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Stress-Strain Curves of Fibrous Concrete in
Compression

*Dr.Omer Qarani Aziz and Dr.Ramzi B.Abul-Ahad

College of Engineering, University of Salahaddin Erbil, Kurdistan Region llraq

A simple experimental technique -::::Yf obtain the stress-strain curves of the
normal weight concrete containing steel fibers.
An analytic expression for the stress-strain relationship ofthe normal weight fibrous
concrete is developed. Equations to predict the ultimate strain and the block stress
parameters of the fibrous concrete were developed to reflect experimental results. The
analytic expression has four constants, which depend on the properties of both the
ascending and descending portion of the stress-strain curve and can be evaluotedfrom
the knowledge of the four key points of the curve.

K eyw o r ds : - C o n cr e t e, C omp r e s s io n, F ib er, N o rmal Weig ht,,Slress,
Strain, ...etc.

Introduction

Reinforced concrete stn:ctures
under load depend to a large degree on the
stress strain relationship of concrete in
compression (since concrete is used
mostly in compression), such a curue is
obtained by appropriatc strain
measurements in cylinder tests. Stress-
strain curyes consist of an initial relatively
straight elastic porlion in which stress and
strain are closely proportional, then begin
to curve to the horizontal, reaehing the
maximum stress, i.e., the compressive
strength, at a strain that ranges from about
0.002 to 0.003 for normal density
concretelll. Stress-strain curve of concrete
in compression has a descending branch
after the peak stress is reached; the
characteristics of the curv'es after peak

method of testing. If special procedures
are followed in testing to insure a eonstant
strain rate while cylinder resistance is
decreasing, long stable descending
branches can be obtained t21.

Fiber reinforced concrete is an ordinary
eoncrete with randomly dispersed discrete
fibers, different types offibers have been
used to strengthen the concrete and the
cement mortars in the field, these types
are: asbestos. steel, carbon, glass,
poly,propylene and polyethylene fibers t3l.

The most common type of fibers used
with concrete materials is the steel fiber,
which has a better compatibility with
csment, based matrices tal. It has been
shou'n by many researchers I3'a'51 that the
addition of steel fibers improve concrete
properties in eompression, tension, shear,
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flexure,
.,.etc.

ductility, impact, resistance,

Many irrvestigators have tried to represent
the stress-strain relationship of concrete
by standard mathematical curves, e.g., a
parabola, hyperbola, ellipse, cubic
parabola or combinations like a parabola
with a straight line or a sine wave with a
cubic parabola and so on t6l. Because of
the former curves are symmetrical about
afi axis, they can represent only the
ascending position of the stress*strain
curve ofthe concrete, hence, the necessity
for defining the descending portion of the
curve appears to have been the cause of
the development of the various
combinations [7].

Prakash and krishanl6l proposed an

equation to represent the stress-strain
relationship of concrete for short terrn
loading as follows:

f=
D--LE ----- 1

I+(e I e")2

where:

E: modulus of elasticity of concrete

e: Strain of concrete
€or Strain of concrete at peak stress

e":0.00177

They tbund that the arca under stressi*

strain curve equal to 0.8 lc eo ancl depth

of neutral axis equal to 0.692d. Chein anrl

Carsontsl studiei the effect of lengIh,
volume fraction and curing age on

the direct compression strength of the
corterete reinforced with random rvires"
Results had stror,,rn that the larger values
of the rnodulus of elasticity, ultirrrate load
and ultimate strain rvere obtained u,hen
steel fiber added to the concrete matrix,
Hughes and Fattuhl tll got the maximum
increase in compression about 7% by
using deforrn steel fiher (0.25x25mr1).
The change in the slope of stress-strail
cun'e of the tested concrete cubes

occurred bet,neen (65-75) % of the
ultimate strength for the elescending pa*.
Warig et al[z] derived anal5.ticaliy' the
following eqriation to clescribe the stress-

strain relationship (Fig.l) of concrete in
eompression.

Ax t- Bt:2 ^^*^)
' 

-- 
1-,. t-x t. Dx2

where:

y - flft:'
v: r. I r1\ \- / Lo

f. e,,: stress a.nd strain in general.

fb', e o: peak strcss and corresportditru
strain"

A, B" C anrl l): constants.

h,r:r fc' I rr,o'. secant mod,rlus ol
clasticity at pcak str,:ss.

