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Abstract 

The aim of this paper is to investigate the effects of the construction errors during the implementation of concrete 

T-beams. The construction errors in concrete structures are classified into two main sections. The first focuses on 

the position and ratio of reinforcing bars, while the other defects are related to the concrete strength. Tenth 

specimens of T-beams in experimental study were designated to simulate the possible defects in the field, like the 

impact of misplacement of slab reinforcement, irregular arrangement of slab reinforcement, the change in bar 

diameter of slab reinforcement and the effect of casting method of concrete on the structural behavior of T-beam 

sections. A control beam was cast for comparison and the measurements of various parameters including 

deflections, strains of reinforcement steel and propagation of cracks were made to evaluate to what extent these 

practice faults influence the behavior of reinforced concrete (RC) tested specimens. The shape of specimen 

consisted of beam and slab that was cast monolithically on the shape of character T-section. Thus, slab and beam 

act together in resisting the applied loads. Results indicated that the faulty placement of slab reinforcement leads 

to a lower bending moment capacity of the slab (brittle behavior) and the steel strain of slab decreases with the 

decrease of height of slab reinforcement. The irregularity of the reinforcing bars in concrete slab affected the 

ultimate load of the slab. Also, it was found that well-arranged distribution of reinforcement improves the ductile 

behavior of the slab and reduces the corresponding deflections. The minimum bar diameter for the reinforcement 

of slab is 8mm because the 6mm diameter reinforcement was found to be weak in resistance to the loads. T-beams 

are more efficient than rectangular beams where part of slab contributes to the resistance of the loads. The harmful 

effect of casting of slab on the layers led to the reinforcing bars of slab to resist the loading early. 

Keywords: Construction errors, T-beams, Faulty placement, The irregularity, Bar diameter, Harmful effect. 

 

1. Introduction 

Reinforced concrete RC structures have been major structural materials for over a century, and are 

still the most popular material for public structures all over the world. Reinforced concrete buildings 

consist of several structural components. The basic components of a reinforced concrete building are slabs 

and roof systems, beams, column, walls and foundations. These structural components can be classified 

into horizontal components (slabs, roofs, and beams) and vertical components (columns and walls). 
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Reinforced Concrete (RC) Slab is a horizontal concrete plate carries loads perpendicular to its plane. It 

transfers those loads to its supports either beams or columns. This load transfer generates mainly bending 

moments and bending stresses in the slab. The concrete slabs and beams act together in resisting to the 

applied loads. As a result, the beam will have an extension concrete part at the top called flange and the 

portion of the beam below the slab is called the web. To consider a slab and a beam as a T-section, it is 

necessary to ensure interaction between these elements by a solid connection. Connection in the contact 

between the slab and the beam must be capable of ensuring a proper resistance to longitudinal and 

transverse shear forces. T-section beams with the advantages of easy construction and saving costs have 

been extensively used in RC structures. [1,2,3]. 

Few researchers are concerned to study the defects that occur in the concrete structures and cracking 

in RC structures, especially in the concrete slabs. Defects can be classified into two main sections; the first 

section focuses on the defects that occur in the reinforcing steel detailing and cracking in RC elements, 

while the other section focuses on the strength of concrete. Cracks are one kind of universal problem of 

concrete construction as it affects the building artistic and it also destroys the wall’s integrity, affects the 
structure safety even reduce the durability of structure. Cracks occur because of the low tensile strength of 

concrete. These cracks, however, have a significant influence on the structural performance of concrete 

elements including tensile and bending stiffness, energy absorption capacity, ductility, and corrosion 

resistance of reinforcement. Cracks develop due to deterioration of concrete or corrosion or reinforcement 

bars due to poor construction, poor instruction by the supervisor and lack of worker training or 

inappropriate selection of constituent material and by temperature and shrinkage effects [4-6]. These cracks 

can be classified into three groups: structural, non-structural, and due to fire load. There are many reasons 

for the development of non-structural cracking in the plastic stage of freshly cast concrete. However, 

structural cracking influences load carrying capacity of the structure such cracks significantly decrease a 

structural stability and safety factors. These cracks may even lead to possible failure of structures and 

accident condition in construction. Some possible causes of structural cracking: design failure, change of 

serviceability, an increase of design load, the poor quality material used, mistake of construction 

technology and impact loads. While cracks due to fire load can be considered as both structural and non-

structural [7-9].  

