diaeram Part A 

• t '-'(21 54- 112" 

I 1Ir-\1Ir-\1Ir-\111Ir-\ ,-- r-\111Ir-\1I r-\II r-\II I 
~ ~ ~ ~ <== <== <== <== .. .. " 8 • " " " " 

.. 
~ ,. 

oX 
.7 .. 

I • .. 
== 

". 
~S·)/4· 
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Composit. lob Axial tilTnes Tests 
T tst umm ar), 

In trumrntalion Diagram Part B 

'~·I 2" 
... 

- - - - - - -

\ ~ "" 
t 

3/8" 
1-1I8~ 100. 101 

3-9/16" 

003.5 
7-114" 6-1/8" 

102. 103 
3/8" 

... ... 
t 

rrn 
I I 

t 12
-

34 
lLlJ 

5'16" 
90.91 

I()-II 16" 

12-78 

92, 93 

002 
I 

00 1, 4 

I I 

I II I 

78 
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• 

ompoJilc lab Axial lirrnes T .... labN2 
T ... ummal') • 

Ocurinlion ofln trumcntation 

C_gc o. 
Also Sense of 

Cha nnel o. EXlcnsion Description or Me.surtmcnl Cage Type Sen ilivity Full ule • 0 -•• Fixc:d Beam Rotauon T2 1.0901 10" 
I + Fixed Beam Rotation ST3 1.0931 10" 
2 Compression (.) Load ccll Load C.II 1.99 500 kips 
12 + Rebar4-1-1 Far Side lnlln Gage 4 .9189 Ibsl~ stram 
13 + Rebar 4-1-2 Far Side tram Gage 
14 + Rebar4-2-1 Far ide lratn Gage 5 0624 IbsI~ stram 
15 + Rebar 4-2-2 Far S,de lnun Gage • 16 + Rebar 4-3-1 'car ide Stram Gage 5 0049 IbsI~ stram 
17 + Rebar 4-3-2 ear Side Strum Gage 
18 + Reb", 4-4-1 ear ide Stram Gage 5.038 1 Ibsl~ Slra,. 
19 + Reb., 4-4-2 Near S,de Ira In G3.gc 
0 -.. S.ud lop Fi<cd Ide Loc:allon E POT 6" 

81 .. Slud lop F= SIde Location E POT 6" • 82 .. ,ud lop Fixed ide Location C POT 6" 
83 -.. ,ud lop Fn:e ide Locallon C I'OT 6" 
g~ .. ,ud Slop ""cd Side Location B POT 6" 
8~ -.. Slud lip Free Side location B I)OT 6" 
86 -.. IUd lop Fixcd Ide Location A POT 6" 
87 -.. Iud Slip Free Side Location A POT 6" 
'10 + Frnme Rotation Top car OCDT 10 0.94 10" • 91 + frame Rotation Top far OCDT I 0934 10" 
92 + rramc Rotation Bonom car OCDT II 0845 10" 
93 + rrnmc Rotauon Bouom Far OCDT6 0.942 10" 
94 + uuerllll)lsplacemenl At Loadmg POint OCDT4 0471 10" 
9~ + I·ret Beam Venlcal Displacement OCDT9 0701 15" 
% + free Beam Venlcal Displacement OCDT8 0947 10" • 97 + free Beam Venical Displacement OCDT3 047 10" 
98 -.. Uclo\\ Pm Vertlcal Displacement POT 6" 
100 -.. Test Beam Rotauon Top Ncar POT 6" 

101 Test Beam Rotation Top Far POT 6" 
102 -.. rest Beam Rotauon Bottom car POT 6" 
103 -" Test Beam Rotation Bouom Far POT 6" 

OG I -.. Pm car Iionzontal Displacement DIal Gage I" • OG2 -.. Frame Rotation Bouom car DIal G.ge I" 
I)(j 3 -.. Test Beam Rotation Middle car DIal Gage I" 
OG4 -" Pm Far Honzontal Displacement D,al Gase I" 
OG5 .. Test Beam Rotallon Middle Far D,al Gage I" 

•• All data has been mo(ilfied 50 thai (+) f't'idmgs indicate nlcnsion. • 
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Ra~ D~ .. a 
Channel 

Poinl 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
2:!S 
226 
227 
228 
219 
230 
23 1 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 

o 
(in.) 

0.005 
0.005 
0.005 
0.005 
0.000 
0.000 
0.000 
-0.009 
-0.005 
-0.009 
-0.014 
-0.014 
-0.014 
-0.014 
-0.014 
-0.014 
-0.014 
-0.014 
-0.023 
-0.023 
-0.023 
-0.023 
-0023 
-0.023 
-0.023 
-0.023 
-0.023 
-0.023 
-0.032 
-0.032 
-0.032 
-0.028 
-0.Q28 
-0.028 
-0.028 
-0.028 
-0.028 
-0.028 
-0.028 
-0.028 
-0.028 
-0.028 
-0.028 
-0.Q28 
-0.028 
-0.Q28 
-0.028 

(in.) 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
-0.005 
-0.005 
0.000 
-0.005 
0.000 
0.000 
-0.005 
-0.005 
0.000 
0000 
0000 
0.000 
0.000 
-0.005 
0.000 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.014 
0.014 
0.009 
0.014 
0.018 
0.018 
0.018 
0.018 
0.018 
0.018 
0.018 
0.018 
0.018 
0.018 
0.014 
0.018 
0.014 
0.005 

( ompositt Slab Axial Stirrn«s T<st. 
Test Summary 

2 12 13 14 15 16 17 18 
(kips) (Jl strain) (J.I strain) (Jl strain) (Jl strain) (Il strain) (J.l strain) (J.! strain) 

0.00 
-0.13 
-3.77 
-0. 13 
-6.66 
-7.66 
-842 
-8.79 
-10.05 
-11.18 
-12.69 
-13.19 
-14 .82 
-15.70 
-16.83 
-17.09 
-17.34 
-18.47 
-19.47 
-20.73 
-22.11 
-23.49 
-2425 
-2575 
-26.51 
-26.01 
-27.39 
-27.01 
-28.27 
-29.52 
-32.54 
-34.67 
-36.31 
-38.19 
-38.57 
-37.81 
-37.81 
-37.19 
-37.19 
-36.3 1 
-34.92 
-33.17 
-3 1.1 6 
-29.65 
-23.49 
-18.34 
-11.56 

o 
13 
25 
14 
34 
42 
289 
479 
539 
607 
649 
697 
777 
798 
829 
844 
856 
897 
935 
985 
1024 
107 1 
11 28 
1223 
1309 
1436 
1883 
194 1 
2025 
408 
302 
286 
264 
273 
313 
314 
336 
337 
345 
288 
234 
291 
306 
334 
90 
-80 
7 

o 
13 
26 
15 
37 
46 

325 
52 1 
600 
669 
782 
841 
972 

1065 
11 47 
1208 
1288 
1386 
1480 
1567 
1644 
1737 
1843 
2015 
2139 
2245 
2469 
2593 
2880 
1749 
1625 
1615 
1606 
1583 
1568 
1541 
1510 
1482 
1459 
1360 
1388 
1435 
1448 
1438 
1215 
985 
880 

80 

- I 
14 
31 
16 
44 
72 

320 
584 
691 
784 
932 
1016 
1189 
1306 
1393 
1460 
1549 
1633 
1711 
1748 
1809 
1874 
1932 
1982 
1632 
1238 
1053 
886 
494 
466 
417 
416 
447 
541 
602 
654 
702 
760 
750 
618 
613 
643 
705 
714 
556 
423 
321 

-I 
9 

23 
12 
34 
74 
299 
549 
646 
728 
862 
936 
1095 
1204 
1288 
1349 
1428 
1510 
1583 
1643 
1703 
1764 
1839 
1968 
2029 
1954 
1933 
1952 
1610 
145 1 
1432 
1408 
1280 
1233 
1124 
924 
850 
829 
770 
657 
672 
710 
720 
780 
657 
35 1 
224 

o 
21 
46 
27 
69 
113 
305 
660 
779 
874 
1016 
1095 
1265 
1389 
1489 
1567 
1668 
1775 
1850 
1830 
1883 
1951 
2000 
2090 
216 1 
2226 
2579 
3194 
1759 
158 1 
1561 
I j 13 
1532 
1567 
1551 
1499 
1454 
1398 
1385 
1354 
1345 
1364 
1343 
1339 
1307 
1304 
1284 

- I 
15 
37 
19 
56 
92 
252 
514 
602 
674 
780 
838 
967 
1058 
11 35 
1189 
121>4 
1354 
1420 
1420 
1464 
1529 
1603 
1741 
1828 
1899 
2179 
2254 
298 
273 
288 
355 
407 
46 1 
488 
446 
465 
449 
440 
428 
421 
493 
537 
549 
380 
277 
235 

o 
8 
18 
10 
28 
39 
96 
418 
499 
565 
665 
724 

848 
943 
1020 
1083 
117 1 
1282 
1387 
1503 
1567 
1680 
1854 
2177 
2389 
2422 
3463 
6888 
27 19 
2187 
1961 
1777 
1631 
1616 
1594 
1558 
1537 
1518 
1502 
1485 
1467 
1453 
1431 
1405 
1349 
1326 
1325 

lib N2 



R. ", Dat i 
Channel 19 80 

(j! slrain) (In .) 

POint 

206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
2~ 1 

242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 

o 
22 
43 
26 
63 
83 
173 
708 
852 
968 
1146 
1252 
1456 
1616 
1743 
1849 
1978 
2095 
2164 
2176 
2246 
230 1 
2325 
2333 
2321 
2314 
5117 
7327 
7311 
7150 
7284 
6625 
5147 
5134 
5027 
497 1 
4905 
4794 
4863 
4825 
4868 
4905 
4902 
4903 
4697 
4445 
4240 

0000 
0.001 
0.001 
0.001 
0.001 
0001 
0001 
0.002 
0.002 
0.002 
0002 
0.002 
0004 
0004 
0004 
0.004 
0.004 
0.005 
0.005 
0.006 
0006 
0007 
0.009 
0010 
0.013 
0.015 
0.017 
0018 
0.022 
0.024 
0026 
0034 
0.045 
0.056 
0.068 
0.106 
0.148 
0.175 
0192 
0.214 
0.277 
0.4 16 
0.557 
0.699 
0898 
I 107 
1J59 

Composile Slab Ax ial Ciffnt s Tests 
Test ummary 

81 
(In ) 

0.000 
0.000 
-0.001 
-0.00 1 
..oOO I 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0001 
0001 
0001 
0.001 
0.001 
0.00 1 
0002 
0.003 
0.004 
0005 
0.006 
0007 
0.008 
0.009 
0010 
0.010 
0.012 
0.021 
0.026 
0.032 
0.048 
0.064 
0.090 
0.098 
0.113 
o 140 
0.175 
0.205 
0.21 1 
0.2 13 
0.2 13 
0.213 
0.2 13 
0.213 
0.210 

82 
(in.) 

