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An Advanced Design Procedure for Dome and Ring Beam
of Concrete Containment Structures

Se-Jin Jeon"* and Young-Jin Kim"
YDaewoo Institute of Construction Technology, Suwon 440-210, Korea

ABSTRACT The concrete containment structures have been widely used in nuclear power plants, LNG storage tanks, etc., due to
their high safety and economic efficiency. The containment structure consists of a bottom slab, wall, ring beam and dome. The shape
of the roof dome has a very significant effect on structural safety, the quantity of materials, and constructability; the thickness and cur-
vature of the dome should therefore be determined to give the optimum design. The ring beam plays the role as supports for the dome,
resulting in a minimized deformation of the wall. The main issues in designing the ring beam are the correct dimensions of the section
and the prestress level. In this study, an efficient design procedure is proposed that can be used to determine an optimal shape and pre-
stress level of the dome and ring beam. In the preliminary design stage of the procedure, the membrane theory of shells of revolution
is adopted to determine several plausible alternatives which can be obtained even by hand calculation. Based on the proposed pro-
cedures, domes and ring beams of the existing domestic containment structures are analyzed and some improvements are discussed.

Keywords : containment structure, nuclear power plant, LNG storage tank, dome, ring beam, shell, membrane theory
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Table 1 Shape of dome and ring beam of domestic containment structures

Nuclear containment building

LNG storage tank

Structure Tongyeong Incheon
OPR1000" CANDU” . .
(140,000 m’ capacity) | (100,000 m’ capacity)
t=0.61m 2.11mx4.27m | t=0.6m 1.5mx3.2m | t=0.45m 1.1mx2.6m
Shape of

dome and ring beam

Ring beam X O
Liner plate attached to
. O x
inner face of dome
Prestressing Dome O O x x
tendon Ring beam - O O O
YOptimized Power Reactor 1000 MWe ?CANada Deuterium Uranium
i Suspended deck Bending theory : Bending theory
T RC roof dome i
. i : Membrane theory N Y,
PSC ring beam E Membrane theory E
LNG [ (@) Ny (b) A,
5 :
(-163C) | ,PSC outer wall Fig. 2 Section forces due to self-weight of dome

Insulation

9% Ni inner tank \

e
S P

RC bottom slab

Fig. 1 Cross section of LNG storage tank
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Fig. 4 Analysis of ring beam

Table 2 In-plane forces of dome induced by design loads
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T Aol FEsith o= w59 AFol AuiARl AAEkE H 2AAGFEE 0.56,/f, ©12 AHAZFEE 29
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sttt o7lelME 2aES] 8 3o WE F 3 Fig. 55 Fxstd oy 7x&9] 45 & 77 <
vl F2Y E8AS F2 P, BAA SAGA A o o FEWAL 2N Dol Z(ie)E Eon
ZAEAAY Y SANEHAEAY Foll i FAYE & W ZHo] o7t Attt oA Stk en, 1 A3t
ol w2 A =& AN EA AESH case 27} USHQl case 1HT U 22 S8 LHESHTH
el o@ Qg Ex 4%$Y FolM FE AR F, AFo|Y 9% BE&Fo| Aujst: Az 4
W BaE] B4 AFSHolY, et Tale 2 AW A BT F Fol e, W
o 44 W2 B W N7k F2AAE B 98 E % EAleks ING B30 Aole gt Ygew 2
azEe APAEE WARAEEAAF), 20087 o FEAA HH Fge| s 2o Yewth 2
=, ARAPER s+ e M oF g o, p2A G8dvhe MR golxi) FoldsE &
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etk AANELELE 2P AFEE FYF BAE o J9W F AW AFPel 12 Bed
Table 3 Analysis of dome shape of an LNG tank
Radius of . Hoop stress (oy= Ng/t, MPa) Quantity
Thickness | Internal . .
Case curva%lre () (m) pressure Self-welgglt Distributed load . Sum ) of corzcrete Remarks
B) (0.03 MPa) (25kN/m’) | (0.005 MPa) |(ratio to case 1) (m’)
Original shape of
1 1.0D 0.6 2.15 ~0.84 ~0.24 1.07 (1.00) 3736 |on gygeong LI\fG ok
2 0.8D 0.6 1.72 —0.55 —0.14 1.04 (0.97) 3,915 o
3 0.58D 0.6 125 ~0.10 0.02 1.17 (1.09) 4,626 Viﬂzg‘zﬁre"f
4 0.5D 0.6 1.08 0.49 0.14 1.71 (1.60) 6,971
5 1.0D 0.7 1.84 —0.84 —0.21 0.80 (0.74) 4358 o
6 1.0D 0.5 2.58 ~0.84 ~0.29 145 (1.36) 3,113 Vfﬁzﬂﬁgss‘)
7 1.0D 0.4 323 —0.84 -0.36 2.02 (1.89) 2,490
8 0.8D 0.5 2.06 ~0.55 -0.16 1.35 (1.26) 3,262 Cumxer‘gztr‘lg“th‘ikness

