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ABSTRACT: 
Liquefied petroleum Gas (LPG) cylinders undergo various tests before they certified by Bureau of Indian Standards for 
market use. Acceptance test is one among those tests
checked against specification for compliance. Acceptance test is a destructive test
drawn from LPG cylinder in both longitudinal and circumferential directions
measure Tensile strength, Yield stress and P
factors such as raw material selection, manufacturing process,
in this paper to study and understand correlation
KEYWORDS Acceptance testing of LPG Cylinder
and Percentage of permanent elongation. 

INTRODUCTION 

Indian standards, IS 3196 Part 3: 2012 
carbon steel cylinders exceeding 5 liter water 

capacity for low pressure liquefiable gases Part 3: 

methods of test) states, one random cylinder from 
every batch of 202 or less heat treated cylinders 
should undergo acceptance test [6]. Acceptance test 
comprises of 4 individual tests and are parent metal 
tensile test, tensile test on weld joint, bend test across 
weld and Macro examination [6]. Among these tests, 
except parent metal tensile test, all other tests are 
related to weld and weld joint. In parent metal tensile 
test, a tensile specimen is prepared from a sample 
cylinder and tested on universal tensile testing 
machine to measure parent metal mechanical 
properties viz. Tensile Strength, Yield strength
yield stress and percentage permanent elongation in 
both longitudinal and circumferential direction
Fig.1) [5].  

Fig.1 Tensile test on Parent metal

Table.1 Requirement of LPG cylinder parent metal 

physical properties 

International Journal of Advanced Engineering Technology        E

23-25 

                                                                                  Research Paper 

STUDY ON LPG CYLIDNER PARENT METAL MECHANICAL 

PROPERTIES 
Nihal A Siddiquia, Akula Ramakrishnab*, P Sojan Lalc

 

                           Address for Correspondence 
Professor and Head, Environment Research Institute, bResearch Scholar, University of Petroleum and Energy 

Studies, Dehradun, India 
Professor, Mar Baselios Institute of Technology and Science, Kothamangalam, Kerala, India

ylinders undergo various tests before they certified by Bureau of Indian Standards for 
use. Acceptance test is one among those tests, in which the cylinder mechanical properties of parent metal 

for compliance. Acceptance test is a destructive test, in which tensile samples are carefully 
in both longitudinal and circumferential directions and tested on a tensile testing machine to 

Percentage Elongation. These resulted mechanical properties depend
manufacturing process, heat treatment process parameters. An attempt has been made 

understand correlations among these properties.            
Acceptance testing of LPG Cylinder, Correlation study, Mechanical properties, tensile strength, Yield stress 
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comprises of 4 individual tests and are parent metal 
tensile test, tensile test on weld joint, bend test across 

. Among these tests, 
other tests are 

related to weld and weld joint. In parent metal tensile 
test, a tensile specimen is prepared from a sample 
cylinder and tested on universal tensile testing 
machine to measure parent metal mechanical 
properties viz. Tensile Strength, Yield strength or 

and percentage permanent elongation in 
direction (see 

 
Fig.1 Tensile test on Parent metal 

Table.1 Requirement of LPG cylinder parent metal 

 

Indian standard IS 3196 part1: 2006 specified the 
minimum mechanical properties for these parameters 
are given in Table.1 with cross references from 
Indian standards [5] & [4]. From literature study, it 
was established that the Tensile strength and yield 
stress of longitudinal sample exhibits higher values 
than circumferential sample [8]. Similarly, the 
percentage elongation of circumferential sample is 
higher than the longitudinal sample [
this work is limited to the parent metal tensile t
only. An attempt has been made in this work to study 
the relation among tensile strength, yield stress and 
percentage elongation of both longitudinal and 
circumferential samples with the help of windows 
based statistical software, Minitab 16. 
MATERIALS AND METHODS 

Material - LPG Cylinder Samples 

Fifty five samples of 33.3 liter capacity 
LPG Cylinders were selected for 
analysis purpose. These cylinders are produced from 
raw material specified in Indian standard IS 
6240:2008 [4] and are heat treated to ensure that the 
finished cylinder parent metal
specifications mentioned in Table.1
test samples were received from state owned oil 
companies in India and experiments were c
in one of the central government based and National 
accredited board laboratories (NABL) certified 
testing laboratory in Bangalore, India. 
cylinders are certified by Bureau of Indian standards 
for market use.  
Sample Preparation 

