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ABSTRACT 

The performance of structures under normal service loads refer to serviceability limit states which is concerned 
with the uses and occupancy of structures. The magnitude of deflections is the main considering of serviceability. In the 
present study, the finite element method was used to find the instantaneous deflection of reinforced concrete two-way 
homogenous solid reinforced concrete slab which is experimentally tested by Piotr. Fully material nonlinearity for both 
concrete and rebar was conducted firstly by considering plastic deformation, yielding and cracking. Secondly nonlinear 
simplified cracking method was implemented according to ACI 318-05 Chapter nine. Finally the stiffness modifier method 
which is mentioned in Chapter ten of ACI 318-05 for immediate deflection was also used based on reducing the flexural 
rigidity of the slab by the ratio of 0.25 of the total rigidly. The present work was observed that the instantaneous deflection 
recorded throughout the precisely modeling finite element method is strongly underestimated at ultimate loading level.  
While, the nonlinear simplified cracking method gave a slightly overestimated immediate deflection value at same load 
level. Finally the stiffness modifier method significantly underestimated the immediate deflection at also ultimate load 
level. It only caught the experimental deflection values at load level of 32 kN/m2 when the rebar slightly over yielding.  
  
Keywords: immediate deflection, stiffness modifier, effective flexural rigidity, concrete finite element. 

 
INTRODUCTION 

The usual using of the strength design method, 
together with the use of higher-strength concretes and 
steels, has allowed the use of relatively slender members. 
As a result, deflection has become more severe problem 
than they were a few decades ago. In the design of 
reinforced concrete slab for deflection as serviceability 
requirements the building codes propose simplified 
methods for calculating the deflection and limiting to a 
certain values. These methods and limits are not supported 
by the underlying theories. The magnitudes of deflections 
for concrete members can be very important 
(McCORMAC J. C. and Brown R. H., 2006). Large 
deflections of slabs may cause sagging floors, ponding on 
flat roofs, excessive vibrations, and proper operation of 
supported machinery. Such deflections may damage 
partitions and cause poor fitting of doors and windows. In 
addition, they may damage a structure’s appearance or 
frighten the occupants of the building, even though the 
building may be safe. In long industrial structures or large 
span slabs the deflection rather than the strength control 
the design. 
 
Deflections control 

Design of reinforced concrete structures usually 
limit deflections by specifying certain minimum depths or 
maximum permissible computed deflections (American 
Concrete Institute ACI318-11, 2011). Table-9.5(a) of the 
ACI Code provides a set of minimum thicknesses for 
beams and one-way slabs to be used, unless actual 
deflection calculations indicate that lesser thicknesses are 
permissible. While Table-9.5(c) of the ACI Code, provides 
a set of minimum thickness of slabs without interior 
beams. The minimum thickness of slabs with beams 

spanning between their supports on all sides is illustrated 
on ACI Code provision 9.3.5.5. These minimum thickness 
values, which were developed primarily on the basis of 
experience over many years, should be used only for 
beams and slabs that are not supporting or attached to 
partitions or other members likely to be damaged by 
deflections. If the designer chooses not to meet the 
minimum thicknesses given in Tables and provisions 
above, he must compute deflections. If this is done, the 
values determined may not exceed the values specified in 
Table-9.5(b) of the ACI Code. 

Regardless of the method used for calculating 
deflections, the trouble lies in the amount of cracking that 
has occurred. At different sections along the member, the 
rigidity varies depending on the moment present. Section 
9.5.2.3 of the code gives a moment of inertia expression 
that is to be used for deflection calculations. This moment 
of inertia provides a transitional value between gross 
section moment of inertia (Ig) and cracked section 
moment of inertia (Icr) that depends upon the extent of 
cracking caused by applied loads. It is referred to as Ie, the 
effective moment of inertia, and is based on an estimation 
of the probable amount of cracking caused by the varying 
moment throughout the span. This method is commonly 
named nonlinear simplified cracking method (Eigelaar E. 
M., 2010). The Code provision 10.11.1 provides a more 
simplified method which is called stiffness modifier 
method (Branson D. E., 1977) for evaluation of immediate 
deflection based on stiffness modifier of the member 
under consideration.  
 
