
AN APPROACH TO THE ASSESSMENT OF DOUBLE CONTAINMENT 
RLG STORAGE TANKS UNDER ABNORMAL LIQUID LOADS 
V M Trbo jev ic* and Y N T Ma in i * 

In assessing the in teg r i t y and safety of double containment 
RLG storage tanks- i t is necessary to investigate the loads 
and the behav iour of the ou te r tank i f the i nne r 
containment were to f a i l . This paper provides an overview 
of the current s t a t e - o f - t h e - a r t in t h i s type of coupled 
f lu id -s t ruc tu re interact ion problem and i t s f e a s i b i l i t y is 
i l l u s t r a t e d by reference to some of the r e s u l t s from an 
actual tank assessment. 

INTRODUCTION 

Ref r igera ted l i q u i d gas (RLG) i s o f ten s tored i n large double containment 
tanks , a t y p i c a l example of which i s shown in Figure 1 . Economy of scale 
d i c t a t e s tha t t y p i c a l l y large tanks are constructed w i t h a volume of 
approximately 50,000 m . In the event of an accident the consequences of such 
large volumes of gas being released and the devasta t ing r esu l t s of f i r e and 
explosion are such that the probab i l i t ies of f a i l u re or release are required to 
be very low. The p rov i s i on of guard and bunds wa l l s alone may not be able to 
provide the necessary protect ion, especial ly as plants tend to be located close 
to populated areas. There has developed there fo re a phi losophy of i n teg ra ted 
secondary containment to provide extra safety. The need to assess the overal l 
i n teg r i t y of the system therefore becomes important. 

There is c lear ly a d ivers i ty of views about the types of credible accident that 
should be considered in the design which could lead to a release of l i qu id from 
the pr imary t o the secondary containment. A scenar io t ha t i s considered as a 
p o s s i b i l i t y is the rap id propagat ion of cracks in the inner containment, 
leading to rapid dynamic l i qu id loads being applied to the outer containment. 
The problem for the designer is often how best to estimate the loading on the 
outer containment in such an event. 

Considerable work has been carr ied out in to invest igat ing these loads C1]. The 
need for a high degree of confidence i n the des ign , balanced against 
cons t ruc t i on cos t , needs a more r igorous approach order to quan t i f y these 
loads. 

* Pr inc ip ia Mechanica L t d . , Newton House, 50 Vineyard Path, LONDON SW14 8ET 
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I n t h i s paper some o f t h e n u m e r i c a l app roaches a v a i l a b l e f o r s o l v i n g t h i s 
p r o b l e m a re o u t l i n e d and r e v i e w e d - i n c l u d i n g r e s u l t s f r o m a s t u d y C 2 ] , I t i s 
shown t h a t the use of complex numer i ca l methods can be c r u c i a l i n o b t a i n i n g a 
t r u e unders tand ing of the system behaviour and the des ign o b j e c t i v e s t ha t are 
t o be m e t . 

FORNULATION OF THE PROBLEM 

The o u t e r t a n k of an RLG d o u b l e c o n t a i n m e n t s t o r a g e s y s t e m , t y p i c a l l y 
c o n s t r u c t e d w i t h p r e - s t r e s s e d c o n c r e t e , p r o v i d e s , amongst o t h e r b e n e f i t s , 
seconda ry c o n t a i n m e n t s h o u l d t h e i n n e r t a n k r u p t u r e . An assumed p a t t e r n o f 
r u p t u r e s t a t e s t h a t a crack propagates v e r t i c a l l y i n t he inner s h e l l and a l s o 
c i r c u m f e r e n t i a l l y a long i t s base. Considerable d isagreement e x i s t s as t o the 
speeds a t which cracks w i l l a c t u a l l y propagate i n t he inner tank . Our approach 
i s t o conduc t a s e n s i t i v i t y a n a l y s i s t o d e t e r m i n e a p a t t e r n of c r a c k 
p ropaga t ion t h a t w i l l r e s u l t i n a 'wo rs t case' des ign c o n d i t i o n . C l e a r l y , the 
inner s h e l l w i l l move w i t h the l i q u i d i n some way and may impact a long w i t h the 
l i q u i d on the ou te r tank . From some work a l ready c a r r i e d out i t i s c l e a r t h a t 
t h i s i s n o t a s i m p l e p r o b l e m t o s o l v e C1D. I n many ways an e x p e r i m e n t a l 
s o l u t i o n i s p r a c t i c a l l y the most s a t i s f a c t o r y approach. 