0.000 
0.000 
0.000 
0.000 
0.00 1 
0.001 
0.001 
0.002 
0.002 
0.002 
0.002 
0.003 
0.004 
0.004 
0.004 
0.005 
0.006 
0.006 
0.006 
0.008 
0.008 
0.0 10 
0.010 
0013 
0.015 
0.018 
0.021 
0.023 
0.028 
0.03 1 
0.033 
0.04 1 
0.056 
0.069 
0.085 
0.137 
0.184 
0.2 14 
0.235 
0.265 
0.335 
0.486 
0.642 
0.801 
1.014 
1.208 
1.456 

81 

83 
(in) 

0.000 
0.000 
0.00 1 
0.00 1 
0001 
0001 
0.002 
0.002 
0.002 
0.002 
0002 
0002 
0002 
0003 
0004 
0004 
0.004 
0.004 
0.004 
0.008 
0.009 
0009 
0.010 
0.01 1 
00 12 
0.013 
0.013 
0.014 
o OIS 
0025 
0.032 
0.04 1 
0.061 
0.081 
0.111 
0. 11 9 
0.134 
0.160 
0.192 
0.22 1 
0.227 
0.228 
0.230 
0.230 
0.228 
0.225 
02 19 

84 
(in.) 

0.000 
..o.OO I 
..o.OOI 
..o.OOI 
0000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.001 
0001 
0002 
0002 
0002 
0.003 
0.004 
0004 
0.004 
0.005 
0.006 
0.007 
0008 
001 1 
0.013 
0016 
0.019 
0020 
0.026 
0.029 
0.032 
0.040 
0.056 
0.068 
0082 
0.130 
0. 178 
0.208 
0.228 
0.259 
0.327 
0.474 
0.622 
0.775 
0.97 1 
1. 160 
1.413 

85 
(in.) 

0.000 
0.000 
0.00 1 
0.001 
0.00 1 
0.002 
0.002 
0.002 
0.002 
0.002 
0002 
0002 
0003 
0.004 
0.004 
0.005 
0.005 
0.005 
0005 
0.008 
0.009 
0009 
0.010 
0.01 1 
0012 
0013 
0.015 
0.015 
0.017 
0.029 
0.036 
0.046 
0.068 
0.089 
0.124 
0. 135 
0.155 
0.188 
0.232 
0.267 
0.275 
0.277 
0.278 
0.278 
0.275 
0.272 
0.264 

86 
(In.) 

0.000 
0000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0001 
0.001 
0001 
0002 
0.002 
0002 
0002 
0002 
0.003 
0004 
0004 
0004 
0.004 
0005 
0007 
0007 
0.007 
0007 
0008 
0009 
0.010 
0.012 
0.019 
0.024 
O.oz8 
0.037 
0.045 
0050 
0.053 
0056 
0088 
0.150 
0.177 
0.198 
0.239 
0.272 
0.328 

87 
(In ) 

0.000 
0.000 
0.000 
0000 
0.00 1 
0.001 
0.001 
0.001 
0.001 
0.002 
0.003 
0003 
0004 
0006 
0006 
0006 
0.007 
0007 
0.007 
0010 
001 1 
0012 
0013 
0015 
0015 
0.017 
0.017 
0.018 
0020 
0022 
0.023 
0.024 
0.024 
0026 
0026 
0.027 
0028 
0029 
0031 
0032 
0.032 
0.032 
0.032 
0.032 
0032 
0.032 
0.031 

90 
(in.) 

0.000 
-0.009 
-0.012 
-0.012 
-0.014 
..o.016 
-0.018 
..o.022 
-0.023 
-0.025 
-0.027 
-0.031 
..o 037 
..o.O-l2 
..o048 
-0.055 
-0.065 
-0.073 
-0.079 
-0.081 
-0.085 
-0088 
-0091 
-0.093 
-0097 
-0 105 
..o.1I 1 
-0123 
..o 128 
..o 126 
..o.123 
-0.107 
-0.075 
-0.049 
-0.012 
0026 
0.068 
0.105 
0 142 
0.183 
0.226 
0309 
0.39 1 
0.476 
0.577 
0.665 
0.780 
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Ra\\ Ilata 
Channel 91 

Point 
206 
207 
208 
209 
210 

211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
:U8 
229 
230 
231 
232 
233 
234 

235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
25 1 
252 

(in.) 

0.000 
-0.009 
-0.0 14 
-0.014 
-0.017 
-0.020 
-0.022 
-0.025 
-0.028 
-0.029 
-0.034 
-0.037 
-0.04 1 
-0.049 
-0.056 
-0.064 
-0.073 
-0.083 
·0.088 
-0.092 
-0.096 
-0. 100 
-0.104 
-0.107 
-0.110 
-0.118 
-0.125 
-0.136 
-0.144 
-0.143 
-0.140 
-0.123 
-0.093 
-0.067 
-0.032 
0.007 
0.050 
0.089 
0.127 
0.168 
0.212 
0.298 
0.378 
0.462 
0.565 
0.653 
0.772 

92 
(in.) 

0.002 
-0.008 
-0.029 
-0.021 
-0.033 
-0.033 
-0.041 
-0.048 
-0.054 
-0.059 
-0.068 
-0.069 
-0.084 
-0.098 
-0.107 
-0.124 
-0.139 
-0.157 
-0.171 
-0.183 
-0.193 
-0.202 
-0.210 
-0.224 
-0.234 
-0.253 
-0.270 
-0.292 
-0.3 17 
-0.328 
-0.332 
-0.329 
-0.319 
-0.308 
-0.290 
-0.267 
-0.24 1 
-0.218 
-0.197 
-0.176 
-0.151 
-0.103 

ompositt Slab Axia l tifTncn Tests 
Test Summary 

93 
(in.) 

0.001 
-0.019 
-0.026 
-0.025 
-0.032 
-0.036 
-0.040 
-0.046 
-0.051 
-0.056 
-0.063 
-0.069 
-0.080 
-0.094 
-0 104 
-0. 11 7 
-0.134 
-0.148 
-0.162 
-0.173 
-0.183 
-0.190 
-0200 
-0.210 
-0.222 
-0.238 
-0.253 
-0.276 
-0.298 
-0.310 
-0.3 12 
-0.3 14 
-0.303 
-0.295 
-0.271 
-0.260 
-0.237 
-0.217 
-0.199 
-0.178 
-0.157 
-0.11 2 

94 
(in.) 

0.002 
0.015 
0.015 
0.015 
0.006 
0.009 
0.006 
0.004 
0.006 
0.004 
0.006 
0.006 
0.004 
-0.002 
-0.002 
-0.002 
-0.004 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.015 
-0.015 
-0.013 
-0.0 15 
-0.013 
-0.015 
-0.015 
-0.015 
-0.024 
-0.030 
-0.030 
-0.035 
-0.035 
-0.035 
-0.035 
-0.035 
-0.035 
-0.037 
-0.030 

95 
(in.) 

-0.002 
-0.089 
-0.166 
-0.109 
-0.23 1 
-0.259 
-0.299 
-0.353 
-0.401 
-0.440 
-0.508 
-0.55 
-0.64 1 
-0.721 
-0.791 
-0.859 
-0.946 
-1.03 1 
-1.120 
-1.240 
- 1.323 
-1.395 
-1.482 
-1.591 
-1.682 
-1.785 
- 1.911 
-2.03 1 
-2.249 
-2.434 
-2.569 
-2.752 
-3 .033 
-3.275 
-3.524 
-3.766 
-4.042 
-4.275 
-4.526 
-4.717 
-5.036 
-5.533 

96 
(in.) 

0001 
-0.047 
-0.099 
-0.062 
-0.141 
-0. 155 
-0.178 
-0.211 
-0.237 
-0.261 
-0.301 
-0.329 
-0.380 
-0.425 
-0.464 
-0505 
-0.557 
-0.609 
-0.658 
-0.729 
-0.718 
-0.82 1 
-0871 
-0.935 
-0.989 
-1.05 1 
-1.1 24 
-1.1 94 
-1.320 
-1.428 
-1.504 
-1.613 
-I. 718 
-1.9 15 
-2.063 
-2.205 
-2.371 
-2.509 
-2.650 
-2.800 
-2.95 1 
-3.250 

97 
(in.) 

0.002 
-0.013 
-0.041 
-0026 
-0.062 
-0.071 
-0.071 
-0.092 
-0099 
-0.114 
-0.129 
-0. 135 
-0. 156 
-0. 176 
-0.191 
-0.212 
-0.233 
-0.255 
-0.268 
-0.296 
-OJ IS 
-0.330 
-035 1 
-0.371 
-0.392 
-0.413 
-0441 
-0.467 
-0.516 
-0.559 
-0.587 
-0.636 
-0.698 
-0.754 
-0.810 
-0.865 
-0.927 
-0.983 
-1.039 
-1.094 
-1. 159 
-1.274 

98 
(in.) 

0.00 1 
-0.002 
-0.007 
-0.002 
-0.010 
-0.011 
-0.008 
-0.002 
-0.002 
-0002 
-0.001 
0.001 
0.001 
0.002 
0.002 
0002 
0.003 
0.004 
0.004 
0.007 
0.007 
0009 
0.010 
0012 
0013 
0.013 
0.015 
0.015 
0.017 
0.018 
0.020 
0.023 
0026 
0.Q28 
0.030 
0.030 
0.030 
0.030 
0.031 
0031 
0.030 
0.029 

-0.056 -0.070 -0.015 -6.023 -3.539 -1.392 0.028 
-0.005 -0.030 -0.004 -6.533 -3.839 -1.5 12 0.028 
0.056 0.Q25 0.024 -7.071 -4.152 -1.645 0.025 
0.111 0.075 0.045 -7.522 -4.4 19 -1.754 0.024 
0.186 0.144 0.078 -8.084 -4.754 -1.887 0.020 

82 

100 
(in ) 

0.000 
-0.002 
-0.003 
-0003 
-0.004 
-0.004 
-0.004 
-0.002 
-0001 
0.000 
0001 
0.000 
0001 
0.000 
0000 
-0.002 
-0004 
-0005 
-0.006 
0000 
0.000 
000 1 
o (){14 

0008 
0010 
0011 
0015 
0.0 15 
0.026 
0045 
0.059 
0089 
0.144 
0.192 
0.252 
0.3 15 
0.385 
0448 
0511 
0.578 
0.649 
0787 
0.923 
1.061 
1.226 
1.368 
1.555 

101 
(in) 

0.000 
-0.003 
-0.004 
-0.004 
-0.004 
-0004 
-0.003 
0002 
0002 
0003 
0004 
0.004 
0004 
0.004 
0004 
0002 
-0001 
-0002 
-0002 
0.004 
0.004 
0004 
0007 
0.0 11 
00 13 
0015 
0018 
0017 
0029 
0.046 
006 1 
0.090 
0.144 
o 192 
0252 
0.3 14 
0.385 
0448 
0.5 11 
0.571 
0.648 
0.787 
0.920 
1.057 
1.219 
1.363 
1.547 

Slab H2 
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Composite Slab Axial Stiffness Tests Slab H2 

Test Summary • 
Raw Data 
Channel 102 103 DGI DG2 DGJ DG4 DG5 

(in.) (in .) (in.) (in.) (in.) (in .) (in.) 

