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ABSTRACT

Keywords: Infiltration gutters, green building, rainwater conservation

There are nine indicators in the evaluation system of “Green Building” in
Taiwan. The indicator of water conservation at construction site is to maintain the
hydrologic conditions between pre- and after-development at the construction site.
Various techniques to retain and infiltrate water are recommended in the evaluation
manual. Among them, infiltration gutters are most popular used.

The purpose of the study is to analyze the characteristics of infiltration buried
porous pipe and develop the design package of infiltration gutters and pipes.

The infiltration buried porous pipe of having for turning on hole rate
differently, these are 81%, 3.7%, 1.8% and 1.2% respectively to hold the hole rate.
The result shows 1.2%, 1.8% of hole rate of water infiltrated are for 66% and 85%
separately of hold rate 3.7% infiltration buried porous pipe.The infiltration buried
porous pipe of 3.7% hole rate of water infiltrated is for 68% of 81% hole rate
infiltration buried porous pipe. Based on these specify results, the water retention
capability for different water depths and diameter of these infiltration buried
porous pipes can be obtained.

According to results above, this project developed the package “The assessment
system of rainwater retention and infiltration on at building site”. This package
include five subsystems: Infiltration pipe and gutter, Permeable pavement, Roof
rainwater catchment system, Soil hydraulic conductive coefficient and Site set up
feasible assessment. This design package developed by the study provide as the

practical tools for designing infiltration gutters.
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H.S.G 2-1

2-1 H.S.G D
24 72
2-1
Tp(hr)
H.SG 24 | 48 | 24 | 48 72
mm/hr
( ) Oimex (M) fTe Oimex (M) fTe/Vr,Vr=04
Sand| A | 210068 504 1008 1512 1260 2521 3781
Loamy sand| A 6121 1471 294 asm| 367 735 1102
Sandy loam| B 25901 062 124 187 155 311 466
Loam| B 1321 o032 o063 o095 o079 158 238
Sitloam| C 686 016 033 o049 041 o082 123
Sandy clay loam| C 432 o010 o021 o031 o026 052 o078
Clay loam| D 229 o005 o1 o216 014 027 o041
Silty clay loam| D 152 004 007 o011 o009 o018 o027
Sandy clay| D 1271 o003 o008 o009 o008 015 o023
Sity day| D 102l o002 o005 o007 o008 o012 o018
Clay| D 051 o001 o002 o004 o003 o006 o009

1.Bruce K. Ferguson, Introduction to stormwater, John Wiley & Sons, INC. 1998.
2.

5%
20%

Im

14



Im

1.5m

Pre-treatment practices 2.

Vegetative buffer

30m

15



16

2-2

20

30

30

20



1 Aivp AinF
B Ane 2Amp 15
B Amp Ane 2Ap 10
B 05Amp Ane Avp
B Ane 05AWMP
2
| 7
[ | Humus Soil
| |
3
o Glacid till
. Sty sand
. Finesilt
4, S
B S %
B 7% S 20%
B S 20% 0
5
| 7
| 5
| 3
| — 0
6.
| 10
| 7
| 5
| 3
| 0
30
30
20
20

2003

17




18



Vip = — K(h)=
_zp == K(h)

Simplified equation

sat
31

Vap Y/ Darcy-Buckingham

(3-1)

(3-2)

19



- .
=-K(h)—% k=-K_Kk 3-3
Vo =K K= Ka (33
h K
A ' b
a |
H L} (lire sjre)
h VA
v / ) >
r
31
Qe
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A > . _
dAw = 27a-dz (F) dAo = 27t -dr (~K)
a 31D (32 (33 (3-9)
1 K a)’
=27H? st | -
Q ﬂH{Cﬁ > [Hj} (3-9)
H c
V- [K(h)vh]=0 (3-6)

Conservation of mass
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4-1(f) (9) (h)
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& 3w = AkiaTh
0

(1)

(b)

(@

(d)

2)

(

(©

0.02m

(f)

