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Abstract

To alleviate the problems of urbanized built environment and limited green
space, green roofs are frequently promoted in many countries. In Taiwan,
developing green roofs has also recently attracted attention from the
government. The plants and soil media of green roofs can retain precipitation,
and thus both the runoff from rainfall events and the loading to storm sewers
can be reduced. However, a proper method for estimating the rainfall retention
capabilities of domestic green roofs is so far not available. Therefore, this study
was initiated to assess the rainfall retention capabilities for different rainfall
events and soil media depths. For effectively analyzing the performance of a
green roof, this study designed two special platforms for implementing
experiments under different conditions. Each platform is equipped with several
collection tanks and electronic scales for continuously monitoring the
percolating flow and runoff from the platform. According to related theories,
several semi-empirical equations were proposed to estimate the total retention
of each rainfall event. The ‘coefficients of the equations were determined based
on the data collected for nineteen rainfall events from the platforms. The total
amounts of rainfall retention for all observed events were estimated by the
proposed equations, and the best R-squared values are 0.662 and 0.899 for the
sets with and without plants, respectively. The proposed equations are expected
to effectively predict the total retention of an extensive green roof for a rainfall
event.

Keywords: green roof, rainfall retention, green roof platform, retention
equation, sustainable environmental systems analysis.
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2. k= F&i2 c Villarreal and Bengtsson (2005) R s i d)de m 5 -m
Mok e * NAERIRERE 2 Bk E A& Flki A o
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BB B5 0 MR R 2RISR PR

kg > F RS EEF P ER TR E P FALE 0 d APy
TR LA BER DD D R g TR TN
P WY R ERINRE € FEOFIN 0 3% 2 S T A
T

%% C Curve Number ;2 .32 W% M3 k3 RiF L8 mis 4 % ¢
75k 0 4 B RGBT IREIEE 0 ]4e(Getter et al., 2007) 4 7
B BETFOCNE gt B R AZNARR 0 FE0~10000 * A5 3
K100 A T fEA R LA K ArER B FIF €5 3 B CN E o
el T Hphid > B R AR LER ET e Bk
BB cniF 2352 4a ke o

SGRR : SGRR (Jerrettet al., 2006 ) B -¥_r2 Modified Puls Reservoir
Routing Model (HYDROGRAPH ROUTING) % 4 47 & — ELpF R p j% o)
ReE F 2RI RE VR R Y g ddcs - R as TR #

PAICE R BB - Fa hF IR -

% 78R #5538 Hilten et al. (2008) % 4 HYDRUS-1D (Simtinek et al.,

2005)7F iRl BT % iRk Slie 32Tk il £~ 2 angE 2 4 g
SRS 0 R B Y TR g N R o e B R A

F B AR T WA R RRR G B et o

d 3y b 2}3;/@)?%6 R IIPE IS S P ;ﬁbj’iiﬁ’ﬂ' i B % A

TR TS AL REFEGE AN AR ET R ki
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221 BEERKHNZ A4 20 ik

Model & - j# @ gk Input %# Output &
Van Woert et al., i i Data were analyzed as mean percent
Mean percent retention, rain event ; .
2005 retention per rain event
Mentens et al., .
ANOVA 2006 Normalize the data
Getter et al., 2007 |Roof slope, rainfall Mean percent retention per rain event
was analyzed
Hilten et al.. 2008 If sw_n_ulated runoff values differed
significantly from observed runoff.
Villarreal and . .
Hydrograph Bengtsson, 2005 Rains, unit hydrograph Peak flows and runoff volumes
AGRR Jarrett et al., 2006 |Daily rainfall depths, daily ET Annual roof runoff

Curve number

Getter et al., 2007

Actual retention, potention retention, actual runoff,
total rainfall

Curve number

A storm hyetograph, a reliable estimate of daily

Runoff rate and volume on a routing

SGRR Jarrett et al., 2006 |evapotranspiration, the month of the storm and the . .
. . interval basis
number of days since the last rain
Surface moisture fluxes (evapotranspiration and
HYDRUS-1D |Hilten et al., 2008 |rainfall), soil properties (field capacity, wilting point, |Runoff

density and sand silt clay fractions), soil texture
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4, BB SRFEEE AV PREP ARG R L AT DT RL S
sl ZTERIEREMAT BiEE
RAFFTERF T -REERTRE s > NI EEFY ok e e 4
A2 ELE T %l D ERZ S - BREEEDIZIRE B in-keh