Point 
206 0.000 0.000 0.000 0.000 0.000 0.000 0.000 • 207 -0.005 -0.007 -0.017 -0.014 -0.003 -0.005 -0.005 
208 -0.009 -0.010 -0.027 -0,023 -0,006 -0.009 -0.009 
209 -0.007 -0.007 -0.025 -0,017 -0.005 -0.005 -0.007 
210 -0.010 -0,011 -0.032 -0.029 -0,007 -0.015 -0.010 
211 -0,010 -0.013 -0,035 -0.033 -0.008 -0.019 -0,011 

212 -0.012 -0,014 -0.039 -0.038 -0,009 -0,025 -0,011 

213 -0,012 ·0.015 -0,047 -0,046 -0,008 -0,033 -0.0 I 0 • 214 -0,013 -0.016 -0.052 -0.052 -0.009 -0.040 -0.010 
215 -0.013 ·0,017 -0.057 -0,057 -0.009 -0.045 -0.010 
216 -0.015 -0.018 -0.064 -0.065 -0.009 -0.054 -0.010 
217 -0.018 -0.021 -0.074 -0,074 -0,011 -0.063 ·0.012 
218 -0,020 -0,025 -0.087 -0.087 -0.012 -0,077 -0.014 
219 -0.024 -0.029 -0.103 -0.102 -0,015 -0,093 -0,017 • 220 -0.D28 -0.032 -0.116 -0,114 -0.017 -0.105 -0,019 
221 -0,034 -0.037 -0,133 -0,129 -0,020 -0.121 -0,023 
222 -0,040 -0.044 -0.155 -0,149 -0.023 -0,142 -0.028 
223 -0,046 -0.050 
224 -0.050 -0.055 -0.189 -0,181 -0.029 -0.178 -0.035 
225 -0.051 ·0.055 -0.203 -0.196 -0,027 -0.194 -0032 
226 -0.055 -0,058 -0.212 -0.208 -0.028 -0.204 -0,034 • 227 -0,057 -0.060 -0.220 -0.218 -0.029 -0.212 -0.036 
228 -0.059 -0.061 -0.228 -0,229 -0.028 -0.220 -0.036 
229 -0.059 -0.063 -0.237 -0.243 -0.025 -0,230 -0.035 
230 -0,062 -0.066 -0.244 -0.257 -0.025 -0,237 -0.036 
231 -0.066 -0.069 -0.248 -0.276 -0.027 -0.241 -0.038 
232 -0.068 -0.072 -0.252 -0.293 -0.026 -0.245 -0,038 • 233 -0.075 -0.079 -0.255 -0,321 -0.031 -0.246 -0.043 
234 -0.074 -0.078 -0,259 -0.349 -0.023 -0.25 1 -0.038 
235 -0.066 -0,070 -0261 -0.369 -0.010 -0.254 -0.026 
236 -0,057 -0.061 -0.264 -0.375 0.002 -0.258 -0.016 
237 -0.037 -0.040 -0.269 -0.378 0.028 -0.264 0,007 
238 0,002 -0,002 -0.275 -0.377 0.077 -0.27 1 0,052 
239 0,038 0.033 -0.279 -0.375 0.118 -0.275 0.091 • 240 0,086 0,079 -0.282 -0.368 0.171 -0.278 0,142 
241 0,135 0.129 -0.282 -0.357 0.226 -0.278 0.197 
242 0.190 0.183 -0.282 -0.346 0.289 -0.279 0.257 
243 0.240 0.232 -0.283 -0.335 0.343 -0,278 
244 0.288 0.279 -0.283 -0.325 0.397 -0.279 
245 0.342 0.333 -0.283 -0.3 14 0.456 -0.278 • 246 0.398 0,389 -0.282 -0.300 0.518 -0.277 
247 0.507 0.496 -0.281 -0.276 -0,275 
248 0.615 Q.601 -0.280 -0.251 -0.273 
249 0.722 0.709 -0.279 -0.226 -0.271 
250 0.853 0.836 -0.274 -0.264 
25 1 0.969 0,952 -0.268 -0,257 
252 1.118 1.099 -0.258 -0,24 1 • 
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TeSI ole. 
Data 

ompo ile lab A ial tirrne Te Is 

Te I ummary 

Poinl Te t ommenl 

206 
207 
208 
209 
210 
252 

Instrumenlalion zeroed while rotalion beam on lemporary suppon. 
Temporary suppon removed. 
Preload specimen 

Remove preload 
Sian leSI loading 
TeSI ended because of shear Siud failure 

84 
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ompo ite lab Axial tiffness Tests 

Test ummary 

Data alculations 

Rotation Calculations 

Method 
I 

Average (90,9 1) - Average (92,93) 
B = 7.75 

2 0 = Average (100,101) - Ave rage (102,103) 

3 

5 

0= Average (003. DG5) - Average (102.103) 

2.5625 

4 f) = (} rru BUill - (} FI\cd BUill 

Where: () Fucd 8 cam = 
(1)-(0) 

28 

a 

b 

c 

lab Deformation Calculations 

Method 

() ftu~ B elm ;;::: 

o Free B clfn = 

o Fue Be.", = 

(97) - (96) 

33.5 
(97) - (95) 

7 I .5 
(96) - (95) 

38 

I tJ. = Average (102,103) + 10.250 

2 to - Average (DG3.DG5) + 7.68750 

3 tJ. = Average (100,101) + 5.250 

lab Load Calculations 

p = (2) 52 . 5 

29.9375 
+ 2 . 37 

ote: umbers enclosed in parenthesis. i.e. (2), correspond to gage numbers. 
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Composil t: Slab Axial liffness Tu ts SI. b #2 

• Tesl Summllry 

Calculated Data 
Data Load @ Centerline Rebar #1 Rebar #2 Rebar #3 RebllT #4 Rebar Total Rotation ROUluon 
Point of Reinforcing Steel Axial Force Axial Force Axial Force Axial Force Axial Force 1 2 

(Kips) (kips) (kIps) (kips) (lips) (kips) (rad) (rod) 

• 206 0.00 0.00 0.00 0.00 0.00 -0.0 1 -0.0002 0.0000 
207 2.59 0.07 0.06 0.09 0.08 0.29 00007 0.0007 
208 8.98 0.13 0.14 0.21 0.16 0.62 00019 0.0012 
209 2.59 0.07 0.07 0. 12 0.09 0.35 0.0012 00007 
210 14.05 0. 17 0.20 0.31 0.23 0.91 00022 0.0012 
211 15.81 0.22 0.37 0.51 OJI 1.41 00021 00015 

• 212 17.13 1.51 1.57 1.39 0.68 5.15 00026 0.0019 
213 17.79 2.46 2.87 2.94 2.84 11.10 00031 0.0027 
214 19.99 2.80 3.39 3.46 3.40 13.05 0.0035 0.0030 
215 21.98 3. 14 3.83 3.87 3.86 1470 00039 00034 
216 24.62 3.52 4.54 4.49 456 17.12 0.0045 00038 
217 25.50 3.78 4.94 4.84 4.98 1854 0.0045 00043 
218 28.37 4.30 5.78 5.59 580 21 48 00056 00050 • 219 29.91 4.58 6.35 6. 12 6.45 23.51 00065 0.0057 
220 31.89 486 679 6.57 6.96 25 17 00070 00064 
221 32.33 5.05 711 6.90 7J9 2644 00078 0.0072 
222 32.77 5.27 7.54 7.34 7.93 28.08 o (J087 00079 
223 34.76 5.61 7.95 783 8.51 2990 00096 0.0089 
224 36.52 5.94 8.34 8 18 8.95 3140 0.0107 00097 

• 225 38.72 6.28 858 8. 13 9.27 32.26 00118 00109 
226 41.14 6.56 889 8.38 961 3343 00126 00116 
227 43 .57 6.91 9.21 871 10.03 3485 0.0131 00122 
228 44.89 7.31 9.55 902 1053 36.40 0.0139 00131 
229 47.53 7.96 10.00 959 11.36 3891 00151 00141 
230 48.86 00161 00151 
231 47.97 00173 00161 • 232 5040 0.0185 00172 
233 49.74 00199 00186 
234 51.94 00222 0.0207 
235 54.14 00239 0.0227 
236 59.43 0.0246 0.0238 
237 63. 18 00266 0.0256 

• 238 66.04 00293 00287 
239 69.34 00315 0.0313 
240 70.00 00337 0.0339 
241 68.68 00361 00366 
242 68.68 0.0385 0.0397 
243 67.58 00407 00425 
244 67.58 00429 0.0453 

• 245 66.04 00456 00480 
246 63.62 00481 0.0510 
247 6053 00530 0.0571 
248 57.01 0.0577 00627 
249 54.36 00628 0.0687 
250 43.57 00685 0.0756 

• 251 3454 00730 00811 
252 22.64 0.0788 00885 
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Composile lab Axia l lirrntS TUlJ lab N2 

Tut Summlr, • 
C.lcul11e 

Da .. Rotauon Rotation Rotation Rotauon Rotauon A Slab 6 Slab 6 Slab 6SI.b 

I)omt 3 4a 4b 4< Average I 2 3 A\'crage 

(rad) (rad) (rad) (rud) (rad) (in.) (in.) (in.) (in.) 