Case study 

The deflection results based on the experimental 
work done by Piotr (Piotr R., 2005) is used in this study to 



                               VOL. 11, NO. 7, APRIL 2016                                                                                                           ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2016 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                      4493 

verify the other evaluation methods of deflection. The tests 
comprised examinations of two way slabs with and 
without central holes. The slabs subjected to uniformly 
distributed loads. Slabs are square and have the 
dimensions 2.6x2.6x0.1 m. The boundary conditions are 
simply supported around the four edges for this reason 
only bottom reinforcement was applied. Figure-1 shows 
the dimensions and geometry of the homogenous slab that 
tested by Pior. The material properties of concrete and 
steel are illustrated in Table-1.  

Finite element method based on nonlinear 
behavior of material constitutes and linear elastic method 
was conducted for the concrete slab using ANSYS 
(Madenci E. and Guven I., 2006). Solid65 element was 
used to model the concrete. This element has eight nodes 
with three degrees of freedom per each node. This element 
is capable of plastic deformation, cracking in three 
orthogonal directions and crushing. To determine the 
number of elements needed to modal the slab a numerical 
analysis was carried out for different meshes. Comparison 
with the experimental solution of different mesh 
arrangements indicates that the biggest influence on 
accuracy has number of element through slab thickness. 
Therefore, the slab is meshed by four elements along its 
thickness. Link8 element was used to model the steel 
reinforcement. This element is three dimensional and it 
has two nodes with three degrees of freedom per each one. 
Figure-2 shows the concrete mesh considered in the 
analysis. Only quarter of a slab is considered due to 
symmetry to reduce the calculation time. 

The nonlinear simplified cracking method 
adopted in ACI 318-05 Chapter nine which concerns with 
instantaneous deflection and the stiffness modifier method 
which is mentioned in Chapter ten of ACI 318-05 for 
immediate deflection was also implemented for the same 
reinforced concrete slab based on reducing the flexural 
rigidity of the slab by the ratio of 0.25 of the total rigidly. 
The last two methods was carried out in the present work 
using SAFE and compared with manual computations. 
Figure-3 and Figure-4 display the deflections fields of the 
nonlinear simplified cracking method and stiffness 
modifier method respectively at load level of 30 kN/m2. 
While, Table-2 illustrated all the load-deflection data 
based on all above methods in addition to elastic linear 
deflections.   
 
RESULTS AND DISCUSSIONS 

Table-2 shows that up to load value of 11 kN/m2 
the experimental deflection of concrete slab coincide with 
the calculated deflection by finite element method based 
on nonlinear behavior of material constitutes, linear elastic 
method and nonlinear simplified cracking method. The 
stiffness modifier method for this value of loading is 
overestimating the deflection values.   

When the load value reaches 30 kN/m2 (i.e. the 
steel yield in reinforced concrete slab) the deflection value 
calculated based on linear elastic method and finite 
element method based on nonlinear behavior of material 

constitutes is still matching the experimental values. While 
both nonlinear simplified cracking and stiffness modifier 
methods give larger deflection values. At load level 32 
kN/m2 the stiffness modifier method gives an 
approximately equal value to the experiment. The last 
period of loading up to ultimate load value 37 kN/m2, the 
finite element method based on material nonlinearity fails 
to catch the experimental deflection value. The nonlinear 
simplified cracking method gives a slightly overestimate 
while, the stiffness modifier method gives a significant 
underestimated values. Table-2 is graphically represented 
in Figure-2 which depicted the stages of loadings and 
corresponding deflections.  
 

 
 

Figure-1. Reinforced concrete geometry. 
 

Table-1. Material properties. 
 

