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ABSTRACT

Keywords: thermal insulation, energy, heat transfer, thermal resistance

1. Study background

The thermal insulation performance of a building affects the comfort of people inside and
determines the energy demands of the air-conditioning system. Through appropriate
selection of building materials and thoughtful design, we can effectively regulate the
mechanisms of building heat transfer (conduction, convection, and radiation) to improve
the thermal insulation performance and promote indoor environment quality.

Thermal resistance values from different sources may vary. The values provided by the
manufacturer, listed in the records used for the design, and measured after construction can
differ significantly. This inconsistency in the data will lead to inaccuracies in the predicted
energy consumption and the evaluation of building energy efficiency. Therefore, the actual
thermal resistance (R-value) of completed structures is an important parameter in assessing
building energy consumption.

During the in-situ measurement of thermal resistance, a variety of factors can affect the
accuracy of the results. Sensing elements placed during measurement, for example, may
influence data analysis methods for the existing steady-state heat flux behavior and
dynamic response. The PASLINK and 1Q-TEST projects of the European Union and other
academic research projects have carried out relevant studies on the above issue and
performed large-scale thermal resistance measurements in actual buildings.

2. Study methods and process

This study first compiles and reviews common international methods of thermal resistance
measurement. On this basis, we develop an in-situ thermal resistance measurement method
to determine the thermal insulation performance of exterior wall constructions. The
proposed method is then used to measure thermal resistance in individual cases. Finally,
we discuss how to use readily available materials and construction methods to enhance the
thermal insulation of exterior walls in common domestic structures.

3. Major findings

The existing domestic research findings about the thermal insulation performances of
buildings are mainly based on thermal resistance measurements of single construction
elements. Relevant studies have rarely conducted in-situ measurements of construction
elements or analysis of the complete building. This study investigates and analyzes the
international temperature synthesis method (ISO 8301-1991) and surface temperature
method (ISO 9869-2014; 1SO 8301-1991), which are commonly used to measure
construction thermal resistance. We find that the surface temperature method is more
suitable in the framework of domestic building energy conservation laws. Thus, we use
X



e

this method as the primary approach to measure the thermal resistivity of exterior wall
construction.

To easily and rapidly measure thermal resistivity, this study synchronously develops a
steady-state heat source analysis approach and then verifies it by comparing the results
with direct instrument measurements. The findings show that the proposed approach is
suitable for measurements under steady heating boundary conditions (e.g., heating bands
or artificial lights).

In-situ measurement of wall insulation performance was completed in accordance with the
ISO 9869-2014 standard. Thermal transmittance finally converged to 5.15 W/m? K. An
insulation and energization approach for exterior wall construction was developed based
on the results of expert consulting and by considering relevant factors (e.g., the
convenience of construction, acceptable levels of cost, and the effects on the amount of
indoor usable area). Additionally, a thermal insulation performance analysis was
performed by means of steady-state heat source analysis. The results show that the
experimental value of thermal transmittance for the proposed recommendation is 0.857
W/m? K. Compared to the corresponding value of simple concrete walls (3.79 W/m? K),
the proposed recommendation can effectively enhance the thermal insulation of exterior
walls.

4. Major suggestions

Suggestion |

(Suggestion item) Immediately feasible suggestion — Cross-domain research
simultaneously improving both thermal insulation and fire performance of exterior walls
Organizer: Architecture and Building Research Institute, Ministry of the Interior.
Co-organizer: National Cheng-Kung University, Building Material Association

With respect to construction methods for thermal insulation enhancement of exterior walls,
it is currently acceptable to attach high-thermal-resistance, low-thermal-conductivity sheet
materials to the interior side of an exterior wall as part of interior decoration. This
construction method is simple, and it can improve the thermal insulation of exterior walls.
However, the influence of additional materials used in this approach on the fire
performance of exterior walls must be considered.

Suggestion 11

(Suggestion item) Long-term suggestion — Laboratory and in-situ measurement of the
thermal insulation performance of exterior wall construction

Organizer: Architecture and Building Research Institute, Ministry of the Interior.

Co-organizer: National Cheng-Kung University, Association of Electrical Engineers.

Xl



B IR 2

Our institute has completed a few measurements of relevant thermal insulation coefficients
for individual building materials. Based on this dataset, laboratory and in-situ
measurements can be conducted to determine the thermal insulation performance of
exterior walls. Such structures include solid walls and void parts (glass at openings). The
results can be used to establish actual construction performance data and to discuss the
actual building energy efficiency.

