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Finite Element Analysis of Shear Transfer of Fibrous concrete under compressive Stress

FINITE DLEMDNT ANALYSIS OF SHEAR TRANST'KR OF
FIBROUS CONCRETE UNDER COMPRESSIYE STRESS

ABSTRACT:
This study presents a numerical analysis of push-off and modified push-otf fibrousconcrete specimens. The invostigated variables were, volume fraction of fibres, area ofreinforcement, and the ratio of the compressive to the shear stress. Eight nodesisoparametric elements were used to represent concrete, and embedded bar elements torepresent the reinforcement. The nonlinear behaviour of fibrous concrete in compression,tension and the reduction of the shear modulus due to cracking were taken into account.The numerical results showed good agreement with the experimental results, theaverage ratio of thecalculated to the experimental first crack shear stress is (0.9F5), andthe average ratio of the calculated to tie experimental shear strength was (0.9E1). Thecracks patterns showed that the fibrous specimens have less numbe

rs ofcracks than that ofplain specimens at a certain shear force, and the presenceof fibres delay the initiation fhe cracks. The calculated slip is slighdy more than theexperimental slip at early stage of loading and the difference increasJd prior to the failure
load' Key Words: cement, contour, cracks'pattern, fibres, finite element, shear transfer.
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Finite Element Analysis of Shear Transfer of Fibrous concrete under compressive stress

INTRODUCTION:
A shear force which is transmitted across a specific shear plane is denoted as shear transfer.

Examples of such situations are precast concrete connection, brackets, corbels, members with
shear span less than the effective depth where pure or direct shear is ror. iikrly to occur,
column footing connections subjected to high shear forces and concrete cast at different ages,
[1-3]. In some cases a crack exists in the shear plane before any shear force is applied due to
either temperature deformation or due to the existence of tension forces caused ty shrinkage
restraint. There are two mechanisms in which the shear transfer strength may deveiop

For specimens with shear reinforcement normal to the shear plane wiih no cracks along
the shear plane, the governing role in strength development is the truss action, and in case where
there is a crack along the shear plane before the application of load, for specimens with
reinforcement normal to the shear plane, a shear friction mechanism can be ,r"O J+1.

Steel fibers enhance tho tensile, flexural and shear strengths of concreie besides
increasing the strain capacity under all states of stresses [5].The finitqelement method was used
for the nonlinear analysis of fibrous concrete members, iuch as shallow beams, deep beam,
beam-column connectionso corbels, columns and slab[6,7] .

Muhoder and Meshri [7] used the finite-element method for the nonlinear analysis of
push'off reinforced concrete specimens subjected to direct shear with or without lateral
compressive stress. Nine-noddred , two dimensional isoparametric elements were used to
represent concrete and steel. The Mohr-coulomb criterion was used as a failure envelope: t=
C -sn.tanf (t)

where t = shear stress, 
Sn= 

normal stress ( tension is positive), C = cohesion, f : angle of
internal friction and tanf taken cqual to 1.4 (normal weight concrete) as recommendod by the
ACI Code [1]. The ratio of the test / numerical shear strength for 15 specimens ranged between
0.94 to 1.3 with a standard deviation of 0.102. The numerical results showed that the shear
stress distribution across the shoar plane was intermediate between the uniform and parabolic
distribution.
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Finite Element Analysis of shear Transfer of Fibrous concrete under cornpressive stress

In this study, the main purpose is to investigate the
influence of the steel fibers, reinforcement ratio, and the
direct stresses on the shear transfer strength of push_off
spocimons by using the finite element method.

FINITE ELEMENT DESCRIPTION:

A nonlinear finite element analysis was carried out; the
specimens were considered in a state of plane sffess. Eight s
nodes isoparametric elements used to represent concrete,
and embedded bar elements to represent the reinforcement.

T he reinforcing bars are assumed as an axial
member embedded anywhere within the element. This
simulation was presented for the first time by phillips and
Zienkiewicz [8]. A perfect bond was assumed belween
concrete and the reinforcement. The modified Newton_
Fig. (1) Dimensions of Raphson algorithm is used In the
present study, and the the specimens

stiffiiess

Fig. (2a): Mesh representation Fig. (2b) Mesh representation Fig. (2c): Mesh representation of the
push-offspecimens of the push-off specimens of the push-off specimens

(q:o) (q = 15.25') (q :30.5')

matrix is modified in the second iteration of each load increment, a displacements convergence
criterion is used.

