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Abstract- Cast iron pump casings are hydro pressure tested, to check leakage in the casing through casting defects; to ensure 
leak proof function of other components, before going for performance tests. The same pressure test is continued further to 
estimate the burst pressure for the casing. The damage accumulated in the pressure test is a kind of local phenomenon and 
plays a major role in estimating burst pressure strength. Available pump standards are specifying hydro test at 1.5 times the 
maximum allowable working pressure; but, no standard has indicated the rate of pressure application. In this paper, authors 
highlighted that the pressure gradient, with respect to time, is a key factor in initiating micro-cracks in the pump casing. We 
stipulated the theoretical relationship of pressure gradient and energy dissipation (product of stress and strain) and suggested 
the equation for time to crack initiation. We postulated the theoretical factor of safety based on energy dissipation. Practically, 
it is not possible to test every casing in the regular production. Hence, alternative method is required to assess reliability of 
casing. In this paper, Finite Element Analysis approach is used to predict and calculate crack initiation time. We obtained 
localised stress and strain and carried out calculations for total dissipated energy (σ*ε). Location of crack initiation predicted 
from Finite Element Analysis is matching with the crack initiation location in burst test conducted on pump casing. The crack 
propagation path is in line with the stress concentration pattern in the casing. 
 
Keywords- Dissipation energy, pressure Gradient, Stress Gradient, Strain Gradient, Factor of safety, crack initiation time, 
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I. INTRODUCTION  
 
It is a subject matter, in the pump industry, to increase 
the performance of pump while reducing the cost. To 
increase the efficiency, hydraulic performance of the 
pump has to be assessed accurately by using 
sophisticated CFD tools. To reduce the overall cost of 
the pump, one need to optimise casting components. 
Optimization can be obtained, based on weight 
reduction, without compromising with the 
performance of the pump. This is possible with the 
help of the modern simulation tools and 
manufacturing processes. 
Prior to the performance test, individual pump casing 
is static pressure tested with water. This ensures the 
casing being free from any damage e.g. blow holes, 
hair cracks etc. Generally, the pressure applied is 1.5 
times the maximum allowable working pressure [1, 2]. 
These standards do not specify the rate of application 
of pressure. The rate of application of pressure is 
important; the same pressure test is continued further 
for estimation of burst pressure of the casing. The 
pressure gradient governs initiation time of 
micro-cracks on the surface of the casing. 
The localised strain and stress plays a major role in the 
crack initiation. The time for crack initiation is 
important and added in the time to complete failure of 
the casing. Keivan A. Kasvayee et.al. [3], studied local 
strain importance for micro-cracks initiation in high 
silicon cast iron. They found the local strain, 
irrespective of global strain, causes crack initiation. 
G.S.A. Shawki and S.A.R Naga [4] mentioned about 
surface crack initiation in outer most fibres of the 

component on the tension side; once the maximum 
stress reaches the ultimate tensile strength. They 
further proved, crack initiates on the compression side 
under constant value of bending moment without 
increasing the value of tensile stress. V. M. Bermont 
and R. N. Castillo [5] showed the fracture in gray cast 
iron mainly took place due to de-cohesion of graphite 
flakes from the matrix. Geralf Hütter et.al [6] studied 
micromechanics of nodular cast iron failure. Mary E. 
Parker [7] studied failure of stainless steel pump 
casing. From the above literature, authors conclude 
that, the crack initiation is the local phenomenon and 
confined to the localized stress and strain. These 
localized stress and strain can lead to fatigue failure of 
the component. 
Several authors [8, 9, 10 and 11] have studied the 
fatigue failure of cast iron components. Standard 
theories for predicting fatigue failure have been used. 
In these studies, it is assumed that 
micro-crack/damage is already existing in the 
component. Detailed design of centrifugal pump by 
analysis is described by Michael Singer and Torsten 
Johne [12]. They tried to design and optimize 
centrifugal pump components by studying failure 
using Finite Element Analysis. Hence, prediction of 
time for initiation of micro-crack/damage during 
hydrostatic pressure test, leading to burst pressure test, 
is very important for pump casing.  
 
