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Abstract: 
Eccentric vertical load on a flat slab causes an unbalanced moment called the 

transferred moment. During the transition, a partial rotation of the slab  

occurs around the column, an indirect shear is formed in addition to the 

direct shear, and the punching shear becomes more dangerous. 

An analytical study was carried out to investigate the effect of the transferred 

moment caused by eccentric vertical loads on the punching shear strength of 

a flat slab without drop supported on a non-continuous middle column, as 

well as the presence of different levels of column load and the role of 

longitudinal reinforcement. The study was carried out with the Abaqus 

software version 6.14 and a nonlinear static analysis. 

The study showed that increasing the percentage of longitudinal 

reinforcement up to 1% leads to a significant increase in the shear strength of 

the flat slab, especially when the reinforcement bars are concentrated in the 

critical shear region around the column. According to this paper, the 

maximum effective width of the critical shear region was determined by a 

distance equal to 2d + c + 2d. It was found that the load of the column could 

reduce the indirect shear in cases of high longitudinal reinforcement ratios 

(up to 1%) and concentrated bars. The study also showed that replacing the 

concentrated longitudinal reinforcement bars with a steel section embedded 

in the slab at the column gives similar results in terms of increasing the shear 

strength, while the results were better when internal steel sheets were used at 

the end of the distance 2d+c+2d. 

Key words: Flat slab, Punching shear strength, Eccentric loading, indirect 

shear, Transferred moment, critical shear region. 
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 مقاومة بلاطة مدطحة من البيتهن المدلح على الثقب
 تحت تأثير العزوم وقهى القص

 2عبد الحميد كيخيا   4*أبهكدم جهرج مريم

 جامعة دمشق. -كمية الهظدسة الطدنية -قسم الهظدسة الإنشائية -طالبة ماجستير  . 1*
gmail.com@mariamdeeb.kassm  

 جامعة دمشق. -الطدنيةكمية الهظدسة  -قسم الهظدسة الإنشائية -أستاذ    2.
     AbdAlHamedKikhea@Damascusuniversity.edu.sy  

 :الملخص
الطسطحة فرق عزم يظتقل إلىى العطىود مسىطى  ةالبلاط عمىلامركزية الأحطال الشاقولية  تسبب

 أثظاء .  Unbalanced Momentوأ  Transferred Momentبالعزم الطظتقل او غير الطتوازن 
انتقال هىاا العىزم محىدو دوران جزئىب لمبلاطىة بالطظطقىة الطحيطىة بىالعطود ويتشى ل قى  غيىر 

 .أكثر خطورةمباشر إضافة لمق  الطباشر ويصبح الثقب 
ت لامركزيىىة حطىىل شىىاقولب هىىاا البحىىا ةبىىارة عىىت دراسىىة تحميميىىة تتظىىاول تىىجثير العىىزم الظىىات  عىى

تسىىتظد عمىىى عطىىود وسىىطب غيىىر مسىىتطر،  ط،عمىىى مقاومىىة الثقىىب لبلاطىىة مسىىطحة  ىىدون سىىقو 
دور التسىىىميح  كطىىىا وتعهىىىرمعطىىىود، ل تحطيىىىلوتىىجثير هىىىام اللامركزيىىىة فىىىب وجىىىود عىىىدة مسىىىتويا  

 مسىتددميتجراء تحميىل سىتاتي ب لاخطىب إالدراسىة بى ت هامالطولب فب رفع مقاومة الثقب. تط
 .41.6 رنام  الأباكوس نسدة   واسطةة العظاصر الطحدودة طريق
ؤدي إلى زيادة ممحوظة فب مقاومة ت% .الدراسة أن زيادة نسبة التسميح الطولب إلى  أظهر 
وخاصىىة عظىىد تركىىز قضىىبان التسىىميح فىىب مظطقىىة القىى  الحرجىىة حىىول العطىىود،  مثقىىبلالبلاطىىة 
عىىال لطظطقىىة القىى  الحرجىىة بطسىىافة تسىىاوي الفالأععطىىب لهىىام الورقىىة تىىم تحديىىد العىىر   قىا  ووف

