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Introduction

The main objective of this research is to study shearstrength and behavior
reinforced concrete -beam with openings in the web and flanges. Thece&fenumbel
and location of openings on the shear strengthbatndvior of the beams is compa
with theoretical equations. The experimental progracludes casting and testing of
thirteen reinforced concrete-beams, one of which was cast without any openi
while, the others were cast with openings in thé ard/or the flanges under mid sy
point loac. The specimens hawwdnstant cross section, withO mm flange width, 70
mm flange thickness, 150 mm width of the web, 350 aver all depth of tt beam, and
1800 mm clear sparFor all the beams thspan and steel reinforcements were |
constant. Variables in this study are the locaind number of Emm diameter openings
at distance d=300 mm, and 2d=600 mm from the edgbeobeams in both the w
and/or the flanges. Experimental results showet] tpeening in the webs at distance
from supports are more effective on the strengttradesing valuwof the T-beams than
others with an opening in the flange at the samtadce from the supports. Beams v
one opening in webs and/or flanges at distancdr¢d) supports are more effective
the strength decreasing value of th-beams than others witiwvo and four openings in
the webs and flanges at distance (2d) from the mippThe presence of the w
openings at distance (d) from supports reducesshtigar capacity about (30.67%
33.33%) in comparison with control beam, and al§éLe7% to 9.33¢9) for beams with
web opening at distance (2d) from the supports. ftesence of flange openings
distance (d) from supports reduces the shear dgpabbut (17.33% to 30.67%)
comparison with control beam, and about (9.33% 262%) for beams withlange
opening at distance (2d) from the supports. Beaiitls @pening in both flanges ai
webs, the presence of openings at distance (d) éupports reduces the shear capz
about (22.67% to 28%) in comparison with contradioe and about (6.67% to 1.) for
beams with openings at distance (2d) from the sug.

In the slab-bearmgirder structure system, the beams are usually imaiholithically with the slab. Henc
the portion of concrete slab, effectively connediegether with a beam, can be considered as thegd
projecting from each side of the beam. he same time, the part of the beam at the bottotheoklab it
working as the web of Thaped beam or simply- beams. In the construction of modern building
network of pipes and ducts is necessary to accorataogssential services like water supisewage, air-
conditioning, electricity, telephone, and computetwork. Passing these services required creapipgings
in web and/or Flanges of Beams after or before construction. It is obvicue inclusion of openings
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beams alters the simple Imeabehavior to a more complex one. An abrupt chaimgehe sectione
configuration may lead to cracking unacceptablenfraesthetic and durability viewpoints. The redu
stiffness of the beam may also give rise to exges$éflection under service lo

Experimental Study
Experimental Program

The experimental program includes casting andngstif thirteen reinforced concrete-beams with
opening in both the web and the flanges under akepaint load in the structural laboratory. Thespens
were T-shape in cross section, for all the beams sparstaedi reinforcements were kept constant. The |
variables in this study are the location and nundfes0 mm diameter openings in both the web anc
flanges.

Specimen Details

All specimens had a constantshape cross section of [Length (L) = 2000 mm, wiaklilange (bf) =
350 mm, depth of the flange (hf) = 70 mm, widthtted web (bw) = 150 mm, total depth of the beam~
350 mm]. Figure(1) shows an overview of dimensions whe layout of reinforcement for all beal
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Figure 1 Detail ot reinforcement and dimensions of beams

Variables:

Location and number of openings of 50 mm diametere variables taken to study their effects onis
strength and behavior afinforced concrete-beam of constant cross section under a centrat jpgids anc
as follows:

Twelve reinforced concrete Beams were cast with openings in different locatbflange and web:
and control beam was cast without any opening ewn in Table (1) and Figurg?2)

Table (1) number and location of openings in flangand web:

No. Sig. Number and distance of opening in web fr  Number and distance of opening in flange from ¢

edge of beam of beam
1 A0 No opening (control beal No
2 Al One opening, 700 mm No
3 A2 One opening, 400 mm No
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4 A3
5 A4
6 A5
7 A6
8 A7
9 A8
10 A9
11  Al0
12 All
13 Al2
Materials
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Figure 2.Number and location of openings in flange and

The materials used in this study; are cement (OrdirRortland Cement) Tasluja type, natt

Darbandikhan sand as fine aggregate, natural Gfewal Darbandikhan with 12.5 mm maximume as
coarse aggregate, tap water was used for washingabdérials, mixing, and curing of concrete,
reinforcement bars deformed steel bars with n
reinforcement, and deformed steel bars with noméhamete of 10mm were used as temperature
shrinkage reinforcement placed at the top of ttebherable (2) shows the properties of steel reggfiment
bars, Table (3) shows the properties of conc
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Table (2) Properties of steel reinforcement bars.

