
www.manaraa.com



www.manaraa.com

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted.  Also,  if material had to be removed, 

a note will indicate the deletion.

Microform Edition © ProQuest LLC.
All rights reserved. This work is protected against

unauthorized copying under Title 17, United States Code

ProQuest LLC.
789 East Eisenhower Parkway

P.O. Box 1346
Ann Arbor,  MI 48106 - 1346

UMI  1544931
Published by ProQuest LLC (2013).  Copyright in the Dissertation held by the Author.

UMI Number:  1544931



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com

 

 

T

T

R

 

F

it

B

w

R

 

Table 4.4 

Table 4.3 list

REINF264 se

igure 4.7com

t can be obse

Bottom reinf

were modeled

REINF264 el

s the rebars 

ection in AN

Item

Figure 4

mpares the t

erved the RE

forcements f

d the same w

lements (pur

sizes used in

NSYS.  

Table 4.

ms 
Slab Reinfo

Beam Longit

4.6:  Required

top slab rein

EINF264 ele

for the slab 

way. Figure 

rple lines in F

 

n the model. 

.3:  Selected R

rcing Bars 

tudinal Bars 

d Values to D

nforcing in c

ement allows

and also to

4.8 illustrate

Figure 4.8). 

 Figure 4.6 i

Reinforcing B

Bar Size

D2.0, D2

D2.0 , D

Define a Typic

computer mo

s a very deta

op and botto

es an overal

 

illustrates ho

Bars 

e 

2.5, D3.0 

D3.0 

cal Rebar Sec

odel and exp

ailed modeli

om reinforce

ll ANSYS m

ow to define 

ction 

perimental m

ing of reinfo

ement for th

model reinfor

36 

a typical 

 

model. As 

orcement.  

he beams 

rced with 



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com



www.manaraa.com

46 
 

 
 

Table 4.6:  Material Properties of Steel used in ANSYS Model 

Steel  

Linear Isotropic 
EX (Modulus of Elasticity) (psi) 2.77E+07 
PRXY (Poisson’s Ratio) 0.3 

Bilinear Isotropic 
Yield Stress (psi) 53373 
Tang Modulus (psi) 1450000 

Self-Weight (Mass Density) 
Steel (lb/cu in) 0.000734 

 

Based on the given information ANSYS constructs a bilinear isotropic curve for steel, the 

slope of the first linear portion is equal to modulus of elasticity of steel and the slope the 

second portion is equal to tangent modulus. Figure 4.14 illustrates the steel bilinear curve 

used in ANSYS.    

 

Figure 4.14:  Bilinear Curve for Steel Constructed by ANSYS 

4.3.4 Constructing ANSYS prototype RC slab model 

Because of presence of rebars in top and bottom of slab and beams in two directions, 

different volumes with different sizes had to be created. Total number of seventy two 
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Table 5.2:  Full Service Gravity Test results 

Analysis Type Point 1 (in) Point 2 (in.) Point 3 (in.) 
Full Service Gravity Load (Experiment) 0.13 0.23 0.17 
ANSYS  0.125 0.23 0.125 

 

 

 

 

 

 

Slight difference in deflections can be related to the initial stiffness tests conducted on the 

specimens discussed in Section 5.1, where some minor concrete cracking might have 

occurred. The difference between Point 1 and Point 2 deflections in the test can be explained 

due to test specimen imperfections, where the concrete in one side of the slab panel may have 

had more shrinkage cracks or it may have not had the same strength as the other side.  Also 

cracking pattern in concrete is a random phenomenon; therefore, one of the beams may have 

cracked earlier than the other one, which led to more flexible behavior.  

Using different material models or different type of reinforcing techniques did not make a 

considerable difference in the ANSYS analysis results. The reason was that under full service 

loading the reinforcing steel stress remained within the elastic range and concrete in 

compression essentially behaved elastically. The effect of selected concrete material models 

Figure 5.1:  Cracking Pattern, ANSYS (left), Experiment (right) 
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Figure 6.14:  6.25% Opening, In-Plane and Out-of-Plane Loads 

 

Table 6.2:  Results for Slab with Openings Subject to In-plane and out of-Plane Loads 

   Models with In-plane and Out-of-Plane Loads 

Opening Size 
 Load Capacity 
(kN) Displacement (mm) 

25% 78 23.9 

14% 86 13.7 

6.25% 92 10.21 

0% (solid slab) 102 8.8 
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