206 0.0000 0.0002 0.0002 0.0002 0.0001 0.001 0.001 0.000 0.001 • 
207 O.OOOS 00012 00012 0.0013 00010 0.004 0.004 0.002 0.003 

20S O.OOOS 0.0019 00019 0.0019 00016 0.007 0.005 0.005 0005 

209 00004 00013 00013 0.0014 00011 0004 0002 0.002 0.003 

210 0.0007 00024 00024 00024 00019 0.009 0006 0006 0.007 

211 OOOOS 00025 00026 0.0027 00020 0009 0006 0006 0.007 

212 0.0012 00030 00031 0.0032 0.0025 0.013 0009 0.009 0010 • 213 0.0017 0.0032 00033 0.0034 00029 0016 0.013 0.015 0.015 

214 0.0019 00041 00042 0.0043 00035 0022 0017 0019 0.019 

215 00023 00043 00044 00045 o 003S 0.024 0.020 0.021 0.022 

216 00027 00047 00048 0.0049 0.0042 0027 0.023 0.025 0.025 

217 00031 00055 00055 00056 00048 0.029 0025 0.027 0027 

218 0.0037 00062 00063 0.0064 00055 0034 0.030 0.032 0032 • 219 00041 00070 00071 0.0073 00063 0.038 0.032 0035 0.035 

220 00048 00078 0.0081 00083 00071 0042 0.036 0039 0.039 

221 00056 00084 00087 0.0090 00078 0.044 0038 0.041 0041 

222 00065 00092 0.0095 00097 00086 0046 0.041 0043 0043 

223 0.0101 00104 00106 00099 0 .054 004S 0051 

224 00080 00108 00111 0.0113 00103 0.053 0.047 0.050 0 .050 

225 00091 0.0121 00124 00126 0.0115 0065 0.059 0062 0062 • 226 0.0098 00130 0.0133 00135 00123 0070 0.064 0.066 0067 

227 00101 00140 0.0142 00144 00130 0075 0068 0.071 0.071 

228 0.0109 00147 00150 00152 00138 0082 0074 0078 0078 

229 00120 00159 00161 00163 00149 0092 0085 0.088 0088 

230 0.0129 00168 0.0171 00173 00159 0099 0.092 0.095 0095 

231 0.0137 00181 00182 0.0183 00169 0106 0.098 0.102 0102 

232 0.0148 0.0194 00196 0.0197 00182 0117 0.108 0112 0112 • 
233 00156 0.0207 00209 00210 00195 0122 0113 0118 0118 

234 0.0178 00227 0.0229 0.0231 0.0216 0145 0135 0141 0.140 

235 0.0196 0.0243 00246 00249 00233 0.171 0161 0168 0167 

236 0.0203 0.0257 00261 0.0264 0.0245 0.192 0 181 0189 0.187 

237 002 19 0.0278 00283 0.0287 0.0265 0.233 0.22 1 0.229 0.228 

238 0.0251 0.0308 0.0312 0.0316 0.0294 0.302 0.291 0.299 0.297 • 239 0.0268 0.0330 0.0336 0.0342 0.0317 0.36 1 0.348 0.359 0.356 

240 0.0289 0.0358 0.0363 0.0368 0.0342 0.433 0420 0432 0.428 

241 0.0311 0.0384 00389 0.0394 0.0367 0508 0494 0.508 0.503 

242 0.0337 00415 00419 0.0423 00396 0.593 0.577 0.593 0.588 

243 00419 00439 00444 00449 00430 0677 0.674 0674 0675 

244 0.0441 0.0464 00471 00477 00456 0751 0.748 0750 0.750 

245 00463 0.0493 0.0499 00504 0.0482 0832 0827 0831 0830 • 
246 0.0487 00519 00526 0.0532 00509 0.915 0.909 0.915 0913 

247 0.0573 0.0579 0.0584 00568 1.083 1.085 1084 

248 00625 0.0631 0.0637 00619 1.243 1.247 1.245 

249 0.0680 00687 00694 00675 1408 1.414 1411 

250 00732 00743 0.0752 00734 1.597 1608 1.602 

251 0.0781 0 .0792 0.0802 00783 1.763 1.777 1770 • 252 00844 00855 0.0865 00848 1.977 1.996 1.987 
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Compo,ite Slab Axial Stiffne .. Te," 
Test Summary 

Instrumentation Diagram Part A 
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.mp.,Ue IlIb A iol IIffn ... To,1S 
Test ummaf) 

In,crumentation Diagram Part 8 
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Ulllpositt SI.h Axial Stiffness THIS lab #3 
Telt Summary • 

O~criptil)n of Instrumrntation 

Gage No. 
Also S~nst of 

('hannd No. Estension Dtscripdon of Mellsuremmt Gage Type S ensi ti vi t)' FuU Scale • 0 -" Fixed Beam Rotation S1'2 1.0901 10" 
+ Fixed Scum Rotation STJ 1.0931 10" 

2 Compression (-) Load cell Load Cell 1.99 500 kIps 
12 + Re""r S-I-I Near Side Stram Gage 4 92J4Ibs1~ stmJn 
13 + Rebar 5-1-2 Near SIde Strain Gage 
14 + Rebar 5-2-1 Near SIde Stram Gage 4 8766 Ills. ~ slra," 

IS + Rebar 5-2-2 Near Side Stram Gage • 16 + Rebar 5-3-1 Far Side Stram Gage 4 93521bs.~ slra," 

17 + Rebar 5-3-2 Far Side StmJn Goge 
18 + Rebar 54-1 Far Side Stram Gage 4 995 Ib", ~ slnlln 
19 + Rebar S-4-2 Far Side Stram Gage 

80 -.. Stud Slip Fi~ed Side Locabon G POT 6" 
81 -•• Stud Slip Free: Side Location G POT 6" • 82 -" Stud Slip Fixed Side LocatJon E POT 6" 
83 -" Stud Slip Free Side Location E POT 6" 
84 -" Stud Slip Fixed Side Locution C POT 6" 
a5 •• Stud Slip Free Sid&: Locution C POT 6" 
86 -•• Stud Slap Faxed SIde Lo .. "on B POT 6" 
87 •• Stud Slip Free SIde Location B POT 6" 
90 + Test Bcam Sepcrallon Fix Near DCDT6 0.!).I2 10" • 91 + Test Beam Sepc:rullon Fi'( Far DCDT7 ? ? 

'J2 + Test Beam Scpefllhon F~e Near DCDT I 0.934 10" 
QJ T esl Bea.m SeperatJOn F fte Far DCDT3 047 10" 
!).I + l.ateral DLSplacement At Loadmg POint DCDT4 0471 10" 
Q5 + Free Beam Vertical Dlspltu:emenl DCDT9 0701 IS" 
96 + Free Beam Vertl at Dlsplacemenl DCDTS 0.!).I7 10" • 97 + Free Beam Vertical Dlsplacemenl DCDTIO o !).I 10" 

DGI •• Ncar Pin Ifonzontul Displacement Dial Gage· I" 
DG2 -" Near Bottom Rotate Beam Dial Gage· I" 
OG3 -" Nelli Middle Test Beam Dlul Gage· '" DG4 -" Far Pin lIonzontal DlSplacemenl OlaJ Gage · I" 
OGS •• Fill Bottom Rotale Beam Dial Gage· I" 
DG6 -" Far Middle Test Beam Dial Gage· I" • 

• Dial page readings not started untll data pOint 112, whUe other measurements star1ed at data POint 92 
•• All data has been modified so that (+) readings Indicate extension. 
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Te.~t ntes 
Dula 

Composite lab A"ial Stiffness Tests 
Test Summary 

lab #3 

Point Test Comment 

92 
93 
94 
95 
96 
101 
110 
112 
158 

Instrumentation zeroed while rotation beam on temporary support. 
Temporary support removed. 
Preload specimen 
Remove preload and re-zero all DCDTs used to measure nange seperation 
Start test loading Small trannerse crack at the slab center starting to fonn 
Channel 19 ofTscale 
Unload specimen to add dial gages 
Re-zero load cell 
Test ended. The nange seperation and beam denection were excessive and no further 
loading seemed reasonable. A cracl.. fonned along the line of the shear studs between 
the load point and the original transverse crack. 
This crack allowed large shear stud defonnations without a shear stud failure 
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Composite Slab Axial tiffness T ests 
Test ummary 

Data Calculations 
Rotation Calculations 

Method 

4 t = t Fr .. 8 .. 11'1 • t fllo.ed Bum 

Where: I FIl(,dBllm = 
(I) - (0) 

28 

a I rUr 8cII1'I 

b I Ftt't 8 ella 

c I Frer 8 cu. 

lab Deformation Calculations 

Before Dial Gages Added 
t::. ~ (92) - (90) + 4.75 0 

A fter Dial Gages Added 

(97) - (96) 

33 5 
(97) - (95) 

7 I .75 
(96) - (95) 

38 . 25 

t::. ~ Corrected Dial Gage Reading + 8.625 () 

Where. 

Corrccted Dial Gagc Reading 
~ First Dial Gage Reading +A\'crage (DG3.DG6) 

First Dial Gage Reading 
= (92)-(90) (iT Data Point 112J -H75 0 

After Dial Gages Removed 
t::. ~ (92) - (90) + 4.750 

Slab Load Calculations 

p ~ 
(2) 53 .25 

29 .9375 
+ 2 37 

Note: Numbers enclosed in parenthesis, i.e. (2). correspond to gagc numbers 

96 
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Composite Slab Axial Stiffness Tests Slab 113 

• Test Summary 

Composite Slab Load Vs. Deformation 

• 80.00 

70.00 

-;;;- 60.00 
c. 

;,g. 50.00 

• "0 
40.00 .. 

0 
...l 

30.00 .." .. 
Vl 20.00 

10.00 

• 0.00 

0 0.1 0.2 0.3 0.4 0.5 

Slab Deformation (in.) 

• 
Load Vs. Iud Slip 

80.00 t • I>. «Xl 
70.00 I>. «> D 

1>.0:> D 

60.00 ... /DO 
~ ••• ~ J: 50.00 III 

• "0 
40.00 tI. .. 

