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Reinforced—Concrete Works Productivity and Influence Factor Analysis

on Nuclear-Power-Plant Project
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Abstract

Nuclear power plant projects are being increased all over the world. The construction of nuclear power plants needs
huge money and time, which makes conducting a detailed analysis of productivity through the whole process.
Reinforced—concrete works productivity field data was collected for more than one year and analyzed from a
nuclear-power-plant project in Korea. The productivities of formwork, rebar-work, and concrete pouring were 0.54 m’
/man - day, 0.06 ton/man - day, 1.98 m'/man - day, respectively. Moreover, it is revealed that ‘Day of the Week’ is a
driver of the formwork activity and ‘Overtime’ is for all of the three. The results will be a great interest of industry
personnel estimating time and cost of a new nuclear power plant.
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Reinforced-Concrete Works Productivity and

Influence Factor Analysis on Nuclear-Power-Plant Project
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Figure 1. Research procedure
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Table 1. Plant relevant research trends

Resea-
Classification  rcher Research Content
(year)
Survey of various danger elements of the
Kang phase EPC which belongs to the phases
3] of plant construction industry and analysis
of occurrence rate and influence degree of
danger elements through survey.
Module and %pproprlate construction time
Plan Moon Was calculated and algorithm was proposed
[4 which were both based on standard
construction mode of overseas gas plant
construction.
L
T ) Analysis of domestic and forelgn cases of
- Kim  planf construction and DB plan  of
b [5] domestic and foreign plant project was
T proposed through interview.
- ) Koo Issue of standard code and necessity of
IS Design 6] improvement plan were both proposed
- which were for plant design.
= The main domestic EPC firm’s system
= Lee was analyzed and module and plan which
o [71  can be correlated were proposed and
I proposal of system development method.
T
% Cho Productivity improvement method was
i (1] proposed on the foundation of experience
i, NO.5 Glory Machine.
Constru
i ction ) Modularization of necessary construction
= Kim  knowledge of Planl construction and
[8] application of from systematic method to
practical system
i Productivity improvement through overcoming
B Lee the theoretical management skill and proposal
i3 [2]  of necessity of information system for ensuring
- international competition ability.
Evaluation of the importance degree of
Han industry management’s element which are
[9] classified by EPC phase of LNG plant
field.
Entire Analysis of life %/cle of plant project, including
Won schemahzahon lesign, preparation and business
[10] Erocess In addition, construction plan of
nowledge management system was also
proposed.
As the center of domestic architectural
Yun engineering, the current situation of plant
[11] education was surveyed and direction of
Education plant education was proposed.
Program Education course development which is for
Park fostering experts was carried out in order
[12] to get enlargement of domestic and

foreign plant market.
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Table 2. Outline & Layout of site S

Classification Contents
Date of Primary
Plan Established 2001.2.24
Type Pressurized Light Water Reactor(1400MWx2)
Total Construction
Cost USD 5,760,000,000
Floor Area 1,737,788 m
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Table 3. Key elements of productivity influence selection

Candidate Drivers

Definition

Data from
Meteorological
Administration

Weather Weather

data from the
site work
report

Day of the Week
Overtime

No. of Worker
No. of Crew

Work Amount

Cloud amount is above 6 and
below 6

Clean day, cloudy day and rainy
day

Divided by week, from Monday to
Sunday

Divided by whether there is a night
duty or not according to the
work report

Number  of total workers per unit
day

Number of total crews per unit day

Total work amount (m2, Ton, m)
per unit day

4. ARA 54 2 FAF My

B o] ARSE YA Apm= 2zt 169 179 537§ o|c}.