The dimensions of the specimens is shown in Fig.(l), and Fig.(2a,b and c) show the
mesh representation of the push-off specimens with three angles ( = 0, 15.25. and
30.5'). The figures show also the method of applying the loads on the specimens and the
boundary conditions.
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Finite Element Analysis of shear Transfer of Fibrous concrete under compressive stress

MATERIALS CONSTITUTIVE REIXTIONSHIPS

The nonlinear behaviour of, fibrous concrete in compression, tension and the reduction ofthe shear modulus due to cracking were taken into account. The materials constitutive
relationships used including the uniaxial stress - strain relationships in compression and tensionof the fibrous concrete and steel, biaxial behavior of the concrete, and failure criteria.
Compressive Stress-strain Rslationship: Two models are used to represenf the stress-strain
curve; A - elastic - perfectly plastic, where the material is assumed elastic until the effective
stress reach the compressive strongth of fibrous concrete. B - strain -hardening approach wherea parabolic stress - strain cuwe is assumed after the effective stress re-acir 30% of the
compressive strength followed by a parabolic stress-strain curve and until the effective stress
reach the compressive strength of fibrous concrete, then a perfect plasticity is assurned until
crushing occurs.

ln the absence of te* data the empirical equations proposed by Soroushian and Lee

[9] may be used to calculate the compressive strength of fibrous concrete as follow:y'l4 = f"C
+ 3.61/____dflff (2)

Where:

"fq4 = compressive strenplh of fibrous concrete (MPa),1f,'=compressive strength of plain

concrete (MPa),

respectively.

volhme fraction, and I yd y= length and diameter of the fibres

The strain at peak stress ( as given by Soroushian andlee [9] is used in this investigation:

Q"r= 1Ef""Q + 0.00A7V.

The ultimate crushing stra in compression as defined in reference [5] is used:

strain) g\€*r= 30ll+ 2295Vr(m

Modulus of Elasticity:
The following formula usgd for the elastic modulus of plain concrete which depends on

the concrete compressive h and density [4].

nf = rto"r,

I

t--_^t ^ -___\uE = \3320'fA +6895)l D3Oa)ts

wc= colrcfote density in
For fibrous concrete the

(3)

(5)

of elasticity can be calculated from equation [10]:
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Finite Element Analysis Shear Transfer of Fibrous Concrete Under Compressive Stress

Ecf = 
f,trP"

(6)

where 
E"f 

, 
Ego 

and 
E

are secant moduri of erasticity of concrete with randomly oriented

fi bers, longitudinally ali and transversely aligned fibers respectivelv.

Eo = VcEf +VtEc
EcE f

(7)

)n,le 
66

)n")n" nd 2Mc
Gc2 Mf

Eso = zlt-ny*(nr

Mc
where

UU

ions of concrete and fibers.

926 
For hooked fibres

(8)

b0 = 1.093 +0.7132R.1

7.4848R.fr'387 For

0.7406
For crimped fi

R.l =Wttr/d t
Where

(10) bC =1.093+

0.5811+1.093R.f(11) b=

(r2)

5

t/
Vc and'lare volume

Gc is concrete shear mod

fic anf, f are the Poisson, ratio of concrete and fibres respectively.

M"= z(tE-"n") ,lutf z(f -,{r}

Tensile Stress - Strain tionship:
The sffess - strain relati of, fibrous concrete in tension which is suggested in reference
|1,l2l, which can be by continuous function is used:

Ttu ( --(e
(e)

b -1+ elef
where
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R.I is a reinforcine
^aw|irthe weight fraction of the fibres. The tensile strain 

etf

at poak tensile stress fibrrous concrete can be defined as proposed by Lee and Soroushian

[9] are used in the study as follow:

11

fttt =7c€C6t +o.ol

(t*o.tsttyd.rt-r)

matrix cracking strain. N

concrete structures:

where Srand brare

parameters have been

r-#

I
bf =w'2--

Where w=ex .

strength of fibrous

/13 +0.05 pdTt yu yo+ s 1t:; 
ey4 

=e,

Nf -r,o (+ r7fta27)

h0: Orientation factor. i

THE YIELD CRI
Many yield criteri werc proposed

study the following yi function is used,

(14) where/4: tensile strength of plain corrcreto, et=

: Nurnber of fibres per unit cross section area:

( l5)

the present study the value of 
h0 

ur.d equal to r0.41 [13].