There are several parameters which affect cracking in reinforced concrete structures, including the 

properties of concrete constitutes, concrete cover, the diameter of main steel and its ratio, distribution of 

reinforcement and the characteristics of applied loads as well as cracking may appear as a result of a wide 

variety of poor construction practices. Cogurcu [10] and Peansupapa and Rothmony [11] investigated the 

construction and design defects in the residential buildings. There are three causes for failure of residential 

buildings can be identified in design mistakes, construction stage mistakes (poor workmanship, low 

strength of materials, inadequate transverse reinforcement–stirrup usage, defective and inadequate 

interlocking length, lack of control) and mistakes in usage. An experimental investigation was performed 

to investigate the behavior of reinforced concrete T-beams with different types of concrete in web and 

flange and effect of flange geometry investigated by D. Ghailan [12], R. Al-Mahaidi et al. [13] and Amr H. 

Zaher et al. [14]. T-beams have full importance in roof simply supported slabs on load bearing walls or 

girders.This technique of construction is widely used and suitable for residential, commercial, 

prefabrication and industrial buildings especially for large spans. A web reinforced shear critical reinforced 

concrete T-beam subjected to a concentrated point load will fail by one of two mechanisms. The first is a 

beam shear mechanism in which a diagonal tension crack continues from the web and penetrates into the 

flange. While the second is a punching shear mechanism whereby the applied load punches through the 

flange. An increase in the ratio of flange width to web width is shown to produce an accompanying increase 
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in the ultimate strength of a reinforced concrete T-beam, providing the ratio of flange depth to an effective 

depth is above a particular minimum value. This increase in shear resistance with an increase in the ratio 

of flange width to web width continues until the flange is wide enough to allow the formation of a failure 

mechanism whereby the load point punches through the flange. The existence of slab contributed to increas 

the shear resistance in the T-beams, where the shear failure loads increasing by 42% of rectangular section 

in the T-beams without stirrups and ratio up to 43% in the T-beams with ordinary web stirrups while the 

ratio up to 54% in the T-beams with flange stirrups. The shear resistance increases with the increase of slab 

thickness. When the ratio of slab thickness to beam thickness increase from 13% to 27% the shear failure 

loads increases by ratio 45%.  

Human errors are predominant and are one of the many factors responsible for the failure of 

structures. Human errors arise in the form of lapses and shortcomings that remain unnoticed during the 

design and construction of structures. It is obvious that there are very few research studies that investigate 

the human errors and implementation defects that occur during the execution of concrete structures. These 

defects are in the displacement of the reinforcing steel in the appropriate position, the distribution of 

reinforcing bars irregularly in the concrete slabs or beams, casting method and increase water/cement ratio 

in the concrete mix. These defects occur in many countries of the world, especially Egypt. These defects are 

needed to be investigated more deeply to determine precisely the effect of these parameters on the 

structural behavior of concrete slabs and connected beams [15-17]. Al.Khuzaie and Atea [18] studied a 

hollow reinforced concrete T-beams under the effect of pure tension experimentally, which are made of 

reactive powder concrete (RPC). They concluded to the addition of 2% steel fibers to concrete mix increased 

the cracking and ultimate torque of the RPC hollow T-beam. An increase of 184% in cracking torque and 

66% in ultimate torque for hollow section was achieved while the other properties kept constant while 

Alexandra et al. [19] examined the most common errors in the mixing process is the balling effect that can 

occur in the production process on self-compacting concrete. It was found that the mix design and the 

production process are more sensitive to the influence of the concrete constituents than for ordinary 

concrete. 

The present study describes an investigation to examine the effect of position and ratio of negative 

reinforcement and change in compressive strength of concrete on the behavior of concrete slabs and 

connected beams. This research aims at introducing a rational evaluation of the common shortcomings in 

the implementation of reinforced concrete slabs under flexural stresses. Tenth specimens were investigated. 

These specimens were divided into four groups. The first group deals with the impact of misplacement of 

slab reinforcement, the second group investigates the effect of the irregular arrangement of slab 

reinforcement, the third group examines the effect of a change in bar diameter of slab reinforcement while 

the last group discusses the effect of casting method of concrete on the efficiency of whole T-beam sections. 

 

2. Experimental Investigation 
The experimental program involved testing of ninth full-scale reinforced concrete T-beam sections 

fabricated with defects in erecting practices were studied, in addition to the control specimen, which mainly 

fails under flexural stresses. The shape of specimen consisted of beam (web) and slab (flange) that was cast 

monolithically on the shape of character T-section. Thus, slab and beam act together in resisting the applied 

loads. Dimensions of slab (flange) are 950mm (width), 100mm (thickness), and 2000mm (length) while the 

dimensions of projected beam (web) are 150mm (width), 200mm (drop depth), and 2000mm (length). 