O AN FEY, A, TAYEFY o - ARE A
%‘1_% Z¥7r 0, 4(m /man - time), 0 O6(t/man time),

L

a) Formwork productivity

b) Rebar productivity
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¢) Concrete productivity

Figure 2. Box diagram of labour - time productivity



Table 4. Work labour - time productivity of site S

Table 6. Productivity & quota comparison of site S

Standard Standard

Classification N Average Deviations  Error Min Max
Formwork
Worker 169 05418 0.16745 0.1288 0.11 098
(m /man-time)
Rebar-Worker 124 061 001318 000099 004 0.0
(t/man-time)
Concrete
Pouring 53 1.9817 1.34600 0.18489 0.08 542
(m*/man-time)
4.2 MMM ZMIio| Hlm
AR A 9l - AZE A T Rz A 4
< BAa17] $isto] mEEANONA AL Q= A
HlRE AN BEEMN mET A Al
e7keld 3 A2 arste] Table 59F 22 7=
AR BT
Table 5. Calculation basis of quota productivity for
productivity comparison
Work Estimating Sandards(2013)
type
Form Under the standard of formwork and euro form are
-work  applied by a scale of 1 to 9, extra 10% is attached
Under the standard of the number of rebar workers
Rebar ;
of complicated process and assembly
Concr Under the standard of concrete pump truck’s pipe
ete cast and tunnel cast are applied by a scale of 7 to 3
FA H|wE $fete] A T9|(Work Amount/Man -
Time)E ZA17]%(Man - Day/Work Amount) & AR5t
At FE3-2 2,31, FF 1.93, 4—31“4&4—063&1412}

o, of= A 7IEm] Z
EAE K Table 6),
HE 4l IZgg|E 50| A4

22} 130%, 56%, 108% 4=

e Eazet AAsH
olFolAl @] S o] 4] V1Nt S A}
e Ao® weken, A2 ﬂéu 39 EA) o

50% 795_4 o]alu]—o] QZ]Q er,} o]b
EE 350 B Flue xéiu B91 FAL 2

Aol vl e Foll <l Ae= b,

- Comparing
é;/esrigespéﬁ Lglvgz Estimating with
. Standard estimating
estimating standard
standard
Formwork worker 231(man-day/10 ™)  1.77(men-day10 ™)  130%
Rebar worker 1.93(man-cay/t) 3.43(man-cay/t) 56%
Concrete worker 063Mman-day/10 ™) 0586man-day/10™)  108%
5. dFR A
Aol FEE HjAl= 205l BA FE,
TAYE FFERE A AFE 771 2150l disted]
J&af <= AAgEE oJugl= KQlEe] Histe] FHRAL
ANOVA e AXEIG B =RolAe BE I8
AKCR felstol Y vlAE o A
aelse] Hel 714 S
5.1 83252 gsael Y
51.1 8¢
Jcl%_meﬂoﬂ @E z‘;ﬂE_ﬂ%_g] ‘;(LOJ o] /\]7]- Aﬂ/\]—/d’ oﬂ EH

3 ANOVAEA A3}t §olskso0] 00072 §-2142(0.05)
e} ol BAMoR gelslo] L vl Ao
SJcH(Figure 3, Table 7).
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Figure 3. Box diagram of work labour-time productivity

according to week
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Table 7. Work productivity ANOVA according to week

; Freedom Average Benefit
multiply " gedree multﬁ) y F rate
Between 0333 3 0111 4189  0.007
Within
Wi 4377 165 0.027
Total 4711 168
5.1.2 °F7H&4 f#F

O el e A Q1 - ARE AJAMT 2] ANOVA
A Axp goJgkgo] 0,0000% §4-20)43(0,05) Kt Ho}
FARCE Fosto] YRS mAl= Ae=E EAESIH
(Figure 4, Table 8).
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Figure 4. Work productivity ANOVA according to existence or
in—existence of night duty

Table 8. Work productivity ANOVA according to night duty

i Freed A Benefit
ooy TEOD NGRS F e
Between
qroup 0.637 1 0.637 26.114 0.000
Within
group 4.074 167 0.024
Total 4711 168
5.2 H22F9 g0l 2Y
5.2.1 oF7r&4} #F
ORI o) W HIEE] e <l - AR A
3 ol gk ANOVARA 23t fojgkEo] 0,0012 24

(0.05)Er} o} FAH R fofste] P mAl= A
O

o7 BAEQItHFigure 5, Table 9).

