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SHEAR BEHAVIOR OF HIGII-STRENGTH FIBER
REINFORCED CONCRETE DEEP BEAMS
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ABSTRACT

The eflTeet of inclusion of steel {ibers on the shear behavior of High-Strength conerete {11SC)
decp beams with a characleristic compressive strength generally approaching 90 MPa is
invesligated. Fourleen HSC  simply supporled deep beamis without web reinforcement were
tested under two-poinl symmetric top loading. The primary variables considered in this
study were (he characterisiic compressive strength, the amount of steel fibers and shear
span-to-depth ratios (a/d). Comparing the behavior of identical beams with and without steel
Nibers showed that igh-Sirength Fiber Reinforced Concrele (HSFRC) deep beains have
higher stiffness, lvgher initial diagonal cracking and higher ultimate load. Reduction of w/d
ratio increases both the diagonal cracking and ultimate shear strength of HSFRC deep beams.
Increasing the amount of steel [ibers considerably reduces the erack width and increase the
shear strength. Depending on the results of this investigation, an empirical equation {similar
to the equation used by the Egyptian code for predicting (e shear strength of deep beams
williout steel (ibers) was proposed for predicting the shear strength of HSFRC deep beanss.
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INTRODUCTION

Considerable ciforts are  stiil being wade in every parl of lhe world to develop new
construction malerials.  Fiber-reiuforced concret~ is one of the inosl promising new
consiruction materials. Many studies have beeu carried out to explore the mechanical
properiies and strengih characteristics of [iber reinforced concrete {1-3]. In additiou. many
lests have been reporied on shear in fiber reinforced concrete shallow and deep beans [4-8].
These lests were eonducled on beams construeted from ordinary strength eoncrete with
compressive strength generally [ess than 50 MPa. Recently, Khuntia et. al. {9] summarize alf
available previous shear lests on (iber reinforced concrete shallow beams with and without
web reinforeement. Steel fibers have some advanlages over vertical stitrups or bent-up
flexural steel. First, Lhe fibers arc randomly distribuled through the volume of the conerele at
much cluser spacing than can be oblained by the simallest reinloreing rods. Secondly, the
first-crack lenstle strenpth and the ulilmale tensile strength are inercased by the stec! {ibers.
The frst-crack strength is increased by the crack arrest mechanism of closely spaced wires.
The ultimate lenstle strength is increased because additional energy is needed to pull or lo
strip the fibers out of the concrele, il lhe fibers were not broken ofT during initial cracking.
The fibers also increase (he shear-friction strenglh of ordinary strength eoncrete.

Another potential area of steel [iber use is in High-Strength Concrete (with compressive
strength of 30 MPa or more). Recenlly, the use of High-Strength Conerete (HSC), whieh is
growing rapidly, becomes aliractive [or tafl building structures as well as for earthquake
resistant structures where a reduction of the mass is of preat importance [10]. However, the
maximum polentiality of HSC can not be realized fully in structures due 1o its relative
brivleness and lack of ductifity. This drawback can be overcome by addilion of steel {ibers in
HSC mix.

The nain objective of this experimental investigation is to study the shear behavior of High-
Streugth Tiber Reinlorced Concrete ([ISFRC) deep beams aud o propose an coypirieal
equation for predicting the ultimate shear strength of this Lype of beamws

EXPERIMENTAL PROGRAM

Details of Test Specimens

The details of the test programn ave given in Table 1. The 1est specimens included 14 simply
supporied  deep beams wilhoul web reinforcement and with constant ¢ross section of total
height 400 mm and width 80 mm. All the speeimens were tested with sliear span-to-depth
ratios {or/dl)  less than 1.0, The effcctive span of the beains £, is equal to 750 mim and the
distauce ¢ between (he (wo loads varied Lo achieve the desired w/d ratio. The tested beams
satisfy the requirements of ACI- ASCE Comumnittce 326 [11] which delincs the deep beams
as beams with 0.0 € a/d < 1.0. The ratio {7 ol the (csied beams is approxunately equal o
2.0 and consequently, these beams are also considered as deep be:ims according lo the
requirements of ACI 318-99 building code [12]. The shear span-lo-depth ratio varies [tom
0.50 o 0.88. The details of the beams are shown in Fig. I. At locations of loading or
support points (hin steel plales, as shown iun Fig. 1. wete used to avoid (he premature
crushing al these points. The test speeimens were divided into live groups ol similar sbear
span-to-depth ratio («/d). Within each group, the steel fibors percent by volume F, was
varied. Each group includes oue HSC specimen without steel [ibers served as a control.
Specimen DR} construcied with ordinary strength concrete [or comparison purposes.
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Materials

