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MOMENT CURVATURE CHARACTERISTICS OF

HYBRID FERRO FIBER CONCRETE(HFFC) BEAM

K. Ramesh* and D.R. Seshu**

The characteristic equation of the slress-strain curve for Hybrid Feffo Fiber Concrete

(HFFC) is used to study the M -c characteristics of HFFC sections. The theoretical procedure has

been validated by conducting an experimental investigation on 23 reinforced concrete beams

provided with HFFC at critical sections. The cotelation between experimental and analytical
-values 

of ultimate moments and corresponding curvatures, arrived at based on the above procedure

is found to be good.
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Latersl dimensions of beam
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Slress and corresPonding strain

Compressive force in HFFC
Ultimate strength of HFFC
Concrete cube strength

Cross sectional area of ferrocement
= Volume fraction
= Stress in ferrocement shell

Effi c ie ncy fac to r of m es h

: SpeciJic surfacefactor [5.6'14]
= Experimental ultimate moment
: Theoretical ultimate moment

Confinement index Il5J
Momqnt of Cc about neutral axis

Strain at ultimate of HFFC
Moment of tensile force of tension steel about neutral axis

Moment of tensile force in ferrocement shell in tension zone about neutral axis

Moment of tensile force of fiber reinforced concrete in tension zone about neutral axis

: Experimental cuwature at ultimate

Theoretical curvature at ultimate

Reinforcing index offibers [8]
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In view ofthe insufficient rotation capaci
of moments cannot be ensured in indeterminate st
concrete can be improved by confining the concr
as confined concrete or ductile concrete. The spar
offered by the stimrps [2]. To overcome this, the confinement due to HFFC has been suggested as oneof the alternatives [5]. Further, the investigation on HFFC revealed that the additional confinement
due to combination of ferrocement and fibir reinforcement improved the ultimate strength, strain atultimate' The prediction equations for the same were proposed in authors earlier paper [5]. This paper
presents a theoretical procedure based on characteristic stress-strain curye for HFFC, for the assessment
of moments and curvatures of HFFC sections. The method has been validated with the experimental
results on 24 reinforced concrete simply supported beams confined with HFFC at critical sections.

STRESS-STRAIN CTJRVE F'OR HFFC
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[6] is of the form:
The stress-strain curve for HFFC as proposed by the author
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The shape of the stress-strain curve is shown in Fig.l. The constants r,
the boundary condition are:
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The strain at 0.85 times ultimate stress is:

to tsy,
= 2.1127 + 0.0338 Sl (4)

not,

DEVELOPMENT OF MOMEMICURVATT]RE DIAGRAMS FOR HTFC SECIIONS

It becomes necessary to compute the total compressive force developed in a HFFC section
and moment of compressive force about the neuhal axis for any extoeme fiber concrete strain, in orderto generate the moment-curvature diagram of any cross-section. It can be seen that for any concrete
strain ( 4), in the extr.eme fiber (Fig.2).

C": f"bnd

Where,

The corresponding curvature can

t7

.a)

...(3)

V

\./ 6"

The evaluation of integr 
^t Ifh0

(-
-c

f -- t12 ""
M. - hl lLl .l'ra,

" 
Lr. l i" i

be obtained by: e, = h

an the expressions:

= -4*,\2c', -)

(s)

..(6)

0)

(8)M, = r(+)' 
l+Qc,," - BCK , -(r, - r,)*)]

Where, K, = hQ + Ae" + Ce 
t")

Krwill have three expressions depending on (4c - B2), asfortows:
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For 4C -,82 < 0.0 and

For 4C - 82 :0.0:
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Fig. 2. Compressive forces and moment of compressive forces in HFFC

For. obtaining the complete moment curvature relationship for any cross-section, discrete
values of extreme fiber concrete strains ( e") were selected such that even distribution ofpoints on the
plot, both before and after the maximum moment, were obtained. The procedure used in computation
is as follows:

1. For the selected value of e", the extreme fiber concrete strain, the neutral axis depth, 'nd is
assumed initially at a value of 0.5 d.

2. For the assumed value of 'nd, the compressive force C, and the value of Moment M" of this
resultant compressive force about neutral axis are calculated.

3. The strain in tension steel e, is calculated Sased on strain compatibility.
4. The tensile force 4 in the tension steel is arrived at by taking the corresponding stress from

the stress-strain diagram of steel and multiplying the stress with cross sectional area of steel.
The corresponding moment M" aboutneutral axis is:
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2c nn',( nt" 
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5. The force in ferrocement shell in the tension zone T,is calculated using the methodology as

detailedbelow [9].
i. Knowing the volume fractionVrof the mesh reinforcement the effective cross-Sectional

area of the mesh reinforcement in ferrocement shell in thb tension zone is calculated

using 1.7: QAa V1

ii. For known value of e,, the strain in the bottom fiber, the stressfi in the Ferrocement is

obtained using corresponding stress-strain diagram of mesh steel. The stress when

multiplied with effective cross sectional area of the ferrocement gives the force in the

ferrocementTlinthe tension zone and moment of this force about the neutral axis is

obtained.
6. The force in fiber reinforced concrete in the tension zone T7 is calculated using the

Methodolo gy detailed in reference 11 1,12,13 I'
7. The total tensile force is calculated as T : T, + TI+ Tn

8. The values of C. and T are now compared. If C and T are the same, then the assumed

position of neutral axis is correct. Then, the moment M and the curvature for that particular

t^
fiber strain in concrete are calculated as M : M' * Je[' + Mr+ M7 and curvature Q" = ,d

g. If C and Zare not equal, a new value of the neutral axis depth is assumed based on judgment,

whether C" is greater of smaller than Zand the above procedure is repeated until equilibrium

condition C": T is satisfied'

The above analytical procedure enables the assessment of flexural strength of HFFC sections.

