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Abstract— The storage of highly inflammable, toxic and 

pressurized gases such as LPG is of prime challenging task 

and there is a need to design storage facilities for such gases 

with safety of the personal in and around, the locations, 

where it is situated. The safety is of prime importance, 

because it not only leads to the loss to the industry but also 

to the lives of the people. In this review paper, an attempt is 

made to design of storage tank. 
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I. INTRODUCTION 

The storage of dangerous gases became a challenging 

problem, which posed a question mark on safety of 

surroundings, as well as to the lives of the people. Moreover 

the property of the industry, which is handling it is also lost. 

The accident that occurred in 1984, which cause disaster in 

MEXICO City depot, is an unforgettable and unrecoverable 

accident, where 16000 m3 of LPG was stored in 6 spheres 

and 48 horizontal vessels. A leak occurred in 8” fill line to 

one of the spheres and within in 15 minutes of leakage, a 

series of BLEVES occurred producing a fire ball of 350m 

diameter which engulfed all the remaining spheres and 

horizontal vessels whose debris flew up to 1200m distance 

killing 500 people and injuring 7000 people. A good 

majority of the were within 300m of the depot. A similar 

accident has occurred in HINDUSTAN PETROLUM 

CORRORATION LIMITED, VISAKHAPATNAM, where 

nearly 30 lives were lost. The main cause of this accident 

was found to be the leakage occurred in the fill line. Due to 

this leakage a fire accident occurred to a sphere thus 

spreading to all other spheres. 

It appears that the main causes of these accidents is 

due to the unavailability of proper storage facilities and also 

close spacing of the spheres and horizontal vessels.  It 

appears that the main causes of these accidents is due to the 

unavailability of proper storage facilities and also close 

spacing of the spheres and horizontal vessels. 

II. LITERATURE REVIEW 

Radoslav Stefanovic et al. had worked on design and 

analysis of buried liquid petroleum gas storage bullets 

supported on multiple saddles. His paper focuses on major 

issues related to the design of high pressure liquid petroleum 

gas (LPG) storage bullets. First, the loads induced by mound 

weight, pressure due to mound, and the loads due to 

longitudinal thermal expansion and soil resistance to this 

expansion is analyzed. He had provided a method for 

calculating the multiple saddle reactions and bending 

moments at spans and supports. A simplified method for 

assessing the effect of differential settlement between 

saddles is proposed. 

 
Fig. 1: Mounded underground bullet 

This paper recommends a methodology for the 

calculation of loads due to the action of the mound and 

uneven settlement. The methodology shown in his paper is 

for underground bullets supported on five saddles. However, 

the same approach can be used for any number of saddles. 

He had preferred Publication No. 190 published by the 

EEMUA (2000, Guide for the Design, Construction and Use 

of Mounded Horizontal Cylindrical Vessels for Pressurized 

Storage of LPG at Ambient Temperatures, EEMUA, 

London, England. 

He had considered following loading conditions: 

 Loads on Vessel Due to Mound 

 Axial Loads on the Vessel Due to Friction between 

the Soil and Vessel 

 Loads on Saddles Due to Friction with Foundation 

 Loads on Saddles Due to Soil Resistance to 

Thermal Expansion or Contraction 

 Loads on the Vessel and Saddles Due to 

Earthquake 

 Loads on the Vessel and Saddles Due to Settlement 

The paper provides methodology and gives 

equations for the situation where middle support is uneven 

with the rest of the supports. The same methodology can be 

implemented for the situations when the rest of the supports 

are uneven relative to each other. Once this methodology is 

established and with the help of computers any possible 

situation can be examined. 

It shall be noted that establishing allowable 

settlement is an extremely important step in the design of 

underground bullets. 

K. Yogesh et al. had worked on design and finite element 

analysis of mounded bullet. 

His attempt was made to design a MOUNDED 

BULLET with a huge capacity of 851.5 m3 LPG at a 

pressure of 1.697 Mpa. The MOUNDED BULLET 

which is nothing but a pressure vessel, being buried 

underground, the chances of explosion and consequent 

trowel of debris is almost nullified. 

The designed vessel had been analyzed for stresses 

using FINITE ELEMENT TECHNIQUE. In additional to 

the internal pressure of the vessel, mound load, earthquake 

load.  

Uneven displacement/settlement of the sand bed, 

weight of the vessel, test conditions had been considered for 

the analysis. 

In this project an attempt had been made to design 

a Mound Bullet that falls under the category of pressure 
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vessel, for the storage of LPG. The design had been done as 

per ASME (AMERICAN, SOCIETY OF MECHANICAL 

ENGINEERS). 