Three concrele mixes were used to cast the fourteen deep beam specimens. The first mix
was ordinary strength concrele (used for specimen DBI) and had a specified 28-days
compressive strength (cube 150x150x150 mm) of 35 MPa. The seeond and third mixes were
HSC with 28-days compressive strength of 60 MPa and 85 MPa respectively. Ordinary
Portland eement was nsed in conjunction wilh naturat sand with a fineness modulns of 2.80.
Details regarding the varions mix eonstitnents and qnantities are given in Tabie 2.

The actual eharaeteristic eompressive strength £, of the HSC mixes 2 and 3 withon! and
with different percent of steel fibers are given in Table 3, in addition to the splitting eylinder

tensile strength f;, (based on 150x300 mm cylinder) and the flexural strength £, {based on
100x100x500 mm beams). It can be seen from Table 3 that, inereasing the fiber contenls
from 0.0 to 1.5 pereent slightly inereased the eharacleristic compressive strength £, by 5%
and 9% for mix 2 and mix 3, respeetively. Table 3 shows that, addition of stee| fibers to lhe
concrete mixes eonsiderably enhanees the flexnral strength f. and the splitting eylinder

tensile strength £, Increasing the fiber contents from 0.0 to 1.5 percent increased the
flexnral sirength of mix 2 and mix 3 by 63% and 65%, respcetively, while the spliting
strength was increased by 78% and 70%, respeetively.

The cube compressive strength f, of each specimens in Table | was obtained on the same
day of testin after 28 days of casting. The bearns wcre cast horizontally on a vibrating table
using a wooden mould. The beams and the conlrol specimens were cast and enred under
similar conditions. The speeimens were kep1 eovered with polyethylene sheets nntil 48 hours
before testing to prevent the loss of moistnre,

In the testing program, 16 mm high grade deformed steel bars having 380.6 MPa yield
sirength were used as main longitudinal tensile reinforcement. To provide adegnate
anchorage, these bars were welded 1o a thick steel plale at eaeh end as shown in Fig. 1. The
siee! fibers used in the present stndy was hooked-ended straight fiber of a type available in
the Egyptian market (called HAREX type). The length and equivalent diameler of the fibers
were 24.3 mm and 0.76 mm, respectively, and thus the aspect ratio was 32. The minimum

tensile strength of the fiber was 534 MPa. The fiber contents were varied from 0.0% Lo 1.5%
as shown in Table 2.

Test Procedure

The bearns were simply supported and tested in a loading freme under two point loading.
Special bearing assemblies (roller, bearing blocks, etc.) were designed lo facilitale (ne
application of loads to the test specimens. Dial gauges were mounted at the bottom face of
the beams at mid-span and under the loading points. All the beams were tested 28 days after
casting. Two days before testing the beams were allowed 1o dry and painted with white eolor
to facilitate crack detection. Each beam specimen was instrumented with elcctrical strain
ganges on the main longitudinal reinforcing bars at mid-span. Small fraction of the pre-
determined fatlurc load of the spccimens was applicd slowly and then removed in order to
exercise the deformation instruments. 1Load was then applied in small inerements and all
deformation readings were recorded at the end ofeach load increment. The iniliation and
propagation of cracks were marked and widths of all the cracks within the shear span were
measurcd by using a hand-held microscope with an accuracy of ¢.003 mm. The mode of
failure was nolcd aficr final collapse.
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Table (1): Details of test specimens.

Beam S a‘d TFbiber percent Longitudinal P %
y volume bars

MPa (F, %) (4/6.4)
DBl | 353 | 075 - 2016 1.37
DBZ | 618 | 075 - 216 137
DB3 | 633 | 075 0.50 216 1.37
DB4 | 839 | 075 . 4916 273 |
DBS | 854 | 075 0.50 4916 2.73
DB6 | 893 | 075 1.00 4916 2.73
DB7 | 839 | 0.0 - 2616 137
DBS | 854 | 0.60 0.50 2016 1.37
DB9 | 893 | 0.60 1.00 2016 1.37
DBI10 | 912 | 0.60 1,50 2916 1.37
DBl | 868 | 0.0 - 2616 137
DBI2 | 912 | 050 1.50 216 1.37
DBSI3 | 888 | 0.88 1.00 4416 273
DBSI4 | 868 | 088 - | e L 2.73

Table (2): Details of Concrete Mixes.