(€)
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(9) 0.11m (h) 0.19m
4-1
3.7% 4-1
Aus 4-2
4-1 3.7%
3.7%
1 2 3 4 5 6
(cm) 30 7.2 11.4 12.1) 15.2 19.2
(m) 0.030 0.071 0.114 0.121 0.152, 0.192
(10° cms) 0.44 0.94 0.92 1.16 1.41 1.94
-6
(Ko, V) 5.37 x 10
(Aua /M) 6.31 13.52 13.20 16.61 20.15 27.79
.S
4-2
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30 T

i o)
o | Ays=139.50H

; R =0.95

i 0

I ©) (o)
10 +

Aus (m¥m)
&

5 /O/
0.00 0.05 0.10 0.15 0.20
H(m)
4-2 37% A,s H
o ﬁ?fiﬁ%\ 17 &g
(4-1)
Aus = 139.50H, r* = 0.95 (4-1)
Aus m’m H m
r? Coefficient of determination
(4-1)
1.8%
3.7% 1.8%
3.7%
4-3(a) 4-3(b)
(c) 4-3(d)



(c) ) (d)

0.03m
0.2m

4-2

Aus

4-4 §REFEA TR RS G Rk T - S A2 A
(4-2)
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4-2 1.8%
1.8%
1 2 3 4 5 6
(cm) 3.2 6.5 7.9 12.4 16.0 17.8
m) 0.032 0.065 0.079 0.124 0.160 0.178
(10°, cms) 0.47 0.61 0.65 0.93 1.32 1.58
(Ko, 179 5.37 x 10°
s0il
(Aua /) 6.71 8.77 9.31] 13.35 18.96 22.63
Aus=121.66H, r* = 0.96 (4-2)
Aus m’m H m
r2 Coefficient of determination
25 I
o)
i A<= 121.66H
207 R2=0.96
£ 15
E /)
210
: /6
5 //
0 C; - - - - } }
0.00 0.05 0.10 0.15 0.20
H (m)

4-4 18% A,s H

(4-2)
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1.2%

3.7%
1.2%
3.7% 2/3
4-3
R Ot LI 1T TR R TR
(4-3)
4-3 1.2%
1.2%
1 2 3 4 5 6 7 8 9
(cm) 33 55 80 96 123 143 172 174 183
m 0033 0055 008 0096 0123 0143 0172 0174 0.183
(10°, ams) 053 056 065 063 070 091 122 121 1.02
(Ko, 179 537 x 10°
s0il
A 17IM) 752 796 927 896 1007 1304 1752 17.28 1464
.Sy
Aus=94.77H, r* = 0.83 (4-3)
Aus m’m H m
r? Coefficient of determination
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25 r
E A,s= 94.77TH
27 r°=10.83
Eny )O/
E |
ol o o
i o ©
5 /
0 Z————
0.00 0.05 0.10 0.15 0.20
H(m)
4-5 12% A,s H
81% 4-6
4-4
Aus

4-6
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4-4 81%

81%
1 2 3 4
(cm) 2.6 3.3 7.3 13.9
(m) 0.026 0.033 0.073 0.138
(10°, cms) 0.451] 0.616 1.06 1.96
5.37 x 10°
(Ksil, M/s)
(Aua /M) 6.46 8.83 15.15 28.09
4-7 PR IT SR T R FE R - A et A
(4-4)
Aus=208.19H, r* = 0.99 (4-4)
Aus m’m H m
r2 Coefficient of determination
45
40 >
= A, = 208.19H /
r’=099 .~
30

%
20 /
15 /
10 | O/Q

5
0.00 0.05 0.10 0.15 0.20
H(m)

Au.s (m¥/m)

4-7 81% A,s H
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R 0.2m

600m?

0.15m 601~1000m?

2-2 (3-16)
(Aus)

Aus=[CT(H)]® [06+R+H]' H R

R m H

41) (42 (43
C'H B=y=1 C'(H)

C”(H) = 80.27(1- e‘;TT”) for 3.7%
C”(H) = 67.35(1- e‘;TT”) for 1.8%
C”"(H) = 54.59(1- e‘fT'j”) for 1.2%
C’'(H)= 119(1- eo%”) for 81%

(4-5) (443~ (4-5d)
48 411
48 411
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(4-1)

(3-17)

(4-4)
0.2m
(4-5)
m C (H)
(4-3)
(4-59)
(4-5b)
(4-5¢)
(4-5d)



4-8

Ay (M¥m)

A, s (m*m)

