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TACT Productivity Management for Finish Works of Residential Buildings
using Productivity Achievement Ratio (PAR)

Joo, Seonu’, Park, Moonseo®, Lee, Hyun-Soo', Lee, Kwang—Pyo'
"Department of Architecture & Architectural Engineering, Seoul National University

Abstract : To complete various types of finish works with higher quality in much less time, TACT, which was mostly
used for high—rise buildings, has been adapted to meet the needs for systematic schedule management in construction
sites, However, the effectiveness of adapting TACT has not been shown as expected due to the different perspectives
on productivity from both general contractor and subcontractors based on unforeseen conditions according to the types
of site, Furthermore, not enough theoretical backgrounds, empirical data, and systematic approaches to solve the
fundamental problems caused by each participants’ different views on productivity has produced obstacles for establishing
effective solutions, Therefore, this research aims to analyze the possible main reasons for having different point of
views regarding productivity among various participants of residential building sites using TACT based on literature
review, site survey, and interviews, Also, case study was conducted to propose obtainable productivity (OP) regression
equation and productivity achievement ratio (PAR) with reduction factors (RFs) and actual productivity (AP) data from
an actual construction site, The proposed outcome may assist general contractors converting output management with
PPC to productivity management with actual data using PAR. On the other hand, subcontractors would be able to
estimate theory—based maximum productivity of construction sites with TACT by using OP, The PAR will enhance the
communication between general and sub—contractors for their decision making process, Finally, the main RFs derived
from PAR could be used as essential keys for productivity management to increase the economical and operational
effectiveness of the construction project,
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Fig. 1. Concept of TACT Scheduling Method

TACT Scheduling Method= & 412 TACT, &¢H4
TACT, $H4 TACT®] A 714] Sel2 EE2ErHe-8A) et al,
2003, HHIA et al, 2006, 321 2009). FAIZA TACTH &
SAYL o] Fo A 7YY 7 AHe] E50| o]ojx|A] k=

TACTR, BeQAMrk Skt 9lee] 2458 wefe
Blo|cHFig, 2(), B9 TACTE 7|2 mlgt 24
2ol 72 AMREE WHo® Ajelo] EEE A%AS 7

38  stzzamestsl =21 Fi6H M3s 20154 5%

A1t 49] 8550 olofA S TACRIE, ol 4 4
SN FAsle] FHIO] S

A0 3RS ﬁad ol

e

AQATHS F7188E] A EY X}%J.i%gl Lé*ér% 3
E3} 4= )= TACTO|T}, % T CT% e HYAA e 2k

At Apele] et 55 BEALE olBFe R
SRR *@*H@" o AT 4 i o
ol
A ]
A [ B |~
Al c oy

+—+ Waiting time Time
=> Work flow across floors
—> Work flow in a floor

(a) Superficial TACT, (b) Incomplete TACT
Fig. 2. TACT Types
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Table 2. Classification of OP by Main Participants

Classification Description Participants
Maximum productivity Worker group

which can be obtained by |+ Subcontractors’ manager
subcontractors’ aspect |group

Maximum productivity Worker group

OP by Field |which can be obtained + On-—site Manager group
Organization |by construction on—site |(manager of subcontractors +
organization aspect manger of general contractor)

OP by
Subcontractors
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Table 3. Classification of RFs (Modified based on Kim T. et al. 2004)

ZAFTACT 7|8 AARA 43| — Productivity Achievement RatioS 2t AAA 2ta| —

4. PARE &6 TACT Mitd BA

4.1 Reduction Factor M4

variable C-V-RF
invariable C-IV-RF
uncontrollable controllable

Fig. 4. 2x2 RF Matrix (Adapted from Kim T et al. 2011)

=2 5A7Fs 4ol ek C RF9F UC RFE & 75
o Woopet i ZRAE X F 5/ (Variability)oll
2} Z2AE 7|7 Yol |54 08 H3lsh= Variable RF(C]
5} V_RF)e} HEsHA] ¢hi= Invariable RF(0]8} IV_RF)& -
w3 4= glom, F7HA] S EY|E Fig, 49F 22 2x2 1f
EgA QoA 9 7hsslet,

