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1. Introduction 
 

In recent years, steel-concrete composition (Fig. 1) has 

attained lot of significance owing to its mutual functional 

advantages, economy as well as rapid construction ability. 

The steel and concrete are effectively utilised to carry the 

tensile and compressive stresses respectively in composite 

beams. This results in higher flexural rigidity and lesser 

bending stresses and deflections. On contradictory, the 

cracking and time-effects in concrete slab may reduce the 

rigidity and hence increase the deflection (Wang et al. 2011, 

Mohammadhassani et al. 2013a, b). 

Since the concrete is not much capable to resist the 

tensile stresses, it may crack at the time of first 

(instantaneous) loading at the hogging moment regions 

(Ramnavas et al. 2017). In addition to the first cracking, the 

time-effects (creep and shrinkage) in concrete under 

sustained load, play a considerable role owing to their 

progressive effects on the cracking though out the life of the  
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Fig. 1 A typical composite cross-section 
 

 

structures. These effects lead to change in the distribution of 

stresses as well as enhancement of deflections (Pendharkar 

et al. 2010, 2011). Therefore, development of various 

strategies to minimize the effects of cracking, creep and 

shrinkage is desirable in order to enhance the serviceability 

and durability performance of the structures. 

Utilization of steel fibers in concrete can be a strategy 

for controlling cracking in concrete slab of composite 

structures. Application of steel fiber reinforced concrete 

(FRC) in the zone near the interior supports of a continuous 

beam (where cracking occurs due to the hogging moment), 

crack opening and its propagation can be significantly 

controlled because of its excellent resistance capacity 

against cracking and its propagation. The resistance 

capability of steel FRC is achieved by the holding ability of 

fibres in concrete matrix. 
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Abstract.  Steel-concrete composition is widely used in the construction due to efficient utilization of materials. The service 

load behavior of composite structures is significantly affected by cracking, creep and shrinkage effects in concrete. In order to 

control these effects in concrete slab, an efficient and novel strategy has been proposed by use of fiber reinforced concrete near 

interior supports of a continuous beam. Numerical study is carried out for the control of cracking, creep and shrinkage effects in 

composite beams subjected to service load. A five span continuous composite beam has been analyzed for different lengths of 

fiber reinforced concrete near the interior supports. For this purpose, the hybrid analytical-numerical procedure, developed by 

the authors, for service load analysis of composite structures has been further improved and generalized to make it applicable for 

composite beams having spans with different material properties along the length. It is shown that by providing fiber reinforced 

concrete even in small length near the supports; there can be a significant reduction in cracking as well as in deflections. It is also 

observed that the benefits achieved by providing fiber reinforced concrete over entire span are not significantly more as 

compared to the use of fiber reinforced concrete in certain length of beam near the interior supports in continuous composite 

beams. 
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Extensive literature (Swamy and Stavrides 1979, Chern 

and Young 1989, 1990, Grzybowski and Shah 1989, 1990, 

Sargaphuti et al. 1993, Zollo 1997, Nataraja et al. 1999, 

Olesen 2001, Zhang 2003, Haddad and Smadi 2004, Kwon 

and Shah 2008, Wang and Dai 2013, Johnston 2014, Zhao 

et al. 2015, Tang 2017) is available on the influence of 

inclusion of steel fibers in concrete on various properties. 

Swamy and Stavrides (1979) have studied the effect of fiber 

reinforcement on concrete cracking and restrained 

shrinkage. They observed that the drying shrinkage can be 

reduced by up to twenty percent through the application of 

fibers in concrete. They further concluded that the fibers 

contained specimens can resist the shrinkage-induced 

stresses even after eight to twelve months. Chern and 

Young (1989) studied the effect of steel fiber on the 

compressive strength, elastic modulus, creep and shrinkage. 

The important conclusions were (i) concrete having higher 

fiber content gives higher compressive strength and elastic 

modulus in later age (more than 4 days); (ii) the reduction 

in creep- and shrinkage-induced stresses are more for higher 

fiber content; and (iii) inclusion of steel fibers leads to 

reduce in deformations at later age. Again, Chern and 

Young (1990) studied the factors influencing drying 

shrinkage of SFRC. The test results indicated that the 

optimum volume content of fibers to reduce shrinkage of 

concrete is less than 2%. 

Grzybowski and Shah (1989) proposed an analytical 

model which enables progressive cracking development 

considering many of the key parameters in fiber reinforced 

concrete (FRC) subjected to restrained shrinkage. Zhang 

(2003) studied the effect of fibers on creep in FRC based 

composites by developing an analytical model. The studies 

reveal that the creep-induced strain in the concrete with 

FRP is greatly dependent on moduli of elasticity of fiber 

and its geometric properties. Kwon and Shah (2008) have 

carried out studies for prediction of initiation of time of 

cracking and crack width subjected to time of concrete with 

and without fibers. FRC may thus be used as an appropriate 

material for controlling crack, creep and shrinkage effects 

in concrete slab of composite beams. 

Some studies are available in literature for the short-

term (instantaneous) and long-term behaviour of SFRC 

structural elements. Tan et al. (1994) performed the 

experiments for studying the short-term and long-term 

deflections of SFRC beams. An analytical method based on 

effective moment of inertia approach has been further 

proposed for the prediction of both the instantaneous and 

long-term deflections. Later, Tan et al. (1995) studied the 

cracking characteristics of SFRC beams under first and long 

duration loadings. An analytical method has been proposed 

for the estimation of maximum crack width under 

instantaneous loading. Furthermore, a semi-empirical 

expression for the long-term crack widths prediction under 

sustained loads is also proposed. The results showed that 

the utilisation of steel fibers considerably reduced the 

maximum crack widths in beams made from steel FRC. 