A\

——R=0.15
——R=0.2

—&—R=0.25 —

—X—R=0.3

45

3.7%

AU.S

H R

0.3

40

35

30

25 +

——R=0.15

—3—R=0.2
—&—R=0.25

—X—R=03

015
H (m)

1.8%

0.2

Aus

0.25

H R

0.3
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A, s(m/m)

4-10

Aus(mm)

35

30

25

20

15

10

80
70
60
50
40
30
20

10

Ee

—e— R=0.15
—0— R=0.2
—&— R=0.24
—<— R=0.3
[
0.05 0.1 0.15 0.2 0.25 0.3
H(m)
12% Ay,s H R
\
—&— R=0.15
—0—R=0.2
—a— R=0.25
‘ R=0.3
0.05 0.1 0.15 0.2 0.25 0.3
H (m)
8% A,s H R



48 411

(4-5) (3-21)
3-3 d=02m b’=0.2m
FuL

FuL=C (H) (0.6+R+H) Kgii t + 0.1(R+04) H R

60~90min
60min
H R 4-12 4-15
4-12 4-15 Keii=5.37 x 10°m/s

4-16
4-16

a =90°

(4-6)

FuL

10 T
r K
0.9 T 4
08 § "
r Py A
07 |« K
E 05
w04 f
F —&—R=0.15
0.3 i —3—R=02
02 + —&—R=0.25
F —%—R=03
0.1 T
0.0 +————
0 0.05 0.1 0.15 0.2 0.25
H (m)
4-12 3.7%

0.3
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4-13

4-14

Fu (mm)

Ful (m¥m)

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

i B 7 )f/
Kai I‘H R /
| <
| B }
—&— R=0.15 |
—0—R=0.2
—&— R=0.25 [
—<X—R=0.3
0 0.05 0.1 0.15 0.2 0.25 0.3
H (m)
1.8%
[ [
AN Toa
I - | -
S 02 Mv/z//‘/
; M —e—R=0.15
: % O R=02
F —A—R=0.25
F % —%—R=03
0 0.05 0.1 0.15 0.2 0.25 0.3
H (m)
1.2%



Fu (mm)

4-15

1.6

1.4

1.2

1.0

0.8

0.6

0.4

0.2

0.0

—&— R=0.15
—0— R=0.2

—&— R=0.25

—x<— R=0.3
0.05 01 0.15 02 025
H (m)
81%
A
0.1
A A8
A
0.2
- e A A8
'O 5‘ A
/] 3
KsoiI . .
. ’ R
) [ 4 H
L Y cae P }
0.2
a 90°
v }
0.1
A
02 R "~ 02 m
B

4-16
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Kgutter 4' 5

FUL :f [ Au.s(Kgutter, KSOI|1 H! b)a t]

(4-7)
H b 0.3m

Aus= -6 + 116 Kgue ™, H=0.3m; b=0.3m; Kguer >0,  r*=10.99

FuL = (-6 + 116 Kguter ™) Keoil t + 0.1, H=0.3m; b=0.3m; Kgyter > 0
-6 Ky t (4-9
Fut = 116 Kgute " Keoit t + 0.1, H=0.3m; b=0.3m

(4-10)
(4-10)
0.3m Kgutter
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(4-7)

(4-8)

(4-9)

(4-10)

Ksoil



Ksoil

A, (m3/m)

Ksoil

Aus
Aus
4-18
45
40
e | // H=0.2m
5 ~
30 /| ©
] — H=0.15m
25 :r{//
20 ¢
r /// H=0.1m

4-17

10

20 30 40 50 60 70 80 90
The Ratio of Openness(%)

Aus R=0.2m
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H R 0.2m

X %
Aus = -0.415 + 21.631 x> H=0.3m; b=0.3m; x>0, r?>=0.99
(4-6)
FuL = (-0.415 + 21.631 X***%) Ky t + 0.08
H=R=0.2m; x>0
(4-12)
Fuo=21.6X"2Kg t+0.1, H=R=02m; x>0
(4-13)
(4-13)
(4-13) H R 0.2m
X Kol
(4-13) t 1hr
H R =0.2m
4-18 4-21
4-18 4-21 Keii  107mis

Ksil :10'7m/s

(4-11)

(4-12)

(4-13)



200

180

160

140

120

FuL(n/m)

4-18

20
18
16
14
12
10

FuL (mYm)

0.8
0.6
04
0.2
0.0

4-19

100

10

20

X (%)