Symbol Description Value 

h Slab thickness 100 mm 

A Area of slab 2.6x2.6 m 

cf   Compressive strength of 
concrete 

37 MPa 

tf  Splitting tensile strength of 
concrete 

3.1 MPa 

cE  Modulus of elasticity of 
concrete 

34 GPa 

c  Poisson's ratio 0.2 

  Bar diameter 5 mm 

S 
Bar spacing (Bottom in two 

directions) 
150 mm 

yf  Yield strength of steel 510 MPa 

sE  Modulus of elasticity of steel 209 GPa 

s  Poisson's ratio of steel 0.3 
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Figure-2. Concrete mesh. 
 

 
 

Figure-3. Deflection by nonlinear simplified cracking method at 30 kN/m2. 
 

 
 

Figure-4. Deflection by stiffness modifier method at 30 kN/m2. 
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Table-2. Load-deflection data. 
 

Load 
kN/m2 

Deflection (mm) 

Experiment 
by Piotr 

Finite 
element 

Elastic 
deflection 

Nonlinear 
cracking 

Stiffness 
modifier 

0.00 0.00 0.00 0.00 0.00 0.00 

1.00 0.25 0.25 0.25 0.25 0.78 

2.00 0.50 0.50 0.50 0.50 1.55 

3.00 0.75 0.75 0.75 0.75 2.33 

4.00 1.00 1.00 1.00 1.00 3.11 

5.00 1.25 1.25 1.24 1.24 3.89 

6.00 1.50 1.50 1.49 1.49 4.66 

7.00 1.75 1.75 1.74 1.74 5.44 

8.00 2.00 2.00 1.99 1.99 6.22 

9.00 2.25 2.25 2.24 2.24 7.00 

10.00 2.50 2.50 2.49 2.50 7.77 

11.00 2.70 2.60 2.74 2.89 8.55 

12.00 2.90 2.70 2.99 3.95 9.33 

13.00 3.10 2.85 3.24 4.45 10.11 

14.00 3.30 3.05 3.49 5.12 10.88 

15.00 3.75 3.50 3.74 7.28 11.66 

16.00 4.00 3.70 3.99 8.91 12.44 

17.00 4.25 3.90 4.24 10.24 13.21 

18.00 4.50 4.20 4.48 11.67 14.00 

19.00 4.75 4.30 4.73 12.85 14.77 

20.00 5.00 4.40 4.98 14.00 15.55 

21.00 5.25 4.50 5.23 15.07 16.32 

22.00 5.50 4.60 5.48 16.03 17.10 

23.00 5.75 4.80 5.73 16.76 17.88 

24.00 6.00 5.00 5.98 17.37 18.66 

25.00 6.25 5.20 6.23 19.60 19.43 

26.00 6.50 5.30 6.48 21.96 20.21 

27.00 6.75 5.70 6.73 23.73 20.99 

28.00 7.00 6.00 6.98 26.00 21.76 

29.00 7.25 6.30 7.23 28.87 22.54 

30.00 7.50 6.70 7.47 32.71 23.32 

31.00 15.00 7.20 7.72 41.27 24.10 

32.00 20.00 8.00 7.97 45.51 24.87 

33.00 30.00 9.00 8.22 48.67 25.65 

34.00 35.00 10.00 8.47 50.94 26.43 

35.00 40.00 11.00 8.72 53.34 27.21 

37.00 45.00 13.00 9.22 57.41 28.76 
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Figure-5. Load-deflection curves. 
 
CONCLUSIONS 
a) The finite element method based on nonlinear 

behavior of materials constitutes fails in catching the 
immediate deflection of reinforced concrete slab at 
ultimate load. At this level of loading, the deflection 
recorded in this method is strongly underestimated.   

b) The nonlinear simplified cracking method adopted in 
ACI 318-05 Chapter nine gives safely design 
instantaneous deflection (slightly overestimated) at 
ultimate load. However it is recorded that the 
deflection results significantly higher than the 
experimental values at level of rebar yielding and 
below this level of loading. 

c) The stiffness modifier method used to find the 
deflection in reinforced concrete members which is 
mentioned in Chapter ten of ACI 318-05 highly 
underestimates the immediate deflection at ultimate 
load. A reasonable value at level of slightly over rebar 
yielding is recorded. While, significant overestimated 
values are illustrated below level of rebar yielding.  
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