
IJSRD - International Journal for Scientific Research & Development| Vol. 3, Issue 04, 2015 | ISSN (online): 2321-0613 

 

 

All rights reserved by www.ijsrd.com 201 

Design, Analysis and Weight Optimization of Semi-Trailer 
Priyal Barbnhaiya

1
 J. R. Koisha

2
 R.G. Jivani

3 
1
ME Student 

2,3
Professor 

1,2,3
Birla Vishvakarma Maha Vidylaya, V.V. Nagar

Abstract— Semi-trailer is one of the popular way to 

transport heavy and over dimensional objects by road. Gross 

laden weight of semi-trailer is fixed based on permitted load 

per axle as per notifications given in Central Motor Vehicles 

Rules, 1989. To have higher pay load capacity, unladen 

weight of the semitrailer should be optimum. Major load 

(unladen) of semitrailer is shared by the frame hence weight 

optimization can be done to increase payload capacity of the 

trailer. In this paper, modeling of frame along with chassis is 

done and then analyzed using ANSYS Workbench with 

static structural and optimized by adopting sensitivity 

analysis in SolidWorks by developing design table with 

different models and analyzing those model. 
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I. INTRODUCTION 

In India, the over dimensional cargos (ODC) market is 

poised to have a good market potential with renewed interest 

on the infrastructure and industrial development projects. 

Although there is huge growth potential, there is still need to 

have suitable transportation methodology and technology 

compared to developed countries. Further, there is a 

growing need for providing efficient and safe transportation 

and for that one of the vehicle types is semi-trailer. 

II. SEMI-TRAILER 

Trailer is a one in which whole load goes to the ground via 

its structure and wires and the prime-mover only tow the 

trailer. But the semi trailer is the one which is superimposed 

on the prime-mover in the partial front load of the trailer is 

carried by prime-mover along with towing it. Also, semi-

trailer does not have a front axle. So a large ratio of its 

weight is supported by a prime-mover with a separable front 

axle assembly. A semi-trailer is usually operational with 

landing gear to support it when it is uncoupled. The fifth 

wheel on a truck connects to a semi-trailer which is known 

as king-pin. Kingpins are available in many forms. The 

king-pin is completely interchangeable component and 

needs high maintenance. The chassis, the backbone of the 

structure of trailer has main long members are two identical 

beams of I-section that runs over the length of the trailer and 

are the primary longitudinal support. The other main 

supports are the cross members and the side beams which 

are typically channel tubing. In this report only the chassis 

which is the backbone if trailer along with frame is 

considered for design and frame. 

The first consideration for the beam design is the 

constraints from the Commercial Transportation Act, which 

is Provincial legislation that governs dimensions and loading 

capacity for semi trailers. The dimensions and various 

specifications are discussed in the report. The material of the 

structure is largely specified based on industrial standards. 

 

III. TECHNICAL SPECIFICATION 

SPECIFICATION 

TYPE OF 

TRAILER 

Truck horse drawn semi trailer of three 

axles, six wheeler, (12 wheeled) banjo 

type, sprung chassis, flat top skeleton 

frame for ISO container 

CHASSIS 

( a )MATERIAL: St.42. 

( b )SIZE (mm): 9760(l); 935(w) 

( c )LONG BEARER: 2 x [Fab. I-section 

450 x 152. 12/8 Thick plate] 

( d )CROSS BEARER: 6 x [Fab. Formed 

section. 5 & 8 thick] 

SPRUNG 

( a )  TYPE: 6 x [Semi elliptical shaped 

flat end leaf spring] 

( b )  MATERIAL: 55 Si2 Mn90. 

( c )  SIZE (mm): 9 X [leaves of 90 x 16 

flat] with loading centre 970. 

AXLE 
3 Nos. Hollow section of 150 x 130. 12 

mm thick plate. Mat.EN-8. 

BRAKE 

( a )TYPE: Internal cam expanding twin 

line air pressure brake system as Std. 

