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[ Abstract)

Thin-layer roofs are one of the most important ways to reduce the cooling energy load of
buildings. In the past, the study of thermal performance of the thin-layer roofs mainly focused
on the temperature reduction of bare rooftop by the whole thin-layer roof systems, few studies
have explored the separate thermal performances attributed by different soil depth and
different proportion of LECA content in the soil. Previous studies have confirmed that the
extensive green roofs can effectively reduce the temperature of bare rooftop by about 25°C,
among them, a higher degree of temperature reduction is attributed by the growth medium
layer rather than the plant layer. Therefore, to develop a growth medium of lighter weight

with better temperature reduction effects is worthy of further exploration.

The experimental site is located on the flat rooftop of fifth floor of Male Dormitory 30,
Tunghai University, Xitun District, Taichung City, and in a subtropical monsoon climate. The
experiment was conducted in two stages. In the first stage, we explored the effects of different
depths of pure soil on the temperature reduction and heat amplitude reduction of bare rooftop
by thin-layer roofs. The results demonstrated that the thin-layer roof of 10 cm depth of pure
soil has the highest marginal temperature reduction effects, and can effectively reduce
temperatures and alleviate the heat amplitude of bare rooftop by 17.411°C (from 52.673°C
down to 35.262°C) and 55.75 %, respectively. In the second stage, we explored temperature
reduction and heat amplitude reduction of bare rooftop with different proportion of LECA
based on the depth of 10 cm growth medium. The results indicated that the temperature
reduction of bare rooftop attributed by the thin-layer roofs mixed with 1 cm and 4 cm LECA
is superior than the pure soil thin-layer roof by 1.417°C (from 36.227°C to 36.227°C) and
0.377°C (from 36.227°C to 35.850°C). However, the heat amplitude reductions of bare
rooftop attributed by 1 cm and 4 cm LECA were worsened than pure soil thin-layer roof by
1.16% (from 62.88% to 61.72%) and 4.50% (from 62.88% to 58.38%). These findings can
help making better decision on the mix of growth medium to achieve optimal thermal

performance.

[Keywords] thin-layer roofs, thermal performance, medium depth, last eukaryotic
common ancestor (LECA) proportion
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EBEEEYINES » WA —HFE o R RIS R R R ECE - 83 1 AR
FeatAEAE L E g R TH Z EMERER SR » IRIE AR - AR E S IS B Y E 2
BEIEMEFEE -

% 4-5 AFE LR R AR RS TR

| 6:00-  7:00- 8:00—  9:00- 10:00- 11:00- 12:00- 13:00— 14:00- 15:00—- 16:00- 17:00—
7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00

IREDRE 25.62 25.92 26.93 27.85 29.26 31.29 3248 31.49 29.60 28.99 28.16 27.74
MERORE 26.54 29.67 35.24 39.15 43.84 48.84 49.62 48.86 42.33 39.23 3247 2991
FHEABEE  +745 10cm 25.15 25.56 26.35 28.04 29.81 32.49 34.82 36.95 37.95 37.25 35.59 33.71
4% 15cm 25.55 25.66 26.04 27.05 28.36 30.27 3232 34.22 35.78 36.55 36.68 36.21

7% 20cm 25.89 25.80 25.86 26.24 26.99 28.09 29.57 31.25 3291 34.18 34.92 35.04

+% 25cm 26.92 26.73 26.57 26.59 26.85 27.34 28.11 29.11 30.21 31.19 31.93 32.49

[Eatalintic +% 10cm 1.40 4.11 8.89 11.10 14.04 16.35 14.81 11.91 4.38 1.98 -3.12 -3.80
4% 15cm 1.00 4.01 9.20 12.10 15.48 18.58 17.30 14.65 6.54 2.68 -4.21 -6.30

4% 20cm 0.65 3.87 9.38 12.91 16.85 20.75 20.06 17.62 9.42 5.05 -2.45 -5.13

+%& 25cm -0.38 2.94 8.67 12.55 16.99 21.50 21.51 19.75 12.11 8.04 0.54 -2.58
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—o— ETAMEN ——IEHIH (C)

4-4 A [E] L5t R R TR RS i (2017/5/14 5| 6:00 ZEHf | 18:00)
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H &5 &(W/m?) % 25cm 7% 20cm % 15cm 7% 10cm BB —— EREDRE (C)

4-5 AR LA R R TERERSR o TiE (5/14 75 % 6:00 % 5/15 /%= 6:00)
(=) AELFTERETREERE RS T
APEEGETREA R TR R BRI TR > DOREE SR —fE B # e = [ iE
MRS » A [F IR 2 BIER RS E R (2) Bk

= (2)

I R G R T I AR = T2

2017/5/14 F4F 11:00 & 12:00 (3= 4-5) > 3R 10cm ~ 15cm ~ 20cm ~ 25¢cm 22
SEEREIREERE 7R R 32.49°C ~ 30.27°C ~ 28.09°C ~ 27.34°C - fRIBEMEIFRATERA
HAVEFE > T 10cm 15cm~20cm~25cm 27 #EFER R4 71 B 1.63°C~0.45°C~0.43°C ~
0.15°C o &R ein - TR 10cm LAL HIBPER AR 2RI S -
ORI BRI AU A= 2 10em IR (TR —FE R E s - RNE LR
JEETH 2 B IR R E AR 4-6 -

