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1  ABSTRACT
Seismic amalysis of complex and large structure 25, Con
walls R&ac i i

t@r Bu11ding is wary amv@iw ed and
ctic model to
reasonably  the dyvnamic behaviour whe structure. The Internal
of BReactor Building consists of waseive walls with complex ge
configuration such as overhanging of one section over KLe sther, It 15
required o deiermine approgimate evnivalent seciiona rties of
Internal Structure for representation in the stick model . Smﬂﬂﬂliﬂ formulae
are avallable ior determination of the sectional = properties such as cross
gsectional area, shear areas, momenis of inertiz, centre of rizidity and
torsional iuertis etc, Thesz sectional propercies depends very much  upan
the consiraints like rigidity of alab, length of sectiion etc. The resiraini
to warping can chanze the stress distribution thus af ecting the centre of
vigidity and torsional imertia, Heunce, standard formulae does not hold gopd
for determination of sectional properiies of the Internal Structure, in
this case the eguivalent seciicnal properiies for the Intermal Structure
are calculated weing a TFinite Flement Model (FEM) of the Inoternal
Strectuve and applying wnit horizontz! forces in each divection., 4 3-D
stick wmadel 1is developed using the guidelines given im veferences,
(Subramanian et,al,) Using the properties calculated by FEYM and also by
standard formulas, the responses of the 3-D stick model are compared,
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2 INTRODUCTION

1i ( W&

The Reacior Building consists of an Intswmal Sirdcture (15) and Calandria
Yault {(CV) contained in Q@axia Outer containment wal &

OCW) casi wonolithically s

j i
cylindrical shell supperiing rical dnmL mn@e up d
£ shell ‘

concrete, ICW also consists of

dome made of presiressed conci i inter
three dimCmSL@Hml structure consisi she
supporting massive [loors, The Inte
veult is not symmetric along HE Int
hollow reciangular box from EL 850 1560

Ef, 100000 to EL 115500 (Be?. Figz ve
SMIRT 11 Transactions Val. K (August 1931) > 1991
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boxes, housing the Steam Genevator (S.C.). The Internzl Structure znd Toney
Containment wall are conanecied by an anmular steel plate at KL 130000 as
the Internal strwcture is flexible above BL 115500, This link pevmits
transfer of lateral force but allows the tws structures te ratate
independent of each other,

3 EVALUATION OF SECTIONAL PROPERTIES

The basic data rvequired for the analysis is cross sectional properities,
lumped masses and mass moments of inertia. Once these properties are
available, a mathematical model of a structure cam be developed. The cross
sectional properties consist of cross secticnal area, shear area, moments
of dmertia, centre of rigidity and torsional inertia. The eross sectional

properties far OCW ,ICW, CYV and BAFT elements are calculated using
standard formulae as  these ave well defined standard secticns, The
caleulation of cross sectional properiies for Infermal Structure is

described below.
3.1 CEKTRE OF RIGIDITY AND TORSTORAL IRBRTIA

The centre of rigidity of a section can be defined as a point in the plane
of the section about which 2 transverse icad when appliad at ithat section,
produces o¢nly bending deflections and no twist of +the section. The
torsignal centre is defined as that point in the plane of the section where
& twisting couple produces only votation of the section about this point
and no deflection (Young-1989), By Betiy Maxwells law in linear domain,
the centre of rigidity and torsional centre are the some point on the cycss
section, There are twe ways of locating the centre, 4 horizantal force
along each horizontal direction can be applied and the cenire is located
using the deflections and the torsional roiaCion. Alternatively, a
torsional moment is applied by veing two egqual and opposite forces and the
centre 1s located as  the point in the c¢ross section where both the
horizontal displacements are zers, This wethod has been applied dn this
invesiigation.

Different sections of Internal Styucture are modelled by FEM, considering
slalb at top and fixed at bettom. 4 torsional moment 1is applied by applying
two equal and opposite forces on sach section., The centre of rotation where
the horizoatal displacements are zero, is lacated by ploting the
displacements of the section at slab level, The tovsiocnal inertia is
calculated using the torsiomnal rotation of the ssction and eq. L.

Torsional inertia (JI) =T L / G & —— {1}
Where T = Applied torsional moment
L = Length of member
G = Modwlus of rigidity
& = Torsional rotation

3.2 CROSS SECTIONAL ARES, SHEAR AREA and MOMERT O

(5]

