PEREAFE T ML AT RL
v ERR 4 E 120



PG9403-0069
094301070000G1021

AR kT R R R

LA F oA kI g

O ASE A s s
PadEA R

s

i
Fpem i igismheg T Ry

PoFCItE BT N A AR 2
P ERRO4E 12



ARCHITECTURE & BUILDING RESEARCH INSTITUTE
MINISTRY OF INTERIOR
RESEARCH PROJECT REPORT

Study on the Design Guideline and
Regularization of Rainwater Retention and
Harvesting Techniques at Construction
Sites
Sub-project II: Study on the Design
Guideline and Regularization of
Rainwater Harvesting

BY
CHENG LI CHENG
CHAO HSIEN LIAW
MING CHENG LIAO
MENG CHIEH LEE

KUEN CHI HE
CHIA WEI TING
Dec 30, 2005






Iy

I

s

i

dr >,
5

FEAA KBRS RREA S -

B =

o
ie
W
3

™
oy
hpua)
&
=
»}

[ ]

[ ]

[ ]
w

FI00 % R g A T gt - -+ 13

DA TR TR . .13
K%@ﬁgﬂ]g?‘z‘%;‘éo e o o o o o 018

FRFEUSFEFERT - - - - - 26

- 39
R EAFE R RFEIFEA -39

%PEAAPLFBAG - .« 41



ZRAAF FRFEERRFRPEZH 2]

T

44

>
»
4

e

V.

:13":

Kﬂ»ﬁ,— —_

> g

ok
e

@#l“:’}{/l

AR EE
—

AL . rE
=
—_

A2 s

LS

PAER TRCoRpT RN R B T 1T

I B e S LI X
A T R S B S
@#lryklfi‘g,‘bﬂf#_g\; e o e o o o o s o B0
Ff ERE AORRFRI BB R - - 65
K ERBARKEFE A HIRIFH 65

Brex sk ok K AL BB R - - -84

FORPFHEEL I TRV EE ke o 00000l

A 33

4. -
a_, —_

T h R AN

{i
:Qq‘\"‘

:‘:‘—;—gﬁ [ ) [ ) [ ] [ ] [ ) [ ) [ ) [ ] [ ] [ ] [ ) [ ) [ ) [ ] 115

- 117

- 119

K%g%i%f%tg\:%o e © o o o o o o o o 0127

[ ) [ ] [ ] [ ] [ ] [ ] [ ] [ ) [ ) [ ) [ ) [ ) [ ) [ ) [ ) [ ] 139



%

*

*

*

*

%

*

%

*

*

*

*

%

*

2-1.1

2-1.2

2-2.1

2-2.2

2-2.3

2-2.4

2-3.1

2-3.2

2-3.3

2-3.4

2-3.5

2-3.6

3-2.1

4-1.1

4-1.2

% =%
cEBE R BRBEERL oo 0 o . e 16
L BREEERIEETIOE o« o o o o o 17

PR ETEANZE AR Gl B 219

K 0@ 2 BHEAHEREF o o o 0o o 0 o 0 23
A ANEBEHR IR < o o o o 0 o e 24
B e A O S 25
ﬁbgﬂg}%%]ﬁ%‘ ............ 28
L A IR 31
ﬁ%“g?vf”f]% ............ 34

L ¥ A IR 36

A A A A I A 37

EFICERLSFFERVHBE - - - - 38
ZRFAPK I RWIEBA R AP - - 45

ERRKEFFFHBL S FHL . - - - 58

ERAKE K FHIEFIE . -+ o+ - 59



ERAE RO BRI R

3%

b

4-3.1 RORRFREAIF HNGEF BTG

DR Aokl

2Ry
o R RS 0

4-3.2 FARPEFEFIFHNGFH L o o .

4-4.1

4-5.1

5-2.1

% 5-2.2

5-2.3

5-2.4

5-2.5

FPIHIERFEL L -« o -

I % oK 4

&%‘ [ ) [ ] [ ) [ ] [ ) [ ] [ ) [ ]

- 72

« 73

- 76

- 88

AR R o o o o o o o 2100

¢ @ﬁﬁ_ﬁ*g&’d’fﬁd_ﬁ%%‘ e e o o o o o o o 101

Mk B REAPERIEEL ¢ 0 0 0000 2102

SR RIEEREE 10 E2 R St 4 - .« 103

(S T

FAE . . . . . . 106



#® 1-3.1

#® 1-3.2

® 2-1.1

B 2-1.2

B® 2-2.1

B 2-2.2

® 2-3.1

B 2-3.2

® 2-3.3

® 2-3.4

B 2-3.5

® 3-1.1

® 3-2.1

B 3-2.2

B 3-2.3

B =

@,};—N?r _ﬁgﬁ‘—*%.‘l’g}ifxﬁ ........ 7
& KA # WIR 2L E AR o o o o o o o o 8
L BF RBIETELF o o e 00000 14
o AE R RE (1941 #-2000 & ) e o o o o 15
B RIEE R ARR] » o o e e e e e e 21
PLME T RBT AR o0 25
SEENIL R RIBAFE e e e e e 29
. AAE-LE IR R A O | I 30
o BRI HREFTBLFT R oo e 33
SHAIE R BB H e e e e e e 36
CEF RZEFCEAFUSTR . - - - - - 38
‘%j}j—:.ﬁ;}%%»@:ﬁﬂ? e A 41
ERAPK AR B af# ....... 42

B KRN o e 0 e e e e e e 42
EERPRITE I NAL o o o 0 0 0 o 0 o 43



ZA A FBORFRELNRFRPEEZH AT

F 2 F -

B 3-2.4

B 3-2.5

B 3-2.6

B 3-2.7

B 3-2.8

B 3-2.9

® 3-2.10

#® 3-2.11

B 3-2.12

® 3-2.13

® 3-2.14

B 4-1.1

B 4-1.2

B 4-1.3

B 4-1.4

B 4-2.1

Vi

B TR KRR ) R R i

B I~ R I 43
PORE RS NAUT e o0 0 0 00000 e 43
BEREKIFNDEE o o 0 v 0 0000 v 46
FOREEAINA KT o o o o v o e e e e e e 46
FRORZF BT e o o0 oo e e 47
BEA G AR e o o v o v oo oo 47
el B 7 IR S 48
BEHHEIERO e o o 000 v o0 v 49
FREER ARG o o o 0 o 0 000 . 50
BARIRDG] o o o o o o o o 0 oo o 51
TR BERLIERIG] e o o 0 0000 0o 52
EE TR G | I S 53
EAFFEERELATEER - o - - - 54
rﬁ::}ib}ii:‘ﬁﬁaﬁ”‘*;\ ........... 56
Ea,,#g,};ﬁf‘ggaﬁ% A A A 57
BRARR GBI F oo oo oo e e e 60



B14-22 AR AEIDBEIE o 0 00000 oo 61

B 4-2.3 TEEHBTHTERERAKEY o - - 64

Bl 4-24 AEFHRBUERIEI K o oo o oo 64
B 4-31 T2 p R-REFER FRIEHR » o o o 66
B 4-32 HF2RE I KPFET FHA - - - - 67
B 4-33 HFEAE I RPFEJT EHE B o - - o 67
W 4-34 FHF2RE R KPFTFE* FEHCe o o o o 68
Bl 4-35 A -KEFEFIH BN Ae o o 0 0 0 o 0 oo 69
W 4-3.6 A -KEFBAIZHN B o o o 0 000 o 70
Bl 4-37 A KEFEFIH BN Ce o 0 0 0 0 0 0 0 o 70
W 4-3.8 A -KEFBAIZHN Do o o 0 000 oo . 71
W 4-39 A-KEFREAZHENE « o o 0 0 0 0 oo 71
B 4-310 HF 2 AP E X S RpFEJIF KB o 0 o o 74
W 441 GZEABARKN* B oo oo 77
W 442 P22 RABAR KN ¥ He - - - 77
W 443 pIwh CZEABRAFRETRH - - - - - 78

Vil



ERAP RRFEEFERFRPE R 2
;{’lji4ﬁ*ﬁ,#§ah"?,é# Jivai®

T

W 4-4.4

W 4-4.5

] 4-4.6

B 4-4.7

W 4-4.8

B 4-4.9

LR Ak R

@ﬁ%&ﬁézéﬁﬁg@¢§ﬁ

B 4-4.10 o &+ w7E2 F 2

B 4-5.1

S A S - 2

D. ° [ ] [ ] [ ) [ ) [ ] [ ] [ )

B 4-52 jxs;iEoR Bgﬂf#q\lio}i;;ﬁ:%@. . o

B 4-5.3

B 4-5.4

B 4-5.5

Bl 4-5.6

B 5-1.1

B 5-1.2

B 5-1.3

Vil

CER RIS ST EE X T

ARG A S EAR . - - -

IS AR 1= G

‘gﬁ*ﬁﬁo e o o

ﬁa%ﬂ*&_ﬁvﬁ:—iﬁ]. c o e o o o

Y SR

vé‘—n N 5L .

AoRJI® BT G PR - -

BRI =

EiiAR e o o .