No. Bar dia. (mm) Yield strength, F,, MPa Ultimate strength fu,

MPa Elongation (mm/mm)
1 20 620 727 14.2 %
2 10 550 671 11 %

Table (3) properties of concrete

Beam Mix proportion by feu f's fsp
Group _ _ w/C
Sign. weight MPa MPa MPa
1 A0 1:2.27: 2.86 0.5 38.2 30.56 2.943
1 A5 1:227: 2.86 0.5 38.2 30.56 2.943
1 A6 1:227: 2.86 0.5 38.2 30.56 2.943
1 A8 1:227: 2.86 0.5 38.2 30.56 2.943
2 Al 1:227: 2.86 0.5 37.6 30.08 2.907
2 A2 1:227: 2.86 0.5 37.6 30.08 2.907
2 A3 1:227: 2.86 0.5 37.6 30.08 2.907
2 A7 1:227: 2.86 0.5 37.6 30.08 2.907
3 A9 1:227: 2.86 0.5 36.65 29.32 2.846
3 A10 1:227: 2.86 0.5 36.65 29.32 2.846
3 Al12 1:2.27: 2.86 0.5 36.65 29.32 2.846
4 A4 1:2.27: 2.86 0.5 37.5 30 2.893
4 All 1:227: 2.86 0.5 37.5 30 2.893
Average  37.55 30.04 2.902

Casting of concrete

The moulds of four beam were placed on a lsueface and oiled, then the reinforcement cage was
placed in the mould and fixed in such a way thatmawement occurred during casting and vibratinge Oh
the beams was cast without any opening (contraiheand the other beams were cast with openinglsw
and/or flanges as mentioned in Table (1), befotimgaprocedure, plastic pipes with exterior diagnetf 50
mm were placed in the required opening positiordathe moulds.

Measurement and Instruments

All thirteen reinforced concrete T-beams weested using hydrolic jack with a capacity of 5008,K
deflection was measured at mid span of the beang ukgital dial gauge with an accuracy of 0.001 ranmj
electronical method was used for measuring concsét@n by using Linear Variable Displacement
Transducers (LVDT) with accuracy 0.001 mm.

Testing Procedure

All beams were tested as simply supported baxanoaded by a single point load at mid span. $hian
dial gauge for reading deflection and (LVDT)s remgior concrete strains were recorded for zerd,laad
then the load was applied incrementally at rarfgekdl. For each interval, all readings were caroed and
recorded, Also the crack development was markednenside of the beam. For each beam the first fgxu
crack and shear crack load were recorded, the guoeeontinued till the beam failure.
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Experimental Results

All the beams were loaded to faill for all beams, the first flexural cracks were appdaatearly load
increments at mid span in the region of maximumdb@n moment which were vertical cracks exten
upward and stopped at a certain distance fromapeft the beam flange, with further increase ofilazew
flexuralshear cracks were observin the right and/or left of the beam span which wameeloped betwee
the loading point and supports. After forming crade inclined cracks developed and propagatedrtt
the support and central point load, the failurektptace due to crashing ine concrete under the appli
point load and this mode of failure is called sheampression failure. A summary of 1st crackingdlc
failure load, and mode of failure are shown in €afl.), Fiure (3) Shows Crack Pattern of Teste-
beams.

Table (4) Summary of Results of the Tested T-beams

f?cl)sr:la?hcee Lstflex. 1st Shear Failure load
Sign. No. of openings Crack. load Crack. load Mode of failure
supports (KN) (KN) (kN)
(mm)
A0 0 - 110 126 150
Al 1 (in web) 600 72 72 136
A2 1 (in web) 300 64 80 100
A3 2 (in web) 600 64 64 140
A4 2 (in web) 300 64 92 104 54
2873
) OLw
AS 1 (in flange) 600 84 92 136
A6 1 (in flange) 300 100 104 124
A7 2 (in flange) 600 68 92 116
A8 2 (in flange) 300 80 92 104
pg  L(inweb), 600 64 68 132
1 (in flange)
a0 L(inweb), 300 68 92 108
1 (in flange)
a1 2(inweb), 600 68 72 140
2 (in flange)
Al 2(nweb).2(n 45, 64 72 116

flange)
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Figure 3. Crack Pattern of Tested T-beams

Load Deflection Relationship

The relationship between applied load and mid sjediection for all tested-beam is presented
Figures. (4). The behavior of the contrc-beam (AQ) exhibits grater load carrying capacitgamparisor
with the other T-beams with eping in both webs and flanges (A1) to (A12). Tiesm AO had a greate
ductility due to absent of openings
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Figure 4. Load deflection relationship for T-beams