ISR s RF name Main Controlling Participants RF code | Variability
Factors
Lack of responsibility of workers (insincerity) Worker group F1_1 V_RF
Deficiency in skill—level of workers Worker group F1_2 IV_RF
Construction Frequent full—time works Worker group F1_3 V_RF
Workers related  |Fatigue of workers due to excessive works Worker group F1_4 V_RF
Conflicts among workers and among upper and lower groups Worker group F1_5 V_RF
Deficiency in supply and demand of workers Worker group F1_6 V_RF
Design Management |Incompletion and quantitative shortage of design documents, |Participants not involved in on—site organization| F2_1 V_RF
related Design ignoring constructability Participants not involved in on—site organization| F2_2 IV_RF
Inappropriate selection of construction methods Construction on—site Manager group F3_1 V_RF
Excessively high criteria of quality Participants not involved in on—site organization| F3_2 V_RF
Unreasonable construction site planning Construction on—site Manager group F3_3 IV_RF
Construction Site - - ; ;
Management related Faults in planning of work process Construction on—site Manager group F3_4 V_RF
Faults in work planning Construction on—site Manager group F3_5 V_RF
Insufficient communication among subcontractors, divisions Construction on—site Manager group F3_6 V_RF
Inappropriate safe management Construction on—site Manager group F3_7 V_RF
Faults in material procurement planning Construction on—site Manager group F4_1 V_RF
Resource input Substandard material Construction on—site Manager group F4_2 V_RF
related Faults in equipment procurement planning Construction on—site Manager group F4_3 V_RF
Equipment in performance deficit Construction on—site Manager group F4_4 V_RF
Poor weather condition of temperature and humidity uncontrollable F5_1 V_RF
Poor weather condition of snow, wind, rain uncontrollable F5_2 V_RF
Characteristics of |Disadvantage in conditions of a location for construction site uncontrollable F5_3 IV_RF
Construction Project |Poor work environment due to noise, dust, vibration, etc. Construction on—site Manager group F5_4 V_RF
and External Factors |Hostile atmosphere of residents Construction on—site Manager group F5.5 V_RF
Excessive legal restrictions uncontrollable F5_6 IV_RF
Inadequate support from head office Support divisions of head office F5_7 V_RF
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AA| RFE-S C RFQ} UC RF o]¢z|oz rgsls| JLhy]
A grom duht FA7}F 7R E el EAIAIS
(Coefficient of Controllability, ©]8} CC)E 3l &A1zl
PAR 2&-& 153 4= Sk, Hi7ke tide = g duo]
7IH& B3l A= CC= 0~19] gk 7 CC7t 1o]H
h3gE C RF, 00|19 2h3t UC RFE omfglct,

et et al. (2004)= 4ol FFS A= Q1SS
=57 - Aelsto] RFEE Ak, 4 ¥ OC % RFE9
HE/dS ZARSH] PAR 4H&E0l f-2ojueh Aka = 244 2sk9
CHTable 3).

4.2 PAR &=

£ 7 TACT 21§ 558 nlgrgatels 54 mas
E Y 355 deR sl 7| Aol AkEsE CC %k
& IR 4314 ekal, TACT HE7HES diifo dut
o] 7¥& %n_‘*lo 04 ol AlIA =& RFE2| CC ghe
A=31gtt AET) AR 71322 TACT A8 JAF Ado|
= 749 10d Ol*bl S DA AR, 58E=FA
©] TACT g 4152} 9 TACT ¥l A Zelo] Q= A4
e Fopupile Agsigc

:.N:

F7)H0= 243 APglat dsto] 7|HS Bl £E%
V_RFES 2830 4] (03 22 EaANE 73 5 910

m, o]& &3l 2t V_RFkE9] 39AI5~Bk) % y—EHA) &
&3t w3t duto] 7S B3| 7 24V _RFEQ] 4|
¥ OCkghe 4] Qo tielsho=m Feieda) o] oPgtat
Y22 FA)0) OPRES 22H A 4 9k,

AP= A—Y B VRF, o)

OP=A— EBk-(l — CC,)-VRF, ©)
AP

3

PAR= 55 ®

A 7 OP 218 4] (901 218310l HRA) 4] PAR
W A=A A PARgGES A 312“4 TACT 7|H
A8 Aol R by Be) FIES BT 5 Ak
Ak 24 2 0P 5 PAR 2] Sl Holal 2

TACT 714 Aol thet B %42 ol 25 0% 21l 7k

S e,

3) mRAE 7|7F el WEakA] o= IV_RFE9] okl o5k Al
WAt WoIFAEE) YA P4 w0 B8 5 gonE OP
aroll Jake = 4= qlek

47 sEzMmestsl =25 FieH M3s 20154 5%

4.3 Al A7

431 Al AR

TACT 2§ 3558 nzgAL PAR £4] AR A= DAL
NEA SE oltE ZRAES tiifo R sl sid d%t
2 A3} 2% ~ XW 16~25Z Z 13970 5, 8e7AIE A
AN SR &2 AEF 0T Fo5 Wro] Fx W A
ZePstsict, o] & % e 203'4 24~25% o7 Bo&
TE 259 14F~1TS JoTe] 27 g 8t
Atk 57 B8 A 19742 0] 5012l TACT 378 5 wit
THBEE AlRletaL 7P A $AH 28 $4 TACT ¥
A Aol L GRS = 2= Q= Aol ZATAHTACT-2)

fEs

olc}, Alg|¢ITte] 7] 2= Table 49} T}

Table 4. Case Description

Classification Contents
Subject Apartment Project, S dong, Seoul
Work Type Masonry work (2nd Block; 14th floor ~ 17th floor)
Durati f
uration o 22th Feb. 2010 ~ 20th Mar. 2010 (4weeks)
Collecting Data
Number of masonry workers, Working time, Quantity of
Contents work done, value of each V_RF, Other factors causing
productivity to decrease
3Block A 4‘B|od(
Site Plan
Schedule of
Finish Work

Hole) 57 2 Z3e
o2 4% 24 9w R B8 HH 232 5

AaHATY,

:?L
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~
)
i
Oi
o~
Y
_c)‘L
H
W g

4) duto] 7198 15~208(Ludwig 2001), 10-18%1(0Okoli and
Pawlowski 2004) ©] AE7} SHAE Ao g sl Ao i
Holnj, E-7tke] A9 10-15¢] o]3}e] AdE Ao R Bt
(Ziglio 1996), ++ ?i—?oﬂﬂt oA 2 AL wEsls AL Zeke]
Wi ola] 8019 M/ tjako dujo] /e 2L}
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Eﬂjro] ZAE ANEIATEY 2 B 9 o] ZARY
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7‘—5‘_% AP R 22 A AAshaL, oAl 22 i At
g uhgon ga MRS SR § & sAEel 24 o
5% T AR RFS] BB 7)1& Aolae} o
2] FL 2(ke] <3 #5)7F V RFR 275300, ©]
L e 25 B F TACT 28l digt 2] of
st - e et Aol e 71 Aoleks A
7} 2J7do] wedgl Folc}, Wwlo] ZA} AT} 7 RFQ| F4]E
A7 i}l CC g2 Table 59} At <€ =
FL 2(2147te] 8% 52) RFo| 4, 22k, B,
FRAH@ A, 716 4] | CCgrol 242 0.58, 0.10,
0.06, 01305 2rJA} T150] F1 29| 58%5 SAIE 4= o
on, dEdAle] e ol whEk YA A CCREl
0.68, 2, 68%7HA), FTALe] o] CIF|AH T4%7H] 5
A 7153+ o),