- 79

-+ 80

- 80

- 81

- 81

- 82

- 83

. 84

« 85

« 85

- 86

- 87

- 89

« 93

. 94

. 94



B =
B 5-1.4 & -RAU® R HCEG B R IE g~ 07 - 96
B 515 2ZRAFA RPN FEEFEREF e 0 00 207
B5-16 Bifa-kHEREEAFEE oo 000 08
BI521 i (L) A TR oo o000 99
W 522 HAEEARFTHENZERG -« » - 112

523 MA#E iRPERETRAE o o oo 113



%

;ﬂﬁ_ki* [N ?Tﬁﬁ,{ﬁ&”—%#};ﬁ/zﬁhjﬁ;;ﬂ?
T A S R TAackE Rl ) T HRAER R I e



# £

B4E: D ACKEFR I S A EAA T o A PR KA I

LS
o
\_
pol
(%

P
, ’}; g:%,'\ R N ﬁ(‘”‘ﬁ& 4 % ﬁ;l.p;}};lﬂ}%_'ggljk g T A
3

i
RYTZAAR FRprh ) A2 Fokand > HP 2o 5 Ta-kprkdl
s TERAAR Bk F17 R e m PRz I IE R
M B RR AT T KT Rk Wl TR AP
HPIZ 10 LEFRRYAFBMER L Py AT A &

B B AR (&R > AR (L BRT W s A g 4
H

\_l

3‘%

BRidean Ta-kprgqlr Jp’%ﬁﬁ%lﬂm'}’lﬁr} FoRfEtr o 52 (K)E
BAEAE TROREFEIY | R HERE S 1 0T

I P EEER

BRI B BN E o RERFY G EE PN F T
(= )% & Tl hq Rz S 2

RS e s S U L??&%,iﬁf%*ﬁ$ﬁﬁﬂ*ia
PR AR LA RUR O hRRE > R BARAIA R AT 2 2t o
EESL N S e =
(ZD)ZE AP ARFI* K E 37 SRS 17325

Aok Bamt B Rt A BBt A R pF R v 0 & FlenT ERd i o

P TE R FL A AMA PR RERE  p RRABKE > RIS

i

KRR FEIORE 0 RN N ERGARR AT LRENEDEAE S
REE AW FIRE GRS

EDEARE E T RO R B K- TP
AELHHRFEAF AR IREFY A OB AERFEN L AE

Xl



ERAK GOk R RR P AR L F A L
P E o R TACKR R | RSP EF

ﬁ*ﬁ%ﬂ?}ﬁ?ﬁﬁ’i%ﬁ%ﬁ%@ﬂiﬁﬁ?i%ﬁﬁﬁ’gﬂﬂ
EHTEFFEIRL AR F K o
(m )iz 4] 3022 5

B ORREE AT I L AR R R RPN b e R
o T AR FoRPFR RGN R s Kt E A E
FOERE S RAMHLEFIE 2 B REF 2R o A HREN A kR
Jl* de R R 2 ABATRR (H) BiEr o GELRZRAR 0 HI g 2
WAFEFB T 2 (%L o

Z~ERBFR

(- Vﬁk%%ﬁﬁné | {55 A 5T A R

TLREREA LA BREAUE  FHE P kR AR
2. FF B 58300 ARl S D BREAS R D EED LR K
HHAKPFREAIN sk o E 2 E R A A BN P RELLE

PTIEE AR S AP R R X o BRELE RS A CRRTE L RE

e

wii&&w ZRAAPL RPN E D AFETEFSHE ARG E
ﬁ#ﬁ#k:mmm’ﬁhﬁkmﬂﬁﬁﬁﬁihiﬁw:Tﬁ%%@z{
BEE O ACRIFE AT F R BREE T A KRR AR R F R
AORBE R AL 0 (S E A s AR R BRRFEE o
EDE T i G U S e

AFT G TG hd PR KA S8 BINA TH - o & PR ERE 2 E %
F4E D SR R A BORK IR 1 AREF Ry A A HE T
Foderideit s B o G AR ARHERT  KPF W IEL A TR D
RHE SIS B8 TR AT AR N A Pk AL B AL E 4 UK RS
i BE gkl gl o
()R kpFB L 1% T%EE i Hh

Xl



5 &

RPFUF B2 IR s AAH D SHA KT K ESRITE E D
PRS2 AR Rl TR UER Y FARFF ARG EALE
HRKES P w e RN ER AR SRS ERES
GisgEiT, LiFgL ki”férﬁ °
(I )F A KRT A% R Puirs i ¢ R4

AT RypE 2 2 R RpFEfI* FRIE 2 E 2 RS AEHR T
ARSI W IRAE WL RS RS2 BEE I FRA KT R ]
PR o A RET R A R s I e o
(A= %5 4

AT REAMA L > % > 2 2 R%E € 3k CIB-W062-2005(Water Supply
and Drainage for Buildings)# % > #%~ f’?ﬁﬁ?%{ﬁ ER
Liao, M.C., Cheng, C.L., Ding, J.W., "Sustainable approach of existed
building rainwater system from drainage to harvesting in Taiwan",
CIB-W62 International Symposium, Brussels, Belgium, 2005.09.

FRAFMLATL S % R TD BRI R ORRT R 2 L 2
P g dEp 2 pp AR o X WEEFFRAFL LT A
PR RS ETR -

ANEE L

FHPERERETE SR AT RN ERT

2, T2 E R
a PR DN ;&:g&g;{zﬁﬂ;z%
FAPR M AR L 1AL B 6 PRIy g

AETE L RELERVE NS  EE SHE RS B EER
Pkl FA b R A Ak R DA N ERAZ TR 22 TR
PR, G e FEL ST ERFL SR E S AE R R

—‘:;J»—_I, _7»%’# o

X1l



R A g"]‘?*&i’it]ﬂ‘f;{f—iﬁ,%ﬁlgz LI -y
FEE S AR ARRERIY ) RS RATRp SRR 0

£ A 1haE ok
IPES R N FItE AT Y AT
ERyEs M L Ao X A RE B g~ Pty &

P ACRETRAIT A ST TATEZEAL > dom Ba kTR I
RIS S H2 Hf 25 @8 FMin X S RD > 2R FBMEYT

TR EREFFT 0 U TR AR Bk R T 2% (0%

XV



ABSTRACT

Keywords: Rainwater utilization, water conservation index, green building ,

precipitation

Water shortage had become one of the most serious issues, which was
concerned by many countries of the world. It is estimated that more than two
billions people have not enough clean water to drink or use in this century. Even
though, Taiwan is the most rich rainy place which located in monsoon area of the
earth, the characteristic is hot, rainy and high humidity, water shortage also shake
this island within these years. Just like many other countries all over the world, we
have to face the situation which to build a new and huge dam is impossible or
very difficult for Taiwan environment at present. Then, to develop many little
dam system into buildings or urban is an acceptable idea for government and
experts. That means we could formally lead the rainwater use system into building
design and housing plan. Green Building evaluation is a new system in which
water conservation is prioritized as one of its seven categories for saving water
resources through building equipment design in Taiwan. The Green Building
program proposes a water conservation index with quantitative methodology and
case study. This evaluation index involves standardized scientific quantification
and can be used in the pre-design stage to obtain the expected result. The measure
of evaluation index is also based on the essential research on Taiwan and is a
practical and applicable approach. In this research, we concern about the situation
of architect and designer with less engineering background and try to offer a
design concept and easy utility to fit to building design. We will also arrange the

database of precipitation in Taiwan.

XV



BRAE Rk EERR RPN 2P
e B R AR R L T P e [

XVI



> -,
F-F o8 W

E‘El‘éé’g‘k%l—?ﬂﬁj’ki—%\fﬁtfa%o
]

#* 3
iﬁ“f{%f'mj\_l R Bk

AR b 3 ‘E;’f’g}ﬁ’l‘_’@—ﬁ’:%%g\? %
Fof RHGe R RERFRRE i 1 R AR R G
/)?k‘/i,nx?mﬁﬁﬁ’ﬂ/flég';l’(?vfﬁ‘ é\k‘(’z%%ﬁiﬁﬁﬁiﬁiﬁgétﬂ,7‘1:}-);\;,1}4]

B G ORR AR R S T ORERAE R AP EI D R T
ERE RTREL S E A

CHITERAED PRI EHE L SR P AR AT -
SRR HETRAHESERA Y LARAR ok H i 0 P REZ S Makd F 4
PR N T o d iR TR 0 R F IR ‘FKT‘F T B A SRR
i o Fla g2 33 AR E S R MG RT R ERF AR
Fopt o Pt T ARk, o For A Y G T A AR R
RpF R T kA AR 2 Bk 4 oot TEAAY BoRprEHN, AR
e TARs 2 Ta kprdqlr | BB Ra p oA R%kE Ak
WES P P AR A BRI EE S RR TR R KRS

2w iﬂrﬁﬁ/ﬁvwh B P mB P F 22 AEL R RER
BRARPERE 2 AR BRE FEERfIRTE o T2 b
B FIA e BER 3 oAp B 2 RBIK RS 0 BERGE 2 R
LRI A S AR £k s APTRA]E ] 10 G SRy
TR A RE R Ry o