FRZ i v NHEAAREREF I THRETE L A KR KN4 o
5, NARFFEFR KIS AFTUEERIHL S EHT R TSR
FRRFHR  HHPFF IR RATERZ & > ATL M5 Hp

el 2 3 AE AL JENC R e N AT IA NI

6. HETWHE KR SN2 Wb R § v g TS R OR S S
2ZAFTEFEN R FFEFF AR EETFIFE IR Ao
2N AR Sl R AN AT FlA TR AR
SR ARER BARTESORSFESEER kG N ¥

T U R

32 * 2 BB FF A7

-

BRI RBEERA G AR e a 2 FRAANES  HNRET
R RE A A RORE AN AP FARAI RS T2

PR FFH LB ETER RN A ZBBEIR S T AR .

=

FREIKEREKFG A TR R RFEFAELSG R
#io ] e 1.27mm-10.08mm /& et & % (Van Woert et al., 2005) » 2 <
e 12.7mm-79.3mm & (Hilten et al., 2008) > 7 [ 3.2 2 B] 3.3 #7177 =
¥+ e12004~2008 £ pF A £ 7 £ T FEcA o B R E 5 835
mm-> =84 &9 40~20mm 2 & >»@m P& E&=* 5 2035mm » %

WA EP B 0~60 mm 2 FF o ¥ LB IRFPN AR P ERGGEFT R
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CovEF AR S LR A4 15 2 A (150mm) T ik 5 B T

o)

HLHEB RN AT L o

800

713.4
700 -

100 - 60.8
35.6

7.6 5.8
. B ==

0-5 5.1-10 10.1-20 20.1-30 30.1-
mm/hr

B 3.2 37+2004~2008 & pFa 87 & L5 | gk

90

80 - 76.6

70 -

60 -

50

A

40 -

30

20 A

10 -

0.1~10 10.1~30 30.1~60 60.1~

K& (mm/H)

Bl 3.3 #77 2004~2008 &= p & & 7 & L 315%
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3.3 RETERLATFF

FRER kN 4§ £ TS

A

F B Gl ATER B

ETARZ L AEEI EREFVE I RFT AT FRRTIOERS

ETREF H R Ragd o 10T - - SRR 2 o

L AFHE ATEET B¢ BEE ka4 > bl4odf R ot KA 7
B ARk g BEIGETR kNS kY EA
e P BB RS P AL WIS AL E 0T & HR S
REE 98 E a)zFk o MR A F N F R AR
4=3:3:2:2:5z2 R & b 1F 5 AH > ¥ ¢ v Getter et al. (2007)

TR EHATRERERLEAHT o o

2. ATERE R FSZERLS > F A paﬁagtg_ C A FREH LB o
TR I EYRIAFTERESEY > ATER ORISR
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Bokic 42 A4 7 engs 5(Van Woert et al., 2007) » #F5 § #-it (7

PRATERGOTR  FAFARFATEEM S ETR L 4

o

=%

‘\

w
N

FETRAR CSEETER P g ig =3 e ka4 (Van Woert et
TG

al., 2007) > ¥ ¢ sigeuE A R

LA A B Y R
PRARCEERTR P RAPTHEA A FART EE TR AR R
4 o

4. AT EkF D AFP i okF et R BFIR ki 4 o Villarreal
and Bengtsson (2005) v)‘%v’ Tig Mg PERT o B ok alen
Fagom R NG uBar i AT HERE LKA R (TDR) &
RIRRE Y kaehz & > A Q@R AR 7 K

5. Ma 3R g O HNEERSERL S €5 2 B E(Van
Woert et al., 2007) > A7 g #4172 e n®T R E R EFF %R 177
350 s O G

6. tit-E# : Wolf and Lundholm (2008) 2 547 4p &1 7 o cirfi 1 {47 § 18
FAEP AR EFL VMR Gy TR 2N 23 pHAT
oo FPL AR et A E AR SR APy R e o o
’S“EEF’&bti/\Jmelﬁ;l ,gﬂ;g r%ngﬁi*g,f‘gg—;;z;‘z ’ZP?’}E%
kY FEESFL FEE

