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ABSTRACT

Axisymmetric modeling of the nuclear containment building has been often employed in practice to estimate
structural behavior for the axisymmetric loadings, where the axisymmetric approximation is required for the actual
non-axisymmetric tendon arrangements in the dome. In the preceding companion paper, some procedures are
proposed for the domestic CANDU and KSNP type containments that can implement the actual 3-dimensional
tendon stiffness and prestressing effect into the axisymmetric model. In this paper, the proposed schemes are
verified through some numerical examples comparing the results of the actual 3-dimensional model with those of
some axisymmetric models. The results of the proposed axisymmetric analyses show relatively good agreements
with the actual structural behavior especially for the CANDU type. Also, it is shown that proper level of the
prestressing in a hoop direction plays an important role to predict the actual prestressing effect in the axisymmetric
dome modeling. Finally, correction factors are discussed that can revise some approximations introduced in the

derivations.
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Table 1 Finite elements used in the dome modeling

3-dimensional Axisymmetric Axisymmetric
modeling modeling 1 modeling 2

Concrete | 3-dimensional Axisymmetric | Axisymmetric

elements | solid(8-nodes) | solid(4-nodes) | solid(4-nodes)

Tendon Truss Axisymmetric Truss

elements| (2-nodes) [membrane(2-nodes) (2-nodes)

. Conventional

Remarks Prototype  |Proposed modeling modeling

Table 2 Relevant data of dome

CANDU type KSNP type
Thickness (m) 0.61 1.07
Inner radius of 41.45 21.95
curvature (m)

Concrete Modulus of 4 4
elasticity (MpPa)| 286710 294x10
Poisson’s ratio 0.18 0.17

Prestressing
force (kN) 4578 5664
Area (m) 0.003652 0.005051
Pre- 3-way (Number | 2-way(Number
stressing] Arrangement of 1-way of 1-way

tendon tendons: 47) tendons: 48)

Modulus of 5 5
elasticity (MPa) 2010 1.96x10
Poisson’s ratio 0.3 0.3

E9 "ol 2dyg 93] AMSE F¥84v 339 B
dyl Ztiy 29 Zizo] diste] vluso] ok 32
M= HE 1419 vjx] 2tiE 1
HEomE ¢ o EY 2d 12 A =
2o Aokl =)
olt), ¥, 23 54 2= 7]E AFVA Eil‘%jee }
QAERo g wiAE A Qhg B 73‘%91 At
F2d o] Hlﬂ% 3 =dskdct o, 99 AT B
A Bl AF3] A8 ZE oAl e 2dEe
A 5Tk

dutz oz 3 B f3as HA(mesh)E 9F
%‘?‘z}ﬁ RS & % %EH%J 249 A A 2

1

i
it
2,
>

O

[l

74 Eo 011;}4?

7)o e RN AT 7se E&std
dd 9258 olat BdANYE EATE “ﬂ/‘l Gl 2
A7 93 A48 sk o2

528

(a) 3-dimensional model (b) Axisymmetric model

Fig. 1 Finite element modeling of dome (CANDU type)

(a) 3-dimensional model (b) Axisymmetric model

Fig. 2 Finite element modeling of dome (KSNP type)

b

5 23YE 24 iR AAA7E iFeR |
8259 ddy FIE 2459 HFe] dAsHA
Fedl, £ Z oM i Azt 9A Aelg
Aoz BAGE 7% U & ud ééf’% A
w7t £a8E A3Y AFEE XM
md 2de] FeE HepA dn

Table 201= CANDUE 2 =% ZAgnge 3
E § 2 Zgaedld dde] #E As7t AEol
Utk BE AAES AR 57 WY, 2ZYR ¢
3 A, AR A~y Fhex e deak g df
of sty oH o] A7HA ghEel A Ase
Hoz Ed F Uil BoiTh

&2 an

31 A 1: &iE ZMo ZHZ

A3 =8V Aokd Zo% 2 18 A 344
2 uixE dde & F9& =)
e F Qe T Fom wg
Ao wEd CANDUE £ 949
001277 mZ, =L 0009'77m§ pgﬂ
F R 2e 29 gude
wHo| Wl EAE AT o}oq x}g&jﬂ&%&i Bl
3 Aolt}, oA 194= e 7343 Eﬁ‘%ﬂ A3Agurs
Hrlely] Y TPcEdAE e g9ker, 003
MPa2] JgeHe AEAH sia Aae Tables 3, 49
vlaEo] vk & Table 49 3=rdel 49 CANDUSE
3 Alwe o) 339 Rl gFisko s s A gt
o WEe E 9 2 WA 3 RddMe 959