Mix1 Mix 2 F Mix 3
Jeu (MPa) 35 60 8s
Couarse Agpregate (kg) 1213 1152 1152
Gravel (M.N.S.) mm 19 19 | {2
Natural Sand (kg) 654 620 586
Ordinary Portland Cement (kg) 400 450 475
Water (kg) 160 135 123.5
W/C (ratio) 0.40 0.30 0.26
Silica Fume (kg) - 22,5 7128
Superplasticizer (kg) - 9.0 14,25
Stump (mm) 110 70 80
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Fig. (1): Dimensions and details of test specimens.

Table (3): Strength Characteristics of HSFRC mixes.

— :
_) f;u ,)rru{}.i ﬁu!_ﬂ ﬂu!f—rﬁ Frﬂ.j j;'} 12 j;‘f 3 T _f:rp _f:‘p().," fn‘p:‘ fl fipfj
(0.0%)(0.5%)(1.0%){(1. 5% }(0.0%)}(0.5%)(1.0%)i 1. 5% )(0.0%)l(0.5%)( 1 0%

1.5%]
(MPa) | (MPa) | (MPa) | (MPa) [ (MPa) | (MPa) | (MPa})[{MPa)}}(MPa)|{MPa)j{MPa)| (MPa)
Mix2]61.816271633(1649 1645 7251830110.50] 3.60 4451595640
e ﬁ ] N . .
(Frserr )| - | 1.015]1.024] 1.05 - 1.13 | 1.29 | 1.63 - 1.24 l.GJJ 1.78
Mix 3| 839 | 854|893 ([912]|8.05 F).SS 10.60{13.30{ 4.60 | 5.75 Y.EST?.BO
(frse/f}] - |1.018 1.064} 1.09 | - [1.16 132165 ] - [125] 1358 1@
* (fjser'f )= The ratia between the strength properties (compressive, flexural and splitting) of

HSC specimens with steel fibers and the HSC specimens without fibers
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WNALYSIS OF TEST RESULTS
oad-Deflections hehavior

he nid-span deflection curves for specimens with different shear span-to-depth ratic (a/d)
nd different percent of steel fibers (f), ) are shown in Figs. 2.a to d. In early stages of
»ading, the beams bchaved in a truly elastic manner. It is clear frum Fig. 2.2 and b that for
1w same percent of stee] fibers, increasing the o/d ratio [cads (o a decrease in the stiffuess of
1e HSFRC bcams. As can be seen in Fig. 2.2, HSFRC deep beam DB9 with F,, equal lo 1%
nd a/d ratio cgnal to 0.6 is more rigid than HSFRC beam DBI3 wilh the same £, and with
#d cqnal o 0.88. For the same a/d ratio, inereasing the slecl fiber percent in the lested
pecimens slighlly enhances ihe stiffhess of the beamis. As can he seen [rom Fig. 2.c. beam
MO witls w/dd cqual to 0.6 and with 1), cqua) Lo 1.5% is stilTer than (he (ested beams with
e same o/d ratio and with less [iher pereent.

.ongitudinal Steel Strains

tecords of the longitudinal steel strain at the mid span of sample of the tested beams are
Jotted in Fig. 3 versus the total apptied load (lwice the shear V). The resulis showed that
trains in the region ol maximum bending moment are almost unilorm al every load level.
‘ailure of the lested specimens ocenrred belore yielding of the longitudinal bars. Tensile
leel strains increase approximately al a constanl rale. Formation of inelined cracks has no
[fect on the strain readings. For the same a/d ratio, thar the strain readings in the
ongitudinal bars ol HSFRC specimens (specimens DB6 and DBI13) are lcss than that of
I8C specimens withoul siee} fibers (speeimens DB4 and DB 14, respectively). This idicales
hal addition ol stec! fibers to HSC deep beams increases the stiffness of these beams.

