
BEHAVIOUR OF HYBRID FERRO FIBER CONCRETE
(HFFC) UNDER AXTAL COMPRESSTON
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The combination offiber reinforced concrele andferrocement can be usecl in developing a
concrete composite with large ductility, which is required in structures subjecled to seismic forces'.
Such a concrete composite can be ternred as HYBRID FERRO FIBER CONCRETE HFFO. Thi,s
paper presents an experimental investigalion on the behavior of HFFC under axial compression.
The parameters varied include (l) Specific surfacefactor (S) offerrocetnent sltellwhich influences
the behavior offerrocement, (2) Reinforcing index (RI) of iteelfiber concrete which influences the
behavior of FRC. One hundred and sixty eight prism specimens of .size I 50mm x I 50mnt x 300mnt
were tested under .strain-controlled rate of loading. The results indicated that lhe combinetl use o-f
ferrocement and fibers in Hybrid ferro fiber concrete has improved the ultimate strength; strain at
ultintate strength and the ductility. The improvement is proportional to the specific sttrface Jactor
(S) offerrocemenl shell for a given confinement index (C) of lateral reinforcement and reinforcinSy
index (RI) of steelfiber reinforced concrete.
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Lateral dimensions of prism
Yield strength of longitudinal / tie / fiber / mesh wire (Table I ): Area of longitudinal steel

Strength of unconfined concretc( Plain concrete prism strength)
Strain at peak of unconfined concrete (Plain concrete prism)
Strength of tie confined fiber reinforced concrete (CFRC): 

_f, (1 + 0.55Ct) (1 .0228 + 0.I024(Rry J3,t4 )
Strain at Lrltimate of Tie confine.d fiber reinforced concrete [13,14 ]
Gross cross sectional area

Confinement index Ii0] : (pu- pbb)(f,/J',)ift/s)
: Ratio of volume of transverse steel to the volume of concrete

Ratio of volume of transverse steel to the volume of concrete
Corresponding to a limiting pitch equal to 1.5 b
Strcss in latcral ties
Spacing of lateral ties
Strain at peak of HFFC

= strain at 85o/o of peak of I{FFC in the descending portion of stress strain curve
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Strain atB5o of peak of CFRC in the descending portion of stress strain curve

Load ratio explained in the PaPer

Peak strength of HFFC

Reinforcing Index (Product of weight fraction of fiber (W) and aspect ratio of fiber)

Ratio of weight of steel fiber and weight of concrete

Specific surface factor

INTRODUCTION

Seismic resistant design of structures demands high ductility. The ductility of concrete is

br:ing improved at present by confining it in steel binders, as ties in compression members and as

stinrips in beams. It has been reported [3] that a concrete strain of 0.01 is sufficient to give full

redistribution of moments, whictrresults in the use of procedures of plastic analysis for analysis of

concrete structures also. However, it can be seen that the higher the degree of indeterminacy of the

structures the more will be the concrete strain at failure and consequently the rotation capacity

rerquired at the first plastic hinge which will form in the structure. The critical section in statically

indeterminate structures at which first hinge forms are incidentally also the sections having maximum

shear force. The stirrup reinforcement, which is provided, has to take care of shear at that section and

simultaneously provide confinement. It has been established by previous researcher [12] that only

the stimrp reinforcement provided beyond what is required for resisting shear failure will only provide

confinement. Hence with practical minimum spacing that can be provided at the critical sections, there

is limitation to the qruniity of confinement, which can be provided by the stirrups' Moreover'

confinement of a .olu*n using u sophisticated arrangement of closely spaccd stirrups not only

irrterrupts the continuity and creates plane of weakness between the core and the concrete cover, but

to the problem of congestion. Thus, it may not be possible to sufficiently confine the

providing the laterals alone. Hence, it would be useful if a supplementary confinement in

he laterais can be provided at the critical sections or a better alternative to confinement

can be devised. Recently the combination of steel fiber and reinforced concrete (CFRC) [5, 13,14] was

nrade use in rmproving ductility. Such concrete was termed as Confined Fiber Reinforced Concrete