[4, 15] to define the plastic s;tage. In the present
which is adopted in many nonlinear analysis of

f (tr,lr)=l 3Jr)+a1lrf o'=s, (16)

parameters and so is the uniaxial compressive strength. The material

ned by Abdul- Razzak [5]:

The two dimensional representation [16] (biaxial compressionrompression region) of
fibrous concrete model is

(r7)

2w (1 8)

shown in Fig. (3). In the tension- compression zone, the tensile
is predicted from a parabolic relation which wils proposed by Al-
shown in Fig. (4) and is given by:

6

Ta'an and Mahmood [17]
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s2P = S$

6
and the peak tensile shengt$ as:

Slp - S2pd2

&+ sz a,qg FJctnl6f +az =1 ( le)"f"Jt

Equation (19) can be rewritten to give the peak compressive strength s21zo.s d function of the

uniaxial compressive strapgthfq4 , ratio of uniaxial compressive strength to its uniaxial tensile

fcr0

strength s,

and the
(20) stress ratio

a2as:6 I +

f
4\az s2

(2t)

\
/-rf,

slP,s2P are the limiting principal tensile and compressive strength respectively.

o,lf$
-2 -1.6 -1 2 -t]8

-0.it

-08

6z14

-1 5

Vt =l'h
I2 /d1 =fi

. .. - , -. Errrlaral
*I\ffiilL&l

-0,6 -0.4 -0t 0

al /frf

for compression -

o.15

0.1

cr /{,r

0.05

o
-l

Fig. (3) Present model FRC for biaxial Fig. (a) Envelope
compression. region bipxial tension - compression [17] [16]

RE S ULTS AND D1,SCU^SSION

The properties of qoncrete used in tension and compression were taken from the
experimental test results [[8]. The cubes strength of plain and fibrous conorete was multiplied
by 0.8 to obtain the equivplent cylinder strength, and the splitting strength also multiplied by
0.8 to get the direct tensfle strength. Because the specimens were skevr symmetry, it was
necessary to analyze the qntire specimen. The mesh used is shown in Fig, (2) for :0, 15.25o,
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and 30.5o. Poisson's rati was taken equal to 0.2. The steel properties used are shown in Tabre
(1) for the longitudinal transverse shear reinforcement Il g].

ies of the Used Reinforcemenr

l-Shear Transfer Stren
Table (2) shows

fl81 ofshear strength
agreement with the test
(0.89-1.08) with an
of variation of 4.9Yo.

Table (2) Comparison of Numerical and Experimental Results of shear Strength for pushoff

nparison of the finite element results with the experimental results
the push-off specimens. The numericar resurts showed a very good

rlts for all specimens. The ratio of (v, cal.) to (vu exp.) ,ung" irorn
value of (0.981), standard deviation (SD) = 0.04g5 and a coeflicienr

lmens

Shear plane
length(mm)

Experimental
Shear strength



Finite Element Analysis shear Transfer of Fibrous concrete under compressive stress

B9 ?{{ { 3-6nnm 1.0 16.84 17.13 0.98
B10 220 3-6mm t\ 8.06 8.96 0.90Bll 230 3-6mm 1.5 t2.50 tl.7 5 1.06
812 255.5 3-6mm 1.5 r8.80 18.34 t.02
CI 220 2-lOmm 0 8.85 8.86 r.00
C2 230 2-1Omm 0 I 1.56 12.63 0.92
C3 255.5 a 0mm 0 16.10 t6.02 1.00
C4 220 2- 0mm 0.5 8.91 9.47 0.94
C5 230 .t

0mm 0.5 t2.33 12.90 0.96
C6 255.5 2-1Omm 0.5 16.8 16.40 r.02
C7 220 a 0mm 1.0 8.90 9.60 0.93
C8 230 a 0mm 1.0 r 3.10 r 4.58 0.90
C9 255,5 a 0mm 1.0 18.90 18.40 1.03
c10 220 .,

0mm t.5 9.00 10.10 0.89cll 230 2- 0mm 1.5 13.87 14.72 0.94
c12 255.5 2- 0mm 1.5 19.30 19,l8 l.0l

c
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nd 1.5. The figure sh
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he average of the calc
xperimental first crack r
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-Effect of Reinforceme
he effect of the

erameter pf on the she

rown in Table (2)
3rcentages of(0, 0.5, 1, a
nults show that the shear st
lrcentages.

.Effect of Steel Fibres
able (2) shows that the ul
rccimens with or without s1

Tective as stimrps in incr

re shear strength ,the
,sults obtained for
rccimens.