Cracking Behavior and Ultimate Loads

\ll the tesied specimens failed in shear. The span of the speeimens eollapsed due o
'xeessive destruelion of concrete in the shear span. Photographs of sample of lest specimens
hat show typical observed cracking patlerns and failure mode are shown in Fig. 4. The
wmbers wrilten along the cracks on he photographs indicate the termination of cracks
bserved at (he end ol a particular load stage. These crack loads on the photographs are in
ons since the loading jack indicator is divided imwo tons. The first flexural cracks were
ormed in the region of maximum bending inoment.

fable 4 presems the lolal measured flexural cracking strenglh (2V.p), diagonal cracking
trength {2Vema) and ullimale strength (27} of the 14 deep beams tested in this study, For
he HSFRC specimnens, between 34% and 43% of the ultimate load, a sudden major inclined
:raek formed. This was a diagonal shear craek that usually originated suddeniy in the middle
if the shear span and propagated toward the suppon and loading point fto n a subsequent
nerease in applied load. Inclined erack angle with respeet to the horizontal plane was about
i5 to 55 deg fot the tesled specimens. With further increase in the applied load, the existing
llagonal sheat cracks propagated very slowly while a few numbers of new inelined cracks
vere [ormed. An almost stable position ol all existing cracks was observed al approximately
70 percent of ulimale load and afier this level. the diagonal crack width increased. Finally.
:hear Gilure occurred suddenly by lracture ol the conerete along the inclined crack.
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Fig. (3): Load versus longitudinal stee! strain for some of the tested beams.

Table (4): Summary of test results.

i
Beam Jf:u 2 Vc:;!l 2 Vcrsh 2 Vuerp I { f_t'_ﬂ_ﬂl__ ) 2z Vcr.lh 2Vﬂ ep
MPa | (flexure) | {shear) Viesy bdif., bdyf.
KN | KN | KN
|-
pBl | 353 | 65 00 | 195 | o3 0.57 L1
DB2 | 618 | 100 | 150 | 335 | 045 0.65 144
DBS | 633 | 115 | 195 | 450 | 043 083 1.91
DB+ | 839 | 110 | 160 | 435 | 037 0.59 1.60
DBS | 854 | 105 | 195 | 505 | 039 0.71 1.85
pB6 | $93 | 140 | 200 | 525 | 038 072 1.88
DB7 | 839 | 110 | 160 | 430 | 037 059 159
DBS | 854 | 115 | 180 | 49 | 037 0.66 179
pBS | %93 | w0 | 200 | 535 | 037 0.72 £.91
DBIO | 912 | 180 | 220 | 630 | 035 0.78 223
DBIL | 868 | 140 | 190 | 450 | 042 069 1.63
pBI2 | 912 | 220 | 220 | 645 | 034 0.78 228
DBI5 | 888 | 160 | 160 | 445 | 036 057 .60
pBi4 | 868 | 120 | a0 | 380 | 037 | 051 1.38
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Fig. (4): Crack Pattern for specimens DB4, DB6, DB13 and DB14.

(Note: Loads on the specimens are in lons)
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The HSFRC dcep beams failed with ample warning by gradual failure whilc the HSC decep
beams withowt fibers failed swith explosive shear failure mode. Explosive herein refers w a
sudden release of stored energy. accompanied by a deafening sound. The cracking patierns
of the inclined cracks shown in Fig. 4, gave the appearance of a tied-arch system to the
beams, with the wension reinforeement acting as the e rod and poruons of the beams outside
the inclined craek as compression struls,

In order to eliminate the effect of the litde differences in concrete strength when comparing
the diagonal cracking strength and the ultimate sttength of the tested beams with and without

{ibers. 1the total normalized stresses (2V/(b d+f feu )y can be used as given in Table 4. I

is clear thar inclined (ension cracking load for HSFRC beams was less than that of beams
withowt fibers. A plot of the variatian of the total normalized ultimate stresses versus the
different values of a/d ratio is shown in Fig. 5. It can be seen that the ullimate shear stress of
the beams increases remarkably as a/d decreases. This increase in ultimate shear strength is
mainly atributed to the increase in arch action that seems to be increased with decreasing a/d
ratio. The normalized ultimate shear stress of HSFRC deep beams are generally greater
than that of beams withoul fibers. i. ., increasing the percentage of fibers eonsiderably
increase the normalized ultimate shear stress.