Xl
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Bzl EIF R T EIRAEHFLIIR AN 22 ETE - BRHZ
méwmgz% (T4 s % » 2005) 2 HIE R A BRIIEH B LEH iz L4
TEEE RS A S L AR AR RS L BT T
BFRBANE T RAY A B R N6 EY e R RN (2T
2000)4 17 9 A A A p A SRR S 11248 YEESAE - HE L
RAEGERRELFFR PETRASHZE - B AML Gl (52 {0
EF 2000 E AR LATH S RERFLARABEFERE R B E Gk
HeATE 2 Bcdp e F B RSB 2400 ool DOE-2 i iR iR R AR
BA - B RML N RE

Fﬁ

o baAph ko R R R R H - SRR AL GRS eT &

14



é)gkvjwéﬁ

223 -2 HEHES G R E (AT ER)

A 3E =44 K & (W/mTC) R KR
8RR RS 0.227 PR s [C01)
Ty 0.112 p FoRaE e [CO1)
R & 0.046 proFdnaE A [CO1)

T%Q‘ PSR &2 k) 2.20 p FeraE F4r [CO3]
fg{ PS 1§ # /8 (PS # & ) 0.0391 p FoRaE 7 er [C03)
2T AREAA(RRRRSA) 1.64 pFegnaE g er [ CO3)
K Lt CICER D) 0631 | poegnsdf s [CO3]
A T A 1.69 p FoRaE 7 ar [ C03)
ERAIERACERE) 0.0489 p FeRaE a7 er [ C03)
20cm R 584 K 1.3 NFASLTER SR (07|
/5 e kR R 0.227~0.246 | P FeRiz =41 [CO2])
3 iR R 157~1.76 | p FeiRE = or [CO2]
* 27 2.33~291 | p Fe¥rE e [C02]
, W F 2.95 poFeRaE = oar [C02)
[PEETT 0.625 P oretez A7 o [C02]
ik 0.256 poFcREF e [C02]
T~ 0.117 ioFeERiE A [ CO2)
A 0.155~0.202 | p FeRaEF= #¢ [C02]
B A 0.199~0.243 | p Feiviz = 47 [ CO2])
ﬂ; CIRE S 0.131 poFcdnaE e [CO2)
* HUESEN 0.272 poregnE e [CO2]
5 A 0.146~0.279 | P itz #1 [ CO2]
R~ 0.172~0.214 | p se¥nsEFm @1 [CO2]
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A = 44 K & (W/mTC) FHL K R

Ry 0.970~0.997 | p e sm s [CO2)

. S 0.927~1.01 | M FenaE =1 [CO2]

N o E 5 0.958~1.017 | p Feivaz s+ [CO2])
¥ &L 0.965~1.030 | p FeRaz =91 [CO2]
- AL p A 1.3 P FeRiE ot [C04)
S BB E I OKIE R 0.379 M peneE s er [C02]

R 1.45 poFERiE A ar [C02)

EX

%r—l 2] 0.750 PRz or [C02]

e | TN R 1.02 P FedniE e [C02)
T W R 0.491~0.928 | p Fensz = =+ [CO2)
it X Fl 1.033 PRz ar [C02]
PU % 5¢ 45 0.0432 N FeeRiEF s [C02)
PVC % ¢4 0.039 N FeeRiEf s [C02)

A

L |PU ¥ 0.263 p FeEReE F et [C02)

%; PS & 0.050 Ptz o1 [C02)
18ty 0.0395 N peeRiEF e [C02)
PE %24 0.0795 N peeRaEF e [C02)
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A = K & (W/mC) 7R &R
_fg_'é R S EED) 0.209 ropeenaz = er [CO2)
| PO FT ) 0184 | preinits=et [CO2)
%

W | B 0.154 poregnaE e er [C02]

HH 0.371 pFoRaz T ar [C02)

ng: A KRR 0.355 poFcRaz T ar [C02)

% B R AT R 0.311 R iRz A ar [C02)

%i =T 0.220 poFeenaE e [ C02)

KRR 0.450 R oFeiRaE T ar [C02)

B AT 0.311 R FoRaE T ar [C02]

BT 0.22 poFeiRaE T Ar [C02)

HRaokoR R 0.45 PN oFdraE A [C02)

y g B KRR 0.355 poFdRaE FT e [C02)
a

o | EE 0371 | p sesnad a5 [C02)

# ET 0.516 pFoRaz T ar [C02)

i HE A F A A 0.405 ioFeERiE A A [ CO2)

BOFEA A B e 0.0787 R opednaE g e [CO2)

FE k4K e 0.335 poFcRaz T ar [C02)
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A = K & (W/mC) 7R &R
TRER Rk 0.160 pFoRaz T ar [C02)
KR AR R R 0.178 poFoRaz T ar [C02)
£ 4 i+t 4 (57mm) 0.559 RoFcRaz T ar [C02)
13 £ 2 3% 4418 48 72 (64mm) 0.874 poFeiRiE e [C02)
ﬁ £ 2 31 4 F8(67mm) 1.22 poFednaEFar [C02)
£ 4 ARk IR 0.157 R FoRaz T ar [C04)
£ 4 4 % (B3&C50) 0.653 p FeRiE £ 4 [C04)
4 e 0.121 p FeRiE £ 40 [C04)
| E 5 4 0.196 p FeRiE £ 4 [C02)
¢ e 1y 0.208 p FeRiE £ 4 [C02)
B

