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ABSTRACT KEYW ORD
Purpose: The insulation performance of walls and windows has been gradually improved. In the German passive =~ &3
house certification, the thermal transmittance of an installed transparent building component and the general thermal iO: ﬁﬁ’ 3_?'?'
transmittance of window products are considered as certified factors. However, the method of installing windows to }E ge o :.j%%
walls has not changed, and the thermal bridge of the window—wall junction is rarely evaluated during the designand ~ xs g2 g

construction stages. Therefore, it is necessary to quantitatively evaluate the effects of thermal bridges on the junction

to improve the method of installing windows to walls. Method: In this study, the thermal bridges of window-wall ~ Apartment Building

. . o . . . . .. Window-Wall Junction

junctions were quantitatively evaluated in the term of linear and point thermal transmittances. In addition, the . - }

: . . X . o Window Installation Thermal Bridge

installed thermal transmittances of actual windows in a domestic apartment building were calculated and compared | inear Thermal Transmittance

with the designed thermal transmittance of the window. Furthermore, the annual energy requirements of the  Point Thermal Transmittance

apartment were evaluated by including the installed thermal bridges. Result: The insulation performance improved

with the decrease in the linear thermal bridges because the thickness of the insulation materials could have been =

increased. However, the point thermal bridges barely changed because the thermal conductivity values of the fixing Receweq Aug. 28, ,2020

brack hich. The installed th 1 . £ the £ wind : dby L1-12 Final revision received Sep. 28, 2020
rackets were very high. The installed thermal transmittances of the four types of windows increased by 1.1-1. Accepted Oct. 5, 2020

times of the designed value, and the corresponding heating energy requirement increased by 4.2% annually.
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PE-D
PF-®

Case

0.207

w/m'
0.164

Uwall

PF (Phenolic Form)

thickness
(mm)
90
115

Insulation

P-O
P-@
P-®

Case

0.235
0.204
0.167

w/m'

Uwall

PIR (Polyisocyanurate)

thickness
(mm)
90
105
130

Insulation

E-©
E-©@
E-Q®
E-@

Case

K)
0343
0.294
0.238
0.200

w/m'

Uwall
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EPS (Expanded Polystyrene)
Insulatio
n
thickness
80
95
120
145

(mm)

0.36
0.30
0.25
0.21
0.17

Wall

U-value (W/m’'K)