2d+c+2d .أن حطولة العطود مط ىت أن تدفىا القى  غيىر الطباشىر فىب حالىة   يظت الدراسة
اسىىتبدال التسىىميح الطىىولب الط ثىى  أظهىىر  أن  .( مىىع التيثيىى .طىىولب جيىىدة  % نسىىبة تسىىميح

، زيادة مقاومة الق مت حيا ة طقطع معدنب داخل البلاطة عظد الاستظاد معطب نتائ  مطاثمب
  .2d+c+2dاستددام صفائح معدنية داخمية فب نهامة الطسافة  كانت الظتائ  أفضل فب حال

عىزم  ،قى  غيىر مباشىر ،حطىل لامركىزي  ،الثقىبمقاومىة  ،بلاطىة مسىطحة :الكلماا  متتايياة
 .مظطقة الق  الحرجة ،مظقول

 

 

 

 

 

 

 

 

  2222/../1.تاريخ الايداع: 

  22/2/2222تاريخ القبول: 

 
–جامعةةةةةق  م ةةةةة   حقووووووش النشووووو :

سةةةةوريقت ي ةةةةلفو الحقلفةةةةو    قةةةةو  

  CC BY-NC-SAالن ر  حوجب 

mailto:gmail.com@mariamdeeb.kassm
mailto:gmail.com@mariamdeeb.kassm
mailto:AbdAlHamedKikhea@Damascusuniversity.edu.sy


The Punching Shear Strength of Reinforced Concrete Flat……                   Abou kassm, Kikhea  

2 

 

 
 

 

Introduction: 
A flat slab is supported directly on the columns 

without bearing beams. The area around the column 

transfers shear and moment loads to the column; 

therefore, it is subjected to high stresses and must be 

designed so that no local collapse occurs. 
Punching shear is a brittle and sudden collapse that 

occurs at the critical section near the column due to 

direct shear caused by vertical load. When the spans 

around the column are not equal or the distribution 

of vertical loads is not symmetrical, as in most 

buildings, this leads to an unbalanced moment that is 

transmitted to the column to complete the balance, 

called the transferred moment. During the transition, 

a partial rotation of the slab occurs in the area 

around the column, and an indirect shear is formed 

as shown in Fig. 1. As a result, the punching shear 

becomes more dangerous. 

 
Fig(1) The result of the direct and indirect shear at the 

critical section
3 

If the slab around the column is rigid, it will resist 

rotation; in addition, the unbalanced moment will be 

completely transmitted to the column without 

forming indirect shear. 

The Syrian Arab Code for the Design and 

Implementation of Reinforced Concrete Structures, 

Fourth Edition 
(1)

, determines the part of the 

unbalanced moment transmitted to the interior and 

the edge columns of the flat slab in Chapter Eight 

Clause (4-6-2-f), without addressing the value of the 

indirect shear in the shear stress formula at the 

critical section, by the relation: 
 u  

   o  
     u                          Eq. (1) 

d: the effective depth of the slab at the critical 

section. 

bo: the perimeter of the critical section. 

Vu: the ultimate shear force at the critical section. 

  u     √    : The allowable shear stress. 
However, the European Code EC2 

(2)
 takes into 

account the asymmetrical distribution of shear force 

by increasing the direct shear by a factor (or by 

decreasing the shear perimeter) by the given 

formula: 

 
 u  

  o  
     u                                       Eq. (2) 

 : load increment factor for considering the 

asymmetrical distribution of shear force in the 

control perimeter; A general method for determining 

  is  es ri e  in EC2 
(2)

, Chap. 6.4.3. 

Further, the American code ACI 318-14 
(3)

 gives 

separately the value of indirect shear and added to 

the direct shear value when calculating the shear 

stresses at the critical section by the given formula:  
  

  
 
 u  

  o  
 

  u  

 
     u                Eq. (3) 

  : factor less than one.  
Codes also differ in defining the location of the 

critical shear section from the column face. ACI 

318-14 
(3)

 defines several sections for calculating the 

two-way shear in flat slabs: in reinforced concrete 

flat slabs without shear reinforcement, the control 

perimeter is at d/2 from the column face, and if shear 

reinforcement is used, the critical section of the 

shear is located at d/2 away from the last row of the 

ties or studs, as shown in Fig. 2. 

