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Shell Finite Element for Nonlinear Analysis of Reinforced Concrete Containment Building
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Abstract

It is absolutely essential that safety assessment of the containment buildings during service life because containment buildings
are last barrier to protect radioactive substance due to the accidents. Therefore, this study describes an enhanced degenerated shell
_ finite element(FE) which has been developed for nonlinear FE analysis of reinforced concrete(RC) containment buildings with
elasto-plastic material model. For the purpose of the material nonlinear analysis, Drucker-Prager failure criteria is adapted in
compression region and material parameters which determine the shape of the failure envelop are derived from biaxial stress tests.
Reissner-Mindlin(RM) assumptions are adopted to develop the degenerated shell FE so that transverse shear deformation effects is
considered. However, it is found that there are serious defects such as locking phenomena in RM degenerated shell FE since the
stiffness matrix has been overestimated in some situations. Therefore, shell formulation is provided in this paper with emphasis on
the terms related to the stiffness matrix based on assumed strain method. Finally, the performance of the present shell element to
analysis RC containment buildings is tested and demonstrated with several numerical examples. From the numerical tests, the
present results show a good agreement with experimental data or other numerical results.

keywords : containment, elasto-plastic material model, assumed strain method, degenerated shell element,
nonlinear finite element analysis
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Item Concrete [tem Steel
Compressive strength | 46.9MPa |Elastic modulus| 214GPa
Elastic modulus 33.1GPa | Yield stress |459MPa
Tensile strength 3.45MPa | Ultimate stress | 682MPa

Poisson’s ratio 0.2 Poisson’s ratio 0.3




o oY o
z % oox I
> o
~o L
H_l -I'W rﬁi
m&a%
LA ) -lz‘)"
p
oo
i T
o Jjm
‘h M oy
yo U alo
o ¢
B3
Ho
=)
fo
B
o2
o
o=
ox

WfW%EWdr%me

e o A He2 F U E7
jES} BA shRelx ddol} #¥
12 st rerET JAZHQ Bd@AF
EE Aelglnt. o] AdgEd 43
EE HHM ol HlgiM ZAHES

Pl @ Fge A Qe
ot LE}E'M %E’}.&isﬂ’ﬁu"] NZMEE A
o AAHA AZolE 2 Fio| 9 AoE B

FR8LTS A A8 29 109 2ol WAt B
oA Folo wet A7t TAY 5NE LA B =l
fz}H]-?‘F]:OE 57Hg] oAz Hzg ]—01 7;1191 H
;5_;]%4 d s3le i AAEGT. Ay

% 8/l9 EARE For £

oo
fm
=%
1o g
QL

P

m
)
2
o M

My
_|>J
o)

X

771] 7} 333

N
N
2
r—{n
S 4

HTIO

ri ™

3 Ae ARDfree field)olAH &
ek goltp(ad 9 FA=x). 13‘ 11dlE o] AgdEd i
@ Round Robin Analysis(Clauss, 1989)l #713t 7]
#E Fd A ANL, ENEA, EPRI ¥ SNLd| i3t six4d
v waldrh FnE ANLS Agez 793 231
9484 2273 TEMP-STRESSE ©|438l93 ENEA
27338 ADINA, 83 EPRIS} SNL2 A&
ABAQUS(Hibbitt &, 1984)2 o] &3t}

S
o_?_‘, r?L T
OFO
Hﬁl

& rlr o

h’U
n%
rg

® Experiment(HPT)
—--—&—-— Experiment(SIT)
~——&-—This study

Pressure(MPa)

02§ | Window A

0 1 2 3 4 5 6 7
Displacement(cm)

(a) BIE-ETA

ag 11 HA SLolM e

sargel o5

SES R R

a9 119 BAIG ko) o] 2EARAY AR(SIT) o
3 27|#Ee 0.103~0.138MPa(15~20psig) % =il A
TAsn ddel 9@ FARAL 0.207~0.241MPa
(30~35psighel ] WASRAT. fEasAdelq FA%
gegke] 2azEe dARERY 2@ Fo] WS
o] AgAge] WA FLLHL o, =p « r/t9} o] 7
WA AT 4 Atk o7l P REeln )t
7474 AEFuA ) W87 WA FAol). = Eaze
o] A#7E7} 3.45MPa(500psig)©] & tw?ﬂow >

