
 

Shear strength of 3D panels as beams at low 
shear span-to-depth ratio 

J. Leon Raj 
Research scholar, Department of Civil Engineering,  

Indian Institute of Technology Madras,  
Chennai - 600036, India  

Email:  leonraj.civil@gmail.com  
 

G. Appa Rao 
Professor, Department of Civil Engineering,  

Indian Institute of Technology Madras,  
Chennai  600036, India 
 Email: garao@iitm.ac.in 

Abstract - An attempt has been made to study the 
behaviour of 3D steel wire sandwich panels, as a 
structural member. Width and span are the primary 
parameters, whereas height was kept constant. 
Thickness of concrete cover was kept constant, whereas 
inner core polystyrene thickness was varied.  Emphasis 
of this study is to evaluate the influence of distributed 
wire mesh for mitigation of shear crack propagation and 
enhancement of shear strength. Strength and 
serviceability aspects of the beam elements were 
investigated. Failure mechanism was inferred from the 
normal strain profile along the depth.  
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I. INTRODUCTION 

A structural system consists of walls, slabs and beams. 
3D panels can be used as an alternative for the 
aforementioned structural members. Although 3D panels as 
walls and slabs data are available, as beam panels it is not 
available. The idea of steel connectors for integral action 
and polystyrene for insulation has been evolved from Ferro-
cement sandwich panels [1].  3D panel construction system 
has following advantages over the conventional construction 
system. Eco-friendly, light weight, fast construction, cost 
effective, light-weight, thermally and acoustically insulated 
[2]. In addition to the conspicuous advantages the sandwich 
panels has following advantages in structural behaviour 
also.  

Hereby, advantages of 3D panel in structural behaviour 
aspect are explained in comparison with deep beams and 
shear walls minimum percentage of reinforcement 
mentioned in code. ACI code (ACI Committee, 2008), 
minimum percentage of horizontal and vertical web 
reinforcement is 0.15 and 0.25. Besides, Indian code [4] 
minimum percentages are 0.12 vertical and 0.20 horizontal. 
Shear wall minimum percentage of reinforcement in 
orthogonal direction is 0.25 [5]. Minimum reinforcement 
ensures minimum ductility and control on crack width [6]. 

3D panels can be used as structural or non-structural 
members (partition walls) in residential and industrial 
buildings. This type of construction system is highly 
recommended for slum-clearance and hill stations. 

 

Figure 1 3D light weight steel wire panel  and 
alternative construction system 

3D panels have well distributed inherent steel wires 
which are similar to web reinforcement in deep beams and 
shear walls. In order to achieve the integral action steel wire 
meshes on the either side of the polystyrene are fastened 
with inclined or 90o steel connectors [7]. Contribution of 
steel connectors in flexural strength is very less [7].  
Experimental investigation on integral and diaphragm action 
is inevitable.  

Behaviour of the beam panels are defined in-terms of 
load vs. mid-span response, load vs. diagonal displacement, 
out-of-plane displacement, failure mechanism, crack pattern 
and modes of failure. Besides, beam panels behaviour has 
been discussed in comparison with load vs. mid-span 
response [8], out-of-plane displacement [9], Normal strain 
profile [10] and modes of failure [2,9,10] of conventional 
reinforced concrete beams form literature. 

II. NEED FOR THE STUDY 

A survey on sandwich panels has shown that behaviour of 
panels were unexplored as beams. On site, a portion of wall 
panels are pierced off for door opening as shown in Fig. 1. 
Undisturbed portion above the wall opening is supported by 
wall panels and loaded by slab panels as uniformly 
distributed load or secondary beams as point load. When 
these member so-called 3D sandwich beam panels (portion 
inside ellipse in Fig. 1) are subjected to in-plane point load 



 

or uniformly distributed load results in out-of-plane 
deflection. This is nothing but the diaphragm action. The 
diaphragm action of 3D panels needs to be understood and 
evaluated experimentally.  

