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nd Work Process Analysis of Structural Construction of Long-life Housing Demonstration

ABSTRACT KEYW ORD
Purpose: The majority of long-life housings in Korea are generally evaluated as wall structures, and there areno & 4= =&l
realities of apartments that use column-structures such as the flat-plate and rahmen structures. In order to secure the AE? EE}M
[Sl= ey |

highest and highest grades of certification for long-life housing, a durable and flexible column structure must be

applied. However, there is no evaluation of excellence or best due to the problem of rising initial construction costs.  |ong-Life Housing
Therefore, many problems can occur when there is no basic data for structure construction of a column structure ~ Productivity

apartment. In this study, we demonstrated a column structure using a rahmen structure and a flat-plate structure, ~WOrk Process Analysis
compared the productivity and process with a wall structure, and obtained basic data of a long-life housing using a

column structure to be constructed in the future. Method: The productivity of Form work, rebar, and concrete for ACCEPTANCE INFO
structure work was analyzed by monitoring building of each of the wall structure, the rahmen structure, and the flat ~Received Feb. 10, 2020

plate structure. Through the work process analysis, it analyzes the further cycle-time of the pillar structure, and tries
to analyze the work process. Result: As a result of the productivity analysis, it was found that the productivity of

Final revision received Feb. 28, 2020
Accepted Mar. 3, 2020

rebar and concrete was not difference as that of the wall structure, but the productivity of the Form work was lower
than that of the wall structure. As a result of the process analysis, it was found that the wall-structured structure
appeared for 8 days, the flat plate structure for 9 days, and the rahmen structure for 11 days.
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Als BYUEHZP Byl 8o 2 B, AlugeA, & Table 2. The Building 906 Productivity Raw-Data
2~ O IF =] ~ . . e
2 A9 A4 B 3870 AAAES BUke, B ASEA Quantity Personnel Productivity
2~ o
o] 4 275 (905, 906%)% et B4 NS Q0PBIS g  Seol T T | T ] | o | e | o
2 ohgirk, A3 BUEHS 98 B/ P T A9 54, o || @ (i o) o)
09 9 AbA o] B Solubd o 2 48511, ZXZA RUHY 1 [169248| 2645 | 239.69 | 83 54 8 20.51 | 049 | 2996
o =] 2~
= &% ArEE5005, 906%), HAE0075)2 2 W& F A 2 170734 | 2794 | 25362 | 73 38 7 2339 | 074 | 3623
Al7Fe = 5t 5 U E go]g sto]l A=S 9lslo] ZFojelyd o
1h& 574 3 5, BUEE Flole Shel 532 sistel A drel 3 | 179547 2794 | 25025 | 54 37 7 | 3325 | 076 | 37.04
o) =)
W&t BYEF Holg W8-S vl AESH
- .. . 4 | 172160 | 2721 | 25185 | 50 36 7 3443 | 076 | 3598
=3 TA] A A 2 AR Activity ©F F3 Activity©]
o =] = T
A A BAL E5te] Bz o] BAZ BAs T TAR A 5 |1721.60 | 2725 | 25185 | 50 36 7 3443 | 076 | 3598
21 e . s o=
Al Egs5to] A4 5905, 906%), HA45(907%)9] 3%, 8&. 13 6 |1721.60| 27.56 | 25181 | 49 36 7 3503 | 077 | 3597
=0 A} O —Time2 BA 5ttt AAIE 370 AL &
oe HEe= Cycle-Time= ¥4 ot AAR 3 S 7] 7 |1721.60 | 27.56 | 25181 | 41 36 7 4199 | 077 | 3597