34 #HIRRBFFLFERTR
hom - A > SRR Bk 4 XI5 BFF R wd P

B A4 2 ] 228 HEFFE-EBFFHRAIT FI 0 277

MAFEREERZZFFEEFTHR T ANWRP - A FF 2 F R
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1. AFER I 2RAFTERERER kN > a - LEFET L
»> 15cm (Getter et al., 2009) » ¥ ¢t ¥ jiadr 04 £ F & - & %A i
Fowmbarmg? A5 2 10emE-BAFTER - F R A&7
forg s T2 38R R BARKE e

2. %R AT AFARERFRTEEROR KA o TRFETHRF

2009-12-27 & 2010-05-29 #ric ent HF e w L e 2 L 4 HFFE R > lw

Qiﬁﬁé%iﬁﬁé—wﬁui%é TR 28 TR
CRICE R R A DR

35 REE oK BEE

MR NEFRETRRARETRY VR BEF Ok iR

\

IR HLEEERES S RGO A AL PR PR L g
FHAEAFTHRFBRDOINTRR S FoBpSes® T HF P2 g
A E FL RS Y AT e TR AR v o B g - R
H-(Getter etal., 2007) » w'# 2 & & ARG g R F1 LB F HHiwmS LG
)Hhk%%mﬁﬁ'%A’jgégwfﬂ%ﬂ%&%&&?%%®lm

HOHRERFRRG S EAPLA PRP - FEETRRLL 0 R
SR 34 T 0 ALY MRERFALT A LT ANA P &

oS A R TR BB RS RRIRE AT ORI T RIRE G

F sk 0T A NGEmERE -
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TRt 50 A G EIUk 2 AIVEE RSB B Rt EHA
Foormiksti - BAFZ ELE P %M > 4oB 35 77 > HF
SR IO H bR P g s A A $ 33T IR HE
& ff 5 90%90 cm’ s ¥ 4 HM-Fdn 2 P 13kt 2 30730 om” F k4 B
R ERY B ARG A0cm EH BT % 15em T 2 F
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KA I LR R S B S O s EE T AT )
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2. ARFELEREAR 37 ARFIGREEFT T F TR B AR
10°220°2 30" % B E o Fobd AR & e 2 AT 2P E %
WP EE BT % A TR 0 2R o A T TR S B O,
SR FFITH > EF R G R - R BRSO RBRRAT B
1T R AR R O RKST R R T IASE B T S ARE &

s HasiasEs .

B 3.7 A &%

3. EINE BRI EERREG AFTFZR AT REENRE A
KehE o g EZ B Y o 4B 3.8 917 0 R E B+ > 40%40%65
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z*% 32 jﬁl‘},.ui /% /'% J\/HL‘E_ /?'J—% /24: v ﬁ‘
LA L r 1 ey 1 e i
R*LFIfEFEPkF D | TAF TR B
l L ? E } = —?’ *Qsjﬁ‘ fgﬁﬁgﬁig‘wﬁ,gﬁ&ﬁjﬁﬁggg%ﬂ, .
£EE RN TR H T T HE e R0, 012 mm » & H3g~
5 FHFEFAK -
Bfp o R Tk KT PR o5y o
# g AP R 2 K
foRE % TR A GFIBET R o AT E 4 X AT TL DI
A1 gk B oA B A TRk 8| ‘ H2F ~
d H g o
it o X
BRI A R B4 IR AR KA WRK N= REF Lok 2N F 4T Bl - 5 1-2em | -
i FER e SR B
Submersible Pressure Transducer|i-:c%id = B 4 s it o = = Bdedc vk m iz 2R 2 F e H B o
. B AR ERE L o ARG AFRIEREFE ke L - LhF R- BEG
22 iR 3 R IER R BT
o R g WG (30en R R A R S RPARA AR 2 (9 10§
Ultrasonic Water Level Sensor |#l-k& & &3 i crps @ o w/
| S
;%%‘E’ FFE AT D ik A
Pk i Fendi fre s R A e 3 B33 10 cm 2 p ki g 5 210 mm ang L A4
. r LT R 67 ' qUF
Microwave Level Transmitter FSw iR pEF A o 0 2 W10 cmkizs €73 mmFL BT o
K et o
®FEPBRMG RSP FRF TR RF TR LA EShE
B WE R G RSB eR| TR TR e F & - Wbkt RFL FRG R AFTPDLE S