-B‘L\?,



EARAF BRFEREFRFRPEPEZH 2 A
F3E o FE TR EIY | REHRAERE R 0

- g AR 2 BRI T o AR Y 4R g R E Y oK
B kR IR 0 - A ZERAY K 5§ 32065k AR A kT B ik
FOa oGk BN RTHEA KK A BIEER T Rp A Yk A
et bl F AR R R e AR S Y g B R kep ok o
TR LR D RRA P *;,‘fr};%'ji ek s L FORGE L Rl & R enak o RRTRE o

TERSEF BRI FTRFFEZR AT 2 25E 8 ”‘f 7okl A
TRR TR AARENUE R TR EE TGS TR LH R ERBRE
kAR R sl Ak B AR R AR B S - B
BERFRaOERT AR LTV F 2 Rh EL o KREBREM > HEEK
P ERE AT A o fPE KT R o

BRI A CREFR Y BT U E R 22 - > B
£7 EARGRF I 0 SR B R A kR R ol A A ]
KBS F ke RTREE > A RRF R A ATERT T L@M RS L S
EZREE S RIAERESDNRE B MR TR I R AR S
ROER g 2 aj\rygwkﬁﬂw'ﬁ% A R ERA TR K

R PR e - Aok RS A Avk o B R d AT
{2&30£’ﬁEﬁ*%ﬁﬁiﬁ75i’%%$ﬁﬁﬁé¢%%@;ﬁ

-n\:y

KPFRERE AP R AF RN R 2—-6 A A E > FELUAER > BARS T HF
(AN i*usb/}é\‘ L EKREATH 51':"3/’1317%3—%3.?:’4‘—‘5?‘3\:?‘ °
SR RETOREE 2500 2K 0 L rnEa R THES26

balt

FEAARE WP s e £ e FE ’fr:&’ﬁ 5L L a B e

Tl HRAERBWE S FEANILF R RPFEYSH S BT FAKTRE



$-&8& 1iTmpHpR

A A T AR Bokpr Ry, S mgY o T okpE g )
KPPl 1 v FL o Hp g e fe e

- ACRETE A B

- FEAKREFEI Y F fg‘é?g%#

- ¢ﬁ Aok kmi flr v El
B AR CREFE A HS

BETRSSEE B°3 S N IE AT RN S WG C s SR T

SRR TR R R 2

ARG A EREFEATARIFEY 1B MNP KRR EE
BERRfEAT 0 BT E D R R B FAERY TR L ERE
ROoTENAERF T e BT P AT E2 ¥ Taf

1
‘ﬂ

PrEAH R RERE R TS AM o B F A BT
1.% K g 41 * a3
hE R AR R R GRRIREA 1T T PR

BAKEAAPMARTH B TR R FEAR AT W
Mﬁf#iﬂ_‘%q;‘;{%ﬂ_ilfﬁ% .

2FF A KRl 1o REERRE

h

PR PR A Byt L - 0 FlT R W Mk A
2R AR R 0 2 TR | T R f ROk R o v B
PG B L - R AAE > A BT R M R G N AR e
BT IAER WA B2 MEF I FINE L HANRARE
BB IR RIACREFE Y B LY g T ok FAkt
TRiE- HEREACRTE T S HAFEFILRE > A KT R I 2
PR AR S R o

A,

=l



ERAF Bk REEFRFTRPEZH 2]
F ik o R AR ) R ) i

3EFEAALKARRSRBARL AT T A

SN T 2R FEAA AP EELHRTEA S PR L REFD
AP AkER hAFERE TR K FE S RS
VAR R B R ARRT L BRI 0 AR A kR
CRIRE S R TR E S S S T A & LR E R
PN AR XVFRENUTEG ERAR PR GRG AH F Aok
RN 0 R AR B ERET TR EREE

4igcz AR L Eflr $ 2R

&

RN EAPGTRR] () BiET > RFRP IR LA RE
BRIt ERE A NFE 22 532 > AT P &R R iEd
Z AP 2 R L EFR BRI RELAE I F LA HA g

ag/’;\;}.g‘yg‘,jvf,]é!‘? g"l ;‘;L"I‘o
5. % B A A LT E I P O

Poav Ao REr R @O E R AN > A R A A F S A
BAAkpFEAIr @2 E A dE ) bldo¥- RapNERAA T 0 2Bk
WAFZ TR A AR o R EH T RN pF R 2 F FRIRC] S AR E TP
BAEAHE ko ot Adctpitiol 0 B EH LR RNRA T
WA LACKET R R R BRSOk E S a P w R E R
EHR wf%wm DS ST F A FALN 3 PRN S Sk T

R EATBURRKPTFEN Y BN 2 L I ER R Bk PR > R
??ﬁé%@’%ééﬁﬁéﬁi&@iaﬁég@ggi§§%@ﬁ¢;
B B H SRR A CRPT R I B Bt 1 o

AR TR R EER A BRE TR B R R
PPN A E MR EFTR R E AR A RS E o KA
Pl S X g 45T RIS KL BA 0 A KRR RS F
NokiReh T A x4 ';L%’Kﬁ fﬁf}iiﬁﬁg‘; o

=y ‘m\{-



6.% kpr E I * THH R 2EARMIHE 2

%1p;$%@ﬁﬁﬂ*%%ﬁﬁ&?ﬁﬁ%@*ﬁ%%iﬁmﬁﬁ
Boirgp o R ERE PR L LA AP RRE B LG 2 L R
gfﬁk%%ﬁ THRAAN PR AT AR FF RR S LA ETH

PN AERTLEELGFABE A RIFEIY T
EREEFRY BB > RIS RN AR Y o

IFERESEEY ST A BESSE R A S RS B
EFEREERGBEIFREA KT u%¥°%§@$%%ﬂ*}&’ﬁ%@¢u%

FoRETEE ok A R T AR EESAL EZE AR L2 TR AT LK

%’4?%éﬁﬁ%«iﬁ*«ﬁ’%ﬁﬁ%##%ﬁﬁﬁéﬁgyﬁo

B HRETEGR TR - FT R 5 2R TEES S BE 0 &
1%

‘E_?g%’/fk"‘zkhﬁﬂ%&f"’]}? ,_tg;f\ Q,g7ﬂrj\*r‘%;jﬁ—m KR > Rk
IR A ,%;;;gﬁ@ﬁﬁqy;j&ﬁﬁﬁ,\;@é A LTy e

7
R
‘.‘Wm

oo
o
=i

LR R SRR D Bk kSR R EJE B S~ Bk KB MK K B

'FT’*“? PEAAS R BT R A ko S A AR D AR LR R
BRIRIRREEY iSRG E’—}‘:ﬁggﬁlﬁ'iw cd o K ED

RO R T AT E RS DR RV R R RO T R

,zwu@éwﬁﬁ1\e@mﬁax,wﬁy%maﬂ%’?u&éé

E\.

ﬁ %

=%

APl zantie s AN EFE T L2 F o
B AFT LB AE LN T AP E TR R 2 2G4

1=



BRAE Rk EERR RPN 2P
F A S AR TACRRERAY | KPR R

1LEME %A FROE R RS SRt 2

4&%

BEPTROCRRT RN 2 SR B RULIF N SRR A R
KRR 2 8 BT AR SO R FRI HEREA T g s g

cAk B ER R TRREACREFEIY 2R A A 4T o A
EmEBE - ERTR AN

SEEREAFEAREYE, S R
A

R AEAETA R KL S B ER S H o DAL L E PN R RN

\\\E‘_
\\\?{r
g

B g o FEE AR KD E

AP a kA AT ELERT R ELSIFIES

ﬁﬁ#ﬁWﬂL?*4w*%ié%%&‘@£‘ﬁ%£$¢§&ﬁ’
ER E AR X DRFIGE > K g ARSI E R I
i@r?%ﬁ%*’ﬁijﬁﬁiaﬂ*§m$ﬂ¢QMé&amﬁ£%¢

53
AR APEEA R NESA RS Ha B iri Akl E 4 HEs
B WiE  EEL XA - MEZRIRT B flakpr
POE R e s A 0 RTALAPM 2 pE2
gL & kA f&_fbiéﬂ"-féiug o iE P

RO A N EROFRAERA RGO UFER D E A TRET T o
Flpt o AP TEED ER PR AR FEE TR

RORAIF ARt B R RPN A KT R e R FlehT R o e
FEF eI rMe R LERE s p RKALKE > L E IR L g #
KEME FEoRE 0 T AP AR 1-3.1 AFor o JUH iR p R §

RERA KT B2 P ERR  FALATA KT L AR AR B (4o



) E st e AR BRI AT B Aog iR Y KER
o P A R * 2 BERI B ARR AR & T Pl 4o B 1-3.2 A1oF o

B 1-3.1 A-kf|* 2prd T gr2 4

o FJ”J“,{.{,;A%EII . 2N
Frd ARG

AR

<
ffH =&l ‘ — >




TRAAY FoRFRBFERGRPEZH Y
F3E o FE TR EIY | REHRAERE R 0

W 1-3.2 & k% HEE Az

b
E'FRF (mm/T)
FIHAE Bl =0 CRW e & £l (mP)
—1 - v ) L (m?3
F FIE%JEE[BL\[EIT ’é RSV [ Ji?i@ﬁfgﬁ\(;%m)
SN[ 7S Y e Bt 8
By BT OFV : fJMMR(m)

UW = fili =]~ &i (m°)
W s ek A ()

l

(CRW=CA*Rd*y *10®)

RS 2

OFV » RSV’=S8V OFV=0 > RSV’=CRW +RSV

y '

U AR l

Pl ?

