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Abstract : This research examines the need for a quantitative and objective method of calculating baseline productivity
in the construction industry, which is known for its high volatility in performance and productivity. The existing
literature's baseline productivity calculation methods rely heavily on subjective criteria, limiting their effectiveness.
Additionally, data collection methods such as the "Five-minute Rating" are costly and time-consuming, making it
challenging to collect detailed data at construction sites. To address these issues, this study proposes an objective
baseline calculation method using unimpacted productivity BP, a work check sheet to systematically record detailed
data, and a data collection and utilization process that minimizes cost and time requirements. This paper also suggests
using unimpacted productivity BP and comparative analysis to address the objectivity and reliability issues of existing
baseline productivity calculation methods.
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2.2.1Thomas's Methodology (Thomas et al.,
1999)
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T HlolE 2RIE 4FF VIE N 10%= Adok= A,
NOJ 5 0]2}0]ofot oh= A & &FF 71E Aol FHEoet
= A7 ATk

2.2.2 K-Means Clustering (Ibbs & Liu, 2005)
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2.2.3 Stochastic Based Model using Monte Carlo
Simulation (Gurmu & Ongkowijoyo, 2020)
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4) Stochastic Based Model using Bootstrap Method
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5) Multiple Regression Analysis

Regression Model2 CHESH Aol Q010 A o= g
gk NIAlE s H ok Al Ad Z2HEQ] Activity
o] WA E AtESHE AEXQ B oM (Thomas &
Yiakoumis, 1987; Sander & Thomas, 1993; Kim et al.,
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A Heloh=XE HEoks B4 dH oIt} o= Multiple
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AsE 5] LM Z1k0] Constant (Base Unit Rate) S 71&
MAPS O 7 AFESH H(Sander & Thomas, 1993).
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Table 2. Keyword combination extraction results from productivity

1095 report data
S|=[VISPArIReLal o] "Rsih P
1st Keyword + 2nd Keyword
. .. . Productivity Is Reduction
Table 1. BP (M/man-day) Analysis results of piping welding work , ,
. QOutput With Decline
sections
Performance Than Loss
All Result N.M MM LW LE - - Insufficient
Methodology
57 Day 54Day | 35Day | 19Day | 11 Day - - Low
Thomas's 7819 | 7350 | 8550 | 7650 | 3375 - - Unreflected
Methodology - - Unfulfilled
K-Sl\t/le&;]nsflu;terlgg 79.32 80.04 78.78 64.88 72.00 N N Not Reflected
0OcCnhastiC base! N
Model(MonteCarlo) 81.42 92.95 100.8 74.02 69.20 - - Not Fulfilled
Stochastic Based — — -
Model (Bootstrap) | S04 | 9712 | 9267 | 7714 | 66.64 = YO1E AFET} QXIS 4= QAL E SHH, AFHO] 21 Al
off AE F£eloto] T B, Bt BAE R4 Tlo t
OJ7HK] BE|eh= TZA|A0T] NLP Toolg E&3510] AlZ
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Unimpacted Productivity BPE= A% £, A& A1}
Kol Q010] 2E]|ojQl= HOIHE &&d10] ng_’;} A
Ch SHAEE SIAl A 2otojA] Bier]= AR &
At HIOlE = tEEO0] HRstal AR &Kl 9‘?_ HlolH
= YA AR AL FREOE HE9] 2kA0] gl
HiIA FEO Asd WAOF 7|2%0] Q= HlolE FEl
2 B Qoh weta] Aol Q1€ XS Unimpacted
Productivity BP £t&g& Qo A710] 7HEsE Python
Based Tools E-EolALt H71710] 7iEFst Python Based
Key word Tool2 FAIE S1I2|5S 8510, BERT YH]
g 9 SYHAH 7|E 53E ARSI Foi™ E“\EOHH
7H TEE0] =2 7I1¥EE Adstl 18wkl = O]
£ Sall TAQ WEE uietotal, Hilkl HolH Wof A+
o] dgst 7195 1F W9l 7IREST 22 1ot
A tiESH FE diHEs FEoks 54 7K Python
Based Key word ToolO|C} 0|5 &gd] (A& Ho] |
1A FEfO] HIoJHOIA Kol Qg FEoh= Ale 7Y
S 0| & &&all A2l M 9] HilA] FEfQ] To] i
oflA] Rlall Q0le FEot= A9 S WoIALE Ao QI
A LS 2 =F0llA] O] Q185 A1 U= Aol 9‘?_
T AAE Fal6t0] ERFIASH (Son et al, 2002) SH
T, 2R HE & AR 2 384 Case Studyoll &6t
HIA HOJHTO R #etely] 0E ), Ao Qo1 gl ¥
L2 EFolA ZUTH
3.2.1 Natural language ProcessE 23t X5l 29I
mpet
Natural Language Process (NLP)= EIAE 241 g mj
AREEH, HIEY §AE0A &4 iHE FHonfo] on| Q
= gHE TS0 IE0Ith NLPE Edfl AFEO] Akga}

b srEAuBee] =27 M4 H3E 20234 5%

AP HAIRFEOIA] (Table 2)0F 22 719E £8& FE 6
ALk 1 5, 719E 82 Keyword Toolo]l THISH0] Al
A HUAFEOIA Kol Q1€ FESIRITE