 While the European code EC2 
(2)

, as shown in Fig. 

3, defines the location of the critical section at 2.d 

away from the column face in the first case and at 

2.d away from the last row of ties in the second case. 

As for the Syrian code 
(1)

, the critical section is 

located at d/2 from the face of the column. The code 

allowed the use of shear reinforcement (ties) in flat 

slabs but did not address the possibility of shear 

collapsing outside these ties. 
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Fig (2).The critical perimeter according to 

ACI 318-14 
(3) 

 

 
Fig (3) The critical perimeter according to EC2 

(2)
 

Case without shear reinforcement 
 

1- Preview studies 
The critical shear crack theory, which was proposed 

by Kinnunen, S., and Nylander, H. (1960) 
(4)

 is about 

the relationship between the punching shear of the 

flat slab with its deformation due to bending and the 

amount of the longitudinal reinforcement; therefore, 

the angle of rotation of the slab. 

Muttoni, A., and Schwartz (1991) 
(5)

 have been 

working on this theory and have investigated the 

influence of slab thi kness   on the rotation angle ψ 

and the influence of the development of flexural 

cracks near the column, especially in cases of thin 

slabs and low reinforcement ratio. After that, 

Muttoni A. (2008) 
(6)

 introduced the size effect of the 

slab by multiplying the slab rotation ψ  y its 

thickness d. "Muttoni proposed that the failure is 

governed by a parameter ψ. d; this parameter is 

related to the opening width of flexural cracks due to 

flexural deformations in the shear-critical region." 

Fig. 4. 

 

) 
Fig (4) Flexural deformations and cracking close to 

the column 
(6) 

Einpaul, Ruis, and Muttoni (2015) 
(7)

 explained that 

the samples that have been used in the punching 

experiments are square and circular with a length of 

0.44 L, which represents the hogging moment area 

around the column between points of contra-flexure, 

as shown in Fig. 5, where L is the distance between 

column axes and 0.22 L is the distance between the 

point of contra-flexure and the column axis. The 

isolated specimens' boundary condition is to restrict 

the vertical movement of the ends. 

 

 
Fig(5) Continuous slab and a corresponding isolated 

test specimen 
(7) 

 

Zoran Brujić et al  (2018) 
(8)

 conducted an 

experimental and numerical study to investigate the 

effects of moment transfer at the flat-slab-inner-

column connection for seven specimens without 

shear reinforcement; the concrete classes of the 

specimens differed from C30/37, C60/75, and 

C80/95. 
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Fig (6) Experiment setup in Zoran Brujić et al

 (8)
 

The load was gradually increased as the eccentricity 

of the load decreased, so that the moment remained 

constant during the experiment. Fig. 6 shows the 

experiment setup. 

With the aim of developing the shear stress 

theoretical formula in the presence of the 

eccentricity, the researchers investigated the effect 

of the parameter e/b, where e is the eccentricity and 

b is the diameter of a circle passing through the 

punching perimeter. The experimental research has 

shown that increasing the eccentricity reduces the 

shear resistance of the flat slab and also reduces the 

control perimeter. An experimental coefficient ke 

=
   

   e  
  was proposed to reduce the control perimeter. 

The experimental and numerical results were 

compared, and the results were acceptable with a 

difference of 10% except for specimens with large 

loading eccentricity and low fc. The researchers 

revealed that the proposal of Ke requires additional 

experiments. 

Al-Katib et al. (2019) 
(9)

 conducted an analytical 

study to model experiments carried out by Kruger et 

al. (2000) 
(10)

 using the 3DNFEA program. The 

study analyzes the effect of eccentric loading on the 

punching shear strength of a flat slab in two cases: 

with U-shaped shear reinforcement and a 

longitudinal reinforcement ratio of 1.3% compared 

to a flat slab without shear reinforcement and a 

longitudinal reinforcement ratio of 1.0%, as shown 

in Fig. 7. 