CW=0>RSV=RSV’'—UW CW=UW-—-RSV’» RSV=0

< |

EFFJ[J?J‘*IJ“ K
P RFIR S ~ Fre At




(MiEpsaEFHE Rd(mm/p) 2 &5 f CAM)F5a kit
CRW(m®)

CRW(m?® =CA(m?)xRd (mm/p )x;= ! i4 # yx10-3
(i By EEERF A G 2k BT Rk ¥4 0.85~0.95)
(2)d & ke k& CRW(M®) + & -k ??M% FAESV(M) 2 pr gt ok B
RSV(m®) » & @k & OFV (m%p ) -

CRW+RSV>SV g » OFV=CRW+RSV—-SV

CRW-+RSV<SV g » OFV=0
(3):- % & pra ok pr & p 2 p7 k£ RSV'(mP)

CRW+RSV>SV g » RSV’'=8V
CRW-+RSV<SV p# » RSV’=CRW-+RSV
(4)d A kpFrBH ek ® RSV(MA)& e » k& UW 8 p h-kit sk &
CW(m?)

RSV'—UW<0 & » CW=— (RSV'—UW)
RSV'—UW>0 & » CW=0
(5)3* & st B a K pF B N 2 F14pF K RSV'(MY) >

RSV'—UW<0 pF » RSV"=0
RSV’—UW>0 g » RSV"=RSV’'—UW
6)% p B kprgfEpr-k® RSV'(M®)its ¥ p & kprg fprk & RSV
(M)i= & > ERA)* Pl EAF 3 E 2R > Rt 408 Sl R o
(T4 b2 ®p RELE > #E@a kf*® YRU (MY&E) « 2@ a ki
B8 YRC(MY&)z2 2/ * kE YTU (MY # )5 4o ¢

YRU=Z (UW—-CW) > YRC=ZCRW > YTU=ZUW



ZAAP BRI RERNERFRFEE I 27 Y
T h o R TACKRR R | KPR R 1 0

3EFEAFAE L IRREB FE LS

RS S i SRR R R A R
ERE RSO RE TR SRR Tk %*#ﬁé"ﬁﬁﬁﬁaé

-

R BT PR L B 5 %’ Sl EERKE LR I R0
AP Fn A CREF R DB RIRA P F REE R e

?%&y,iﬁ@p;?%ﬁ&ﬁ%jéﬁ%@ﬁ%ﬁﬁ@ﬁ%ﬁ’ﬁ
PR N BEREREST NI N B ST e AN, A
ERFENLFE R RITEY b2 T ARG EASFE 2 oRpT R
FIH 2o AR BA B A PR S ST B N k2 F 2 N Bk E R
E R Ea R P S kRRESZRFT EERS o

AETAHEST P2 APMER  E 2 SR RERER ST ST
Bl oFBE SR R R *Eiﬁ%é:k%ﬁﬁ@$ﬁﬁﬂ*i
PR w12 Ak R e PR ABTRRE D REFREIY 2
%W%bi’éﬁpﬁﬁﬁ%%?w WK AP B R R kPR
w1k AR

4.2 v 3 F 2 FHE

gt R E I A2 F 0 AP FEAHRTT I A RER
G
(e d R RPN b2 o DT RRS BHF S S RIFRDCREE 240D K
BHRG FT o R REFRIY B RoRBOGEF LS > TR E RPN P2k
i {7 A 747 3
()1 B B AFTRP HF B A CRRFE 2 BRGHTE A CKEFR ~ B AP M 2
e
) -k pF AU Juds 2l i- 5 o LI R4 M 2 BT 0 A AR MaEo
Wi%%%&ﬁ‘@ﬁ#ﬁﬁw4”ki%%ﬁﬁﬁ¢=’Lﬂéwwﬁﬁb%lﬂ
s AP B JE AR o
(A)F AR BRPFE R LR AN 2R g b TR EETF

10



R B o

(B)A-$FILFARPY » B R BRZAPEY o B A L EFE 2 B R

FHZLL A HRERNE AR EIT IR BT 22 AFHRR] () B

£ o

(B)e 44k M2 s AHRA) () BiE2 > At M EFHE = FEALT
AR LA SRR ) i

(i AP M AF R 2 fit o B RILIG 2FH R
@fRFERZLAL HAET L0 FEY T R L2

AEFAHEREL LA IS 22 SR REAERA T S
Bl #BE S A kprg il 30202 FREdR KFEfl? 2
PR 2 MR E g @R LEERANE 2 A RRT R 2
#M“ﬁﬁ,’@ﬁﬁﬂﬁﬁﬂWT%?W*ﬁﬁﬁi PEP SR A CRpER A
W1 ERE RS

l“‘\ﬂ

11



BRAE Rk EERR RPN 2P
e B R AR R L T P e [

12



$oF ACKEERRIY B A A BE

¥R ACGREFRAIT EHI0E A AL R

PORIRE RAT Y TR N RE R end SR o AR BT K
FTihdpthk - 37

ﬁﬁ@@“%aﬁﬁﬁﬁuiﬁﬁﬁﬂw«ﬁ%’%ﬁﬁﬁ
AORETE k2 KT B

CEY ER R £ R L E RIS e

AKEFR R A AT ERFIMOFET AL R AR
TR kT

=
B
nl

\8

$- 8 S#rRUHATHREDR

L%%?q*%fi&?”ia RIOERBE AR R Bt Bk
£ ik ?’W“%*%ﬁw*'aﬁﬂﬁﬁi%¢bi£oz i T
FARSEREN S EA RN ERP BRI ER T EZ MK D

B3
iR ) 1‘”"\4%}‘ﬂim_ﬁi’é‘_f‘e"*”ki%“’j}gﬂé%ﬁ,%;&ﬁ 'k
Fad # et KA e LE o

* *E‘?%‘H? TR SR TE F’ <X 2%Fxféﬂé“"" ATk e 2 'F

TR 5ﬁ"¢§@%%*ﬁ 300 ?)@“i&;ﬁlj‘;g“j\p;zt?g:#& 1iFy
EEHBE S &R TPRZAHIFERTH i 5 -

wﬁiéﬁﬁ“li%B#ﬁ%%iﬁ&ﬁﬁd??ﬁ%é;mzﬁn PN N Rty
AR EIACTRHREOIEFE S A LIRAK LR 2 7 o s AT
Lf_‘g@?\;f,,;v—'a\ﬁfr’rﬁ N Lﬁé \g:g&\ ‘_j;rg

BAEE e PRl A RAFIRE XS LM F o4 T 100 # (1900
#£~2000 #)2 F R FHRLIAITHE O ONE? 2 EEFRE LTI IRLE A

13



ERAS R R RR R R AP
3 %u_%_— = rF&J\E?ﬁ:‘f‘Jw E —‘J_;J[i/{h.lﬂ‘#&‘; 4L iF

B AR RPEL R £ TR o AR 1B (8 2 1000-1984 & 5 & F
B2 i 0 A R F 0 1985-2000 £ A T L P L % b2

EEE G f TR e BF AR EEREEFRARAINTI BE
B )

(1) #3083 % P e 45 R ~ 2R~ S 379 2w BRE
(2) PP JF P &30P ~p IR SFELE = BRI
(3) ety & @ ¢ LA %

(4) Ap % P o420 0 ~ TEHEE - Biplz

(5) b b 2 © i el b

Rt S Bl

B211 “w@f ket rs

N oA
IB7 17

14



Bod o ACRRERAIT A S R R

SRR ;Ti%i}"i@%:#"l’j"’“’\@!%?’ﬁ% S F iE 0 e A548
TR L AEBER A
PR (2 AL **é?%”’%’ﬁ ?—i’fr*év’ﬂ"ﬁﬁ»ié‘.’ﬁif;ﬂmﬁ%ézzoo

SR fed NERAA BB T GREPPE L QT8 2 2R R R

3
’
e

S IR E AR A R R R
yEY & F §m p 1941-2000 E 47 % A % A gt TR 0 K 14 Ao
B2 tE A R A f#/fﬂ’——‘i" SEERAEYARAITA oF 2-1.2 2 £ 2-1.1
7 o d MY T A 3% 60 £ B eng e A £ 55 2203mm o £ A R
11 1947 & if 7| 3258mm % # % > 1980 & ¢11420mm & E 0 o H @ & 4
& £ 4 & 1800-2500mm 2 [ o i Flima L (2 e A2) P2 EA E

‘mlL

AR 0 Rl A AT 400mm ¥ iR TRE G & TigE ) 2 AR Ly
Foend T ioa § 2200mm kf o & T E R § A8 2600mm G RE( 5 A )
#% a7 & 1800mm B 5 §z# (0 » 5t 1940-2000 & p @2 7
iR : 1947 ~ 1951 ~ 1953 ~ 1956 ~ 1974 - 1990 % 1998 = ; 5c&R|$ 5
# : 1946 -~ 1963 ~ 1980 ~ 1993 = 1995 & -

B 2-1.2 5#E %% k(1941 #-2000 #)

3500
N & L35t & 2203mm 1998
a’ -----
£ 300 (2600m

(mm) .. 1974 1850

2500

2000

1500
1946 1963 1993
1980
(1800mm)

1000 * * * * * * * * *
19407 1950 1960F 1970% 19807 1990%* 2000

vima(sa)Eny OigcE@ER)ER

15



st

Z= A

SN T R R
RS R TR R R

% 2-1.1

"\

v

+
=

ﬁ;;] i LEH;E

it 1

7
1

13

“ L
e

Py

=i

A HLtr B

Gl

[E
e

.

