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Abstract

A simple experimental technique was used to obtain the stress-strain curves of the
normal weight concrete containing steel fibers.

An analytic expression for the stress-strain relationship of the normal weight fibrous
concrefe 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 evaluated from

the knowledge of the four key points of the curve.
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Introduction

Reinforced  concrete  structures
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 curve is
obtained by appropriate  strain
measurements in cylinder tests. Stress-
strain curves consist of an initial relatively
straight clastic portion in which stress and
strain are closely proportional, then begin
to curve to the horizontal, reaching the
maximum stress, i.e., the compressive
strength, at a strain that ranges from about
0.002 to 0.003 for normal density
concrete!'!, Stress-strain curve of concrete
in compression has a descending branch
after the peak stress is reached; the
characteristics of the curves after peak
stress are highly dependent upon the

method of testing. If special procedures
are followed in testing to insure a constant
strain rate while cylinder resistance is
decreasing, long stable descending
branches can be obtained 1!,

Fiber reinforced concrete is an ordinary
concrete with randomly dispersed discrete
fibers, different types of fibers have been
used to strengthen the concrete and the
cement mortars in the field, these types
are: asbestos, steel, carbon, glass,
polypropylene and polyethylene fibers ™.
The most common type of fibers used
with concrete materials is the steel fiber,
which has a better compatibility with
cement, based matrices Y. It has been
shown by many researchers®** that the
addition of steel fibers improve concrete
properties in compression, tension, shear,

*Part of his Ph.D. Thesis.
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flexure, resistance,
..€tc.

Many investigators 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 161 Because of
the former curves are symmetrical about
an axis, they can represent only the
ascending position of the stress-strain
curve of the concrete, hence, the necessity
for defining the descending portion of the
curve appears to have been the cause of
the development of the wvarious

combinations [,

ductility, impact,

Prakash and krishan!” proposed an
equation to represent the stress-strain
relationship of concrete for short term
loading as follows:

Ee

where:

E: modulus of elasticity of concrete

e: Strain of concrete

€, Strain of concrete at peak stress
€,=0.00177

They found that the area under stress-
strain curve equal to 0.8 f'c o and depih
of neutral axis equal to 0.692d. Chein and
Carson® studied the effect of length,
volume fraction and curing age on
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the direct compression strength of the
concrete reinforced with random wires.
Results had shown that the larger values
of the modulus of elasticity, ultimate load
and ultimate strain were obtained when
steel fiber added to the concrete matrix.
Hughes and Fattuhi ! got the maximum
increase in compression about 7% by
using deform steel fiber (0.25x25mm).
The change in the slope of stress-strain
curve of the tested concrete cubes
occurred between (65-75) % of the
ultimate strength for the descending part.
Wang et al” derived analytically the
following equation to describe the stress-
strain relationship (Fig.1) of concrete in
compression.

: Ax + Bx? 5

P = e m e )
14 Cx + Dx?

where:

y = f/fc

x= el e,

f, e stress and strain in general.
fc', e, peak stress and corresponding
strain.

A, B, C and D: constants.
Fo = ¢’ / e, secant
elasticity at peak stress.
Ec : secant modulus of elasticity at 0.45
6",

modulus of
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Fig. 1 Stress- strain relationship
proposed by wang et al (Ref-2)
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
following four conditions:
L ng for y=0, x=0

dx Eo
2. y=045 for x =0.45/(Ec/Eo)
3. y= for x=1
4' g_y_ —_ O for y = — 1

dx

For the descending part the condition for
determining the four constants were:

1. y =1 for x =1
dy
2. — =0 for y=x = ]
dx
3 y=f“ for y-—~€]l
fe o =
4 y=-t—~—2‘—l for x = —=21
fc €
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Where:

fii and ey stress and strain at the
inflection point.

fri and ey : refer to a point which was

arbitrary selected, such that, €,;- ;= ;-
€

Experimental work

Concrete  with mix proportion of
(1:2:2), (cement; sand; gravel) with water
cement ratio of 0.57 have been used.
Crushed aggregate with maximum size of
9.5 mm, river sand within ASTM!"
specification, hooked steel fiber with
0.5mm diameter and 50mm in length with
different volume fraction (0.5, 1 and
1.5)% were used.

Mixing of materials done in a rotary mixer
with a capacity of 0.1m’. Materials (sand
and gravel) mixed dry, 50% of the water
added, then the cement and remained
water added, after the mixture become
uniform, the steel fibers added slowly to
prevent bundling of the fibers and to
insure random distribution. The mixture

molded into standard (150% 300) mm
cylinders of steel fiber, after 24 hours the
molds were stripped and kept moist for a
period of 26 days, testing has been
achieved at 28 days.

Stress-strain  curves for the specimens has
been plotted by using gauge type (Amil
CCM20) as shown in Fig.2, which has
been mounted to Avery — Denison testing
machine with a maximum capacity of 100
ton.
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Fig.2 compressometer
Proposed Equations

It had been shown that the proposed
equation by Wang et al 21 was 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 (e,). The
ultimate stress (fc') was obtained from the
experimental work while the ultimate
strain (€,) obtained from Eq.(20) (it will
be proposed later).