An eccentric load was increased, the eccentricity 

remained constant, three different eccentricities were 

experimented with (0, 150, and 300) mm, and the 

compression concrete strength was 35 MPa for all 

specimens. Four different measures of eccentricity 

were modeled by Al-Katib et al. 

 
Fig(7) The two cases discussed in Al-Katib et al 

(9) 

This analytical study indicated the possibility of 

using three-dimensional programs that adopt the 

method of finite elements to simulate the experience 

within acceptable accuracy. The results showed that 

the moment did not affect the elastic stage; the 

capacity of the slab began to decrease after the first 

crack using shear reinforcement increased the shear 

capacity by about 30-35%; however, applying the 

eccentricity of 160 decreased the shear capacity of 

the slab by 22% in all specimens, with or without 

using ties. 
Neamah et al., (2021) 

(11)
 conducted an experimental 

study with the aim of studying the behavior of a flat 

slab with a column capital under bi-axial loading for 

six specimens, four of them are with a column 

capital as shown in Fig. 8. 

 
Fig(8) Specimen with column capital (Neamah et 

al., 2021)
 (11)

 

The reference specimen SE0C0 (without column 

capital) was tested under concentric loading, and 

SE1C0, similar to the previous specimen, was tested 

under biaxial loading. Results showed a reduction in 

shear capacity of 16%. It was observed that the 

behavior of the specimen was affected by biaxial 

loading at all stages, including the elastic stage. The 

remaining specimens with column caps were tested 

under concentric and biaxial loading. It was found 

that the presence of column capital significantly 

increased the shear capacity of the slab by 2.11% 

and 1.88%, respectively, and that biaxial loading 

reduced the shear capacity of the slab in all 

specimens, with or without column capital. 



The Punching Shear Strength of Reinforced Concrete Flat……                   Abou kassm, Kikhea  

4 

 

We find from above that the punching shear in flat 

slabs under eccentric loading is still under 

development, and the location of the critical shear 

section is not the same in different international 

codes, so more research needs to be done. 

3-the aim of this paper: 

This paper is an analytical study that investigates the 

effect of the transferred moment resulting from 

eccentric vertical load on a flat slab without drop 

supported on a non-continuous middle column, the 

effect of the moment in the presence of different 

levels of column load, the role of the ratio, and the 

arrangement of longitudinal reinforcement. Finally 

proposing alternatives such as the use of a steel 

section or steel plates embedded in the flat slab. 

4- Structural analysis of a flat slab under increased 

concentric load  

An analytical model was built using Abaqus version 

6.14 
(12)

 to simulate the experiment on the reference 

specimen SE0C0 by Neamah et al. (2021) 
(11)

, which 

was tested under concentric loading. In order to 

correspond the real behavior of the experiment, the 

parameters of the Abaqus program were defined by 

matching the analytical results with the experimental 

results; these parameters are then adopted in other 

analytical models when applying the eccentric 

loading. 

 Figure 9 shows the dimensions of the experimental 

specimen SE0C0, which are 1600 x 1600 mm. 

square slab with a thickness of 100 mm, dimensions 

of the central column 200x200 mm, and the flexural 

reinforcement is bottom mesh ratio 0.55% (9 Ø10 

mm rebar in each direction). Table 1 shows the 

reinforcement of the experimental specimen SE0C0. 

 

 
Fig(8) Dimensions of the Experimental Specimen 

SE0C0 (Neamah et al., 2021) 
(11)

 

 

 
Table (1) The reinforcement of the experimental 

specimen SE0C0 (Neamah et al., 2021) 
(11)

 

 
Figures (11) and 12 show the analytical model and the 

reinforcement in Abaqus. 

 
FIG (11) The analytical model in Abaqus

 
FIG (12) The reinforcement in Abaqus 

To model the slab, a three-dimensional element of 

eight nodes was used; each node had six degrees of 

freedom (three transitions and three rotations) 

(C3D8R, an 8-node linear brick, reduced 

integration), and the linear element (T3D2, a two-

node linear displacement, truss elements) was used 

to model the reinforcing bars. The rebar was 

considered embedded in the concrete with the 

assumption of complete coherence. The concrete 

material was characterized in Abaqus by the CDP as 

shown in Figure 13, which is a general method of 

modeling the inelastic behavior of concrete that can 

be used in monotonic loading. 