1.8
1.4
1.2
1.0
1.0

Window

Year
2008
2010
2012
2015
2017

Table 1. Cases for Evaluating Installation Thermal Bridges
1
2
3
4
5

Step
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Table 2. Boundary Conditions and Material Properties = =0 %
Temperature[17] Heat transfer coefficient[1]
Outside -15C 23.26 W/m'K 3 1 Insulation
Inside 25°C 9.09 W/m'K = Conerete
Thermal Thermal & ™ Gypsum board
conductivity conductivity
Concrete 1.600 W/mK EPS 0.031 W/mK
Gypsum board 0.180 W/mK |Insulation| PIR 0.023 W/mK _ ——
Cement mortar | 1.400 W/mK PF 0.020 W/mK 200 var. ar.
Polyurethane (a) Model without T-bracket (b) Model with T-bracket
foam 0.040 WimK  [BegifCbrackell)  53.00 W/mK Fig. 4. Models for Evaluating Installation Thermal Bridges
Table 3. Characteristics of Linear Thermal Bridges per each Insulation Cases — Junctions without the Steel Bracket
(I‘J{,;,:;ll,lllz) EPS (Expanded Polystyrene) PIR (Polyisocyanurate) PF (Phenolic Form)
Step 7 Q v Q v, Q
(Window| Wall |  Case ep v 5 Case @p @ L e @p o T8
WK) | (WmK) @p WK) | WmK) | G@p WK) | (WmK) @p
1 1.8 |036| E-@ 89.09 0.084 3.77%
2 14 |030| E©@ 70.27 0.062 3.53%
3 12 |025| E® 59.15 0.041 2.77% P-O 59.94 0.063 4.20%
4 1.0 |0.21 E-@ 48.97 0.025 2.04% P-©@ 50.03 0.046 3.68% PF-O 50.58 0.057 4.51%
5 1.0 |0.17 P- 47.97 0.032 2.67% PF- 48.21 0.041 3.40%
Table 4. Characteristics of Linear Thermal Bridges per each Insulation Cases — Junctions with the Steel Bracket
(I\J{,y:r‘ll,l;; EPS (Expanded Polystyrene) PIR (Polyisocyanurate) PF (Phenolic Form)
Step ) U Q v Q@ & Q
'Window| Wall | Case @ v L Case @ v s Case @ Y =
WK) | (WmK) @p WK) | WmK) | @p WK) | (WmK) Qp
1 1.8 [036| E-@ 94.83 0.228 9.62%
2 14 [030| E-@©@ 76.42 0.216 11.31%
3 1.2 025 E-Q 65.85 0.209 12.70% P-O 65.78 0.209 12.71%
4 1.0 |0.21 E-@ 55.90 0.198 14.17% P-Q 56.03 0.197 14.06% | PF-O 56.15 0.197 14.03%
5 1.0 ]0.17 P-Q® 54.59 0.198 | 14.51% | PF-@ 54.48 0.198 | 14.54%
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Table 5. Size and Installed Bracket Number for A~D Windows
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Size(m) Type and number of brackets
Location Area(nr)
Sill/Head Jamb Sill Head Jamb
A Living room 3.60 2.12 7.632 T-bracket / 6ea ~1-bracket / 6ea T-bracket / 2ea and ~i-bracket / 2ea
B | Bed room(South) 1.50 1.60 2.400 T-bracket / 3ea ~1-bracket / 3ea ~1-bracket / 3ea
C | Bed room(North) 1.80 1.60 2.880 T-bracket / 3ea ~1-bracket / 3ea ~1-bracket / 3ea
D Kitchen 1.00 1.18 1.180 T-bracket / 2ea “1-bracket / 2ea ~1-bracket / 2ea
Ref. Test specimen 2.00 2.00 4.000 T-bracket / 3ea ~1-bracket / 3ea ~1-bracket / 3ea
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(a) Apartment plan and window installation drawing

Fig. 5. Window Installation Drawing for a Typical 84 m" Apartment Plan

Table 6. Size and Installed Bracket Number for A~D Windows

Type T-bracket (Sill) “1-bracket (Jamb, Head)
Model
Polyurethane foam
Cement mos -
=14 tw:mr;ca)r (=0.04 W/mK)
Gip 67.75 W 66.50 W
@vp 66.96 W/m 66.12 W/m
v 0.04625 W/mK 0.02525 W/mK
X 0.01975 W/mK 0.0095 W/mK
Surface temperature 18.3°C (at the center of the Window-wall junction) 19.7°C (at the center of the Window-wall junction)
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Table 7. Size and Installed Bracket Number for A~D Windows

Type U_design U_install AU AU*A Area/Perimeter
A (3.6%2.12m) 1.178 1.264 0.086  (-11.3%) 0.656  (+69.1%) 0.67
B (1.5x1.6m) 1.178 1.317 0.139  (+43.3%) 0334 (-13.9%) 0.39
C (1.8x1.6m) 1.178 1.301 0.123  (+26.8%) 0.354  (-8.8%) 0.42
D (1.0x1.18m) 1.178 1.371 0.193  (+99.0%) 0.228  (-41.2%) 0.27
Reference (2x2m, test specimen) 1.178 1.275 0.097 (-) 0388 () 0.50

Table 8. Input Parameters and Modelling Image

Modelling image

\
| |

Division Input values
Weather data Incheon
Setpoint temperature Heating: 20°C / Cooling: 26C
Occupancy 4 people

Equipment : 6.61 W/m’

Lighting : 4.32 W/m’

Infiltration/ventilation 0.5 ACH
HVAC Ideal Load System

Internal Heat Gain [21]

Table 9. Annual Heating and Cooling Energy Demand using
Installed Window U-values
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