0 

3000 I ...l . G Fix o G Free .." 
.::: 
Vl . E Fix I>. E Free 

20.00 . C Fix o C Free 

• 10.00 • B Fix DB Free 

0.00 

0 0.1 0.2 0.3 0.4 0.5 

Stud Slip (in.) • 
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• 
Composite Slab Axial Stiffne .. TC5I. SI.b~ 

Test Summa!)' • 
Instrumentation Diagram Part A 

54·1"" 1 ..... ") , 
I • 

I Jr-\JIr-\JIr-\JIr-\ ,......, rlL rlL rlL r\ll I 
=- =- =- =- I -= -= -= ~ ... '" 82 so " " " " 

.. • ... "' l" 

[Q)( 

., .. " • 1 0 .. 
== 
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Co mpo I'e lab A 1.1 tifTn. Tests 
Te t umma~ 

Indrumentalion Diagram Pan B 

- - - - - - - -
1-3/4' 

2" 

-

f-\ 
/".. J\ /', 

.--
1-5111>1 100. 101 

1-9116" 

DG4. R - - - -
6- ln" 7-1 /4" 

1Il2. lllJ 

rrn ITTI 
-

I I 
-f' LL1J lLlJ 

1-7/16" 
00 3.7 IL __ -

1·9/16" 

00 2.6 
- -- - -

I 

DG 1.5 - -

I 
I II I 

100 

lab 114 
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• 

unlpmit~ Slab AJ:il.l tiffnf'Sl Tdts Sl.b~ 

Test SUDlmal') • 
llt""Cri rtinfl. of In~mmtation 

(;"l!1' o. 
\I!I(J ~ns~or 

'hannC"1 Nfl, Extension Ot'Scrilltion or MrloISUrtllll-lll Gage Type S ensi ti vi ty Full Scale • 0 .. Fixed Dewn Rotation ST2 1.0901 10" 

+ Fixed Sewn Rotation ST3 1.0931 10" 

2 Compression (-) Load cell Load Cell 1.99 500 kips 

12 + Rebar3-!-1 FurSide Strain Gage 4.71 5 I bsl~ strum 

13 + Rebur 3-1-2 Far ide Strain Gage 

14 + Rebar 3·2·1 F.r Side Strain Gage 4 96 1bs ~ ,tnun 

IS • Rebar 3·2·2 F.r Ide SlramGage 

16 • Reba,3·3·1 1'1.", SICIe Strum Gage S.01281bs ~ 'InIln 

17 Reba, 3·3·2 Near SICIe Stnun Gage 

IR + Reba, 34-1 Ne., SICIe Stram Gage S . I864Ibs.~stnun 

19 + Rehor 3-4·2 Ne., SICIe SUu/O Gage 

I!O -~ Stud Shp F"ed Side Loca"on E POT 6" 

RI -- Stud Slip free Side Location E POT 6" 

R2 -- Stud Shp Fixed Side Locauon C POT 6" 

R3 .-- Stud Slip Free Side Location C POT 6" 

R4 -- Stud Slip Fixed. uie LocatlUn B POT 6" 

RS .-- Stud Slip Free Side LocallOn B POT 6" 

86 -- Stud Slip Fixed 'Ide Locauon A POT 6" 

R7 -- Stud Slip Free Side Location A POT 6" 

'/.I + LatcruJ Displacement At Loading POint DCDT4 0.47 1 10" • 
95 + Fret Bcum Vertlcitl DIsplacement DCDT9 0.701 IS" 

% + Free Beam Vertical Displacement DCDT8 0.947 10" 

'17 + Free Scum Vertical Displacement DCDT3 0.47 10" 

9R .-- Bdem Pm Verncal Dlsplaccment POT 6" 

1110 .-- T e51 Beam RotatIOn Top Near POT 6" 

101 -- T e!tt Beam Rolauon T Of' Far POT 6" • 102 .-- Test Beam RotAuon Bouom Near POT 6-

103 _ ... Test Beam ROtabon Bouom Far POT 6" 

DGI .'- Pm Near lIonzontal Displaument DIal Gage I" 

002 .-- Frame Rotation Ncar Bottom Dial Gage I" 

003 .-- Fount RotalJon Ncar Top Dial Gage I" 

I)G4 .-- Test Beam Rotation Ncar Middle Dial Gage I" 

DGS .-- Pm Far Iionzontal DiSplacement Dial Gage I" • 
DG6 .-- Frome Rotation Fu Bouom Dial Gage I" 

DG7 -- Frome Rotation Far Top Dial Gage I" 

008 .-- Test Beam RolatJOn far MIddle Dial Gage I" 

•• All datil has been modtfied so that (+) reawngs meheatt e"'enslon. 

• 

• 
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1101 
Jill 
1111 
I , 
1071 
I ... 
1069 

I'" 
1I0S 
III 
9'J1 
Ilnl 
1144 
1211 
11001 
IlOo 

o 

" 43 

II .. 
'" 69J 

11\' 
Il"n 
I .... 
160l 
169' 
I7H 
I 4: 

I'" 
101. 
107 
1111 
::/'}1 
21 1 
14M\ 
2611 
=."'10 

9 

" 17 ,. 
:. 
'" Oil 
I 
11 :! 
1:!16 
1"9 
fly! 
141,1 

1""1 

I"" 
I .. ' 
171" 
1i7 
.. n 
I .. ' 
_I'll 
':1\0 
.!lU 
9:.n, 
9'" 
10000 

I " 
II)nl 

I-
11110 
IIto11 
1:.:09 
12b4 
111:\7 
1"',0 
111',.. 
11~ 

nlo:! 
I ,,!~, 

IJQ'~ 
117o'J 
I:~~to 

I""" 
I:!'M 
1 26tt' 
111m 

0.001 
0.001 
o.cxu 
0001 
0001 
0.001 

0001 
0.001 

0001 
0.001 
0.001 

0.00'2 
O.OOZ 
0.001 
000< 
0 ... 
O.OO~ 

0006 
0.00' 
0010 
0011 
0.017 
oon 
0.026 
OOl~ 

0.0\4 
OOJ 
0",' 
o i 
OC''I 
o.oso 
o OSI 
DOH 
00'1 
0.0<:: 
00<: 
00'\1 
0.0'2 
00:52 
00<1 
O.O~I 

o.O~1 

D.nS) 

O.OSI 
O.O~I 

0.0<1 
O.O~I 



~ 
Channel BI 

Pomt 

'" 160 
161 
162 
163 
164 
105 
166 
167 
108 

16' 
170 
171 
In 
113 
174 

17' 
176 
m 
I7i 
119 
180 
181 
111 
183 
184 

185 
180 
187 
I i8 

'" 190 
191 
192 

193 
194 

19' 
196 
191 

I" 
I" 
200 
201 
202 
203 
204 
205 

(m.) 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.001 
0.001 
0.001 
0.002 
0.002 
0.003 
0.00' 
0.004 
0.005 
0.005 
0.(107 
0.001 
0.010 
0.016 
0.026 
0.035 
0.043 
0.051 
0.069 
0.091 
0.141 
0."211 
0.211 
0.341 
0.400 
0.448 
0.488 
0.565 
0.643 
0.122 
O.BIO 
0.92& 
1.041 
1.236 
1.401 
1.549 
1.108 
1.&75 

82 
(m.) 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.001 
0.001 
0.002 
0.002 
0.004 
0.001 
0.009 
0.013 
0.019 
0.024 
0.021 
O.OJ:! 
0.037 
0.04) 
0.047 
0.050 
0.051 
0.051 
0.05) 
0.053 
0.05] 
0.053 

0.0'3 
0.053 
0.0:5] 
0.053 
0.053 
0.051 
0.050 
0.050 
0.050 
0.050 
0.050 

83 
(In.) 

0.000 
0.000 
0.001 
0.001 
0.001 
0.002 
0.001 
0.002 
0.002 
0.002 
0.002 
0.003 
0.00] 
0.004 
0.004 
0.005 
0.00:5 
0.005 
0.006 
0.006 
0.006 
0.009 
0.013 
0,021 
0.029 
0.0)6 
0.0-''2 
0.055 
0.07] 
0.118 
0.178 
0.232 
0.298 
0.357 
0.424 
0.S03 
0.573 
0.649 
0.n6 
0.806 
0.895 
1.010 
1.'201 
1.364 
I.SII 
1.666 
\.825 

Composjlf Sl.b JUI. I Stilfnul Tull 
TntSum .... ry 

0.000 
0.000 
0.001 
0.001 
0.000 
0.001 
0.001 
0.001 
0.000 
0.000 
0.000 
0.000 
0.000 
0.001 
o.oe)1 
0.001 
0.001 
0.001 
OJlO2 
0.00< 
0.00< 
0.005 
Bod 

0.000 
0.00< 
0.008 
0.01'2 
0.018 
0.4)21 
0.024 
0.026 
0.027 
0.027 
0.021 
0.028 
O.02B 
0.028 
0,028 
0.027 
0.021 
0.027 
0.026 
0.024 
0.024 
0.024 
0.024 
0.023 

0.000 
0.000 
0.000 
0.000 
O'cJOI 
0.001 
0.001 
0.001 
0.001 
0.001 
0.002 
0.00: 
0.002 
0.002 
0.00< 
0.004 
OJ)O} 
0'!10~ 

0.007 
0.001 
0.008 
0.01:2 
0.018 
0.027 
0.015 
0.043 
0.052 
0.069 
0.089 
0.146 
0.211 
0.2r.: 
0.]47 
0.410 
0.479 
0.558 
0.631 
0.708 
0.784 
0.862 
0.953 
1.066 
1.260 
1.4211 
I.sn 
1.74\ 
1.908 

103 

•• 
(m.) 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.001 
0.001 
0.001 
0.002 
0.00) 
0.00< 
0.00.1 
0.006 
0.008 
0.011 
0.014 
0.019 
om5 
0.031 
0.0]4 
0.039 
0.045 
o.osa 
0.054 
0.057 
0.059 
0.060 
0.060 
0.060 
0.06\ 
0.06\ 
0.061 
0.061 
0.061 
0.061 
0.061 
0.060 
0.059 
0.059 
0.059 
0.059 
0.059 

81 
(m.) 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
O.OOi 
0.001 
0.001 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.003 
0.003 
0.004 
0.004 
0.005 
0.006 
0.007 
0.012 
0.020 
0.0'29 
0.0311 
0.04~ 

0.053 
0.055 
0.059 
0.065 
0.072 
0.080 
0.086 
0.09] 
0.10] 
0.112 
0.1'20 
a.Il2 
0.142 
0.154 
0.166 
0.195 
0.223 
0.242 
0.265 
0.305 

0.002 
-0.032 
-0.045 
,<).04' 
-0.052 
-0.058 
-0.065 
-O.05B 
..0.069 
.0.071 
..0.011 
-0.071 
-0.071 
-O.07S 
.a.OftO 
-O.Q78 
.a.078 
·0.0711 
.1),078 
-0.093 
,<).093 
,<).099 
,<).099 
.<).099 
-0.106 
-0.106 
-0.106 
-0.106 
-0.106 
-0.106 
-0.106 
-0.106 
-0.106 
.<).106 
-0.106 
-0.106 
-0.106 
-0.091 
,<).099 
-0.093 
-0.086 
-0.071 
-0,052 
-0.0]2 
.<).006 
0,0'28 
0.061 

0.000 
-0.\68 
·0.]84 
-0.329 
·0.551 
-0.691 
-0.98] 
. !.l25 
-1.491 
·\.5711 
·1.674 
-1.739 
-1.780 
-1.841 
-1.913 
·1.968 
·2.016 
_'2.0n 

·2.138 
-'2.2 18 
-2.192 
_2.412 
·2.541 

·2.682 
·2.805 
·'2.912 
·3.025 
·ll66 
·3.2116 
·3.528 
·3 .n~ 

.4.01& 
-4.293 
.4.528 
.4.183 
·5.1)45 
-5.273 
·5.5111 
·5.164 
·6.017 
-6.298 
·6.544 
_1.041 
.1.5]8 
-8.006 
-8.514 
·9.031 

0.001 
-0.095 
-0.226 
-0.197 
-0.325 
-0.412 
'<)~80 

-0.789 
-0.891 
-0.94\ 
-0.993 
·1.031 
·1.057 
·1.093 
·1.135 
·1.167 
·1.194 
·1.230 
.1.208 

·!.lUI 
·1.360 
-1.430 
·1.S02 
. 1.582 
·1.656 
· 1.127 
-1.787 
·\.866 
·\.942 
·2.083 
-2.224 
·l.](iS 
·2.527 
:2_665 
·1.1112 
·2.972 
·3.107 
·].25) 
-3.398 
·3.546 
·3.108 
·3.857 
-4.150 
-4.446 
-4.724 
·5.027 
·5.3)5 

91 
(m.) 

