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ABSTRACT 

In the construction of modern buildings, a network of pipes and ducts is necessary to accommodate 

essential services like water supply, sewage, air-conditioning, electricity, telephone, and computer 

network. Passing these services vertically required creating openings in slab (Flanges of T-Beams) 

after or before construction. 

New researches show that the concrete flanges provide a certain level of shear resistance above 

a certain width. Therefore, due to existing of these openings or cold joints in slab (Flange) and abrupt 

changes in the sectional configuration, opening corners are subject to high stress concentration that 

may lead to reduction in stiffness of the T-Beam and produced cracking and excessive deflection.  

In the present research, shear behavior of reinforced concrete T-Beams which contains vertical 

opening (Flange openings) or cold joints at the flanges are studied as well as the effect of openings or 

cold joints locations. Eight beams were tested, one of which were constructed without any openings or 

cold joints (reference beam), while, the others were constructed with openings or cold joints in 

different locations. 

Experimental results show that the presence of flange openings reduce the shear capacity about 

(22% to 32%) for beams containing one opening and about (17%-39%) for beams containing two 

openings. For beams containing cold joints, the shear capacity decreased about (27%) in comparison 

with reference beam.  

 

 الخلاصة

، وفً هعظن هذة الوٌشبث حكىى ٌعخبش ًظبم البلاطبث و العخببث هي اكثش الٌظن الوسخخذهت فً اًشبء الاسضٍبث و السمىف الخشسبًٍت

 (T)ا، ٌصبح همطع العخبت على شكل حشف زهي العخبت الحبهلت وهك( Integral Part)سضٍبث و السمىف جضءا هخكبهلا بلاطت الا

اًببٍب حجهٍض الوبء الصبفً او الخبسٍسبث الصحٍت او الكهشببئٍت او هٌظىهبث  شبكت الخذهٍت، هثل هذ هٌبن بعض الوخطلببث 

فً هعظن الحبلاث حخخشق هذة الشبكبث  البلاطبث الخشسبًٍت . كل طببك لسمف الخذفئت و الخبشٌذ حخطلب عول فخحبث ببلاحجبٍ العوىدي

ٌجعل وجىد هذة الفخحبث اهبكي هوب ( T)اث الومطعرلعخببث الخشسبًٍت الوسلحت فً ا ( Flange)عٌذ الاطشاف و الخً حوثل الشفت 

   .ضعف حخشكض فٍهب الاجهبداث

صٌبدة همبوهت المص فً العخببث الخشسبًٍت على ٌسبعذ بذسجت هعٌٍت ( Flanges)اثبخج الذساسبث الحذٌثت اى وجىد الشفت  

 .خشسبًٍت الوسلحت الوسخطٍلتعٌذ همبسًخهب هع العخببث ال( T)اث الومطعرالوسلحت 
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على سلىن المص فً العخببث الخشسبًٍت ( فً هٌطمت الشفت)و الوفبصل ااعذث هذة الذساست لخممٍن حبثٍش وجىد الفخحبث  

، كبًج العخبت (T)اث همطعر، حن اجشاء سلسلت هي الفحىصبث الوخخبشٌت على ثوبًٍت عخببث خشسبًٍت هسلحت (T)اث الومطعرالوسلحت 

 .او فخحبث فً هىالع هخخلفت اًشبئٍت  اهب البمٍت فكبًج ححخىي على هفبصل( العخبت الوشجعٍت)بذوى اٌت هفبصل او فخحبث  الاولى

 على فخحت واحذة فًالخً ححخىي فً العخببث   (%32-%22)مصبى فً همبوهت المص بحذود ًاظهشث الٌخبئج الوخخبشٌت  

 .الشفت على فخحخٍي فًالخً ححخىي فً العخببث   (%39-%17)وًمصبى بحذود  الشفت،

عٌذ ( %23)مصبى فً همبوهت المص بحذود ًاًشبئٍت، اظهشث الٌخبئج الوخخبشٌت   على هفبصلالخً ححخىي ببلٌسبت للعخببث  

 .همبسًخهب هع العخبت الوشجعٍت
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INTRODUCTION 

Reinforced concrete system normally consists of slab and beams that is placed monolithically and as a 

result T-Beams (T-Shaped Beam) created and the two parts act together to resist the applied loads. 

