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If precast concrete members are produced in-situ under the same conditions, the quality equivalent to

In previous studies, it was confirmed that through the in-situ production of precast concrete members,

that of factory production can be secured. As it is advantageous in terms of cost and quality, precast

Received : September 3,2021  concrete members must be produced in-situ. However, it is difficult to produce all quantities in-situ

Revised :September 17,2021 due to time and various other constraints. This is because in-situ production is avoided due to

Accepted : September 24,2021 anticipated risks during the project management process. However, if the risk factors are analyzed
before performing in-situ production of precast concrete members, it will increase the opportunity for
in-situ production. Therefore, this study develops a checklist for evaluating the risk of in-situ
production of precast concrete members. By applying the checklist to one case site, it was verified that
risk factors can be evaluated easily and quickly. As a result, it was analyzed that sites with a high
building coverage ratio are classified as high-risk sites because it is difficult to secure usable area for
production and storage. The developed checklist efficiently evaluates the risk factors of in-site
production, and makes it possible for the operator to determine the risk factors, which can change
frequently during project execution, and respond according to the situation.
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Literature review on in-situ production
of precast concrete members

@

Risk analysis ofin-situ production  |[+— @
-~
3
=

PC members risks
Site conditions risks
Production and yard stock risks

Development of risk checklist by Checklist by reflecting analyzed
reflecting the analyzed risks risks

Evaluating developed risk checklist +—— Applying checklist to case project

Figure 1. Research methodology
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Figure 2. Process of production and yard stock for in-situ production
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Table 1. Risk identification for in-situ production of PC members

Risk type Factors
® Calculation of the total quantity of PC members T,C
® [n-situ production quantity T,C
PC members ® [ oad of PC members T,C,S
risks ® Mold type according to the size of PC members T,C,Q
® Zoning plan considering the number and arrangement of cranes T,S
= Steel mold material cost fluctuations C
= [nterference with adjacent sites T,S
) N = Site access road considering crane movement T,C, S
Site cr?:lil tions Transportation of materials and equipment T,C, S
= Application section of PC members T,C
® Secure available area on site for production and yard stock T
® Calculation of production and installation time of PC members T,C
® Crane selection according to member size T,C, S
) ® [nterference with other construction works T,CQ,S
;f;lslg:inrili ® Establish detailed process plan for integration with reinforced concrete structures T,C,Q,S
® Area of production module and yard stock module T,Q,S
® Calculation simulation for available area, production area and yard stock area T,S

® Steam curing time management according to irregular climatic conditions such as temperature and humidity T,C,Q
T: Time, C: Cost, Q: Quality, S: Safety
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Table 2. Contents of selected case site

Item Contents
Location Suncheon-si, Jeollanam-do, South Korea
Site area 9,985.00m>
Total floor area Main building 15,668.48m’, Parkig lots 10,347.96m>
No. of floors 8 stories above the ground level, 1 story of basement
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Figure 4. Production and yard stock module
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Table 3. Questionnaire respondents

Distribution Person
Period 05.01.2021~06.15.2021 5(100%)
. Professional field engineer 3(60%)
Profession
Researcher 2(40%)
5 years~10 years 2(60%)
Careers
More than 10 years 3(40%)
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2, Table 49} o] 2|23 F7F AT AES A @) -85t oldf] % BIE7H e @4 823 B7HE
%015}74] TG 5 A 2 Aol LR AT AEL BIME2 37 = R, U, sigARY flel 3EAl=
Atk SR ] AT 147} A AES A8 A}, @R BA] 2] A0 7]&4_1_3_3]5 xﬂ 28T ALA 0

&
o, AN EF R 0E, 7EEIE FAI K g, 7142 E A Aoz thE 2R TR 2, 2|
i S A E et 2 741% T2, 2HEEAR U HE S FAY fheT 2= e ‘T‘%*Ojl{ EESERE N s
A Fe] 7] SigAre g, el ol F- S AlS ARt A UEAR <, A R RIS g, T AEARE R
A A 77t g A g oFA S S1RE @ Wl A S g, A4t Bl ofA Pl a3 o) 7R AP E A AT B
AX MR A o0, FA Abolzof whE I A R, BREARRHS] P AR g, AEEAE 70| 4A
SFE S IA TAAIE o d2, 7S A, AT B obA] WA A AlEdlold mlE, AR E B obARE A «of
o, A VIEI R E B2 B I, 712, Sk 5 = AR VIR0 wE PEAIRY e e 2 vk

