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Abstract

Green Frame was developed to embody a Green structural system that can provide long life, resource reduction, and
availability of remodeling in apartment buildings. Composite precast concrete column and beam, the major structural
material of Green Frame, can be installed precisely and promptly through connection of steels and concrete. The
connection of Green Frame can be divided into four types, based on the method and characteristics of connection. To
select an appropriate type for the site, a comparative analysis of the four types is necessary. The objective of this
study is to compare the duration, cost, quality, and safety of four types. The findings of this study can be applied
during the selection that appropriate composite precast concrete column reflected project characteristics in design phase.
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Comparative Analysis of Column Connection Characteristics of Green Frame
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Table 2. Brief description of a sample project

Location Gyeonggi-do
Site area (m?) 57,330
Composite rahmen system
Structure type (Green Frame)
Building type Apartment buildings
Volume (%) 227.87
Building coverage (%) 18.91
Stories F25, B2
Floor height 29 m
7|1%% FREHL Figure 29} o] 4719 Mdi2 4
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Figure 2. Typical structural floor plan
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Table 3. Installation activities of sleeve type GC
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Additional| Non—shrink
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Table 4. Installation activities of coupler A type GC
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Table 5. Installation activities of coupler B type GC
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Table 6. Installation activities of bolt type GC

T/C
connection
of member

Time 1
(min.)
Additional
work
Time
(min.)

cent
of T/C Total
line

Tilting-up &
installing
GCs

4 1

Critical
Path

Position Temporary Inspect
-ing bolting  —ion

4

Final
balting

8

Grouting

2

ke

3% G0 AL
N 184, 8

oft

A 507114,
Al el

]._l_ﬂ o

48 3

T b
o
I
o
~

il
|
ol
d

jus

)

P e HE%@&

VR, e B A%,
P4 BY, gelody gow Shsisict 3177}
BEn o 74%31% Az
He 40, SRR 80%2) TV FrKe,

5§

w
é
L
o]N
;;
bt
fu)

OE

N

wy N o
e

]_

i
o3
2y
flo

O

(@)
D
S
oz &

Ot[‘,
e
&
rlo

1y

A

L

e
mlm
)
OE

d

M, of
e
)

3
rlo

A]
all

o3
)

Uj

[o b o

Unit : min.

700
600
500 |
L35l
400 |
300 | -

i

Sleeve type Coupler Atype  Coupler B type Bolt type

68
390

Critical Path W Additionalwork

Figure 4. Time comparison of GCs per floor



Comparative Analysis of Column Connection Characteristics of Green Frame

3.3 &Jt I=||_'

LE%E B2 ol—xuw 2,
IS APt ol Al GF 2841 ?ﬂ_XMW A
o} tjekAREs] 20129 19 ARt 712sk] ARgst
tH15]. g FZ2AAE 93t AA)v|(installation cost)
L GF 28383 t7} 244 dE Eton)d SHO2 SR
stof A Qlxinlet HAwlE Eekgt galjolt, teEe] GC
S 95 FHOR AMEIE 1) T/CS 734 A7)
Olalo] YRS APty ey THdSARlE 7
ol Hefetc,

ol Zo Figure 59} 7}0] Hdﬂ GB
MRS R ATFZ Hefjzl, A - okt EelolER
FgoIA B4 vrel o) sl
7 1E HdolA 745 12" 380l 57t

_4 s iy _,_]_
.

Figure 5. Joint steel detail of sleeve type GC

9} g ke 71 e 12709 2)E 30mm,
Zo] 72.5cme] E(Hole)ol| 211S 3k}t whaba] Le|eHpa]
el d2)9] Y7k= Table 63 Zo] AEsigi)

Table 7. Connection cost of sleeve type GC

Description Unit Quantity Unit price Cost
Installation cost ton 3.16 240,000 758,400
Str. Steel ton 3.16 1,160,000 3,665,600
Grouting mortar m’ 0.79 912,000 720,480
T/C EQH 5.85 44,499 260,319
Total 5,404,799
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Figure 6. Joint steel detail of coupler A type GC
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Table 8. Connection cost of coupler A type GC

Description Unit Quantity Unit price Cost
Installation cost ton 3.16 240,000 758,400
Str. Steel ton 3.16 1,160,000 3,665,600
Screwed rebar ton 0.51 30,000 15,300
Coupler EA 468.00 7,300 3,416,400
T/C EQH 9.75 44,499 433,865
Total 8,289,565
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Table 9. Connection cost of coupler B type GC