Under ten years sustained loading period, Saha and Tan 

(2005) have concluded that the use of 2% steel fiber content 

concrete leads to reduction in maximum crack width and 

long-term deflections of 58% and 34%, respectively. Sryh 

(2017) has studied the long-term flexural performance of 

cracked reinforced concrete beams incorporating steel fibers 

and recycled aggregate. The studies reported that the 

degradation in properties owing to use of recycled 

aggregates can be balanced by utilisation of fibers in 

concrete. 

On the other hand, very limited studies are available for 

crack control in composite structures incorporating time 

dependent (creep and shrinkage) effects. Kwak and Seo 

(2002) presented a study on control of shrinkage induced 

cracking at the intermediate supports of continuous bridges 

made from pre-cast pre-stressed concrete girders. They 

recommended providing a bearing at one end of the 

intermediate span in order to minimize the effects of 

transverse cracking at hogging moment regions. Ryu et al. 

(2005) focused on identification of factors which controls 

the cracking at interior supports of a continuous composite 

girder having prefabricated concrete slabs. They concluded 

that the transverse reinforcement arrangement is the most 

influencing factor to the crack spacing. Further, Ryu et al. 

(2007) have conducted the full scale experiments in order to 

control the cracks of a two span continuous bridge. 

Provision of loop jointed prefabricated slabs was found to 

reduce the width of crack arising due to hogging moment. 

 Chaudhary et al. (2009) and Varshney et al. (2013) 

have carried out numerical studies for controlling the creep 

and shrinkage effects in composite structures having pre-

cast concrete slab. They provided a strategy, of simply 

delaying the time of mobilization of composite action 

between the slab and the steel section, for drastic reduction 

in moments and deflections. Lin et al. (2014) have 

experimentally proven that the inclusion of steel fibers is 

beneficial for controlling the crack spacing and width and 

thus enhancing the mechanical performance of composite of 

beams. Through extensive experiments, Gholamhoseini et 

al. (2016) concluded that the application of steel FRC leads 

to control the cracking, creep and shrinkage-induced strains 

and improvement of strength and serviceability 

performance of two span continuous composite slabs. 

Hamoda et al. (2017) have conducted the experiments and 

observed that the provision of ultra-high performance FRC 

closure strip at the interior support of two span high 

performance FRC continuous beams gives better cracking 

control. 

From the above detailed literature review, it can be seen 

that no comprehensive numerical studies are available for 

the FRC effects in controlling cracking in concrete slab of 

composite beams and hence improved performance of steel-

concrete composite beams considering creep and shrinkage 

in concrete. Further, a systematic study is required for the 

influence of different lengths (along the span) of FRP near 

the interior supports of service load behaviour of composite 

beams. 

Herein, an efficient and novel strategy has been 

proposed by use of FRC near the interior supports of 

continuous steel-concrete composite beams. Numerical 

study is carried out for the control of cracking, creep and 

shrinkage effects in composite beams subjected to service 

load. A five span continuous composite beam has been 

analyzed for different lengths of FRC near the interior  
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Fig. 2 Cracked span length beam element having (a) 

cracked and uncracked zones, (b) degrees of freedom at 

the ends, (c) their releases and (d) applied uniformly 

distributed load and forces at the ends (Chaudhary et al. 

2007) 

 

 

supports. For this purpose, the hybrid analytical-numerical 

procedure (Chaudhary et al. 2007) for service load analysis 

of composite structures has been further improved and 

generalized to make it applicable for composite beams 

having span of different material properties. The results for 

the composite beams containing steel FRC applied in 

different lengths in the hogging moment regions are also 

compared with those for conventional concrete (no steel 

fibers content). The effects owing to inclusion of steel FRC 

on crack lengths, bending moments and deflections are 

studied.  
 

 

2. Hybrid analytical-numerical procedure 
 

A hybrid analytical-numerical procedure (Chaudhary et 

al. 2007) has been developed by authors for studying the 

time-dependent behavior of composite beams subjected to 

service load. The procedure incorporates the effects caused 

from cracking, creep and shrinkage in concrete slab. As 

stated earlier, the procedure is quite computationally 

efficient as no discretisation is required along the length and 

across the cross-section. In order to keep the procedure 

analytical at the element level, a cracked span length beam 

is idealized. The span length beam element is bifurcated 

into two cracked zones at the ends and an uncracked zone in 

the middle of the span as shown in Fig. 2 to incorporating 

cracking. Herein, the element considers the effect of 

cracking only due to moment and neglects its effect due to 

shear and torsion. 

Assuming closely spaced shear connectors, slip between 

the steel girder and concrete slab has been ignored. When 

the working stress of the concrete slab at top fibre exceeds 

the tensile strength of the concrete, ft, the entire concrete 

cross-section is assumed to be cracked. 

 
Fig. 3 Cracked length updating for progressive cracking 

(Chaudhary et al. 2007) 

 

 

In the range of serviceability, the concrete is assumed to 

behave as linear-elastic material in compression as well as 

in tension prior to cracking. In order to predict the 

performance accurately, the effect of tension stiffening is 

considered for the cracked zone. For this purpose, the 

cracked zone is divided into two states, cracked and 

uncracked. Only the sections of steel girder and embedded 

reinforcement of concrete slab are considered for the 

cracked state. 