P

5

fe 2 0L

Fio

Bk % & € (1941-2000 #)

£4

P
*

e K

1941 &

*

3203.4

1890.1

2376.6

1290.2

2018.9

1544.5

e
2094.6

4898.5

2375.2

2027.4

1539.1

1942 &

1596.1

1918.5

1473.9

1877.5

916.6

1208.5

11255

1899.7

3811.7

1519.0

2278.9

2612.2

1475.2

1943 &

1378.3
*

2736.1

2349.3

2734.9
*

945.7

1438.3

2096.6

1824.8

3087.1

1354.4

3493.8

2298.3

1653.0

1944 &

3294.8

1933.5

932.2

1600.6

1360.1

2484.4

4608.0

2126.0

2538.6

3061.1

1663.3

1945 #

1604.6

*

2404.3

2339.4

1202.1

2925.0

*

1984.9

4807.8

1761.0

2446.5

*

2562.9

1946 &

1642.7

*

1741.8

2527.1

863.7

1400.7

1272.0

1097.5

3608.6

943.0

1711.7

1926.8

1708.9

1947 &

2964.2

5512.5

4498.9

1507.1

2284.7

5851.7

2677.7

2753.1

3144.0

3273.2

1948 &

1775.0

3598.0

3081.3

2262.7

872.5

2273.9

1525.7

2532.6

4637.8

1505.6

2234.1

2127.9

2526.8

1949 &

1860.0

3608.1

2738.6

2790.3

841.9

*

2044.8

*

3541.9

1653.6

2551.4

1632.1

1685.8

1950 #

2126.5

3530.7

2203.7

2879.1

1360.3

2307.4

1814.5

2217.0

5083.4

1646.5

2458.0

2824.9

1582.6

1951 &

1869.0

4857.4

2525.5

4053.1

1183.2

1969.7

1955.9

1810.9

5005.0

1674.4

2585.8

2388.0

2420.7

1952 &

1623.9

3560.7

2063.0

2499.2

1005.3

1922.2

2205.5

1696.4

3235.5

1557.6

2737.3

2131.1

1958.2

1953 &

2433.7

5172.9

2369.0

3645.0

1465.8

2243.8

1768.1

2144.2

4787.7

2183.8

3194.9

3329.6

2207.8

1954 &

1627.5

3834.1

2215.9

3422.9

755.2

1201.2

1790.6

851.0

2396.8

751.7

1934.8

1648.3

1474.2

1955 #

1727.2

2568.4

1403.2

1758.5

1174.5

2547.9

1901.5

2062.6

3936.1

1393.9

2155.1

2394.8

1351.7

1956 &

2584.1

4930.0

2355.1

3734.8

1363.3

2266.4

1864.8

1768.3

4691.0

1589.5

2665.0

2561.0

2190.7

1957 #

2195.1

3923.0

2032.7

2577.9

710.4

1529.1

1610.3

1687.8

3015.0

1560.5

1881.6

1677.4

1873.4

1958 &

1977.5

3563.6

2334.9

2258.0

941.3

1395.9

1575.4

1187.9

3706.7

1208.0

2500.1

1959.2

1790.9

1959 &

2199.2

3513.8

1978.2

2245.2

1141.7

1935.4

1938.1

2590.9

4940.4

2251.8

2433.8

3085.1

1845.6

1960 &

2344.4

3397.5

2007.3

2882.9

902.1

1743.6

1750.2

1764.9

4492.1

2261.5

2000.0

2971.8

1447.7

1961 &

1925.0

3005.3

2222.0

2297.7

1050.2

953.8

1649.8

1185.7

3147.7

1310.4

2871.0

1944.4

2201.0

1962 #

2062.8

3419.5

2329.2

2261.2

785.8

946.7

1437.7

1405.7

4026.5

1578.7

1590.6

2382.9

1383.1

1963 &

1708.0

1944.3

1509.1

1703.0

660.2

1051.3

805.1

1557.9

4475.1

1202.7

754.1

2179.6

1042.8

1964 &

1370.7

3678.4

2406.3

2675.9

329.7

875.0

863.8

1128.8

2821.6

1129.6

1593.3

1495.8

1974.3

1965 &

1569.6

3352.4

2311.7

2588.0

733.9

1265.7

1138.5

1566.9

3769.1

1197.9

1208.4

2135.6

1226.3

1966 =

2326.9

3851.4

1456.6

3026.8

1099.3

1583.8

1405.6

1655.2

5713.6

2027.9

1664.4

2630.5

1750.0

1967 &

1643.7

3584.2

2803.4

2810.7

812.8

1290.7

1492.4

Nl k| k[ k[ k| k| k| k| k[ k| k| k| k[ k[ k| k| k| k[ k| k| k| k[ k[ *| ¥| *

1283.5

3014.6

1161.8

1793.6

1975.7

1684.7

1968 &

2020.8

3234.7

2467.3

2448.0

1354.2

2090.5

2044.2

*

1741.0

3787.1

1858.6

2739.9

2303.0

2772.7

1969 #

2550.1

3459.1

2376.4

3061.4

1289.8

1404.6

1141.8

1413.5

1617.5

3746.2

2372.0

1861.7

2032.8

1917.1

1970 &

2436.3

4854.6

2093.2

3475.1

853.7

1373.6

1512.0

1423.0

1694.9

2925.0

2315.2

2580.0

2429.7

1860.9

1971 &

1462.9

3172.0

2398.8

3481.9

698.0

1045.9

885.7

1451.5

1050.4

3067.4

1270.4

1594.1

1485.7

2093.0

1972 &

2422.5

2839.3

2072.5

2559.6

1458.4

2506.5

2108.3

2554.3

2338.1

5881.2

2023.2

2124.9

3278.3

1765.6

1973 &

1794.6

3465.0

2199.2

2602.5

1439.4

1556.6

1928.9

1884.2

1488.6

3782.6

1633.3

2504.6

2217.3

2600.9

1974 &

2366.9

4825.8

3116.1

3982.1

1196.8

1560.5

2681.0

1717.0

1606.9

4519.8

2275.8

3440.4

2714.1

3155.8

1975 &

2409.9

3436.7

2100.5

2226.2

1456.9

2380.0

2199.5

2357.9

1688.7

4720.0

2334.9

2070.6

2767.0

1551.1

1976 &

1620.3

2643.1

1321.5

2201.6

609.3

1457.5

1126.4

1464.8

2064.8

4728.6

1694.9

1137.5

2547.2

1978.4

1977 &

2486.7

3663.6

1940.5

2322.1

1078.5

3112.0

2793.9

2714.7

2073.7

5167.4

1850.8

2073.5

2645.8

1887.0

1978 &

2018.8

3691.1

2044.1

2671.2

657.5

1251.4

1145.6

1662.9

1357.7

4754.6

1894.3

1925.3

2432.8

1796.1

1979 &

2333.6

3193.1

1266.0

2139.1

648.6

1471.6

1481.2

1823.8

1561.3

4117.9

1772.6

2080.0

2565.2

1336.1

1980 &

2160.6

3514.9

1723.7

2153.3

531.3

530.7

572.8

878.8

1017.5

2239.6

1280.3

888.7

1576.2

817.5

1981 &

2289.9

3798.5

2228.9

2780.5

1232.8

1872.0

2276.9

2118.0

2234.5

4117.4

2428.3

2329.3

2989.1

1628.4

1982 &

2046.9

3240.7

1648.7

2284.9

1118.7

1861.5

1695.2

1436.2

1525.4

3502.8

1808.6

1663.8

2178.3

1438.4

1983 &

2251.5

3464.3

1556.4

2729.1

1046.7

1939.6

2230.5

1743.6

1743.0

4071.2

2344.7

1772.1

2500.0

998.4

1984 &

2711.3

4836.2

2245.9

3238.1

761.9

1373.3

1628.5

1379.1

1547.8

3229.7

1961.8

2194.0

2198.4

2181.4

1985 &

2487.9

4322.8

2495.8

3233.1

1050.3

1391.6

1995.6

1625.8

2074.4

4133.4

1976.0

2418.4

2808.1

2015.1

1986 +

2605.6

4586.9

2396.4

2878.6

982.1

1588.8

1622.1

1427.3

1528.6

3476.4

2226.7

1706.5

2506.5

1733.8

1987 &

2219.1

4260.1

2327.6

2393.7

777.0

1347.7

1554.4

1282.9

1393.6

3588.3

1488.0

2164.0

2432.4