THERTIA

=

=8

After prelimipary study of Internal Structure,itf can be seen ithat the
szctions below EL 100000 are massive, consisting of closed boxes. The
sectional properties of these sections are caleunlated by standard formulae
about centre of rigidity, Above EL 100000 wupte BEL 130000, the styucture
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consists of iwo open sections, pariially supporied by seciion below (Ref,
Fig.1). To represeni these ssctions at centre of the stick wmodet it is
necessary to caleunlate eguivalent sectional properties, The Internal
Structure above EL 100000 is modelled by FEM, The siructure is modelled by
using 4 noded flat shell element. A load in sach direction is applied as
different load cases. The load iz applied such that the resultant will pass
through the centre of rigidity located as per section 3.1, After plotting
the horizontal and vertical displacements for each load case, the average
displacement and vrotation of the section is calculated, Using these
displacement and rotation, the properties like shear area and moment of
inertia are calculated by using stiffness matrix (eq.2) of member with
shear arvea and moment of inertia as unknown for horizental load cases,
Using wertical deflections, obtained from application of vertical load, the
cross  sectional area are calculated using eg-3., The comparision of these
proparties with the standard properties are given in TABLE~-1,

ol 12 6L -12 6L 8il=1pi i AE AR =
81, Pi
- (4+@)L2% ~BL (2-B)L2] (@1 Mi| —~=(2) L I, - {3
LO(1+@) AR
12 -6L 83l 1pj S Pj
(L+@)Le @jj M

Where ® = 12 E I / G As L2
As= Shear area
EI= Flemural rigidity
AR= Axial rigidity
¢ = Displacements
@ = Rotations
P = Applied shear forces
M = Applied HMoments

4  ANALYSTS

A 3-D stick model is developed using the secticnal properties calculated by
FEM and standard formulae. The model adopted is in line with the equivalent
model developed (Subramanian et.al,.)., In this model, the stick is
represented along the centre of rigidity and the masses are iumped at the
mass centre, (Ref. Fig.6) The mass nodes ave connected to stick nodes by
rigid links. Model-4 iz the 3-D stick model using the properties calculated
by standard formulae and model-B ig the 3-D stick model using properties
calculated by FEM as described in para 3.1 and 3.2.

The response spectyum analysis is performed for beth the models using
program SAPIV (Bathe et.al.)., There freguency vesulis are tabulated in
TABLE-2 and the comparision of resulis for few important elemenis is done
in TABLE-3,

5 CONCLUSTONS

It Dhas been scen that the sectlomal properties of internal structure are
different Zfrom those calculated using standavd formulae due to the effect
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of short height of section, slab rvigidity, offset in the sections =te. It
has been observed that The dypamic characteristics of the two equivalent
structural systems (model-A and model-B) are widely different as features
like off=ets, hanging sections, shear lag effect ete. influences very much
the styructural behavicur. These can only be established with a 3~D FEM for
computation of the equivalent stick properties,
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TABLE-1 COMPARISION OF SECTIONAL PROPERTIES FOR INTERNAL STRUCTURE

SECTION SHEAR M, OF|SHEAR M, OF|SECTION|{TORSIQNAL [RIG, CENTRE
AREA INERTIA |AREA INERTIA] AREA INERTIA| NS BW
NS @ E% EW @ WS
2 2 ¢ 2 Z& p
m m m mn m m m mn

EL0O85000 FORM.|272.90121064.6264,60]46030.6] 430.30 101¢.00

-083000  FEM 55460.00( 0.0|-0.50
ELO8SO0C FORM. |306,00(24184,0(277.1053781.6| 475.95] 56369.00

-093000  FEM 87330.60] 0.0| 0.0D
EL093000 PORM. |215,50|16351.9(182.70(41299.5| 334.96] 33515.00

-096000  FEM 57200,00| 0.,0(-2.03
EL 56000 FORM.|[156.30}11639.9]113.90/40353,5| 233.70 121.58

-100000  FEM 36577.631 0,0-2.37

EL100000 FORM.|123.65) 5514.9| 97,30 9131.8} 192,13 120.15
~104500  FEM | 97.3%) 3197,2! 63.60| 4051,1| 192.06] 33890.16] 0.0(-2.37
EL104500 FORM. |[121.36] 5164.4) 28.50| 3373.3) 150.69 92.41
-109000 FEM | 87,74 3526.3| 19.20] 1396.1 60.08) 21410.00| 0.0|-0.42
EL109000 FORM.|129.01| 5303.5) 28.50| 3378.3| 152.66 108.17
-115500  FEM [104.35| 5812,1 31,60| 3378.3] 147.08| 20627.74| 0.0]-0,42
EL115500 FORM.| 41.86| 551.21 56,40| 3712.4) 94.02 1260.90
-~130000 FEM | 33,15 491.7( 38.80| 3407.6| 102.01 1600.00) 0.0 0.47
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TABLE - 2 DYARIC RESULTS PO UADEL-4 and 4ODEL-3