Longitudinal and cross-sectional dimensions of the experimental specimens are shown in the Fig. 1. 
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Figure 1. Longitudinal and cross-sectional dimensions the tested specimens (units: mm) 

 

Reinforcement Rft of slab (flange) and the stirrups of the connected beam (web) was normal-grade 

bars (mild-steel) 240/370 while high-tensile steel 360/520 was used in main and secondary steel of the 

projected beams. For a beam in all specimens; the amount of main longitudinal bottom and top 

reinforcement were kept constant. The vertical stirrups were also constant. The main longitudinal bottom 

reinforcement or the secondary reinforcement involves three bars 10mm diameter high tensile steel. The 

vertical stirrups reinforcement was 8mm diameter mild steel bar spaced at 200mm acting as transverse 

reinforcement. The reinforcement of slab was changed from specimen to specimen according to the type of 

group.  All specimens are loaded by the uniformly distributed load (line load) at the end of the slab from 

two sides. Fig. 2 displays the set-up of the T-beam section in the experimental program. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Set-up of the T-beam section in the experimental program 

 

The first group consists of four specimens, GΙM-1 (control specimen), GΙM-2, GΙM-3, and GΙM-4. The 

variable of all specimens was the depth of slab reinforcement. The misplacement of slab reinforcement is 

(tmis./ts) varied as 0.2, 0.4, 0.6 and 0.8, percent respectively where tmis. is the misplacement of slab 

reinforcement while ts is thickness of slab. Control specimen (GΙM-1) was made with standard 

requirements of good compaction using a mechanical vibrator, enough concrete cover, well- arranged 
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reinforcement. No splices in the reinforcement of slab or beam were used in this control specimen. All 

specimens were constructed in the laboratory at Faculty of Engineering, AL-Azhar University. While the 

second group contains two specimens, in addition to the control specimen. In this, the group, eccentricity 

of the main steel in slab was the major parameter. The area of steel for slab was not changed (13Ø8mm on 

the length of the slab), but the distribution of steel was varied for two specimens (unequal distribution of 

slab reinforcement).  In first specimen (GIIA-1), irregular arrangement of slab reinforcement was used three 

reinforcement bars at the mid-span of the slab at 50mm while two bars were placed at the distance of 

260mm from two sides from the previous three bars keeping the distance between these bars as 50 mm. 

Moreover, there are two bars from two sides at the distance of 260 mm from the end of the slab. At the ends 

of the specimen was erected one bar. Fig. 3 illustrates plan of reinforcement distribution of slab specimen 

(GΙΙA-1). In another specimen (GΙΙA-2), the eccentricity of slab reinforcement was in the three groups, every 

group comprises three bars, and there are two distances between three bars. This distance was 100 mm 

while the distance between groups was 290 mm. At the end of the specimen, two bars were erected from 

two sides, and the distance was 100 mm. Plan of slab reinforcement distribution for specimen (GΙΙA-2) is 

shown in Fig. 4. The third group comprise three specimens (GIIID-1), (GIIID-2), in addition to the control 

specimen GIM-1, and identifies the change in bar diameter of slab reinforcement. The ratio of steel was not 

changed but the diameter only was changed, and the first specimen was of the diameter 6mm whereas the 

diameter of 10mm was used in the second specimen. In the first specimen (GIIID-1), the area of steel was 

fulfilled by 11Ø6/m while the second specimen (GIIID-2) comprise 4Ø10/m. 

In last group, the method of casting has been studied to simulate the method of buildings construction 

in Egyptian society. The first specimen GIVC-1 was cast on two layers, the thickness of each layer was equal 

to 50mm and the time interval between the casting of two layers was equal to 20minutes. The casting cart 

was moved during this interval on the concrete of slab. While the second specimen GIVC-2 was cast on 

three layers, the thickness of the first and second layer was equal to 30mm and the third layer was equal to 

40mm. The interval between the first, second and third layers was 20minutes, respectively. During the 

interval, the casting cast was moved to each layer. This method happens in some of the execution sites in 

Egypt, especially in some places where there are no ready-mix concrete plants. Details of all tested 

specimens are shown in Table 1. 

 

Figure 3. Plan of slab reinforcement distribution for 

specimen (GΙΙA-1) 

Figure 4. Plan of slab reinforcement distribution for 

specimen (GΙΙA-2) 
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Table 1. Summary of the different specimens 

 

 

3. Materials Properties 
The cement used was Torah cement factory which coincided with the requirements of the Egyptian 

standard specifications (ES 4756/1-2007) for Portland cement. Crushed stone (coarse aggregate) and fine 

aggregate (sand) are used in the experimental program. The water used in all mixes was clean drinking 

fresh water free from impurities. The trail of mixes was carried out until the required workability was 

achieved and this was accomplished by water/cement ratio = 0.50. 