[ZEZAL TACT 718 AAbM 22|

— Productivity Achievement Ratio= Z25t AlAtA 2| —

1 Al Ao A= Table 52] RFS©] $712 A A5}
o P vAl= ACE ArtEl= 7]El 9R1ES difo R
g ede] 2}, FYEAA TRy, FeaE A 9 =
A} EAL 373e] TACT e AFAF WS F5to] TACT
g Al ZAFAL] 3 53 TEdlo] E8sl9itt F4
RF&= AY s 4, 297 9= 55, AUAA =
2 FA7E, A SR A FE YA - A 2 oAk
5 Ul A Q1 FeA A0 R ARSI, 7 RFO] A
o] gl Z7g BPHS Table 62+ A},

Table 6. Definition and Quantification Methods of RFs

No. V_RF Definition Quantification

Whether Are there any

) ) If suspension of work
suspension of work| suspensions of work ]
RF1 . . . occurred, then give value
occurred or not in | in previous days in any .
of 1, otherwise 0.

previous day reasons”?

Have level of work Likert—type Scale (0: No
Deficiency in skill— | difficulty and deficiency | effects at all. ; 1: Average.
level of workers in ability to adapt to ; 21 Minor effects. ; 4:

TACT affected works? Significant effects.)

RF2

Likert—type Scale (0: No
effects at all. ; 1: Average.
; 21 Minor effects. ; 4:
Significant effects.)

Excessively high Have excessively
RF3| yuai high criteria of quality
quatly affected work time?

Have faults in work Amount of time for

Fault in work

RF4 . planning disturbed work | interference among other
planning .
executions? works
Table 5. CC Values of RFs Insufficient Have insufficient
miscommunication| miscommunication Delay of work or additional
o Value of CC by Participants RF5 among among subcontractors, work time due to
Classification of | RF o )
Worker|  Sub- General Other subcontractors, | divisions affected start/ | precedent/following work
Factors code L No one o -
Group |contractor | Contractor | Participants divisions finish of any works?
F1.1] 0.48 0.21 0.11 0.10 0.10 Delays in materials |Have delays in materials | Moving or waiting time due
F1 2| 058 0.10 0.06 0.13 0.13 RF6 and Iif;ing of anf;j Iiflil:jg of :/(?rke[)s to pr;)tl)Le.ms o: maLeriaIs
Construction |F1.3] 0.46 015 011 011 017 workers affected work time”? and lifting of workers
Workers related |F1_4| 0.38 0.20 0.18 0.20 0.04 -
= = Z}ojo] i 7} AR 22 3Lx)o
F1_5| 0.60 | 0.16 0.06 0.03 | 0.15 & 20 211 TACT time) 1F ARIAE 22454k RF
F1.6] 0.35 | 0.14 0.07 017 | 0.27 9 AP ZFS 233519 o1, Auk= Table 7o) A5kt
Design F2_1| 0.04 0.06 0.21 0.67 0.02
Management
reljled Fo 0| 0.05 0.06 026 0.60 0.03 Table 7. Results of AP and RFs Measurement
F3_1| 0.21 0.21 0.31 0.27 0 Day | .. AP RF1 | RF2 | RF3 | RF4 | RF5 | RF6
(Pieces/M - H)
F3_2| 0.08 0.09 0.20 0.61 0.02 ] 101 82 0 5 ] 0 0 0
Construction Site |[F3_3| 0.15 0.22 0.41 0.22 0 2 166.26 0 2 2 0.5 0 0.5
Management |F3_4| 0.24 0.28 0.32 0.15 0.01 3 173.53 1 1 2 0 0 0.5
related F3.5| 0.19 0.24 0.39 0.17 0.01 4 175.34 0 1 3 0 0.5 0
F3.6| 0.21 | 0.36 0.22 0.21 0 5 180.17 0 ! L 05 | 0 0
6 198.5 0 2 2 0 0 0
F3_7| 0.32 0.20 0.29 0.16 0.03 7 172 0 1 5 0 0 1
F4_1] 0.18 0.23 0.39 0.20 0 8 178.77 0 1 1 0 1 0
Resource F4_2| 0.16 0.19 0.30 0.35 0 9 183.65 0 2 2 0 0 0
inputrelated  |F4_3| 0.25 0.29 0.22 0.24 0 10 193.18 0 1 2 0 0 0
F44] 029 | 026 0.27 0.18 0 1; lgggi ‘1) ? g g) 0(-)5 0(-)5
F5_.1| 0.06 0.06 0.15 0.11 0.62 13 204.35 0 0 ] 0 0 0
F5_2| 0.04 0.04 0.14 0.11 0.67 12 181.76 0 > 1 05 0 0
Characteristics : -
¢ Constructi F5_3] 0.02 0.01 0.02 0.46 0.49 15 170.28 1 1 3 0 0 0.5
© Prsjzsct“;(:m‘jo” F5.4| 0.18 | 0.15 0.36 015 | 0.16 16 195 0 1 2 0 0 0
. F5.5] 0.09 0.12 0.26 0.29 0.24 17 161.72 0 2 1 0.5 1.5 0.5
xternal Factors 18 188.38 0 2 P) 0 0 0
F5.6| O 0 0.03 0.21 0.76 19 190.8 ] ] 5 0 0 0
F5_7| 0O 0.02 0.19 0.76 0.03 20 157.45 0 1 1 0.5 0 1