7 4-6 A[E 2R R TR IERERSCR Z 515 (2017/5/14 11:00~12:00 )

TR Fee R FERIERE VS L TEEREAEME BIEERTER

O O (cm) O
47 16.35 16.35 10 1.63
10cm
+7%E 18.58 2.23 5 0.45
15cm
47 20.75 2.17 5 043

16



20cm

+%& 21.50 0.75 5 0.15
25¢cm

= BIREEUE T
(—) BMRIERER IR Z LE#L

PE B —FH A F LE AR G A T3 B & & W g 2 TH 2 IR I k& MR
(% 4-6) - {i£ 2017/7/25 L4 6 BhiZE T4 6 B > ~FIEREDRAE Ry 30.78°C - EIAMEH 1
i Ry 40.34°C - S+ HGERTH 2 ZUIRIE T IR Ry 62.88% 5500 10%. 2 T iR
Fo 61.72% ; S5/ 40% 2 I EIEIE By 58.38% ; S8/ 70% .2 N FEIEE By 53.17% -
FHEEEREUR - SO PR - BRI AR (R -

7 4-6 A [EIEEBIEE AR H e = TR ERIE &k 70 TR (2017/07/25 06:00-18:00)

PHPRECC)  CRERIECC) R (0)  AJRIERIE

IRBRE 30.78 26.54 ~ 33.94 7.4

= TEAEAOR S 40.34 26.50 ~ 52.23 25.73

R SRl o 30 L P o 35.99 30.90 ~ 40.45 9.55 62.88%
LECA 10% 35.28 30.09 ~ 39.94 9.85 61.72%
LECA 40% 35.69 30.04 ~ 40.75 10.71 58.38%
LECA 70% 37.51 30.72 ~ 42.77 12.05 53.17%

(=) FERSRZ LR

WPEEERETR (R 4-7 - B 4-6 ~ [E 4-7) > EFHEMAEEHNE (10%E81 40% ) B -
g R TH 2 FORSERb A EE R R - HESEMRA (70%) thflEis - 2
LA g FIEZB%&%Z%EUW@L igEIHA7 H 25 HE XK E4 10:00~11:00 FFEZ -
g B THEZE R AR RZER < 10 A4l 58 g B TR RXER £ 14.70°C 5 10%586
SRR Fy 15.87°C 40%6@?‘&%2% 15.21°C ; 70%HYR 5 By 11.01°C -

DI ESER AR » T I A S I 10% Rl ryEEsE » (Nthat g R TEF E
AFERBCR > A 1.17°C > XAl RETREEE - (AR DR {RETHEE f E 2 H A2
st HIRPIIAZEERG 40% RErAVEERE - N RRBER G bl 55 R TR -
0.51°C » {H4f R 2 P DA /DY T 3EaREE - AR TR DA 70%Hy S8k a - NI
SCRECEE R IHE % - B KA7ET] 3.69°C -

47 AN[EIRFEL ~ A [EIEEGIE R AHE R TH 2 RSO 2
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HERS 6:00— 7:00—  8:00— 9:00— 10:00— 11:00— 12:00- 13:00— 14:00— 15:00- 16:00— 17:00—
7:00  8:00 9:00 10:00  11:00  12:00 13:00 14:00 15:00 16:00 17:00  18:00
IS 27.04 2849 2973 3093 3287 33.15 33.06 32.16 3070 3120 3037  29.90
MRS 2820 3432 3859 4253 4878 4947 4951 4673 3859 3841 3564  34.09
EREEY 2+ 31.05 3093 3132 3240 3408 3642 3826 39.74 4037 39.74 39.04 3828
LECA10% 3030 30.13 3053 3147 3291 3502 37.08 3880 39.83 39.62 39.04 3833
LECA40% 3020 30.11 3053 3147 3357 36.07 3821 3996 40.68 3987 3897 3801
LECA70% 30.80 3135 33.06 3501 37.77 4054 4174 4260 41.60 3955 3851 37.72
R ol -2.85 3.39 727 1013 1470 13.05  11.25 698 -1.78 -133 340  -4.19
LECA10%  -2.10 4.19 8.07 11.06 15.87 1446  12.43 793  -124  -121 340  -4.24
LECA40%  -2.00 421 8.07 11.06 1521 1340 1130 677 209 -146  -333  -3.92
LECA70%  -2.60 2.96 5.54 752 11.01 8.93 7.7 412 301 -1.14 288  -3.64
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30
o
~ 20
i
EE
10 I I I
-10
Q Q \} Q Q Q Q Q \) Q Q Q
SR S SN N N SR AR \°°
\ \ \ ’ ’ ’ ’ ’ ’ ’ ’
S Q Q QQ QQ Q Q QQ QQ Q Q
S ® 3 5 59
Eca T0%EEEE O \LECA xﬁa%w N TGS @%LECA&O%
[ —8—LECA 70% —8—LECA 40%
LECA 10% —o— £t —o— E[AMEHR
——IEETRE(°C)

[l 4-6 S ELER R T E (7/257
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