3.1 Mix Proportions 

The concrete mix used in all specimens was designed according to the Egyptian code of practice. The 

concrete mix was designed to obtain target strength of 25N/mm2 at the age of 28 days for all specimens. 

The mix proportions by weight (kg/m3) are presented in Table 2. 

 

Table 2. Concrete mix design 

 

 

 

 

 

 

 

To determine the compressive strength of concrete after seven and twenty-eight days from casting, 

eighteen standard cube tests (150×150×150)mm3 had been made; nine concrete cubes were tested after 7 

days while the remaining concrete cubes were tested after 28 days. The cubes were filled with concrete in 

three layers while tamping each layer with a steel rod for twenty-five times according to the Egyptian Code 

of Practice was done. The average compressive strengths ofe concrete cubes measured at 7days were 

approximately 23.44MPa while at 28days, the average compressive strength equal to 29.76MPa. 

 

4. Instrumentations and Loading System 
All the tested T- beam sections were simply supported with a span of 1800 mm and in a vertical position under 

concentrated vertical load from hydraulic jacks on two spreader beams which have a uniform load (line load) on two 

Group Specimen Notation Notes 

Control Specimen GIM-1 Control specimen 

(tmis./ts) = 20% 

Misplacement of slab reinforcement (GIM) GIM-2 (tmis./ts) = 40% 

GIM-3 (tmis./ts) = 60% 

GIM-4 (tmis./ts) = 80% 

Effect of irregular arrangement of slab reinforcement (GIIA) GIIA-1 ـــــــــــ 
GIIA-2 ـــــــــــ 

Effect of change in bar diameter of slab reinforcement (GIIID)  GIIID-1 Slab reinforcement = 11Ø6/m 

GIIID-2 Slab reinforcement = 4Ø10/m 

Effect of change in casting method of concrete GIVC-1 Casting on two layers 

GIVC-2 Casting on three layers 

Constituents Mix proportions by weight for one m3 

Crushed stone 1256kg 

Gradate sand 628kg 

Water 150liters 

Water/cement ratio 0.50 
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ends of the slab up to failure. The load was applied through spreader beam on the specimen using 100kN capacity 

hydraulic jacks. Two linear variable displacements of transducers LVDTs were installed vertically at the middle of the 

beam to measure the vertical deflection and midpoint of the flange at the end of the slab. In order to measure the strain 

distribution in main reinforcement of slab and lower reinforcement of the connected beam.  

Cracks were detected through visual observation during testing all specimens, as well as marking the propagation 

of cracks at each load increment. The cracking and ultimate loads were accurately recorded during each test. The test 

specimens were loaded to failure and observed behavior regarding load-deflection response, modes of failure, and the 

strain values in the main reinforcement of slab and beam were recorded. 

 

5. Experimental Results of T-Beam Section and Discussions 
The measured deflection curves were plotted against the corresponding applied loads, from the start of applying 

the load, and up to failure. Cracking load Pcr, ultimate load Pu, ultimate deflection at failure ∆f and toughness for all 

tested specimens are shown in Table 3. 

 

Table 3. Summary of the experimental results for all tested specimens 

 

5.1 Load-Deflection analysis at the end of slab  

Fig. 5 shows the relationship between load and deflection of the tested specimens of group I. It was observed that; 

the experimental specimens manifested the linear deflection behavior before cracking. Upon cracking, stiffness of 

specimen was reduced as the load increased. For specimens GIM-2, GIM-3, and GIM-4, lower values of the ultimate 

load and deflection were distinguished compared with the control specimen GIM-1. The area under the load-deflection 

relationship up to failure is called toughness. Toughness is the ability of the material to withstand or absorb mechanical 

energy as shown in Table 3. It can be concluded from comparison of group I that the rate of increase for the ratio of 

slab reinforcement misplacement was less than the ultimate load value of the tested specimen, but the rate of decrease 

in the ultimate load was not the same as the rate of increase in the percentage of the wrong placement in slab 

reinforcement. A lower position of the reinforcement leads to a lower bending moment capacity of the slab and can 

also lead to a brittle behavior in case of collapse. 

