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Abstract— In this study, finite element modelling of LSCC beam was conducted in ANSYS Workbench 16.0. Main aim of this thesis to 
understand the basic characteristics of LSCC system. Parametric studies are carried out by considering different parameters as angle of 
lacing, spacing between lacing, span of LSCC beam, grade of concrete and inclination of lacings, under simply supported condition. Based 
on these studies design curve was plotted against the span vs. thickness of cover plate. The main attraction of this system is even after 
increasing length to maximum extent, it has high ductility and load carrying capacity and also we have to maintain the minimum depth of 
section compared to other alternative systems. Compared to RC beams, LSCC possess high energy absorption capacity and load capacity 
under increasing number of cycles of reverse loading condition even larger spans, which indicates that LSCC beams are unlikely to fail in 
shear even under low shear span to depth ratios.  

Index Terms— Doubly skin composite system, ductility, fatigue analysis, Finite element modeling, Laced Steel Concrete Composite,  
lacings, parametric study.  

——————————      —————————— 

1 INTRODUCTION                                                                  
new form of DSC system, namely, Laced Steel-

Concrete Composite (LSCC) with continuously inclined 
shear connector in the form of lacing, the provision of 

continuously inclined shear connectors was found to increase 
the ductility and support rotation of LSCC flexural members. 
It possess high shear capacity when compared to LRC beams, 
thus prevent brittle failure. Laced Steel Concrete Composite 
(LSCC) system consists of thin perforated cover plates at top 
and bottom which are connected using lacings and cross rods 
with concrete filled in between the plates. The cover plate per-
forms the role of longitudinal reinforcement. Lacings transfer 
forces between steel and concrete while cross rods are used to 
anchor the lacings in position. 
.  

Numerous studies were conducted in the past on doubly 
skin composite systems and laced composite structures. The 
concept of a double skin profiled composite beam using me-
chanical shear connectors is new and design methods are not 
currently available. This research provides information on the 
strength, stiffness, load-deformation response and also inter-
action between profiled steel sheets and concrete, based on the 
analytical investigations. The results of this research contrib-
ute significantly to the understanding of the behaviour of this 
type of structural element and might be of help to the design 
of laced steel concrete composite beam based on design chart.  

 
The new configuration which overcomes these difficulties 

is thought of. Practical feasibility and construction 
/fabrication of specimen as well as application in field are 
kept in mind, while evolving and evaluating the different al-
ternatives. 

2 FINITE ELEMENT MODELING 
2.1 General 
The finite element (FE) method in comparison with the most 
common analytical methods is a powerful tool to study the 
behaviour of the composite slabs. A general purpose finite 
element code, ANSYS 16 is utilized in this study to analyze the 
behaviour of the composite deck slabs. ANSYS 16, including a 
variety of its routines, allows for the implementation of specif-
ic material models (Profiled sheet, concrete, steel, and shear 
stud), and boundary conditions, and bond behaviour. The 
interaction between the profiled deck sheet (which act as rein-
forcement) and concrete, minimum reinforcement (provided 
to take care of shrinkage and handling stresses) and concrete 
could also be considered. 

2.2 Modeling 
This approach is adopted in this study, since it is computa-

tionally efficient. Concrete is created as a volume of dimension 
150 mm x 300 mm x 2400 mm. Solid elements are used to dis-
cretize the concrete volume. Steel plates which are bent into 
lipped channel are geometrically modeled as areas of size 2400 
mm x 300 mm and discretized using shell elements. Lacings 
are represented using lines and link elements. 

The interaction between the loading plate and the top steel 
plate, and interaction between the steel plates and the concrete 
core employs surface-to-surface contact with a penalty algo-
rithm. For two deformable surfaces in contact, the master sur-
face refers to the stiffer body or the surface with a coarser 
mesh if the two surfaces have comparable stiffness. 

A 
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FIG1: MODELING OF LSCC BEAM 

3 NUMERICAL STUDIES 
As no design specifications are available on LSCC beam it is 
important to conduct a preliminary study. For the preliminary 
study, parameters such as angle of lacings, thickness of plate, 
grade of concrete, spacing between lacings, span of section, 
inclination of lacing have been chosen. 