Crack Width

Diagonal cracks are almosl uniform on both sides of the beam. Maximum craek widths
along the major diagonal erack in the shear span oeeurred alinost at middepth of the beam.
Plois of the total applied load (twice the shear V) versus the observed maximum diagonal
crack width ror the tested deep beams with different a/d ravie and different fiber contents F,
are shown in Fig. 6.atw0d.
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Fig. (5); Normalized ultimate stress and normalized diagonal cracking
siress versus a/d ratio.
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Tests indicate that the diagonal cracks tend Lo increase with load. It can be seen from Fig. 6.
and b that the development of the major diagonal crack for HSFRC beains containing the
same [iber percent is faster for beams with higher a// ratio. For example, at the same load,
the diagonal erack width for beam DBI3 with [iber percent equal to 1% and with @/d ratio
equal to 0.88 was considerably more than that of beam DB9 with the same {iber percent but
with a4/ tatic equal to 0.60. Figure 6.d shows thal, for &/ ralio equal to 0.75, the
development ol the major diagonal crack of HSFRC beam DB6 with liber percent 1.0% is
slower than that of the beams without {ibers or beams wilh smaller [iber content. This
indicates that, for beams with the same a‘d ratio, increasing the [iber content restricts the
diagonal cracks devetopment.

PROPOSED DESIGN EQUATION FOR ULTIMATE SHEAR
STRENGTH OF HSFRC DEEP BEAMS

The development of a simple expression (o predict the ullimate shear strength of HSFRC
deep beams is very important for suecessful praetical application ol sleel [ibers. In order to
design the deep beams with and without shear reinforeement in shear, many of the
available codes [12-14] use the staudard method whieh asswines Lhat the total design
shear strength, V4, 15 taken as Lhe sum of the shear earried by the eoncrete, v, , and that
carricd by the shear reinforcement, v,. It should be noted that the ultimate shear force
V,s, canbe caiculated by mulliplying the ultimate shear strength vy by (b* o). The same
melhod can be used to predict (he uitimate shear strenpth of HSFRC deep beams, Viqp ,
which can be expressed as

Vaulfr = e + vfr (1)

Wherte, V., is lhe shear strength carried by the concrete and ¥4, is the shear strength carried
by the stee! fibers. The equations used in the draft of the Egyplian Code for design of
reinlorced concrele structures {14} lor shear design of deep beams are the same as thesc used
in the 1995 Code [13], except that the unils are changed tu be S.1. units. According 10 the
draft ol the Egyplian Code for design ol reinloreed concrele struetures [ 14}, the design shear
strength of normal strength conerete can be eafeulated from the following expression:

v, = 0.24 f:icﬂ ﬂ-n / Ye (2)

O0pe=35-25 MWV, d} (3)

And

where  fo, s the cube (150x150x150 inm) compressive strength in MPa, ¥, is the matcrial
safety [actor lor concrete which is laken equallo 1.5, M, is the ultimue moment a1 the
critical section and ¥, is the ullimate shear [orce at the critical seclion.

From the results ol the presenl experimental invesligation i( is clear that the main factors
affecting the past ol the ultimate shear strength that carried by sleel fibers vz is the quantity”
ol the stee} (ibers in the concrete mix in the [orm of fiber percent by volumne (£),). The
percent increase in sirength of the beams conlaining steel fibers to that ol the same group
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Table (5): Summary of test results.

Vo [nul v | 2o | o | v | W [ e

Beam | oo KN linswengh| KN | KN KN | Veep

due Lo fiber (Eq.2) | (Eq. & (Eq. 5)

DBl | 353 | - 97.5T - | 55.7 . 55.7 0.57
DB2 | 618 | - | 1675 - 74.1 i 74.1 0.44
DB3 | 633 | 0.50 | 2250 34 750 | 13.5 88.5 0.39
DB4 | 839 | - | 2175 - 86.4 ; 86.4 0.40
DBS | 854 | 030 | 2525 16 870 | 156 | 1027 | o041
DB | 893 | 100 | 2625 21 89.1 | 320 [ 1210 | 046
| DB7 | 839 | - 215.0 ] } 106.2 - 1062 | 049
DBS | 854 | 050 [ 2450 14 1072 [ 156 | 1228 | 050
DB9 | 893 | 1.00 | 267.5 24 1096 | 320 | 1416 | 053
DBIO | 912 | 150 | 3150 | 47 108 | 485 | 1593 | 0.5]
DBIl | 868 | - | 2250 | - 1216 - 216 | 054
| DB12 | 912 | 150 | 3225 a3 1246 | 485 | 1730 | 054
DBI3 | 888 | 1.00 | 2225 17 701 | 319 [ 1030 | 046
DBI4 | 868 | - | 1900 | - ?0.3l - 70.3 037