Group Specimen  

Notation 

Cracking 

Load 

(Pcr) (kN) 

Ultimate 

Load  

(Pu) (kN) 

Ultimate 

deflection  

∆f (mm) 

PcrPu  

PuPu (control) Toughness  

(kN.mm) 

 

 

Group #I 

GIM-1(Control) 10 32 35 0.31 1.0 981.213 

GIM-2 5 25 31 0.20 0.781 701.81 

GIM-3 4.5 20.50 32 0.219 0.64 589.82 

GIM-4 6 18.50 34 0.324 0.578 496.95 

Group #II GIIA-1 7.5 28 33 0.245 0.875 828.088 

GIIA-2 12 30.5 36.8 0.428 0.953 973.09 

Group #III GIIID-1 4.6 19 44.5 0.242 0.593 606.64 

GIIID-2 7 38 44 0.184 1.187 1412.71 

Group #IV GIVC-1 7 27.6 33.2 0.253 0.862 759.565 

GIVC-2 6 30.9 0.255 0.255 0.734 602.384 



Journal of Civil Engineering and Structures                                                                   Ahmed Gomaa Asran et al 

 

25 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Load Deflection Relationships of the tested specimens of group I 

 

   It can be deduced from the results of group II are shown in Fig. 6 that well-arranged distribution of 

reinforcement improves the ductile behavior of the slab and reduces the corresponding deflections. Meanwhile, the 

eccentricity of main steel creates a sort of non-uniform stress distribution over the section and accelerates the failure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Load Deflection Relationships of the tested specimens of group II 
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Fig. 7 displays the results of group III showing that the use of 10mm diameter in the reinforcement of the slab 

exhibited high resistance to loads while on the contrary, the 6mm diameter reinforcement offered a weak resistance to 

the loads affecting the slab. Load-deflection responses for specimens GIM-1 and GIIID-2 showed approximately the 

same trend, and no significant difference was observed at low loading level, while the third specimen GIIID-1 exhibited 

a significant difference in values of the deflection from the beginning of loading. It is concluded from these results that 

increasing of the diameter of slab reinforcement while keeping reinforcement ratio constant enhanced the behavior of 

T-beam to withstand the loads and increased the ductility of the T-beams. Also, improve the efficiency of T-beam 

section under the loading effect, the minimum bar diameter for the reinforcement of slab is 8mm because the 6mm 

diameter reinforcement was found to be weak in resistance to the loads. 

 

 
Figure 7. Load Deflection Relationships of the tested specimens of group III 

 

Load versus deflection graph of specimens for group IV is shwon in Fig. 8. The load-deflection relationship was 

a nearly bilinear response up to failure. The specimens had approximately a similar loading up to the initiation of the 

first crack, followed by a reduction in the stiffness for all slabs but with different tendencies due to the cracking of 

concrete. After cracking stage, the stiffness of tested slabs was dependent on the main reinforcing bars of slab. Control 

specimen GIM-1 exhibited more post-cracking flexure loading and more deflection compared with the specimens 

GIVC-1 and GIVC-2 due to specimen GIVC-1 and GIVC-2 being cast on different layers. On the other hand, specimen 

GIVC-1 showed a higher value in the deflection than the specimen GIVC-2 because this specimen was cast on three 

layers. The toughness of control specimen was higher than the other specimens where specimen GIM-1 exhibited a 

value of toughness 22.58% and 38.60% higher than specimens GIVC-1 and GIVC-2, respectively. 

To interpret the results of group IV, it was found that the casting of slab on different layers and non-use of 

vibrators in the compaction of concrete slab led to the presence of honey combing in the slab, which affected the 

compressive strength of slab against loads. The honey-combed specimens GIVC-1 and GIVC-2 had relatively lower 

stiffness compared with control specimen GIM-1 and this may be due to the early initiation of cracks in between pores 

of concrete. 
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Figure 8. Load Deflection Relationships of the tested specimens of group IV 

 

5.2 Load-Deflection analysis at the mid-span of the beam  

 Fig. 9 displays the applied load against the vertical deflection at mid-span of the reinforced concrete beams for 

group I. It is apparent that the shape of the load-deflection curves in the elastic region before cracking is the same for 

the all specimens. However, it appears that after cracking, both specimens GIM-1 and GIM-2 produced higher values 

of deflection than specimens GIM-3 and GIM-4 for the same level of loading. The maximum deflection of specimens 

GIM-1, GIM-2, GIM-3, and GIM-4 was 5.9mm, 6.7mm, 7.55mm, and 6.3mm, respectively at the failure load. It could be 

said that the harmful effect from the wrong position of slab reinforcement is more defective on the behavior of slab and 

the attached beam than the correct place for reinforcing steel for the slab. 