 
FIG (13) Concrete Damage Plasticity Model 

(12)
 

a. Compression behavior associated with 

compression hardening; 

https://www.bing.com/ck/a?!&&p=43081b9dd9f09631JmltdHM9MTY2NzYwNjQwMCZpZ3VpZD0wODk2NDVhMi03ZDFkLTYyYzItMjY5Ni01NGY1N2M3NjYzODQmaW5zaWQ9NTEyNg&ptn=3&hsh=3&fclid=089645a2-7d1d-62c2-2696-54f57c766384&psq=Figure+10+shows+the+dimensions+of+the+experimental+specimen+SE0C0+%2c+which+is+1600x1600mm.+Square+slab+with+a+thickness+of+100+mm%2c+dimensions+of+the+column+200x200+mm%2c+longitudinal+reiforcement+is+bottom+mesh+rathio+0.55%25+(diameter+10+mm+every+19+mm)&u=a1aHR0cHM6Ly93d3cucmVzZWFyY2hnYXRlLm5ldC9maWd1cmUvRGltZW5zaW9ucy1vZi1leHBlcmltZW50YWwtc3BlY2ltZW5fdGJsMV8zMTE3ODAzNTk&ntb=1
https://www.bing.com/ck/a?!&&p=43081b9dd9f09631JmltdHM9MTY2NzYwNjQwMCZpZ3VpZD0wODk2NDVhMi03ZDFkLTYyYzItMjY5Ni01NGY1N2M3NjYzODQmaW5zaWQ9NTEyNg&ptn=3&hsh=3&fclid=089645a2-7d1d-62c2-2696-54f57c766384&psq=Figure+10+shows+the+dimensions+of+the+experimental+specimen+SE0C0+%2c+which+is+1600x1600mm.+Square+slab+with+a+thickness+of+100+mm%2c+dimensions+of+the+column+200x200+mm%2c+longitudinal+reiforcement+is+bottom+mesh+rathio+0.55%25+(diameter+10+mm+every+19+mm)&u=a1aHR0cHM6Ly93d3cucmVzZWFyY2hnYXRlLm5ldC9maWd1cmUvRGltZW5zaW9ucy1vZi1leHBlcmltZW50YWwtc3BlY2ltZW5fdGJsMV8zMTE3ODAzNTk&ntb=1
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b. tension behavior associated with tension stiffening 

 

The same properties were used as those used in the 

reference experimental study for concrete and steel 

materials. The cubic compressive strength of 

concrete is 33 MPa for 150x150x150 cubes; by 

taking a correction factor of 0.80, the corresponding 

cylindrical compressive strength is 26.5 MPa, the 

modulus of elasticity is 28 GPA, and the Poisson’s 

ratio is 0.2. Figure 14 shows the concrete stresses 

and plastic strains corresponding to the experiment. 

 
Fig (14) Stress-plastic strain used to define the       

concrete material 

 The steel's yield strength is Fe500, its modulus of 

elasticity is 2   GPA, an  its Poisson’s ratio is      

Figure (15) shows the behavior of steel material: 

elastic-perfectly Plastic. 

 
Fig(15) Stress-strain for steel material 

Also, the same boundary condition that was used in 

the experiment was adopted in the numerical model, 

where the vertical movement at the ends of the slab 

was inhibited by Uy = 0, as shown in Figure (16). 

 

 
FIG (16) The boundary conditions 

In the model, the weight was applied at step 1, then 

at step 2, the concentrated vertical load was 

increased gradually over time. Nonlinear static 

analysis was performed using the finite element 

method. The mesh of elements has been studied with 

the aim of reaching a good division that achieves 

accuracy in results and is economical in time; the 

50x50 division was adopted, which gives converging 

results. 

5-Comparison of analytical and experimental results 

in the case of increased central load: 
Table (2) shows the results of the SEOCO reference 

experiment. 
(10)

 

 
 

Table (3) shows the analytical result from Abaqus. 