Kei =10°m/s

—

/

10

20

30 40 50 60 70 80
x (%)

Keoil = 10-5m/S
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70

0.12

0.10

0.08

0.06

FuL (m/m)

0.04

0.02

0.00

4-20

0.12

0.10

0.08

0.06

FuL (mYm)

0.04

0.02

0.00

4-21

10 20 30 40 70 80
X (%)
Keoil = 10-7m/S
10 20 30 40 70 80
X (%)
Keoit =10°m/s



Ksoil

FaL =

o0 0000 M%

® o0 0000

20 40 50cm
scm 1.0%
H+d
QAII
Darcy’s law
FaLL

—H
582(1- €°* )(r + H +0.2)r Kgii t + 0.12r2
for 1.0%

5mm

(4-14)
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L

4-5
AU.Sa m3/m
Kautter, m/s a Q, m%/s Ful, m°/m
aox1gt | Aus= 146.65H,
93 210 b=0.35m 83.25 FuL=
R =176.41H — (%
21x103 | Aus » | Aus Cr*(H) (0.7+b+H) 116K et Kegit t+
b=0.35m o FuL = Aus Keil t+ 9““; 1 -
5| Aus=205.90H, | cxx()z=a(l en 0.1(b +0.4) '
o 0215% 5.0x10 b=0.30m (H) =a( ) | 116.84 H=0.3m
) Aus=211.22H, b=0.3m
0.42% 1.0x10 'b=0.30m 119.86
Aus=94.77H
X=1.2% N/A R=0.20m 54.59
. Q: Au.s Ksoil F =
N/A Aus = 121.66H, 67.35 716,02
95 x=1.8% R=0.20m | Aus= C**(H) (0.6+R+H) ' FuL = A Koy t+ 21.6 X% Kegit t +
L : 0.1
A,s = 139.50H, Ct*(H)=a(l %) 0.1(R+0.4)
N/A _
X=3.7% R=0.20m 78.93 H=0.2m
N/A Aus = 208.19H 119.00 e
=81% R=0.20m '
WA | Aws=15497H (e CTHIMIOZET R | FuL = Aus Keoi t+
x=10% RE040m | C**(H)=a(l €%=) |~ 0.12r2 N/A




2-1
2-1-1
2-1-2
2-1-3
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2-1-4
2-2

2-2-1

2-2-2

2-2-3
2-2-4
2-3

3-1

3-2

4-1
4-2
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Graphic User Interface, GUI

Visual BASIC
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(b)
5-2
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78




(f)
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- -|X

(Hm) 03
(bm) 03
(hr) 1
(m/s)

(F.m3)

(9)

Aivp Aine

O Ane 2Amp

O Awve Ane 2Anp
O 05Ame Ak Aivp
O Ane 0.5Amp

[m} Humus Soil

ooooo

m]
O Silty sand 7|
[m] Finesilt
©000O |
—4 S -

os %
O7% S 20%

O s 20%

(h)
5-2



Qs=(2.0KiLt)+(0.057L)

Qs
(5-1) 2.0K gLt
0.057L
Ksit = 10° mis

0.302m°=0.072 m°

1.962m>=1.872m°

2-3

1hr

+0.230m°

+0.070m°

(5-1)

()

(5-1)

(5-2)

(5-3)

8l



(5-3) (5-2)

(5-3) (5-2)
(5-3) (5-2)
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(Kso”:lO'?m/s)

2.
(1) 275 m?
20cm 708 m?
2
40 m? 12m? 35m?
16 m*
(3) 500 m? 0.5m
(4) Adhr
3.
STEP1
(1) Q, 708 m?
Keii  107m/s
2 Q, 275 m?
20cm 24cmx12cm ( 0.25 m?)
3) Q, 250
m3
(4) Q, 40 m?
12 m® 35 m?