 

 
Figure 9. Load-deflection relationship at mid-span of the beam for specimens of group I 

 

   The load-deflection curves for specimens of group II are shown in Fig. 10. There is no significant difference 

between three specimens in the values of deflection, especially at the beginning of loading before the initiation of cracks. 
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The maximum deflection for the specimens GIM-1, GIIA-1 and GIIA-2 at the failure load was 5.90mm, 6.80mm, and 

5.75mm, respectively. It is evident that the irregularity of the reinforcement of slab does not have any significant effect 

on the efficiency of a concrete beam connected with the slab. Furthermore, the beam attached to slab was not 

significantly affected by the irregularity of the shape of slab reinforcement. 

 
Figure 10. Load-deflection relationship at mid-span of the beam for specimens of group II 

 

   Fig. 11 shows the comparison between specimens of group III. It was found that the use of 10mm diameter in 

reinforcing the slab in T-section significantly improved the flexural behavior of the slab to resist the load. Thus, the 

behavior of the beam connected to the slab was improved to withstand the loads. Also, there is no clear difference 

between the behavior of specimens GIM-1 and GIIID-2 with slab reinforcement with diameters 8mm and 10mm in 

load-deflection values. The maximum deflection value for the beam at the failure was 5.9mm, 8.75mm and 10.25mm 

for specimens GIM-1, GIIID-1, and GIIID-2, respectively. Specimen GIIID-2 demonstrated higher deflection than 

specimen GIM-1 and GIIID-1 where this specimen reinforced the slab with a diameter of 10mm, showed the beam 

connected to the slab a high resistance to loads. Therefore, it is preferable to use 10mm diameter in reinforcing of the 

slabs on diameters less than 10mm.  

 
Figure 11. Load-deflection relationship at mid-span of the beam for specimens of group III 
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Fig. 12 demonstrates the applied load against the vertical deflection at mid-span of the reinforced concrete beams 

for specimens of group IV. The deflection of beam for both specimens GIVC-1 and GIVC-2 which casted on layers 

produced greater values of deflection than specimen GIM-1 for the same level of loading. The ultimate deflection of 

the beam for specimens GIM-1, GIVC-1 and GIVC-2 was 5.9mm, 5.75mm, and 5.55mm, respectively at the failure load. 

Finally from these results, it could be said that the presence of construction defects in the slab, especially the harmful 

effect from the honey-combed concrete is more harmful for the behavior of slab and the connected beam. The harmful 

effect of casting of slab on the layers led to the reinforcing bars of slab to resist the loading early. The performance of 

slab reinforcement was affected on the resistance of both slab and connected beam (T-section) to the loads. 

 
Figure 12. Load-deflection relationship at mid-span of the beam for specimens of group IV 

 

5.3 Load versus strain values in main reinforcement of slab  

The values of strain in group I, at the maximum load was equal to 32kN (maximum load for specimen GIM-1), 

the specimen GIM-1 showed 5.88%, 28.43% and 43.13% higher strain than the specimen GIM-2, GIM-3, and GIM-4, 

respectively. Meanwhile, the results of group II displayed that the specimen GIM-1 demonstrated 11.17% and 9.80% 

higher strain than the specimen GIIA-1 and GIIA-2, respectively. Whereas the test results of group III indicated that; 

the specimen GIM-1 exhibited 4.37% lower strain than the specimen GIIID-2 and 18.95% higher strain than the 

specimen GIIID-1. Examining the strain results in the last group, specimen GIM-1 demonstrated 24.21% and 35.68% 

higher strain than the specimens GIVC-1 and GIVC-2, respectively. 

5.4 Load versus strain values in main reinforcement of beam  

For specimens of the first group, at the failure load of control specimen GIM-1, the steel strain increases to 17.78%, 

20.44% and 26.67% for the specimens GIM-2, GIM-3, and GIM-4, respectively. furthermore in the second group, the 

steel strain value in the main steel of the beam increases in specimen GIIA-1 and GIIA-2 with 15.33% and 14.17%, 

respectively. Otherwise for the third group, the specimen GIIID-2 showed 5.11% higher strain than the specimen GIM-

1, and the specimen GIIID-1 displayed 4.44% lower strain than the specimen GIM-1. Moreover strain value at failure 

load for specimens of the last group, the specimen GIM-1 showed 6.97% and 11.78% higher than the strain values of 

specimens GIVC-1 and GIVC-2. 

5.5 Mode of Failure  

5.5.1 Mode of failure of first group specimens 

For the control specimen GIM-1, the first noticeable crack was started in the borderline between slab (flange) and 

beam (web) at a load equal to 10kN on both the sides of the slab. These cracks were inclined in the direction of the slab 

towards the loading effect, i.e., the crack initiated in the region of the maximum tensile stress. These cracks extended 
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on the boundary between the slab and the beam on the overall length of the specimen. Then, by increasing the loading 

value, the existing cracks grow wider and deeper until the failure occurred in the slab and then cracks became inclined 

towards tensile stresses trajectories.  At later stages of loading, cracks concentrated on the section of the maximum 

bending moment, and the failure happened in the slab at the load of 32kN in the connected region between the slab 

and beam as shown in Fig. 13. 

