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Abstract Countries that have been banned from building nuclear plants are becoming more tolerant in response to
global warming and climate change. Thus, the construction of future nuclear plants will increase, and the competition
will also intensify. A nuclear power plant has a long construction period compared with conventional construction
projects. In order to gain a competitive advantage in nuclear power plant construction, the construction period must
be decreased. Therefore, the purpose of this study is to develop an exterior wall form for a reactor containment
building to reduce the construction time by increasing the height of the form. The structural safety, constructability,
and economic feasibility were analyzed to assess the applicability of the proposed form. The proposed form was
determined to be structurally safe. Furthermore, the construction period was shortened by reducing the duration of
the construction units, and the total construction cost and interest were also reduced. Therefore, the proposed form
could contribute to reducing the construction period for nuclear power plants.

Keywords : Duration reduction, Nuclear power plant, Reactor containment building, Exterior wall form, Form development

1. M2 ek dA SEvele oL 715Hs g SoE 2l

sto] Aeka Uyl T8 9 g T AA A

1.1 A2 Hid ¥ =5 Aol gt HF Fojsor gk e AAA 2 7)e
AATAALREL] A7 AHEFI AN w2 A9l WE uHES o s E tAEE Ao
W $Elvete] ) F AL HE 201438 V]FES oAAE o AAelth Al AReME ddE
2 477,592GWhE At 1037 93 4.1% S716t9 FolE v A% A& Aldste] afar glont A7)
o 2029 766,100GWhel] 0|2 Aoz dZgu  AUAZ} SR E QAT F Us WA= A

"Corresponding Author : Yoonseok Shin(Kyonggi Univ.)

Tel: +82-31-249-9721 email: shiny@kyonggi.ac.kr

Received October 12, 2017 Revised (1st November 22, 2017, 2nd December 5, 2017)
Accepted January 5, 2018 Published January 31, 2018

587



FIAIS71E 8] =g A A9d A, 2018

B IR P L R =l ]
S E8oF & Aolri2].

At 2009\ 129 oFFolln] g E(UAE) 94A &
gharo] ek wlm, dE 5o e

=,
4

of k4

= 7

O

aﬂ,]@—i
o w2 7%

H7hEE

<ol zEﬁEE

2 7

44 5%%3}

=1

gho] -9
AA A AAHLS 315k

2016 109 = ALAE 7] FIAEA)7F 2EE Bl
Aol whEH, H 2017 219F gEE dxlo] 9= 15
NFte] A AB(o]8k RCB) B $AF 713HE 19071
Ho|tH5]. RCB &A= ¥Rtk 2 Hsle] EAo] w
%71 717dn] 9] nlgo] wje- Ak ATkt F2b AL
gk o Apu]go] FAN| oF 20% WS XA 8}
HEd] FAIgbe] old4E AAHow BelaA)

6], 127] Yo RCBY] FAM|7HS ©EA7]H
gk 20 Juro] Wo

Azl

al

o
3L

o
AR A= 7

g4

e
re
4y
2
>
s
o
[
)
2
o
it

@ o
o
il

r—?‘ OI:D OlN
>

1o jfj i

N
-

30 i

rr

=
0

S EH FAIHE
9 AFHE Mot
A A z=Es 9
o=ZM o] U A
2 7]t

1
2

©

=
2
4
=2
Y
&

Loy
o2t ﬁ .
)
ofl
~
>
N
L
o
POV R AP )

o dY

o
2
N
£
ok
¥
%0,

588

Xl
ot [l

JE
W

rL

>

¥l

H o> o
o

>
n
;Y
il
_\}_Il
1o

)
L
o
2

A
o
3R
o
=)

/R]—XJ 3}-
F7G=

of|

.I_4
.\.4

L.E

1 ®XI2 Z1E(Reactor Containment Building)
RCBE Hdx= 2 1 FHo] o1& 71718 483t
Agolrh. AAE YA AL SRRIE HEFD
QAZ Aba W Ao] WA SRR 0] 95
7] Sog FEHE= A
A PzEA) }\L/\l/\]_i
AR A AL €]
A 3of g} =,
o2Me 7l
wlofoF FTH7].
RCB WA= Za2E o3 iy ddow 745
2w RCB WH-ole Y2 &7|(reactor core) %
=79 So] gltk RCBY F& 742 Fig 13 Zth

o

9l
o
BB
=]

