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Abstract
Analytical fragility curves for structures used in chemical plants are not commonly derived
because of the high computational cost. In contrast, empirical curves are utilized within a quan-
titative risk assessment framework given that they can be found easily and adopted for different 
structural configurations. Arguably, analytical fragility curves can account for dynamic idio-
syncrasies due to the interaction of a supporting structure and equipment that diversify from
one process unit to another. Additionally, the use of an efficient and sufficient earthquake in-
tensity measure is essential for deriving robust fragility curves. Peak ground measures that are 
commonly adopted for risk assessment may not be efficient to describe more complex systems 
with higher mode effects.
Using time-efficient modelling, the present analytical study intends to evaluate the seismic risk 
to a hydrodesulphurization unit, a process used in modern refineries to remove sulphur from 
refined petroleum products. The 3D model of the unit consists of an irregular steel supporting 
structure, several vessels as well as a piping network. To attain a robust modelling, the effects 
of panel zone configuration is examined. Furthermore, the seismic response of steel structure 
and piping is seen through the lens of different intensity measures. In the end, the most efficient
and sufficient intensity measure is considered to derive fragility functions and estimate the an-
nual frequency of exceedance of two different limit states. The results show that the steel frame 
is more vulnerable than the piping due to pounding effects of a heavy vessel at high level. In 
addition, the results highlighted that the spectral acceleration is an efficient and sufficient in-
tensity measure. However, the spectral acceleration should be used at different vibration peri-
ods due to higher mode effects of equipment, which cannot always be expressed as a percentage 
of fundamental period of the structure. Thus, the standard approach based on the average spec-
tral acceleration, as proposed in the literature, may not apply for process units of this type. 
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1 INTRODUCTION

a) b) 
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2 DERIVATION OF ANALYTICAL FRAGILITY 

2.1 Methodology
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3 CASE-STUDY

3.1 Modelling characteristics
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a) b) 

Modal Analysis Panel Zone T(sec) ΔΤ(%) Mx/My (%)

X-direction
Centerline 1.084 N.A. 32/7
Rigid offset 1.115 +2.95 22/18

Scissor 1.073 -1.01 34/5

Y-direction
Centerline 1.175 N.A. 7/32
Rigid offset 1.048 -10.71 18/22

Scissor 1.172 -0.20 7/34
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Mode # T(sec) Mx/My (%)
Structural 

Part S
Mode 1 1.175 32/7
Mode 2 1.084 7/32

Structural 
Part E

Mode 3 0.495 30/0
Mode 4 0.450 0/17

3.2 Selection of records
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4 SEISMIC RISK ASSESSMENT

4.1 Methodology for nonlinear analysis
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4.2 Efficiency and sufficiency of tested seismic IMs

a) b) 

Intensity measure (IM) μlnEDP|IM βEDP|IM R2

Duration-based AIy (m/s) 22.77 0.43 0.10
CAVy(g-s) 3.57 0.40 0.22

Amplitude-based PGAy/PGAd 2.47 0.42 0.14
PGVy (cm/s) 104.90 0.34 0.44

Period       
response-based

EPAy (g-s) 0.81 0.29 0.60
Sa(TS)/Sad 2.40 0.16 0.87
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a) b) 

Intensity measure (IM) μlnEDP|IM βEDP|IM R2

Duration-
based

AIx (m/s) 6.48 0.54 0.31
SCAVx (g-s) 1.85 0.59 0.15

Amplitude-
based

PGAx/PGAd 1.48 0.36 0.69
PGVx (cm/s) 118.90 0.63 0.05

Period    re-
sponse-
based

E-ASA40x (g) 0.94 0.35 0.71
EPAx (g-s) 0.75 0.44 0.53

Sa(TEq)/SaEqd|ec 1.29 0.31 0.77
Sa(TEq)/SaEqd|IDR 3.12 0.22 0.83
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Intensity measure 
(steel structure) 

p-value 
M Log(Rjb) 

Duration-based AIy 0.0094 0.9673 
CAVy 0.2536 0.3713 

Amplitude-
based 

PGAy/PGAd 0.0029 0.5643 
PGVy 0.1638 0.5775 

Period       
response-based 

EPAy 0.0706 0.6480 
Sa(TS)/Sad 0.7095 0.4879 

Intensity measure 
(equipment) 

p-value 
M Log(Rjb) 

Duration-
based 

AIx 0.0585 0.2069 
SCAVx 0.0514 0.0997 

Ampli-
tude-
based 

PGAx/PGAd 0.6947 0.5745 

PGVx 0.1601 0.0267 

Period 
response-

based 

E-ASA40x 0.0884 0.1912 
EPAx 0.1631 0.3594 

Sa(TEq)/SaEqd|ec 0.0373 0.2231 
Sa(TEq)/SaEqd|IDR 0.4369 0.5460 

4.3 Risk estimation
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a) b) 

a) b) 

PART S PART Eq 
λ 

(yrs-1) 
Return period 

(yrs) 
λ 

(yrs-1) 
Return period 

(yrs) 
SLS 0.0021 476 0.0014 716 
SLLS 1.32·10-4 7,576 4.67·10-5 21,426 

CONCLUSIONS
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