Z] J of W 27|FEEY W2 ek 0.241(35psig)
=7} dvt. SITS HPTel & 271 akgol aiAel ¢
g ghuoh A et A2 A38e sl Hol A
=9 ¥ #dol 2P Wi Ao Addd. 4
AR SITE F88l7] Ao AAld Adds Ul
7] B FES0] AFHUT. 39 11(b)eA Exe]

71T go] WA & W= 49 IR

o] FWEAANA H2Y 5L 18 11(@)dA B
%ol 0.855MPa(124psig)olA &Asdct o& d47#
| o8k A g5 0.855~0.896MPa(124~130psig) &
ol AFel a|AAT|e} FARH Yebgth 1en A
o3t A 5392 0.8~0.834MPa(116~121psig) A
WAt A s «]5} AT}t Al e
a4 3 A& F71et9 °] AT 3

bl Adof| o]t JJM =& 1.0MPa(145 ps1g)
2 vyt olu daFe lojuZdolEd BAo] W
At 7154% g fdete UkE ST tiE
79 siddne g o3 Ty °]"6‘—‘§]—q' o A4 YE
Wk o)2g @42 g 94??_ FetE e MTE T
A ol Zeo|Ee] A st #APE A5l uhi

0.4

= -y
03} . -

-

Q |
[ L
e I ---
L o2 4§
2 B d f [ ] Experiment(HPT)
3 y —we—-= Experiment(SIT)
=] ol ——&—— This study
I &7 —-—&—-+ ANL
01 FF — ~b— - ENEA
I ~—~9—- EPRI
—-——-- SNL
o I B TSI B
0 0.1 0.2 0.3 0.4
Displacement(cm)

(b) Window A =i

=22 H19d M15(2006.3) 101



it
rl
i
W
o
m
)
f
Y,
i
lo
=
r)~
ogh
%
1
tlo
o
el

@ A feas

) SAEde AT 9%
& 19 Agel 288 ol A
2o 4929RT} £ FPH5E Ve

o
i
Ha
2

ZE AgdEe Asudgsy
Drucker- Prager gy ]
] &

F22E FHBHGR

o, fr

2

]
N
)

ru
t
oft (U

40 X

&
o
ol
2L
N,
jutndl r_& f

o
=
o
il
et
o]
iR

>

ox o HN o

2 4 o e
NE oy, off

ofX
W u
ik
[‘L‘ii] —
w g
fm >
x o
E "
o
il ole
2 _1}3,
5 °F
o %
L
% r&
&
o S“i
4w
ot o k

@ o

o
-
M
e
rlo
i
rh
o
1
o
58
o

o
bt
RS
}ql

o}
oE
o
H1

jinea

rlo

|

W

ik

|m

=1l

e

%
o

Ee

o>

(2) o7 18 FARAE oI%
22E ARANSE E2e0T o2 ol

&gHe WE FaEa ﬂEB] 48 A %R

- T

o
iin
_&;_l‘
lo
r>
R}
ox,
tlo
ukr

o o g
od Sk

£ wx oft rf

Hopop = B o2

2}
(3) 7Hiske FA% g FAInE %%‘—E ’%%Q«] =3

Age Aerel 245 olgelel vURATH T2

SdEare 2 FAsT
(4) 94-A3AF] AMHA AP Feh iAol
H 27139€ 0.207MPaZ the A7Alel Ane §
Agn AgdTEte oa A desch 2o

APAE Ao FEAY 2 F3315L
1.062MPaz A3 2i%t ax3t53k 1.0MPas) ¥l
S8 UERsit)

2 Cd 3 z:f_ A%

5351911:

AA 347 ATANE A

]
MO
ra

L

o4, $93, FHE(2001)
AAE, DRESGI =R,

o% gl EAE o
22(2-a), pp.285~293.

o]l 37, AAE (2001) EIZAYE F2E9 ve] 3
e 93 944 H3l 4 84 IFANTEF =R
¥, 14(4), pp.481~494.

olZA, o|lFE, NAF (2002) FLEZAYE AGdEY
HAEE A2 A el e NUCAS, &=
AAFATA, KAERI/TR-2076/2002, p.122.

o] F3, YA, AR, AAAE (2004) 94 AGdHE H|
AF ML 3 FINE AR /i, SxHdTE
F83 JhEgreaEs]) =24, 17(2), pp.312~319.