= o] AkaL

do oZ o of

]

22

2.2 RCB 2|# ZA}7|
ol AL 9=
F1g 29} 2t 9

4 AZ ZaTE Bl
2ol t}. RCBY] 9]
olA AleEH, 2013 4

o

1357
_’?‘_

A Q5 o

s R |

H
=)

o)

49

A % 282U 0] AOEl?iD}. % ZRAEZ o7 A
kS w4 oH 1D AlEel Aevs dd BA

717k 15.790]t}. Table 13} o] dubao
43} 792 717|189k (equipment hatch)E A X]3}7]
A F7F AP oz Qlato] FAPIRLo] FTkeke Aol
ATHS].



Reactor Core

| ™~— Overhead Traveling Crane

RCB Exterior Wall
(Reinforced Concrete)

RCB Interior
(Plate of Iron)

Foundation

Fig. 1. RCB exterior wall cross section

Table 1. Construction duration of exterior wall

2.3 #H oA FQ HF FE
U 9 Ad #AAg 8 A H3-2 Table 2

gt Song et al.[9]> ¥ W& BA ol #3k o]E 4
# % RCB AFH Al=dlo] 1T B o]l AlgdS
Hrrstdek 2y o] oA+ RCB #A AFF <]
AA A& T8 240l ohd, A8-S wje] Eie] of
gk o Zoll Bttt

B AT A= ofet e A AFEY A
A3}7] 9)5ke] RCB 984 AFHS 7|

%
A(mock-up) H¥E B3 #A& st o)

Table 2. Previous studies of form work and nuclear
power plant

Exterior Actual Duration Accumulated Duration

Wall (days) (days)

Ist 24 24 Researcher Summary

2nd 13 37

3rd 12 49 Song et al. Evaluation of constructability of RCB exterior wall
4th 32 81 (2015) according to placing height on nuclear power plant
5th 12 93

6th 13 106 Song et al. Case study of RCB extrior wall construction in
Tth 2 148 (2010) neclear power plant

8th 17 165

9th 9 174 Bane et al Recent status and prospect of the nuclear power
10th 13 187 (ZgO 10) ' plant of the world and construction technology
11th 9 196 development strategy

12th 9 205

13th 24 229 Vane et al A case of shortening the construction period and
14th 11 240 (2g0 09) ) internal and external trends and direction of
15th 12 252 improvement of foreign nuclear power plants
16th 10 262

17th 10 272

18th 10 282
Total 282

Average 15.7
Year 2009 | 2010 | 2011 | 2012 | 2013 ‘ 2014 ‘ 2015 ‘ 2016 ‘ 2017
Key Milestone [ "
The First Conerete Placement Jul 2012 v

Construction of Exterior Wall

April. 2013 F—F Jan. 2014

Reactor Installation May. 2014 G
Nuclear Fuel Qct. 2016 G
Completon & Operation May. 2017 W

Fig. 2. Example of mlestone of RCB
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Table 3. A section of RCB exterior wall form & wall
form component list

NN UK

——— 5524 (D1)
$523 (V1)
—— 5522

| —— 5521 (H1)

) 5541 (H2)

5514 (D2)

|_—— 5515
1ol

. 5544
5542 (H3)

h

i ——
5545
P
/ ¥
- S543
o
T T T
Part ID Name
SS00 Climbing Anchor
Anchor system SS01 Wall Bracket
SS02 Hook Bracket
SS11 Hook Arm
SS12 Main Deck
Lower Frame SS13 Vertical Beam
SS14 Diagonal Beam
SS15 Frame Support
SS21 Rollback
SS22 Wallform Support
Upper Frame
SS23 Form Leveler
SS24 Wallform Support Brace
SS31 Up-Down Box
Climbing System SS32 Cylinder
SS33 Rail Beam
SS41 N Floor Support
SS42 N-1 Floor Support
Working Deck SS43 N-2 Floor Support Fig. 3. Main components of hydraulic climbing system
SSa4 N-1 Post Pipe (a) RCB exterior wall form installation
SS45 N-2 Post Pipe (b) hydraulic unit (c¢) hydraulic cylinder