and without steel fibers are given in Table 3. ltcan be seen that, the increase in strength
of the beams containing the same fiber percent and tested at different a/d ratio were
approximalely the same (for example DB6 and DB9). This showed that the a/d ratio had
not considerable effeet on V. The fiber shape and fiber aspect ratio affect also the
ultimate strength of reinforced concrete beams [7]. However. in this study, these last 1wo
factors were eonstant because only one tvpe of steel fibers (HAREX type) was studied.

As discussed  before and as it is well known [12,13,14], the measures of iensile sirength
of plain concrete. such as the flexural strength £, and the eylinder splitting strength S
are considered o be proportional to +f feu . It can be assumed that v is also proportional

10 +f fox/ Yo asused in the Egyptian code for normal sirength concrete. Thus, interpolation
of the values of the ultimate shear swrength of HSFRC deep beams lesied in this study

results in the following expression (o prediet the values of ¥ for different percents of
steel fiber (F3,):

Vﬁ=(0‘14FP \fﬁk!}fc}bd (4)

It should be noted thay, in petting the expression given in Eq. 4. it was intended to maintain.



C. 4l Ahmed M. Yousef and Y. 1. Agug

approximately. the sume level of copservation required by the Ugyplian code eguation lor
design of reinlorced concretle deep beams without fibers (Eq. 2 in this work J as indicated by
the tested beams without [libers. In order to ehange the level ol conservation in Eq. 4, the
value of 0.14 can be reduced or increased. The value ol the fiber percent Fp should be
expressed in Bq. 4 as 0.5, 1.0, 1.3, ... elc.

Then, the values of V45 can be calculated using (he following equation.

Ve =( 0.24 5dc\fﬁ‘u ! ¥ +0.14 F, N yeybd (5)

The caleulated ultimate shear force that carried by concrete (V, 3 and the calculated
ultitnate shear Torce that cardicd by steet libers ( V), ) are given in Table 5. in addition Lo
the ratio belween the caleulaled ultinale shear (orce (F,q0) using Eq. 5 and the measured
shear force of the tesicd beams (V). It can be seen that the values of the ullimale shear
strength ol the tested beams withoul [ibers (F,= 0.0%) predicted by tbe proposed equation
(ie., the Cgyptian code equation) were very conservalive. These beams werc constructed
from norma} strenglh concrete {(beam DBl) and FISC (beams DB2, DB4, DB7, DBI1,
DB14). This showed thal the equation of the Egyplian code for calculating the shear strength
of deep beams witliout web reinforeement can be salely applied 1o HSC deep beams. 1t is
clear also from Table 4 that, the vaiues of the ultimate shear strength of HSFRC deep beams
(= 0.5%, 1.0% and 1.5%) predicted by the proposed equation were eooservative for the
beams tesled in this sludy. This indicales that the proposed equation can be safely used to
calculate the contribution of the steel [ibers to the ullimale shear strength.

CONCLUSIONS

Based on the resulls of the present experimental investigation on the shear behavior of HSC
deep beams with and wilhout steel fibers. the following conclusions can be drawn:

1. HSFRC deep beams with characterislic eompressive strengih approaching 90 MPa have
higher slifTness, higher initial diagonal cracking load and higher ultimate load than that of
the same HSC deep beams without steel (ibers.

(28}

. Reducing the shear span-to-depth ratic increases both tbe diagonal cracking strengll: and
ultitnale shear strength of HSFRC deep beamns.

3. Inereasing the amount of steel fibers up to 1.5 % in HSFRC deep beams considerabty
reduces the crack width, provides betler cracking control and increases the shear strength.

4. The equation of the Egyplian code [or calculating the shear strength ol decp beamis can be
eonservatively and salely applied 1o HSC deep beams.

5. A simple cmpirical cquation lor eonservalively predicling the contnibution ol the steel
Jibers in the ullimale shcar strength of ISFRC decep beams without shear reinforcement
was proposed. This eqoation is similar in shape and approximately maintains the saime
level of conservation of (he equation used by the Egyptian code for predicting the shear
strength of deep beams withoul steel fibers. The two cquations are used together for
designing the shear strength of HSFRC deep beam.
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