Exper imen ta l work u n f o r t u n a t e l y takes a long t i m e t o set up- i s expens ive and 
o f t e n lacks f l e x i b i l i t y i n v a r i a t i o n of des ign parameter changes. I f i t can be 
shown t h a t numer i ca l t e s t s compare w e l l w i t h a w e l l - d e s i g n e d expe r imen t , the 
cont inued use of a n a l y s i s becomes i n e f f i c i e n t . 

The p r o b l e m under c o n s i d e r a t i o n i n t h e even t of a t a n k r u p t u r e i s a h i g h l y 
complex i n t e r a c t i o n between f r a c t u r e p ropaga t ion and the f l ow of a f l u i d w i t h a 
f r e e s u r f a c e . I n o r d e r t o u n d e r s t a n d the p h y s i c s of t h e p r o b l e m t w o s i m p l e r 
boundary c o n d i t i o n s were cons ide red . 

The f i r s t p r o b l e m c o n s i d e r e d i s an a x i s y m m e t r i c s h e l l where h o r i z o n t a l and 
v e r t i c a l cracks are assumed t o propagate at a much h igher v e l o c i t y than t h a t of 
t h e f l u i d so t h a t i n e f f e c t t h e w h o l e of t h e i n n e r t ank i s i n s t a n t a n e o u s l y 
removed (F igure 2) . The second problem addressed i s when a s p e c i f i e d s e c t i o n of 
the inner tank i s removed (F igu re 3) and the l i q u i d i s a l l o w e d t o f l ow throughs 
the gap and t h e n c e i n t o t h e a n n u l a r space . The i n n e r t a n k t h a t r e m a i n s i s n o t 
a l l o w e d t o move and i s assumed t o be r i g i d as t h e f l u i d moves pas t i t . Taken 
toge the r these two analyses w i l l g i ve a reasonable f i r s t es t ima te of the f o r ces 
i n v o l v e d f o r the t r u e prob lem. For t he purposes of both analyses the ou te r tank 
was assumed r i g i d . Propane w i t h a d e n s i t y of 583 kg/m i s used f o r the f l u i d . 
Once the f l u i d load h i s t o r y has been de te rmined i t i s a p p l i e d as a dynamic load 
o n t o the ou te r tank . The s t r u c t u r a l c a l c u l a t i o n s are c a r r i e d out us ing a non 
l i n e a r dynamic program. 

PROGRAMS USED I N THE ANALYSES 

The f i n i t e d i f f e r e n c e program used f o r the f l u i d dynamic problem i s based on an 
E u l e r i a n f o r m u l a t i o n i n c o n j u n c t i o n w i t h a f i n i t e d i f f e r e n c e scheme C3!l. The 
vo lume of f l u i d t e c h n i q u e C4D i s i n c o r p o r a t e d f o r t he t r e a t m e n t of t h e 
b o u n d a r i e s . I n an E u l e r i a n r e p r e s e n t a t i o n t h e g r i d r e m a i n s f i x e d and t h e 
i d e n t i t y of t h e i n d i v i d u a l f l u i d e l e m e n t s i s no t kep t t r a c k of and so i t i s 
n e c e s s a r y t o compute t h e f l o w of f l u i d t h r o u g h t h e mesh. T h i s c a l c u l a t i o n 
r e q u i r e s an a v e r a g i n g of t h e f l o w p r o p e r t i e s o f a l l t h e f l u i d e l e m e n t s t h a t 
f i n d themselves i n a g i v e n mesh a f t e r some p e r i o d of t i m e . The volume of f l u i d 
t e c h n i q u e d e a l s w i t h d i s c o n t i n u i t i e s and t h e b o u n d a r i e s can undergo l a r g e 
de fo rma t i ons . 
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The n o n - l i n e a r s t r u c t u r a l p r o b l e m i s s o l v e d u s i n g t h e e x p l i c i t f i n i t e 
d i f f e r e n c e program PR3D C5D. The program dea ls w i t h both la rge d e f o r m a t i o n and 
p l a s t i c i t y . A b e t t e r t o o l f o r t h i s t y p e o f a n a l y s i s i s a n o n - l i n e a r s h e l l 
program GSHELL C6]- which w i l l be used i n c a l c u l a t i o n s t o come- Both programs 
can model r e i n fo r cemen t and p r e s t r e s s i n g cab les . 