 
FIG 2: GEOMETRY OF LSCC BEAM 

 
3.1 Effect of lacing angle of LSCC beam 

2.4 m long LSCC beam having a cross section of 300 mm x 
150 mm is chosen for study. Four specimens with lacing angle 
of 300 450, 600 and 700 are modeled. Thicknesses of compres-
sion and tension plates are 3mm and diameter of lacing is kept 
as 8mm. From the table 6.2 we can conclude that better per-
formance was observed in LSCC45 and LSCC60 lacing angles 

,but  among these two specimen LSCC60 was found to have 
better performance even though the show approximately the 
same behavior  behavior under static loading.  

TABLE 1 
SPECIMEN DETAILS 

 
3.2 Effect of plate thickness of LSCC beam 
From this study it was observed that the deflection decreases 
with increasing plate thickness of LSCC section and 30 and 
above MPa grade of concrete perform better in terms of ductil-
ity and load carrying capacity. That is high strength grade of 
concrete give better ductile behavior. Thus study concludes 
that 35MPa grade of concrete is the minimum grade of con-
crete that exhibit agreeable performance in the case of LSCC 
beam. 

 
3.3 Effect of spacing between lacings of LSCC beam 

As the variation of spacing between lacings influences the 
performance of lscc beam.the variation of spacing is done by 
considering width to spacing of lacings ratio (2 1.5, 1.2) for 3 
different width (200,250 and 300mm).it was found that the 
variation of spacing shows no significant effect on displace-
ment for width to spacing of lacings ratio less than 1.2 and 
also the behavior of lscc beam is similar for all the three 
widths considered. From this we can conclude that 1.2 width 
to spacing ratio is found to be the optimum value. 
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3.4 Effect of span of LSCC beam 
Total five beams of different span were considered based on 
deflection criteria (20mm deflection) and also the thickness of 
plate of each beam varying correspondingly. As span length of 
LSCC beam increases the value of deflection and load carrying 
capacity increases. This situation is required for making the 
section economical, because it ensures at the same time the 
load carrying capacity which requires sometimes high sections 
of steels which implies a reduction of ductility.  So it is ideal to 
find an intermediate position for maximum strength and max-
imum ductility. In the lights of this observations design curve 
was developed against span and thickness of plate. 

FIG 3: DESIGN CURVE 

 
FIG 4: SPAN VS THICKNESS OF LSCC BEAM 

 
3.4 Effect of span of LSCC beam 
We studied the effect of inclination of lacing on performance 
of LSCC system under static loading condition and an exclu-
sive configuration of LSCC system was evolved by changing 
the inclination of lacing. Concrete is created as a volume of 
dimension 150 mm x 300 mm x 2400 mm. Solid elements are 
used to discretize the concrete volume. Steel plates which are 
bent into lipped channel are geometrically modeled as areas of 
size 2400 mm x 300 mm and discretized using shell elements. 
Lacings which are bent at an angle of 45°are representing us-
ing beam elements. Cross rods of length 300 mm are repre-
sented using lines and wire elements. 
By analyzing the obtained result, performance of LSCC beam 

increases with decreasing w/s ratio. It is observed that the 

deflection increases with decreasing angle of inclination up to 
60°, but it is interesting to note that at the higher angle of in-
clination of lacing (90°) exhibits uniform distribution of load-
ing. Modified configuration of lacing inclination is limited to 
the range of 60°to 90°. 