(TCFRC). Therels limiiation to the quantity of passive confinement to balling

of fiber at higher dosages. Ferrocement shell (casing) can be used to rovement

in degree of confinement. Such concrete, which is a combinatio einforced

concrete and lateral reinforcement can be termed as FTYBRID FERRO FIBER CONCRETE (F{FFC)' The

present investigation is an attempt to study the confining effect of the ferrocement shell, provided in

addition to rectangular ties on fiber reinforced concrete under axial compression'

IDCERIMATTALSTT]DY

Sicheme of exPerimental work

The experimental program was designed to study the behavior of fiber rein forced concrete

trett (UfnC) under axia testing prisms of size 150mm x

ables in the study are spe (S), which controls the behavior

index(RI)ofsteelfiber,behaviorofcorefiberreinforced
concrete. A constant iateral tie spacing adopted in this investigation was 60 mm; the confinement

index (c ) takes into account the effect of lateral tie confinement. Specific surface factor is the product
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of spccific surface f mesh wires in the direction of force divided by the strength
of plain mortar Il I ] is the ratio of the total surface area of contact of reinforcement
wires present per u 

^ ^ 
nen in the direction of the application of the load in a given

width and thickness of ferrocement shell to the volume of mortar. The reinforcing index (RI) of the steel
fiber is the product of weight fraction (w) of steel fiber and the aspect ratio olthe fiber. The weight
fraction (w) is the ratio of weight of steel fiber and weight of concrete.

The program consisted of casting and testing of 168 prisms, which were cast in l0 batches
(Viz', A' B, C, D, E, F, G, H and I - series). The prisms ineach batch (i.e. A- series to F- series) are divided
into six sets' The prisms in each batch (i.e. G-scries to I- series) are divided into five sets. In both the

ain concrete prisms and in the second set, fiber reinforced concrete prisms
shell as additional confinement were cast. In the remaining sets, fiber
with ferrocement shell as additional confinement (HFFC prisms) were cast,.

Except in first set, the amount ofreinforcement (Longitudinal and lateral steel) was maintained constant
and equal to that provided in the prisms of second set. But the amount of ferrocement shell confinement
varied by varying the specific surface factor (S,), Since the effect of confinement on fiber reinforce4
concrete due to lateral reinforcentent !3,14] was already known, the effect of confinement due tcr
ferrocement shell can be separated. The detairs of prisms iested are given in Table. l.

Materials Used

The galvanized woven wire mesh of square grid fabric was used in ferrocement. The ties and
longitudinal steel used in the prisms were made of mild steel and galvanized.iron steel respectively.
The cement used was oPC of 43 grade conforming to IS: 8 r12 - 1981. Machine crushed hard granite
chips passing through I 2.5 mm IS sieve and retaine< on 4 .7 5 mm IS sieve was used as coarse aggregate
throughout the work' fuver sand procured locally was used for fine aggregate. Fine aggregate passing
through Z.36mm IS sieve was used in core fiber reinforcecl concrete and passing through l.l g mm IS
Sieve was used in ferrocement shell. Core fiber reinforced concrete and in ferrocement shell respectively.
The same concrete (l:1.8:2.5 and w/c:0.5) was used in the entire study. The mortar used for the
ferrocement shell has the mix proportion of one part cement and two parts sand (i.e., l:2) with a water
cement ratio ofp.6.

Preparation of specimen

After the fabrication of ferrocement cages using ties and longitudinal steel, a sufficient
number of wire mesh layers to provide the.required S,- were wrapped over the ties tightly by giving an
overlap of 50 mm. The mesh was stitched thrice so as not to fail by splitting of the mesh. Fig. l(a)
shows the reinforcement details of specimen. Fig. l(b) shows the mould ur.J fo,. casting the prisms.
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Fig. l. (a) Reinforcement details of the specimens

Fig. l. (b) Moulds used for casting the prisms

Casting of the specimen

The prepared cage of reinforcement was kept in moulds carefully. Spacer rods of 3mm diameter

galvanizediron wires were kept temporarily in between the layers of mesh to maintain spacing between

the layers. The prisms were cast in the vertical position. First, the gap between the mould and the

relnforcement was filled to about half the height of the mould using cement mortar, and then fiber

reinforced concrete was placed inside the mesh up to the same level. Then, a needle vibrator was used

to compact the core fiber reinforced concrete. The mould was filled in three layers using the same

technique. The top face of the prism specimen was capped with a rich cement paste' The specimen

was demoulded 48 hours after casting and cured for 28 days in a curing pond.