In the construction of modern buildings, a network of pipes and ducts is necessary to 

accommodate essential services like water supply, sewage, air-conditioning, electricity, telephone, and 

computer network.  Usually, these pipes and ducts are placed underneath the beam soffit or penetrate 

vertically the slabs and, for aesthetic reasons, are covered by a suspended ceiling or by special 

decoration, Figure (1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1) Air Cooling Duct through the Slab (Flange) 

 
Passing these ducts through vertical  (or transverse) openings in the floor beams leads to a 

reduction in the dead space and results in a more compact design multiplied by the number of stories 

can represent a substantial saving in total height, length of air-conditioning and electrical ducts, 

plumbing risers, walls and partition surfaces, and overall load on the foundation.  

It is obvious that inclusion of openings in T-beams alters the simple beam behavior to a more 

complex one.  Due to abrupt changes in the sectional configuration, opening corners are subject to 

high stress concentration that may lead to cracking unacceptable from aesthetic and durability 

viewpoints.  

Since the strength of concrete in tension is considerably lower than its strength in compression, 

design for shear becomes of major importance in all types of concrete structures. 

The reduced stiffness of the beam may also give rise to excessive deflection under service load 

and result in a considerable redistribution of internal forces and moments in a continuous beam unless 

special reinforcement is provided in sufficient quantity with proper detailing, the strength and 

serviceability of such a beam may be seriously affected. 

Air Cooling Duct 

RC Beam 

Brick Wall 
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Several researches are interest in transverse openings (web openings) in the rectangular floor 

beams under the effect of flexural or torsion loads, (Mansure, M. A., 2006) and (Dainel H.R., and 

McMullen A.E, 1977). 

New researches show that the concrete flanges provide a certain level of shear resistance above 

a certain width, (Giaccio et. al., 2003). Also, the current codes of practice such as(ACI 318-08), do not 

include an increase in shear strength resulting from the inclusion of a flange. 

Generally, shear mode of failures are divided into four categories of failure and depends 

mainly on shear span to effective depth ratio, (Wang, C. K. and Salmon, C. G., 1994). The possible 

modes of failure are (1) Shear-tension failure; (2) Shear-compression failure; (3)
 
Flexural failure; (4) 

Arch-rib failure. 

In the present research, shear behavior of reinforced concrete T-Beams which contains vertical 

opening (Flange openings) or cold joints at the flanges will be studied as will as the effect of openings 

or cold joints locations.  

 

EXPERIMENTAL STUDY 

 

Experimental Program  

Tests were carried out on eight T-Shaped beams, simply supported under the effect of single point 

loading. All beam specimens were reinforced with tension (flexural) bars at bottom. To eliminate the 

shear resisting contribution of stirrups and to ensure the specimens to fail in shear mode of failure, the 

tested beams were made without shear reinforcement (stirrups).  

  The variables were the number and location of slab (flange) openings and cold joints. The 

span, cross-section, concrete strength, and reinforcement were kept constant for all tested specimens. 

 

Specimen Details 

Each beam is designated in a way to indicate the T-Shaped beam, the dimensions and properties of 

tested specimens are shown in Table (1) and Figure (2), the locations of cold joints and openings are 

shown in Figure (3). Based on the classification presented by (Wang, C. K. and Salmon, C. G., 1994), 

all tested beams are classified as short beams (1 a/d 2.5). 

