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Abstract - Pressure vessels are closed containers used to
hold fluids at a pressure which is different from surrounding
pressure. A cylindrical pressure vessel which is oriented
horizontally is known as horizontal pressure vessel. This type
of pressure vessel is supported by using saddle supports at two
ends of the vessel. Therefore, the most severely stress affected
area of a horizontal pressure vessel is the contact area
between saddle support and the pressure vessel, which is
named as saddle horn area and the major weight of this
pressure vessel rests on its saddle support. This paper mainly
focuses on numerical analysis of saddle support subjected to
various loading conditions. The loading conditions considered
here are the wind load, seismic load, internal pressure and its
combinations and Finite Element Analysis (FEA) using ANSYS
software is conducted. The saddle support is modelled and
analyzed in ANSYS software. The results obtained from the
study are utilized for further study.
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1. INTRODUCTION

Pressure vessels are closed containers used to hold fluids at
a pressure which is different from surrounding pressure. A
cylindrical pressure vessel which is oriented horizontally is
known as horizontal pressure vessel. This type of pressure
vessel is supported by using saddle supports at two ends of
the vessel. Therefore, the most severely stress affected area
of a horizontal pressure vessel is the contact area between
saddle support and the pressure vessel, which is named as
saddle horn area and the major weight of this pressure
vessel rests on its saddle support. The stress affected zones
in saddle support due to wind load, seismic load, internal
pressure and its combinations on saddle supportis analyzed.

(11 The stress distributions at various parts of pressure
vessel saddle support are calculated using ANSYS software.
SA 516 Gr 70 material was used. Maximum localized stress
arises at the saddle to vessel interface near the saddle horn
area. The maximum value of stress at saddle horn is 206.84
MPa, which is below the safe value of 221 MPa given by Von
Misses stress criteria for the present horizontal cylindrical
vessel and its saddle support model.

[21 Details of saddle design were taken from Megyesy and
analysis was done in ANSYS. The effect of changing the load
& various geometric parameters were investigated. The
highly stressed area beside the pressure vessel at the saddle
horn is the flange plate. Value of 0.25 for ratio of distance
from tangent line to saddle center to the length from
tangent-to-tangent line of pressure vessel generates
minimum stress. Slenderness ratio less than 16 found to
generate minimum stresses.

[B] Existing design of saddle support is gathered from
Design hub. Redesign 3D model of saddle support is
constructed in SOLIDWORKS 2017. 3D model was
redesigned by using different materials such as alloy steel,
1023 carbon steel sheet and AISI 347 annealed stainless
steel and also by adding different number of ribs such as 2,
4, and 6. 10-ton force was applied to each saddle (20-ton
force in total) and static analysis was conducted. Optimized
model was simulated by Von Misses stress. The most
suitable material for 6 ribs saddle supportapplied for future
usage is AISI 347 stainless steel.

1.1 Objectives
e To carryout FEA of saddle support using ANSYS
based on various loading conditions.

To determine the stress affected zones in saddle
support.

1.2 Scope of Work

Welded connection for parts of saddle support is
considered as bonded contact.

Bolted connection for base plate is considered as
fixed.

Pressure vessel is not designed.

2. INPUT DATA
2.1 Model

A three ribbed model of saddle support is developed in
ANSYS on the basis of Process Industry Practices using
following details:
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Vessel diameter (D) - 2210 mm
Vessel mean radius (Rm) - 1111 mm
No. of saddles (n) - 2

Wear angle - 120°

Web angle - 120°

Bolt hole diameter - 25.4 mm
Spacing between saddle - 971.5 mm

Table - 1: Model details

Base Wear Rib
Parts plate Web plate plate plate
Length 2008 1982 - -
(mm)
Width 230 204 254 204
(mm)
Thickness 13 13 10 13
(mm)
2.2 Loading

The loads assigned to pressure vessel are as follows:

Wind load (P1):
Wind design code - ASCE 7-98/2002
Wind pressure - 1.4545 kPa

Internal pressure (P2):

Based on ASME Section VIII division 1 code
Internal pressure - 0.345 MPa

Seismic load (P3):

Seismic design code - ASCE /SEI 7-05
Seismic load - 31290.62495 N

Load combination:
P-P1+P2+P3

2.3 Material

Table-2 Material properties

3. ANALYSIS

Stress due to wind pressure, seismic load, internal pressure
and load combinations in saddle support is analyzed and
stress affected zones in saddle support were identified for
further study.

s

Fig -1: Stress & deformation corresponding to wind load

¢ o

Fig -2: Stress & deformation corresponding to internal
pressure

Fig -3: Stress & deformation corresponding to seismic
pressure

Saddle, shell & Fig -4: Stress & deforma.tion- corresponding to load
Elements Bolts combinations
head
Material SA516 Gr 70 SA 193 Gr B7M Table - 3: Result ofAnalysis
Modulus of 198.373 200.373
Elasticity (GPa) :
Deformation
Poisson’s Ratio 0.3 0.3 Load Stress (MPa) (mm)
Density (kg/m?) 7750 7750 Wind load 137.44 0.68014
Ylel?hz';r;a)ngth 260 550 Internal pressure 53.738 0.25915
Allowable stress Seismic pressure 47.11 0.15435
.y 138 138
limit (MPa) Load combinations 168.07 0.92524
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4.

5.

CONCLUSION

e FEA of saddle support using ANSYS based on
various loading conditions was done.

e The stress affected zones in saddle support were
found to be at the regions of bolt hole, edges of wear
plate and at the center of wear plate.

o Theseresults are utilized for further study.
SCOPE FOR FUTURE WORK
e The stress affected zones can be checked for

linearized stress conditions.

e The linearized stress values can be checked for
safety conditions as per ASME Section VIII code.

e Thesaddle support can be optimized using different
parameters to reduce the weight of saddle support.

e The optimized model can be checked for

transportation loads.
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