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ABSTRACT

KEYW ORD

Purpose : For passive construction, highly efficient high thermal insulation sheathing is essential and sectional details ~ Z§A| 2 C| X}t QI

without thermal bridge should be implemented. However, it can not be secured by the conventional method of
constructing a dry exterior system. Therefore the purpose of this study is to develop an open joint curtain wall insulation

QEFHAAH
QEx0IE FEY

system that can realize energy efficient panel exterior finishing by suppressing thermal bridge in anchoring unit.  passive Design
Method: The method of study is as follows. First, the types and characteristics of the external insulation methods are ~ Exterior Insulation System

examined. Secondly, the target performance is set, and the structural materials are selected and simulated. Third, the

Open Joint Curtain Wall

designed specimen of the open joint curtain wall external insulation system is manufactured, installed and tested.

Finally, we analyze the performance test results and propose a commercialization method. Result: To developanopen A CCEPTANCE INFO

joint curtain wall outer insulation system, Test specimens designed by performance simulation by selecting structural ~ Received Jan. 13, 2019

members were prepared and tested. As a result, both the thermal transmittance and the condensation and the outdoor ~ Final revision received Feb. 8, 2019

performance test showed that the target performance index was satisfied. This is an economical and eco-friendly

Accepted Feb. 13, 2019

construction method by shortening construction period and cost reduction. In order to commercialize, design
improvement and quality control system that can make precise production and construction should be done.

© 2019 KIEAE Journal
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Table 1. Development performance target index
Evaluation items .
(Performance Spec.) unit Lt TR Method
1 Thermal transmittance W/m'K 0.17 or less KS F 2277
”» — 1.1 or less ASTM E283
2. Airtightness performance| m/hm (@300pa) / KS F 2292
3. Static pressure P
Watertight performance m’/hm No leakage ASTM E 331
4. Dynamic pressure — AAMA 501.1
Watertight performance m/hm No leakage / KS F 2293
L/360 ASTM E330
3. Structural performance | mm | @100 wind load) | / KS F 2296
6. Interlayer displacement
test mm L/100 or less AAMA 501.4
7. Condensation test - No condensation By spesification
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Table 2. Structure materials for truss insulation frame

Materials used Specifications Tensile strength | Yield strength
Steel Pipe for frame | KS D 3506 SS400 | Fu=400MPa Fy=245MPa
Steel wire for lattice | KS D 3552 STS304| Fu=550MPa Fy=210MPa
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Table 3. Simulation of Insulation design considering loss ratio by frame

Simulation Simulation
Insulation design| performance performance
(Linear) (Anchoring point)
. U=0.155W/m’K | U=0.178W/m’K
USOISWIMK 0 goswimk | X-0.023W/K
3.2. LEZXQE ALY A2 A 2 Ay
i AA Ldlo A WA o] 2] 0 AR HE AL Y2 Fig.
L3} o] AR me 3t sk e}, 22| T Apolef] A A1 |
e dxet AA dHE o Y] dE L s sk, AR
A A7) S Y Kol ol B HEAE Skl
1:]-

b Insulatton frame_ assembly without

a) Insulation frame cross section filling the insulation

Fig. 1. Insulation frame design

1st connection portion
Fixed plate rmu\h.-lh- Fixed region

Frame joint plate —
; =l
e

i / Wall joint plate
/ Fastener sict hole

Set anchor home

\
Fixed region
2nd connection portion
a) Horizontal member section

Fixed plate mo(l-unmn

b) L-type fastener
Fig. 2. Design Components of frame structure
loiABRE

Fig_ 2= *7;(4_‘1} UJ z;ﬂﬂ-_,j]- ﬁ@-g_t_ /g-.g]_g] Zﬂl AARE H
A= A (Track) S @I} L-§ kA1 9] fzpeloltt, Fig. 3.
% Y8 AAIE AlZE A ) ER L e - b)) A

g ne ol AN E FHote BEH DA gduE &
Efﬂ%o]‘:}

ruR_

= - da
d) Fabricated Insulation Frame

¢) Filling frame with insulation

Fig. 3. Prototype production process for Mock-up test
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Zr 57 2ESUE So& A9d oF 2E A 27| thio]
bt AR L LELAE ALY 2] BAY 1% el
€ 9ot 5 LEXJE A 28E FA= 9 G2l &%
QA2 RS AT SRS o] 2 A T4
At A, o] & #¥A LTS T FEL Yol 2
7ok Bk Tl A, ok, B, 9 oz 440 pH0E A
A= e AFud2 skl BapAlo] ofsf =g Afjofl A Asto] 2
T AT g A2 A
| External
panel
Anchor bolt
Bolt
Horizontal matpri: Nut
= Hex bolt
N
L /Vnmmm
Rétis Rebar — /