 

Table (1) Properties of Test Beams 

 
Beam 

Designation 

Dimensions (mm) 

a/d 

 

Reinforcement Number and Location of 

Openings or cold joints 
bf tf tw h 

TB-1* 

 

220 

 

50 

 

60 

 

250 

 

2.17 

 

2 8 

None 

TB-2 One opening at L/3 (350mm) 

from the beam edge 

TB-3 Two adjacent openings at L/3 

(350mm) from the beam edge 

TB-4 Two opposite openings at L/3 

(350mm) from the beam edge 

TB-5 One opening at L/2 (500mm) 

from the beam edge 
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TB-6 Two adjacent openings at L/2 

(500mm) from the beam edge 

TB-7 One cold joint at L/3 (350mm) 

from the beam edge 

TB-8 Two opposite cold joints at L/3 

(350mm) from the beam edge 

* Reference Beam (T-Beam without Openings or Cold joints) 

** Diameter of Opening is (50mm) 

 

 

 

 

 

 

 

Fig. (2) Dimensions and Details of Tested T-Beams 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3) Locations of Cold joints and Openings (Top View) 

  
Materials 

In manufacturing the test specimens, the properties and description of used materials are reported and 

presented in Table (2); and the concrete mix proportions are reported and presented in Table (3). 

 

TB-2 TB-3 TB-4 TB-5 TB-6 TB-7 TB-8 

a = 450mm 

 

Pu 
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Table (2) Description of Construction Materials 

 

Material Descriptions 

Cement Ordinary Portland Cement (Type I) 

Sand Natural sand from Al-Ukhaider region with maximum size of (4.75mm) 

Gravel Crushed gravel with maximum size of (12mm) 

Reinforcing Bars ( 8 mm) deformed steel bars, having (424 MPa) yield strength (fy) 

Water Clean tap water 

 

Table (3) Proportions of Concrete Mix 

 

Parameter Quantity 

Water/cement ratio 0.45 

Water (Liter) 168 

Cement (kg/m
3
) 420 

Fine Aggregate (kg/m
3
) 600 

Coarse Aggregate (kg/m
3
) 1200 

 

Test Measurements and Instrumentation 

Hydraulic universal testing machine (MFL system) was used to test the beams specimens as well as 

control specimens. Central deflection has been measured by means of (0.01mm) accuracy dial gauge 

(ELE type) and (30mm) capacity. The dial gauges were placed underneath the bottom face of each span 

at mid. 

 

Test Results of Specimens 

Test results of mechanical properties of specimens are summarized in Table (4). Compressive strength 

for cylinders was carried out on concrete with ASTM-C39. Tensile strength (Split cylinder) test were 

carried out in accordance with ASTM-C496 and tensile strength in flexural (modulus of rupture) were 

carried out in accordance with   ASTM-C78 

 

Table (4) Mechanical Properties of Concrete 

 

Property  (MPa) Value 

Cylinder compressive strength (
'
cf )* 32 

Split cylinder ( ctf )** 3.5 

Modulus of rupture ( rf )*** 3.3 

*Average of three samples by using (152x305mm) cylinders.  ** Average of three samples by using (152x305mm) cylinders. 

*** Average of three samples by using (100x100x500mm) prisms. 
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Test Procedure 

All slab specimens were tested using universal testing machine (MFL system) with monotonic loading 

to ultimate states. The tested beams were simply supported over an effective span of (900mm) and 

loaded with a single-point load; Figure (4) shows the setup of beam specimens. 

The beams have been tested at ages of (28) days. The beam specimens were placed on the testing 

machine and adjusted so that the centerline, supports, point load and dial gauge were in their correct or 

best locations. 

Loading was applied slowly in successive increments. At the end of each load increment, 

observations and measurements were recorded for the mid-span deflection and crack development and 

propagation on the beam surface.  

When the beams reached advanced stage of loading, smaller increments were applied until 

failure. They fail abruptly without warning (sudden failure) and the diagonal cracks that develop 

becomes wider and as a result, the load indicator stopped recording any more and the deflections 

increased very fast without any increase in applied load.  

The developments of cracks (crack pattern) were marked with a pencil at each load increment. 

 

 

  

 

 

 

 

 

 

 
Fig. (4) Setup of T-Beam specimens 

 

 

RESULTS AND DISCUSSION  

As mentioned before, the main objectives of this study are to examine or assess the shear behavior of 

reinforced concrete T-shaped beams containing openings or cold joints at different locations of beams 

flanges. 