Fig.2: Tensile Test Sample Preparation
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[8].  The scope of 
this work is limited to the parent metal tensile test 

An attempt has been made in this work to study 
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based statistical software, Minitab 16.  
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Indian standard IS 3196 Part3, provide guidelines for 
sample preparation and test procedure for parent 
metal tensile test [6]. Two tensile samples were 
carefully cut from cylinders as per the dimensions 
highlighted in Fig.2 in both longitudinal and 
circumferential direction for testing purpose
length for all these 55 samples is considered as 
5.65√So, where So is original cross section 
Tensile Test 

Computer controlled FIE make universal
machine is used for conducting tensile tests
study. The machine is having a valid calibration in 
accordance with Indian standard IS 1828 (part1)
the time of testing. It is ensured that the rate of strain 
during plastic deformation not exceeding 0.15/min 

Table.2 LPG Cylinder Material Specifications

RESULTS 

Individual plots of tensile strength, yield stress and 
percentage elongation for both longitudinal and 
circumferential test results are generated
given in Fig.3 and Fig.4. In these 
longitudinal tensile strength, longitudinal yield 
strength and longitudinal percentage elongation are 
termed as LTS, LYS & L%EL respectively. 
Similarly, circumferential tensile strength, 

Fig.3: Individual plots of yield stress and tensile strength

Table.3 Pearson correlation coefficient values and trends

DISCUSSION 

It is evident from Fig.3 that the yield strength and 
tensile strength values are within the permissible 
limits mentioned in Table.1 and are qualified for the 
analysis. The mean values of the both tensile strength 
and yield stress of longitudinal samples are higher 
than the circumferential samples. This is also 
established with existing literature on LPG Cylinders 
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provide guidelines for 
sample preparation and test procedure for parent 

samples were 
carefully cut from cylinders as per the dimensions 
highlighted in Fig.2 in both longitudinal and 

purpose. Gauge 
length for all these 55 samples is considered as 

is original cross section area [6].   

make universal testing 
tensile tests for this 

. The machine is having a valid calibration in 
accordance with Indian standard IS 1828 (part1) at 

. It is ensured that the rate of strain 
during plastic deformation not exceeding 0.15/min 

for yield strength measurement and 
stressing is maintained between 20 to 30 mm
the elastic region to avoid errors due to inertia effect
All 55 Cylinder samples are tested as per tensile test 
methods prescribed in Indian standard 
and IS 1608.  
Methodology 

Tests were conducted on 55 LPG Cylinder samples 
both in longitudinal and circumferential direction and 
ensured that the cylinders are qualified for the 
analysis as per Table.1 by generating individual plots. 
Pearson’s correlation coefficients were calculated 
various pairs of physical properties as per the 
2 and analysed the coefficients  

Table.2 LPG Cylinder Material Specifications 

Individual plots of tensile strength, yield stress and 
percentage elongation for both longitudinal and 
circumferential test results are generated and are 

Fig.3 and Fig.4. In these two figures 
longitudinal yield 

longitudinal percentage elongation are 
termed as LTS, LYS & L%EL respectively. 

ircumferential tensile strength, 

circumferential yield strength and circumferential 
percentage elongation are termed as CTS, CYS and 
C%EL respectively. The numbers in the figures 
blue colour indicates mean values and in red
indicates median value.  Pearson correlation 
coefficients were calculated using 
software for all pairs shown in Table
tabulated Table.3 along with trends.  

 
Fig.3: Individual plots of yield stress and tensile strength Fig.4: Individual plots of percentage 

 

Table.3 Pearson correlation coefficient values and trends 

the yield strength and 
tensile strength values are within the permissible 

1 and are qualified for the 
analysis. The mean values of the both tensile strength 
and yield stress of longitudinal samples are higher 

. This is also 
established with existing literature on LPG Cylinders 

[8]. Similarly, Fig.4 qualifies all samples for analysis 
by meeting the specification mentioned in 
also proves that the circumferential sample exhibits 
higher percentage elongation value than the 
longitudinal sample [8]. It means, u
internal pressures, the cylinder expands 
in circumferential direction due to higher elongation 
values and lesser tensile strength. This 
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in Indian standard IS 3196 Part3 
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both in longitudinal and circumferential direction and 
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by generating individual plots. 

s were calculated to 
as per the Table. 