16 m®
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STEP2

1)

(2)

3)

(4)

(5)

(6)

(")

STEP3

Q, =(708x1077x158400)= 11.21

Q, =(275x10 'x158400) = 4.36

Q,=250%0.05= 12.50

Q, =40x 10"'x158400+12+35x10 'x158400+16= 29.19

Q'=>Q =Q +Q, +Q, +Q,=11.21+4.36+12.50+ 29.19=57.26

Q, = 2500x158400x10"'=39.6

Q' 57.26
Q, 39.6

A = =1.45

A
0.8x(1 50%) 0.40
1.45 0.40

A

C



Ko  10'm/s 10°m/s 5-2
5-1
Kl (M/s) fin(mM/s)

GP 103 103
GW
GM 10* 10*
GC

P
S 10° 10°
SW
SM 10_7 10—6
sC
ML 108 107
CL 10° 107
CH 101 107

+10*
5-2

85



98

A B
Kei(m/s) | 107 10* 10° 107 fin(M/9) 103 10* 10° 10°®

Q. 112147.2] 112147 11215 112 Q 112147.2| 11214.7] 11215 112.1]

Q: 435655  4361.5 441.1 929 @ 435655  4361.5 441.1 49.1

Qs 12.5 12.5 12.5 125 Qs 12.5 12.5 12.5 12.5

t = 44hr Q4 11908.0 1216.0 146.8 292 Q. 11908.0,  1216.0 146.8 39.9

Q=xQ; | 1676332 16804.7| 17219 62.8] Q=2Q; | 167633.2 16804.7| 17219 213.6

Qo 396000.0, 39600.0f 3960.0 396 Qo 396000.0 39600.0, 3960.0 396.0

A 0.423 0.424 0.435 1585 0.423 0.424 0.435 0.539

Q. 2548.8 254.9 25.5 03 Q 2548.8 254.9 25.5 25

Q. 995.5 104.5 15.4 560 Q. 995.5 104.5 15.4 6.5

Qs 12.5 12.5 12.5 125 Qs 12.5 12.5 12.5 12.5

t=1hr Q. 298.0 55.0 30.7 280 Qi 298.0 55.0 30.7 28.3

Q’=xQ; 3854.8 426.9 84.1 46.4] Q=20 3854.8 426.9 84.1 49.8

Qo 9000.0 900.0 90.0 09 Qo 9000.0 900.0 90.0 9.0

A 0.428 0.474 0934 51534 & 0.428 0.474 0.934 5.534

t = 6hr A 0.424 0.432 0.508 8942 0.424 0.432 0.508 1.275

t = 24hr 0.423 0.425 0.444 2553 A 0.423 0.425 0.444 0.636




A
5-3
5-3
A B
A _7 -6
10" m/s 10° m/s
t=44hr 1.585 0.539
t=24hr 2.553 0.636
t=6hr 8.942 1.275
t=1hr 51534 5.534
5-2 5-3
() A
A

24




SFinE

SFne=0.5 for

88

SFiNE

5-3

12

(5-4)

19



SFcLos

0.15m

AN

80%

89



SFCLOG =0.8

SFew

SFGW =09

SF=SFciog X SFew=0.8 x 0.9

=0.15m

SF=0.7

90

SF

5-4

(55

(5-6)

(5-7)

(5-8)

(5-9)

(5-10)

(5-11)



70
@

A
10 °

A
20

R
R

q\

A

A
20

o 909

A

A
10 °

le < >
" 20 R 20 |
(b)
5-4

cm

O O O OO0 O
O O O 0O O O O
O O O O O O
O 0O 0 O O O O

cm
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92

45
FuL = SFinE Aus Keoil T+ Ol(b +04) for
FuL = SFinE Aus Keoil T+ Ol(R +04) for

5-13 5-3 0.3m

05 x 1.872m°+0.070m°>= 1.006 m*

=1.006m® x 0.7 0.7m°

(5-12)
(5-13)

0.3m

(5-14)

(5-15)



54

= 2.0Kg;Lt+0.057L
FuL =26 Kgi t +0.1 Qe soil
FuL =31 Kgit+0.1 0.3m
2 0.3m
Fuo=21Kgit+0.1 N/A N/A
Fut = 58 Kguter” ™ Kepit t + 0.1
1.
_ 02,
Fue = 11X Kan 14+ 0.1 0.2m Qs = 2.0K g Lt+0.069L
X (%) 2. L (m) 0.2m
t=24hr t=44hr
1. SFcLog =0.8
2. SFew =0.9 N/A
3. SF = SFci o SFew=0.7
3.
4, Kguter  MV/S
1 lcm 10cm 5. K (%)

€6
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20cm 0.7mm

81% 3.7% 18% 1.2% 12% 1.8%
3.7% 66% 85% 3.7%
81% 68%
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