s 7AMPa|5t5) =2% M6 K35 20154 58 4.3



2 1 FFAARF)O] F-2ek RFSE vrerdon, Azt
£ 4 @eker?

A =190,30-15.27 - RFA-8.92 - RF5-24.30 - RF6 (4)

Frolgt RFE % Table 6014 OCFko] AREE|R] ¢k 2]
g 1g FFAIA B el FUSE AT} 831 tiAfe.
2 A H OCkl gt dmto] 2ARE AAJsct et
RFE9] 2M47} T4 FA|, FHGA LRt A4 2 24}
WEIRF FA19] CCERe 2121 0,24, 0.31, 0.36°]H(Table 8),
ol& o83t PHYA FA OP Y PARY} dx2] 4|
OP Y PARS AF&31ItHTable 9).

Fig. 5= YA FA19] PARY} @422] 49| PARS
8= =

Table 8. CC Value of RFs in Case Study

RF No. CC Value by CC Value by
(from Table 7) subcontractor field organization
RF4 0.43 0.82
RF5 0.57 0.79

RF6 0.55 0.91

Table 9. OP and PAR of Each Working Day

Day |, OP-SC PAR_SC ~OP_FO PAR_FO
(Pieces/M - H) (%) (Pieces/M - H) (%)

1 190.30 100.80 190.30 100.80
2 180.48 92.12 187.83 88.51
3 184.83 93.88 189.21 91.71
4 188.38 93.08 189.37 92.59
5 185.95 96.89 188.93 95.36
6 190.30 104.31 190.30 104.31
7 179.37 95.89 188.11 91.43
8 186.47 95.87 188.43 94.87
9 190.30 96.50 190.30 96.50
10 190.31 101.51 190.30 101.51
11 174.21 92.08 185.52 86.47
12 190.30 99.13 190.30 99.13
13 190.30 107.38 190.30 107.38
14 185.95 97.75 188.93 96.21
15 184.83 92.13 189.21 90.00
16 190.30 102.47 190.30 102.47
17 174.73 92.55 185.02 87.40
18 190.30 98.99 190.30 98.99
19 190.30 100.26 190.30 100.26
20 175.01 89.96 186.74 84.32

5) R = 0.812, 274 R™= 0.777 o]tk

Ll s=ANpEEE =27 HieE M3s 20154 59
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1 2 3 4 5 6 7 8 9 101 12 13 M4 15 16 17 18 19 2
—+—PAR_SC —#—PAR_FO

Fig. 5. PAR by Subcontractor and PAR by Field Organization
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