32 W R Y7 Learning effectE &9l & & Q= S
_ 8 |1721.60 | 27.50 | 251.82 | 40 36 7 4304 | 076 | 3597
£ Adgstqt,
9 |1721.60 | 27.50 | 251.82 | 39 36 7 4414 | 076 | 3597
2. —E—E_gkl- Ac|->|+_|-A°-I I;LI _g_xo-l _E_L_-Il 10 [1721.60 | 27.50 | 25182 | 38 34 7 4531 | 081 | 3597
11 | 172160 | 2750 | 251.82 | 38 34 7 4531 | 081 | 3597
21 B5BFE AFUx BRI ALY BA
oo 52 sAF A 2 12 | 172160 | 2750 | 251.82 | 38 24 7 4531 | 115 | 3597
T (BEgknf L% (gL R) M=o 45 Z3to g =
9058 (7= u2)2 9065 (Fl72) 27152 —H—TF© 13 | 172160 | 2750 | 25182 | 38 24 7 4531 | 115 | 3597
15302 F45]0] 93, 0TF(HATR)E 17374 45 23,
_ - . - 14 | 172160 | 2750 | 251.82 | 38 24 7 4531 | 115 | 3597
= o= o —
183014 2037H1 % 23 GO PAHINE. 5 F MY £
= = O Tz Tl TE A 1736.98 | 28.73 | 259.68 | 38 24 7 4571 | 120 | 37.0
4 A A9 1, 7 5o e AN S BEFA TF ST Is
oo BEolml ozl o1¢o] 191 Zoeke BAs gL e B Sum [25869.87| 413.12 | 378225 | 70650 | 509.00 | 106.00 | 3662 | 081 | 3568
905% (2 7:2)2} 9065 (I 72), 9075 (44 72)9] 354
Raw-datasS UEPH Aotk Table 3. The Building 907 Productivity Raw-Data
Quantity Personnel Productivity
Table 1. The Building 905 Productivity Raw-Data o
) . ry) Form Rebar Con'c Form Rebar Con'e Form Rebar Con'c
Quantity Personnel Productivity () (ton) (m) (m'/Man) | (ton/Man)| (n/Man)
Story| § :
Fm,m Rebar Con,c Form | Rebar | Con'c F,m" Re".bfr (Eonc 1 |2155.14| 31.95 | 306.53 43 24 6 50.12 133 51.09
(m) (ton) (m) (m*/Man) |(ton/Man)| (m’/Man)
1 |1908.18 | 2895 | 27748 | 67 36 8 2869 | 080 | 34.69 2 | 166047 | 1660 | 22463 | 30 e 6 5535 | 069 | 3744
2 | 153449 | 2076 | 221.06 | 49 24 7 3132 | 086 | 31.58 3 | 174342 | 17.67 | 23361 32 16 6 54.48 110 | 3894
3 | 169857 | 2294 | 23880 | 46 24 8 3693 | 096 | 29.85 4 | 166217 | 16.10 | 22490 | 26 16 6 6393 | 101 | 3748
4 | 158877 | 21.44 | 225.76 42 24 7 37.83 0.89 3225 5 |1662.17 | 16.02 | 224.91 27 16 6 61.56 1.00 37.49
5 |158877| 2140 | 22577 | 42 24 7 3783 | 089 | 3225 6 | 166217 | 1599 | 22492 | 24 16 6 6926 | 1.00 | 3749
6 | 158877 | 2138 | 22577 | 42 24 7 3783 | 089 | 3225 7 | 166217 | 1583 | 22494 | 23 16 6 7227 | 099 | 3749
1588.77 | 21. 2578 | 42 24 8 0.89 22
7| 1588 33 37 7 3783 8 3225 8 |1662.17 | 1576 | 22494 | 22 16 6 7555 | 098 | 3749
8 |1588.77| 2133 | 22578 | 42 24 7 3783 | 089 | 3225
9 |1662.17| 1576 | 22494 | 23 16 6 7227 | 098 | 3749
9 | 158877 | 2129 | 22578 | 36 2 7 4413 | 097 | 3225
10 | 1662.17 | 1571 | 22495 | 21 16 6 79.15 | 098 | 3749
10 | 1588.77 | 2129 | 22578 | 36 2 7 4413 | 097 | 3225
11 | 1662.17 | 1571 | 22495 | 21 16 6 79.15 | 098 | 3749
11 | 158877 | 21.19 | 22579 | 36 20 7 4413 | 106 | 3226
12 | 1662.17 | 1552 | 22497 | 21 16 6 79.15 | 097 | 3750
12 | 158877 | 21.18 | 22580 | 36 20 7 4413 | 106 | 3226
13 | 1662.17 | 1552 | 22497 | 22 16 6 7555 | 097 | 3750
13 | 158877 | 21.15 | 22580 | 36 20 7 4413 | 106 | 3226
14 |1662.17| 1552 | 22497 | 22 16 6 7555 | 097 | 3750
14 | 166604 | 2141 | 23462 | 36 20 7 4628 | 107 | 3352
15 |1662.17| 1552 | 22497 | 22 16 6 7555 | 097 | 37.50
15 | 1587.91 | 2509 | 26566 | 36 20 7 4411 | 125 | 3795
Sum [24282.89| 332.13 | 3495.42 | 623.50 | 348.00 | 107.00 | 38.95 0.95 32.67 Sum |1662.17| 15.52 | 22497 | 23 16 6 7227 | 097 | 37.50