The contributions of the cracked and uncracked states 

are denoted by interpolation coefficients, ζ and ( )1 = −  

respectively. Eurocode 2 (1992) suggests the expression for 

the evaluation of the interpolation coefficient as 

( )
2

1 /t unf  = −  where,   is the reduction factor which 

relates tension stiffening effect with time and σun is the 

tensile stress at the top fiber. 

Steel is considered as linear-elastic material for both 

tension and compression assuming the stresses under the 

service load to be below yielding stress. 

The procedure carries the analysis in two phases. In the 

first (instantaneous) phase, an iterative process is used. In 

the second (time-dependent) phase, the time is divided into 

a number of small increments in order to consider the 

progressive cracking. 

In the second phase, the crack length is assumed to be 

constant within the increment as shown in Fig. 3. To 

incorporate the creep and shrinkage effects, the age-

adjusted effective modulus method (AEMM), developed by 

Bazant (1972), is utilised in the procedure. 

In order to minimise the computational efforts, the 

closed form expressions for flexibility matrix coefficients 

(w.r.t. releases 1 and 2) of the beam element (Fig. 2) are 

given as (Chaudhary et al. 2007) 
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where, A  and A  are the interpolation coefficients for 

the cracked zone at the end A; B  and B  are the 

interpolation coefficients for the cracked zone at the end B; 

Ax , Bx
 

are the crack lengths at ends A and B respectively; 

A Ay L x= − ; 1B By x= − ; and the quantities x

unS  and x

crS  

are calculated using the uncracked and cracked states 

properties (Chaudhary et al. 2007). The coefficients of 

stiffness matrix,  k corresponding to degrees of freedom 1, 

2, 3 and 4 are obtained as (Patel et al. 2016) 
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Similarly, the closed form expressions for end 

displacements, crack lengths and mid-span deflection may 

be obtained from the Chaudhary et al. (2007). 

The results from the hybrid procedure have been 

verified by comparison with those from the experimental 

results available in literature (Chaudhary et al. 2007). 

 

 

3. Improvement of hybrid procedure for continuous 
composite beams having fiber reinforced concrete at 
near interior supports 

 

A typical five span continuous composite beam and its 

bending moment diagram subjected to a service load are 

shown in Fig. 4a, b. There would be hogging moments at 

the interior supports of the continuous beam. Due to this 

hogging moment at interior supports, cracks may develop in 

the concrete slab of the composite beam on both sides of the 

interior supports (Fig. 4(c)) as concrete has very less tensile 

strength. 

To control this cracking in the zone near each interior 

support of the continuous composite beam, it is proposed to 

use the Fiber Reinforced Concrete (FRC) instead of 

Conventional Concrete (CC) in partial beam length on both 

side of interior supports of the beam (Fig. 4(d)) as inclusion 

of fibers in concrete increases the tensile as well as  

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

Fig. 4 (a) A typical five span continuous composite beam, 

(b) typical bending moment, (c) concrete cracking near 

interior supports due to hogging moment, (d) use of FRC 

on both sides of interior supports, (e) details of five span 

composite beam divided in eighteen spans and (f) 

enlarged span AB for calculating mid-span deflection 
 

 

compressive strength and also reduces creep and shrinkage 

effects (Malmberg 1978, Ashour et al. 2000). 

When the FRC is provided in partial length of the spans, 

there would be difference in properties of the material in the 

same span of composite beam as the properties of FRC and 

CC are different from each other. It may be noted the, the 

hybrid procedure is applicable for spans having same 

material throughout the span; therefore, the spans having 

partial length of FRC are to be divided into spans having 

same properties for analysis by the hybrid procedure. For 

this, the imaginary supports have been provided where ever 

there is change in properties (Fig. 4(e)) or where ever the 

deflections are required to be obtained in the continuous 

composite beam (for e.g. at the mid-span length of the beam 

so that the mid-span deflection can be easily obtained by 

just obtaining the settlement of imaginary supports in case 

of continuous composite beam).  

Each exterior span is supported by the exterior and 

penultimate supports. There is no moment occurrence at the 

exterior support hence no cracking develop at the support as 

shown in Figs. 4(a)-(b). At the penultimate support, the 
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cracking may occur due to hogging moment (Figs. 4(a)-(b)). 

Therefore, each exterior span is divided into three spans 

through two imaginary supports (i) at mid-span for 

deflection calculation and (ii) at the junction of FRC and 

CC as different material properties (Fig. 4(e)). Similarly, 

each interior span is supported by two interior supports and 

hogging moments and cracking may occur at both the 

supports as shown in Figs. 4(a)-(b). Therefore, each interior 

span is divided into four spans through three imaginary 

supports (i) at mid-span for deflection calculation; (ii) at 

both the junctions of FRC and CC as different material 

properties (Fig. 4(e)). 

Consider a five span continuous composite beam. The 

FRC has been provided near interior supports as interior 

supports are highly prone to cracking due to hogging 

moments. The five spans of continuous composite beam 

may be divided into eighteen spans (exterior spans are 

divided into three spans and interior spans are divided into 

four spans). Thus, five span continuous composite beams 

with FRC near interior supports can be modeled as a 

limiting case of single storey eighteen bay frame having one 

hinge support and eighteen roller supports (out of which six 

supports are actual and thirteen supports are imaginary as 

shown in Fig. 4(e)). The actual supports of the beam are 

assumed to have a large area, negligible moment of inertia 

and negligible length, whereas, the imaginary supports of 

the beam are assumed to have a negligible area, negligible 

first moment of area, negligible second moment of area and 

negligible length. 
 