Testing

The cured specimens were capped with plaster of Paris before testing, to provide a smooth

loading surface. A Tinius - Olsen testing machine of 1810 KN capacity was used for testing the prisms
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under axial cornpression. From the studies of prcvious investigators il2] who worked on concrete

confined with ties, it was observed that the cover concrete spalled off at about 90 percent of the

ultimate load, the resistance strain gauges and Demec points fixed to the concrete surface usually

came off along the concrete. In addition, the compressometer designed to measure the strains in

standard concrete cylinders could not be fitted to the square prisms.

To overcome above-mentioned difficulties, compressometers suitable for prisms, which were

fabricated by the earlier investigators I l2] on confined concrete, were adopted. Each compressometer

consisted of two square frames; a top frame and a bottorn frame made of lZmmsquare mild steel bars.

Two diametrically opposite pairs of screws at four points attached each frame to the concrete specimert'

The two frames were attached to the specimen symmetrically at the required gauge length, i.e.15Omrn

apart. Two pairs of diametrically opposite dial gauges with a minimum count of 0.002mm and travel of

l2mmwere attached to vertical hanger bars fixed to the top frame. The movable spindles of the dial

gauges rested on the plane circular heads of the adjustable screws, which were positioned in mild

steei plates projecting horizontally from the bottom frame. The frames were attached to the specimen

by means of screws, which would fit snugly to the concrete. Fig. 2(a) shows the details of the

compressometer attached to the specimen. Fig. 2(b) shows thd photograph of the same alrangement.

The capped specimen with the compressometer attached was placed on the movable cros;s

head of the testing machine and tested under strain control rate of loading. The deformations were

noted and strains were calculated. Fig. 3 shows the test arrangement. The test was continued until the

load <lropped to aboutl5 to 80 percent of the ultimate load in the post ultimate region for both

confined and unconfined prism specimens.
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Fig. 2. (b) Compressometer attached to the prism

INTERPRETATION AND DISCUSSION OF TEST RESWTS

lBehavior of test specimens under load

(A) General: The load increased rapidly in the initialstages r"rp to about 75 percent of the peak

Ioad and thereafter increased at a slower rate until the peak load was reached, Tests were continued

r-rntil the peak load dropped to about 0.'i 5 to 0,80 times the peak load. Beyond the peak load, the strains
jncreased at a rapid rate anci were accompanied by a decrcase in the load carrying capacity of the

speclmen.
(B) Reinforced Concrete (RC) Specimens: ln the casc of RC spccimens, verticalcracks appeared

in the cover region at about lialf of the peak load. As load increased, the number of cracks increased

and the width of cracks widened. The spalling of concrete cover was noticed before the peak load (i.e.

at about 90 percent of peak load) was reached, but it was severe after passing the peak load.

(q Confined Fiber Reinforced Concrete (CFRC) Specimens: In the case of CFRC specimens,

.fine vcrtical cracks appeared on the surface of the specimen at about 80 percent of the peak load. With
the increase of load, the number of cracks increased at a reduced rate compared to RC specimens. The

behavior of all CFRC specimens up to 75 percent of the peak load of the confined RC specimens was

about the same. Beyond the peak load, the fine vertical cracks widened. The extent of the cracking and

rate ofdecrease in load after the peak (in descending portion ofstress - strain curve) depends up on

the reinforcing index (RI) of steel fiber; if the confinement indicated by C of lateral reinforcement is the
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sanrc. Thc highcr tlic Rl. thc lowcr is thc rate of dccrease in load and the extent of sapling. This may be

cluc to thc intcrnal crack arrcsting nrcchanisrn, clirncnsional stability as wellas intcgrity ofthe material
causcd by thc lalgc volLrurc liacticln ol'stccl frbcr prcscut in thc coucrctc. Tlrc rnaximum stress and

strain at pcak load and the strain at 85 percent of peak load in the desccnding portion of the stress-

strain curvc incrcascd as RI increascd with the samc C,.