Table 4. Risk evaluation for in-situ production of PC members

. Evaluation
Phase Risk factors ) ©
® Calculation of the total quantity of PC members O
® [n-situ production quantity O
PC members ™ Load of PC members @)
risks = Mold type according to the size of PC members O
® Zoning plan considering the number and arrangement of cranes O
m Steel mold material cost fluctuations O
= [nterference with adjacent sites O
Site ® Site access road considering crane movement O
conditions ™ Transportation of materials and equipment O
risks = Application section of PC members O
® Secure available area on site for production and yard stock O
® Calculation of production and installation time of PC members O
® Crane selection according to member size O
Production ™ Interference with other construction works O
and yard m Establish detailed process plan for integration with reinforced concrete structures O
stock risks  w Area of production module and yard stock module O
® Calculation simulation for available area, production area and yard stock area O

® Steam curing time management according to irregular climatic conditions such as temperature and humidity O
®: Good, ®: Insufficient, ©: Not applicable

VTR E A BPAE Slot 242 ok AT e o] @RS A8 B AT @A A H A
5 695 3 4719] Fooh 1729) TIF, 1709 HIART g 0.2 BAHGle. @I P F 5P F 471
(FEr0} 1719] 8] 52 0.2 BRI glek. kAT © ofd el 0] F 8P 58719 509k 1709 0] F 08 BAE]
e,

FPYS ST AT W} ATl 2E0] Bl ANE BYARY, BPY B P4 o BPY B R G

Journal of The Korea Institute of Building Construction 453



Lim, Jeeyoung - Jeong, Hee Woong - Kim, Dae Young

oA BT 0] 4G A, AT Bl of

0
=

5171

ol

7HEA . o)A

8

Fonx

oA

2|23 et

ki

ua
ojJ
.

;O_O

ol

Ak

S

o glAz gRle=z

=
e

Hlg 2 Wt g2l o
whEhA] B Ao A Agt

7} A3 AEo] 17 @A R

LEPEE:

29

AL

ks

ol

Z

2|23 g7h A=
AN 71T A= Atm

o
5

_(‘H
A4

]_

371l it
so] g

o
&

BEER:
I

g
9

s

;QL

B7H A2 AEE S

o] 2aa

_z__n

(NI
on
Y
o\
iy
w
e
X

10

o

EH

o

bk o1& S5t 17]2]

75

1 w2

O XA
E_'E!]

1

Sto] 2|23 8%

fohe 21 4%

S

E%%Oo
RS

o

R EECES

e

RN EEE:

AR @l 2 gte] @

o]
™
)

=]
i
g

2

A Ao

2] &

5

o

)

IA

27}

k=

AE BT
===

3

==
=

1

22 AES] AT g%

Z

>

A0

LS 4
Y ~
D_ﬂ_ AT
=3 =
— ,_lqn_wo
& <
= U
) =
= My
m H
<] =3
TR
Mo g
C
W X
z o
i~ o4
B ol
z.l 0
o il
=3 m
T <]
o )
L3
) 1_l1_
B0 o
ER
T B
o
Z0 A
o 4
Ho <]
s I
T
it N
T B
N m
Wy
= ™
R !
ol Gl
S =
o T
oW T
= W OTE
o B Bl
C
T o]

5t

AESTE

et 12| AL AR 271 A o Al =]

S

of wket 27t ks
W7 Ee @il wet 223 A=

o

it

w7

&
i

—_—

S

AR EE 2laa8R

__oT

AL
j0°

Aol

)

717423 E FAl

]_

<
=0

i
A
5
)
B!

FA

<

ol

,_.._mo

A

ol

—_

Tl 212389

S

=
[

&40}

ot @A = FAE

)

g

A7}

5

TELE ofof o

il

g

T1Ho g

21o] %

EEOE

22 9lat

Hr}of

o

o]

el

ol
o]

PPL AR 0.2 o)1 7oA Sl

2]
7k] 20% ol o]

AR T} ©F 14.5-39.4%2]

Ay

2]

SRS
o o

o)

l=] it 224

8

A ST AL

oA IE RS F,

£3], PCF

At

o}

Ay

RS

oM 714222 E FAE dllA]

51

Aow gt

orL-
1o

A

]

—_
1o

I Ak

el

=S
A~

3]

covero

=
=



Development of Risk Evaluation Checklist for In-Situ Production of Precast Concrete Members

Aol A Arstolof bk, Teiut ol 3718 ohjeh @AMIARE 918k ofe] 7H AR 0 B BE Bake AT
817 o9tk 2L ol g WAL LA E The] Sel A WA 4 Qi SAT2 Qlstel 7] ujs}] wolch, et 7]
AT A0 @A 48 A 943 8912 BAs o] of !

T /R E A9 @A E
of 223 Q1S A1 MEA W 4 ek 21 AFskAr 1
HguA S shsh] ofelg] Bladsh 2 @Yo R BREE 202 BANh A Blad ol A2 AEE @A
Are] 2292018 BEHOE oS0, LaAE S A AR WA o)

wfet oj#47} 7Rs st

7|RE - A, TIEE R E B, 2lA3 MF2AE W, 2|AT I Ay

Funding

This work was supported by a 2-Year Research Grant of Pusan National University.