@) Member join section for open joint system b) Installation details

Fig. 4. Open Joint Curtain Wall Exterior Insulation System Installation Drawings
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ATEE APL (KS F2277:200) A58 7449 g =7
H(:]-Hélq] TL]-E]- ’}—_._ ]3].0:11:]— o]-_QM Eﬂ 7].05/\]—1]._4 ;gizjo _‘%E
20.0+0.1C AH5E 50.04£0.1% R.H.o|H A2 0l AgxAL
A2 0T, 7145 1.2 m/solH 7| 782 +¥olt. Fig. 5.
L gnag 9 4288 ARAS g Azt
252 2,000
52,200 10 465 1,070 465 10
// JF Gypsum Board 9.5T
/ +— Lightweight steel studs 45*32*0.8T @450(V}
— TIAs {757 125) Gypsum Board 9.5T
Moisture Mwumen} I?l{lldmg Paper 0.5T .

Glass Wool 32K*200T (100T*2)
Glass Wool 32K*100T Moisture Movement Building Paper 0.5T

IFUS FRANE(75+125) AL-Horizontal Bar 83*43*5T

Fig. 5. The thermal transmittance and condensation test body Plan & Section
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AFZA YR E 24 (m) 3.6X3.0x3.6(WXDxH), A4
(m) 3.6x3.0x3.6(WxDxH), 7t842Hm) 2.5x0.7x2.0(WxDxH),
AlFA] AE AFE] 2715(m) 1.5%0.32x 1.5(W x D x H)o]t},

7t W A @A FHO 2R E 10cm 22 957 23T} ]
2A Y A EA FHOZRE 10cm A 9] 952 Ao thete] T
type QANE F&sto], B 37125 F SH5t] 2EAE 5t

o, 7442 W i STE o] QR FEa gl 7HE A EdE
A RAA| F2-E0] n A dFE ot o) & S HeluH e
AP I A A A= Table 4.9 Zom, dBFEL 1,2, 33
2} BE dBEE 0.16W/ (m*K)E A% B8] 0.17W/(m*K)o]

Table 4. Thermal transmittance test results

Tum 1st 2nd 3rd
Thermostat room 20.11] 20.10| 20.11
Air Heating box 20.06 | 20.07| 20.06
temperature Low_ temperature room -0.23| -0.23| -0.21
Temperature difference 20.30 | 20.30| 20.28
Total supply heat 18.54| 18.40| 18.32
Quantity Heat calibration 5.57 5.66 5.58
of heat Heat passed the test 1298 1274| 1274

specimen.
Surface therma | 1ntemal surface thermal | o141 14| 014
resistance

of the test | Outter surface thermal 07\ 05| 005
Specimen Correction value -0.05] -0.03| -0.03
Resistance of heat transmission (m’K/W) 6.21 6.34 6.34
Thermal transmittance W/(m’K) 0.16 0.16 0.16

AR5 AFZAL g7]&x -15T, AYLer 25T, Ay
BHEE 50%NA F-25 A @A BHol 25749] 2k AlAE 72t
o} F 6.%Z:i‘i*é%ﬁl‘—HHWE“ZWX&;@DP@ﬂ
=9 A A A H2E AP B, 0) AR FL= A
5 d 2= 1%%% A @A mEoltt.

ig.
A

o,
9
A

a) Adiabatic b) Adlabatlc
constant low-temperature
temperature side side

¢) Condensation
constant
temperature side

d) Condensation
low-temperature
side

Fig. 6. Photograph of thermal transmittance and condensation test body

Table 5. Condensation prevention performance test raw data

Tempelatm'e Surface Te Tempelatm'e Surf:
mperature ace Temperature
measurement | geryersture |giference ratio| MSUEMeN | temperature |difference ratio
position ) (TDR) position ) (TDR)
(Sensor no.) (6 (Sensor no.) (6
1 24.89 0.00 19 2391 0.03
2 24.58 0.01 20 23.61 0.04
3 24.48 0.01 21 23.49 0.04
4 24.59 0.01 22 23.59 0.04
5 24.62 0.01 23 23.59 0.04
6 24.56 0.01 24 23.43 0.04
7 24.86 0.00 25 23.22 0.05
8 24.35 0.02
9 24.39 0.02 ® @ ® @ ®
10 23.84 0.02 ~ o
11 24.35 0.03 ey @ W9
14 24.27 0.02 0 ® ® ®
15 24.27 0.02
16 24.21 0.02 @ @ @ @ ®
17 24.88 0.00 e
18 23.99 0.03 sensor position no.
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A&t A= Table 5.9 Zo] 422 F(TDR)O] BE F-2]of|A Fig. 8.914 a)= SYFTAIE, b= FERAIE, o& AFHIA
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4.2. 543" WAHSAEASTM E283-04) AdA] AW B2
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Aot Bt AAZ HolZ T Qlth o) 3F7HA 0] 9 Z20E ALK [ = 0.530m*hr - m* < 1.097 m*/hr - m?]
ApAo|t}, =74 77157 Table 1.9] S8 A8 4