 

4. Numerical study 
 

As stated in the introduction, no studies are available for 

the FRC effects in controlling cracking in concrete slab of 

steel-concrete composite beams considering creep and 

shrinkage in concrete. Herein, a numerical study has been 

carried out for the continuous composite beam. 

As stated earlier, due to the hogging moment (higher the 

cracking moment) near the interior supports, cracking of the 

concrete slab may take place. To control this cracking in 

concrete slab of composite beam, an efficient and novel 

strategy is proposed hereby by providing the steel FRC in 

the hogging moment regions only which are the potential 

zone for cracking i.e. near all the interior supports in case of 

continuous composite beam instead of providing the FRC in 

the complete beam length.  

Herein, numerical studies are presented for a five span 

continuous composite beam. Studies are carried out for 

different cases of decks i.e. (i) CC slabs over entire spans 

(Fig. 5(a)), (ii) FRC slabs over entire spans (Fig. 5(b)), (iii) 

FRC in 15% of the span lengths instead of CC on both side 

of each interior support, F15 (Fig. 5(c)), and (iv) FRC in  

25% of the span lengths instead of CC on both side of each 

interior support, F25 (Fig. 5(d)). For each case, four 

different magnitudes of load are considered i.e. (i) = crw w , 

(ii) 1.25= crw w , (iii) 1.50= crw w , and (iv) 2.0= crw w , 

where crw is the cracking load at which the first crack 

occurs in continuous composite beam. In case of FRC, the 

amount of fiber is assumed to be 2%. It is well established  

 
Fig. 5 Different cases of a five span continuous 

composite beam for numerical study 
 

 

from the literature that the addition of steel fibers in 

concrete increases the compressive strength, modulus of 

rupture and reduces creep and shrinkage in concrete. For 

concrete containing 2% of fiber volume, the compressive 

strength and modulus of rupture of concrete may be 

assumed to increase by 40% and 50% respectively (Ashour 

et al. 2000) and the creep and shrinkage coefficient may be 

assumed to decrease by 17.88% (Zhang 2003) and 17.77% 

(Malmberg 1978) respectively. 

A continuous composite beam of five spans, EB1 (Fig. 

4(a), L1 = L2 = L3 = L4  = L5 = 7.0 mm) is considered. 

Similar composite cross-section for all the spans (AB, BC, 

CD, DE and EF) is taken. For steel girder, the rolled section 

of 356 171 UB 67 having total depth, sD = 364 mm is 

considered. The area, sA  and second moment of area 

about its neutral axis, sI  of steel girder are calculated as 

8530 mm2 and 1.9483  108 mm4 respectively. The 

dimensions and reinforcement details of the concrete slab 

are: depth, cD = 125 mm; width, b  = 1100 mm; area of 

reinforcement, srA = 508 mm2; and cover for top fiber, 
srd  

= 15 mm. The material properties are: cubic compressive 

strength of concrete at 28 days, 
ckf = 30 N/mm2; modulus 

of elasticity of steel, 
sE  = 2.05105 N/mm2; and time of 

mobilization of composite action between concrete panel 

and steel section, 
1t  

= 7 days. The instantaneous and time-

dependent properties of the concrete are evaluated in 

accordance with CEB-FIP (1990) and its update (FIB 1999). 

Considering material and cross-sectional properties, the 

load, crw  at which cracking first occurs at penultimate 

support B of the continuous composite beam is calculated 

as 16 kN/m. The relative humidity and mean temperature 

are taken as 50% and 20 oC respectively. A total time- 
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Fig. 6 Variations of crack length in span AB 

 
 

duration of 20,000 days is assumed and it is divided into 20 

time intervals. 

For studies of the continuous composite beam having 

FRC in 15% and 25% of the span length instead of CC on 

both side of each interior supports, as discussed earlier, five 

spans have been divided into eighteen spans (i.e. exterior 

spans into three spans and interior spans into four spans as 

shown in Fig. 4(e)) by providing imaginary supports just 

below the point of junction of FRC with CC and also at the 

point where deflection is to be determined i.e. at the mid-

span length. The use of FRC is in partial length of the beam 

near the interior supports therefore the properties of FRC 

and CC need to be assigned separately in required portion 

of beam. For this purpose, the continuous beam has been 

divided into a number of spans as surlier stated pattern. The 

mid-span deflection for a span of the beam is obtained by 

settlement of the imaginary support provided at that point 

(Fig. 4(f)).  

Variations of crack length for different percentage of 

FRC in the span length instead of CC on both sides of each 

joint are shown in Fig. 6 for four loading cases stated above. 

For the loading cases, w = wer and w =1.25wcr, cracking of 

beam is prevented completely by using a very less 

percentage, say 5% FRC instead of CC in span length on 

both sides of interior supports. While for the loading cases, 

w =1.50wcr and w = 2.0wcr, cracking of beam is controlled 

upto a certain extent only even by using FRC instead of CC 

concrete in complete span length. This shows that it would 

not be much beneficial to use the FRC instead of CC in 

complete span length of the continuous composite beam to 

control the crack length as crack lengths are same for FRC 

in complete span length and FRC in 10% span length on 

each side of the interior supports for each considered 

loading cases as stated above. 