l yield strength and circumferential 
percentage elongation are termed as CTS, CYS and 

in the figures with 
indicates mean values and in red colour 

Pearson correlation 
using Minitab 16 
able.2 and results are 

   

 
Fig.4: Individual plots of percentage elongation 

. Similarly, Fig.4 qualifies all samples for analysis 
by meeting the specification mentioned in Table.1. It 

the circumferential sample exhibits 
higher percentage elongation value than the 

It means, under severe 
nternal pressures, the cylinder expands more rapidly 

due to higher elongation 
values and lesser tensile strength. This phenomenon 
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is evident in all volumetric expansion and burst tests 
conducted in laboratories as per IS 3196 part3: 2012 
[6]. The same phenomenon allows cylinders to burst 
with a crack observed in longitudinal direction during 
burst testing of cylinder [6]. 
Pearson’s correlation coefficients in Table.3 indicate 
moderate relation exists between longitudinal tensile 
strength (LTS) vs longitudinal yield strength (LYS), 
longitudinal tensile strength (LTS) vs longitudinal 
percentage elongation (L%EL) and circumferential 
tensile strength (CTS) vs circumferential percentage 
elongation(C%EL). However from the same table it 
is evident that the relation cannot be clearly defined 
between longitudinal yield strength (LYS) vs 
longitudinal percentage elongation (L%EL), 
circumferential tensile strength (CTS) vs 
circumferential yield strength (CYS) and 
circumferential yield strength (CYS) vs 
circumferential percentage elongation (C%EL) as the 
correlation coefficient values are very low. However 
the trend between LTS vs LYS and CTS vs CYS is 
positive and LTS vs L%EL, LYS vs L%El, CTS vs 
C%EL and CYS vs C%EL are negative. That means, 
if the yield strength is relatively high in cylinder 
testing, the tensile strength also exhibits relatively 
higher value in in both longitudinal and 
circumferential samples. Similarly, if the tensile 
strength is relatively high, the material exhibits 
relatively lower percentage elongation values in both 
circumferential and longitudinal samples. Also, if the 
yield strength is high the percentage elongation is 
low in both circumferential and longitudinal samples 
as the yield strength and tensile strength exhibits 
positive trend in their results. Although it is a general 
phenomenon for any steel sample, the trends and 
correlations are not reflecting strongly in the current 
correlation study with LPG cylinder samples. This is 
mainly due to the following reasons.  
Tensile strength and yield strength are generally 
follow strong positive correlation. However, low 
Pearson’s coefficient values as obtained in current 
study are possible mainly because of problem in 
identifying the actual yield point and there by 
calculating yield stress. Normally for domestic 
cylinders identification of definite yield point is not 
possible [10]. Indian Standard IS 3196 part3 
recognises this fact and a provision is given in 
standard to identify yield point in such cases. As per 
the standard, yield point can be identified by drawing 
a straight line along stress strain curve in elastic zone 
and allows assuming the yield point, where the origin 
of curve starts deflecting from the straight line [6]. 
Established literature states, cylinders produced from 
deep drawing process don’t exhibit definite yield 
point [10]. Thus, in LPG cylinder testing process, the 
yield point should be identified manually and this 
identification is purely depends on the lab technicians 
skill. Whereas ultimate tensile strength can be obtain 
directly from testing equipment without any manual 
intervention. Although both yield strength and tensile 
strength follow definite positive trend, because of 
manual intervention in calculating the yield strength, 
true correlation may not reflect in cylinder testing 
process.  
Manual intervention requires keeping the broken test 
pieces together for measuring the final gauge length 
[6], while calculating percentage elongation. This 

manual intervention is also to some extent affects the 
final elongation results and there by Pearson’s 
correlation coefficients. Such results may not reflect 
true conditions and the relations.  
Sample preparation methods in production units such 
as cylinder cutting (Gas cutting or cold cutting 
methods), drawing, chiselling, blanking, flattening 
operation while preparing tensile sample, and 
accuracy of sample preparation; maintain parallel 
lengths and final sample finishing effects deviations 
in test result considerably.    
Raw material, manufacturing conditions, 
manufacturing processes, heat treatment process 
parameters varies from manufacturer to manufacturer 
and hence there exists a chance to get low Pearson’s 
correlation coefficients although the cylinders are 
manufactured with definitely prescribed raw material. 
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