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Abstract— Box type structures used in bridges, nuclear 

reactors are in larger sizes and they need to be stable under 

adverse loading conditions. The present study is intended to 

assess the performance of the box type structure subjected to 

uniformly distributed load under static conditions by varying 

height to breadth ratios, no of stiffeners and also by varying 

thickness of the stiffeners. For the static analysis, a sample 

box type structure of box girder is considered and assessed 

statistically using ANSYS. The scaled down model of the 

structure is fabricated and the experimental validation is 

done using LabVIEW software. 
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I. INTRODUCTION 

The box type structures are increasingly constructed for 

modern highways because of its well known structural 

advantage of torsional stiffness. The box type structure finds 

its application such as in Box girder bridges, in roof slab of 

the nuclear reactor, in hull of the ship structure and so on. 

The design of the box type structure consists of assigning 

appropriate boundary conditions to each of the elements, 

ensuring that each element does not fail due to local 

buckling, yielding or an interaction of the two 

phenomenons. The box type structure does not fail due to 

global buckling. It should be noted however that it is 

desirable for global buckling to be the first mode of failure 

reached as the loads on a box type structure are increased 

past the anticipated service loading.  

The stiffener in the box type structure can be 

longitudinal or transverse. The longitudinal stiffener runs 

over the entire span of the box structure whereas the 

transverse stiffener is located at its midspan. The presence 

of longitudinal stiffeners can greatly increase the bending 

strength of the box structure. This additional strength can be 

attributed to control of the lateral deflection of the vertical 

slab which increases the flexural stress that it can carry and 

also improves the bending resistance of the horizontal slab 

due to greater vertical slab restraint. 

The presence of transverse stiffeners increase the 

critical buckling stress of the vertical slab by providing the 

way for tension field action, and thus allow a reduced 

vertical slab thickness. As the number of transverse 

stiffeners is increased, the vertical slab thickness can be 

reduced further, however there are an optimum number of 

stiffeners before the fabrication cost of adding an extra 

stiffener outweighs the cost saving through a reduced 

vertical slab thickness. 

Taysi  et al. [1] has discussed the structural shape 

optimization of the box type structure with the straight and 

curved platform. Chen et al. [2]  has investigated the 

behaviour of the box type built-up structure and energy 

transmission through the structure subjecting to vibration 

analytically. Flener[3]   reported that the stiffening applied 

on the box type structure is  quite effective and that plain 

structure is more sensitive to cover the depth compared to 

stiffened structure. Arita et al. [4]  describe the experimental 

and analytical study on the states of stresses of a box-type 

joint. Thang  et al. [5]  determined the moment of inertia 

requirement for the flat-bar longitudinal stiffener of bottom 

slab in the steel box type structure throug h the finite 

element modelling by examining the anti-symmetric mode 

of buckling. Luo  et al. [6]  proposed a new method for the 

determination of membrane forces acting on box type 

structures considering the shear lag effect. Zhang et al. [7] 

proposed a lenticular cross-section box type structure with a 

large width-to-depth ratio. Chellapandi [8] proposed a 

method to analyse a complex box type structure seismically 

based on two conditions, Operation Based Earth Quake and 

Safe Shut Down Earth Quake, with two criterion of primary 

stress intensity and strain energy density. Ashie [9] analysed 

the response of the box type structure to acoustic loading 

condition. Seatta et.al [10] investigated three dimensional 

box type structures interacting with soil using finite element 

analysis. 

II. STATIC ANALYSIS OF SIMPLE BOX TYPE STRUCTURE 

A. Box Type Structure 

A box type structure of length 100 m, breadth 18 m and 

height 4 m is considered for analysis. The thickness of top, 

bottom flange and vertical slabs are 0.667 m whereas the 

thickness of the stiffener (either longitudinal or transverse) 

is 0.5 m. (Fig.1) Since the material of box type structure is 

steel, the material properties of the structure is young’s 

modulus(E)=2.10e11 Pa and Poisson ratio (µ) = 0.33. 

 
Fig. 1: Two cell box type structure (box type structure with 

longitudinal stiffener) 

B. Input parameters 

The following are the input parameters for the box type 

structure which is analysed using ANSYS. 

Element type: Shell 63 element 

Material type: Isotropic material 

Elastic modulus: 210 GPa  

Density: 7850 kg/m
3
 

Poisson ratio: 0.33 

C. Assessment under varying Height to Breadth Ratio 

The behavior of the box structure is analyzed primarily by 

varying height to breadth ratio. By keeping breadth (equal to 
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18m) as constant, the height of the structure is varied. The 

behavior of the structure is analyzed for eight different H/B 

ratios such as 0.25, 0.5, 0.75, 1, 1.25, 1.5, 1.75 and 2. The 

assessment is made for both single cell box structure and 

double cell box structure (single cell with longitudinal 

stiffener is shown in figure 2.1). The ratio for which the 

structure is more rigid (undergoing minimum deflection and 

stress) is considered as the optimum design. The optimum 

design is obtained for the H/B ratio of 2. The stress contour 

plots of box type structure having longitudinal, transverse 

and no stiffener for the H/B ratio of 2 is shown in Fig.2, 3 

and 4. 