During the experimental work, ultimate loads, load versus deflection at mid-span for each beam 

were recorded. Photographs for the tested beams are taken to show the crack pattern and some other 

details. 

The recorded data, general behavior and test observations are reported as well as recognizing 

the effects of various parameters on the shear behavior. 

 

General Behavior 

Photographs of the tested beams are shown in Figure (5) and test results are given in Table (5). All 

beams of this category were designed to fail in shear, which was characterized by sudden failure and 

diagonal wide cracks which extended from supports towards the load or openings or cold joints 

locations. The general behavior of the tested beams can be described as follows: 



Journal of Engineering Volume 16 march 2010      Number1  
 

 

 4541 

At early stages of loading, several cracks initiated in the mid span of tested beams (flexural 

cracks), with further loading, these cracks extended upwards and became wider in shear span. One or 

more cracks propagated faster than the others and reached the compression flange (near applied load or 

openings or cold joints), where crushing of the concrete near the positions of applied loads had 

occurred due to high concentrated stresses under load and presence of weak locations in the flange        

( openings or cold joints ). 

 

As expected, the main cracks (diagonal cracks) for all tested beams commenced at the shear 

span and all beams exhibited sudden failure. It is may be noted that, at advanced stage of loading, some 

parts of tested T-Beams were crushed and subjected to defragmentation , this is may be due to high 

concentrated of stresses and absents of  steel reinforcement to hold these parts in the transverse 

direction.  

  

Mode of Failure  

The experimental evidences show that the diagonal cracks extended horizontally along the tension 

reinforcement and  eventually, the failure take place due to crushing failure in the concrete near the 

compression face (near applied load) and this mode of failure called “Shear-Compression” failure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (5) Crack Patterns for T-Beams 
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Ultimate Strength (Pu) 

The recorded ultimate loads of the tested beams are presented in Table (5). As expected, test results 

show that the reference beams (TB-1) has the maximum ultimate strength in comparison with the rest 

beams. This may be due to combination of ability of flanges to sustain larger compressive force at 

advanced stages of loading and absent of any leak (openings or joints) in the flange. The compression 

flanges can carry any load increment prior to failure, and this depends mainly on the ultimate 

compressive strength of the concrete in the flange. 

        For tested beams (TB-2) and (TB-5), which had one opening in flanges, the decreased in shear 

strength was (22%-32%). The presence of openings in compression flange lead to decrease the stiffness 

of tested beams, and this leads to an decrease in carrying capacity.  

        For tested beams (TB-3), (TB-4) and (TB-6), which had two openings in flanges, the decrease in 

shear strength were (39%), (17%) and (17%) respectively.  

For tested beams (TB-7) and (TB-8), which had one or two cold joints in flanges, the decrease in 

strength was (27%), which indicated that an increase in number of cold joints (adding another cold 

joint in opposite direction) not affected on the reduction of ultimate capacity.    

         Generally, it can be seen that the tested beams containing a certain number of openings or cold 

joints in the flanges exhibit smaller ultimate strength than other beams (which made fully without any 

openings). 

 

 

Table (5) Ultimate Loads and Mode of Failure of Tested Beams 

 

Specimens 

Designation 
 

Ultimate Load (Pu) 

(kN) 

Shear Force (kN) 
Mode of Failure 

Vu (Vu)i/ Vu 

TB-1 * 41 20.5 1 

Shear-Compression Failure 

 

TB-2 32 16 0.78 

TB-3 25 12.5 0.61 

TB-4 34 17 0.83 

TB-5 28 14 0.68 

TB-6 34 17 0.83 

TB-7 30 15 0.73 

TB-8 30 15 0.73 

* Reference Beam, Vu =20.5 kN            

 

Effect of Openings and Cold joints on Ultimate Strength  

As shown in Table (5), presence of openings or cold joints in compression flange lead to decreases the 

stiffness of tested beams due to removed concrete parts, and this leads to decrease in carrying capacity. 