II. THEORY 
 
During pressure loading, each element in the casing 
undergoes deformation. Let us consider unit volume, 
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at the surface, which undergoes deformation. This 
element experiences tensile stress as long as the 
pressure is increasing. In the uniaxial tensile test of 
cast iron specimen, the maximum energy dissipated is 
the product of maximum stress and maximum strain at 
the point of rupture. If the product of maximum 
Principal stress and strain, at any location in the finite 
element analysis, is equal to the stress and strain 
product in uniaxial tensile test at breaking point, then 
the crack will initiate at that particular location.  
The relationship of applied pressure and dissipated 
energy (σ*ε) for unit volume is expressed as 

 
 t   (1) 

 
Where: P is the pressure (MPa)  
 σ is the maximum stress at the location (MPa) 
 ε is the corresponding strain at the location 
 K and n are constants, 
 t is the time (s) 
 
Differentiating the equation 1, with respect to time we 
get; 
 

      (2) 

 

             (3) 

 
Putting the value of  from equation 1, 

 

           (4) 

 

             (5) 

 

Dividing both sides of equation 5, by   we get; 

                       (6) 

 
From equation 5, the pressure variation with respect to 
time is directly proportional to stress and strain 
gradient with respect to time. Time to crack initiation 
is inversely proportional to the variation of stress and 
strain with respect to pressure. Due to high pressure 
gradient, the rate of change of stress and strain with 
respect to time is higher. Therefore, lesser time is 
required for failure of the component. Energy 
dissipation,  governs the crack initiation 
process. The maximum values of stress and strain of 
material are obtained from tensile test data at breaking 
point. Hence, in the finite element analysis, if this 
value is achieved at any location during application of 
the pressure load, crack will initiate at that location. 
The factor of safety is calculated based on this 
maximum value. Factor of safety is given by 

          (7) 

 
In general, maximum principal stress is taken as the 
base for calculating factor of safety for material 
considered. But, in this study the dissipation energy 
(σ*ε) is taken as the base for calculating factor of 
safety for optimum design of cast iron casing.  
 
2.1 Finite Element Analysis 
Figure-1 shows finite element mesh for pump casing. 
This mesh is built with higher order tetrahedron 
elements. To assess stress and strain level accurately; 
most of radii are captured. Specific attention is given 
to high stressed areas like ribs, tongue and sudden 
geometry changes. Fine mesh is generated at such 
locations. Bolts are modelled using solid hexagonal 
elements. Proper contacts between bolts and casing 
are established. Pressure is applied on an inner surface 
of the casing. The casing is constrained in all three 
directions at feet holes; the nonlinear analysis is 
carried out in Explicit ABAQUS software. As an 
example, three different pressure loads marked as A, B 
and C, are considered during analysis, figure-2. The 
time interval is chosen to achieve stability in the 
output results. The simulation is performed; to show 
effect of pressure gradient on an accumulation of the 
dissipation energy σ*ε. The true stress-strain curve as 
shown in the figure-3 and elastic properties as shown 
in the Table-1; are used as input material properties. 
Particular node as marked yellow, where maximum 
stress is prevailed throughout the analysis, is selected 
for plotting results. Figure-4 shows the variation of 
maximum principal stress ( . Figure-5 shows the 

variation of maximum principle strain ( .  Figure-6 

shows variation of dissipated energy (  

 
Figure-1 Finite Element Mesh of Pump Casing 
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Figure-2 Variation of applied pressure 

 

 
Figure-3 True stress-strain curve of cast iron 

 

 
Figure-4 Variation of maximum Principal stress 

 

 
Figure-6 Variation of dissipated energy (σ*ε) 

 
From figure-4 and figure-5, it is observed that the rate 
of change of pressure influences the rate of change of 
stress and strain in the unit volume. Stiffer the pressure 
gradient, faster is the failure. At the same time, the rate 
of change of energy dissipation in the unit volume also 
changes. This is in line with equation 5 of the 
theoretical interpretation. The procedure for crack 
initiation time is given in Appendix-A. 
 
III. CASE STUDIES  
 
Case-1: Here, pressure is varying continuously with 
respect to the time. The application of pressure with 
time is shown in the figure-7; finite element results are 
plotted for the node marked yellow in figure-1. 
Figure-8 shows the variation of maximum Principal 
stress with time. Figure- 9 shows the variation of 
maximum Principal strain with time. Figure-10 shows 
the variation of dissipated energy (σ* ε) with time. 

 
Figure-7 Variation of applied pressure 

 
Figure-8 Variation of maximum Principal stress 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 
Volume- 6, Issue-12, Dec.-2018, http://iraj.in 

Predicting Crack Initiation Time in Cast Iron Pump Casing with Finite Element Analysis 
 

88 

 
Figure-9 Variation of maximum Principal strain 

 

 
Figure-10 Variation of dissipated energy (σ*ε) 

 
In this case, the variation of maximum principal stress 
and strain with time is fully governed by the gradient 
of pressure with time, applied as input.  
 
Case-2: Here, pressure is applied in steps with 
constant pressure in between the next pressure 
application. The application of pressure with time is 
shown in the figure- 11. The finite element results are 
plotted for the same location. Figure-12 shows the 
variation of maximum Principal stress with time. 
Figure- 13 shows the variation of maximum Principal 
strain with time. Figure-14 shows the variation of 
dissipated energy (σ* ε) with time. 