[CO1) 2 % 2004 2 Ay REH - 22 ERAMLFET 2RI EZLAT 0 PIK

=

ik pr ok P74

[CO2)] rsids ~ AW ~ 37"6 > 2005 H- 2 AP RALLTHELEZ >
FoinaE F= ot P29~P.30, P32, P34

[CO3) 2 5% » 2006 & EiEH IR FRE &N E LT T > P FedvE ey

P45~ P65

[CO4) *5 % fr~ § %% 520100 £ 4 EH IR S 25 -1 A lERAME 6] P 5

3Rz 741 P36
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BAGEMIFET 226 5 o ()EA & S# (150 standard 8301-1991) ~ (2) %
G & (1SO 9869-2014) 11 & ()L #im A 472 » A | & #4747 1 = 6 2 &
T AT AL 7

(1) 8 B &£ 22 (Method of synthetic temperatures) (1SO standard 8301-1991; BSEN
SO 6946-1997 )

£
;i
MERANEZAHENLAARZ T EFAEHAFHRFLEESF N PRI DFFIR
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B ooy ARGV EEZHALE (WM A Z@iaff (m): T 5z

wﬁ&’%ﬂﬁﬁfiﬁﬂ%mui BB L 2HchoF 21 /) § 973 o Z AR H

% pRiEAR (sol-artemperature) T, kR T = P EARER > HER NI FERT,

BpREEHFEEY N AR A G OB BR G o

FEFHFR R CHB PR AFT R EERRRE D EREAE L

SR R A R AR AR e A R R R £
FPoerE R (R AR AR EL 9

fa o

Y
T @

2 2BW/MPK ) > Bt b 22 i * 4

WHRALEGXF 23 (B32) 5 & ka2 a2 g &kF g p

BARFY TREE R R - B (B 3-3) ¢ 12/ Fenf e p 53k
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(2) % @ 8 B2 (Method of surface temperatures) (1SO 9869-2014; SO 8301-1991; BS
EN ISO 6946-1997 )

ZATT ML A G EAL - PTG (T, Ty) M2 5 h,hy,Q kik

i% ’Eﬁ ,él‘ re '/—E'J; Ptotal :

1 1
Ptotal Zm-FZRwa” +h— .......................................................................................... (18)

T .
Z Rwall = S’Of ettt e ettt et e et et e et eeteeete et e et eene et et eaneeaen (19)
Q

(Trethowen, 1986) # R » k2 HFEFERIF  FRENTEFRZALERKE
B # FE TR (measurement uncertainty): (1) BER RAEAEZV A FHERT (2 &7
Ao B S RIENE A B 3 10°C o ixdx 1SO 9869-1994 #7it » pL R orfmd 2. § B 7 F2
TR E 14-28% o F it F BN {7 1SO 9869-2014 i o2k » B AP H SNk
FRSERIRFE B, T2 €& kdf o
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(3) AR ML AR A 4702
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BRI o 3n2 i % JE P> (w i % b2t
ZReE2A FRR - SRR A7 E 45 (Kaoetal
2007) 0 & Bk Finit 4 oo SR A 6

LJ? g 5
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- -1
gmajn gaux
(b2) # Ra,>10%p*
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(BR)  H* PHPREBETER L7 FRBEMPE LT 2 A kT E A
R FTEBRA R A GEGEERR (VT KD2) kRARLY FHEAD
Wz Fplo WiTi vz % s RBAELEL L 5%

KD2 Bl % 8n B4 pHABEETIOL 017TWMK - 9 %5 %40k 41
ST AR RBPEFEAEER RMER R TER cd AP H P FERRY
oz 2 Al (F0(20) BB AR A G 2 B G R R A 6 2 AU Gikdp
FooEREME P RINT AR O RHAG L ANER K ERETE R 0 4oR 419
MAL o P TR GEAP D ) 2 BRT R 2 o ka R BB EGER L E 016
WImK (% 4-1(a)) £ KD2 z # |4 % 4pif -

41 BT FEHLRTHBRT %L (FETLLEE)

Bkt 10cmx10cmx 1.5cm (5 &) 25 F# (B4 4 )
Rl AP R AR B R (5(20)
(@ (b) (©)
Fw> 5 PHE 2 H G RR | RO TR e MR | SRR TR E e Y
Sv g R AR 2 AR S
F R
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BOAMORT R PSR A e B A G 2 AU E LR T Y R340 R 4-1(b)
ST )0 b ARSI 2 0 2 FUEEI K ER Y (£ 41b)2(0) i sl

Natural
convection
currents

ool
\ A\

A& e T
N /\/')/ﬁz\/'/“

. plate
convecuon
(a) Laminar flow (b) Turbulent flow currents

(8) AL E = Horcpr (b) zEAE-k-T B cph

W41 ®P* ®o] (FH KK Cengel, 2006)

BFRAMBMIFHIRS 4 50cmx50cmx 2em (B R ) s EH (R
A4 ) A uli & T (30emx30cem) & o] 2 #RE (Bemx5cem)
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