Due to abrupt changes in the sectional configuration, opening corners are subject to high stress 

concentration that may lead to reduction in stiffness of the T-Beam and produced cracking and 

excessive deflection, see Figures (6) and (7).  
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Effect of Openings and Cold joints location on Ultimate Strength  

As shown in Table (5), when the flange’s opening shifted from (L/3) to (L/2) (see TB-2 and TB-5), the 

ultimate shear strength decreased from (22%) to (32%). When the openings shifted towards the applied 

load (from (L/3) to (L/2)), rapid progressive of cracks were take place due to passing of openings 

directly within the path of diagonal cracks. 

 The decreasing in ultimate load was (27%) for both (TB-7) and (TB-8), which have one and 

two cold joints respectively. This means that the location of cold joint not affected on ultimate capacity 

of tested beams. 

 

Deflections 

Load-deflection curves of the tested beams at mid-span at all stages of loading up to failure are 

constructed and shown in Figures (6) and (7). 

    As shown in Figures, at the beginning, all curves were identical and the tested beams exhibited linear 

behavior and the initial change of slope of the load-deflection curves occurred between (6 kN to 15kN), 

which may be indicated the first crack loads. Beyond the first crack loading, each beam behaved in a 

certain manner. Behavior of reference T-Beam (TB-1) exhibited greater loads and deflections in 

comparison with the other beams. This beam had the greatest stiffness due to absent of openings and 

cold joints in flange. 

        Load-deflection curves for the tested beams (TB-2, TB-3, TB-4, TB-5 and TB-6) exhibits smooth 

increase in both applied loads and deflections. Presence of flange openings caused decreasing in the 

load carrying capacity beyond the first cracking and this was reflected on the corresponding 

deflections. For T-Beams (TB-7 and TB-8), slight increase in ultimate deflection of beam (TB-8) was 

observed by comparing with (TB-7). This is may be due to presence of two cold joints in the beam 

(TB-8) which lead to decreasing of beam stiffness and as a result, slight increases in deflection take 

place. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (6) Load-Deflection Relationship of tested Beams containing Openings 
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Fig. (7) Load-Deflection Relationship of tested Beams containing cold joints 

 

CONCLUSIONS 

Based on the results obtained by the experimental work, the following conclusions are presented:- 

 

 For tested beams with one opening in flange, the ultimate strengths were decreased (22%) and (32%) 

for beams containing one opening at distance (L/3) and (L/2) from edges respectively. Also, the 

change in openings locations from edge toward the center lead to decrease the carrying capacity for 

about (10%). Presence of openings lead to concentrated of stress around their hollow and caused 

decreasing in the load carrying capacity. This evidence shows the contribution of flanges to increase 

the ultimate shear capacity of T-Beams in comparison with rectangular sections.  

 

 For tested beams which have two openings in flange, the ultimate shear strengths were decreased 

(17%) and (39%). This marginal difference in ultimate strengths (in comparison with tested beams 

with one opening in flange) may be due to subjected of compression flange degree of stress 

concentration.   

 

 Experimental results shows that the decreasing in ultimate load was (27%) for both (TB-7) and   (TB-

8), which have one and two cold joints respectively. This means that the location of cold joint not 

affected on the ultimate capacity of tested beams. 

 

 4-In all tested beams, the crack path forced to passing through the weak locations (locations of 

openings or cold joints). Therefore, in design, special details most be added at these locations.  
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NOTATION 

a = Shear Span; 

bf = Flange width;         

d = Effective depth of T-Beam; 

'
cf = Cylinder compressive strength of concrete; 

ctf = Indirect tensile strength (splitting tensile strength); 
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rf = Flexural tensile strength of concrete (modulus of rupture); 

f y = Yield strength of steel; 

h = Total depth of T-Beam;   

L = Effective Span 

Pu = Ultimate load; 

tf = Flange thickness;  

tw= Web thickness;  

Vu= Ultimate Shear Force; 

(Vu)i= Ultimate Shear Force of a certain beam; 

ф = Reinforced bar diameter; 

 