FF o TR g il o

SR BEEAL Y AR R 0 FI AR o
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4 ATF KFTRKHE XK 3100 537 Fradmif AT izl
Beng k425 271 AT P %r 1~3 4 43k~ R4 4 (TDR
EC-5 - EC-10, DECAGON DEVICES) 2 * Campbell Scientific CR1000

SR BREFTHFATY FoRF R -

Bl 3.10 2 3 kA BaRIRH#

5. M5 F %k deB AL a2 KT TR R A F RER A 0 F K
E

AR E - R F FE ok i SRS FRERE
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RARMA TR FA S ETRE R > B R CEAp AT Y 0 ¢
F* ANOVA 2 % iie jF 4~ 17 (Van Woert et al., 2005; Mentens et al., 2006;
Getter et al., 2007; Hilten et al., 2008) - Villarreal and Bengtsson. (2005) p] *
Hydrograph Fgip| = % ;& % &0 & » Jarrett et al. (2006)# * 7 AGRR %

SGRR -7 & ] Fgip| £ S0 & % 38001k B 238§ 0 Getter et al. (2007) 2

-
\
P

* Curve number ;2 2 CN B4t i > 1 b ipit & jE % 5@ 2L B8R 5 4 A 47
PEE Y G EAEIASEN S B AR P H SRR A BT
EFRLIOEIR o AR AIS T ERNBENFT O R EETREY €3
> gARE TR R ITIE R > mIE L% N 2T 7 AR IR o gt b o Hilten
et al. (2008)f]# * 7 HYDRUS-1D #3558 3 iplaSin » rEIZHEC 4R 4F 52 o
FrPRE o RN FETERB RN A TR L L RBEEE
it e R F B A 2 B et o

SRR R IA R oW 30257 o B F A~ Fis &
R BB AT kS A kT T 231 N kA o A ()¢
B kT K R(ASW) » A FHC(ET) ~ im(R)E BiB-KP)RI § > AF
2ok FP RPEET AN Y % g 8o bob s A B ETR KIS

=t

HA AR L d ok E kL kD Fd R e 3RS
KB (ASW) -

[-ET-R—-P+ASW=0 3.1
| : precipitation
ET : evapotranspiration
R : surface runoff
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P : deep percolation

A SW : change is soil water content
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AT B T ORFAREAL RS AR A 5 20% 0 hiE R H B < e |-P-R+ 0
B T Omax o eI T T > AT S 20327034 2 B SR
SRRk E o 2 328 Ks 2 T EBARRERNE KT > ¥ R0y
g 0Dk AR 22 - BARE 2 250330 L2
e o5 2 @AY R Ks; 258 34 522 - B3|t bt

BAR AR gt e YRR 2 -

RR=aXK;XT+bX (Bpax—0;) +cXAL (3.2)

N
ArS

RR: #-k& (Rainfaill retention) > 5 I-ET-P-R > d ** *#= 3 £ ET >

& I-P-R > 7= ASW ;

| : "% & (cm) ;

P: %k & (cm)

R :igZin-k £ (cm)

K © &7 fri -k 7% fic(cm/sec)
T : "% & p& ¥ (hr)