FIG 5: DEFORMED SHAPES 

4 FATIGUE ANALYSIS 
The basic behaviour of a structural component is obtained 

under monotonic loading. Yield and ultimate loads, yield and 
maximum displacements can be obtained from such a loading. 
Energy absorption and deterioration of strength and stiffness 
on the unloading and reloading paths will provide infor-
mation about the suitability of structural system to resist sud-
denly applied dynamic loads such as blast, impact or earth-
quake. These values can be obtained by conducting a reversed 
cyclic load experiment on the structural system. Reversed cy-
clic load is applied on two LSCC beam specimens, one with 
45° lacing and another with 60° lacing. The 3D model of LSCC 
beam section is generated in ANSYS Design modeler. Same 
section which was used for nonlinear static analysis was mod-
eled in ANSYS. Small elementary areas having negligible 
thickness were created to apply point loads on top and bottom 
plate. To simulate the supporting condition used in static test 
support sections were modeled. The length of the beam was 
taken as 2.4m, 10m and 12m. The fully reversed cyclic loading 
was applied on the beam up to 80 cycles. In Ansys for fatigue 
analysis Goodman’s fatigue theory is used. Soderberg theory 
gives conservative results compared to Goodman theory and 
Gerber theory. 

 
4.1 LSCC 45 
Initial amplitude of displacement is taken as 5mm. Amplitude 
is gradually increased from 5 mm to 100 mm, with intermedi-
ate amplitudes being 10, 15, 20, 30, 40, 50 and 75 mm. Three 
cycles are repeated for each value of displacement amplitude. 
Loading upto value of imposed displacement and unloading, 
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loading in the reverse direction and unloading constitutes one 
cycle. Difference between the peak loads in the first and in the 
second cycle and the difference between the peak loads in the 
second and in the third cycle is found to be nearly the same for 
displacement cycles up to 30 mm. same type of behavior was 
observed in 10m and 12m span. 

FIG 6: LOADING PATTERN FOR LSCC45 
 

It is observed that the minimum fatigue life of our beam is 
55222 cycles for 2.4m span and this value is reached at the lo-
cation where maximum stress occurs, as expected. 

FIG 7:LOAD-DEFLECTION CURVE FOR 2.4M SPAN 
FIG 8: LOAD-DEFLECTION CURVE FOR 10M SPAN 

 
FIG 9: LOAD-DEFLECTION CURVE FOR 12M SPAN 

4.2 LSCC 60 

Initial amplitude of displacement is fixed as 10 mm. Figure 
shows the loading sequence. LSCC 60 configuration was ana-

lyzed 2.4m, 10m and 12m span. Load-displacement response 
of LSCC-60-C beam is shown in Figure. Beyond this the peak 
load decreases for next two displacement amplitudes. There is 
slight increase in peak load, when the displacement amplitude 
increases from 50 mm to 75 mm. Within each displacement 
amplitude, the peak load attained in the first cycle is more 
than the next two cycles. 

FIG 10: LOADING PATTERN OF LSCC45 
 

Fatigue life shows the available life for the given fatigue anal-

ysis which represents the number of cycles until the part will 
fail due to fatigue. It is observed that the minimum fatigue life 
of our beam is 55000 cycles and this value is reached at the 
location where maximum stress occurs. 

FIG 11: LIFE CYCLES 
In fatigue analysis, fully Reversed cyclic load has been ap-

plied on two type of LSCC beams with lacing angle 450 and 
600. Both angle of beams are found to exhibit almost similar 
behaviour and Maximum load attained under both sagging 
and hogging moment conditions are found to be nearly equal. 
Even though LSCC-45 is found to withstand maximum cycles 
of loading than LSCC-60. 

 Energy absorbed by the beam in each load cycle is calcu-
lated from the load deformation curves. Among the three load 
cycles at a level, it is always the first cycle which is found to 
absorb more energy. Energy absorbed in the second and in the 
third cycles are found to be in the range 70-95% and 65- 85% 
respectively of that absorbed in first cycle for all configura-
tions. However, energy absorbed is estimated to be nearly the 
same for the load applied in the upward as well as in the 
downward directions. It is observed that maximum strain is 
attained in the lacing at the edge of the segment applied with 
uniform loading in both the beams. 
 