1480.5

1988 =

2821.2

4555.9

2997.3

4278.6

670.6

2099.3

1935.6

1723.9

1212.3

3649.1

1421.7

2114.6

2004.1

2184.8

1989 &

2268.6

3598.4

2229.9

2749.8

879.7

1230.7

1382.6

1336.4

1639.1

3654.7

1613.0

1959.7

2348.0

1759.1

1990 =

2913.0

4452.3

3003.1

2936.2

1372.4

1578.7

1834.3

2127.9

2042.7

5019.3

2222.9

2126.7

2973.0

3202.1

1991 #

2215.9

3303.0

1795.1

2546.0

582.8

1694.3

1810.3

1187.4

979.1

3094.0

1207.2

2449.6

1542.5

2277.9

1992 &

2391.9

3668.0

2520.9

2731.2

1021.7

2324.7

1973.7

2039.6

1791.3

4627.9

1784.5

1696.6

2435.4

1373.8

1993 #

1745.0

3053.6

989.0

1937.5

726.0

1211.3

1083.5

1347.8

1110.6

2641.8

1353.2

994.2

1852.0
*

1281.1

1994 &

2043.7

3458.5

1997.5

2969.1

601.6

2106.5

2470.0

2197.6

2027.6

4037.7

1836.5

1651.4

1870.3

1995 =

1716.7

2881.9

2181.9

2279.3

913.0

977.6

11341

1028.9

1376.0

2673.1

1211.1

2099.0

2239.9

1742.9

1996 &

2248.1

3927.5

2707.5

2966.8

867.1

1025.8

1107.4

1566.2

1615.7

4647.0

1604.6

1380.7

2439.9

1707.9

1997 &

2580.6

3206.1

1503.7

1836.3

682.9

1985.6

2118.4

2297.9

1965.6

3606.6

1959.5

1866.0

2423.7

1191.8

1998 #

4404.7

5438.1

3557.5

4945.3

1256.4

1846.8

2433.9

2446.7

2177.3

4364.2

2088.3

2650.3

2418.9

1999 &

1958.1

2746.7

1677.0

2193.5

1054.6

2135.2

2763.6

1603.6

1389.4

3074.9

1157.1

3072.1

3065.3
*

2107.2

2000 =

2744.0

5404.4

2459.5

4209.8

1144.0

1754.3

1569.0

1350.5

1796.7

3099.8

1760.6

2326.6

1954.6

2102.
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"EF TR F BB SRR REDEA R 2 ARG TR e > RS
g (1994) 4 17 (é;gie A-3) ¢ SETEORE AR A IMB A 0 F oa RS P
WA R o A 1RALE 2 (1995) 4 47 (2 fk A4) ¢ oL tERARRL A
FEIHFH AT ST HEFAFE S F U F L bRk TR
RETFE o VAR R(1999) 4 45 (2 pE AB) DAk
AE HRERR I R RR B R R B LFEER < R B - RS
e T FE R ORE E D o
B-14 Boplbz A B B 2-122 %% oA P LA - KA
CER AT S SRR AR, HY AR AL S REF 2
o R N BRNPIPERESPRLLES S EPRIEE T EARSR 2P Y
LT EARR L MY 0 7 i 60 & ok AN A BT L
ZRG o P T EIMEERRRF ARG P RELRTLE (2 A4)
Todr Bf GHRBESCARR L ESEL2 £

Lul

i\4
)
F_‘-
N
ob
5
1
4

Ol«

SR N

=

_%h;
o B 5

fe

£212 Leppeasa$ 5103050100 & Ti5E
A | e | oo | owme | ow | ofm | e
17100 & T iS5l | 2123.7 * * * 996.8 | 1736.2 *
2T 50 F T 5 ify 2198.7 | 3727.1 | 2159.3 | 2797.6 | 962.6 | 1636.2 | 1707.9
T 30 F T 5 2324.7 | 3755.0 | 2156.8 | 2815.2 | 950.6 | 1673.9 | 1784.8
2T 10 F T 5 24049 | 3708.8 | 2139.0 | 2861.5 | 885.0 | 1706.2 | 1846.4
2T 5 F 5 2787.1 | 4144.6 | 2381.0 | 3230.3 | 1001.0 | 1749.5 | 1998.5
B | (il | REY| F | R | P |
7T 100 & 7 il * 1701.3 * * 2168.4 * 1830.1
2T 50 F T 5 ify * 1636.4 | 3898.4 | 1721.4 | 2064.4 | 2349.5 | 1841.0
T 30 F T 5 1725.9 | 1647.3 | 3909.6 | 1782.8 | 2015.8 | 2397.2 | 1855.9
¥T 10 & I 5 1706.6 | 1622.9 | 3586.7 | 1596.3 | 2018.7 | 2244.2 | 1807.4
JT 5 &F 2 1853.0 | 1788.9 | 3758.5 | 1714.0 | 2259.1 | 2470.9 | 1905.6

\
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EARAF BRFEREFRFRPEPEZH 2 A
F3E o AR Akl RFPERF R 0E

G B A B AT ETE A KEFE kSR P ST AR R TR

A RE R L AR B eh T - 1995 Liaw (2004)

ST 0§ BERRPTR K A2 0 & FF E 5 Bk s Bk R
FoRAN R ~ FE A AR~ ME AT RS R ME e TRl e E LY

PEEE Y BoRH A ook lis e 2 ¥

o

(

&
¥
|
-3‘.1\?,
Y

[\

EERE - ﬂ\**éﬁui&s@Mﬁ@ﬁWa A BT AT

1.3~k #5842 7

BEPCRHESGN Y ol ok Fapmelkg o A T RIFTE 0 3 R
PR g 8 R SRR - R R S Rk L RIE R P PRk
73 APk > B - FA PR {8 E I (YBS Model 0 Yield before spill
model) > ¥ - fAH5C 5 L FE e Bk 58 (YAS Model - Yield after spill
model) -

#7320 YAS Model B~k (TR 7 £ 7F 5 ¢

Yt =Min (Dt »St-1) (1)

St+1 = Min (St-1 + Qt » Smax) — Yt (2)

m YBS Model B~ k3 (T2 7F 47 5

Y: =Min(D; * S¢1 ) (3)
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Str1 = Min (Se1+ Q- Vi
A E] G L pEY 2 t-1 Ry
De 1R %75 K8 Smax

7P 1Su1~Ser:

25 Q

SRR R

¥ F AoRpFEAI

’ Smax)

£—\-J"
SR o

IRELE B ik

|2 % 4+

(4)
DOYe U] ek
DR bt g R

AR PR BN € ¥ AR 23 BB % 0 YAS Model fi#his

K F ]l > F1E YAS Model ¥ A 8.3 5 i Bk 9 A
BEMRT AT - pEaSE R E ¢ YBS Model

e » 0y
BhcE kR 4,

;‘ .;LL‘?T_';'-

W

EN—— B%?J DS ,,,

g o FP AR T E Y YBS Model 1T 5k SLBeoR B TTHES IR B RUE i

ke

2% & o B

% A

g1 % 7]

3
EE AR 0 F
Yook Gl ETRA R E SR §
BIup o 3Bk 4

< B8

% dcen B R

e 4

Bk hBcg STIM A HILinR
EE E RN S R RO TR e
b (1997) ¥ #4547 kAN R

Z_ ;I%F‘q ,l}b/’

T NI TSRS S IR

Fg 2

<’

BA] 5 AR BT F R

BRI A F

a2 EF ki

CEHEERRR Bk
TR TIRF A T

HAE AR S
A ok

A~ RETTEA] A FHECA] ~ AR 5 4ad
B A4 Si- EanpR R Aok 221 4R o @

d £ FpIA4res CEi> 0.81~084 R At 40Kk TEAN C
=08l:27is A 47 -
%221 AR EBANZE R Tk hlkz i
EE MR | RRTTR | N RE] éﬁfﬁﬁﬁ’*ﬂ [EHTELE]
IFTErR B 84 90 93 79 87
T I8 0.82 0.81 0.84 0.83 0.81
e B2 0.076 0.068 0.064 0.095 0.066
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3.% & 2 f A 8 hE 3

[N
B2 1T L3740 @ B RS A HEARY 0 RIM-R G ¥ E A T
RELE FRATNEFE > TEATRIEGE o @ FlAivde A i - EL > K EITHE

BERAEFB:? ROAK > EFAFELI L > A - BRI DL FR
Yoo ¥ ens 2 KIEZ - & ERGEAERAR 2-21 0 B 28 FdeT
(EA7 1991; B4 3 > 1994)
LAEETF s il IR AR FA A8 - FA bl dflic: Ko pIR5 B
%jmbww$%§3kﬁﬁ(lﬁkSK) » 17 ﬂw&pbxpoﬁ R

hepr 2R AL K HE - A xR

(K-DEUM@BH-MI) (5)
(MA—MI)

R SUM(i)=Zxij

MA = nmxSUM(o

1<i<n

MI = min SUM (i)

1<i<n
ﬂﬁn%ﬁ$i%ﬁiﬁ$j@%%
Bk 2 i BT R Ko RIR A N B ko (1SKkSK) o i
eI R R RS-
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Bog AkprRAIT LR UL RET

B 2-2.1 8 85 BAEE - 8 n AL

E RNV-ETE I NP S

FE AR & SR K

I e ) i

WEA A

LEAF?