 

Figure 13. Mode of failure of specimen GIM-1 

 

For the remaining specimens of group I, it was seen the first cracks visible by naked eyes were at one side of 

border line between slab (flange) and beam (web) spread along the length of the specimen. These cracks began at a 

load of 5kN, 4.5kN and 6kN for specimens GIM-2, GIM-3, and GIM-4, respectively. At the failure, the width of the 

cracks was noticeably wider and highly propagated at the face of the intersection between slab and beam where the 

height of reinforcement in slab reduced. The failure occurred at a load equal to 25kN, 20.5kN and 18.5kN for specimens 

GIM-2, GIM-3, and GIM-4, respectively. Based on test observations, the failure of specimens GIM-2, GIM-3 and GIM-

4 could be classified as pronounced sudden and flexural mode of failure in the slab where the misplacement of slab 

reinforcement affected the efficiency of the slab, leading to a faster failure in the slab. Figs. 14, 15 and 16 illustrate the 

photo of specimens GIM-2, GIM-3, and GIM-4, respectively after the failure. 

 

 
Figure 14. Mode of failure of specimen GIM-2 
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Figure 15. Mode of failure of specimen GIM-3 

 
Figure 16. Mode of failure of specimen GIM-4 

 

5.5.2 Mode of failure of second group specimens 

The specimens GIIA-1 and GIIA-2 demonstrated basically the same cracking pattern and final mode of failure in 

nature of loading. The failure of these specimens was flexural tensile at maximum bending moment region (the vicinity 

region between slab connection with the beam) where the moment is concentrated in this region. Also, the cracks are 

started to appear in the region where there are no reinforcing bars in the slab and propagated towards the loading 

points. The first crack took place at load 7.5kN and 12kN for specimens GIIA-1 and GIIA-2, respectively. As the load 

was further increased, the crack became wider and extended at both sides of the beam on the overall length of the 

specimen. The specimens GIIA-1 and GIIA-2 are failed primarily at the ultimate conditions in a flexural mode and 

happened at loads equal to 28kN and 30.5kN, respectively. The failure occurred on the entire border line between the 

beam (web) and slab (flange) interface. The cracking patterns of tested specimens GIIA-1 and GIIA-2 at failure are 

shown in Figs. 17 and 18, respectively. 
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Figure 17. Mode of failure of specimen GIIA-1 

 
Figure 18. Mode of failure of specimen GIIA-2 

 

5.5.3 Mode of failure of third group specimens 

The cracks patterns for specimens GIIID-1 and GIIID-2 are represented in Figs. 19 and 20, respectively. The first 

cracks were horizontal flexural cracks in the vicinity of the tension zone within and near the constant moment region 

at the connection of slab (web) with a beam (flange) at a load of about 4.60kN and 7kN for specimens GIIID-1 and 

GIIID-2, respectively. These cracks were continued on the overall length of the specimen (i.e., parallel to the loading 

effect). At higher loading stages for specimen GIIID-1, the rate of formation of new cracks significantly decreased. 

Moreover, the existing cracks grow wider, especially the first formed cracks. The specimen failed at a lower loading 

value at 19kN in the region of negative moment concentration affecting on T-beam section where tension reinforcement 

of the slab was yielded, indicating that 6mm diameter reinforcement was weak in load resistance. While for the second 

specimen GIIID-2, with the increase in load, cracks appeared on the borderline between the beam and the slab. The 

width of the cracks was increased with the increase in the loading effect till the specimen failure occurred at a value of 
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38kN. Crushing of the concrete in one corner of the specimen occurred when loading increased. This specimen 

exhibited high resistance to the loads compared with specimens GIM-1 and GIIID-1. 

 

 
Figure 19. Mode of failure of specimen GIIID-1 

 
Figure 20. Mode of failure of specimen GIIID-2 

 

