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Productivity Analysis of Reinforced Concrete Works and Tower Crane
Working Ratio for High-rise Apartment Buildings

Kwon, Jihun', Huh, Youngki*
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*Professor, Department of Architectural Engineering, Pusan National University

Abstract : The productivity of rebar-work and form-work was analyzed with data collected from an actual high-rise
construction project, and the actual utilization rates of three tower cranes were also investigated. It was found that the average
productivity of the form-work increased from 12.00~8.71(mi/man - day) in the underground and above-ground/lower-floor to
11.94~20.73(nd/man - day) in the standard floor. Comparing the productivity of core area to outer, the former was found to be
about 11% higher. Moreover, the rebar-work productivity of the outer area(1.12 ton/man - day) was approximately 9.6% higher
than that of the core area for the standard floor. The average utilization rates of three TC were surveyed to be about 63.49%,
and it was revealed that rainy weather(6.1%), strong winds(6.1%), holidays(17.8%), TC lifting work(5.8%), and other failures
and repairs(0.07%) were the causes of non-operation. These research results are expected to be beneficial data in planning and
managing the process of high-rise RC construction works in the future.
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Table 1. Summary of the project

Note
Title P City L Project
Duration 2015.10~2019. 11

B 5F/ Tower A,B 85F (339m, 333m) /
Land mark tower 101F (411M)

RC and SRC

Core : Gang Form, AL Form / AL Form(Slab) + ACS
Others : Gang Form, AL Form, SKY-Deck(Slab) + RCS

Size

Structure System

Form-work System

TC 32Ton Tea/24Ton 2 ea
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Fig. 1. Plan and zoning of standard floor
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Table 2. Result of Core formwork productivity ANOVA

Formwork productivity (i/man-day)

Sum of Mean .
Squares df Square ] Sig.

Between Groups | 2586.132 8 323.267 | 18425 .000
Within Groups | 1666.775 95 17.545
Total 4252907 103
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Table 3. Statistic summary of Core formwork productivity

Formwork Productivity (i/man-day)

N Mean Std. Deviation Std. Error 9% Min. Max.

Low High
Core B5~B1 5 12.00 5.94154 2.65714 46266 19.3814 6.32 21.14
Core 1F~7F 7 8.71 1.51060 .57095 7.3201 10.1142 6.53 10.16
Core 8F~19F 12 11.94 2.24915 64927 10.5193 13.3774 9.76 17.22
Core 22~47F 26 20.34 490796 96253 18.3611 22.3258 8.78 28.34
Core 50~75F 26 20.73 5.28024 1.03554 18.6015 22.8670 11.88 30.72
Core 78~94F 17 16.75 2.68263 .65063 15.3778 18.1363 12.23 2243
Core 97~101F 5 5.51 69673 31159 4.6509 6.3811 457 6.34
PH1~PH2 2 4,00 98288 .69500 -4.8258 12.8358 331 470
Core Belt all 4 13.08 3.60332 1.80166 7.3488 18.8162 9.00 16.39
Total 104 16.39 6.42576 63010 15.1468 17.6461 331 30.72

Table 4. Result of Not-core formwork productivity ANOVA
Formwork productivity (ni/man-day)

s | ¥ | sme | F | SO
Between Groups | 2986.508 6 310.620 | 24.899 .000
Within Groups | 1122.786 20 12.475
Total 2986.508 96
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Table 5. Statistic summary of Not-core formwork productivity
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Formwork Productivity (ni/man-day)

N Mean Std. Deviation Std. Error %% Min. Max.

Low High
Not-core B5~B1 5 6.90 .68935 .30829 6.0441 7.7559 6.31 7.99
Not-core 1F~7F 7 5.52 .53980 .20402 5.0222 6.0207 457 6.26
Not-core 8F~19F 12 11.95 2.73638 .78993 10.2114 13.6886 6.09 16.85
Not-core 22~47F 26 14.35 3.41050 .66885 12.9790 15.7341 6.08 19.94
Not-core 50~75F 26 19.37 405338 79493 17.7336 21.0080 6.88 25.14
Not-core 78~94F 17 16.98 453546 1.10001 14.6557 19.3196 6.96 22.88
Not-Core Belt Wall 4 7.25 142714 71357 49791 9.5209 5.70 8.95
Total 97 14.54 5.57759 .56632 13.4248 15.6731 457 25.14
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Table 6. Statistic summary of Core rebarwork productivity

HI

1%

Rebarwork Productivity (ton/man-day)