©Copyright Korea Institute of Ecological Architecture and Environment 755



Outlier Remove

M2/Man

12345678 91011121314151617181920

Story
——905 —=—906 907
Fig. 4. Form work Outlier Remove
2234 olES Higoz ARYRA] o
=

iy e STt 905 (FeFa3) 2} 9065 (2
W1R) 2L 45 3o £ (5202 JTAE Q1 9075
(

&
)
-
I\-ﬁ
rr
3
ol
_\Tl_,
N
rr
o~
fol
BN
st
o
ol
=
x
Y
o
ol
N
>,
il
N
fol
BN
w2

o F4so] gt

9075 (241 7.2)9t 905 W 90652 FAT 2N A HAAL

d.om, 905% I 906% EF 9075l §
gto & olsto] A A 1, 252 A|9lsta
o] g D2 E 2 Qle] B4 2719] 2o 7} W Aisl £ 9] dlo
AHg B4 Al Outlier2 A75te] A|9] tAct.

AHd dlolel AxgEe] Outliers AAsH: B4 24-& AA &
32 dlol 82 BAsHA ) OutlierS A 713 Hlol 61 S =413}

o'
H oh29] Fig. 5.9} Ztt.

rlr
0% o

>
o

o
go ox ©

Working time Correction

M2/Man

12345678 91011121314151617181920

Story
——905 —=-906 907

Fig. 5. Working time of Form work Correction

A A AL SHala) 2 AT 90557 9065 0] AFA
AP AAE0] 9075 Bk oF 0% a1 E-S BH1E 4 AT, A
H S A Apolof] thet o] & AlSAt 35 2 AT HE, Al

156 KIEAE Journal, Vol. 20, No. 2, Apr. 2020

e Aot HES & At %005, 906%)2 AFY
JHFAI(AM 7:00 ~ PM 2:00, 815 54|7F 2H])o] o

EOEEES 2
£0) 9% 294 (AM 5:00 ~ PM 3:00 8+ 812 21} 4
ols7] W02 SHel Hgick

)
1>
Sl
BN
<)
S
~
o

075 35 BEFAE AYUS 71 E0R 80] 22 H0
15 SR 299 H/F B HE
7hBas) Holv} by 9 F Sekd AT A/ sl 85
QA% 71 ZOR Td0] £aHn] B e

1

o

Setn A% A 715 o

ku
v
o
5
&
ofd i
o,
o
uly
o
Iz
_(‘)_‘

BEPAE AYAS NE
12 S Ado] EaelE
=

A/ZY A AES &

!

9055 35 T2 e e APLS 71O R 1490 A8 5H 57
A EE A SR, A 2 S A S A At
Aol AR B4 19 &% 7k & A O R TET, 85 284
=8 AaEH g4 8L s 2 2], A 4F AT
S AT 2 SAlC) QXS 5 e Ao Ardnt st
B g S A glo] 2 E P & Aol A= AAT FY
&7 F SEE AFY g0l Thssitt

906% 35 TXZAHE FPA 7|E0 2 15Y0] 285, “7Y
2]
H

E oA 2 27, HA &E A FAS Yo A3t FA
Ay & A4S 1Y d50] 7Hed Aoz Helrh,

8% LR IAE ZFP AL 7|F0 7 92o] A QM “GatH of
Z A Ago] ZABE S

Day| 1 [ 2 [ 3] 4]5] 7 o Twou w2 13 [1s]1s]16 17 ]