 
Fig. 2: Stress contour plot of a box structure having 

longitudinal stiffener for a h/b ratio = 2 

 
Fig. 3: Stress contour plot of a box structure having 

transverse stiffener for a h/b ratio = 2 

 
Fig. 4: Stress contour plot of a box structure having no 

stiffener for a h/b ratio = 2 

D. Assessment under varying Stiffener Thickness  

The box type structure is then analyzed by varying thickness 

of the stiffener considering volume as constraint. The 

volume of box type structure with transverse stiffener is less 

compared to the volume of box type structure with 

longitudinal stiffener. By equating the volume of both the 

stiffener (longitudinal and transverse), the thickness of the 

transverse stiffener is increased to 2 m and thickness of the 

longitudinal stiffener is decreased to 0.35m.Also by keeping 

thickness of longitudinal stiffener as constant,structural 

analysis is done for eight different height to breadth ratios 

by only varying the thickness of the transverse stiffener to 

0.67 m. This analysis is performed to get the optimum 

design of box type structure. 

E. Assessment under varying Height to Breadth Ratio 

Finally by increasing no of stiffener single cell structure 

(structure without stiffener) and two cell structure (single 

cell with longitudinal structure) the behavior of the box type 

structure is analyzed for eight different height to breadth 

ratios. 

The stress plot obtained for all the three possible 

combinations is shown in Fig.5 

 
Fig. 5: Plot between compressive stress and H/B ratio 

The longitudinal stiffener combinations are having 
higher stress than the corresponding transverse stiffener 
combinations as shown in Fig.5. The higher stress in case of 
0.35/2.00 longitudinal combination is due to lower cross 
sectional area than 0.5/0.5 longitudinal combination.  The 
transverse combinations have decreased stress as it becomes 
rigid at its location. 

III. EXPERIMENTATION 

A. Scale Down Model 

The scaling down factor of length (λL) as 300 has been 

selected based on the minimum sheet thickness available. 

But the actual scaled down span of the structure according 

to the scaling factor is 0.67 m instead of 1 m.  

A base frame structure is designed in order to 

simply support the fabricated model during the experiment 

of the static analysis. This is also designed in similar manner 

to the box structure model, and is analysed in ANSYS 

before it was fabricated 

Using the scaling laws, thedimensions of the 

modeland the load applied to test the model is scaled down. 

As the model structure is fabricated using the same material, 

the factor of mass density (λm), and the factor of Young’s 

modulus (λE) are considered to be identical.When the model 
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and prototype are of the same material, then the stress field 

will be the same. According to scaling laws,  

The geometric dimensions of the model will be 

scaling factor times less than the corresponding geometric 

dimensions of the prototype. 

G prototype = λL * G model                   (4.1) 

The load applying to the model will be reduced by 

the square of the scaling factor from prototype load 

Lprototype =  λL
2
 * Lmodel                    (4.2) 

  According to equations (4.1) and (4.2) the 

dimensions and load of the prototype structure is reduced as 

follows. Since, λL = 300; λm= 1; λE =1 (by scaling laws) 

Span of the model =Span of the prototype /λL = 300 

m / 300 = 1 m 

Height of the model =Height of the prototype / λL=  

36 m / 300 = 0.12 m 

Bottom plate width of the model = Bottom plate 

width of the prototype / λL = 18 m / 300 = 0.06 m 

Top plate width of the model = Top plate width of 

the prototype / λL = 22 m / 300 = 0.073 m 

The load being applied to the structure in the static 

analysis is 27290 N/m in the ANSYS software according to 

IRC standard. Hence for a span of 300 m,  

Load applied to the prototype 

  = 27290 N/m * 300 m  

= 81,87,000N  

= 8.187MN 

  By scaling law, Load applied to the model = Load 

applied to the prototype / (λL)
2
 

= 8187000N / 3002 = 90.97N 

= 90.97N * 9.81  

= 9.28 kg . 

B. Experimental Setup 

The mild steel sheet of 0.75 mm thickness is purchased to a 

dimension of 1000*350 mm and it is folded to obtain the C 

shaped channel to the required dimension. The other mild 

steel sheet of same thickness to a dimension of 1000*73 mm 

is welded over the C shaped channel using Metal Inert Gas 

welding process. The base frame structure setup consists of 

two standard C’ channel structures.  One of the channels is 

100*50 mm cross section to a length of 1200 mm acting as a 

base frame and the other one is 75*40 mm cross section to a 

length of 200 mm of 2 nos. acting as column on both ends of 

the base frame. The support consists of a two steel plates. 