5.5.4 Mode of failure of fourth group specimens 

The first crack was seen in specimen GIVC-1 in the slab on both sides of the beam (at the maximum bending 

moment region from slab) while for the second specimen GIVC-2, it occurred in the slab on the right side from the 

connected beam with slab. The first crack as a flexural crack occurred at the tension side of the slab and observed by 

naked eyes at a load of 7kN and 6kN for specimens GIVC-1 and GIVC-2, respectively. As the load was increased, tensile 

cracks developed faster in concrete and propagated easily in between pores of concrete. The presence of these pores in 
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the honey combed concrete helped the propagation of cracks with more easiness. Moreover, the width of existing cracks 

in the slab became wider and deeper with increasing the load on the specimens and affected the efficiency of the slab 

in the resistance of the loads and finally caused failure in flexure. For specimen GIVC-1, the failure happened in the 

slab on both sides of the beam while the failure occurred in the slab on the right side from the connected beam with 

slab in the second specimen GIVC-2.  At ultimate load, specimens were not capable of resisting any further load. On 

the other hand, a noticeable decrease in the ultimate load of the honey combed specimens GIVC-1 and GIVC-2 was 

found compared to the control specimen GIM-1. The ultimate load for specimens GIM-1, GIVC-1 and GIVC-2 was 

32kN, 27.6kN and 23.5kN, respectively. Figs. 21 and 22 show the cracking of the tested specimens GIVC-1 and GIVC-

2 after failure occurred. 

 

 
Figure 21. Mode of failure of specimen GIVC-1 

 
Figure 22. Mode of failure of specimen GIVC-2 
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6. Conclusions 

The following conclusions can be extracted from the test results of the experimental investigation: 

1- Misplacement of slab reinforcement ratio increased from 20% to 40%, the ratio of decrease in the ultimate load of 

21.87%, while when this percentage reached 60%, the rate of decrease in the maximum loading equal to 35.93% and 

when the percentage increase in the place of misplacement in the reinforcement of slab to 80%, the decrease in the 

maximum load was 42.18%. 

2- The toughness was decreased with the increase in the ratio of misplacement of reinforcing bars of slab where the 

decrease in toughness was 71.52%, 60.11%, and 50.57% for misplacement ratio (tmis./ts) for reinforcing bars of slab equal 

to 0.40, 0.60 and 0.80, respectively. 

3- The harmful effect from the wrong position of slab reinforcement is more defective on the behavior of slab and the 

attached beam than the correct place for reinforcing steel for the slab. The value of the steel strain with decreased the 

height of slab reinforcement reduced where the misplacement of reinforcing steel for slab indicates that the concrete 

did not allow the reinforcement steel along the specimen to participate effectively in tensile stresses resistance. 

4- The irregularity of the reinforcing bars in concrete slab affected the ultimate load of slab. It was found that the control 

specimen GIM-1 recorded an increase of 4.68% and 12.5% in the ultimate load over specimens GIIA-1 and GIIA-2, 

respectively. The toughness of these specimens GIM-1, GIIA-1 and GIIA-2 is found to be 981.21kN.mm, 828.08kN.mm 

and 973kN.mm, respectively. However, the decrease in the load capacity with the increase in irregularity of slab 

reinforcement (large spacing between reinforcing bars) was higher.  

5- It was found that well-arranged distribution of reinforcement improves the ductile behavior of the slab and reduces 

the corresponding deflections. Meanwhile, eccentricity of main steel creates a sort of non-uniform stress distribution 

over the section and accelerates the failure. 

6- The regularity of reinforcement of slab plays an important role in the resistance of slab to the loads. Also, it was 

found that well-arranged distribution of reinforcement improves the ductile behavior of the slab and reduces the 

corresponding deflections. 

7- To improve the efficiency of T-beam section under the loading effect, the minimum bar diameter for the 

reinforcement of slab is 8mm because the 6mm diameter reinforcement was found to be weak in resistance to the loads. 

The reinforcement of slab with diameter 10mm helped the slab to withstand more loads and delay the occurrence of 

yielding in the main steel of the slab and connected beam. 

8-The casting of slab on different layers and the non-use of vibrators in the compaction of concrete slab led to the 

presence of honey combing in the slab, which affected the compressive strength of slab against loads. The load carrying 

capacity of control specimen GIM-1 was 32kN, which is 13.80% and 26.60% higher than the load carrying capacity of 

the specimens GIVC-1 and GIVC-2, respectively. 

9- Honeycombed concrete presented one of the most serious defects on the behavior of reinforced concrete T-sections, 

it caused a considerable decrease in both the ultimate load and toughness values. The toughness of control specimen 

was higher than the other specimens where specimen GIM-1 exhibited a value of toughness 22.58% and 38.60% higher 

than specimens GIVC-1 and GIVC-2, respectively. 

10- The harmful effect of casting of slab on the layers led to the reinforcing bars of slab to resist the loading early. The 

performance of slab reinforcement was affected on the resistance of both slab and connected beam (T-section) to the 

loads. The honey-combed specimens GIVC-1 and GIVC-2 had relatively lower stiffness compared with control 

specimen GIM-1 and this may be due to the early initiation of cracks in between pores of concrete. 
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