LER
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(owrl.uew/}) KITAIIONPOIJ JBqAY

Il

night duty off night duty on
Rebar night duty on or off

Figure 5. Box diagram of work labour-time productivity
according to existence or in—existence of night duty

Table 9. Work productivity ANOVA according to night duty

» Freedom  Average Benefit
multiply  "gegree  multiply F rate
Between
group 0.002 1 0.002 12.213 0.001
Within
group 0.029 177 0.000
Total 0.031 178
5.3 232 E239 Hueel #4

5.3.1 ok Zr&g #5F

Rt foll wE EAYEFEY Ay Q- Azt
KA of thigh ANOVARA A3t fojghgo] 0,0260=
Fol5=3(0.05) e} Yo FAK O & [Folsto] kS 1]
2= Aog BAEQthFigure 6, Table 10).
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Figure 6. Box diagram of work labour-time productivity
according to existence or in—existence of night duty
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Table 10. Work productivity ANOVA according to night duty

Folite oRPAY fvet 2ARE S50 FAKCER
oAl FEFE vAE AR YERgtHTable 12),

; Freedom  Average Benefit
multiply degree multﬁ) y F rate
Between . . .
group 8.623 1 8.623 5.270 0.026 Table 12. Analysis result of key influence elements classified
\Qﬁgﬂ'g 85.386 51 1674 by engineering
- Affect Statistical Method
Total 94.209 52 Activity Factors Degree  Employed
Cloud Amount
X ANOVA
Weather Standard
5.3.2 ZadE & Spot Weather X ANOVA
zaz)e B det FALY A3t BYAFRYE Day of the Week O ANOVA
S ¢ Form- Overtime ANOVA
0.4660]9 frl2kgo] 0000024 A 2l - A7k YAt o rtim © o
Ao o A RS vA= A oE BAE I Figure No. of Worker - Analysis
Regression
7, Table 11). No. of Crew X Analysis
Regression
Work Amount X Analysis
Regression Analysis
g V! Cloggn/gr;r%um X ANOVA
N Weather
Spot Weather X ANOVA
T Day of the Week X ANOVA
P
- Rebar- Overtime O ANOVA
work Regression
: o] No. of Worker X Analysis
— Concrete Amount Regression
z ol . No. of Crew X Analysis
e _ Regression
¥ | Work Amount Analysis
= w Cloud Amount
_ X ANOVA
Z wonl Weather Standard
Spot Weather X ANOVA
Y = 0.831 +0.006X Day of the Week X ANOVA
R2 = 0.466, Std. Error of Est.= 0.993, p-Vaue(of X) = 0.000 )
P of X Concrete Overtime ©) ANOVA
Figure 7. Work labour * time productivity regression analysis bouring No. of Worker _ Rigrel-ssjon
. : nalysis
according to concrete amount Regreision
No. of Crew - Analysis
. .. . Regression
Table 11. Work labour-time productivity ANOVA according to Work Amount o Analysis
concrete amount © : Statistically is significant
— = — O : Affect to a certain extent
: reedom Average enefi )
Mutiply  "aRSree ‘mutiply e X Not affect
Regression
model 43.887 1 43.887  44.479 0.000
Residual 6 =
return 50.322 51 0.987 % T
Total 94.209 52
S4BE W] MY 23 JRac) $4E 98l
5.4 WL 24 U} of H A4 Fo| Gl S| ASARE Erlz BAG
) _ A7 they}l 7o ATE o)
7k B gy B4 59 o) gl ggaclse] AT T 42 AN A
ool B4 BAG A A3 FEBFAE egnt D B FEFF 0.54(u/man - time), B2
> IZ i =2 EIlZ 3
ORI I, BIFFNNE ORI §, BAR|EY 5% 0.06 (t/man - time), 32255 1.98(nt

/man - time)= YERITH
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