CONCLUSION 
The paper presents the concepts of a construction-friendly 
structural system- Laced Steel-Concrete Composite (LSCC) 
system- that can resist the dynamic loads and possess high 
ductility, after analyzing the limitations of existing systems. 
A new Laced Steel-Concrete Composite (LSCC) system is 
proposed. It consists of two thin steel cover plates connected 
using lacings and cross rods, and filled with concrete. This 
method of fabrication avoids welding in total. Monotonic load 
testing under four point flexure on two specimens, one with 
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45° lacing and another with 60° lacing, are conducted under 
displacement control mode. Finite element model with solid, 
plate and link elements representing concrete core, cover 
plates and lacings respectively is generated for numerical 
analysis. Energy absorbed is calculated from the load-
displacement response and is found to be in close agreement 
with experimental results. This model is extended until 25% 
degradation in strength is achieved to get the cumulative 
energy absorbed by the LSCC beams. A model to predict the 
shear strength of LSCC beams is proposed based on the 
observation of strain variation in lacings. 

• LSCC45 and LSCC60 beams exhibit comparatively a 
similar performance under static load. Ductility of 
LSCC beam with 60° lacing is found to be more than 
that of beam with 45° lacing, while their moment car-
rying capacities are nearly equal. 

• Deflection was found to decrease with increasing 
plate thickness of LSCC section and 30 and above 
MPa grade of concrete perform better in terms of duc-
tility and load carrying capacity 

• The variation of spacing between lacing shows no ef-
fect on displacement for spacing of connector less 
than 200mm, from the lights of result 200mm spacing 
was considered optimum value. 

• LSCC beam gives better performance even after in-
creasing length to maximum extent, it has high ductil-
ity and load carrying capacity and also we have to 
maintain the minimum depth of section compared to 
other alternative systems. 

•  A new modified configuration was analyzed on basis 
of varying inclination of lacing angle. This phase ex-
plains, the better performance is seen at lower value 
of width to top spacing ratio up to 1.5 for bottom 
spacing 200mm. 

• Under reverse cyclic loading, both the specimens are 
found to exhibit almost similar behavior. Maximum 
load attained under both sagging and hogging mo-
ment conditions are found to be nearly equal for 45° 
and 60°. 

• LSCC beams can maintain better energy absorption 
capacity even under larger spans.  

REFERENCES 
[1] Al-Deen S., Ranzi G. and Vrcelj Z. (2011), “Long-term Experiments of 

Composite Steel-Concrete Beams”, Procedia Engineering, Vol. 14,pp. 
2807-2814. 

[2] Al-Deen S., Ranzi G. and Vrcelj Z. (2011), “Full-scale long-term and 
ultimate experiments of simply-supported composite beams with 
steel deck”, Journal of Constructional Steel Research, Vol. 67, No. 10,pp. 
1658-1676. 

[3] Anandavalli N., Lakshmanan N., Nagesh R. Iyer, Amar 
Prakash,Ramanjaneyulu K. and Rajasankar J (2010), “Design of a 
laced 
 Reinforced concrete (LRC) storage structure based on unit risk prin-
ciple with reduced separation distance”, National Conference on Safety 
Technology & Management in Defence (NCSTM-10), CFEES. 

[4] Anandavalli N., Lakshmanan N., and Samuel Knight G. M. (2012), 
“Simplified approach for finite element analysis of laced reinforced 
concrete beams”, ACI Struct. J., 109(1), 91100. 

[5] Anandavalli N., Lakshmanan N., Samuel Knight G. M., Iyer N. R., 
and Rajasankar J (2012b), “Performance of laced steel-concrete com-

posite (LSCC) beams under monotonic loading”, Eng. Struct,41, 
177185. 

[6] Anandavalli N., Lakshmanan N., Samuel Knight G. M., Iyer N. R., 
and Rajasankar J (2012b),”A novel modelling technique for blast 
analysis of steelconcrete composite panels”, The Twelfth East Asia-
Pacific Conference on Structural Engineering and Construction, Procedia 
Engineering,vol. 14, pp. 2429-2437. 

[7]  Anandavalli N., Lakshmanan N., Samuel Knight G. M., Iyer N. R., 
and Rajasankar J.(2012b),”Performance of laced steel-concrete com-
posite (LSCC) beams under monotonic loading”, Eng. Struct,41, 
177185. 