0.000 
-0.043 
·0.099 
-0.092 
.0.139 
-0.176 
·0.238 
·0.321 
·0.3511 
·0.377 
·0.396 
·0.411 
·0.418 
·OAB 
-0.4.18 
·0.460 
·0.467 
·0.4ft2 
·0.495 
·0.516 
·0529 
.0557 
·0."87 
-0.62 1 
-0.649 
·O.6n 
-0.698 
·0,726 
_0.754 
·0.807 
·O.IIM 
·0.92 1 
-a.tllI 
·1.019 
-I 101 
.\.163 

·1219 
·1.214 
·1.330 
-1.386 
·14411 
·1.510 
-1.6211 
·1.746 
· \ .BSO 
·1 .975 
-2.101 

0.000 
.<).004 
·0.012 
-0.0011 
.<).009 

-0.010 
-<1.003 
.<)006 
.<).006 
.<).004 
-0.002 
0.000 
0.001 
0.004 
0.006 
0.001 
0.009 
0.010 
0.012 
0.015 
0.015 
0.017 
0.019 
0.021 
0.0"-3 
0.024 
0.02' 
0.026 
0.027 
0.028 
0.028 
0.029 
0.029 
0.029 
0.029 
0.029 
0.029 
0.029 
0.028 
0.028 
O.O'H 
0.024 
0.023 
0.021 
0.020 
0.019 
0.018 

SI.b j4 
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Tc..t oles 
Data 

Composite lab Axiul Stiffness Tests 
Test ummary 

Point Test Comment 

159 

160 
161 
162 
163 
165 

lnstrumentation zeroed while rotation beam on temporary support. 

Temporary support removed. 
Preload specimen 
Remove preload 
Stan test loading 

oticed hairline trans' erse crack at center of slab 
182 Re-zero channel 84. something \\ent wrong with gage, the POT was replaced 

Slab #4 

205 Test ended because of excessi,e deformations. The concrete under the loading point 
was cracked so se,erly that it \\as not connected to the rest of the slab. 
Clearly the stud under the loading point was ineffective. 

105 

• 

• 

• 

• 

• 

•• 

• 

• 

• 

• 

• 
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omposite lab xial tilTness Tests 
Test ummary 

Data alculations 
Rotation Calculations 

Method 
2 Average (100 .101) - Average (102 ,103) 

= 
1875 

4 t = t Free: Beam - t f lud Beam 

Where: 
( I ) - (0 ) 

I Fixed h cam ~ 

28 
(97) 

a I } rce Oe am = -
33 

b (97) 
I free B eam = 

7 I 

c (96) 
I Free B eam = 

3 8 

lab Deformation Calculations 

1ethod 
I tJ. = AHrnge (102 . 103 ) + 10625 I 

3 tJ. - A, era g e (1 00 , I 0 1) + 5 4375 I 

lab Load Calculations 

p = (2)52875 

29 . 9375 
+ 2 37 

-

-

(96) 

5 
(95 ) 

75 
( q 5 ) 

25 

ote umbers enclosed in parenthesis , i e (2), correspond to gage numbers 

106 

lab #4 



• 
OInpo!ite SI.b iubl Sti ffn"" Trsts Slab N4 

Tes-I Summary • 
Calculated Dahl 

D ... Load Centerhne Rebar NI Rebar . 2 Rebar 03 Rebar 114 Rebar Total RoultlOn RotalJon 

POint ofRcinfon:: ing Steel A"tlaJ Force AxiaJ Force A;oODI Force A:ual Foree AJual Foree 2 4. 

(lCJps) (kip') (bps) (bps) (bps) (bps) (rad) ( .. d) 

159 0.00 0.00 0.00 0.00 0.00 -0.01 0.0000 0.0001 • 
160 2.37 0.06 0.07 0.03 007 023 0.00 14 000 15 

161 5.25 0. 15 016 0.08 017 0.56 0.0034 0.0033 

162 2.37 011 0.13 0.05 013 042 00029 00026 

163 525 o 17 030 0.12 0.16 075 00050 00049 

164 5.70 o 19 0.55 0.21 0.19 I 14 00065 00062 

1M 570 2.79 3.53 292 3.18 1242 000'15 00094 • 166 6.59 461 566 480 535 2042 00130 00131 

167 1125 542 675 576 638 2430 00141 00148 

168 1480 584 7.36 627 691 2638 o OISO 0.0157 

169 1835 629 7.95 681 746 2852 00157 0.0167 

170 21.67 666 841 724 789 3020 00163 00173 

171 23.67 6.90 8.66 751 817 123 00167 00178 • 172 26.56 724 907 792 8.57 3280 0.0173 0.0184 

173 2988 763 9.56 8.39 904 3462 00177 0.0 192 

174 3232 7.90 9.95 8.72 937 3595 0 .0183 00 198 

175 34 .32 8 13 1022 9.01 9.65 37.01 0.0185 0.0202 

176 31.21 849 10.57 94 1 10.08 38.54 00191 00207 

111 400') 887 10.88 981 10.51 4008 001 1)6 00216 

118 4386 9.37 11.05 00203 00228 • 119 46 .75 0021 0 0.0232 

180 SO 07 00122 00246 

181 53 .62 00215 00255 

182 5518 0 0248 00269 

183 58.06 0 0260 00282 

184 5984 00272 00295 

18~ 60.95 0 0282 0.0307 • 
186 61 17 0 02% 00322 

187 6183 0.0309 00337 

188 60 28 00341 00363 

189 59 .62 00167 00387 

190 59.62 00394 00413 

191 59 .62 00422 00443 • 192 59.17 0.0447 00467 

193 5828 00476 0.0493 

19-1 56.29 00506 00522 

195 5-1 .73 0 .0531 0.05-16 

196 52 .96 00560 00573 

197 51.85 00586 00603 

198 49.85 0.0615 00627 • 199 4141 00648 0.0657 

200 3920 0.0684 00686 

201 31.88 00741 00142 

202 3033 00800 00193 

20] 30.11 00849 0.0846 

204 3033 00906 00898 • 205 29.44 00965 00952 
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omposite Slab Axial Stiffness Tests Slob /1.1 

• Test Summar') 

Calculate 

Datu Rotation Rotation Rotation <I Slab fl Slab fl Slab 
POilU 4b 4c Average I 3 Averugc 

(rod) (rad ) (rod) (in.) (in.) (In .) 

• t59 0.0002 0.0002 0.000 1 0.00 1 0001 0.001 
160 0.00 17 0.00 19 0.00 17 0.005 0.004 0.005 
161 0.0035 0.0036 0.0035 0.006 0.006 0.006 
162 0.0028 0.0030 0.0028 0.002 0.003 0.003 
161 0.005 1 0.0053 0.005 1 0.009 0.009 0.009 
164 00064 0.0065 0.0064 0.009 0.0 10 0010 

• 165 0.0096 0.0097 0.0095 0019 0.019 0.019 
166 0.0 132 0.0132 0.0131 0.026 0.026 0026 
167 0.0146 0.0 145 0.0 146 0.032 0.03 1 0.032 
168 0.0156 0.0155 0.0154 0.037 0,035 0.036 
169 0.0167 0.0166 00 164 0.044 0.04 1 0.043 
170 0.0174 0.0174 0.0 17 1 0.050 0.046 0.048 

• 171 0.0177 0.0176 0.0 174 0.052 0.048 0.050 
172 0.0183 0.0183 00 181 0.057 0053 0.055 
171 0.0191 0.0190 00188 0.063 0.058 006 1 
174 0.0197 0.0196 0.0 193 0.068 0.063 0.065 
175 00201 0.0200 00197 0.072 0.065 0.068 
176 0.0206 0.0205 0.0202 0.076 0.070 0.073 
177 00214 0.02 13 0.02 10 0084 0.076 0080 

• In 0.0226 0.0224 0.0220 0096 0.087 0.091 
179 0.0229 0.0227 0.0225 0.102 0.094 0.098 
180 0.0244 0.0242 0.0238 0.124 0.115 0.120 
181 0.0254 0.0254 0.0250 0. 146 0.138 0 142 
182 0.0269 0.0270 0.0264 0.177 0168 0.172 
181 00282 0.0282 0 .0277 0206 0.197 0202 
184 0.0295 0.0295 0.0289 0236 0.227 0231 • 185 0.0306 0.0306 0.0300 0263 0.253 0258 

18" 00322 0.0322 0.0316 0.304 0294 0.299 
187 0.0335 0.0333 0.0329 0.34 1 0331 0.336 
188 0.0361 0.0360 00356 0.419 04 11 0.415 
189 0.0387 0.0387 0.0382 0.496 0.488 0492 
190 0.0414 0.04 14 0.0409 0.572 0.564 0.568 

• 19 1 0.0443 0.0444 0.0438 0.659 0.65 1 0.655 
192 0.0468 0.0469 0.0463 0.734 0.726 0730 
191 0.0495 0.0497 0.0490 0.816 0.809 0.812 
194 0.0523 0.0524 0.05 19 0.904 0.897 0.900 
195 0.0547 0.0548 0.0543 0.979 0.973 0.976 
196 0.0573 0.0574 0.0570 1 060 1055 1 058 
197 0.0603 0.0604 0.0599 I 144 I 137 I 140 

• 198 0.0627 0.0628 0.0624 1225 1220 1 222 
199 0.0658 0.0659 0.0655 1.318 1.3 14 1.316 
200 0.0687 0.0688 0.0686 1420 141 9 141 9 
201 0.0743 0.0744 0.0743 1602 1 60 1 1.60 1 
202 0.0794 0.0795 0.0796 1765 1 767 1 766 
203 0.0846 0.0847 0.0847 1 918 1.919 1.9 18 

• 204 0.0898 0.0898 0.0900 2.079 2082 2081 
205 0.0954 0.0955 0.0956 2.249 2.254 2.251 
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Composite lab Axial Stiffness Tests 
Test ummary 

omposite Slab Load Vs. Deformation 

0.1 0.2 0.3 

Slab Deformation (in.) 