ORCID

Jeeyoung Lim, @ https://orcid.org/0000-0002-2606-7831
Hee Woong Jeong, @ https://orcid.org/0000-0002-9104-2892
Dae Young Kim, @ https://orcid.org/0000-0003-3186-826X

References

1. Hong WK, Lee GIJ, Lee S, Kim SH. Algorithms for in-situ production layout of composite precast concrete members.
Automation in Construction. 2014 May;41:50-9. https://doi.org/10.1016/j.autcon.2014.02.005

2. Park SH, Lim CY, Lee WJ, Kim DS, Jung, YS. The experimental study on concrete manufacturing technologies for ultra high
strength concrete pile. Proceeding of the 2013 Spring Annual Conference of the Korea Concrete Institute; 2013 May 8-10; Seoul,
Korea. Seoul (Korea): the Korea Concrete Institute; 2013. p. 67-8.

3. WonIW, NaYJ, Kim JT, Kim SK. Energy-efficient algorithms of the steam curing for the in situ production of precast concrete
members. Energy and Building. 2013 Sep;64:275-84. https://doi.org/10.1016/j.enbuild.2013.05.019

4. Kim SK, Hong WK, Kim JH, Kim JT. The development of modularized construction of enhanced precast composite structural
systems (Smart Green frame) and its embedded energy efficiency. Energy and Building. 2013 Nov;66:16-21. https://doi.org/
10.1016/j.enbuild.2013.07.023

5. Lim J. A risk management model for in-situ production of precast concrete members focused on time and cost using system
dynamics [Ph.D. Thesis]. [Seoul (Korea)]: Kyung Hee University; 2018. 54 p.

6. Lim C. Construction planning model for in-situ production and installation of composite precast concrete frame [Ph.D. Thesis].
[Seoul (Korea)]: Kyung Hee University; 2016. 9 p.

7. Oh OJ. A model for production and erection integration management of large scale PC structures using system dynamics [Ph.D.
Thesis]. [Seoul (Korea)]: Kyung Hee University; 2017. 42 p.

8. Lim J, Park K, Son S, Kim S. Cost reduction effects of in-situ PC production for heavily loaded long-span buildings. Journal of

Journal of The Korea Institute of Building Construction 455



Lim, Jeeyoung - Jeong, Hee Woong - Kim, Dae Young

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

456

Asian Architecture and Building Engineering. 2020 Mar;19:242-53. https://doi.org/10.1080/13467581.2020.1740095

. Jung KO, Chung YK. The pollution and economic growth based on the multi-country comparative analysis. Journal of

Industrial Economics and Business. 2004 Oct;17(4):1077-98.

Lee GJ. A study of in-situ production management model of composite precast concrete members [Ph.D. Thesis]. [Seoul
(Korea)]: Kyung Hee University; 2012. 77 p.

Lim JY, Kim SK. Evaluation of CO, emission reduction effect using in-situ production of precast concrete components. Journal
of Asian Architecture and Building Engineering. 2020 Feb;19(2):176-86. https://doi.org/10.1080/13467581.2020.1726763
Lim JY, Kim SK, Kim JJ. Dynamic simulation model for estimating in-situ production quantity of PC members. International
Journal of Civil Engineering. 2020 Apr;18:935-50. https://doi.org/10.1007/540999-020-00509-4

Na YJ, Kim SK. A process for the efficient in-situ production of precast concrete members. Journal of the Regional Association
of Architectural Institute of Korea. 2017 Oct;19(4):153-61.

Pan M, Pan W. Advancing formwork systems for the production of precast concrete building elements: from manual to robotic.
Proceedings of 2016 Modular and Offsite Construction (MOC) Summit; 2016 Sep 29-Oct 01; Edmonton, Canada. Alberta
(Canada): Modular and Offsite Construction Summit; 2016. p. 2-9. https://doi.org/10.29173/mocs1

Pan M, Pan W. Determinants of adoption of robotics in precast concrete production for buildings. Journal of Management in
Engineering. 2019 Sep;35(5):05019007. https://doi.org/10.1061/(ASCE)ME.1943-5479.0000706

Pan W, Gibb AGF, Dainty ARJ. Strategies for integrating the use of off-site production technologies in house building. Journal of
Construction Engineering and Management. 2012 Nov;138(11):1331-40. https://doi.org/10.1061/(ASCE)CO.1943-7862.0000544
Hwang BG, Shan M, Looi KY. Key constraints and mitigation strategies for prefabricated prefinished volumetric construction.
Journal of Cleaner Production. 2018 May;183:183-93. https://doi.org/10.1016/j.jclepro.2018.02.136