However, on application of very less FRC, say 5% on 

each side of the interior supports, cracks may develop in the 

CC slab portion (as shown in Fig. 7) adjacent to the FRC 

slab portion thus defeating the purpose of providing FRC. 

This is due to the fact that FRC has sufficient strength 

against crack propagation but CC has very less strength 

against crack propagation, so when higher loads are applied 

then some CC portion (beyond the FRC portion) comes 

under high hogging moment and cracks may develop in the 

CC portion, although away from interior supports as shown 

in Fig. 7. 

 

Fig. 7 Cracking pattern for small length (i.e. 0.05L) of 

FRC in span length 

 

 
Fig. 8 Variation of instantaneous mid-span deflection of 

span AB 

 

 

Hence, it would be beneficial to put some minimum 

percentage of FRC in span length instead of CC on both 

sides of the interior supports to control the cracking of slab 

upto maximum extent. Therefore, studies are carried out 

here for FRC in 15% and 25% of the span lengths instead of 

CC on both side of each interior support and results are 

compared with the CC slabs over entire span and FRC slabs 

over entire span.  

Variations of instantaneous mid-span deflection of span 

AB with FRC on both sides of interior supports in 

continuous composite beam for different loading cases are 

shown in Fig. 8. It is noted that for smaller length of FRC 

(from 0 to 15%), there is more variation in instantaneous 

deflection for higher loading case (i.e. 1.50= crw w and

2.0= crw w ) because of the effects of cracking control as 

well as the increased stiffness in case of FRC. However, 

there is a slight change in instantaneous deflection for 

smaller loading case (i.e. = crw w  and 1.25= crw w ) as 

there is very small cracking, which can be controlled by 

using very low FRC and there is effect of only increased 

stiffness in case of FRC. It is further reported that there is a 

slight variation in instantaneous mid-span deflection on 

using FRC higher than 15% as cracking is constant (Fig. 6) 

and there is effect of only increased stiffness of FRC. 

Variations of change in mid-span deflection 𝑑𝑚
𝑡 −  𝑑𝑚

𝑖𝑡  

of span AB with FRC in beam length on both sides of 

interior supports for different loading cases are shown in 

Fig. 9. It is observed that for low use of FRC (from 0 to 

15%), there is more variation in change in mid-span 

deflection 𝑑𝑚
𝑡 − 𝑑𝑚

𝑖𝑡  for higher loads (i.e. 1.50= crw w and 

2.0= crw w ). Then, further there is a slight variation in 

change in mid span deflection on using FRC in more than 

15% beam length. 
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Fig. 9 Variation of change in mid-span deflection (𝑑𝑚

𝑡 −
 𝑑𝑚

𝑖𝑡 ) of span AB 

 

 
Time-dependent variations of mid-span deflection for 

span AB are shown in Fig. 10 for all the loading cases. The 

values are also given in the Table A1 of Appendix A for 

greater clarity. It is observed that total deflection is less for 

beam having complete FRC in comparison for beam having 

complete CC as expected. Further, it is noted that as the 

loading is increased from = crw w  to 2.0= crw w , the effect 

of using FRC, instead of CC in partial beam length on both 

side of interior supports, is more. This is due to the fact that 

in case of smaller loading (i.e.  = crw w , 1.25= crw w ), 

crack length is controlled completely by just using a very 

less FRC portion in beam length (Fig. 6), while at increased 

load magnitudes, there is more cracking and therefore, there 

is more effect of using FRC portions in controlling the 

cracking. 

Variations of instantaneous bending moment at right 

end of span AB with FRC on both sides of interior supports 

in continuous composite beam for different loading cases 

are shown in Fig. 11. It is noted that for smaller lengths of 

FRC (from 0 to 15%), there is more variation in 

instantaneous bending moment for higher loading case (i.e. 

1.50= crw w  and 2.0= crw w ) because the amount of cracking 

controlled is large. Whereas, there is a small change in 

instantaneous bending moment for smaller loading case (i.e. 

= crw w  and 1.25= crw w ) owing to less cracking even when 

there is no FRC. It is further reported that there is no longer 

change in instantaneous bending moment on use of FRC in 

more than 15% of span length as no change in cracked 

lengths is observed (Fig. 6) for both smaller and higher 

loading cases. 

Variations of change in bending moment (Mt – Mit) at 

right end of span AB with FRC on both sides of interior 

supports in continuous composite beam for different 

loading cases are shown in Fig. 12. It is reported that the 

change in hogging moment initially increases for change in 

length of FRC portion from 0 to 15% and then decreases for 

higher lengths of FRC portion, though the change is still 

higher than complete CC portion. There are two factors 

influencing the change in bending moment. First, owing to 

greater uncracked length, the portion causing creep and 

shrinkage increases, thereby increasing the time-dependent 

change in bending moment. Second, the creep and  
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Fig. 10 Time-dependent variation of mid-span deflection 

for span AB: (a) w = wer, (b) w =1.25wcr, (c) w =1.50wcr 

and (d) w =2.0wcr  
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Fig. 11 Variation of instantaneous bending moment at 

right end of span AB 

 

 
Fig. 12 Variation of change in bending moment (Mt – Mit) 

at right end of span AB 
 

 

shrinkage is reduced in the FRC as compared to CC, 

thereby decreasing the time-dependent change in bending 

moment. For, smaller length of FRC, the first factor is 

predominant whereas for its greater length, the second 

factor becomes predominant. 