Load Vs. Stud Slip 

o A o A 

- D 
. E Fix 

• D D D D D . C Fix 

• B Fix 

. A Fix 

0.4 0.5 

<> E Free 

A C Free 

o B Free 

D A Free 

0.00 iI----t----t-----,-------i------i 

o 0.1 0.2 0.3 0.4 0.5 

tud Slip (in.) 
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Compo,ite bb Asial liffn 55 Te t 

Tell ummary 

In~trumentation Diagram Part A 
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Composite SI.b A"ial Stiffness Tests 
Test Summary 

lnstrumentation Diagram Part B 
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Composite Slab Axia l tiffnr5S Tnu Slab lIS 

• Test Su,ulna ry 

()~ntion or In'''fnlmmtation 

Gagt' '\0. 

Also Stmeof 

• Channd No. E.lension l)t'KI"iption of i\ Jusurt'ntenl GagrType S(:nsithit)' Full Scal. 
0 ." Near Test Oeam ST2 1.0901 10" 
I • Far Tesl Bewn STJ 1.0931 10" 
2 Comp", .. ion H Load cel l I.OIId Cell 1.99 SOO bps 
12 • R.bar2·1·1 NeorS,de S""'n G e ~ O~71 II" ~ slrwn 
13 • Rebar 2·1 ·2 Ne ... Ide SIr .. n G ge 
14 • Rebar 2-2-1 Ncar Side SIIOIn G • 4 998~ II>:. ~ ," .. n • II • Rellaf 2-2-2 Ncar Side Stram Gage 
16 • Rebar2·3·1 FurS,d. Stram Gage 4%271 ~ \Iruin 

17 • Rebar 2-3-2 far Side Slratn Gage 
IH Rebar 2-4-1 Far Side Stram Ga c 10574 Ibs ~ ,(rUIn 
19 • Reoo.r 24-2 far Side Straln Gage 
I!O . .. IUd Slip F"ed Side Loeabon G POT 6" 
HI . " tud Slip Free Side Loeabon G POT 6" • 112 .. Stud Slip F".d Side Loeabon E POT 6" 
H1 .. Stud Slip Free Side l.ocallon E POT 6" 
R4 .. Stud Slip Fixed Side locatIOn C POT 6" 
85 •• Stud Slip Free Side Locut ion C POT 6" 
90 • Frome Rotallon Top Neur DCDT6 0942 10" 
91 + Fmmt Rotahon "fup Far DCDT3 047 10' • 92 ." Frame ROlalUln BnllOm Ncar DCDT7 ? ? 

1)1 trumc: RotalJon Bottom rar DCDT I 0914 10' 
' ).I t >Atend DI~p\acc:mcnl (It loading pomt DCDT4 0 471 10" 
~5 • c: nll:W DI~pla,ement Under Loooing POI DCDT9 0.701 15" 

.. , All datu has b«n modified M) that (,.) readln 'S Indicate eX1em.lon 

• 

• 

• 

• 
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~ 
Channel 0 I 

On.J 
Pornl 

3 

• 
5 
6 
7 

• 
9 
10 

" 12 
OJ 

" IS 
16 
17 

18 
19 
20 
21 
22 
!] 

2' 
25 

On.J 

0.000 0.005 0.13 
-0.0 14 -0.009 -1.76 
-0.023 .(l.on -5.03 
-0.023 ..a.02l 013 
0.000 0.000 0.00 
0.000 0.000 ·503 
0.000 -0,009 -7 .S4 
0.000 -0.005 ·9.05 
0.000 -0.005 -to.43 
0.009 0.000 ·1].01 
0.018 
0.032 

OJl6O 
0.138 

0.174 
0.220 

0.624 
0.404 

0.459 
0.550 
0.711 
O.H7I 
1.000 

0.009 -1482 
0.014 -15.95 
0.041 -17.96 
0.119 -17.71 
0.160 -15.20 
0.210 -14.57 
0.288 -1407 
0.384 -1344 
0.461 -13,07 
0.549 -12 .56 
0.700 -\2.81 
0.865 -13.44 
0,993 -6.03 

COnlp05lte Slab Adal Stlrfnm Tests 
Ttst Summary 

12 

o 
193 
38. 
2.3 
·1 
17. 
<i l 
2 
82 

218 
.71 
9]6 
1012 
919 
760 

n6 
707 
69] 
688 
6K8 
687 
7'5 
309 

OJ 

o 
' 09 
77' 
513 
· 1 

268 
516 
67' 
789 
10)1 

1200 
1312 
1411 
1026 
68& 
510 
320 
21K 
139 

'" 8' 
79 

2' 

113 

14 

·1 
39] 
8]0 
m 
· 1 

310 
661 
1194 
1047 
1394 
1651 
1690 
1708 
1356 
1018 
847 
681 
59. 
539 

'9' 
481 
SOl 
220 

IS 

o 
379 
812 
52 1 
·2 

]06 
632 
.10 
998 
1342 
)626 

1115 
2061 
1151 
1426 
1267 
1128 
11164 
1027 
1006 
1014 
107) 

119 

16 

· 1 
311 

716 
S17 
·2 
m 
591 
115 
91l 

1256 
1513 
1673 
21S4 
ifill 
1576 
)4)4 

0J04 

1233 
1192 
11 SS 
1138 
11 54 

'20 

17 

o 
266 
656 
. 29 
· 1 

244 
Sll 
655 

773 
1057 
1262 
1383 
1686 
14]5 

1163 
1041 

9'6 
'99 
878 
8S8 
859 
912 
161 

18 

· 1 
319 
821 
601 
· 1 

250 
m 
66) 
776 
1040 
1229 
1342 
1530 
JUI 

8'1 
681 
136 

459 

'06 
359 

1'" 
)41 

176 

19 

o 
225 
628 
449 
·1 

201 
'61 
19. 
104 

910 
1122 
1227 
1401 
1168 
926 
J2] 

1'2 
109 
693 
61' 
fin 
713 
469 

80 
(m.J 

0,000 
0,000 
0,000 
0,000 
0,000 
0000 
0,000 
0,000 
0000 
0,008 
0.019 
0.027 
0,041 

O.OS6 
0056 
O,OSS 
0056 
o.ass 
0,055 

OOS6 
O.OSS 
0 ,055 

O.OS3 
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Compo.sitr Slab Axill' StiffilH.$ TesU S l.b~ 

• Test SUlIlmary 

~ 
Chlnnel " 82 83 " " 90 91 92 93 .. 9S 

(in.) Cin.) (in.) (in.) ( in.) (in.) (m.) (in.) (in.) (in.) (in.) 
Point 

3 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.001 0.001 0.002 0.000 

• • 0.000 0.000 0.000 -0.001 0.002 -0.035 -0.014 -0.020 -0.064 0.002 -0,240 

l 0.000 0.000 0.000 -0.001 0.004 .. ftOSS -0020 -0.027 -0.1 10 -O,()(14 ..0.455 
6 0.000 0.000 0.000 -0.002 0.001 ..{),055 -0.018 .a.022 -0.089 -0.006 -(Uti I 
1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.002 .0.002 
8 0.000 0.000 0.000 0.002 0.002 -OJ)()4 -0001 -0.004 -0.022 0000 -0.110 
9 0.000 0.000 -0.001 0.001 0.006 -0.009 -0.006 -0.010 -o.Q.l6 -0.001 -0.342 
10 0.000 0.000 0.000 0.009 0009 -0.010 -0.007 -0.013 -O.os6 -0.00.& -0438 
II 0.000 0.000 0.000 0.012 0.0 12 ..0.010 -{to07 -0.0 15 -0.061 ..0011 -0.506 

• 12 0.000 0.000 0.000 0.02 1 0.017 -0.008 -<1.006 -0.019 -0.013 -0,019 -0.662 
13 0.000 0.000 0.000 0.033 0.024 0.000 -0.00' -0.02 1 -o.ORO -0,011 -0.800 
I. 0.000 0.000 0.000 0.04 1 0.021 0.005 -0.00' -0.0'22 -o.OS2 .(U1I 7 -0,180 
I l 0.000 0.000 0.000 0.062 0.014 0.015 0003 -0.022 -O.O~ \ .. (lOJ I .. L07n 

16 0.001 0.000 0.000 0012 .. 0,024 0.074 0020 -0017 -0.062 -(1.0 11 -1.323 
11 0.036 0.001 0.000 0.07 1 -a.021 0.100 0.029 -0.012 -0.045 -{UB I - I J97 
18 0.081 0.000 U.OOO 0.07 \ -(l.DI4 0.132 01140 -0.008 .. (J .Oll -{lOll -U38 
19 0,169 0.000 0000 0.07 1 -0,0(} 1 0. 184 U.US9 -000 1 0000 ..() .Ull ·1767 • 20 0.268 0.001 0.000 0.011 0.022 0.24K o.mll 0.009 0,032 ..(J.(JII ·2.033 
21 0.357 0.000 0.000 0.071 0.03!! 0.303 0101 0,017 0.06 1 ..()O l l -2.268 
22 0.454 0.001 0.000 0.011 0.060 0.363 0122 0.027 0093 ..(1 ,tlI3 -2.532 
23 0.639 0.000 0.00 1 0.07 1 0 109 0.473 OISK 004l n.H 7 OOtk.1 -3022 
24 O.1j:23 0.000 0.086 0.07 1 0 128 0.510 0.195 OJ)6 1 0.201 11019 ·3.' 26 
2l 1.0 16 0.001 0.281 0.065 n.14' 0.671 0.228 0083 0267 0(15" -3.720 

• 

• 

• 

• 

• 
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Test Notes 

Data 

Composite Slnb Axial Stiffness Tests 
Test Summnry 

Slab #S 

Point Test Comment 

3 
5 
6 
7 
12 

15 

17 
19 
25 

Instrumentation zeroed while after temp support had been removed 
Maximum preload 
Remove preload 
All instrumentation re-zeroed 
Notice that slab above the free beam is uplifting with respect to the test beam. This is 
occuring at the loeations were there are no shear studs. 
Shear lag type cracks forming on the free side of the test slab and s)mmetric about the 
centerline of the test slab. 
Loud pop, unsure of source, possibly stud shearing 
Deck in front of studs at E and C positions on free end of specimen are seriously 
End test. Stud in position G was sheared off and studs in positions E and C were 
severely bent 
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Composite Slab Axial tifTness Tests 

Test ummary 

Data Calculations 

Rotation Calculations 

Method 

\ = 
(90) - (93) 

7 .6875 

lab Deformation alculations 

Method 

\ =Average (0, \) +6 625 e 

lab Load ;I lcullilions 

p = (2) 66 

29 . 9375 
+ 2 . 37 

ote. umbers enclosed in parenthesis. i e. (2), correspond \0 gage numbers 
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• 
Cumposi te Slab M ia! StitTntss Tests Slab #5 

Test SumnHu')' • 
Ca lcul al~1 Data 

0, .. Load @ Centeriine Rebar HI Rebar #2 Rebar 1/3 Rebur If4 Rebar Total ROlation Il Slab 
Poml of Reinforcing Sted Axial Force Axial Force A";a! Force Axis] Force AxiaJ Force 

(laps) (laps) (kips) (laps) (kips) (laps) (rod) (in.) 