Figure 2 Schematic diagram of 3D beam panels 

III. RESEARCH SIGNIFICANCE 

Benefits of distributed steel wire mesh across the beam as 
well as the influence of the breadth on shear strength are 
studied under constant shear span-to-depth ratio. The 
experimental results are useful to prepare design guidelines.  

IV. MATERIALS AND INSTRUMENTS 

Eight light weight 3D steel wire concrete panels are 
prepared in structural engineering laboratory, IIT Madras. 
Panel embraces steel wires in longitudinal, transverse and 
lateral direction. Orthogonally welded steel wire mesh 
diameter and size are 2.5mm and 50mm x 50mm. In the 
third direction wire meshes are so-called steel connecters. 
To ensure the integral action steel connectors are welded on 
the longitudinal wires on either side of the polystyrene.  
These steel wire panels were covered with concrete cover of 
size 35mm.  

TABLE 1 AVERAGE MATERIAL CHARACTERISTIC STRENGTH 

Sl.No. Material Strength 

1. 
Compressive strength of 

concrete cubes 
36 Mpa 

2. Yield strength of steel wire 570 Mpa 

3. 
Ultimate strength of steel 

wire 
617 MPa 

 

M20 grade of concrete with mix design 1:1.85:3.1 is 
used. Water cement ratio is kept as 0.5 with addition of 
admixture super plasticiser with a dosage of 0.10%. 10mm 
size aggregates are used instead of normal aggregates to 
avoid segregation of concrete. Ordinary portland cement in 
conjunction with 10 mm chippings are used to achieve 
aggregate cement ratio 3.1. Loading positions are calibrated 
with a mini-laser projector to avoid any load eccentricity. 
Displacement control is adopted using 500kN actuator. 

Hand held microscope is used to measure the crack width. 
Demec gauge of 200mm gauge length demech gauge was 
used to measure the surface strain. LVDTs are used to 
measure deflections. Characteristic strength of the material 
is listed in table 1. 

V. DETAILS OF TEST SPECIMEN 

Two groups of four beam panels with effective lengths 
450mm and 1060mm named as L450 and L1060 series. In 
both series breadth is the parameter varied from 130mm to 
230mm. Schematic diagram of beam panels is shown in Fig. 
2. Height of the specimen, height of the polystyrene, mesh 
size and diameter of steel wires are kept constant. Steel bar 
of 8mm diameter has been used as lifting hook. Steel mould 
used for the casting of beam panels was oiled. Plaster of 
Paris was used to arrest leakage of water in the small gaps of 
mould while concreting.   Cast and white washed specimens 
are shown in Fig. 3(c). Discrimination of skeleton beam 
panels with respect to breadth is clearly shown in Fig. 3(b). 
Skeleton beam panel with lifting hook is shown in Fig. 3 (a). 

VI. BEAM DESIGNATION 
In table 2 designations of 3D steel wire RC beam panels 

are shown.  'B' represents beam; 'P' represents panels type; 
-' represent the width of the beam; 

the second number in between '-' and '-' depth; and the last 
number after '-' represent effective length. In addition to that 
over-all length (L), breadth (B), depth (D) and effective 
length (ln) of beam panel, breadth and depth of the 
polystyrene, shear span-to-over-all depth ration and 
effective span to over-all-depth ratio are shown as well. 

VII. TEST PROCEDURE 

Test set-up of beams panels is shown in Figs. 4(a, b, c, 
and d). Deflection in transverse direction and lateral bulging 
are monitored by LVDTs. Using data logger test data is 
recorded. To insure surface evenness a small layer of 
cement mortar is applied on the bearing plates and 
specimen. Plaster of Paris is used to arrest the crawling of 
LVDT bearing plates. Specimens are white washed to aid in 
the observation the crack propagation and measurement of 
crack width. Displacement intervals are fixed as 0.50mm up 
to initial crack load. Subsequently displacement interval is 
reduced to 0.25mm. Loads are monitored by load cell kept 
beneath the actuator ram. Initial crack, ultimate and collapse 
load are recorded.   