 
Figure (17) shows a comparison between the 

analytical shear force from Abaqus and the 

experimental result; the horizontal axis represents 

the vertical displacement of the slab in mm, and the 

vertical axis represents the shear in KN. 

From the figure, we can see the similarity of the 

values in the two curves; this indicates the 

reinforced concrete material was modeled in a way 

that approximates the real behavior of the 

experimental concrete. The slight difference is due 

to shrinkage cracks that formed when pouring the 

specimen, which were not taken into account in the 

analytical study. 

 
FIG(17) Comparison of the analytical result with the 

experimental result 
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Figure 18 shows the PE (principal maximum) 

maximum plastic deformation resulting from the 

analytical study on the tensile surface compared to 

the crack pattern in the specimen SE0C0. The 

density of cracks around the column forming the 

punching shear can be seen. 
FIG(18) 

 
 

6-Structural Analysis of a Flat Slab 

under Increased Eccentric Load 
In this analysis, the same definitions of previously 

used elements, materials, and boundary conditions 

were preserved, except the loading is eccentric. The 

load has gradually increased over time, while the 

eccentricity remains constant. Two cases were 

studied: e1 = 150mm, e2 = 250mm. Figure (19) 

shows the relationship between shear force and 

displacement in the e1 and e2 cases and their 

comparison with the case e0. We notice the 

eccentricity causes an indirect shear, which is the 

distance between the curve e0 and the curves e1, e2, 

according to the studied case. The shear capacity 

decreased by 12.6% at e1= 150mm, and by 23.2% at 

e2 = 250mm.This decrease is not linear, and that 

indirect shear has been limited to the inelastic stage. 
FIG(19) 

 

The shifting of the maximum plastic deformation 

toward the applied load was observed with the 

change in the shape of the punching shear. 

(figure20)  

 

 
FIG (20) PE (principal maximum) on the tensile 

surface 

 

7-Structural Analysis of a Flat Slab 

under Eccentric Load at Different 

Column Load Levels: 
In this analysis, the same definitions of previously 

used elements, materials, and boundary conditions 

were preserved except the loading was applied as 

following: 

1- Self-weights was applied as step.. 

2- In step2, the part (0.25) of the total force P, was 

applied at the column and was gradually increased. 

3- In step3 after the application of the column load 

was completed, the rest of the total load (0.75) of the 

total force P was applied at a specified distance so 

that the total loads p had an eccentricity of 

e=250mm, the load was gradually increased over 

time. 

In order to study several column load levels, the 

previous analysis was repeated several times with 

the use of (0.4) of the total force P in step 2, (0.6) of 

the total force P in step 3, and the maintenance of 

total eccentricity e = 250mm. Finally, the analysis 

was repeated again with (0.5) of the total force P in 

step 2, (0.5) of the total force P in step 3, and the 

total eccentricity e = 250mm. Figure (21) shows the 

load protocol at each level. 
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Fig(21) The load protocol at each level 
(P: the total force in kN) 

 
Table( 4 )shows different load levels. 

 
The results are presented in Figure 22 and compared 

with the result of a central load at e = 0. We find 

from the figure that the moment due to eccentricity 

causes in all cases an indirect shear and that 

increasing the column load level of a flat slab with a 

reinforcement ratio of 0.55% had a slight effect in 

reducing indirect shear (7% within a load up to half 

of the total load). 

 
Fig (22) Effect of e = 250mm under several column 

load levels and a 0.55% reinforcement ratio 

8- Effect of Flexural Reinforcement 
The effect of flexural reinforcement was 

investigated through conducting several structural 

analyses using the finite element method on a flat 

slab under eccentric load according to the following 

cases: 

8-1-the increasing of the flexural reinforcement 

ratio: 

In the previous structural analysis, the flexural 

reinforcement ratio was 0.55% (9T10 within the 

length of 1600 mm); in this analysis, several slabs 

under the constant eccentricity e=250 mm will be 

used using different reinforcement ratios up to 1% 

by increasing the number of reinforcing bars. Table 

5 shows the number of bars corresponding to the 

reinforcement ratios used. 
Table (5) 

 
We can see from the previous table that the ratio of 

1% was used in two ways: the first by increasing the 

number of bars and the second by increasing the 

diameter. Figure (23), which shows the results of the 

maximum shear force of the slabs, indicates that 

increasing the reinforcement ratio by increasing the 

number of bars increases the shear capacity of the 

slabs, while increasing the reinforcement ratio by 

increasing the diameter does not give the same 

value. For example, the ratio of 1% indicates the 

importance of the bars distributed in a certain area of 

the slab. 