.Hc : seeant modulus nf elastie,ity at 0.45

ft'.
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Where:
fri and €ri : stress and strain at the

inflection point.
f2i and e2i : refer to a point which ll,as

arbitrary selected, such that, €2i - € I i 
:€ ti-

Experimentol work
Sl.&,lrrt €.'

Fig. I Stress- srrain relationship
proltrsed by wang et al (ReG2)

The accuracy of the above
expression (Eq.2) in representing the
stress-strain curve much improved when
two separate sets of values of the four
constants A,B,C and D were used for the
ascending and descending parts. For the
ascending part the values of the four
constants were evaluated from the

€o
I
!

l

following

,dyEc
dx Eo

2. y = 0.45

3' Y=1

four conditions:

for y*0, x=0

for x=0.451(EclEo)
for x=l

for X =l

for y - x =1

e 1l
= 

-i

C

=', i-
C

Conerete with mix proporlion of
(l:2:2), (cement; sand; gravel) with water
cement ratio of 0.57 have been used.
Crushed aggregate with maximum size of
9.5 ffiffi, river sand within ASTMtlol
specification, hooked steel fiber with
0.5mm diameter and 50mm in length with
different volume fraction (0"5, I and
1.5)% r,vere used.
I\dixing of materials done in a rotary rnixer
with a capacity of 0.1mi. Materials (sand
and gravel) rnixed dry,50Yo of the water
added, then the eement and rernained
water added, after the mixture become
uniform, the steel fibers adcled slow,ly to
prevent bundling of the fitrers and to
insure random distribution. The mixture
molded into standard (150x 300) mm
cylinders of steel fiber, after 24 hours the
nrolds were stripped and kept moist for a
period af 26 days, testing has been
achieveel at 28 days.
Stress-stlain eurves for the specimens has
been plotted by using gauge type (Amil
CCM20) as shown in Fig.2, i.vhich has
been mounted to Avery - I)enison testing
machine with a maximum capacitS, of 100
ton.

4.9=0 for y=x=1
dx

For the descending part the condition for
determining the four eonstants were:
l' Y = I

z. dY =o
dx

^ f,,3. y-+: for y
Jc

A ,, - fria. J -;-;- forx
IC
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Ax+S?
Y= ')

l+Cx+Dx"

By app lyin$oundargtrnditiowre

.^ dv Ec(l)-: =- AtV=X=l)'d*4
Ec

ASSUm€n= -'
4

dy _. 
^ 
*.(l + C x+ ob tl+ZS I - @x+ r il C *zo X

dx 
- 

(l+Cx+Dlf

{tt )t-aY=-$

(l +0+0) [4 +0) -(0+ 0) (C+ 0)
l'l= ---

(l+0+01

n*A
I;rontr<,run da qonditiotlvo

(2)y*{"a5for x).45n

Fig'Z comPressometer

Proposecl Equations

It had been shown that ttre proposed

equation by Wang et al t2l r.vas the most
acceptable relation for stress strain curve
for plain and normal weight concrete, the
relationship depends on the ultimate stress

(fc') and the ultimate strain (eu). Thr-r

ultimate stress (fc') was obtained fi'om the
experimental work while the ultimate
strain (e ,,) obtained from Eq.(20) (it wili
be proposed later).

The stress strain detennined
analyically was compared with data

obtained from the experimental work.
Evaluation of Constants for_- Atq"gqdUlg
Part:

s a 5*aa ff 6; *sa ff p* aga I g -r fl0.4 e rp
nrf

c#D=ln
nn

Boundaqonditiorthree

(3)-=l at xl
l+B1-

l-

l+("+l)
A+B-C-"D=l ...(5)

F'inallJay applyirftoundaqonditi&ur

(4'Py/dx0 at y=1=1

( l+C i6'D*) (a + "28 I * @ xr B i)lc +2D t ={

^t xl
I)=(Dnn/(C+2) ...(6)