235 x - ggehEe (Tiod) o R L TS ATGURE ) RIS R LR

I EE %Ewﬁﬁ(ﬁﬁﬁﬁﬁﬂﬁﬁ)’%Q%ﬁ$#a4%$&?m
HE? D L EFMPEVEFMEASLALIITRAZEENE ) UAF R K
TR I o
m 2% o
dij:[Z(xik—xjk)} (i,j=1,2, ....... n) (6)
k=1

BEAFH - chilifE 0 T AR A Y

7
B R - s o R g R AP IS 0 R A =
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EARAF BRFEREFRFRPEPEZH 2 A
F3E o AR Akl RFPERF R 0E

FHRBR AL PRI EFF AL R R T A F T3 2 L 8 1297
@ a3 2 E ti T (t-Test) » ¥ = 2 = w0+ T0@E aie T P2 R
% % 2 #cm 17 (Analysis of Variance ; ANOVA) « % R Tdics 47 8- fa*
Ve RS B R 08 E - B A s A B A L HF
RER R GHREFNLE QR B VL LFEPRREERREE - BT
2ZBEJFFETE 0 F TS RA AR
(=) HP 2% Bih ) (- 3)
(2) BE2 % fidt (TEFR)
%Q@E%EWHQWE%E’%@ﬂFﬁoipiuaZQ%’Fﬁ

WhETd & F Api o g8 F &%k Fre i

AW

P(Fuony) <@ * 27 A BRB% 87 R4 F5@nF @ |47k F

o

EO R R ALz BT ELR S RFEILE
ARG I SPSS Mt 2 XM o R B LR LY hKBEZES
A D AP R EFY PN E TR R RITAT o AL 2%
RZPHFZIFEERLGE HEY PR ERAFEY LT RGP
Mool g FIFR L ER B A Hhf ot LA B 40 £2 T
B ITRA A FHAL T Rk -
u;ﬁﬁgﬁﬁgw’i%%ﬁ*ﬁﬁﬁiﬂﬁi%ﬁﬁﬁgfﬁﬁé
40 10t 2 3 REBE8 s WG St F Zxh o SARR 12 0 AR
o PFIRLL6 20 AT Lxbo ATAER 12 2R3 W R 13 2k AR Erh
B3 aode A fi il B fs 58 Ba B AR T o £ 2-2.2 Bt g~
:\3\m~1~%~:ﬁ@¢w$146@\1Q\N\Hﬁw%213
SoArE R ERFR LSS =005 BF > Fioosesy B i
2295 #3513 chF 3o 3 F o PSS E35) 30 0.05 0 £ 7 BAgA 47

AR AT LR o
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>

¥ %

% 2-22 K

B BEAEES

Cluster Membership

Case Number| Cluster | Distance |Case Number| Cluster | Distance
1 2] 104.103 39 6] 130.297
2 6 52.696 40 6 54.332
3 6 68.012 41 6 36.301
4 6 75.301 42 6 48.964
5 5 85.113 43 6 47.629
6 6] 121.395 44 5 85.113
7 6 72.435 45 6] 134.517
3 6 64.048 46 7 89.469
9 3 95.759 47 7 68.497

10 3 81.130 48 7 62.635
11 6 57.742 49 3 60.481
12 71 118.947 50 3 54.237
13 7 69.850 51 3 96.990
14 7 67.726 52 3 29.090
15 2 97.699 53 7 35.614
16 2 36.554 54 7 85.207
17 2 26.909 55 7 97.929
18 2 32.561 56 7 79.297
19 2 48.022 57 7 60.481
20 2 32.561 58 7 54.237
21 2 20.852
22 2] 168.720
23 2 17.926
24 2 44837
25 2 29.979
26 2 39.109
27 2 47.245
28 6 72.393
29 6 91.105
30 3 81.130
31 3] 113.298
32 3] 121.353
33 1 0.000
34 4 0.000
35 6 43.641
36 6 52.900
37 2 79.528
38 2 79.064

FORPFEAIF EF R RS R F
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FRAF FRFERFRFRPEZH 2
F3E o AR Akl RFPERF R 0E

1223 4aiERERIAE
ANOVA
Cluster Error F Sig.
Mean Square df Mean Square df

VARO00001 4375.006 6 84.7350 51 51.632 9E-17
VARO00002 2438.458 6 83.1982 51 29.309 8E-13
VARO00003 5321.658 6 969117 51 54912 3.2E-17
VARO00004 3184.053 6 66.1370 51 48.143| 2.9E-16
VARO00005 3007.632 6 56.7984 51 52.953| 5.9E-17
VARO00006 1974.630 6 47.7747 51 41.332| 3.5E-15
VARO00007 1542.306 6 57.8546 51 26.658| 3.4E-12
VARO00008 1664.038 6 70.3320 51 23.660 2E-11
VARO00009 1459.737 6 119.6619 51 12.199| 1.3E-07
VARO00010 879.092 6 157.4187 51 5.58410.00031
VARO00011 580.474 6 84.3270 51 6.884| 5.3E-05
VARO00012 493.454 6 91.4345 51 5.3971 0.00041
VARO00013 305.841 6 40.3854 51 7.5731 2.2E-05
VARO00014 884.263 6 170.6751 51 5.181] 0.00056
VARO001S 1327.489 6 202.1607 51 6.567| 8.1E-05
VARO00016 1353.584 6 434.6422 51 3.114]10.01398
VARO0017 902.379 6 337.9997 51 2.670] 0.02922
VARO0018 1247.328 6 209.8455 51 5.9441 0.00019
VARO00019 1045.824 6 185.8415 51 5.6281 0.00029
VARO00020 1378.746 6 220.2484 51 6.2601 0.00012
VAR00021 4861.615 6 389.4814 51 12.482 1E-07
VARO00022 3878.744 6 326.1002 51 11.894| 1.8E-07
VAR00023 5024.093 6 323.4825 51 15.531| 6.5E-09
VARO00024 7345.452 6 266.2010 51 27.594 2E-12
VARO00025 7962.744 6 448.2825 51 17.763| 1.1E-09
VARO00026 30230.028 6 381.2323 51 79.296| 5.9E-20
VARO00027 38702.395 6 253.2579 51 152.818] 4.8E-25
VAR00028 47814.774 6 312.8595 51 152.831] 4.8E-25
VARO00029 36438.819 6 210.0038 51 173.515] 4.8E-26
VARO00030 35299.708 6 280.3599 51 125.909] 1.6E-23
VARO00031 18939.373 6 245.5721 51 77.123] 9.5E-20
VAR00032 26097.012 6 237.8551 51 109.718] 1.9E-22
VARO00033 18472.600 6 205.3296 51 89.966( 6.4E-21
VARO00034 6048.714 6 103.9128 51 58.2101 1.2E-17
VARO00035 8657.589 6 88.0162 51 98.364] 1.3E-21
VARO00036 8500.049 6 111.8434 51 76.000f 1.2E-19

Boos e 2 BT EM AU LRA 25 GEREE S b

et P gk Aok 0 T GRS FIERY P DFEL FlUt Y gy )% 0 M

ThETS 0 B% - HHOE 3300 5 - HE L S e HEHOY 34240 5 -

~A

FHOFIHEMAOE SRS FHH A % 44 R 5 - FH e R
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Abstract

This research focuses on reuse mechanism of rainwater drainage system in existing
building of Taiwan. The current design methodology of roof construction for rainwater
plumbing system would be reviewed. We set up a framework of design process in
rainwater plumbing system, critical factors including financial and technical issues must
be under consideration. Furthermore, in succession to the investigation of existing
buildings last year, those cases would be applied to demonstrate the rationality of this
framework. The critical aspect was how to integrate present rainwater plumbing system,
and transferred to rainwater harvesting system. Finally, this paper would rearrange
design methodology of rainwater plumbing system and also perform a case study as the
verification.

Keywords
Rainwater use, water conservation, sustainable approach, evaluation system.
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1. Introduction

Due to the precipitation distributed unequally in time and space, water resource had
become embarrassing problems in Taiwan in recent years. Besides droughts and floods,
over-developing the hill areas gave rise to cutting down operating efficiency and period
of the reservoirs. These water shortages have resulted in an anxious public
consciousness to existing water supplies and created an economic barrier to
development. Consequently, it is clear that alternative water resources must be
investigated to alleviate the water shortage problem in urban areas. Rainwater use as a
supplement to the potable water supply in Taiwan has been demonstrated a practical and
promising alternative where traditional groundwater or surface water is limited.

Key concepts of rainwater utilization would be dispersing the risk of water shortages.
The operating mechanism of rainwater harvesting system could be like mounts of small
reservoirs distributed in urban areas. They could diminish the damage in urban floods,
and supply parts of substitute daily water when lower precipitation. (Figure 1)

. —> 1
water conservation Max Qc Min Q

- flood reduction
+ drought prevent
- fire protect

i - eco-cycle

Figure 1 - Rainwater utilization conception chart
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2 Modes of rooftop rainwater harvesting system
2.1 Description of study object

A new rainwater use guideline that had been linked to building code offers an easy
approach to the evaluation of water conservation and a rainwater use system for
architectural planning in Taiwan currently. However, these rainwater use system
guideline mostly were conducted for new constructions and rare to mention about the
large number of existing buildings. It is noteworthy that setting rainwater harvesting
system in existing buildings.