The  stress strain  deterrnined
analytically was compared with data
obtained from the experimental work.
Evaluation of Constants for Ascending
Part:
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Ax+sz

=i

1+Cx+Dx2
By applyingoundamgonditicane

aty=x=0

c
ASSUMeT=—

_(CrDRA+2BY~(Axt BIC+2DY
(+Cx+-DRY

at y=Xx ={)

1+O +0)(A+0)-O0+0)C+0)
(1-+0+0y

n=A
Fromboundagpnditiotwo
(2)y=0.45for =0.4%n

{}4%@45—« C 048;'; D=AQ4In)+BOAI N2

C+ 911:”,!;“13 (4

non
Boundagpnditiorthree
(By=l at =l

A+B
= AB

- 1+C+D
A+B~C~Dx=1 .(5)

Finallpy applyingoundarpnditidour
(4)dy/d=0 at y=x=1

(HCx+-Dg) (A+2By —~(Ax+-BRCH2Dy=0
at =1

B=(Dan)/(C+2) -.(6)
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FourequationsindfourunknownsA,B,C,D
from Eq.3, A=n

from Eq4, B=nC+0.45D (7
from Eq.5, B=1+C+D-n ..(8)
byequatingquation(7)andequation(8),get
nC+0.45D=1+C+D-n
nC-1-C+n=D-0.45D
0.55D=(n-1)(C+1)

1
D=—-m-)C+1 i
i 5( NC+1) )
By equating equation (6) and equation (7), get
Dn—
T —nC+045D
C+2

Dn-n=nC +045CD+2nC+0.9D
D=(nC +nC+2nCy (n-0.45C-0.9)
Byequatingquatioi9)andequation10)get
(nC +n+2n0
(n—0.9-045C)

1
SednCH)=

g 055

° n-1

nC-09C-045" +n-09-04L=nCK +nK +2nKC
Q45+nK )C* +2nK ~n+09+049C+nK, ~n+09=0
: (K, —n+l.35)C+nI§ -n+09 0
045+nK, 045K,
C+KC+K, =0

where
, 2K n-n+l35
K p+045
_nk,-n+09

nk +045

s -K i\/zz _4Kz

c=— (1)
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Evaluation of Constants For

Descending Part
Byappliedonditionfor thedescendingart.get:

(1)Atpeakpointy =1 for x=1
A+B

e

1+C+D
A+B=1+C+D

A=1+C+D-B ..(12)
(2)Atpeakpointdy /dx=0 for y=x=1

In the present investigation a general
solution for eight constants is made and
these constants are determined by using
computer program.. The values of the Eo,
Ec, fc', €, and the eight constants for

..... (1(iscending and descending parts of the

tested cylinders for each specimen are
given in table (1).

From the analytic and experimental data,
the following equations can be predicted
to calculate the ultimate strain of concrete
and block stress parameters for different
values of volume fraction of steel fiber.
e,=0.003 +0.008 (V¢L/D)
ve=0.85+0.02 (V¢ L/D)

Br = 0.85 + 0.03 (V{L/D) for fc'<27.58
MPa.

fc'-27.58
B=0.85+0.03VL/D-(1+0.25V{L/D)(0.05

for 27.58 <fc¢<552 MPa.

¢=0.65 for fc'>552 MPa.
As shown, the experimental curves
compared with an analytic curve, from
this comparison it appears that the analytic
expression is quite satisfactory.
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Table (1) Values of constants a. properties

Specimen \%4 166’3 fc! Ec Eo
No. % MPa KN/mm*> | kN/mm?
mm/mm
Group 1 0.00 3.00 17.32 21.21 571
Group2 0.50 337 17.77 21.71 5.26
Group3 1.00 3.75 18.20 22.81 4.86
Group4 1.50 4.00 18.82 23.81 4.70
b. constants
:;:) ccmen Ascending Descending
A B, C, Dy A, | B C, D,
Group 1 3.67 12.00 1.67 13 227 1-0.85 | -0.37 0.79
Group?2 4.13 16.78 2.13 1778 1 1.54 1 -0.18 | -0.95 1.13
Group3 4.71 24.03 271 12503 [ 129036 |-1.10 1.71
Group4 4.95 2741 295 12841 | 4.130.32 1.71 1.74

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

Conclusions

The

stress-strain

relationship

of

fibrous concrete was proposed based on
the data from experimented work. Eight
constants (A;, By, Ci, Dy, Ay, By, C; and

D»)

calculated by using

computer

program to  define  stress-strain
relationship.
= X
8] / \
CETT T3 R S S AT B

. Vp = a0

w1

7o s
s a3

e S

i

The ultimate strain of concrete in
compression zone is increased with
addition of steel fibers. The maximum
increase is 33% observed by using volurne

fraction of 1.5%, the block stress
parameters (yr, PBr) also increased by
addition of steel fibers, finally the

equations were proposed to predict of €,
vrand Br.

H & H + 3
& ¢ srmasw nantanen 3000 &

Y o= 15T 7

difterent volume fraction of

s-sivain relationship {or
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