¢) Horizontal d) Completed the
material, granite installation of
plate installation the test body

b) Details of
fastener joint

a) Installmg the
Insulation
Frame

e) Inside view of f) AL-Horizontal — g) AL-Bracket
the test body Detail Details

Fig. 7. Installation of test specimens for outdoor demonstration test
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Fig. 8. Outdoor demonstration test
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2)et v wstgleh. Table 6.2 +50%, +100%, —50%, ~100% 2+ %
2 5tol A o] HefFolt.

Y2 5.94-(0.47+0.38)/2=5.52mm<20.57mm,

HF2 6.48-(0.54+0.47)/2=5.98mm<20.57mm= ZA¥}= 2 5F
ol/gol g1t
Table 6. Maximum displacement of each member position in
structural performance test

Pressure Positive Negative
Gauge no. 50% 100% 50% 100%
No.1 0.29 0.47 0.26 0.54
No.2 2.97 5.94 3.26 6.48
No.3 0.22 0.38 0.16 0.47
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TR AAAI A (ASTM E330-02)2 A @A ol AA F42 +75%,
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Ho} ~82.95 kef/m’, 150%59F ~165.90 kgf/m’o]u] 543=
2:L/1000=2 % 3600mm/1000=7.20mm (L=Clear Span)°]t}. Al
g T Eldaade] feso] 1z Qs 57199 Z7Ieko] &7kt
gol TASHTE 1y Fig. 10.9] a), b)ot o] 7] g|o] e}
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Y AAFE HolBske 5 LN 7S AR 24 F A2 Al
&35to] Table 7.3 22 Hlo|HE ¥SItt.
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a) All functions remain unimpaired with no visible damage

b) No glass breakage or glass fallout is allowed

¢) Post design displacement performance shall remain within
specified allowable limits without adjustments or repair

d) No wall components may fall off. Trim may not be visibly
disengaged

Fig. 11. Earthquake Test Overview

4.3. AdET Q9F

Table 8. Development performance target index

Evaluation it .
(Pel‘:l?)ua ogelgf,'lsc,) unit | Target value Method Result
1. Thermal transmittance |W/m'K| 0.17 or less| KS F 2277 0.16
2. Airtightness sr 2| 1.1 or less | ASTM E283
performance A @300pa) |/ KS F 2202 03301097
3. Static pressure S
L m/hm’| No leakage |ASTM E 331| No leakage
o A - 4. Dynamic pressure — AAMA 501.1
a) Securf airtight ~ b) Rain screen connection taping ¢ ln}fertlz(;ll ;{inyl Watertight performance m/hm’| No leakage / KS F 2293 No leakage
ape installation
. 100 1 ASTM E
Fig. 10. Measures for smooth pressurization > p(e)?ff StrLéztura mm L/360 /IS(S F 23239% 5.98<20.57mm
Table 7. 150% Residual displacement for each member position in 6. Interlayer displacement ASTM
residual displacement test test mm | 2-1/100 E00p | 031<7:20mm
Pressure Positive Negative 7. Interlayer displacement L/100 or less MA 5014]  test OK.
Gauge no. 75% 150% 75% 150% test M (3600) i i
No.1 0.07 0.02 0.03 0.03 No B No
No.2 0.45 0.29 0.29 0.37 8. Condensation test “ | condensation speciﬁ}c/ation condensation
No.3 0.09 0.23 0.18 0.09 (TDR=0.05)
527 Zopo] A7 A o] 7] No.29] W& 7 24 o] olito] AEATOIA 919] Table 8.5 o] BE A5AHE »
9122l No.13} No.3¢] Bt 2 HAsto] 6] 9} vl wabieh, st
Aere (.29-(0.02+0.23)/2=0.17mm<7.20mm .
1) AAMA 501.4 (American Architectural Manufacturers Association P|=-71%
£e12 0.37-(0.03+0.09)/2=0.31mm<7.20mm ﬂ}ﬁ%ﬁff go}lgﬂﬂo}m zﬂﬂi}a Q 0114 7; 3 i’]fmﬁ‘l? A2 grof
_ _ - S| © Zro] 37 1F o2 o] A2 tr2 A AH8skal 2
FRRANFS TG 257 5184 M9l Hol2z o flaa & + Essential Facility 9], o132, 2941 5 3.0 4% .
ol=lod - High Occupancy Assembly AU QI ASshE AE
53T - Standard Occupancy HHAE
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