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Abstract— Liquefied petroleum Gas (LPG) cylinders are
designed and manufactured in India as per Indian standard IS
3196 part 1. Several tests mentioned in IS 3196 part 3 need to be
conducted on LPG Cylinders for introducing them to market.
Among these tests, acceptance and hydro-tests are major tests to
be conducted on LPG Cylinders to get Bureau of Indian
certification. Hydro-tests on LPG cylinders reveals permanent
volumetric expansion of cylinder, nominal hoop stresses at the
time of destruction and the internal pressure at which a cylinder
bursts. These values are important to ensure that the design and
construction of cylinders are safe and compiled to standards.
These hydro-test results depend on cylinder raw material
selection, manufacturing processes and the heat treatment
process parameters adopted during manufacturing process. An
attempt has been made in this paper to study experimental test
data of 40 Domestic LPG cylinders Hydro test results to
understand correlations among these parameters.
Index Terms— Hydrostatic testing of LPG Cylinder, Burst
testing of LPG Cylinder, Volumetric expansion tests of LPG
Cylinders, Hydro-testing of LPG Cylinders.

I. INTRODUCTION
LPG Cylinders are manufactured in India as per Indian
standard IS 3196[2][3][4]. Cylinder manufacturers design,
manufacture and test these cylinders as per this standard and
get certified by Bureau of Indian Standards (BIS) for
marketing. It is mandatory to get certification for every
cylinder released from manufacturing location to market.
Two cylinders from each manufactured lot are subjected to
destructive test for verification of cylinder material
properties, as a part of certification process [3]. For every
manufactured lot of 203 and below one cylinder is tested for
acceptance test [3]. Parent metal physical properties like yield
strength, tensile strength, percentage elongation of parent
metal, weld tensile strength, weld joint strength etc. are
revealed in acceptance test [2]. Similarly for every
manufactured lot of 403 cylinders and below one cylinder is
subjected to various hydro-tests [3]. Hydro-test on cylinder
reveals cylinder water capacity, leaks, volumetric expansion,
burst pressure and nominal hoop stress at which a cylinder
bursts [3]. Requirements of various hydro-tests for LPG
cylinders are mentioned in Indian standard IS 3196 part 1 and
various test methods are described in Indian Standard, IS
3196 part 3. There are few factors that can influence these
results during manufacturing process and are cylinder raw
material selection, cylinder manufacturing process, heat
treatment process parameters [5][11][12]. An attempt has
been made in this paper to study permanent volumetric
expansion, burst pressure and nominal hoop stresses by

analyzing 40 domestic LPG cylinders burst test results. These
results are correlated and analyzed using Minitab 16, a
Microsoft windows based statistical software.
II. MATERIALS AND METHODS
A. General
Burst test results of domestic LPG cylinders of 33.3 liter
capacity are selected for this study. These cylinders are most
common type of cylinders used in Indian houses and are
designed and manufactured as per IS 3196 and certified by
Bureau of Indian Standard for market use [2]. In addition to
this certification, Indian government oil companies verify
cylinder quality in their own independent laboratory for
quality compliance.
B. Material
Forty domestic LPG cylinders of 33.3 liters capacity
received from various locations across India are tested in
Bureau of Indian Standards approved lab for analysis. All
these domestic cylinders are produced from raw material
meeting IS 6240 standard [1]. Physical properties and
hydro-test requirements of these cylinders are meeting the
Table.1 [1][2][3].
Table.1 Requirement of LPG cylinder parent metal physical
properties