The assumptions made in deriving the flexural response are (i) mortar contribution towards the strength

of ferrocement in tension is neglected and (ii) variation of strain across the section is linear up to

failure.
In addition to the above assumptions, the three basic relationships viz., (i) equilibrium forces,

(ii) compatibility of strains and (iii) stress-strain relationships of the material have to be satisfied'

PRESENTWORK

Results derived from the above-proposed analytical procedure are compared with the

experimental data documented by the authors [7]. Details of comparison are shown in Table.2. The

experimental programme included casting and testing of 24 reinforced concrete beams of size 120 x200

x 2100mm with HFFC at critical zone, i.e., the zone in which the plastic hinge forms under flexure. The

length of critical zone was arrived based on plastic hinge length criteria for confined concrete. Fig'3

shows the zone of HFFC in the beam. The24 beams consisted of two groups of 12 beams each. In each

group two types of reinforcing index viz., RI = 1.23 and2.46 or (Vi= 0.5o/o and 1.0%) were used and

d.si[nut.a as'A' and'B'. The longitudinal reinforcement with each type reinforcing index is varied to

give two sets of beams viz., under reinforced (U) and over reinforced (O) beams. In each set, the

specific surface factor is the only variable. The number of layers of mesh in each set is varied to get the

varied specific surface factor of ferrocement shell. Thus, each specimen is designated by type ol'

failure, type ofreinforcing index ofthe fiber and the number oflayers ofmesh, i.e., the specimen whose

designation UA4 stands for'U' under reinforced beam type failure, reinforcing index of fiber R[=1.23

and'4' indicates the serial number of the value of the specific surface factor (4 layers of mesh). Table.l

l9
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simply supported reinforced concrete beams provided HFFC at

t Fiber concret€
f- Zone 550 rr --l

[*rc sher -l
450 mm

[- tzo -"-l

Y/-

Central cross section

Fig. 3. Detail of mesh zone and fiber concrete in the beam

All the beams were tested under symmetrical two points loading on a simply supported span
of 1900mm. Fig.4 shows the test arrangement of simply supported beams. Specially fabricated curvature
meters were used to measure the curvatures in the central zone of 600mm of the beam, in three gage
lengths of'200 mm each. Fig.5 shows the closer view of the curvature meter arrangement to the beam.
Strain rate control was used to obtain the complete profile of moment - curvature behavior, especially
in the post ultimate region. Moment - curvature diagrams generated for all the beams based on the
characteristic sfess - strain diagram of FIFFC are shown by firm lines in Figs.6 (a) - 6(b). The experimental
values of moments and curvatures are plotted as discrete points on the above moment - curvature
diagrams. The experimental ultimate moments and theoretical moments computed based on
characteristic stress - strain curve of HFFC are represented on a correlation diagram shown in Fig.7.

CORRELATION

It can be seen from Fig.6 (a) - 6(b), that the procedures developed for obtaining the complete
profile of moment - curvature diagram of HFFC sections, based on the characteristic stress - strain

Fiber reinforced
Concrete

Tension
reinforcement

Ferrocement
Shell

Stirrup
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curve for HFFC predict the experimental behavior satisfactorily. There is a good agreement between
the analytical and experimental ultimate moments, as can be seen from the correlation diagram shown
in Fig. 7. The average ratio of the experimental to analytical ultimate moments is l.024with a standard
deviation of 0.033 and coefficient of variationof 3.27o/o.The correlation between experimental and
analytical ultimate curvatures is not so good as that of ultimate moments. The average ratio of the
experimental to analytical curvature is 0.905, with a standard deviation of 0.175 and a coefficient of
variation of 19.36%. The lack of very good correlation in curvatures may be attributed to the fact that
the analytical curvature at a section, computed to satisfy the equilibrium and compatibility conditions
and material properties. The experimental curvature is the curvature measured over a gage length of
200 mm and hence represents the average curvature over gage length including localized high
curvatures at cracks. Hence, the average curvature depends upon the number ofcracks occurring in
the gage length, their width, distribution and location. The occurrence and location of cracks once
again depends upon a number of factors, prominent among them being, uniformity of strength of
concrete in the critical zone and local variation of bond between steel and concrete. The provision of
HFFC transforms the brittle behavior ofover reinforced RC sections into ductile ones (Figs.6 (a) - 6(b))
by developing moment - curvature diagrams with more horizontal plateau in post ultimate regions.

2l

l-oading beam ( Rolled Stecl I - JOIST)

Distributlon
Plate

40 x 130 mm

!-ig. 4. Test Set-up of Simply Supported Beam
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CONCLUSIONS

1' An analytical procedure is developed for obtaining the complete moment-curvature diagram
for HFFC sections.

2' The ultimate moments obtained from the proposed analyical procedure are found to be ingood agreement with the experimental values.
3' The moment-curvature diagram ofHFFC section can be idealized as a bi-linear form.4' The provision of HFFC made the RC sections to behave in a ductile manner even if the

sectrons are over reinforced.
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