 
Fig (23) Effect of the Reinforcement Ratio 

 

8-2.: The Concentrating of the Flexural 

Reinforcement under Eccentric Load 

In order to find the optimal distribution of 

longitudinal reinforcement and determine the 

effective width of the slab to resist the punching 

shear under eccentric load at different column load 

levels, bars above the ratio of 0.55% were 

concentrated at several distances near the column. A 
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comparison was made between the 15T10 uniformly 

distributed over the entire width and the 9T10 

uniformly distributed plus the 6T10 concentrated 

within a distance of (3.5d, 2d, d) from each face of 

the column, as shown in Figure (24), where d is the 

effective slab height and c is the width of the 

column. 

 
Fig (24) The concentrated distances 

 

Figures 25–27 illustrate the distribution of bars in 

the studied cases. 

 
Fig(25) uniformly distributed 

 
Fig(26) Concentrated within (2d+c+2d) 

 
Fig(27) concentrated within (2d+c+2d) 

 

Figure (28) shows the results of the maximum shear 

force of the slabs; We found that the smaller the 

concentrated width, the higher the shear capacity of 

slabs, the values converge at concentrated equal to 

or smaller than (2d+c+2d), therefore the maximum 

effective width of condensation can be considered 

equivalent to (2d+c+2d). 

 
Fig (28) Effect of the Concentrated Bars 

We note from figure (29) that for a slab with a 

reinforcement ratio of 0.9% with condensation 

within (2d + c+ 2d), the shear resistance was 

increased by more than (1.7) times in the case of e = 

0 and by (1.45) in the case of e = 250 mm compared 

to a reinforcement ratio of 0.55%. So we do not 

recommend using a low reinforcement ratio. 

However, the eccentricity reduced the shear capacity 

of the slab in all cases. 

 
Fig (29) Comparison between a reinforced slab of 

ratio 0.55% without concentration and another of 

ratio 0.9% with concentration 
 

8-3.: The Concentrating of the Flexural 

Reinforcement under Eccentric Load at Different 

Column Load Levels:  
A flat slab with a reinforcement ratio of 0.9% and 

concentrated bars at a distance of (2d + c + 2d) was 

analyzed under the loading protocol mentioned in 

paragraph 7. We can see from Figure 30 that 

increasing the column load decreases the indirect 

shear and improves the shear capacity. 
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Fig (30) The impact of column load levels 

 

We concluded from the above that increasing the 

reinforcement ratio up to 0.9-1% activated the 

column load to reduce the indirect shear. This is 

good in practice since the eccentricity load is 

actually associated with a central load of the column. 

9: The Proposal of Replacing the Concentrated 

Reinforcement with a Steel Section embedded at the 

support: 

In this analysis, the same definitions of elements, 

materials, and boundary conditions used previously 

were used with the addition of an element that is a 

steel section. The steel section RHS 50X30X3.2 is 

equivalent to the area of the concentrated bars 

(6T10). Figure 31 shows the RHS section, and Table 

6 shows the specifications of this section
 
according 

to BS EN 10210-2 (2006) 
(13)

. 