Time-dependent variations of bending moment at right 

end of span AB (at support B) are shown in Fig. 13 for all 

the loading cases. The values are also given in the Table A2 

of Appendix A for greater clarity. It is observed that in case 

of smaller loads (i.e. w = wer, w =1.25wcr), the beam having 

complete CC has higher long term bending moments at 

support B as compared to beam having complete FRC. The 

opposite happens in case of higher loads (i.e. w =1.50wcr, w 

= 2.0wcr). The instantaneous bending moment of beam 

having complete CC is smaller than that for complete FRC 

at higher loads owing to moment redistribution. This leads 

to smaller total bending moment even though the time-

dependent change is higher. Whereas, in case of smaller 

loads, the redistribution of instantaneous bending moment 

does not take place or it is very small. On contradictory, the 

beam with complete CC have lower long term bending 

moments at mid of span AB as compared to beam having 

complete FRC can be expected for both the loading cases, 

smaller loads (i.e. w = wer, w =1.25wcr), and higher loads 

(i.e. w =1.50wcr, w = 2.0wcr). 

Time-dependent variations of bending moment at right 

end of span CD (at support D) are shown in Fig. 14 for all 

the loading cases. The values are also given in the Table A3 

of Appendix A for greater clarity. It is observed that the  
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(b) 

 
(c) 

 
(d) 

Fig. 13 Time-dependent variation of bending moment at 

right end of span AB: (a) w = wer, (b) w =1.25wcr, (c) w 

=1.50wcr and (d) w = 2.0wcr  

 

beams with CC over entire span length have higher long 

term bending moment at support D as compared to beam 

having complete FRC. This is due to greater creep and 

shrinkage in CC than in FRC. As expected, contradictory 

variation in long term bending moment can be seen at mid 

of span CD or both the loading cases. 
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(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 14 Time-dependent variation of bending moment at 

right end of span CD: (a) w = wer, (b) w =1.25wcr, (c) w 

=1.50wcr and (d) w = 2.0wcr  

5. Conclusions 
 

In the present paper, an efficient and novel strategy has 

been proposed by use of FRC in limited length near interior 

supports of the steel-concrete composite continuous beam. 

For this purpose, the hybrid analytical-numerical procedure 

(Chaudhary et al. 2007) has been further improved and 

generalized to make it applicable for composite beams 

having spans with different material properties along the 

length. Through numerical studies, the results for the 

composite beams containing steel FRC applied for different 

lengths in the hogging moment regions are compared with 

those for conventional concrete (no steel fibers content). 

Following important conclusions are drawn: 

(i)  The procedure is quite computationally efficient 

since no discretisation is required along the length and 

across the cross-section even though material changing 

within the span. 

(ii)  The proposed efficient and novel strategy of using 

FRC in small portion only is adequate to control the 

cracking, creep and shrinkage effects. The proposed 

strategy also enhances the service life due to significant 

reduction in cracked lengths, bending moments and 

deflections. 

(iii)  Use of FRC even in small length (15% of the span 

length) near interior supports can lead to significant 

reduction in cracked lengths (100% for smaller loading and 

approximate 60% for higher loading case) as well as in mid-

span deflections up to 16%. 

(iv)  The benefits achieved by providing FRC over 

entire span are not significantly more as compared to the 

use of FRC in certain length near interior supports in 

composite structures. 

As a future research work, artificial neural networks 

may be employed for realizing the proposed hybrid scheme 

in the practice. A large number of data sets may be obtained 

using the hybrid procedure and the networks may be 

developed for predicting the behaviour of composite beams 

containing the fiber reinforced concrete in particular 

locations. The proposed strategy has been successfully 

demonstrated by the authors earlier (Chaudhary et al. 2014, 

Gupta et al. 2013, 2015, Pendharkar et al. 2010, 2011, 2015, 

2017a, b, Ramnavas et al. 2017, Tadesse et al. 2012). 
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Appendix A1: Values for Figs. 10, 13 and 14 
 
Table A1 Values for Fig. 10 

 

 

Time 

(days) 

Mid-span deflection (mm) 

(a) =
cr

w w  (b) 1.25=
cr

w w  (c) 1.50=
cr

w w  (d) 2.0=
cr

w w  

Concrete F15 F25 FRC Concrete F15 F25 FRC Concrete F15 F25 FRC Concrete F15 F25 FRC 

7 2.07 2.06 2.06 2.03 2.66 2.58 2.57 2.54 3.30 3.10 3.10 3.05 4.57 4.33 4.33 4.26 

7.7 2.35 2.34 2.34 2.26 3.00 2.90 2.90 2.80 3.68 3.47 3.47 3.36 5.05 4.79 4.79 4.64 

9.7 2.54 2.52 2.52 2.41 3.20 3.10 3.10 2.97 3.91 3.69 3.69 3.54 5.33 5.06 5.05 4.86 

13.1 2.70 2.69 2.69 2.54 3.39 3.28 3.28 3.12 4.12 3.89 3.88 3.70 5.58 5.29 5.29 5.06 

18 2.85 2.84 2.84 2.67 3.56 3.45 3.45 3.26 4.31 4.07 4.07 3.85 5.82 5.50 5.50 5.24 

25 3.01 3.00 3.00 2.80 3.74 3.61 3.61 3.40 4.51 4.25 4.25 4.00 6.05 5.72 5.72 5.42 

33.4 3.15 3.14 3.14 2.92 3.89 3.77 3.77 3.52 4.68 4.41 4.41 4.14 6.25 5.91 5.91 5.58 