(D) Hybrid Ferro Fiber Concrete (ffFFC) Specimens: In the case of HFFC specimens, fine
vcrtical cracks at about 85 pcrccnt of tlrc pcak load. With thc increase in load, thc number of cracks
irrcrcascd and thc width of cracks incrcascd at a rcduced rate cornpared to that of RC specimens. The
bchavior o{'all thc IIFFC spccirlcns up to tl5 pcrccnt of tlrc pcak load of the confined RC specimens
was about thc sanrc. Bcyond thc pcak loads, thc mcsh wircs started bulging and the mortar cover over
thc mcsh wircs startcd spalling. Thc cxtcnt of spalling bccamc scvcre only aftcr the load dropped to
about 0.7 to 0.8 tirncs thc peak load. Thc cxtent of spalling and the rate of dccrease of load after the
pcak (in dcsccnding branch ofstress-strain curvc) depcnded upon the specific surface factor (S) of
the ferrocement shell if tlie tie confincment, as indicatcd by the confinement indcx (C,) and the passive
confinement of stcel fibcr indicated by thc RI of FRC was the same. The higher the specific surface
(bctor (S,.), thc lowcr thc ratc of dccrcasc of load and tlic cxtcnt of spalling. This may be duc to the
improvcrncrtt of'climcnsional stability as wcll as thc intcgrity of the material, caused by the presence of
largc spccific surfacc factor of thc fcrroccmcnt shcll provided as additional confinement to the core
fibcr rcinforccd concrctc. Thc highcst strain obscrvcd at nraximum stress of any specinten was 0.03,
and that at 0.85 tinrcs thc tnaximum strcss was 0.07 on thc descending brarrch of tlre stress-strain
cLrrvc, comparcd to 0.002 and 0.0035 fbr plairr concrctc spccirlcns rcspcctively.

F ig. 3. l)etuils of Sltccinren under test

21
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Experimental stress-strain curves

From obscrved data' for a given specimen, the longitudinar deformations were calculatedfrom the average readings of the foir dial gauges of the .o,npr.rro,neter. As there was no scverespalling in HFFC specimens until the load-drJpped by atout z0 to 25 percerrt of peak road, rhcspeclmens were treated as dimensionally stable and hence the gross cross sectional area was uscd inr:alculating the stress valttes' Stress-strain curves were drawn for three companion specimens of a setwith the sante origin' and the average curve was taken to represent the set. Such average curves for arlthe sets of one typical batch with ulor.on origin are shown in Fis. 4.

Iiffect of specific surface factor on:

(i) Ultimate strength: The ultimate strengtlr of fiber reinforced concrete increased with theincrease in S'. for the same level of tie confin"-.n't fcl unJtrr. reinforcing index RI of steel fiber. Toquant;fy the effect of ferrocement shell confinement on ultimate strength, thc cffect of confinemcntdue to combination of steel fiber and lateral reinforcement is separated using the following equation:

...( r )

...(2)

.(3 )

(4)

Where,

f,,Ar : KI'A,

: t'c load taken by thc tic confined fiber re inforced concretc[14]

K : (r +0.5! C) (1.0225 + 0.r024 Rr)

C : (po_ p,,o)(f,/I,).,1@k)

Si
/D oad carrying capacity (p) is experimentary determined(r contribution to load canying capacity due to ferrocement shell confinement. Thisval sionarized bv dividing, wtthi,r;-a;ir;.ans thar K,: (p - A 

"J) /f,, A,gives the

- :i T:,t-tt 
as the tatii o?nuer reinforced coicrete confined by lateral ties

re 
gtven in Fig' 5' An examination of plot shows that there is linearhe linear equation thus obtainecl with 95 percent confidence limits isgi

: (0.99!0.0149) + (0 0t66+0.00r4)sl

K, = (t.0 +0.0166 S)

Hence the final equation for load carrying capacity (p) of Hybrid feno fiber concrete prism is

P :'f,'(l + 0's5c) ( t'0228 + 0.t024 Rr) (r.0 +0.0166s,) Ar*rA, ...(5)

lil Strain peak strength: The ultimate strain increased^'^tctr (s)'.Fig. 6 shows prot between the ratio observed strain).;eal strain (e,,) atthe peak strength of tie confined fibe
An examination of plot clearly indicates that

rh, 
e )'
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A straight line fit between the ratio (e^/e) and specific surface factor { resulted the following

equatlon:

(e,r/e,) :(l .0 + 0 088) + (0.I359 t 0.0083)Sr

The strain at the peak strength of a HFFC prism can be rewritten in the following form:

ttu :e,l(|.0 + 5.2 C) (0.9899 + 0.2204 Rf ) (1 0 + 0'1359 S)

ero,1,, : e,'(1.9 + 9.88 C)(0.842 +0.276 RI)( 1.163 + 0.21615r)

..(6)

(iii) Ductility of HFFC: The ductility of HFFC, as expressed by the strain at 85 percent of peak

strength in the descending portion of the stress-strain curve is increased with the increase in the

t 85 percent of the peak strength is expressed in

A plot between the ratio (rur,,,/el and the

ng relationship is obtained between the above

...(',')

. .(rt)

. (e)

(8,r,,,/E) = (2.t127 + 0.064) + (0.0338 t 0.006) S,

t 
u ,r[u

: tn,(2.1127 + 0.0338 S)

In order to assess the contribution of ferrocement shell towards ductility improvement over

Confined Fiber Reinforced Concrete (CFRC), the observed strain at 85 percent of the peak strength of

HFFC is expressed in terms of the strain at 85 percent of the peak strength( e,,rr"/ of corresponding

confined fiber reinforced concrete (CFRC/(i.e., without any ferrocement shell confinement). A plot

between the ratio (rur,r/ru.r,,) and the specific surface factor (S/ is given in Fig' 8, Which indicates

the improvement of A*tiiitv with the specific surface factor over and above that of confined fiber

reinforced concrete.. The following relationship is obtained between the ratio (rur,u/r,,or,) and the

specific surface factor (S/ .'

(Eousr,,/rurr,) : l.l 63 + o.2l61s/ ...(10)

Where,

E 
u ,r,, = Strain at 85 percent of the peak strength of tie confined fiber reinforced

concrete(CFRC)[14]

= E (1.9 + 9.88 C)(0.842 +0.276 RI) ...( 1 1)

...(I z)

Further the area under stress-strain curves, representing toughness, increased with the

increasing specific surface factor (S) for a particular value of tie confinement level (C ) andReinforcirrg

index G/) of steel fiber. This gives an indication that for the same level of Energy absorption, the tie

spacing may be increased and quantity of steel fiber may be decreased with the ferrocement casing.

This is advantageous in situations where congestion of reinforcement poses difficulty in casting.



Jourtnl of Ferroccment' tr/ol 32, No 3, Julv 2002244

d=
doq

(^)- u)

r\

o

r
N

@r
c.j

r

$
N

o

6

N

N€
N

d
6

r
t--
og
s

o

q)

Q

€{
N

6s e.l

v

o

a

v v
c-\ sl

N

6l

v
o
c.l
v'l
v

O

Oa
I

N r
€srl
a.l

rl
€

T

v
€
A

N cl F-r
N

$N
@ n €{ ss

o

@
N

{ € o\ s
c.l

o\€ t r
N

^z r
6 -ir 6lr

\
rr @

-q
v

r
@

€
+
r

Nn
€

n
€
@

r
c.t

6l
@

rr
a;v€

a:€€€
t N

r N
N

rr
o.l

@

N
vr

\
c--r

r
i--
@

,

E
n_5
ow

v \
a..l d

r
6i N

ci N

@
n
N

vv
6i

\t
(\ c.l

€
6i N

v1
N

€
oi

r
ol

N

6i
<f
N

N
N

sfl
N

o.l
Tcl

6l
al

Cl)o)

r
01

o

r
cl
N N

€
N
n

r
c.l
N

.T
s
N c

t--
o\

€ s rr
!..)
N

* fl 6
€
d

oi
F-

€
s r

oq

N

N

€n

,.i e
6l o\

f-- N
$N

6

s N +
N

d o] 6
G

c.l alN
c.l

€
$

@
N
N

d
N
t

N
a

N s r c.l
c.l

6
o

r al
GI r F-r N

N

d nr
cl

€
c.t

6i
nt ct

6
6i r

!..) v-)
r Ns N

6 :
c.l

v.}
v ; ..)

s h @
v

cDo <f Y $ s
r r r r r rr rr rr rr r

f-

r
\o

r \ r r
r r r r r

*= o\

r
N

a
F-
N

nr
N

Yr
c.l

Yr
c.l

s s $ <.