 
FIG (31) RHS 50X30X32mm

 (13)
 

 

Table (6) according to BS EN 10210-2 (2006) 
(13) 

 
 

To model the RHS steel section, a three-dimensional 

element of eight nodes was used; each node had six 

degrees of freedom (three transitions and three 

rotations) (C3D8R, an 8-node linear brick, reduced 

integration). The RHS was considered embedded in 

the concrete with the assumption of complete 

coherence. The steel's yield strength is Fe500, its 

mo ulus o  elasti ity is 2   GPA, an  its Poisson’s 

ratio is 0.3. A structural analysis was performed; the 

load has gradually increased over time while the 

eccentricity remains constant. Figure 32 shows the 

shape of the steel section used, Figure 33 shows the 

reinforcement of the slab in Abaqus, and Figure 34 

shows the relationship between the force-

displacement of the slab with embedded RHS 

compared to the result of the concentrated bars 

within the distance of (2d + c + 2d) shown earlier in 

Figure 28. 

 
Fig (32) The shape of an RHS steel section in Abaqus 

 
Fig (33) A uniform reinforcement 9T10 (ratio of 

0.55%) and the embedded RHS 
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Fig (34) A comparison between the shear capacity of    

a flat slab with an embedded RHS section and the use 

of concentrated bars 

 

From the previous figure, we see a convergence in 

the behavior of the two models where the two curves 

match in the elastic stage and then, at the beginning 

of the inelastic stage, the curve corresponding to the 

use of the RHS steel section decreased slightly and 

then the two curves converged with the same result, 

and in the final stage the performance of the RHS 

model improved slightly. Figure 35 shows the 

tensile stresses in reinforcing steel, where in both 

cases, the yielding point was reached in the failure. 

 

(a)    

(b)  
Fig (35) The tensile stress in the reinforcing steel 

a- RHS model 

b- Concentrated bar model 
10. The Proposal of Replacing the Concentrated 

Reinforcement with Steel Plates Embedded at 

Each End of (2d + c + 2d): 

In this analysis, the same definitions of elements, 

materials, and boundary conditions used previously 

were used with the addition of steel plates. Two 

embedded steel plates of dimensions 2 x 100 x 2.25 

mm, which are equivalent to the area of the 

concentrated bars (6T10), were placed at the end of 

(2d + c + 2d). Figure 36 shows the location of the 

plates. 

 
Fig (36) the location of the plates. 

 

The C3D8R element was used to model the plate; 

the plate was considered embedded in the concrete; 

the steel's yield strength is Fe240; its modulus of 

elasti ity is 2   GPA  an  its Poisson’s ratio is      

A structural analysis on a flat slab with a constant 

eccentricity of 250 mm was performed. Figure 37 

shows the relationship between shear force and 

displacement in the three cases. 

 
Fig )37) A comparison between the shear capacities 

in the three cases 

We conclude from previous results that the use of 

plates at a distance (2d+c+2d) gives the best shear 

capacity.  
 

11: The Results: 
This study showed the following results: 

1. The punching resistance is increased by the 

flexural bars, which are concentrated in the shear 

critical area over and around the column. 

2. In this study, the maximum width for the shear 

critical area was found to be (2d + c + 2d) under the 

eccentricity of 250mm, where d is the effected slab 

thickness and c is the width of the column. 

3. When eccentric loads are accompanied by 

column loads, the indirect shear force would be 

reduced only in cases of high reinforcement ratios 

(up to 0.9%) and concentrated bars in the distance 

(2d + C + 2d). 
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4. Replacing the concentrated reinforcement with a 

RHS steel section embedded at the support gave the 

same result in raising the punching resistance. 

5. Replacing the concentrated reinforcement with 

steel plates embedded at each end of the width (2d + 

c + 2d) gave the best shear capacity in the case of 

eccentricity e = 250mm. 

Recommendations: 

According to the Syrian code, when designing a flat 

slab similar to the one studied in this paper, the 

allowable shear force, according to Eq. 1 in the 

introduction, is vu = 121 kN, regardless of the ratio 

of longitudinal reinforcement of the slab or the 

moment transferred to the column. In fact, the slab 

would be punctured at a lower value, at the value of 

93 kN, in the case of low reinforcement with 

eccentricity e = 250 mm, as we have seen in this 

study (Fig. 29). 

We recommend that the effect of the longitudinal 

reinforcement ratio be entered in the calculation of 

the punching shear force according to the Syrian 

code. Also, the design should consider the effects of 

a transferred moment. 
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