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Nuclear Buildings on Soft Soil: A Special Soil-Structure Interaction Problem
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ABSTRACT

The goil-basemat-structure interaction problem for tha founda-
tion of nuclear buildings of a CANDU 6Goo iWe NPP on = large
reinforced concrete hasemat ls presented and golved., The exig-
tence of the basemat introduces a supp lementary step in the
clasgical three-step interaction analysis procedure; this step
lg necessary in order to determine the seismic excitation at
bagemat-structure interface,

1 TITRCDUCTTON

A conceptual sclution for the foundation of the nuclear buil.
dings of a CANDU 6oo NPP at a site with relatively soft soil
and moderate seigmicity (S3E/DBE peak horizontal zround scce-
leration 0.2 g) is presented. The conditions o be met were
geotechnical (velatively low soil bearing pregsures) and geis-
mic (avoidance of seismic redesign of standard nuclesr equlp-
ment and systems, previously checked for a refasrence rock site
with an 0.2 g S3E/DBZ)., Both conditions are met by introducing
a large basemat covering the nuclear igland,

¢

2 ZHPUT DATA

Theze consist of (a) the geotechnical scil strata data (fig.1);
(h) the viscoelastic nonlinesr dynanic properties, 1.e. the
G-+ and D-% curves for each soil stratum (fig.2); (c¢) the
free field seismic ground response specirum for horizontal mo-
tion (fig.3), supplied by the specialised agency; the vertical
responge spectrum wes assumed to be 0.67 times the horizonial
one; and (d) the gensral plan arrangement of the proposed ba-
semat, including building loade (fig.4).

3 ANATLYSIS HETHOD AND RESULTS

Prior to the main analysise, numerical investigations were cs-
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rried out on a number of simnlified equ1vdlﬂnh 2D models, in
crder to debermine the minimum mat thickress satisfying both
the geotechnical =2and seismic conditions:; this thickness wag

found to be 6.0 m,

The main analysis procedure conoists of the following ste

3tep 1 is devoted fo the determinzation OL tne dynemic soi
mat stiffness maitrices for each building. A 3D eo0il model o
200 ? 240 ¥ l2o m was used; the analysis was performed with
lI > code,modified to oermit matrix coundensation; 3h
t ctWIfﬂesses were found to be comparable to those de-
o reference roclk site without met (table 17,
nalysis of the mzt-soll systen was also performed

the

Tavle 1, Reactor building foundation stiffnesss i
Translations Lol %/m Rotations 100 tm/T
] ] 1 -
Ko KF £, £X$ hyw l{zlP
Stetic stiffnesses T -
Reference rock gite
-medium goil 0.435 0,435 0.631 ©.183 0,183 0,268
Actual gite
~medium soil 0.158 0.158 0,236 0.067 0.057 o0.09%0
-medium gsoil+
5 m mat 0,412 ©.419 o0.407 0,244 0.248 0,940
Dynamic stiffneszag o
Refersnce soll site
~z0ft anil 1.223 1.203 1.835% 0.505 0.505 o0.70A
-rigid soil 2,774 2,774 3,375 1,176 1.175 1,752
Lotual zite
-medium soll 0.425 ©.427 0,682 0.195 ©0.195 0.231
—medium goll+
& m mat l.050 1.025 0.985 0.438 0,492 1.876
-medium geoll+
8 mmat 1.080 1l.o06a 1.130 0.825 0.825 1.550
Step 2 can be divided into two
Step 2.1, is concerned with inferac-
tion snalysisg, carried out with n 2 pssudo-
3D modelg in which the goil is iatroduced with zgs, 1ts
nonlinsar stifiness and nonlinear viscoslagtlic g proner-
ties, wnlle the mat ils in only with its iness pro-
perties. The regult is ge spectirum applisd To the
goil-mat interface (£
In step 2.2., the = nd mags M matrices are debter-
mined for each struct the mat; the matrices are
raduced by means of =2 ormation, relative to the ri-
gldity center of each m ure contact arsa 2nd are of

dimension 6
The ¥ and
tive to the
these matrices
The soill K metr
ces are then sele

of
Cdnt=m
o1 dlmen i
ix and the me
ctively aszen




p“oblam lg successively solved for each siruchure geparately;
une structure involved is agsigned only tihie stiffnass proper-

les (fig.6). The analysis is carried out by mezns of the 4SHL
code9 written to this purpose, The results consisht of the rea
porige spectra applied to the mat-structure interface, gpecific
for each structure supported on tae mat, including the influ-
ence of soll, mal =nd of intsrsciions of adjacent structurss
(fis.73.

In step 3, a separate full dynamic gnalysis 1s carried out
for each structure supported on the mat, using the spectiral
method with modael analysis. The bottom connection of the model
is a condensed stiffness mudrix of the soil-mat system. The
results are seismic giresses, sbraing, displacedextss accele-
rationg, as well as floor reSﬁonse sneCuvﬂ (fig.B8, Tiz.9).

The selsmic forces in the basemet were also computed, apply-
ing the global reaCuloﬂu, digtributed according o elementary
ruleg on the basemat top. An equivalent siatic analygis was
then performad on a 3D model of the mat. considerad as a plate
supported by an elastic medium, loaded sca rately with the
digtributed dynamic reaction of each structure, the earthguake
gxcitation acting along each of tre three gpace directions

KN

Regults Sunﬂoﬁt she following conclusions:(g) Bf
and anam l¢c soil preassures values are below allow
(b) The 6 m thick basemat is capeble sugtal

bending momant of 2392 4tm/m. (¢) Meximum seismic gstructural

responsges, including floor response ~pactra are below values
ohtained for the rsference site, with some unlmportanu excep—
tions. (d) The basemat constitutes an effective meansg to egua-

llse large locel pressures and to modernte seismic strucinr ral
responses, (e) 4 siznificsnt influence of a heavy structure
(raSCuor building) upon the seismic moitiocn of =z lizhlter struc—
ture (i.e. service building part IL) is evident typically in
floor response gpectra at fregquencies of 8., .12 HAz.
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NAME AND DESCRIPTION DEPTHS DYIANIC PROPERTIES
N i Ve 6o Dy SPECIFIC
OF LAYER m WEIGHT
mn/s dak/cm? % 3
0.00
1. Sandy clay 230 970 54 7.80
_ -3.00
A. Piedmont deposits: 280 1630
small, medivm and large 800 2%% Z.;ég 45 205
gravel , wits boulders 18,00 &) 5308
and claysh sand ’ 580 6933
- 35 00 700 10250
B. Marls with sandy ' 420 3780
infercq(af/'ons and 57 2.1
volcanic ash - 80,00 200 5350
Fig, 1 SOIL LAYER PROPERTIES
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Fig. 2 NONLINEAR DYNAMIC SOIL PROPERTIES
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Fig. 3 FREE FIELD SO SEISMIC ACCELERATION EESPONSE SPECTRUM
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Fig. 4 GENERAL ARRANGEMENT OF BASEMAT. FOR FACH STRUCTURE SUPORTED ON MAT
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THE UPPER NUMBER DENOTES CONTACT AREA IN m2 : LOWER NUMBER DENOTES AVERAGE
PRESSURE IN TONS/m2 AT TOP OF BASEMAT
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