Pre drilled stainless discs are pasted in the beam with 
adhesives. Pasted discs intend for measuring strain along the 
axis in aid of demech strain gauge. Solid hatched circle 
represents the metal discs. Dotted lines represent the axis in 
which normal strain measured. Moreover, NS1, NS2, NS3, 
NS4 and NS5 are the equal interval layers wherein normal 
strain measured. . In Figs. 4(a and b) abbreviations NS, DT 
and DC stand for normal Strain, diagonal tension and 
diagonal compression. Glass hatch in Fig. 4 typifies the 
glass purflux over which LVDT pointer rests. 

 



 

 
TABLE 2: BEAM DESIGNATIONS, DETAILS AND GEOMETRICAL DATA OF 3D STEEL WIRE PANELS 

Sl. no. Beam designation L, mm B, mm D,mm , mm b,  mm d, mm a/D  

1. BP130-260- 450 660 130 260 450 50 200 0.88 1.73 

2. BP170-260- 450 660 170 260 450 80 200 0.88 1.73 

3. BP185-260- 450 660 185 260 450 95 200 0.88 1.73 

4. BP230-260- 450 660 230 260 450 150 200 0.88 1.73 

5. BP130-260-1060 1260 130 260 1060 50 200 0.88 4.07 

6. BP170-260-1060 1260 170 260 1060 80 200 0.88 4.07 

7. BP185-260-1060 1260 185 260 1060 95 200 0.88 4.07 

8. BP230-260-1060 1260 230 260 1060 150 200 0.88 4.07 

 

(a) (b) (b) 
Figure 3 (a and b) Skeleton panels and (c) cast specimens 

LVDTs in the right span are placed in lateral 
direction to measure the out-of-plane deformation. 
Spread beam is placed to distribute the load 
through two points. Over the spread beam 20mm 
thick plate is placed to avoid projection of load cell 
beyond the flange. Load cell of 250 kN capacity is 
placed beneath the actuator. 

VIII. SHEAR STRENGTH - THEORETICAL 
PREDICTION 

 As per Indian code [4] provision capacity of shear 
strength of beam panels were calculated. Following 

assumptions assumed to predict of shear strength of 
beam panels: 

1. Steel wires existing below neutral axis 
considered as tension reinforcement for the beams. 

2. Vertical wires are considered as vertical 
web reinforcement  

3. Area of the polystyrene is neglected in 
strength calculations. 
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(b) 

 
(c) 

 
(d) 

Figure 4 Test set-up of beam panels L450 (a) and 1060 (b) series 

 

Figure 5 Effect of size on the shear strength of 

beam panels 

A. SHEAR STRENGTH EXPRESSION 

- (1) 
- (2) 
- (3) 

Shear capacity (V) of the beam panels calculated 
using equation-(1). Contribution of concrete (Vc) 
and steel wires (Vs) is shown if equation (2) and (3) 
whereas, - design shear strength of concrete as 

per IS 456 2000, Anet - net area of concrete 
excluding polystyrene,  - yield strength of steel 

wire, Asv - area of vertical steel wire, Sv - centre-to-
centre spacing of vertical steel wires and D is depth 
of the beam panel. 

IX. EXPERIMENTAL RESULTS AND 
DISCUSSION 

Serviceability based results are mid-span 
deflection at initial crack ( ) and ultimate 
deflection ( ), maximum crack width ( ), 
ductility index (µ) and amount of energy absorption 

(Eabs) is enumerated in the Table 3. Strength based 
results are shown in Fig. 5. 