...(4)

t2
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FourequationsndfourunknownA,B,C,D Evaluation of Constants For

fromEq.3, A=n
fromEq4, B=nC+0.45D ,,,(7)

from Eq.5, B=1+C+D-n ..(8)

by equatinBquatio(7) andequatio(8), get

nC+0.45D=1+C+D-n

nc-1-c+n=D-0.45D
0.55D = (n- 1)(C+1)

Descending Part
Byapplie&onditionfor thedescendinpart,get :

(1)Atpeakpointy = | fs1 x= I

- A+Bt_
l-

l+C+D
A+ B=l+C+D
A=l+C+D-B ...(12)

(2)Atpeakpointdy/dx=0 for y=x=1
g=L- 1n-lxC+l)

0.55'
By equating equation (6) and equation (7), get In the present investigation a general
Dn*n =nC+0.45D solution for eight constants is made and

C+2 these constants are determinecl by using

Dn-n =nc +0.45CD+2nC+0.gD computer program" The values of the Eo',

Eo, fe', €, and the eight constants for
p=(nC +nC+2nCl(n-O.af -0.9) .....(lQscending and descending parts of the

Byequatingquatio{9)andequatio{l 0)get T:l* :II',1,T,Tr 
each specimen are

given in table (1).
I (nC +n+2nQ From the analytic and experimental data,

the following equations can be predicted
to calculate the ultimate strain of concrete
and bloek stress parameters for different
values of volume fraction of steel fiber.
e u:0.003 + 0.008 ( VrL/D )
y1: 0.85 + 0.02 (Vf L/D)

[! : 0.85 + 0.03 (V1L/D) for fc'<27.58
nC-0.Y-0.4tj +n*0.9-0.4t=nCKo+nld+2nl{C I\4Pa.

Q.45+n4f +Qng-n+0.9+0.4{+n\*n+0.9-0 fa' -27'58

^ enK-r+I.3s nK-n+,.e Pr=0.85+0'03VrL/D-(i +0.25YL|D)(0.05
C+' " 'C+ 0-=0

0.45*nld 0.45*nli 
6.go

C +$C+X"=g for 27.58 < f e < 55"2. I\4pa.

Bs:0"55 for fc' > 55.2 MPa.
where As shown, the experirnental curves

2K,ltt+135 cornpared with an analJtic erurve, from

^,= 4,,,rg45 this enmparison it appears that the analytic

nK _n+0.9 expression is quite satisfactory.
V-l\4 ---'-- nl{,+0.45

-x.*^lx'-qi
2

..(e)

t, 0.55
A- =-" n-l

c+l=r( nL) +n+2nc

" n*0.9*0.47

t3
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able ( 1) Values of constants a. oro ES

Specimen
No.

Vf
%

Lo

10-3

mm/mm

fc'
MPa

Ec
kN/mm2

Eo
kN/mm2

Group I 0.00 3.00 '1.32 21.21 5.77
Group2 0.50 3.37 7.77 21.71 5.26
Group3 1.00 3.75 8.20 22.81 4.86
Grouo4 r.50 4.00 8.82 23.81 4.70

Specimen
No.

Ascending Descending

lB, lc, Dr Bl C
Grouo 1 3.67 I 12.00 _ Lt.g't l3 2.27 -0.85 -0.37 I 0.79
Group2 4.13 16.78 I z.r: t7 "78 1.54 -0.18 -0.9s I r.r3
Group3 4.7 t 24.03 | 2]1 2,5.03 t.29 0.36 -1.r0 I 7t
Group4 4.9s 27.41 I Z.SS 28"41 4.13 432 1.71 1.74

constants

Typical idealized stress-strain relationship for plain and fiber concrete CytinOe.s are
shown in Fig. (3).

Conclusions
The stress-strain relationship of

fibrous concrete was proposed based on
the data from experimented \,ork. Eight
constants (Ar, Br, Cr, Dr, A2,82, Cz and
Dz) calculated by using computer
program to define stress-strain
relationship.

'Ihe ultirnate strain of conerete in
conrpression zone is increased with
addition of steel fibers. T'he maximum
increase is 33Yo observed by using volume
fi"action of l.5oA, the block stress
parameters (yr, Pf) also increased b',,
addition of steel fibers, finally the
equations were proposed to predict of €,,,
ys and 81.

\
r -T---t* .._r----r----t----t* *,'"* 1;-, (rtua 6e ) -to _t
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