Ashok Leyland type. 

( b )SIZE (mm): 420(dia); 150(w) of shoe 

liner. 

( c ) CAPACITY: 12231.89 N.m. 

OVERHUNG 2220 mm. 

BODY 
Flat top skeleton frame with twist locking 

system. 

OVERALL 

SIZE (mm) 

Length 10500; Width 2440; Height 

1550±50. 

WEIGHT 

( a )UNLADEN WEIGHT: 5600 kg. 

( b )PAY LOAD: 37400 kg. 

( c )GROSS LADEN WEIGHT: 43000 

kg 

IV. MATERIAL PROPERTIES 

 

 %C %Mn %S %P %Si 

ST 42 S 0.25/0.28 0.4-0.7 0.06 0.06 0.1-0.35 

 

 
Nominal 

thickness / 

dia (mm) 

Tensile 

strength 

(MPa) 

Yield 

stress 

min. 

(MPa) 

% 

Elongation 

ST 

42 

S 

6 to 20 420-540 260 23 
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V. BENCHMARKING 

MEMBER 
Flange 

width 

Flange 

thickness 

Web 

depth 

Web 

thickness 

MAIN LONG 

MEMBER 
152 12 426 8 

SIDE LONG 

MEMBER 
50 5.9 100 Std. 

MAIN CROSS 

MEMBER 
60 6 375 6 

END CROSS 

MEMBER 
50 5.9 100 Std. 

VI. MODELING AND ANALYSIS PROCEDURE 

Modeling is done using Solid Works, a design software 

specially used for modeling in various mechanical 

engineering applications. While analysis and optimization 

are done using ANSYS Workbench. As there are no rotation 

parts like engine on the frame, and road excitation is the 

main disturbance to the trailer frame which is far away the 

actual working condition only linear static stress analysis is 

carried out considering factor of safety. The load which is 

gross laden weight is assumed to be uniformly distributed 

over surface of the frame. Talking about boundary 

conditions, fixed supports given at the bottom of long 

members where brackets are placed for mounting wheel and 

suspension assemblies. Also frictionless support is given to 

king pin about which the trailer takes turn when steered. The 

meshed semi trailer frame has 14,568 elements and 25,787 

nodes. 

 

VII. OPTIMIZATION PROCEDURE 

Optimization is defined as a maximization of wanted 

properties and minimization of unwanted properties. In case 

of structural optimization the chassis: 

 Desired Properties are: 

 Strength 

 Stiffness 

 Deflection etc. 

 Undesired Properties: 

 Material 

 Cost 

 Weight etc. 

In the case of chassis we can reduce the weight of 

chassis frame by reducing its thickness, but it will increase 

the deflection as well as the shear stress. To omit this 

problem the sensitivity analysis will be helpful to reduce 

thickness of cross section of chassis frame. 

The main aim is to analyze the sensitivity of frame 

web height to the change in thickness and vice-versa for the 

approximately same section modulus and flange width. 

An EXCEL sheet can be developed by selecting the required 

properties in the design table. The design table can be 

inserted in the SolidWorks model. From the model 

parameters required parameters can be selected and the 

design table automatically takes the parameters/dimensions 

with their default values given in the constructed model. 

Later number of different configuration configurations can 

be added in the table. Those different configurations are 

linked with the SolidWorks model so it can make automatic 

change as defined in the model when that particular 

configuration is called. The can be saved as different files. 

Parameters which are changed: 

 Flange width of I-section as long member 

 Plate thickness of I-section 

 Checkered plate thickness 

 

VIII. RESULT 
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IX. CONCLUSION 

Rubbing plate and king pin is subjected to maximum stress 

in all models. Ultimate stress for ST-42 is 420 MPa. Thus 

FOS is around 2 in all models. That is safe. 

Thus, Model6 is the final model with flange width 

152mm, plate thickness for I-section 8mm, and checkered 

plate thickness 8 mm. thus giving weight reduction of 

11.16%. 
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