Mao C, Shen Q, Pan W, Ye K. Major barriers to off-site construction: The developer’s perspective in China. Journal of
Management in Engineering. 2015 May;31(3):04014043. https://doi.org/10.1061/(ASCE)ME.1943-5479.0000246

Arashpour M, Wakefield R, Abbasi B, Lee EWM, Minas J. Off-site construction optimization: Sequencing multiple job classes
with time constraints. Automation in Construction. 2016 Nov;71:262-70. https://doi.org/10.1016/j.autcon.2016.08.001

Pan M, Linner T, Pan W, Cheng H, Bock T. A framework of indicators for assessing construction automation and robotics in
the sustainability context. Journal of Cleaner Production. 2018 May;182:82-95. https://doi.org/10.1016/j.jclepro.2018.02.053
Lim J, Kim JJ. Dynamic optimization model for estimating in-situ production quantity of PC members to minimize
environmental loads. Sustainability. 2020 Oct;12(19):8202. https://doi.org/10.3390/su12198202

Kang SM, Kim OJ. Domestic and foreign present situation analysis of a PC method. Seoul (Korea): Daelim Technology
Research Institute: Architecture(Spring); 2006. p. 28-37.

Park JH, Kim SJ, Paik MS, Lee SH, Park B K, Jung SJ. An experimental study on strength characteristics of mass concrete cast
with high-strength concrete for precast application. Proceeding of the 2007 Autumn Annual Conference of the Korea Concrete
Institute; 2007 Nov 7-9; Seoul, Korea. Seoul (Korea): the Korea Concrete Institute; 2007. p. 585-8.

Park H, Park S, Hong K, Kim S. Development of residential PC prefabricated building structure system. Construction
Engineering and Management. 2011 Feb;12(1):11-6.

Song KJ, Lee UK, An SH, Kang KI. PC production schedule optimization model using a genetic algorithms and random keys.
Proceeding of the 2005 Autumn Annual Conference of the Architectural Institute of Korea; 2005 Oct 24-25; Seoul, Korea. Seoul
(Korea): the Architectural Institute of Korea; 2005. p. 487-90.

You YC, Choi KD, Kim KH, Lee LH. Mechanical bar anchorage of the PC in beam-column joint. Journal of the Architectural
Institute of Korea. 2001 May;17(5):35-42.

Yoon D, Hong W, Yoon T. Half slab construction for eco-friendly composite frame system. Proceeding of the 2010 Autumn
Annual Conference of the Korea Institute of Building Construction; 2010 Nov 18-19; Suwon, Korea. Seoul (Korea): the Korea

o

Erae e

_Jon

t5|X|



Development of Risk Evaluation Checklist for In-Situ Production of Precast Concrete Members

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Institute of Building Construction; 2010. p. 15-8.

Hong WK, Kim SK, Kim SI. Load carrying capacity of structural composite hybrid system (green frame). The International
Journal of the Korea Institute of Ecological Architecture and Environment. 2010 Feb;10(1):25-31.

Son SH, Lim JY, Kim SK. Planning algorithms for in-situ production of free-form concrete panels. Automation in Construction.
2018 Jul;91:83-91. https://doi.org/10.1016/j.autcon.2018.03.006

Kang LS, Kim CH, Kwak JM. Analysis for the importance of risk factors through the project life cycle. Journal of the
Architectural Institute of Korea(Structure & Construction). 2001 Aug;17(8):103-10.

Chung BH, Chung YS. Analysis and reduction for risk factors of construction projects. Korean Journal of Construction
Engineering and Management. 2001 Aug;2(4);62-8.

Shin KH, Kim JJ. A Study on the importance of risk factors for effective risk management in the pre-project planning phase of
the development projects. Korean Journal of Construction Engineering and Management. 2002 Mar;3(2):75-86.

Suh SW, Kim JJ, Kim KR. A decision making model for construction risks using optimized response method. Journal of The
Architectural Institute of Korea(Structure & Construction). 2002 Oct;18(8):115-22.

Kang SK. A study on the risk management efficiency in the cost of apartment housing development [master’s thesis]. [Seoul
(Korea)]: Chung-Ang University; 2004. 86 p.

Kim MH. A study on the method of the risk management in the real estate development project. Seoul (Korea): Construction
and Economy Research Institute of Korea; 2005. 97 p.

Lee JK, Lee JH. A study on the method of the risk management in the housing project. Journal of the Korea Institute of
Ecological Architecture and Environment. 2008 Apr;8(2):79-86.

Lim J, Son S, Kim JT, Kim S. Experimental study of in-situ production of precast concrete members, Proceeding of the 7th
International Conference on Construction Engineering and Project Management(ICCEPM); 2017 Oct 27-30; Chengdu, China.
Seoul (Korea): Korea Institute of Construction Engineering and Management; 2017. p. 98.

Journal of The Korea Institute of Building Construction 457