. Shear Stress Distributio
To show the distribur

e shear stress across thc
)ne, contour of the

n of the first
experimental

;roup A, with
: of 0, 0.5, 1

,ws that the
: in close
,rical results.
rlated to the
rear stress is

Parameter
nforcement
strength is
for fibres
t 1.5).The

Fig. (5) Comparison of experimental
and calculated first crack shear stress

for
Push-offspecimens Al,4, Tand 10

increases with the reinforcement parameter for all fibres

.imate shear strength increased with the fibres volume increase in
nups. The results showed that sometimes fibres was as

lasing stresses are plotted for selected specimens to show the
samo fibres effect on the shear stress distribution. Fig. (6)

all shows the shear stress contours and shear stress

rn of
shear

shear

distribution across the shear plane of specimen Al
(without fibres). The figure shows that the shear
stresses are concentrated near the slots (at the sftrear
zone boundaries) and decreased toward the center of
the shear plane.
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Finite Element Analysis of shear Transfer of Fibrous concrete under compressive Stress

Fig. (6) Contour of the shear stresses of push _ off
SPecimen Al Vr= 0, g = 0

€

Sect

Fig' (7) shows the shpar stresses contour for specimen A7 (Vr:l %) forloads 192 kN and224 kN respectively' The two figures have the same trend ofthe shear stress distributiono except

:Tj,:*_?::1T::':,^1'11*1.1,"'higher toad (224 rU. nre neures show also rhe shear stress

-0-4-20
sh6ar straBs (llpa)

(b) SectionLat the shear plane

Fig. (7) contour of shear stresses of push - off specim en A7
Vr= l o ,q:0

Fig' (8) Shows the contour of the shear stresses for specimens 42 (Vf :0 and O:15.25.) the
figure shows that the contour of the shear stress is the same as that of specimen Al Fig. (6), butthe shear stress along the shear plane is slightly different, this may be attributed to the lateral
compressive stress' Fig. (9) shows the contour of the shear stresses for specimen Ag (yr= lvo\.

10



Finite Blement of shear Transfer of Fibrous concrete under compressive stress

the figure shows that th
the center of the shear p

maximum shear stress increased near the slots and decreased toward

a-l 0r
ehrer stress{llPrf

Section at the shear
nlane

Fig. (8) Contour of the shear stresses of push - off
specimen A2,Yr: 0, q : 15.25"

Fig. (9) Contour of the shear stress of push - off specimens Fig. (10) Cracks pattern of
A8, Vr: lYo, q : 15.25' specimen A1, Vr:0

5- Cracks Patterns
The cracks were drawn at the mid position only (between the two slots) for selected

specimens to show the fibres effect on the initiation and propagation of cracks.

11
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Finite Element Analysis of Shear Transfer of Fibrous concrete under compressive Stress

specimen 42, VrO (a) (b)
Fig.(13): Cracks pattem of specimen Al l, Vrt.5

6- Slip
The slips of selected specimens were presented below. Fig.(la) shows the slip of specimenAl0 (Vrl'5)' The figure shows that the calculated slip is cloJe'to the experimental slip at early

stage and slightly differ at failure, this variation may be attributed to the representation of the
shear reinforcement in the finite element method *iti.tt is represented by a line element with
axial stiffiress only and differ from the actual shear reinforcement. Fig.(15) shows the slip of
specimen C10, the figure shows that the calculated slip is slightly Oirrei from the experimental
slip, this may be due to the same reason as for specimen Alb, that is the representation of the
shear reinforcement.

7

o
E

$s
6t
o
63
o
22
o

1

0

0 0.2 0.4 0.6 0.8 1 1.2

stip {mm)

.-....'measured

- 

calculated

Fig. (14): Shear stress- slip for specimen Al0(Vrl.5%)

Fig.(15) shear stress-slip for specimen C10 (VFl.5%)

CONCLUSIONS

l- The finite element results of the first cracking and the ultimate shear stress showed
goodagreement with the experimental results, the average ratio of the calculated shear strength
to the experimental shear strength was (0.9814).
2- The distribution of the shear stress of the push-off specimens is maximum at the ends
ofthe shear plane and decreased towards the centre.
3' The predicted slip of specimens without shear reinforcement push-off results showed
goodagreement with the experimental slip, while the slip of specimens with shear
reinforcement slightly differs from the experimental slip.
4. The cracks initiation and propagation pattern showed a realistic sequence.

13



Finite Element Analysis of shear Transfer of Fibrous concrete under compressive stress

5' The nonlinear finite. element analysis can be used to trace the behaviour of shear
_ _fransferspecimens and. canbe used for a parametric study.
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