3 2.09 0.00 0.00 0.00 0.00 -0.01 0.0000 0.002 • 
4 6.25 1.52 1.93 1.45 1.38 6.28 0.0039 0.014 
5 13.45 2.94 4.10 3.55 3.68 14.27 0.0067 0.022 
6 2.09 1.91 2.64 2.35 2.66 9.55 0.0045 0.007 
7 2.37 0.00 -0.01 -0.01 0.00 -0.02 -0.0001 -0.001 
8 13.45 1.12 1.54 1.30 1.14 5.09 0.0023 0.QI5 
9 18.99 1.15 3.23 2.75 2.54 9.67 0.0048 0.027 • 10 22.31 1.71 4.36 3.55 3.19 12.81 0.0060 0.037 
II 25.36 2.20 5.11 4.19 3.74 15.25 0.0067 0.042 
12 31.17 3.26 6.84 5.74 5.03 20.87 0.0085 0.061 
13 35.05 424 8.21 6.88 5.94 25.28 0.0104 0.082 
14 37.54 5.68 8.91 7.58 6.50 28.67 0.QI13 0.098 
15 41.98 6.45 9.43 9.53 7.41 32.82 0.0137 0.141 
16 41.42 4.92 7.76 823 588 26.79 0.0177 0.245 • 17 35.88 3.66 6.11 6.80 447 21.04 0.0188 0.292 
18 34.50 3.12 5.28 6.15 3.80 18.36 0.0209 0.354 
19 33.39 2.60 4.53 5.58 323 15.94 0.0239 0615 
20 32.00 2.30 4 16 5.29 2.95 14.70 0.0281 0.580 
21 31.17 2.09 3.91 5.14 2.78 13.92 0.0315 0.671 
22 30.07 1.94 3.75 4.99 2.62 13.30 0.0351 0.782 • 23 30.62 1.95 3.74 4.96 2.56 13.21 0.0424 0.986 
24 32 .00 2.08 3.94 5.12 2.67 13.82 00498 1.198 
25 15.66 084 2.35 3.43 1.63 8.25 0.0533 1.349 
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Composite Slab Axial tiffness Tests Slab #5 

• Test ummary 

omposite Slab Load Vs. Deformation 

• 45.00 

40.00 

~ 
35.00 .. c. 30.00 :ii 

~ 2- .00 .., • .. 
" 20.00 
~ 

.rJ 15.00 .. 
en 10.00 

- .00 

• 000 • 
0 0. 1 0.2 0.3 0.4 0.5 

Slab Deformation (in.) 

• 
Load s. Iud lip 

COO 

40.00 t 
0 .~. • ,. •• 

35.00 t.: i I ~ 0 
0 0 - 30.00 0 t 0 0 ., 0 c. 

:.i 
25.00 I: '-' 

• ." 

'" .. 
20.00 . ~iX o G Free ..J 

.rJ 

'" 15.00 • •• 0 1Io • E Fix 1Io E Free en • 
10.00 . C Fix o C Free 

• 5.00 f 
• 0.00 i 

0 0. 1 0.2 0.3 0.4 0.5 

Iud Slip (in.) 

• 
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Composite Slab Axial Stiffne .. Tests 
Test Summary 

Instrumentation Diae;ram Part A 

, 
jj·1I16" , 

I 

I r--\ Jlr--\ Jlr--\ Jlr--\ r-' r--\IL r--\IL r--\IL r--\ 
=- =- =- -= -= -= 
" " '" " '" " 
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I 

='== == 
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Slab #6 

• 
.1 

t ""(2) • 
I 

.. • 

96 " • 

" • 

• 

• 

• 

• 

• 



., . 
• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

nmpoJite lab Axial tiffncu Te5ts 
Test ummllry 

In\trumcntarion Diagram Part B 

1.3/~" [ 

2'1 
- - - - - - - -

\ /\ '" /'.. 

90,91 92.93 1'-
I ' 

!TTl rrn 

II , , 
lL1J CIII 

I 

G -
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T II I 
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omposilt: Slab iUiaJ Stiffness TC'sts Slab #6 

TatSumm • ...,' • 
J)t'SC1'iprion of Instrumentation 

Gage' No. 

\I"" Sccnseof 
ChannC'1 No. Extension Description or Measunmmt Gage' Type SC'f15i ti vi ty FuU Scale' • 0 " Fixed Bcnrn Rotation ST2 1.0901 10' 

I + Fixed Dcwn Rotation ST3 1.0931 10' 

2 Compression (-) Load cell LOlid Cell 1.99 SOO kips 

12 + Rcbar6-I-l FarSlde traJO Gage 4 8068 Ibsf,! strUIn 

13 + Rcoor6-1-2 FurStde Stram Gage 
14 + Rebar 6.2-1 Far Side Stram Gage 4 9876 Ibs ~ Slraln 

IS + Rebar 6-2·2 Far Side Stram Gage • 
I~ + R.bar6·3·1 Ne", Side Stratn Gage 4 9963 Ibs ~ slnUn 

17 + Rebar 6-3·2 N= Side tratn Gage 
18 + R.bar6-4·1 N.,...Slde SlnUn G,,!!e S .oo72Ibs.~ ,!nun 

19 + R.bar 6-4·2 N.,... Side train Gage 
110 ." Stud Slip F"ed Side Loeabon E POT 6" 
81 ." Stud Slip Free Side LocatJon E POT 6" • 82 " Stud Slap Fl'l(ed Side location C POT 6" 
81 ." Stud Slip Free Side Locution C POT 6" 
l!4 ." Stud Slip Fixed Side Location 8 POT 6' 
RS ... Stud Slip Free Side LocatIon B POT 6" 

90 + Te.st Beum cperau n Fix Near OCOT6 0942 10" 

'II + Test Beam Seperouon FI1t Far DCOT7 1 '/ 
92 ." Test Oeum Scpcrauon Free Ncar DCOT I 0 .934 10" • 93 T~ll3eum Seperullon Free Far DCDT3 047 10" 
114 + IAterul DLSplacement At Loadmg Point DCDT4 0471 10" 

9S + free Beam Veru al Dlsplaccment DCDT9 0 .701 IS' 
96 + Free Beam Veruca) D1splaccmcnt DCDT8 09017 10' 

97 + free Beam Veruc:al D1s:plac:c:ment DCOT 10 0 .94 10" 

•• All data has been modliicd so that C· } readmgs Indicate extension. • 
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Test ole. 
Data 

ompositc lab Axial tiffness Tests 
Tc t ummal') 

lab 116 

Point T I Commenl 

27 
28 
29 

30 
31 
32 
34 
35 
36 
37 
40 

4 

46 

52 
54 
56 
57 
58 
62 

64 

Zero before remO\ ing temporary suppons 
After release of temp suppon 
Preload of 2.5 Kips. crack a' er center line of specimen seen trans,erse to the slnb 01 a 
a cracl.. between the load ram and the center of the slab that is longitudlllal to the slab 
(all ve') small cracks) 
Load and peeimen relaxed, no manual increase or decrease of load 
Unload 
Ran up to 6 k and the load dropped back to 2 k 
Unload and re-ccnter ram it was orr about I" to the ncar side and was not aligned 
Still Unloaded and rezcoing channel 92 because wire was not m the tummg wheel 
Recenter and lighten load ram against the load frame. then re-.(ero load rom 
Touch Load 

otiee slight uplifting of the deck at the haunches ncar the center of the specimen 
(note no shear studs at these locations. both sides) 

econdO')' tronsverse crock about 9" toward the load rom from the center or the first 
transverse crack. extends all way across slab 

ate' wonder ifroLation of beam and the raet that the magnet is about I" tall thus 
holding the \\ Ire about I" orr the bollom of the top nangc of the test beam has an 
etrect significant in the measurement of the nange displa ement 
Heard some popping 
Slab starting to uplifi at the end of the fixed end 
Se,ere upliO of the fi,<ed end of the slab. unloading 
Unloaded 
Still unloaded_ PUI cross beam across end of fc,<ed slab to hold II dow n 
re-zeroed channel 82, and reset it since it did not seem to be respondmg correcth . I 
believe that channel 82 may not ha, e been working correct!) most of the test~?? 
tansverse crack midway belween original trans,erse crack and the end of the fixed end 
of the slab 

66 believe rebar #4 rna) have yielded at least on side of the bar 
71 

81 
83 
86 
87 

90 

Longitudinal cracks de, eloping along the centerline of the specimen 
Pop from with," concrete slab, not sure w hat happened 
Looks as if the stud in position e on the fixed beam is pulling out of the deck and 
Remo,e pots on the fL"ed beam side for fear of damage 
Studs on soutl, side definitely failing. looks like we probal) lost the one m the e 
position and that the ones in the b and e positions arc under se'ere distress as enn be 
seen by the extreme deck bulging around these two stud locations 
End test 
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Composite lab Axial Stiffness Tests 
Test ummary 

Data Calculations 
Rotation Calculations 

Method 

4 t = t free Beam - t Fixed Bum 

Where: (I) - (0) 
t Fixed 0 earn = 

28 

a 

b t Free: Belm = 

c 
t Free Bcam = 

lab Deformation Calculations 

Method 
I ~ =(92) - (90) + 4.75 e 

lab Load Calculations 

p = 
(2) 53 .0625 

29 9375 
+ 2 37 

(97) - (96) 

33 

(97) - (95) 

71 75 

(96) - (95) 

38 75 

Ole. Numbers enclosed in parenthesis, i.e. (2), correspond to gage numbers 
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ompo ite lab AIial tirfness Tests 
Test ummary 

Compo ite lab Load Vs. Deformation 

o I 0.2 OJ 

Slab Deformation (in .) 

Load Vs. Stud Slip 

~ooo ~ .... ,. ••• :> • • • A A" ••• • ••• A 

40.00 •• • 
• • • - • • 3 O. 00 ;::t,t • • _ <Al • E Fix 

20.00 :,- • • A C Fix 

• 
10.00 "0 · • • B Fix 

000 • • • 
0 0 1 0.2 0.3 

tud Slip (in.) 
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Slab #6 
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• 0.4 0.5 

• 

• 
• A • 

• o E Free 

", C Free 

o B Free 

• 
0.4 0.5 
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