"D =86m, slope of dome at the spring : 30°(1.0D), 39°(0.8D), 60°(0.58D), 90°(0.5D)
£, =30 MPa, f,=0.42./30 =2.30 MPa

820 | s=232|Ests| =2% M223 X6 (2010)



Original shape Minimum stress
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B/ / Tensile strength
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Fig. 5 Analysis of dome curvature of the LNG tank
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Dome thickness (m)

Fig. 6 Analysis of dome thickness of the LNG tank
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Fig. 7 Arrangement of dome tendons of OPR1000

Table 4 Analysis of dome shape of a nuclear containment building

) Hoop stress (oy= Ny/t, MPa) .
Radius of . — Quantity
C Thickness | Internal : Distributed Dome
ase | curvature Self-weight ] 2 of concrete Remarks
N (#) (m) | pressure 3 load prestressing Sum 3
®) (25 kN/m’) (m”)
(0.42 MPa) (0.005 MPa)|(P = 7,864 kN/m)
Original shape of
1 0.5D 1.07 4.32 0.25 0.04 7.35 2.74 3,254 OPR1000
2 0.58D 1.07 5.01 —0.05 0.01 -7.35 —-2.38 2,160
L ¢
3 0.8D 1.07 6.91 028 -0.04 735 0.76 1,827 Variation o
curvature
4 1.0D 1.07 8.64 —-0.43 -0.07 -7.35 0.79 1,744
5 0.5D 0.9 5.13 0.25 0.05 —-8.74 -3.30 2,737 o .
6 0.5D 0.75 6.16 0.25 0.06 ~10.49 402 | 2281 Variation o
thickness
7 0.5D 0.6 7.70 0.25 0.07 —13.11 —5.08 1,825

"D =44 m, slope of dome at the spring

21, =38.5MPa, £,=0.42./38.5 =2.61 MPa

: 30°(1.0D), 39°(0.8D), 60°(0.58D), 90°(0.5D)
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Table 5¢4]= Table 19| %9 LNG &3 & % o 200 psi(1.4 MPa)= WAI8kaL Qloh. Bk, &9
W ALE FRow Sl Aty Fapel wet Py 2 5 ZYrEYA ¥ O A% BT WYL A
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Fol Agate Ve FHS edlE garA Yol 0552 AT Atk AN £ 1A =
frelgk Wo] lemg bdZow FAET FH E %7]7}=o|t}. Table 5914 #A1g 29 <At 3
gude] RE ZoxEds &4 F AUY §5 0% FEL Qe ol P AOE vk o)
He ot wel 2,150 kNeE Hton oA wd s FAET] WEeld s st ARYSS
M5e 248 wolth Qe e A8 P $o) oldel 4538 HulE FAGT ek
ot HestA WS v, o] FEWEE A st g Gule] S el = AEs] el AlFeAel wEk
A Fle] B Ee Y ZiEYagE ST ALAor Hestng BE AlgTAd glo] =g ¢
oM YW $HS g R 2UY + Atk Fol} Aol WAHA B2 ok Atk AE Eof
LNG ®3 #e] F&W4S a7 e AL Table 3% 712 ING P04 et 22 #A2 F 2 PUe
Dol & AAe] $¥e gaNslE EdE QUovh ¥ AFY Al Ao
Table 5 Analysis of ring beam of an LNG tank

Hoop stress of ring beam (o;,, MPa) Quantity
Radius of] Dome Ring Dome loads Ring bm of concrete (m’)
Case curvature thickness| . . | Intemnal Distributed prestressing | Sum Remarks
of dome ® () dimension Self-weight | (# of tendon) | (ratio to Ring
®" )| ip| @5 KN 000(;a](\i/[P P=2150 [case 1’| POMC| g | SUM
(0.03 MPa) . 3| KN/tendon)
3,00 Original shape
1 1.0D 0.6 |1.5x%x32 5.36 1.67 -4.03 (9) (1'00) 3,736 | 1,319 |5,055| of Tongyeong
’ LNG tank
2| 08D | 06 [15x32 4.05 120 | —4.03 ©) | Y% |3915| 1319 |5.234|  Vration of
(0.41) dome curvature
2.65 Variation of ring
3 1.0D 06 |[1.6x34 Neglected 4.73 1.47 -3.56 (9) (0.88) 3,736 | 1,497 |5,233 beam dimension
2. iati f ri
4| 10D | 06 [15x32 536 167 | —448 10) | 22> |3.736] 1319 | 5,055 variaton of ring
(0.85) beam prestress
Variation of dome
0.63 curvature and
8D . 1.4 x 3. . 1. —4.61 262 | 1,1 4,41

5 0.8 0.5 % 3.0 3.86 37 61 (9) 021) 3,26 ,153 14,415 thickness, and ring

beam dimension

"D =86 m £, =40 MPa, f,=0.42./40 =2.66 MPa

822 | == ge|Ests =27 X223 A6S (2010)
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