Theoretical Analysis

There is not an exact equation to compute stear strength of reinforced concrete T-beam, only
empirical equations are proposed to design ther gtieEngth of reinforced concrete beam. In thisgtihe
test results are compared with these equationg;hwinclude; shear strength of reinforced concretaniy
shear strength of reinforced concrete T-beam, &erdrsstrength of reinforced concrete beam with oygen
Based on the test result, a modified equation f#araris’s equations is proposed to compute thershea
strength of reinforced concrete T-beam with operimdpoth flanges and webs. The following equations
were used to compare the test results:

1. ACI 318M14 equation for predicting shear strengtheinforced concrete beam for non-prestressed

member without axial force.

ve=(0.16/f. +17p, "ML:) b,d....(1)

This equation gives underestimated results.
2. loannis P. Zararis et al. equation for computingeststrength of reinforced concrete T-beam,

Vo= (1.2-0.25d) x5 feeberd o..... )
Where:
1.2-023d>065...... (d in meter)
h b
ber = by [1+0.5 x Ef(m‘l)/ﬂ ...... (2.1)

(&)2 +|15 % (5 -1) + 60057 x S - 600"+fc,“l =0.....(2.2)

This equation is under estimate and safe.
3. M.A. Mansur. equation for computing shear strengthreinforced concrete beam with web

. 1 7
opening. Ve= ¢ Ve by (d—dp) .......(3)
This equation gives underestimated results
4. Proposed modified equation for Zararis’'s equationdredicting the shear strength of reinforced

concrete T-beam with opening in both flanges ankd we
a c 0.3676
Ve=1071.4 [(1.2- 0.25 d) x 7 fet ber(d — d1do)| ... 4)

d1 = (032 (4.1)
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Proposed modified P.Zararis equation (4) couldnegé the shear strength of reinforced concre-
beam with and without opening in webs and flangesemaccurately and safely comparing with of
equations. Figure (5) show didgeof parameters

P
w b

-

Section A-A

Figuire 5. pararntve s'dt ureprupdseu gguauunt.

Conclusions

Based on the experimental results and theoretiaysis of thirteen reinforced concret-beams in this
study and the shear strength of reinforced concT-beam with openings at distance d=300 mm,
2d=600 mm from the edge of the beams in both flamgkweb, the following conclusions can be dr:

1.

Openings at distance (d) from the support are refiective than others, the location of
openings has greater effect on the mid span deflection and gtrewnf the tested -beams
rather than the number of openings because ofytinenstry in the cross sectional propertie:
the beams, loading, and diameter of open

Opening in the weht distance (d)rom supports are more effective on the strengtirehsing
value of the Theams than others with an opening in the flangheatsame distance from t
supports and those with one opening in webs affidtoges

Opening in the webs and flanges at dice (d) from supports are more effective on thengite
decreasing value of the-beams than others with two and four openings intbles and flange
at distance (2d) from the suppc

The presence of the web openings at distancedd) supports redie the shear capacity abc
(30.67% to 33.33%) in comparison with control beamg about (6.67% to 9.33%) for bea
with web openings at distance (2d) from the su

The presence of flange openings at distance (&) Bopports reduce the shear caty about
(17.33% to 30.67%) in comparison with control beamy about (9.33% to 22.67%) for bec
with flange opening at distance (2d) from the sufx

Beams with opening in both flanges and webs, teseace of openings at distance (d) fi
supports reduce the shear capacity about (22.67% to 28%pmparison with control bear
and about (6.67% to 12%) for beams with openirgjsiéince (2d) from the suppo

ACI 318M14 equation underestimates the tested gdioreall tested beams, also for thosith
opening in flanges and webs, and provides too ractor of safety

loannis P. Zararis et al. equation could estimhtas strength of reinforced concret-beam
without opening, while for -beams with openings a modification is required agpgsedin
equation,

M.A. Mansur. equation underestimates the testedegalor all tested beams, also for those !
opening in flanges and webs, and provides too ractor of safety
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10. Proposed modified P.Zararis equation could estinta¢ shear strength of reinforced concrete
T-beam with and without opening in webs and flangese accurately and safely comparing
with other equations.
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Notations

As: Area of tension bar reinforcement (Am

a/d: shear span to effective depth ratio

b: Flange width (mm)

ber the effective width (mm)

b,: Web width (mm)

c: the depth of the compression zone (mm)

d: effective depth (mm)

d: effective depth (mm)

do: Diameter of opening in web (mm)

f.: Compressive strength of concrete (NApm

f. the tensile strength of concrete (N/fyim

f,: Tensile strength of steel bars (N/m

f,v: the tensile strength of the shear reinforcemim(r)
hs: the flange thickness (mm)

L: Span length of the beam (mm)

V.. Nominal shear strength provided by concrete (N)
V. shear strength provided by concrete (N)

x": distance of opening from the support of thenbb¢am)
pv:the shear reinforce
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