1 Curing of concrete s

2 Markin; 05 |l

3 Install and dismantle a gang form

= En

4 Dismantle of wall form 05

5 | Installation rebar of wall 1
6 Form work of wall 1

7 Dismantle of slab form | 0.5 N
g

s Form work of slab. 1

) Installation rebar of slab 1

10 Placing of concrete 1

K

(a) 3F




=& o
RS - 0| - ZQL} - BXY
No Work Day| 1 [ 2 [ 3] a5 ] 7 s[oJw[u[n[Blu]L 6 [ 17 [ 18 No Work Day| 1 | 2 [ 3[4 7 o [10 1|12 13 14151617 18]
1 Curing of concrete 5 1 Curing of concrete 5
2 Marking 05 | } 2 Markin; 05 RN
3 Install and dismantle a gang form | 1 H | 3 Install and dismantle a gang form| 2 m“
i
4 Dismantle of wall form 05 ] 4_| Dismantle of wall and colume form | 1 \ ;
5| mstallation rebar of wall | 1 5 | Instalacion rebar of wall and colume | 2
6 Form work of wall 0.5 6 | Form work of wall and colume | 2
7 Dismantle of slab form | 0.5 B 7 | Dismantle of beam and slab form | 1
N
s Form work of slab 0.5 S | Formworkofbeamand slab | 2 q
9 Installation rebar of slab 1 9 |Installation rebar of beam and slab | 2
10 Placing of concrete 1 | 10 Placing of concrete 1 ! ! |
SF Cycle-Time 7day — 3F Cycle-Time 15day J
(b) SF a) 3F
No Work o[ 1 [2[3[4[5] ’|8\9\10|ll|11|13 1415 16]17]18 No Work Doy 1 [ 2 [ 3] 4]5] 7 9 Jwo[un w1415 16]17 0
=52 5] T T
1 Curing of concrete 5 1 Curing of concrete 5
2 Marking 05 | 2 Marking 05 |l
3 [nstall and dismantle a gang form| 1 3 nstall and dismantle a gang form| 1 H
4 Dismantle of wall form 05 4 | Dismantle of wall and colume form | 1 |
5 | Installation rebar of wall 1 5 | Installcion rebar of walland cobume | 1 H
6 Form work of wall 0.5 6 | Form work of wall and colume | 1
7 Dismantle of slab form | 0.5 s 7 |Dismantle of heam and slab form| 1 i
s Form work of slab 0.5 321 2@ 25 8 | Form work of beam and slab | 1
9 Installation rebar of slab 1 === 9 |Installation rebar of beam and slab| 2
10 Placing of concrete 1 } ! 10 Placing of concrete 1 B
13F Cycle-Time 7day SF Cycle-Time 9day I
(c) 13F (b) 8F
. . . No Work Day| 1 [2 [ 3] 4]5 7 Tolw[u 1213141516171
Fig. 6. Wall Structure Cycle-time analysis = g ‘
1 Curing of concrete
2 Marking
No Work Day| 1 [2[3[ a5 ] 7 o [10[u 12131415 1617 18]
. L 3 Install and dismantle a gang form
1 Curing of concrete 5
4 | Dismantle of wall and colume form | (.5
2 Marking 0.5
5| Tnstallation rebar of wall and colume
3 Install and dismantle a gang form | 2
6_| Form work of wall and colume
4 | Dismantle of wall and colume form | 1
PR T _ 7_|Dismantle of beam and slab form| 0.5
8 Form work of beam and slab 1 A
6_| Form work of wall and colume | 1.5
e 9 |Installation rebar of beam and slab | 1 EEayssuE
7 Dismantle of slab form 1 1 | ! T
i 10 Placing of concrete 1 [ SEorErTE
s Form work of slab 2 | | T
i 13F Cycle-Time Sday I
9 | Installation rebar ofslab | 2 J
10 Placing of concrete 05 T (C) 13F
pr———— L1 | Fig. 8 Rahmen Structure Cycle-time analysis
3F
No Work Day] 1 [2[3[ a5 ] 7 o[ [ 12131415 161718
AR EXRTA MAM Ol 2™ 2M Z}
B R — 3. XA Mg A 38 M A1
2 Marking 0.5
3 Install and dismantle a gang form | 2 Yo = A= . - ] Bl A
4| Dismantle of wall and colume form | 1 3-1 %T OTQ ET]\:]_—Z] é}—%—l\]’ }\g}'l\l- o ™ E"L}
5 | Installation rebar of walland colume | 2.5 }/\I:ﬂ‘E_O EO ﬁ o = m = = -
6_| Form workof wall and colume | 1.5 ;% T oo L]‘ 905’ 906 o —/] o T 1= Foﬂ EEE]7]- tZH O]'Oq ﬁi
7 Dismantle of slab form 1 % ]'—H‘y_—/.\j‘ /\] _9_-%—% ‘?—:_}}\g }\] 7]—1‘:__“— Outher; Z‘" 7% 6‘]’%2@ Outher
3 Form work of slab 2 = =) s 0] % kel
AAE Tl FrBE A, 22 EL] G Zpol7t wlmjet A
9 | Installation rebar ofslab | 2
T 1 o O =
[ B o2 GEP AT, AFH SAR] A2 298 ol whE 2HiA]
y =2 = O =] =
T e — 7] T 271490 B4 A4S sloict, 1 ATlet 12 E of
No Work Day| 1 W n|[n[Blul: 6 [ 17 | 1 _1"—3"_91' j_‘aj _9_; L]‘E]'LH %q
===
1 Curing of concrete 5 I 31 e} = el S| o]
AF7) BAS) AL TE BAAUS B AL 24
2 Marking 05
[e) = =] =Ry L
3 Install and dismantle 2 gang form | 2 %(907%)3 7]—1':—9E 0]'04 T%l:"ﬂ-:[]——%—(905%)f 803%, t‘ﬂ_]_q-i
ismantle of wall and colume form [©) (o) STHZ i
et (906%)& 79.8%2 LebTh. B2 B9l 44w s A%y 44
5 colme | 25 o =z 06 . -
B P—— RS 7 A, 718 A opEst Hlaiote] At Aol 7} A
o =
L o) gl 702 mebE Tk FAWE(905,906%) 0] 7] 51k B AEY
3 Form work of slab 2 2 IL Z 1= 0]&]
il Aou Sehe ARG £AE 918 FuHe T g0z Aol
9 Installation rebar of slab 2 g2 g2 a2
T = v o 3
10 Placing of concrete 05 } ‘Eﬁs‘;‘i ;q ° QT_T 7/-1 =2 = ?_].H 9&11—4-