Internal pressure 

Static pressure (kg/cm2) 0.213 

Considered pressure at bottom(kg/cm2) 17.3 

Hydro-test pressure 

Static pressure(kg/cm2) 0.692 

Test pressure(kg/cm2) 22.26 

Calculation of external pressure 

External pressure due to mound as per shell 

guidelines(kg/cm2) 
0.603 

Total external pressure(kg/cm2) 1.729 

Table 1: Design results 

Maximum stress intensity of 206.088 N/mm² is 

found at the shell to Dome-3 junction and maximum stress 

intensity of 124.142 N/mm² is found in shell away from the 

junctions during operation condition. Stress intensity at the 

junctions within 1T are ignored while comparing with the 

allowable stresses as per code. 

 
Fig. 2: Displacements in center (mm) 

In additional to the internal pressure of the vessel, 

mound load, earthquake load, uneven 

displacement/settlement of the sand bed, weight of the 

vessel, test conditions had been considered for the analysis. 

The analysis reveals that the design stresses were within the 

limit and the design was safe. 

G.H. Rahimi[3] et al. had worked on Analysis of 

the effect of stiffener profile on buckling strength in 

composite isogrid stiffened shell under axial loading. He had 

analyzed the buckling behavior of thin-walled GFRP 

cylindrical shells with triangular lattice patterned 

reinforcements formed by helical and circumferential ribs 

under axial force. 

In his analysis, various models of composite 

isogrid stiffened cylindrical shells with outer diameter of 

150 millimeters, shell thickness of 0.5 millimeters and 

height of 280 millimeters, stiffened with 6 helical and 2 

circumferential ribs and all with the same material 

properties of shell and ribs were used. Ribs have constant 

section areas but different shapes and cross section profiles. 

For analysis and modeling of structures, Finite Element 

Analysis method and ANSYS software were used. 

 
Fig. 3: First mode of the structure 

The results (elastic buckling load) for each model 

were derived and based on these results, ratio of buckling 

strengths to weight parameters were calculated for each 

model and were compared to results obtained from other 

models. The effect of profile of the ribs on the buckling of 

shells under axial loading had been concluded from the 

results. Results showed that stiffening the shells increased 

the buckling load from 10% up to 36% while decreased the 

buckling load to weight ratio to 42% up to 52% of an 

unstiffened shell. 

Stiffening the shells with ribs generally increases 

the buckling load of the structure with respect to an 

unstiffened shell while decreases the buckling loads to 

weigh ratio. Buckling mode for all the structures with 

supposed geometrical properties is local buckling of the 

shell. 

Adithya M et al. Had worked on Finite Element 

Analysis of Horizontal Reactor Pressure Vessel Supported 

on Saddles. In this literature the horizontal pressure vessel 

supported on saddles had been designed and analyzed 

according to the guidelines given in Div 1 and Div 2. 

The finite element analysis for different 

configurations of pressure vessel on saddle supports has 

been done using ANSYS. The stress intensities in various 

cases were analyzed and the optimal location when the 

saddles are placed away from heads is considered as the 

most suitable design for the large horizontal vessels. The 

effect of stiffening is also considered in three cases. The 

reduction in stress intensity is found for one of the cases. 

For this the optimization of thickness was done which 

resulted huge reduction of weight. 

The behavior of the vessel on saddle supports with 

stiffening and without stiffening is analyzed separately. The 

stress distribution on various locations of saddle and vessel 

attachments is observed to select the optimal distance of 

saddle and stiffening. The operating case which is 

considered at elevated temperature (344°C) simulates the 

behavior of the vessel at operating condition. The hydro test 

case helps to evaluate the maximum ability of the pressure 

vessel against the applied hydrostatic pressure at test 

temperature. Also this helps the designer to decide whether 

there is a requirement to conduct hydro test for the actual 

pressure vessel and to interpret the experimental results with 

the simulated ones. The comparison of these results helps to 

provide the most optimized design with an ability to meet 

the requirements. 

After analyzing the stress behavior of the pressure 

vessel with different configurations of saddle supports 
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with/without stiffening, the location of saddle at distance 

which is less than the one fourth of the vessel length with 

adjacent stiffener rings is the most effective one. For this 

configuration the optimization of thickness is done. The 

weight of the vessel is reduced considerably by keeping the 

volume of the vessel constant. 22% weight reduction is 

achieved for the shell alone. This also shows that addition of 

stiffener rings helps to reduce the thickness of the shell 

which in turn helps in saving lot of material and cost 

associated with it. 

III. CONCLUSION 

By studying nos. of research paper I concluded that work 

done for design and analysis for underground LPG storage 

pressure vessel is been very less. Radoslav Stefanovic[4] 

had done work for supporting the bullet tank underground 

with multiple saddle supporting. K.Yogesh, M.S.R. Lakshmi 

[5] has carried out design and analysis of LPG storage bullet 

tank in October 2012. They had designed bullet tank using 

ASME VIII div-1 and checked design by finite element 

analysis software (ANSYS). They got safe results. 
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