44.5 3.30 3.28 3.28 3.04 4.06 3.92 3.92 3.65 4.86 4.58 4.58 4.28 6.46 6.10 6.10 5.74 

57.5 3.43 3.42 3.42 3.16 4.21 4.07 4.07 3.78 5.03 4.73 4.73 4.41 6.66 6.28 6.28 5.90 

74 3.57 3.56 3.56 3.27 4.36 4.22 4.22 3.90 5.20 4.89 4.89 4.54 6.86 6.47 6.46 6.05 

95.5 3.71 3.71 3.71 3.40 4.52 4.37 4.37 4.03 5.37 5.05 5.05 4.68 7.06 6.66 6.65 6.21 

122 3.86 3.85 3.85 3.52 4.68 4.52 4.52 4.16 5.54 5.22 5.22 4.82 7.26 6.84 6.84 6.37 

157.5 4.01 4.00 4.01 3.65 4.84 4.69 4.69 4.29 5.73 5.39 5.39 4.96 7.47 7.04 7.04 6.54 

199 4.15 4.15 4.15 3.77 5.00 4.83 4.84 4.42 5.90 5.54 5.54 5.09 7.67 7.22 7.22 6.69 

261 4.31 4.31 4.31 3.90 5.17 5.00 5.01 4.56 6.09 5.72 5.72 5.24 7.89 7.42 7.42 6.87 

343 4.47 4.47 4.47 4.04 5.34 5.17 5.17 4.70 6.27 5.90 5.90 5.39 8.10 7.62 7.62 7.03 

468 4.64 4.64 4.64 4.18 5.53 5.35 5.35 4.85 6.47 6.08 6.08 5.55 8.33 7.83 7.83 7.22 

683 4.82 4.82 4.83 4.34 5.73 5.54 5.55 5.02 6.69 6.28 6.29 5.72 8.58 8.06 8.06 7.41 

1073 5.01 5.01 5.02 4.50 5.93 5.74 5.74 5.18 6.91 6.49 6.49 5.89 8.83 8.29 8.30 7.61 

2253 5.23 5.23 5.24 4.68 6.17 5.96 5.97 5.37 7.17 6.73 6.73 6.09 9.12 8.56 8.56 7.84 

20000 5.46 5.46 5.47 4.87 6.41 6.20 6.21 5.58 7.44 6.97 6.98 6.30 9.42 8.84 8.85 8.08 

 

Table A2 Values for Fig. 13 

Time 

(days) 

Bending moment (kNm) 

(a) =
cr

w w  (b) 1.25=
cr

w w  (c) 1.50=
cr

w w  (d) 2.0=
cr

w w  

Concrete FRC Concrete F15 F25 FRC Concrete F15 F25 FRC Concrete F15 F25 FRC 

7 -82.46 -82.53 -99.96 -103.65 -103.72 -103.16 -115.77 -123.88 -123.95 -123.34 -146.40 -157.20 -157.25 -156.56 

7.7 -88.69 -87.98 -106.28 -110.06 -110.05 -108.61 -122.29 -130.39 -130.38 -128.81 -153.47 -164.24 -164.22 -162.39 

9.7 -94.02 -92.73 -111.51 -115.38 -115.29 -113.37 -127.41 -135.72 -135.64 -133.56 -158.50 -169.52 -169.43 -167.05 

13.1 -99.14 -97.33 -116.51 -120.47 -120.31 -117.97 -132.28 -140.82 -140.67 -138.15 -163.21 -174.52 -174.37 -171.50 

18 -104.09 -101.81 -121.34 -125.39 -125.17 -122.44 -136.97 -145.74 -145.53 -142.61 -167.71 -179.32 -179.10 -175.81 

25 -109.24 -106.48 -126.36 -130.50 -130.21 -127.11 -141.84 -150.85 -150.57 -147.27 -172.37 -184.28 -184.00 -180.30 

33.4 -113.94 -110.76 -130.95 -135.17 -134.82 -131.39 -146.29 -155.51 -155.19 -151.54 -176.63 -188.81 -188.47 -184.42 

44.5 -118.90 -115.27 -135.77 -140.08 -139.67 -135.91 -150.97 -160.42 -160.03 -156.04 -181.10 -193.57 -193.17 -188.75 

57.5 -123.52 -119.50 -140.28 -144.67 -144.20 -140.13 -155.33 -165.00 -164.56 -160.26 -185.26 -198.01 -197.55 -192.81 

74 -128.34 -123.91 -144.97 -149.44 -148.92 -144.54 -159.88 -169.77 -169.27 -164.66 -189.60 -202.63 -202.11 -197.04 

95.5 -133.43 -128.58 -149.93 -154.48 -153.90 -149.21 -164.68 -174.81 -174.25 -169.31 -194.16 -207.50 -206.92 -201.51 

122 -138.46 -133.20 -154.83 -159.47 -158.83 -153.83 -169.42 -179.78 -179.17 -173.92 -198.68 -212.31 -211.68 -205.94 

157.5 -143.85 -138.16 -160.09 -164.81 -164.11 -158.79 -174.51 -185.12 -184.45 -178.87 -203.51 -217.46 -216.77 -210.69 

199 -148.77 -142.70 -164.87 -169.68 -168.93 -163.33 -179.14 -189.98 -189.25 -183.39 -207.91 -222.16 -221.41 -215.04 