One steel plate is of 130*140 mm cross section with 5 mm 

thickness and other one is 185*55 mm with 3mm thickness. 

The plate of 185*55 mm cross section is bended to the 

structure and is welded with the base plate of 130*140 mm 

cross section. Before welding the base plate is drilled to a 

diameter of 8mm so as to clamp the support using M8 

fasteners with experimental setup. In order to clamp the 

movable column and support with the base frame setup, L-

angles and fasteners are used. The standard L-angle of 

50*50 mm to a thickness of 3mm is cut to a wide of 40mm 

using gas cutting. The L-angle is then drilled to a diameter 

of 10mm and clamped using M10 fasteners. The end of the 

movable column is also drilled to a diameter of 10mm for 

clamping with base frame. In order to load the structure 

uniformly, a wooden box is fabricated to a dimesions of 

1000*100*70 mm. The wooden box is then weighted, it was 

found to be 3 kg only. Sand is filled to obtain the weight of 

the load to 9.2 kg required for testing the structure (as 

shown in Fig.6). 

 
Fig. 6: Setup for the experimental static analysis of the 

scaled down box model 

C. Sensors and accessories 

The following are the sensor and accessories used during the 

experiment: 

 Laptop interfaced with LabVIEW 2011 version. 

 NI cDAQ-9172 CompactDAQ chassis. 

 NI 9237 DAQ. 

 No. of Channels – 4 Channels,  

 Resolution – 24 Bit Simultaneous Bridge 

Module (Slot 7) 

 Strain gauge. 

 Type – Foil Type 

 Sensitivity of gauge – 1.4 µε 

 Gauge Factor (GF) – 2  

 Gauge Resistance – 350 Ω 

 Resistor of 237 Ω. 

 Breadboard. 

 Single stand connecting wires. 

The strain gauge is mounted at the bottom mid 

position of the model through the adhesive Anabond to the 

foil itself in the direction of the axial strain during the 

experimental static analysis of the model (Fig.7). 

 
Fig. 7: Strain gauge fixed to the fabricated model 

 
Fig. 8: Resistor connected to the pins of Channel1 of NI 

9237 using breadboard 
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A passive quarter – bridge completion resistor 

(dummy resistor) is required. So a resistor of 237 Ω is 

connected in the breadboard along with the colour pins 

interfaced from the NI 9237 DAQ ( as shown in Fig. 8). For 

the static analysis of the model, the strain gauge, breadboard 

connections, interfacing DAQ with LabVIEW 2011 are 

made. 

LabVIEW is a graphical programming language. 

The development environment consists of two windows: the 

“front panel” for user interface controls and indicators, and 

the “block diagram” for placing programming, calculation 

and hardware I/O nodes. These programs are known as 

“Virtual Instruments” (VIs). To measure the strain of the 

model the programming in LabVIEW is made by the 

following procedure. 

The LabVIEW program for experimental static 

analysis of box type structure is shown in Fig.9 

 
Fig. 9: LabVIEW program for experimental static analysis 

of model 

IV. RESULTS AND DISCUSSION 

Before loading the actual test load, sample loads of 5kg, 

6kg, 8kg are loaded over the test model after making 

program in LabVIEW, in order to verify and validate the 

strain variation corresponding to these trials. Then the actual 

test load of 9.2 kg is placed over the model and the readings 

are noted down. There is a value of 0.0525958 (microstrain) 

occurs as a residual strain before subjected to loading. This 

is because in an ideal case, the Wheatstone bridge circuits 

assumed ina balanced stage which generates zero output 

when test load is not applied. But in practice, resistance 

tolerances and strain induced by gauge application generate 

some initial offset voltage results in the residual strain. This 

can be handled in such a way that initially measure the 

unstrained output of the circuit and will compensate at 

last.Table.1 represents the stress value comparison of both 

experimental and numerical analysis. 

Load  

(in kg) 

Stress (in MPa) 
% 

Deviation 
From 

Experiment 

From 

ANSYS 

5.0 2.45 2.37 6.69 

6.0 3.36 3.23 3.86 

8.0 5.20 4.93 5.19 

9.2 6.51 6.04 7.21 

Table 1: Comparison of stress values from experiment and 

numerical analysis for the fabricated model 

V. CONCLUSION 

From the present study, it is concluded that, 

 Transverse stiffener combinations are statically 

stable with lesser amount of stresses. They have 

marginally lesser deflections than the longitudinal 

stiffener combinations. 

 Increasing the thickness of the stiffener can reduce 

the stress induced and also the deflections 

produced.  

 The maximum stress deviation of 7.21 % is 

obtained between experimental and numerical 

results.  
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