 

Figure-11 Variation of applied pressure 

 
Figure-12 Variation of maximum principal stress 

 

 
Figure-13 Variation of maximum principal strain 

 

 
Figure-14 Variation of dissipated energy (σ*ε) 

 
IV. RESULTS AND DISCUSSION 
 
From the simulation results of case-1 and case-2; it is 
proven that the pressure gradient plays a major role in 
defining the damage to the casing. Stress, strain and 
energy dissipation (σ*ε) follow the nonlinear trend. 
The crack is initiated at the highly localised dissipation 
energy location and follows the path of next level of 
dissipation energy locations as shown in the figure-15 
(b). Hence, the theory is proved through analysis and 
experimental results. The factor of safety defined as 
the ratio of maximum value of dissipation energy to 
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the value of dissipation energy at particular time t; is 
more precise compared with the general definition 
based on maximum principle stress. The time to crack 
initiation is calculated from the stress and strain 
gradient with respect to pressure. 
From the results in case-1; it is observed that all three 
parameters are constant, in the region, where the 
pressure is held constant. The pressure gradient is 
zero, so, no energy is dissipated. Stress, strain and 
dissipation energy are constant in this region. Cast 
iron, being the brittle material, does not show 
permanent deformation. Thus, the constant value of 
stress, strain and dissipation energy helps in deciding 
the crack initiation time and consequently pressure 
capacity of the casing. From the results in case-2; 
stress, strain and dissipation energy shows slight 
reduction at the end of constant pressure holding time. 
Stress redistribution occurs in the time interval where 
pressure is held constant. In an experiment, failure 
occurred earlier in the first case. This is an indication 
of faster damage accumulation and energy dissipation 
in the first case. In comparison to case-1, damage 
accumulation and energy dissipation is slower in 
case-2. 
Figure-15 shows (a) finite element mesh at the crack 
initiation location yellow dot, (b) Simulation results 
with high stress at the location, (c) crack initiation and 
propagation during hydrostatic pressure test and 
subsequent burst pressure test. In both cases, 
described above, crack initiation and propagation 
pattern is similar; only the time to crack initiation and 
failure is different. 

 
(a) 

 
(b) 

 
(c) 

Figure-15 (a) finite Element Mesh (b) Simulation results (c) 
Propagation of crack 

CONCLUSIONS 
 
From the study conducted and supported by Finite 
Element Analysis, authors conclude that; the 
dissipation of energy is fully dependent on the 
pressure gradient with respect to the time. The time, at 
which the dissipated energy reaches the value of 
maximum energy calculated from uniaxial tensile test 
data at breaking point, is considered as the crack 
initiation. The crack can propagate further and follows 
the path of least resistance. Calculation of the factor of 
safety based on energy dissipation is found to be more 
realistic. We recommend close monitoring of pressure 
variation with time in the hydrostatic test. As far as 
possible the pressure should increase continuously 
with time till it reaches 1.5 times maximum allowable 
working pressure. Pressure is held constant for the 
recommended time period. The burst pressure test is 
continued further with the same pressure gradient till 
casing is cracked. Different agencies apply pressure 
differently with less knowledge about the effect of 
pressure gradient on the failure of casing. Therefore, 
systematic approach for pressure application needs to 
be evaluated by conducting more experimental work 
to monitor stress, strain variation using strain gauges. 
This is required to get an optimum design of pump 
casing. 
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Appendix-A 
 

Calculation of constants k and n from Finite Element 
Analysis: 
From equation:  

 t 
Taking log on both sides, we can write; 
Log σ + Log ε = Log k +n log P + Log t      
Using values of stress, strain, pressure for small 
interval of time in applied pressure versus time 
figure-A-1, maximum principle stress versus time 
figure-A-2, maximum principal strain versus time 
figure-A-3, constants k and n are calculated. 
Calculation of Crack initiation time from Finite 
Element Analysis: 

 * {volume of the finite 

element} 
 
For a particular value of pressure applied (e.g. 
3N/mm2 Figure A-1) in the FEM analysis, at any 
location in the casing, time of dissipation energy, per 
unit volume, can be calculated. From figures A-2 and 
A-3, obtain the stress gradient and strain gradient at 
chosen pressure. The value of dissipation energy 
(  ) is obtained from figure-A-4. The time for 
dissipation energy (equation-6) to reach the maximum 
value of     (  ) is calculated. One can obtain this 
maximum value from tensile test of the material at 
failure.  

 
Figure- A-1 Variation of applied pressure 

 

 
Figure- A-2 Variation of Maximum Principal Stress 

 
Figure- A-3 Variation of Maximum Principal Strain 

 
Figure- A-4 Variation of dissipation Energy 

 
 
 


