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| STRUCTURE DESCRIPTION

Figure 1 shows a segment of the suction
piping the total lenght of which is appro-
'ﬁﬂml? 25 m on the line between the
suction pump and the suction collector.
The system 1s supported at the beginning
2nd the end on the above mentioned units,
and lengthwise it is suspended by springs.
1able 1 indicates the basic geometrical

gl merial constants of the system. The
 temperature of the fluid is t = 285°C, and

 the

;!’Mte is p = 7.15 N/mm? in opera-

MATHEMA' ICAL MODELLING BY THE APPLICATION

" L .-I‘"t U
"l &
] ™ o - =

|  The mathematical model of the selected
- system by the application of pipe finite

: '?;ggﬁg,lfii?iﬁﬂﬁﬁ‘by Figure 2. The model

~ consists of 6 elbows and 36 straight pipe

~ elements. The system involves 49 nodal
ding on the selection of the
rangement of seismic supports,
s made by the application of
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11 alenentsi tl;e sub-structure method has been used in order to perform the sta-
and the dynamica reduction of the total number of system degrees of freedom.

which are in node 17 and one in node 3l.

Table 1. Geometric and material constants

the elements has

Lenght of vertical segments 10,65 m
Length of horizontal segments 3.97 MW
Lenght of inclined segments 3.19 m
Lenght of elbows 7.26 m
Radius of elbow 1.10 m
1.D, 752 mm
Young's modulus 2.1x1058/mn?
0.3

Poisson's ratio
Wall thickness
Dead weight
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42 mm
13.40 kz/cm

3 MATHEMATICAL MODELLING BY THE APPLICATION
OF THIN SHELL ELEMENTS AND SUB-STRUCTURE

METHOD

e adjacent sub-structure

3 shows thre
Tare designations of in~

of the piping with the
ternal and external nodal points for each

gub~structure. Typical sub-structure is
discreted by thin shell finite elements

with 20 nodal points. 1-petnc-ﬁg_
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of thin shell finite elements

ReduCEd mass stiffness and damping matri-

ce

{IﬂSi
ﬁ=GTMG
K = el K G (3)
E=GTCG

~ T T+ T
= gi Mllgi it Meigl r& Mlege geMeege
~ T | il

= . =+ K
: giKllgl X geKeigl 3 glKlege ge eege
C=aM+ B K (4)

By the application of the given reductlon,

a comparatively large number of the degrees
of freedom in the system decreases conside-
rably because the number of the Guyan's
nodal points in each sub-structure is small.

L ANALYSIS OF THE RESULTS AND CONCLUSIONS

Fundamental periods shown by Table 2 are
obtained by the application of mathematl-
cal models of pipes finite elements. The
same model was used to obtain the sectional
forces in piping elements due tO seismic
effects for the accepted response spectra

given by Figure 5. Table 3 shows the calcula-

ted stress values due to summary effect of
seismic forces, temperature cffectss pPre-
Bl e Bakd lodd 1n the critical CYoS>U
section of the piping. This procedure enables
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Fig. 4 Substructure numbering

sses in the critical cross—sections of the

piping structure. It is possible tO loca-

re subsequently the critical zones 1n the

piping, and to reanalyze the deformation
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Table 2. Compariso |
| period

Pﬂgi;g Restraint tYP€ (sec)
mode
' 303
MO1 Unrestrained g 40
MO2 Mechanical gnubber 0-125
MO3 Mechanical snubber 0-070
MO4 Hechanical snubber :
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Table 3. Stress values
2
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model
Ix Oy r
MO1 63.56 12714 = R
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Table 4. Comparison of fundamental period
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Piping Period
o o 4 Restraint type (sec)
MO1 Unrestrained B g
332 Mechanical snubber 0. 13
M02 Mechanical snubber 3. 1.3
Mechanical snubber 0.080
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j::it:nagd the stresses in the critical lo-
mathematy the application of thin shell
1cal model. Table 4 shows the resul-
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