C. Types of Hydro-tests on LPG Cylinders
General
Table.1 shows the critical parameters of hydro-tests and
their acceptable limits with cross reference to Indian standard.
Manufacturers should conduct the following hydro-tests on
every cylinders lot produced in their units. These hydro-tests
reveal Volumetric Expansion (VE), Burst Pressure (BP) and
Nominal Hoop Stresses (NHS). These VE, BP and NHS
values are considered as critical parameters in hydro-testing
of LPG Cylinders [6][7][8]. These values can be correlated
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with tensile strength and yield strength of material [10].
mm and t-minimum agreed finishing thickness of the cylinder
in mm [3].
Water capacity test
In a water capacity test, cylinder water capacity is
III. EXPERIMENTAL DATA VALIDATION AND
measured and checked whether they are within acceptable
ANALYSIS
limits are not. Domestic LPG Cylinders in India are of 33.3
liter water capacity and its acceptable limit is within 33.30
Forty domestic LPG cylinders results of volumetric
liters to 33.95 liters as per Indian standard, IS 3196 part 1[2] expansion (VE), burst pressure (BP), and nominal hoop stress
[3].
(NHS) are collected and checked the relation among these
Hydrostatic test
parameters by correlation analysis. 40 observations of
Every cylinder produced in a manufacturing location cylinders are shown in control charts of volumetric expansion
should undergo hydrostatic test. In this test, cylinders are (VE), burst pressure (BP) and normal hoop stresses (NHS) in
subjected to hydrostatic test pressure of 25 kgf /cm2 and retain Fig. 1, 2 and 3 respectively. Person correlation constants were
this pressure up to 30 seconds to check any pressure drop [2] calculated among the possible pairs of VE, BP and NHS. The
[3]. Once the cylinder external surface is dried, they are correlation pairs, constants and the trends are tabulated in
checked for visual external leaks and pressure drop. If there is Table 2.
any pressure drop or any visible external leaks observed on
cylinder body or on welds, the cylinder is considered as failed
cylinder for usage [2] & [3].
Hydrostatic stretch test
One cylinder from every manufactured lot of 403 and
below should undergo hydrostatic stretch test [3]. This test
can be performed either with water jacket method or
non-water jacket method described in IS 3196 part 3. The test
cylinder is submerged in a water bath for conducting the test,
in a water jacket method [3]. In the other hand, the cylinder is
tested openly in a non-water jacket method [3]. In both cases
there is a provision to control and measure the water pumped
to cylinder. Initially a cylinder is filled with measured
Fig.1 Control Chart for Volumetric Expansion (VE)
quantity of water say, C1. This filled cylinder is gradually
pressurized with water till it reaches hydrostatic test pressure
of 25 kgf /cm2 through an apparatus that can measure the
pumped water quantity in a precise manner. Once the pressure
reaches, the test pressure, the pressure is retained for not less
than 60 sec and measures the water contained in the cylinder
as C2. The water capacity of cylinder is measured once again
after releasing the test pressure and recorded as C3. Based on
the records, the volumetric expansion is calculated as; the
difference between C1 and C2 represents the total volumetric
expansion and the difference between C1 and C3 represents
the permanent expansion. This value should be within 1/5000
of the original volume of the cylinder [3] to pass the test.
Burst test and nominal hoop stresses
Fig.2 Control Chart for Burst Pressure (BP)
One cylinder from every manufactured lot of 403 and
below should test for measuring burst pressure and nominal
hoop stresses [2] & [3]. Generally the cylinder tested for
volumetric expansion test can be used for this purpose. In this
test, cylinders are subjected to continuous hydrostatic internal
pressure till it bursts. The internal pressure of cylinder at
which it bursts is noted and recorded as burst pressure. Based
on this burst pressure nominal hoop stresses are calculated
using below formula
fb=(Pb × Di)/2t
Where, fb-nominal hoop stress at which destruction occurs;
Pb-Internal hydrostatic pressure at which cylinder bursts in
MPa; Di -Nominal original internal diameter of the cylinder in
Fig.3 Control Chart for Nominal Hoop Stress (NHS)
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Table.2 Hydro-Test Parameters Relations, Pearson
beyond the stated specifications due to lack of options
Correlation Coefficients and Trends
mentioned above such as logistics, timelines and to meet the
demand requirements. Further, the heat treatment process
parameters like soaking time in furnace and cooling times
after heat treatment are set based on raw material mill
certificate and furnace manufacturer’s recommendation [5].
Although the end products are meeting the minimum
specifications, these parameters can slightly vary in
commercial environments and thus the end product quality
can meet and go beyond the stated requirement. Further, the
welding process and weld methods are can also influence the
burst test results and volumetric expansion [7] as these weld
methods, welding procedures; weld electrodes are different
from one cylinder manufacturer to another. Thus varying heat
treatment process parameters and welding methods have a
definite impact on Hydro-test results of LPG Cylinders. The
testing conditions can also influence hydro-test results.
Manufacturing locations are commercial establishments and
are predominantly work in commercial framework. These
IV. DISCUSSION
establishments are different from testing laboratories or
Referring to the Table.1 and control harts of VE, BP and
research and development institutes. Standard provides
NHS (Fig. 1, 2 and 3), the test results are validated as per
flexibility in testing through various options like water jacket
Indian standard, IS 3196. It is evident from Pearson
method and non-water jacket method etc. to accommodate
correlation constants mentioned in Table.2, relations can be
different manufacturing setups. Also they do not suggest a
established among BP vs. VE, NHS vs. VE and BP vs. NHS.
specific test setup for a specific test. Chances always exist to
The relationship among BP vs. VE and NHS vs. VE shows
vary test results within acceptable limits when they are
positive trend. That means, if the volumetric expansion of
subjected to two different test methods and setups. This will
LPG cylinder is observed relatively more, the burst pressure
affect the repeatability of the test results within acceptable
and nominal hoop stresses will also report relatively high.
limits. Also, individual equipment used in test setup can some
Similarly if the volumetric expansion is low, the burst
time leads inadvertent mistakes. For example, while
pressure and the nominal hoop stress reports relatively low
subjecting a cylinder for burst test, the pressure can be
values. The relation among BPVs NHS is showing a strong
increased with a positive displacement pump (Piston pump).
positive relation of one because the NHS is derived from BP
The output from positive displacement pump is pulsating. The
with the formula given above. Although the correlation exists
gauges attached to such test setup should take care of such
strongly among these variables, it is not fully evident through
fluctuations while reading the dial gauge with appropriate
Pearson correlation studies. This is mainly because of few
dampening medium. Otherwise there could be an error in
parameters like raw material selection, manufacturing process
reading accurate pressure especially while reading burst
parameters and testing conditions can change the end results
pressure. Such phenomenon can affect the hydro-test results.
[11][12]. This can be justified as under. In the current study,
samples are taken from different manufacturing locations
V. CONCLUSION
across [9] India and are compiled to IS 6240 [1]. Although
In
this
work,
forty
domestic LPG Cylinders hydro test data
raw material is compiled to Indian standards, it is sources
from various steel manufacturers in India. Standard stipulates was analyzed to establish correlations among volumetric
only minimum specification for the raw material (see Table.1) expansion, burst pressure, and nominal hoop stresses. It is
not the best quality or highest possible specifications. evident from the correlation study that a relation can be
Suppose, if a manufacturer is left with no option but to use established among these variables. Although, it is clearly
high quality in terms of logistics or transportation cost or high evident that there is a relation exists among various
demand for the product at the time of production, they may parameters, few factors like raw material, heat treatment
use raw material having quality mentioned beyond minimum process parameters, welding processes, test setups can affect
specification for cylinder manufacturing, which can affect test results in typical commercial environments.
hydro-test results. All cylinders while manufacturing need to
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