B7RE BT,

r°l‘

ol

ror
3

Z32IESS| =28 173 45(2005)



Table 3 Analysis results for tendon stiffness
(Example 1. CANDU)

Table 4 Analysis results for tendon stiffness
(Example 1: KSNP)

Axisymmetric | Axisymmetric

ni;(?;hr?‘ modeling 1 modeling 2
) &1 Value | Ratio | Value | Ratio

2  |@/u] @) [6/QD)

Axisymmetric | Axisymmetric

rj;:ellr; modeling 1 modeling 2
) & Value | Ratio | Value | Ratio

@ @/ @& |8/Q)

Vertical
displacement | 0.00839 | 0.00786 | 0.94 | 0.00834 | 0.99
at crown (m)

Vertical
displacement |0.000177 | 0.000181 | 1.02 |0.000160| 0.90
at crown (m)

Horizontal
displacement | -0.00204 | -0.00195| 0.96 |-0.00212| 1.04
at spring (m)

Horizontal
displacement |0.000192 | 0.000177 | 0.92 |0.000192| 1.00
at spring (m)

Hoop stress
at mid-height | 1.495 1.357 091 1.549 1.04
(MPa)

Hoop stress at
mid-height 0.301 0.285 0.95 0.306 1.02
(MPa)
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Table 5 Analysis results for prestressing effect (Example 2: CANDU)

3 gi ional Axisymmetric modeling 1 Axisymmetric modeling 2
—alimensiona. 1.

- Hoop PS  |Meridional PS| Hoop PS + Meridional PS .

deling (1
modeling (1) only only Value (2) | Ratio (2)/(1) Value (3) | Ratio (3)/(1)

Vertical displacement) —_g )09 0.04042 ~0.04807 -0.00765 0.69 ~0.04807 436

at crown (m)
Horizontal displace= | 4 5514 -0.00770 0.00143 -0.00627 122 0.00143 -
ment at spring (m)

Hoop stress at _ _ _ _
mid-height (MPa) 12.85 14,38 0.070 1431 L1 0.070

Table 6 Analysis results for prestressing effect (Example 2: KSNP)

3 4 ional Axisymmetric modeling 1 Axisymmetric modeling 2
—aimensional 5.
. Hoop PS Meridional PS| Hoop PS + Meridional PS .
deling (1
modeling (1) only only Value (| Ratio (/| V2ue (8 | Ratio (89)/(1
Vertical displacement| 1109 1. (01184 ~0.01650 ~0.00465 041 -0.01650 146
at crown (m) :
Horizontal displace= | = 4505 ~0.00549 0.000956 -0.00453 - 0.000956 0.90
ment at spring (m)
Hoop stress at _ _ _ _
i o ) 3791 7.460 0.070 7.390 195 0.070
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Table 7 Analysis results for prestressing effect
(Example 3. CANDU)

Table 8 Analysis results for prestressing effect
(Example 3: KSNP)

Axisymmetric modeling 1

Initial Equivalent load method

stress Case 1 Case 2

method | Value | Ratio | Value | Ratio
1) @ /] 3 | eYd

Axisymmetric modeling 1

Initial Equivalent load method

stress Case 1 Case 2

method | Value | Ratio | Value | Ratio
& @ [ @/@ ] 3 |36y

Vertical
displacement | -0.00765|-0.00774] 1.01 |-0.01304; 1.70
at crown (m)

Vertical
displacement | -0.00465 |-0.00472] 1.02 |-0.00479] 1.03

at crown (m)

Horizontal
displacement | -0.00627 {-0.00626| 1.00 |-0.00464| 0.74
at spring (m)

Horizontal
displacement | -0.00453 |-0.00453{ 1.00 |-0.00470| 1.04
at spring (m)

Hoop stress at]
mid-height -14.31 | -14.31 1.00 -15.05 1.05
(MPa)

Hoop stress
at mid-height| -7.390 | -7.383 1.00 -7.666 1.04
(MPa)
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(b) Hoop stress contour

Fig. 3 Analysis results of 3-dimensional modeling for
prestressing (KSNP type)
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