The existing buildings are the majority object of constructions, which occupy more than
98% of the constructions in Taiwan. The total efficiency of rainwater utilization in
existing buildings would be much better than in new constructions. There might be
rainwater drainage piping system in existing buildings presently. It could be applied to
rainwater utilization system partly, and lower the budget for setting. As the
circumstance observation of practical problems about maintenance, many roof drainage
gutters suffer plugged in our previous investigation. We have to check up the rainwater
drainage system and maintain steadily if we want to set rainwater utilization system.

However, there were several limited factors concerned. First one is the original roof
drainage systems, which are including collecting area, plumbing piping, collection
installations, driving out and etc. Accordingly, we need adequate space for the facilities
like storage tank, settling tank, filter tank, and the additional facilities. The other issues
that we also need to consider are including delivery piping system, long-term
water-saving efficiency and the financial supporting. Furthermore, the existing structure
system must to be verified for affording the additional load of rainwater use system.

2.2 Modes conception

Large divergence in main concepts was between roof drainage system and rainwater
utilization system. Diving out rainwater dropping on the roof rapidly was the critical
function of roof drainage system. On the contrary, rainwater utilization system tended to
collect rainwater and transfer to substitute water use, like toilet flushing, washing,
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irrigation, and etc. To clarify the rainwater harvesting system, it could classify into four
categories, collecting area, plumbing piping, diving out, and utilization. (Figure 2)

Sysiem Condition Mgﬁlﬂ ogy
_— = =
Collecting Area Hovizontal Flat Roof |
|
|
—  Sloping Roof | |
|
|
Vertical Vertical Wall | |
|
|
— Bhalcany |
___________________________ d
______________ o
|
|
|
|
|
|
|
|
¥ .
(]
|
|
o]
|
|
|
—
______________ v

Figure 2 - Rainwater harvesting system classification

Figure 3 shows the typical type of water supply and roof drainage system in buildings.
There were two separate systems. Water supply system delivers clean water for all
purposes, like kitchen, bathing, drinking, flushing, and etc. Roof drainage system was
conducted into common sewer with waste water.
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Figure 3 - Typical type of water supply and roof drainage system

Figure 4 shows rainwater utilization system type 1. After collecting, settling, and
filtering, rainwater was delivered to high level rainwater tank for substitute water use. It
would supply clean water if rainwater was used up. It must be noted the security of
structure system.

]
r

L

Figure 4 - Rainwater utilization system type |

Figure 5 shows rainwater utilization system type Il. After collecting, settling, and

City Water Supply
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filtering, rainwater was delivered to small feed tanks in every residence unit for
substitute water use. Similarly, it would supply clean water if rainwater was used up.

—
—
— '~

jl :\

v v

1

A\ 4

Figure 5 - Rainwater utilization system type Il

Figure 6 shows rainwater utilization system type Ill. Rainwater was delivered
immediately to feed tanks in every residence unit, so it wouldn’t have to set rainwater
storage tank in underground floor. Taking account of the security of structure system,
the capacity of feed tank was suggested under 500 L.

— |
— |

L \:: \::
1

|

Figure 6 - Rainwater utilization system type IlI

A 4 A 4 A

\4

Basing on the three types, we tried to offer 5 practical modes of rainwater utilization in
existing buildings. They could be applied reasonably in accordance with situations and
requirements. (Figure 7)

Pui
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&mﬁ
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U
Mode A. Mode C.
(High level tank) (Surface tank) (Underground tank)
Dﬁ
ZT7 77777777777 72 7 Mﬁﬁ
=
] 0o
Mode D. Mode E.
(Raft type basic tank) (Small unit tank)

Figure 7 - Rainwater utilization applied modes

2.3 Practicability

Due to multifarious situations in realistic application, there were some limitations in
each mode. Table 1 shows practicability of rainwater utilization modes in accordance
with situations. In our previous study, we had investigated 97 cases on roof drainage
system in Taipei. Table 2 shows practical cases in each model on rainwater utilization.

Table 1 - Practicability assessing on rainwater utilization

System Conditions A B C D E
. Flat roof with collection installations ©
Collecting n - - -
Areas Flat roof with additional drainage piping © © © ©
Additional steel roof frame © © © ©
. Conceal piping ©
Plumb
uiminlng Show off piping © | © | © ©
PR Drain directly A | A | A A
. Open channel A | A | O A
Driving .
out Drain directly A A A A
Raft type basic ©
= Practical = Practical partly
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Table 2 - Practical cases on rainwater utilization

Rainwater
o Mode A Mode B Mode C Mode D Mode E Unable
utilization models
Practical cases 0 39 39 33 41 37
Percentage 0% 40.20% 40.20% 34.029% 42.27 9% 38.149%
3 Case study

For evaluating the efficiency of rainwater utilization, in this study, we investigated an
example in Taipei city. There were three buildings involved in this case. (Figure 8)
Building A was a 12F building with 600 tons raft type basic water tank. (Mode D) The
storage tank would provide WC flushing water for Building A, Building B, and
Building C. The simulation time would be 20 years (1984-2003). Related information
were in Table 3 and Table 4.

%ovo'ovo'ovwk
KKK

Figure 8 — Sampling case

Table 3 — Background information of sampling case

. WC flushing
o o Residence . . )
Building Building floors Collection area(m) water consumption
numbers
per day(m?)
. 12F, with 600 tons raft

Building A type basic water tank 82 721 19.68
Building B 5F 20 337 4.80
Building C 7F 28 322 6.72
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Table 4 - Yearly precipitations of Taipei (1984-2003)

1984 2711.3 1989 2268.6 1994 2043.7 1999 1958.1
1985 2487.9 1990 2913 1995 1716.7 2000 2744

1986 2605.6 1991 2215.9 1996 2253.1 2001 2862.1
1987 2219.1 1992 2391.9 1997 2595 2002 1346.4
1988 2821.2 1993 1745 1998 4404.7 2003 1192.5

3.1 Water-saving percentage and yearly precipitations

Water-saving percentage was the most critical data to respond efficiency of rainwater
utilization. In the study, water-saving percentage raised corresponding to the yearly
precipitations. The value was between 2.84% - 10.75%, and average value was up to
5.77%. Concretely speaking, we could namely retrench 2743 tons of clean water per
year.

10.00%
8.00%
6.00% [
4.00% |
200%
0.00%

y =2E-05x - 0.0005
R2=0.999

Water-saving
percentage

0 1000 2000 3000 4000 5000

Yearly precipitation(mm)

Figure 9 — Water-saving percentage and yearly precipitations

3.2 Rainwater collecting percentage and storage capacity

Figure 10 shows the relation between rainwater collecting percentage and storage
capacity. There was an immediate sharp increase when the storage capacity was less
than 100 tons. Putting it plainly, the efficiency of rainwater collecting was close to 90%.
It could afford to treat most part of rainwater. The storage capacity between 100-600
tons could be considered urban flood controlling, particularly in typhoons or rainstorms.
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Figure 10 — Rainwater collecting percentage and storage capacity

4. Evaluation and verification
4.1 Evaluation Tool

Existing rooftop rainwater harvesting system is an acceptable solution for alleviating the
water shortage problem in urban areas. However, practical performance need functional
tool to make the real progress for the publics. Herein, we developed a practical
evaluation tool in the research. We transfer the calculation to be dynamic simulation
through commercial software Visual Basic. The partial results and the application are
offered in network at present. Figure 11 shows the entrance page for practical evaluation
of existing rooftop rainwater harvesting system.

Taiwan
Rooftop Rainwater Harvesting System
Evaluation Tool

'_._,_,..--”-'_ H-\HT‘ , SR
Advanced | - B l Basic
............... - ] Y

n-l'l:ll-itm:-tu:l'i & Building Research Institute of the Ministry of the Interiar of Talhwan

N ational Taiwan University of Scie and Technolegy, Department of Architecture

Figure 11 — Entrance page of the evaluation tool

136



GE-SE X S

4.2 Conditions analyzing and issues identification

We also found several critical problems on conducting rainwater utilization in existing
buildings, and classified into six categories:

(1) Maintenance of collecting areas and installations

Collecting areas and installations were the point of departure on rainwater utilization.
Keeping them clean and working well would be contributed to improve the efficiency of
rainwater utilization system.

(2) Plumbing piping design — show off piping or conceal piping

Generally speaking, conceal piping always had problems of maintenance, and was
difficult to transform into rainwater utilization system. Show off piping work might be
the fitting way.

(3) Combined or separate drainage system

Combined drainage system always intermingle waste water with rainwater, and would
influence the water quality. Separate drainage system shows more suitable for rainwater
utilization system.

(4) Driving out
The outlets of rainwater drainage system would connect with the facilities of rainwater
utilization system, and concern the modes choosing.

(5) Optimized space for the facilities

Providing enough space for the facilities of rainwater utilization was a critical issue in
our investigation, and the security of structure system would be taken into account.

(6) Delivery piping system

After collecting and treating, how to deliver rainwater to users would be a great problem.

Revising the delivery piping system usually occupied a part of budget.

5. Conclusions

In this study, we set up a framework of design process in rainwater utilization system,
critical factors including financial and technical issues must be under consideration. The
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critical aspect is how to integrate present rainwater drainage system, and transferred to
rainwater harvesting system. We concluded 5 practicable modes for existing buildings.
There still have much potential development for rainwater utilization system in urban
areas, and more researches need to be conducted in the future.
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