N Mean Std. Deviation Std. Error 9% Min. Max.
Low High
Core B5~B1 5 1.00 114639 06547 8242 1.1878 84 1.16
Core 1F~7F 7 1.16 15225 .05755 1.0206 1.3022 97 1.41
Core 8F~19F 12 124 44135 12741 19662 1.5271 80 224
Core 22~47F 26 1.25 23667 04642 1.1559 1.3471 78 1.70
Core 50~75F 26 91 1744 .02303 8664 9613 71 1.1
Core 78~94F 17 66 .10095 102448 6063 7101 45 80
Core 97~101F 5 42 07635 03415 3212 5108 29 48
Core Beltall 4 98 31753 15876 4772 14878 64 1.30
Total 102 99 33066 03274 9313 1.0612 29 224
Table 7. Result of Not-core rebarwork productivity ANOVA = QIT} QIR A MANY] st EAX}SE (Table 8)
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Table 8. Statistic summary of Not-core rebarwork productivity
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Rebarwork Productivity (ton/man-day)

N Mean Std. Deviation Std. Error %% Min. Max,
Low High

Core B5~B1 5 .566 04980 02227 5042 6278 52 62
Core 1F~7F 7 587 13060 .04936 4664 .7079 40 75
Core 8F~19F 12 .850 16051 .04634 7480 9520 .51 1.04
Core 22~47F 26 1.158 17704 .03472 1.0870 1.2300 76 1.67
Core 50~75F 26 1.333 21332 .04183 1.2473 14196 .80 1.86
Core 78~94F 17 1.120 32254 .07823 9548 1.2864 54 2.18
Core 97~101F 5 912 08468 03787 8069 1.0171 82 1.03
Core Belt all 4 1.040 25364 12682 6364 1.4436 78 1.30
Total 102 1.075 31249 .03094 1.0141 1.1369 40 2.18
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Table 9. Tower crane utilization rate analysis

Average per a month (day) | Work day ratio
Rain 1.83
Wind 1.84
Holiday 5.33
Nonwork .
day Coping 1.73
Repair 0.22
63.49 %
Strike 0.01
Total 10.96
Overtime 332
Work day Normal 15.72
Total 19.04

sl

44440 8 24
F1E RCIALS] Aiby gFed |l 7iA g lal AA e+
A ARl ZALol FololAE HelAe} Eiﬂ% thato
HEZALE AAGIALE &A= S 34RE Hixstal
= 3057 SleE e, fad 7:WE “/\]O} =, A
S B0 AZSICE AES 2115 RC ZXRIANE] 35
Oﬂ JeFe NRl= £ 50 thoto] 1 Jgd0 5 E 1
H~TH9] TIAE AL (Likert scale) & 71502 SHIES
SIRALCE.

lmL.IHUE

824 A1}, éﬂ% IR IAL] AR ZBA HZSARE 7t
SO QAIGH= A0 LIEAL E}QO_E'E =
SAFEDIAL 7}“ ZAF O LJERATKTable 10). &
QAR TC AN IEE 71 EQ06H AZatal Ai%’iﬂ 01
o] 715 4 714o] = Wi, J2]a1 918, sH 30| TS
2 9% Q4% UEWITE ol £115 23X ZANIA &
A X}IH OF= oﬂ 7}72]- Xoo} O_/J’\_ ] =
T 7%, 714 S0l ZQst As &
SEIA] £Q QAZRE AZL A, é%h i, TC
ANGE o2 UEITE 2115 a8 Fd SA 33
ZQ QATL TC AR &=, AZ LINK BEAM &9, i+
4 A(35DOA) AFE 207 1 EQE7F RANEQICH
Je)3] BV ZARE ARE 95 & BEF &H| ATt |
H)2 wighdA, HnE 22 £O02 e 2115 A
ol E4g 1E uf FIPE &5 ¢ B S5, Al
(Workability), EFd 2I2|EQ] 4 50] 5Q¢t Zo= 1t
CHELE 7MW ARE TC Alg], Ad Bl=E A, Q1Y Al*
HI(ACS, RCS, GPB9 =02 FQ5HA LEIITY. o=
&, A1H A1 I5, 5 59 5QHE HolFE &Y }E}
I 4= QIC
7:-1H}7§-IO] /\-113 .Q_E o *hﬁl‘im 0] 1‘;:]‘ 74 ;,:_‘a_q__g_o] %_‘CJJ_E
QF TC & QI2F AJAEI(ACS), ¥ BV ZH] SiF &2
FAS SQA0] =A A Z10] SEE O Ol= 4
= szg} ElOi 7t A AMollA] Lol B w0} 7t

A

N
it

I

.

£ 7IE ASH S0l ‘QD*KO% ISt Ve 25l 9
= oFElo] A4 Cﬂ o= 7

Table 10. Productivity driver of RC works in high rise apartment construction (survey result)

Importance Rate
1st 2nd 3rd
item grad. item grad. item grad.
Work item rebarwork 44 formwork 3.7 TC, hoist 3.0
Factor to overall TC 38 weather 32 labour 3.0
Factor to formwork formwork type 45 survey 38 TC 35
Factor to rebarwork TC 54 steel, link beam assembly 45 large size rebar (@) 32
Factor to concret equipment and layout plan 52 mix design 43 RMC quality 4.1
Factor to temporary work TC 39 lifting plan 35 ACS, RCS, GF 30
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