I
oq
€
N

oe
€
N

I€
€
N

{
09
€
c.l

t€
a
C\

\o
@ €

c.l
€
a-.1

€(\ G;
cl

@
N

cDo c- N N G N N
@ € € o€ €

c.l c{ c.l GI N

\o

ri
N

q
N N 6l N

rf,r t-.
v
F.

<t
t-.

sr-
at

v
v?

(\

s
v1

N

s
v?

d

$
n
N

N
N

N
N

6i
a.l

al
a.l

N
NN

o
N N 6l N c.l N N N

a j n
@ s A

v')
€ + € N $';

@
N

cl n @
N

+ €
n

€sf 6: €n €s
ci oi Gi ci

wr
-i

{
F-
,i

v
c-
,-i

sr- vr-
-i

O ...)

-i
n A o

r
,{

tr-o f-.

-i

rn rdl n s rf : n n n $
o

$

*'.EA!
a.l c.l s

H
d t

O (-)
N
O O a)

6
L

\l
trl

an ql v
lrl

z.
cf)

ct)
N

'tr
(t) r € el t r (

N N
N
d d N N

q
F
o
lr

A

l-)v

H
Tr
rFr
A
a

a
tlE
!6
.0')
F
al
c)
A
ar'!

F



2.1 _5

3
(J
q
(-)

o

e

'd-

v;

=,
=\, ?

r-:
-9E;,9 i' 9
Er i *9 U! :
AF=O

! U;,aJ-=
.= h E
J.2 c F

o-+!oo
r.: h 6
! c! iyoq 6
,=O! q

= .= Y-YF * :wL-q .:
.:v_=hlx x
? ijn u- A€ c€*E E !i.s.E E " E

,.!seEErv)0q *aA
llrrtr9bg
3^c g c-: =dali:c^=
w+:?.:=t
AdiJvl! -u

=SJ Q P Eoo+#b!
T+N
- 

+ O-r

X$E FE g- q:- 5:
^-v:=N.iji€-\e.'-v (r 6 r'!:,.1nnaJSl
:h+v*"
i+q€E.5
'^- 4- le

-3'uygE(,q"o-ll_oo",
r'railll_a

c-? qi 3 
-c-? qf o-

Jourrtul o.f l-crn.tcante nl

€09
cD q)

a-
€ €r €

N

€
s

N
N N

N

r
\
N

.t-
)16
:lc'l

t:
ar.:

\o
c.l

N

a
r
oi

€ $ s
N

(\
N

r
@
d

N
oq c1

ol

v
r

'. N
N

G

-
l-
N

t-

o\

o
N (\.:

r€
.'

@ € €
o

€

^Z*\4 r
€ o

v?
@

a
ri€

p
"1N
:1-
r

cl
r
r

@ €
€
N€

\
\o
@

r';
6

d\o€
ol
a

(\
o
@
o\

r
ora

v1

6

:o

,7

ow
q)

<'
N

€
N
N

$
N d N N N

\o
9
N

<.
n
N

N

ot N
T
N

n
N N

N
N

€
ci

a
d N

c.l
N

@
c'l
N N

rs
o\
o

cl
ol
r

N

oi
a
N

r
o,

N

Nr €
*sq

N

.i-
a

€
@

@
N

N

€
ci

@
Oi

6vl r
@

nc\o
a

€3
o.l €

N

Ol
@ @ a

N

l^
IN

I

r
N

o € N + + N
Oir

$ N

Ei
@ a

ot N
N

@ C\ \ N
$$

@ $€ $ r @
$O 6 N

N

\o @ A N

o
09 @

t tcll€l
l-l
L___.1

; @
\o €

cl
O @

v
$

N
N
$

\
v

r
rc

d

€
Ns

$

g)o r€
@

r€
@

ra
@

r€€
r€
@

€ 9 r
@
o
<.r

r
@
o$r

r€
$r

N
€

\oo
c.l

a

€q
N
€

6
d
€

rc
-i\o

€
A

oq

\oo

€
A

d
@ q I 6

v-1
a o\$

n n
\o

€ @ a €

cdo Ir- o\ 6 o\
O
o\ o\

o
N

o
c't N ct c.l N o{ N N N N

N N a!
.l'l

cl
a.l

..1
\o
N

Gl
\o
N

c.t

N
N
.^
N

cl
N

N

N

tIN
l.dl'

c]
N

c.l

N

c.l

N

N
$N

c..l
<f,
N

d

N

N
s
N

,E

E
!