AT 2333 (2003) ‘3%—‘?‘4—@’&@.6—}‘5?3&1, i
FAMTZFEE JHeeedRs =53, 16(2), pp.569
~606.

APAA71EA T4 (2001) ZHAEY 2 232 E Ad
B FALE, dmdAgdTa ARAT RN, KAERI
/CM-493, p.177.

Ahmad, S., Irons, B.M,, Zienkiewicz, O.C.
(1970) Analysis of Thick and Thin Shell Stru-
ctures by Curved Finite Elements, International

[e)

Journal for Numerical Methods in Engineering,
2, pp.419~451.

Chen, W.F. (1982) Plasticity in Reinforced
Concrete, McGraw-Hill Book Company, p.474.
Clauss, D.B. (1987) Round Robin Pretest Analysis
of a 1:6 Scale Reinforced Concrete Containment
Model subject to Static Internal Pressurization,
Sandia National Laboratories, SANDS87-0891,

NUREG/CR-4913.

Clauss, D.B. (1989) Round-Robin Analysis of the
Behavior of a 1:6 Scale Reinforced Concrete
Containment Model Pressurized to Failure:
Posttest Evaluations, Sandia National Labor-
atories, NUREG/CR-5341.

Criesfield, M.A. (1981) A Fast Incremental/Itera-
tive Solution Procedure that Handles Snap
through, Computers and Structures, 13, pp.55~62.

Drucker, D.C., Prager, W. (1951) Soil Mechanics
and Plastic Analysis or Limit Design, Quarterly
of Applied Mathematics, 10, pp.157~165.

Hessheimer, M.F., Klamerus, E.W., Lambert,
L.D.. Rightley, G.S. (2003) Overpressurization
Test of a 1:4-Scale Prestressed Concrete Con-
tainment Vessel Model, Sandia National La-
boratories, NUREG/CR-6810.

Hedgren, A.W., Billington, D.P. (1967) Mortar
Model Test on a Cylindrical Shell of Varying
Curvature and Thickness, Journal of the Ameri-
can Concrete Institute, 64(2), pp.73~83.

Hibbit H.D. et al.(1984) ABAQUS User's Manu-
als, Version 4.5,



o]

ofol

- "G

Kupfer, H., Hilsdorf, H.K. (1969) Behavior of
Concrete under Biaxial Stress, ACI Journal, Pro-
ceeding, 66(8), pp.656~666.

Hsu, T.T.C., Belarbi, A. (1994) Constitutive
Laws of Concrete in Tension and Reinforcing
Bars Stiffened by Concrete, ACI Structural Journal,
91(4), pp.465~474.

Julien, J.T., Schultz, D.M., Weinmann, T.L.
(1987) Concrete Containment Structural Element
Tests; Volume 2: Half-Thickness Element Tests-
Detailed Test Data, Construction Technology La-
boratories, p.338.

Reissner, E. (1945) The Effect of Transverse Shear
Deformation on the Bending of Elastic Plate,

ASME, Journal of Applied Mechanics, 12, pp.6
9~717.

Shima, H., Chou, L., okamura, H. (1987) Micro
and Macro Models for Bond Behaviour in
Reinforced Concrete, Journal of the Faculty of
Engineering, University of Tokyo(B), 39(2), pp.
133~194.

Vecchio, F., Collins, M.P. (1982) The Response of
Reinforced Concrete to In-plane Shear and
Normal Stress, University of Toronto, p.332.

Zienkiewicz, 0.C., Taylor, R.L. (1989) The
Finite Element Method, 1.2, McGraw-Hill, New
York, p.1455.

IHUMTFTAEZES =28 H10E M15(2006.3) 103

r_gﬂ