Omax © Aot 3ok
Qi AFAde 7 k¥
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RR=aXxT+bx0;+cXAL+d X 0.« (3.3)
RR = easz+be+cx91+dx9maX+exAL (3_4)
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(I-P-R+6i) s = » 5em A F 7 B AL FARE P -Raw 4 A%4F o blde
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141 PR3 D
- Ga A 6i (%) 0 (%) 0r (%) T | P R 2ok A B4 § -k (1-P-R+61) A7 k£ (0:-0) I-P-R k? 0e-6i | #
(cm)| tdr3 |tdr4 | tdr3 | tdrd | tdr3 | tdr4 | (hr) [(cm)| (cm) | (cm) | (I-P-Rcm) |tdr3 (cm) |tdrd (cm)| ave. | tdr3 (%) | tdrd (%) |ave. (cm)| 2% (%) | *
2009-12-27 16:31| 2009-12-28 00:46 5 27.2 59 8.25| 2.58| 0.81 0 1.771 3.13| 0.63 0 31.86 1.593 10.05|&_
2009-12-28 02:40| 2009-12-28 04:18 5 59 59 1.63| 048/ 0.01 0 0.47 342 068 0 0 0 100.00| &
2009-12-28 06:13| 2009-12-28 07:13 5 60.7 60.7 1| 0.43 0 0 0.422 3.46 0.69 0 0 0 100.00| &
2009-12-29 22:26| 2009-12-30 05:39 5 57.4 62.4 7.22| 1.48 0 0 1.475 4.35 0.87 0 4.95| 0.2475 83.22| &
2010-1-2 17:33 2010-1-3 07:01 5| 33.4{39.6| 43.2| 55.8 135| 3.53| 0.84 0 2.682 4.35 4.66| 0.90 9.77 16.19 0.649 75.80| &
2010-1-11 20:18 2010-1-11 22:39 5| 40.8/49.9| 43.2| 57.4 2.35| 0.28 0.04 0 0.231 2.27 2.72 0.50 242 7.54 0.249 NACIES
2010-1-12 00:29 2010-1-12 02:31 5| 43.2|55.8| 43.2| 57.4 2.03| 0.2 0.13 0 0.068 2.23 2.86 0.51 0 1.58| 0.0395 41.91| &
2010-3-8 19:44 2010-3-8 21:23 5| 36.4|32.5| 385| 34.4 1.65| 0.23 0 0 0:225 2.04 1.85/ 0.39 2.14 1.86 01 55.56| &
2010-3-8 23:15 2010-3-9 11:27 5| 40.8|36.4| 59| 57.4| 59| 574 12.2( 358 202  0.06 1.495 353 331 068 18.23 21.03| 0.9815 3435 %
2010-4-6 17:59 2010-4-7 02:35| 10| 34.4|32.5| 43.2| 39.6 8.6| 2.59| 0.82 0 1.765 5.20 502 051 8.82 7.11| 0.7965 54.87| %
2010-4-8 03:55 2010-4-8 07:36| 10| 39.6|36.4| 44.5| 39.6 3.68| 2.14 0 0 2.137 6.10 5.78| 0.9 4.83 3.26| 0.4045 81.07| %
2010-4-8 13:16 2010-4-8 15:42| 10| 43.2|39.6| 44.5| 40.8 24309 0.09 0 0.809 5.13 477 0.50 1.26 1.15| 0.1205 85.11| %
2010-4-8 17:18 2010-4-9 00:26| 10| 44.5/39.6| 45.8| 40.8 7.13| 26| | 248 0 0.122 4.57 409 043 13 1.15| 0.1225 -0.41| &
2010-5-7 08:20 2010-5-7 17:34| 10| 32.5|32.5| 43.2| 445 9.23| 4.32 2.16 0 2.157 541 541 0.54 10.68 11.94 1.131 47.57|F
2010-5-2308:53|  2010-5-2321:31| 10| 38.5|37.4| 62.4| 59| 65.8| 65.8| 12.6| 9.24| 6.79] 0.19 2.259 6.11 6.00 0.61 23.84 2159| 22715 -0.55| &
2010-5-29 04:22 2010-5-29 09:44| 10| 43.2| 42| 62.4| 60.7 5.37| 8.52 6.77 0 1.747 6.07 5.95 0.60 19.15 18.69 1.892 -8.30( 4.
2010-5-29 14:44 2010-5-29 15:52| 10| 62.4/60.7| 62.4| 60.7 1.13| 0.25 0.14 0 0.113 6.35 6.18 0.63 0 0 0 100.00| &
2010-5-29 17:40 2010-5-2918:56| 10| 62.4| 59| 62.4| 60.7 127 0.2 0.13 0 0.071 6.31 5.97 0.61 0 1.65| 0.0825 -16.20| H_
2010-5-29 23:34|  2010-5-30 05:07| 10| 60.7|60.7| 62.4| 60.7 5.55| 1.05 0.93 0 0.117 6.18 6.18| 0.62 1.69 0| 0.0845 27.78| A