(d) up-down box (e) rail beam
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(Up-Down) 12x(SS31) & Y #(SS33) 522 F4  ‘MIDAS GEN 20155 o]&3te] AF3 We, 74 $
stk € Deboh B o peble) AERRAAE O 8, Fava WE, AR BARAl, Fa 98 0
20%94 WFeteS AAT F A=F: HEFe 478 9 ARG 47 T& FESSIT AFY 2l 244y
AASET. ATRS) T4 ekl 29 R RCB B9 39} % kS el wg W PAgE e A
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Table 4. Analysis result of structure
. Design Design Design Bending Bending Ratio
Material ?Xlal :hcar Shear Tensile Shear Moment Moment (Pu/2dPn Result
atena P oicl\el v Of]?] Strength Strength Strength Muy Muz +Muy/GMny+ s
u(kN) UEN) | gRagN) | oNnN) | pVndN) | Nm) | (Nm) | Muz/pMing)
Vi 1436 . . . . 2.1 0 0260 0K
(tension)
V2 1799 . . . . 104 0 0.142 0K
(tension)
Form 192.6 B R R _
Unit Member i (tension) 0.19 0 0.061 0K
H2 0 - - - - 6.27 0 0.189 0.K
H3 0 - - - - 237 0 0.128 0.K
D2 2001 . . . . 108 0 0.168 0K
(compression)
oy 1206 0 2356 . . 0.51 0K
end joint (compression)
Joint 248.4
Connection VI,V2 (tension) 254 301.5 - 0.82 0K
HI 248.4 254 3015 ; 0.82 0K
(tension)
. 1.199
Fixed Anchor :"‘ed 2484 254 ; 274 108.5 P/ 0K
nchor (tension) ORn)
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Table 5. Formwork procedure

Diagram

Work description

@ install the wall bracket after
reclaim the climbing anchor
@ install frame and form panel

(D moving the rollback backward,
rebar placement, and install the
climbing anchor

@ moving the rollback forward
and install the form panel

@ concrete placement

(D moving the rollback backward
and form removal
@ install the wall bracket

4 @ install the rail beam
5 (D preparations for climbing
@ lifting the frame
(D repetitive climbing in other
section and concrete placement
6

* go in reverse when they are
removed




Duration = 3m Form
(day) === Am Form

1 2 3 4 5 6 7 8 91100 N

Division

Rebar work
(include
post-
tension)

Form work

Survey &
inspection

Poring — —

Fig. 4. One-cycle work schedule
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Table 6. Comparison with formwork process

4.3 HEH
RCB ¢18 AFFel AALE 24517 8l A184
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3m 4m Remark
Division 83} ZtH10].
A) B) (A-B)  2r10]
qmau Al x%ogo TEAF z:sl_ Ii‘fﬂ
Whole construction 302days 239days 63days = ] 171 ] ] ]— © HET
period (10.1months) (8months) (2.1months) AH(OPR1000)S 7202 315 = 114
T A AATIEA (] E3F A4du] 4%
Table 7. Expense analysis
3m 4m Ratio
Form Production Cost  Single-stage 1,710,000,000KRW 2,688,000,000KRW 157%
Single-stage(Month) 47,250,000KRW 74,340,000KRW 157%
Lease Period 9month 8month 89%
Rent 16stage 12stage
The number of stages (3-18stages) (3-14stages) 75%
Rent 425,250,000KRW 594,720,000KRW 140%
Lab Assembly+Installation+Disassembly 739,957,680KRW 739,956,672KRW 100%
abor
Cost Raising 171,688,320KRW 77,737,968KRW 45%
0s
Subtotal of Labor Cost 911,646,000KRW 817,694,640KRW 90%
Machi Assembly+Installation+Disassembly 2,662,197,840KRW 2,662,197,552KRW 100%
achine
Cost i Raising 216,096,480KRW 1,326,528KRW 1%
0s
Subtotal of Machinery 2,878,294,320KRW 2,663,524,080KRW 93%
Labor Cost+Machinery Cost 3,789,940,320KRW 3,481,218, 720KRW 92%
Total(Rent+Labor Cost+Machinery Cost) 4,215,190,320KRW 4,075,938, 720KRW 97%
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Table 8. Interest rate of construction
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7% 8% 9%
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