A. Crack Pattern and Modes Of Failure  

Wide flexural or flexural shear crack was 
observed in the mid-span of the beam as shown in 
Figs. 6(a,b,c and d). Figs. 6 (a, b, c and b) shows 
the crack pattern of L1060 series beam panels. 
Flexure failure mode is predominant in this series. 
In addition, beam panels exhibit no shear crack in 
shear span. 
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TABLE 3 BEAM PANELS SERVICEABILITY RESULTS 

Sl. no. Beam designation    , mm Eabs,kN mm 

1.  BP130-260- 450 0.28 1.7 6.07 1.000 63.74 
2.  BP170-260- 450 1.23 3.4 2.76 1.125 53.69 
3.  BP185-260- 450 2.50 5.0 2.00 0.500 96.56 
4.  BP230-260- 450 0.80 3.2 4.00 0.500 168.17 
5.  BP130-260-1060 0.68 3.4 5.00 0.375 120.21 
6.  BP170-260-1060 0.59 2.7 4.57 0.375 129.49 
7.  BP185-260-1060 1.19 2.5 2.10 0.500 218.15 
8.  BP230-260-1060 0.94 1.5 1.59 0.375 180.97 

 

 

 

 

  

  

  
(a) (b) (c) (d) 

Figure 6 Crack pattern of beam panels 

In the constant moment span cracks appeared in the 
bottom and trend towards top face of the beam 
panel. Steel wires cut-off with high sound. At 
ultimate load level maximum crack width observed 
in BP160-260-450 is 1.125mm and BP180-260-
1060 is 0.50mm corresponding to L450 and L1060 
series. Instability happens once the load level 
exceeds ultimate load. Figs. 6 (b and c) show the 
crack pattern of L450 series. These beams exhibit 
flexure and flexural shear mode of failure. 
Orientation of Flexural shear crack to the bottom 
face is 66 and 74.9 degrees Constant moment 
region also inclined cracks appeared 

B. Load Vs. Mid-Span Deflection Response 

A smooth post-peak response of the beam panels 
was observed in Fig. 7, through load vs. mid-span 
deflection response. Evenly spaced steel wires curb 
the crack initiation in the shear span for the both 
sets of beams. The welded steel connectors are not 
abdicated the integral action. Concrete underneath 
the loading and supports not locally crushed 
because of bearing plates. Hence, beam panel mid-
span response trend was linear up to initial crack. 

Subsequently response path from initial crack load 
to ultimate load is non-linear trend. Eventually 
post-peak response is an instantaneous fall. The 
response is similar to conventional lightly 
reinforced concrete beams [8].  Insufficient tension 
reinforcement is pertain reason for the non-linear 
and instantaneous fall of mid-span response curves. 

C. Load Vs. Diagonal-Deformation Response 

Each beam panels has two shear spans. Diagonal 
tension and Diagonal compression was measured in 
the both shear spans. Conventional reinforced 
concrete beams with low shear span-to-depth ratios 
are shear critical. Shear compression or shear 
tension is the mode of failure. In the case of beam 
panels deformation along the diagonal of the beam 
panels is very less. Maximum diagonal deformation 
observed was 0.44mm. Distributed steel wire mesh 
has high resistance against the diagonal crack 
propagation. Figs. 8 (a and b) show the load vs. 
diagonal deformation of beam panels. In panels 
appropriate reason for the high resistance over 
diagonal deformation is distributed steel wires. 



 

 
(a) 

 
(b) 

Figure 7 Load vs. mid-span deflection response of beam panels 

 
(a) 

 
(b) 

Figure 8 Load vs. diagonal response of beam panels 

 
(a) (b) 

Figure 9 Normal strain profile of BP 135-260-450 

D. Failure Mechanism 

Failure of beam panel canvassed using normal 
strain profile (NS). Normal strain profile of BP-
135-260-450, initial crack, ultimate and collapse 
stages were shown in Fig. 9 Normal strain profile 
of BP 135-260-450. Initial crack starts in the beam 
panels when the tensile strain in the extreme 
tension fiber reaches 0.00006 simultaneously 
compressive strain reaches 0.0001. As per IS 456-
2000, limiting compressive strain in concrete 
member subjected to bending is 0.0035. 
Contribution of concrete in resisting bending 
compression is very less in BP 135-260-450. 
Concrete uni-axial tension failure strain is in the 
range of 0.0001 to 0.0002. When the loading was 
varied from zero to initial cracking load, the neutral 
axis depth shifted from 188 mm to 124 mm. At the 
ultimate and collapse stages, the neutral axis depth 
reached the level of top compression fiber. Shifting 
of neutral axis near the top compression fiber 
ensues splitting failure in the member. Inadequate 
tension reinforcement causes the splitting failure. 