[8] Andrews E.W. and Moussa N.A. (2009),” Failure mode maps for 
composite sandwich panels subjected to air blast loading”, Interna-
tional Journal of Impact Engineering, Vol. 36, No. 3, pp. 418-425. 

[9] Clubley S.K., Moy S.S.J. and Xiao R.Y. (2003), “Shear strength of 
steelconcretesteel composite panels”: Part I - testing and numerical 
modeling, Vol. 59, No. 6, pp. 781-794, 2003. 

[10] IS: 456-2000: Plain and Reinforced Concrete - Code of Practice, Bu-
reau of Indian standards. 

[11] IS: 4991-1968: Criteria for blast resistant design of structures for ex-
plosions above ground, Bureau of Indian Standards, New Delhi. 

[12] Keshava Rao M.N., Lakshmanan N., Srinivasulu P. and 
Dharaneepathy M. V. (1992),” Application of Laced Reinforced Con-
crete Construction Techniques to Blast Resistant Structures - Phase 
II”, CSIR-SERC,Report No. S-015. 

[13] Lakshmanan N., Parameswaran V.S., Krishnamoorthy, T.S. and 
Balasubramanian K. (1991), “Ductility of flexural members reinforced 
symmetrically on the tension and compression faces”, The Indian 
Concrete Journal, Vol. 65, No. 8, pp. 381-388. 

[14] Lakshmanan N. (2008),” Laced Reinforced Concrete Construction 
Technique for Blast Resistant Design of Structures Proc. Of the Sixth 
Structural Engineering Convention”, SEC-2008,pp. PII-1-14. 

[15] Lakshmanan N., Bharath Kumar B.H., Uday Kumar V., 
Balasubramanian K., Krishnamoorthy T.S., Chitra Rajagopal and 
Mishra G.K. (2008) “Behaviour of RC beams with continuous in-
clined web reinforcement under reverse cyclic shear loading with 
and without steel fibres”, BEFIB-2008 Symposium,1119-1136. 

[16] Lan S., Lok T.S. and Heng, L. (2016),” Composite structural panels 
subjected to explosive loading”, Construction and Building Materi-
als,Vol. 19, No. 5, pp. 387-395. 

[17] Li, G.Q., Yang, T.C., and Chen, S.W. (2009),” Behavior and simplified 
analysis of steel-concrete composite beams subjected to localized 
blast loading”, Structural Engineering and Mechanics, Vol. 32, No. 2,pp. 
337-350. 

[18] Liew J.Y.R. and Sohel K.M.A. (2009),” Lightweight steel - concrete -
steel sandwich system with J-hook connectors”, Engineering Struc-
tures, Vol. 31, No. 5, pp. 1166-1178. 

[19] [19] Liew J.Y.R., Sohel K.M.A. and Koh C.G. (2009), “Impact tests on 
steel concrete steel sandwich beams with lightweight concrete core”, 
Engineering Structures, Vol. 31, No. 9, pp. 2045-2059. 

[20] TM5-1300: Structures to resist the effects of accidental explosions, 
Department of Army, Navy and the Air Force, U.S.A., Washington, 
1983. 

IJSER

http://www.ijser.org/

	1 Introduction
	2 Finite element modeling
	2.1 General
	2.2 Modeling
	//
	/Fig1: Modeling of LSCC Beam

	3 Numerical Studies
	3.1 Effect of lacing angle of LSCC beam
	3.2 Effect of plate thickness of LSCC beam
	3.3 Effect of spacing between lacings of LSCC beam
	3.4 Effect of span of LSCC beam
	3.4 Effect of span of LSCC beam

	4 Fatigue Analysis
	4.1 LSCC 45
	4.2 LSCC 60

	Conclusion
	The paper presents the concepts of a construction-friendly structural system- Laced Steel-Concrete Composite (LSCC) system- that can resist the dynamic loads and possess high ductility, after analyzing the limitations of existing systems. A new Laced ...

	References