J

,{
{ii,t,
^l

v

v) N s
\o a

@
N t^

t
r @\o @

nr
6r @ @t?

r
r rcI 6

r
r @ €

r

a € €
A

€ r r r r
N N N

N
c.l

6l
N

N
cl

c\
N

N
N oi

O a $
A

<.
o sl-l

lrlF-tntn
lol-

rdl r I
t:
t'

r f-

o
r
o

i--

O

r
n

r- r- s
3

t
A

&F'aY c.l I& lL
N ,ll

Olc.l -l
"l

I

t-

!l

N N N v

z
q

€
N

r
c.l

€
N N

_t
ol N <t Dn r € tl

;l v N
v

xl

il'l
* s $

(t)

a

r)

a

a

a

F
6t
c)



246 Journal of Ferrocement; Vol. 32, No. 3, July

+40
I

135
I

r3o
o-

326
3zo
ults16
'10

5

0

1000 't 500

to

Sr

3000 4000

l-'-"-l
STRAIN

Kr:lP ,A="r, | : 1o."s r o.oi4e)+ (o.o{G6 r o.oor4)s,'L fuAs I

T
o-

=_oo
ult
Fo

45

40

35

30

25

20

15

10

5

i

Fig. 4. Experimental Stress-Strain Curves of HFFC Prisms

{.6
1.4

1.2

I
o.6

o.6

o.4
o.2

o

Fig. 5. Load Ratlo (K) Vs. Specific Surface Factor (S)



Journal o['f-errocement: Vol. 32, No. 3, Julv 2002

4.5

4

3.5

3

2.5

2

1.5

1

0,5

0

l0

st

Fig. 6. Ratio of Strains at Ultimate Load Vs. Specific Surface Factor (S)

1A1

ttu

t,

t5
3

za

2

b t't
cl 1

o.5

o

ltr" = (2.112:t o.oG4)r (o.o!ot n o.m)q

to

.l

Fig. 7. A Plot between the ratio
€ossf' 

vs. Specific surface Factor (SJ
€/,

t
to.esn,

7

6

5

1

3

2

1

0

to.as,,

I

5. r0 t5
S1

20

€o.ssf,: Vs. Specific Suiface Factor (S)
to.8s,

Fig. 8. A Plot between the ratio



248

CONCLUSIONS

Journal of Ferrocement: l'bl 32, No. 3, July 2002

The following conclusrons can be drawn from the experimental investigation on HFFC.

1. A ferrocement shell is an effective way of providing additional confinement to fiber reinforced

concrete in axial compression and has the advantage over lateral tie confinement of improving

material performance under large deformations.

2. Tlie additional confinement with ferrocement shell improved the ultimate strength, strain at peak

strength and ductility of fiber reinforced concrete.

3. The improved peak strength with ferrocement shell confinement varied linearly with the specific

surface factor ( S), and can be expressed by a linear relationship, which includes three parameters

C RI and Sr. The predicted equation firr peak load carrying capacity of an HFFC prism is

p :.f"1 (t + 0.55c) (1.0228 + 0.1024 Rr ) (1.0 +0.0166 S) As+ fyA,

4. The improved strain at ultimate strength of HFFC prism can be expressed as

Eh,: e,l(1.0 + 5 2 C) (0.9899 + 0.2204 Rf )(1 0 + 0.1359 S)

5. The ductility of HFFC, as expressed by the strain at 85 percent of peak strength in the descending

portion of stress-strain curve is increased with the increase in the specific surface factor (S)and
can be expressed as:

e u$tr: e,(1.9 + 9.88 C)(0.842 +0.276 Rr)( I 163 + 0.21615t)

6. For higher levels of confinement in fiber reinforced concrete, there exists equivalent lower level

confinement in Hybrid ferro fiber concrete (HFFC). Hence, some amount of confining transverse

reinforcement and quantity of steel fiber can be replaced by providing ferrocement shell as casing

to the fiber reinforced concrete. This will ease the situation like seismic resistant bcam column

junctions where high confinement requirement leads to congestion of steel.
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