K0 FREQIHODAL P, F. HOFREQIHODAL P, F. LOIFREQINOBAL P. 7 FREQIHODAL B, F.
DE HODEL-A DE TRODEL-4 DE " HODEL-B " HODEL-B
L18510.30.0000.0020002.70,37 -,20,07 0 113.6210.014.60-.41121:14.7 0.0:-,91.03
202,42 .030.01:0,0:022 12.8-.7-.300.61 ] 2013,0501,8,0000.00122:14.81,36 0,00 -,1
313087 020005 00.00123002.9. 045 -.7 .00 0 R04.7900.0:1.24.031173017.630.01.1010.1
33.7600.0 1.7 - 00024005, 200. 0 0.000.00 4:4.8033.0:0.0:.001124i18.41.67:.03..02
5i3.791.82:6.0:0.00125104.0,.02:,390-. 280 516,731,051, 730,120129119,510.01.51 0,31
6:4.001,42:0.000.0::76:14.410.0-.10.08; ] 6i6.92:1.6 -, 11.051126.19,81.250.10 .68
PEAGI-.910,000.0 127 14,7 -7 .03 - 00 TR TR0 150,030,027 270,301,141 .07
B0 761,2000.000.00128005,7 .49 .02 .11 §18,220- 3005 1-.31 128 0.6 -.11-,31,53
S4.7900.000,1:0,01129:16.5/0,000.0 0.0 9:8.6210.0:0,0:0.0128120,71.331-.1 .24
10.4.8210.8:0.0:0,0 130118, 1 1600 0.8 10:9,220-,200.01-.41130 121,110,031 40
107,26 2.310.00,09 0 131118.650,010.0 .16 40 9,351 140,521-2, 1131 20.910.71-.0 .06
12:7,48.0.0 ,78.11 32,19, 010.008,000.0 12:9.73 ~.1.6812,51132123.0-,00.09 -2
137,97 10.000.0,0.60 33202 .02:-,50-, 3 4000, 000,000.0 .0 132.23.20 .04 .03 -4
1418.6300.0.0.010.00134:20.5 .05 -,20,000 14:12.20,061-,10,36 34235 .03 0.0 .01
161883 1.100.01-.3) 351209142 .02 -3 105 12,6027 -.00.161 135243 .03 -1 .2
169,72 091,57 -2, 1136120.0 . 101,06 .46, 06112.7 -7 -.11.00 136.24.9-,10.0:0.0
1700000 - 0 002612.50 37 20,6 1000 .10 20 007112.9 .07 -.91.020 37 125.7,7310.0.0,0
18111.940.0°0.0:-,5 1301207 0.0~ 3 055 A8 1%, 1 - 110, 07,02 30026.010.60.83 1,09
19112,110.0:0.0.0.6:138:22,90-.4:0.0:-.11110113.6 .14, .451-,11139.26.7:0.0°0.0 .08
20012,6 16 -, 211 024,00 T4 070,08 120003.6 -.61.09 -, 11 140128.3.0.0 -5 .02

TA3LE -3 COMPARISYON OF FORCES FOR 2-B AND 3-B STICK HODELS URITS: T-u

pd

: FORCE SHEAR (CW) ISHEAR (MS) | TORSION HOREHT @ EYHOHERT B HS
[ R HOD-ATHON-5 HOD-A HOD-5 {HOD-A THBD~3 HOD-& HOD-B IH0D-A LHOD-B IHOD-4 1H0D-B

23030 31951 3512 11370 6237 6910 72381 G247 2366013.1e5 3,165 118240 11940
MG 3472 1694 67800 71410 11340 074: 66621 4303117690:1199013,06513. 105
VTLOA207: 4097, 5750 6020 3820 349 1587 1506013530 13360124540 27950

121 NS 21560 23470 1037: 1074 12760715780 29360 67960 6.1e5 7. 425125500 119480
U, 2952 2005 1570016610 996 GO09120370 15050 19400 1522017.4e517.0e5
Y11 5788, 56011 941 987 43, 309 24937 31720013920 14610 42660656

206 MS: 15000 1417° 835; 612 4654} 465521400 6002 68070/681407 3736 9666
EW: 26371 2458 3719, 2470% 4990 38616640 1674: 3224: S655174040:56980
VT: 41740 45670 1718 2970 5000 3990 5OB 67191 4423 6745.29520,40400
206 MS° 4804 42650 733 166617260 19070 11,655 54670 4,45 4,95 15270127220

EW: 75381 7657 1866017060 10200 2259 4107:27150:11400 33620 4.385 4. 165
T 163407171800 43341 63267 16770 21241 546191399 24130136200 97700 1. 465

49260 67557 7909

3L0GMS . 5380 5B9: 4320 571D 4001 3713:366400 4739 65390
EW: 15300 160%: 31691 3227% 1731 4B, 6290 1076 16700 6439 145340145220
YTLO16790 2300 4607 52400 4281 6500 1240 1438 701310236 6487072770
40208 3109 37971 3081, 2520029280 33196 1.8F511.5¢5 1,226 1, %66 36520 27070
i 7848: 1086032990 31650¢ 20761 2516.25520135820 30130137310 1. 42611, 3¢6
VTIZ6040 1262700 4567 e0771 1876¢ 24147 3580159170 27410 35600 1168011.585
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