‘::___-
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42 FEHEEF-EEP

i gamg |BFL_800 0. (%) 0% | T |1 P R | #k# | &AFE587 K(-PRH) A2k L O00) PR 2 00, | 5
(cm) | tdrl | tdr2 | tdrl | tdr2 |tdrl | tdr2 | (hr) |(cm)| (cm) | (cm) | (I-P-Rcm) |tdrl (cm)|tdr2 (cm) | ave. | tdrl (%) | tdr2 (%) |ave. (cm)| 2 3£ (%) | *

2009-12-27 16:31| 2009-12-28 00:46 5/24.86|27.16| 36.38| 49.87 8.25(2.576 1.385 0 1.191 2.43 3.79| 0.62 11.52 22.71| 0.85575 28.15| 4
2009-12-28 02:40| 2009-12-28 04:18 5|36.38|49.87| 36.38| 49.87 1.63(0.476 0.372 0 0.104 1.92 4.42| 0.63 0 0 0 100.00| &
2009-12-28 06:13| 2009-12-28 07:13 5|36.38|51.31| 36.38| 49.87 10.425 0.334 0 0.091 1.91 4.48| 0.64 0 -1.44 -0.036 139.56| &
2009-12-29 22:26| 2009-12-30 05:39 5(36.38|45.77| 38.52| 49.87 7.22|1.475 0.567 0 0.908 2.73 5.02| 0.77 2.14 4.1 0.156 82.82| %
2010-1-217:33]  2010-1-3 07:01 5/29.25|30.02| 40.79| 48.47|40.79(51.31| 13.5|3.525 2.568| 0.058 0.899 2.36 3.86| 0.62 11.54 18.45| 0.74975 16.60| 2
2010-1-11 20:18| 2010-1-11 22:39 5|39.64|43.21| 43.21| 49.87 2.35/0.275 0.041 0 0.234 2.22 4.38| 0.66 3.57 6.66| 0.25575 -9.29| &
2010-1-12 00:29 2010-1-12 02:31 5|41.98|48.47| 41.98| 49.87 2.03| 0.2 0.134 0 0.066 217 4.59| 0.68 0 14 0.035 46.97| %
2010-3-8 19:44|  2010-3-8 21:23 5/31.66|28.52| 35.37| 38.52 1.65|0.225 0 0 0.225 1.81 3.23| 0.50 3.71 10| 0.34275 -52.33| %
2010-3-8 23:15|  2010-3-9 11:27 5/41.98|40.79| 81.14| 54.29|87.46(54:29| 12.2|3.578 2.784| 0.108 0.686 2.79 4.82| 0.76 39.16 135/ 1.3165 -91.91| %
2010-4-6 17:59| 2010-4-7 02:35| 10|45.77{39.64| 49.87| 41.98(51.31|4447| 8.6/2.586 1.384| 0.629 0.573 5.15 9.11| 0.71 4.1 2.34 0.322 43.80| &
2010-4-8 03:55| 2010-4-8 07:36| 10|45.77|{37.43| 49.87| 41.98(51.31|43.21} 3.68|2.137 1.247{  0.036 0.854 5.43 9.17| 0.73 4.1 4.55| 0.4325 49.36| &
2010-4-8 13:16| 2010-4-8 15:42| 10|51.31{41.98| 52.78| 43.21{51.31|41.98| 2.43/0.901 0.617| 0228 0.056 5.19 9.39| 0.73 1.47 1.23 0.135 -141.07| %
2010-4-817:18| 2010-4-9 00:26] 10|52.78(43.21| 52.78| 41.98(52.78|43.21| 7.13|2.604 1.799|" 0.818 -0.013 5.27 9.59| 0.74 0 -1.23| -0.0615 -373.08| &
2010-5-708:20f 2010-5-7 17:34| 10|35.37{30.02| 54.29| 43.21(60.67|43.21| 9.23|4.315 1.894| 0.625 1.796 5.33 8.34| 0.68 18.92 13.19] 1.6055 10.61| &
2010-5-23 08:53| 2010-5-2321:31| 10(25.38|26.53| 47.1| 41.98|49.87|49.87| 12.6{9.243 5.253| 0.512 3.478 6.02 8.67| 0.73 21.72 15.45| 1.8585 46.56| %
2010-5-29 04:22| 2010-5-29 09:44| 10|28.52|30.82| 47.1| 43.21|28.52|43.21| 5.37|8.516 5.419| 1.692 1.405 4.26 7.34| 0.58 18.58 12.39| 1.5485 -10.21| &
2010-5-29 14:44| 2010-5-29 15:52| 10|45.77|40.79| 47.1| 41.98| 47.1|43.21| 1.13| 0.25 0.065| 0.121 0.064 4.64 8.72| 0.67 1.33 1.19 0.126 -96.87| %
2010-5-29 17:40{ 2010-5-29 18:56| 10|45.77|41.98| 47.1| 41.98| 47.1|43.21| 1.27| 0.2 0.045| 0.126 0.029 4.61 8.80| 0.67 1.33 0f 0.0665 -129.31( %
2010-5-29 23:34| 2010-5-3005:07| 10(45.77|41.98| 47.1| 41.98|45.77|41.98| 5.55| 1.05 0.449| 0.569 0.032 461 8.81| 0.67 1.33 0f 0.0665 -107.81| &
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43 % ERRALRERGINGERGE VY
AL RSN - FEE N BHEETR kG NS Y
FHEAEZ gL T GRPIE E SN AR ERR S G
A& E4]% SPSS12.0 Mk (7 fF A4t o it a BRI H AR i > T
W AT TR o
FE EINA > 258 32 447 i enfadicE A %] 5 a=13.0119+b=1.8369
% ¢=-0.0103 > F]p FF 250 410 FEFER L E(RR)EHE #£kE(RR)
W B 440 B 2N AR TS E S 0.63965 ; 25 3.3 0rA 4 Al ehifa ik ®
% w] 5 a=0.1305 ~ b=-2.3872 ~ ¢=0.0236 % d=1.7769 > F]pt FF] 238 4.2
BRUAFERLERR)EAGE LERR) KB 45> a2 cHR T2 &
% 0.65518 ; = 5% 3.4 #1447 MeniaficE A %) 5 a=81151.3710 ~ b=0.1011 ~
c=-3.5443 ~ d=-1175.2927 Z €=0.0379> F|p F 3o 43> G @UFwE Lk E
(RR)Z 3t 5 # K £ (RR)WH B 4.6 A - 25V AR T = & % 0.66245 0 d *
2N A3 PR T EhF o FIN AN AT F TAE L m Rk 2N o
RR = 13.0119 X Kg X T + 1.8369:X.(8,pac— 0;) + (—0.0103) X AL (4.1)