RESULTS 

The ax i symmet r i c problem i s represented w i t h t he f l u i d mesh shown i n F igu re 4 
w i t h the f l u i d con ta ined i n the marked area. The f l u i d i s a l l owed t o move and 
t h e p r e s s u r e s and v e l o c i t i e s computed f o r a t o t a l of 1.2 seconds . F i g u r e 5 
shows f r e e - s u r f a c e p l o t s a t d i f f e r e n t t i m e s . P lo ts of pressure t ime h i s t o r i e s 
on t h e o u t e r w a l l a r e d e p i c t e d i n F i g u r e 6 . An i n t e r e s t i n g f e a t u r e i s t h e 
p r e s s u r e d i s t r i b u t i o n w h i c h i s n o t l i n e a r and t h e maximum p r e s s u r e o f 2.44 
t imes the s t a t i c head of l i q u i d a t the base. 

A v e r y coa rse mesh ( F i g u r e 7) i s used f o r t he t h r e e - d i m e n s i o n a l a n a l y s i s . 
A l t h o u g h o b v i o u s l y t h e r e s u l t s must t h e r e f o r e be t r e a t e d w i t h c a u t i o n , t h i s 
a n a l y s i s i n d i c a t e s the p o s s i b i l i t i e s of the approach. 

F ree-su r face p l o t s a t the outer w a l l at d i f f e r e n t t imes are shown i n F igure 8. 
The pressure contours a t the ou te r w a l l at d i f f e r e n t t imes are shown i n F igure 
9 . 

CONCLUSIONS 

The a x i s y m m e t r i c a n a l y s i s c a r r i e d o u t can be c o n s i d e r e d s u c c e s s f u l f o r t h e 
problem cons ide red , lead ing t o a maximum load ing 2.44 t imes the r a t i o l i q u i d 
f l o o r p r e s s u r e , a p p l i e d a p p r o x i m a t e l y over t h e l o w e r h a l f o f t ha t a n k . T h i s 
type of i n f o r m a t i o n can be used f o r o b t a i n i n g t he p r e s t r e s s i n g p r o f i l e and w a l l 
t h i ckness of a tank d u r i n g des ign . 

Work on t h e t h r e e - d i m e n s i o n a l a n a l y s i s has r e c e n t l y been s t a r t e d and a l l 
p r e l i m i n a r y i n d i c a t i o n s are t h a t the r e s u l t s w i l l g i v e f u r t h e r i n s i g h t i n t o the 
dynamic response of double conta inment tanks . 

I t i s c l e a r f r o m t h e work t h a t t h e m o d e l l i n g o f f l u i d - s t r u c t u r e i n t e r a c t i o n 
w i t h complex boundar ies can be ach ieved. D e t a i l e d v a l i d a t i o n o f the method and 
comparison w i t h f i e l d t e s t s w i l l shed f u r t h e r l i g h t on the use fu lness of t h i s 
method t o t he des igner . 
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Figure 3 THREE-DIMENSIONAL CASE - THE LIQUID IS SUDDENLY 
FREE TO FLOW THROUGH AREA BETWEEN TWO GENERATORS 
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Figure 4 AXISYMMETRIC FLUID MESH - INITIAL FREE SURFACE 
OF THE LIQUID IS DENOTED BY THICK LINES 
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Time = 0.05 seconds 

F igure 5 AXISYMMETRIC CASE - FREE SURFACE PLOTS AT DIFFERENT TIMES 
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Time = 0.3 seconds 

Figure 5 AXISYMMETRIC CASE - FREE SURFACE PLOTS AT DIFFERENT TIMES 
(Cont inued) 
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Time = 0.55 seconds 

Figure 5 AXISYMMETRIC CASE - FREE SURFACE PLOTS AT DIFFERENT TIMES 
(Continued) 
133 



IChemE SYMPOSIUM SERIES No. 93 
Time = 1.10 seconds 

F igure 5 AXISYMMETRIC CASE - FREE SURFACE PLOTS AT DIFFERENT TIMES 
(Cont inued) 
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Figure 6 AXISYMMETRIC CASE - WALL PRESSURE DISTRIBUTION 
AT DIFFERENT TIMES (Cont inued) 
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Figure 6 AXISYMMETRIC CASE - WALL PRESSURE DISTRIBUTION 
AT DIFFERENT TIMES (Cont inued) 
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Figure 6 AXISYMMETRIC CASE - WALL PRESSURE DISTRIBUTION 
AT DIFFERENT TIMES 
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Bottom Boundary Mesh 

Figure 7 THREE-DIMENSIONAL FLUID MESH 
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Figure 8 THREE-DIMENSIONAL CASE - FLUID FREE SURFACES 
AT DIFFERENT TIMES 
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Figure 8 THREE-DIMENSIONAL CASE - FLUID FREE SURFACES 
AT DIFFERENT TIMES (Cont inued) 
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Figure 9 PRESSURE CONTOURS AT OUTER MESH BOUNDARY 
(FREE SURFACE IS DENOTED BY EMBOLDENED LINES) 
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