(c) 13F
Fig. 7. Flat-plate Cycle-time analysis

13F Cycle-Time 7day

©Copyright Korea Institute of Ecological Architecture and Environment 157



90 Final

80
70

wn =)
= =

e
=

M2/Man

20
10

12345678 91011121314151617181920
Story
——905 —=—906 907

Fig. 9. Form work Outlier remove

P79 0552 750l EASAT, HA50] A2 W2
42 Aol % 102 wolu, A2 A9 A 2P 906%5-S
Hop A viZ o g Qlsto] Aitgdo] Aste = A o= e

1.4 5

Final
1.2
' w /
208
g
& 0.6

0.4

0.2

0

1234567 891011121314151617181920
Story
——905 —=—906 907

Fig. 10. Rebar Outlier remove

Final

M3/Man
— = b b2
= th & th

th

[—]

1234567 891011121314151617181920

Story
—+—905 —=—-906 907

Fig. 11. Con’c Outlier remove

158 KIEAE Journal, Vol. 20, No. 2, Apr. 2020
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Table 4. Productivity Analysis Result

. Flat-Plate Rahmen Wall
Division
905 906 907
Form work 38.95 36.62
) 64.57
(m/Man) (60.3%) (56.7%)
Form work
. 41.02 40.78
(Outlier 72.97
(56.2%) (55.9%)
Remove)
Form work
. . 58.61 58.26
(Working time 72.97
A (80.3%) (79.8%)
correction)
Rebar 0.95 0.81
0.96
(ton/Man) (99.4%) (84.6%)
Rebar
. 0.98 0.860
(Outlier 0.98
(99.7%) (87.5%)
Remove)
Con'c 32.67 35.68
) 35.40
(m/Man) (92.3%) (100.8%)
Con'c
. 32.57 36.14
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Remove)
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