Subsequently the steel wire yields which is near the 
extreme tension fiber. Load capacity calculated as 
per Indian code (IS 456 2000) is closely predicting. 
Maximum compression strain observed in 
conventional beams with effective span-to-depth 
ratio less than 2.0 were 0.002 [12] 

E. Effect Of Bulging 

Is concrete cover provided for the beam panels 
adequate to resist bulging? This is the research 
question answered in this section. Slip between the 
concrete layers was negligible if the deformation 
was less than 0.5mm [13]. Hence concrete cover 
provided was adequate. Maximum out-of-plane 
deformation observed was 6.33mm and 5.88mm in 
BP 180-260-450 and BP 180-260-1060 

effect, rectangular section will not remain 
rectangular. Top compression fiber contracts 
longitudinally and expands laterally. In contrast, 
the bottom fibers expand longitudinally and 
contract laterally. The shear connectors are very 
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effective in maintaining the composite behavior of 
3D panels. The layers of the concrete holding the 
welded mesh intact has tremendous buckling 
resistance of the beams. Vice versa was prevailed 
in some beam panels. Slenderness was the 
primitive reason for the bottom fiber expansion and 
top fiber compression. BP 230-260-1060 and BP 
180-260-450 had h/b ratios 1.13 and 1.44 obeyed 

and h/b ratio of polystyrene are the influencing 

hand, maximum out-of-plane displacement 
observed in conventional concrete deep beams is 
0.15mm [14]. 

F. Effect of Size on Shear Strength 

Influence of size on the shear strength of beam 
panels are shown in Fig. 5. An attempt has been 
made to answer the research question, Is D/B or 
Ln/D highly influencing parameter on shear 
strength for 3D beam panels?  

1. Effect of D/B Ratio 

Breadth B, is the parameter varied in all beam 
panels. From the Fig. 5 it is concluded L450 series 
beams D/B increases nominal shear strength 
decreases. That is shear strength increases when the 
breadth increases. Conversely L1060 series beam 
panels results shows breadth has no influence on 
the shear strength. It is evident from the 
experiments that there is an asymptotic decrease in 
shear strength when the D/B ratio increases from 
1.13 to 1.92 if span-to-depth ratio is small.  Low 
D/B ratio beam in L450 and L1050 series beam 
panels has exhibits 42% and 21% increase in 
strength over beam panels with high D/B ratio. 

2. Effect of Ln/D Ratio 

Beam panels tested with two Ln/D ratios (1.73 
and 4.07) exhibits different modes of failure. In all 
the beam panels shear strength increase when ln/d 
decreases. In concant D/B ratio 1.13 there is a 
maximum decrease of 40% in shear strength when 
ln/D ratio decreases from 4.07 to 1.73. When the 
member size increases (width and span) energy 
absorption increases. 

X. CONCLUSION 

From the experimental results following 
conclusions were arrived 

1) All the specimens failed due to splitting and 
neutral axis depth falls near or beyond the 
compression face of the specimen.  

2) As soon as the initial crack is formed, the steel 
wires start yielding in the extreme tension fiber.  

3) Load capacity calculated as per Indian code [4] 
is over-estimating the capacity of panels. Due to 
confining effect of 3d wires, diagonal 
deformation is is significantly reduced. 

4) As the member size increases, ductility 
decreases. 

5) Effect of breadth does not exist in L1050 series 
beam panels. 

6) An asymptotic decrease in shear strength when 
the D/B ratio increases from 1.13 to 1.92 if 
span-to-depth ratio is small. 

7) Furthermore study is required in beam panels 
with minimum tension reinforcement. 
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