Description Unit Quantity Unit price Cost
Installation cost ton 3.51 240,000 842,400
Str. Steel ton 351 1,160,000 4,071,600
Screwed rebar ton 0.51 30,000 15,300
Coupler EA 468.00 7,300 3,416,400
Grouting mortar m° 1.80 53,130 95,634
T/C EQH 9.75 44,499 433,865
Total 8,875,199
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Table 10. Connection cost of bolt type GC

Description Unit Quantity Unit price Cost
Installation cost ton 3.74 240,000 897,600
Str. Steel ton 3.74 1,160,000 4,338,400
Screwed rebar ton 0.25 30,000 7,500
Bolt EA 468.00 288 134,784
Grouting mortar ~ m® 092 53,130 48,880
T/C EQH 8.45 44,499 376,017
Total 5,803,181
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Table 11. Total comparison of GCs

Time (min.)

Description Critical  Additional “Cgato Q(Li?:)ity Sf};f)ty
Path work won)

Sleeve type 351 702 5,405 30.09 2112
Coupler type A 585 468 8,269 6.08 9.42
Coupler type B 585 546 8,875 981 2391

Bolt type 507 390 5,803 54.03 4556

= Sleeve type
......... Coupler Atype

emmm + ¢ CouplerB type

= === Bolt type

Time
(Critical
path)

=

=
E

[0}

S
B
5
2
e
2

Jy

_1\)11,

o
o,
rir

l
m r%
flo

O:

S
x

i
1
2oy
o
b

R

I

%
of
2

O

ol
o
(o

4

o
i

A2
ils

w2 rlo

r
)
o

Mol B4 W 354Vt vane 3

423

i

i
(i e

£

wy
iz
)
T
I

$A] e = 2 A0

B ole ASEYA 2549 AT
2E A=n|, A Wk, EIe] Aol o)
o, ER AR FEel whE e ddivle) A
e 532 she oM

>~

&ejErAlo] A3lsit,

A, F43} QP9 SHoM = EEA] 7t 7F
45t Zlog HEAEQIY FHASHL P 3] uf
£ ek 2 MRS A g, A LA
Ab 7Hg0) ofs/de] Aozt EAfsl7] wiiEoltt, QS He
SHE HA] fio] whE ARl =, 7159 1ok 9 A
ZIA] B Zale] dapajel, M3 9 gEEae] &
ST o] EAcY] wiolrt, webA F23 bdE
SAA] Bk XM= BEEHA o] Agsict,

T GC AT A ghdale] w2 37], 7t
At & ks GF 28 d7ollA
E4at ZRAE Afg)o] mE A3}t GC
o}, E3H|w 9 B4 Au 7} e £
o] ZAgit, weta] Zkzke] GC Aol wt
Ao Q- AR} Hito] 7hsdict
= GF 28 dola] Algate] g A
o] Eli= AEE AR Zoltt,

HEHFA]

o
H 2>

|

s o}% o

= =

£

il (?L‘ o
oX
ofr
1o

i
s

=
ol
Jr

)
n‘
2

i)
ol
T
32

o
T X
s

=

.

O

i)
rir
el

el 4}{ > oy
2
oo

(AT
-
1o
i,
)

=2

ol

LR

Frelo] elmely 94, gos), A,



Comparative Analysis of Column Connection Characteristics of Green Frame

7 TERALH TS 9Ple] TR IRITHY B
ol JREEIT TRAT Y Fp FRRAel T e
E

715t i AR B89} Zae=d] oft

S5l i ST A3 2ot
ARt 75 gl Sl 715 5 R

r
flo
2
o

ol

T e
i)

m {

oo

¢
BuigN

I/ E - O2l=ge

Acknowledgement

This work was supported by the National Research
Foundation of Korea (NRF) grant funded by the
Korea government (MEST) (No. 2012—0000609).