RR = 0.1305 X T + (—2.3872) X 0; + 0.0236 X AL + 1.7769 X 0., (4.2)

RR = 81151.371xKs y q0.1011XT o o(~3.5443)x6; ¢ o(~1175.2927)xBmax

X e0.0379><AL

(4.3)
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2.5 A

1.5 A

HfH1-P-R (cm)

0.5 -

EFZI-P-R (cm)

B 4.6 2% RR 225438 4 2 RR 2.+ i

EAE 3t 250 3.2 47 a4l eikdicia A w5 a=10.8833-b=0.6354
% ¢=-0.0148 > F|yt @3] 250440 g W R EE-LE (RR) 24 7 £k £ (RR)
R A7 A 2 N R 40,4407 5 258 3.3 a5 A1 et i A
u] % a=0.0721 ~ b=-7.2642 <¢=0.0959 % d=3.1096 > F]s* {F 5] 2 ;% 45 %
g mE kERR) GG £ K ERRPEIRE 48 @t 28 HR T3 3
0.73514 ; 2 3% 3.4 #7245 11 enfa B A B 5 a=-59912.2881 ~ b=0.0799
c=-8.8137-0=789.4726 % e=0.167> F]}* 7 5| 2 ;% 4.6 % @ F % £ k£ (RR)
B ERKERR) B 49 a2 20 SR TS 5 089908 d 2t o
46 R T EhF o F o0 46 F TRES p R kg 2N o
RR = 10.8833 X K X T 4 0.6354 X (805 — 6;) + (—0.0148) X AL (4.4)

RR = 0.0721 X T + (—7.2642) X 6; + 0.0959 X AL + 3.1096 X 0,,,, (4.5)

RR = e(59912.2881)XKs 5 a0.0799XT 5 o(~8.8137)X0; s 0789.4726XOmax

X e0.167><AL (46)
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