3.2.2 Python Based Keyword Matching Tool& &
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NLP ToolE &&3l < 600] 71A] 7]19E Zga 2 A
TRl0] St Python Based Keyword Matching Tool&
gr&oto] AGRolA Kelf Q52 FESIULE Aol 2
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Table 3. Impact factor derived from entire steel construction

Factor Number

Lack of Planning 2
Non-Compliance with Education 2
Weather 72

Ladder Work 2

Prior Construction not completed
Change of Construction Plan 1
Movement Interference 3
Work Interference 22
Narrow Workspace 2
Equipment Failure 2
Change of Equipment
Lack of Equipment 10
Movement of Equipment 2
Low Weight Work 64
Waiting for Inspection 4
Regular Safety Training 1
Early Start/Extension Work 4
Ground Assembly Work 8
Personnel From Other Industry 2
Personnel From Other Section 3
Personnel From Other Work 26
Other Equipment Lift 3
Decrease of Input




Table 4. Example of productivity and impact factor matched by

date
Time | Output | Input | Productivity Impact Factor 1 Impact Factor 2
1 316 56 | 5.642857 Ground assembly work -
2 337 59 | 5.711864 Ground assembly work
3 274 58 | 4.724138 Other equipment lift
4 89 53 1.679245 Lack of equipment Weather
5 206 | 63 | 3.269841 Weather
6 122 64 1.90625 Weather
7 19 69 | 0.275362 Weather
8 265 63 | 4.206349 Weather
9 337 64 | 5265625 Ground assembly work
10 401 60 | 6.683333 | Movement of equipment

Aol 2 OJ5te] Eig B Ao Aioll= 1
IO 2= A7 olg7] mhzoll 714 BHIE AFEsto] A2
ST A o2= IdQ, 2I8ZE, At 59 &t
£ AKSSI AE WL QoA Fau &, oiEA &
= ARISHAL Al ASH= 21¢] Soll sfgeitt.

3.2.3 =& Xsl| 21 IR Matching
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&3l 219 S BAS 5= UCKTable 4).

oE'.“"‘ =
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Table 5. Results of eliciting impact plots of hindering factor

324 010FRCI>_| _E_ M

TEE K5 Q19 MAMSo| 7]X]
QI3 (Table 5y} Z0] 27 -E*’\ﬁ s
A8 ZE N)hg, &Y 7H, A

=0l

7

—_—

oK =

I =], &8 &Y, Bl &Y Q_FiﬁEr\:loi 240 =

9l eH=20] o] §E0] 0.05HLF WA Lo, AR/ A
HOR FEXE Wit ol g8 & 2H 75 9 2|
HA0] 212} -6.075, -5.1012 HFert = Lo & AR
ATolA 7FS =2HE [ Al &) 2 Ko Q910] 7+
T E9¢t ] ZRIEQES LESIQEL AL & AR
ZHIE MEotal olssts &g 8oty AlZHo] o] A
AEROm, olof e 85 & AP EQ] th7IARI0] 57}
SHH, MArgoll Y & ggks

3.3 Unimpacted Productivity BPE &89t L2
sy
A4 TZREA] T AR Eah) AR AR AALA
HOJE|E &85t Stochastic Based Model®] CL 90%7} &
At 7|1V S AESHER] Aol Q91 AR Sk A
& AH0] 2HE A= EIOJHE &&5010] Unimpacted
Productivity BPE L&5}10] A% 22k AR K1Y AR
HIOIE 718t BP A& ZAue} vl EA16HACT Unimpacted

Dependent variable: Non-standardization coefficient Standardization coefficient - s
Productivity B Standardization Error Beta

(Constant) 7.501 0.131 - 57.376 0.000

Lack of Planning -3.218 1.962 -0.053 -1.640 0.101
Non-Compliance with Education -2.444 1.962 -0.040 -1.246 0.213
Weather -4.019 0.336 -0.394 -11.953 0.000