261 -154.56 -148.03 -170.51 -175.41 -174.60 -168.66 -184.59 -195.70 -194.91 -188.71 -213.07 -227.67 -226.86 -220.13 

343 -160.12 -153.18 -175.93 -180.93 -180.06 -173.81 -189.84 -201.21 -200.36 -193.84 -218.05 -232.98 -232.11 -225.07 

468 -166.20 -158.80 -181.84 -186.95 -186.01 -179.43 -195.55 -207.21 -206.30 -199.44 -223.46 -238.76 -237.82 -230.43 

683 -172.86 -164.96 -188.33 -193.55 -192.54 -185.60 -201.81 -213.79 -212.81 -205.59 -229.38 -245.09 -244.09 -236.32 

1073 -179.55 -171.17 -194.84 -200.17 -199.09 -191.80 -208.10 -220.40 -219.35 -211.78 -235.33 -251.45 -250.37 -242.24 

2253 -187.62 -178.62 -202.68 -208.15 -206.99 -199.26 -215.66 -228.36 -227.23 -219.21 -242.44 -259.08 -257.92 -249.33 

20000 -195.00 -186.67 -211.14 -216.78 -215.51 -207.30 -223.80 -236.96 -235.73 -227.23 -250.08 -267.31 -266.04 -256.96 
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Table A3 Values for Fig. 14 

Time 

(days) 

Bending moment (kNm) 

(a) =
cr

w w  (b) 1.25=
cr

w w  (c) 1.50=
cr

w w  (d) 2.0=
cr

w w  

Concrete FRC Concrete F15 F25 FRC Concrete F15 F25 FRC Concrete F15 F25 FRC 

7 -61.91 -61.89 -77.98 -77.59 -77.60 -77.37 -93.29 -93.21 -93.22 -92.93 -120.31 -125.34 -125.35 -124.97 

7.7 -66.58 -65.98 -82.63 -82.26 -82.15 -81.46 -97.95 -97.91 -97.80 -97.01 -125.19 -130.06 -129.97 -129.01 

9.7 -70.58 -69.55 -86.65 -86.18 -85.98 -85.02 -101.96 -101.84 -101.65 -100.58 -129.12 -134.03 -133.85 -132.59 

13.1 -74.42 -73.00 -90.52 -89.94 -89.66 -88.47 -105.81 -105.61 -105.34 -104.04 -132.86 -137.84 -137.58 -136.06 

18 -78.14 -76.36 -94.26 -93.58 -93.23 -91.83 -109.54 -109.26 -108.91 -107.40 -136.48 -141.52 -141.19 -139.44 

25 -82.00 -79.86 -98.15 -97.35 -96.93 -95.33 -113.42 -113.05 -112.63 -110.90 -140.24 -145.34 -144.94 -142.96 

33.4 -85.53 -83.07 -101.70 -100.81 -100.32 -98.54 -116.96 -116.51 -116.02 -114.11 -143.67 -148.83 -148.37 -146.20 

44.5 -89.25 -86.46 -105.44 -104.45 -103.89 -101.93 -120.69 -120.15 -119.60 -117.50 -147.27 -152.51 -151.97 -149.61 

57.5 -92.72 -89.63 -108.93 -107.84 -107.22 -105.10 -124.17 -123.55 -122.93 -120.67 -150.64 -155.93 -155.34 -152.80 

74 -96.34 -92.93 -112.58 -111.37 -110.69 -108.41 -127.80 -127.09 -126.41 -123.98 -154.15 -159.51 -158.85 -156.14 

95.5 -100.16 -96.43 -116.42 -115.11 -114.36 -111.91 -131.64 -130.83 -130.09 -127.49 -157.85 -163.28 -162.56 -159.66 

122 -103.93 -99.90 -120.22 -118.80 -117.99 -115.37 -135.43 -134.53 -133.72 -130.95 -161.51 -167.01 -166.22 -163.15 

157.5 -107.98 -103.62 -124.30 -122.76 -121.88 -119.10 -139.49 -138.50 -137.62 -134.68 -165.44 -171.01 -170.16 -166.90 

199 -111.67 -107.02 -128.01 -126.37 -125.43 -122.50 -143.19 -142.11 -141.18 -138.08 -169.01 -174.65 -173.74 -170.33 

261 -116.01 -111.02 -132.39 -130.62 -129.60 -126.50 -147.55 -146.37 -145.36 -142.08 -173.22 -178.94 -177.96 -174.36 

343 -120.19 -114.89 -136.59 -134.71 -133.63 -130.36 -151.75 -150.46 -149.39 -145.95 -177.26 -183.07 -182.02 -178.26 

468 -124.75 -119.10 -141.18 -139.17 -138.02 -134.57 -156.32 -154.93 -153.78 -150.17 -181.67 -187.57 -186.45 -182.50 

683 -129.75 -123.72 -146.22 -144.06 -142.83 -139.20 -161.34 -159.82 -158.60 -154.80 -186.51 -192.51 -191.31 -187.17 

1073 -134.77 -128.38 -151.27 -148.97 -147.67 -143.85 -166.38 -164.74 -163.44 -159.45 -191.36 -197.47 -196.19 -191.86 

2253 -140.83 -133.97 -157.37 -154.89 -153.49 -149.44 -172.46 -170.67 -169.28 -165.05 -197.21 -203.44 -202.08 -197.50 

20000 -147.65 -140.00 -163.97 -161.29 -159.78 -155.48 -179.04 -177.08 -175.57 -171.09 -203.51 -209.91 -208.43 -203.59 
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