References

1. Lee
Environmental Impacts between the Steel—Structured and
Wall—-typed Apartment Housing, Journal of the
Housing Association, 2004 Jun;15(3):83-91,

2. Lee SH, Kim SK, A composite frame concept for the long life
of apartment buildings, of the
Engineering and Management, 2011 Feb;4:119-24,

3. Kim KH, Joo JK, Lim CY, Kim SK. A Basic Research for
Connection Type of Green Frame, Autumn Annual Conference
of The Korea Institute of Building Construction, 2011
Nov;11(2):171-2,

4, Lim CY, Joo JG, Lee SH, Kim SK, In—Situ Production
Analysis of Composite Precast Concrete Members of Green
Frame, of the of Building
Construction, 2011 Oct;11(5):501-14,

5. Seo SY, Yoon SJ, Lee WJ, Evaluation of Structural
Performance the Hollow PC Column Joint Subjected to Cyclic

KH, A Comparison of Embodied Energy and

Korea

Journal Construction

Journal Korea Institute

424

Lateral Load. Journal of the Korea Concrete Institute, 2008
Jun;20(3):335—43,

6. Lee SH, Kim SE, Kim GH, Joo JK, Kim SK, Analysis of
Structural Work Scheduling of Green Frame —Focusing on
Apartment buildings—,
Building Construction, 2011 Jun;11(3):301-9.

7. Lee SH, Joo JK, Kim JT, Kim SK, An Analysis of the CO

Reduction Effect of a Column—Beam Structure Using

2012

Journal of the Korea Institute of

Composite Precast, Indoor and Built Environment,
Jun;21(1):150-62.

8. Lim CY, Joo JK, Lee GJ, Kim SK. Requirement analysis for
Development of the Bolt—type Rebar Coupler, Proceedings of
the Korea Institute of Building Construction; 2011 Nov 18;
Suwon (Korea); the Korea Institute of Building Construction;
2011, p. 169-70.

9. Kim SH, Kwon GD, Kim SK, Lee SH, Research on
Improvement of PC Composite Frame, Annual Conference of
Korea Institute of Ecological Architecture and Environment,
2010 Nov;10(2):65-8,

10, Yoon TH, Hong WK, Kim SK, Park SC, Yun DY,
Development of Beam—Column Connection for The New
Apartment Structural System, Journal of Korea Institute of
Ecological Architecture and 2010
Dec;10(6):145-51,

11, Lee SK, The Development & Feasibility Study of Apartment

Buildings for Low—carbon emissions & Long—service life

Environment,

[master's thesis]. Yongin (Korea): KyungHee University;
2010, p. 139,

12, Hong WK, Kim SK, Kim HG, Yoon TH, Yune DY, Kim SI, A
Feasibility Study of Green Frame(GF) for the Implementation
of Low—carbon Emissions & Long—life Housing, Journal of
the Korea Institute of Building Construction, 2010
Feb;10(1):57-63,

13, Kim SH, Choi EG, Kim SK, Lee SH, An Improvement Case
Study of Structural Work of Logistics Facility by Using PC
Member, of the Korea Institute of Building
Construction, 2010 Dec;10(6):127-35,

14, Lim CY, Lee SH, Lee DH, Kim SK, Application study for the
space efficiency improvement of the underground parking
lots in the apartment building, Annual Conference of the
Korea Institute of Ecological Architecture and Environment,
2010 Nov;10(2):61—4,

15, Construction Association of Korea, Investment expenditures

Journal

of Korea construction market, https://cmpi.co,kr/price/main, asp?
pagenum=1&part=price; 2011,



16.

17.

18.

19,

20.

Liu YC, Application of the Fuzzy Delphi Analytic Hierarchy
Process on Rock Mass Classification [master's thesis],
Tainan (Taiwan): National Cheng Kung University; 2002.
102 p.

Zheng Q, Lee DH, Lee SH, Kim JT, Kim SK, A Health
Performance Evaluation Model of Apartment Building Indoor
Air  Quality, Indoor and Built Environment, 2011
Feb;20(1):26-35.

Hong WK, Park SC, Kim HC, Kim JM, Kim SI, Lee SG.
Experimental Study of Reinforced Concrete Beams Strengthened
with a GFRP and CFRP Sheets. The Structural Design of Tall
and Special Buildings, 2010 Aug;19(5):497-517.

Hong WK, Park SC, Lee HC, Kim JM, Kim SI, Lee SG, Yoon
KJ, Composite Beam Composed of Steel and Precast
Concrete (Modularized Hybrid System), Part II: Application
for a 19—Story Building, The Structural Design of Tall and
Special Buildings, 2010 Oct;19(6):679—-706,

Hong WK, Kim SI, Park SC, Kim JM, Lee SG, Yoon KJ, Kim
SK, Composite Beam Composed of Steel and Precast
Concrete (Modularized Hybrid System). Part IV: Application
for Multi—Residential Housings, The Structural Design of
Tall and Special Buildings, 2010 Nov;19(7):707-27.

425