Ladder Work -2.816 1.962 -0.047 -1.435 0.152

Prior construction not completed -4.743 1.245 -0.124 -3.810 0.000
Change of construction plan -0.243 2771 -0.003 -0.088 0.930
Movement interference -2.358 1.604 -0.048 -1.471 0.142
Work Interference -3.391 0.636 -0.175 -5.333 0.000
Narrow Workspace -2.926 1.962 -0.048 -1.491 0.136
Equipment Failure -1.498 1.965 -0.025 -0.763 0.446
Change of Equipment -1.543 1.962 -0.026 -0.787 0.432
Lack of Equipment -5.101 1.245 -0.133 -4.097 0.000
Movement of Equipment -6.075 0.810 -0.245 -7.502 0.000
Low Weight Work -1.543 1.962 -0.026 -0.787 0.432
Waiting for Inspection -2.818 0.374 -0.248 -7.536 0.000
Regular Safety Training -1.340 1.390 -0.031 -0.964 0.336
Early Start/Extension Work -0.046 2.771 -0.001 -0.017 0.987
Ground Assembly Work -1.438 1.390 -0.034 -1.034 0.302
Personnel from other industry -0.987 0.987 -0.033 -1.000 0.318
Personnel from other section -3.913 1.962 -0.065 -1.994 0.047
Personnel from other work -2.871 1.614 -0.058 -1.779 0.076
Other Equipment Lift -2.154 0.557 -0.126 -3.864 0.000
Decrease of Input -3.076 1.604 -0.062 -1.918 0.056

st DE[ors] =2 E H247 M3 2023H 5% ]



Baseline Productivity
Year 20XX
BP CL
Month M1 M2 M3 M4 M5
Category Week W1 | W2 W3 |W4 | W1 |W2 W3 | W4 W1 | W2 W3| W4 WI1| W2|W3| W4| W1 W2|W3| W4
subcontract /Contractor Planned Output
Type of construction Pl; d Input
Type of construction Performed Output (Day)
Sub construction Performed Output (Night)
Section Performed Input (Day)
Note Performed Input (Night)
Productivity
Baseline Productivity Ratio
Occurrence of Impact Factor
Fig. 1. Daily Work Check VBA Excel Sheet
Table 6. Comparison of steel data BP Calculation results old @€ Unimpacted Productivity BPE AHE2 4= QL
S =
Stochastic Based Unimpacted BP Gap CLGap E‘ /(\13-]/‘\_]-18 "7:]”3] ]gl'ﬂ\:l"é‘ ‘?“E\:l] ]’E‘ ZﬂO]E]'. ix_]'al 1(:1:1-1:1‘:]-1 “/l\“%%
Section Model BP Productivity BP 0 5 o3 Ao &l MAA T Al Q010 3dskE HES.
(ton/man*day) (ton/man*day) &3 () T]OH A ;‘: Oc;oy i j]j e 9EE e
e} =3 S 1 3 IT AN
ABLDG 9.987 8.051 +24.0 85.12 Z:l‘—])qoﬂ EHO‘—]‘ Oq—'—e Jl]-—'% T AT J‘:]—E] ‘J;L‘E/\ﬂ‘—j A
B BLDG 11.167 8.172 +366 | 8596 THEICH
CBLDG 9.529 6.831 +39.5 68.82
D BLDG 10683 7.901 +352 | 8178 4, Detailed Data $~%! Hiot Xj|A|
EBLDG 8.967 7.370 +21.7 75.86
C;‘::Lﬂ' 9.801 7.675 +27.7 | 80.10 AASHE BPE AHESY] Qeiils AR Sk AF &}
AT opLet, affg AdAo] Klsl Q19| Heks BIRt=AIE

Productivity BP A& 1ol SAF P Z2HEQ] A, B, C
5, D5, Es & 570 ZoneollA] =S 4709] SIAE RIS
35 A HolEeE Al Qelo] 7ISE AlIFAF Hil
At=olA, St Al Qelo] Edlst UmE A Qlst €9l
Unimpacted Productivity BPE AF=36107 Stochastic Based
Model¥} H) nl&A] SFACH

(Table 6)2] 21} HIWE HH AS, Bs, Cs, DS, ES0
A] Unimpacted Productivity BP+ Stochastic Based Model
BP2} 24.0%, 36.6%, 39.5%, 35.2%, 21.7% Al0|& HHCE &=
St Unimpacted Productivity BPQ] CL Zt2 Bootstrap CL
%Ol 85.12%, 85.96%, 68.82%, 81.18%, 75.86% +EOF 4t
EHQlom, 7|E ZaSollA] RASE CL gt 90% (Gurmu &
Ongkowijoyo, 2020)H T WA AFE%|QICE G5t F27to] wh
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