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Abstract

Our study proposes to use tank model to analyze 29 landslide area and 17 cases of
debris flows area calculated in central Taiwan from 2006 to 2009. To analyze the first,
the second, and the third tank model’s depth and also SRI. PET bottles are used to make

a simplified warning system for landslides.

Tank model is a slope soil divided into serveral layers and SRI can be regarded as
the total water content in the soil. Through these theories the Simpleified Warning

System PET Bottle can be made out.

The device is introduced in every house on hills to retrive the first hand data of
rainfall for purpose of receiving warning messages and enhancing house safety. Besides,
the materials in this experiment can be gathered from our daily lives such as recycled
PET bottles in order to reuse the waste for the environment protection. The introduction

of the device is expected to be known and used widely.
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DF98004 |= 4k fi—17 & 784 & 4t 34.57|4¢ & 4 TR T
DF98005 |= 4k fi—1% & 784 A 4 34.57[# »+t 3R
DF98006 |@ % 5i— ’; R EH 25.18| % 7% Jrik
DF98007 |Z Hhfi—w ¥Ry i & 29.11 % & ol

(2) %6453 %

b Ly dhd g

2
(i

=
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AL 7 F RN 24T 0 X R drdk 399 o

2 3 R '\j]?’lfﬁﬂ 7 pFR{S 3P
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# 3

% G 47 5 %

Er

P A |ERE | 2EAE - FIF| RS FF FiE
PR | (mm) | #& SWI(mm)| & (mm) | & (mm) mm)

DF95001 (95 06_10 | 12:00 4 196.5 51.1 70.7 74.6
DF97001 |97_07_18 8:00 148 334.3 262.6 63.9 7.8
DF97002 |97 _07_18 6:00 77 187.7 151.3 29.6 6.8
DF97003 |97_07_18 2:00 45 153.7 128.7 24.1 0.9
DF97004 |97_09_15 8:00 58 402.2 174.2 126.5 101.4
DF97005 |97_09 15 5:00 33 290.8 101.5 99.4 89.8
DF97006 |97_07_18 2:00 106 208.2 184.4 22.9 0.9
DF97007 |97_09 15 | 17:00 2 178.3 17.8 42.7 117.7
DF97008 |97_07_18 4:00 90 247.2 176.3 58.9 11.9
DF97009 |97_07_18 4:00 90 247.2 176.3 58.9 11.9
DF98001 (98 08 08 | 17:00 13 125.0 45.6 374 42.1
DF98002 [98_08 09 2:00 26 228.2 99.4 70.9 57.9
DF98003 (98 08 08 | 18:00 41 281.3 117.2 934 70.8
DF98004 (98 _08 08 | 15:00 33 270.7 104.0 94.5 72.2
DF98005 (98 _08 08 | 21:00 38 354.2 135.8 123.3 95.0
DF98006 {98 _08_09 2:00 49 379.4 129.8 104.8 1447
DF98007 [98_08 08 | 22:00 35 397.2 129.1 125.4 142.6

(3) :E % O|T AW
d (10)~(14) T3+ & & % & RTII~RTI2 2 @& > 4o 4 %77 » #-% RTI

B2 APAE T EIEGEEF A2 RTIE > 40k 5577 o

22



44 2 TnEG|RTIE7 4

SnFL RTI1 RTI2 RTI3 RTI4
DF95001 785.8/ 10,035.1] 13,897.3] 14,661.9
DF97001 49,483.4) 87,813.6/] 21,381.3 2,593.4
DF97002 14,449.3| 28,385.5 5,560.3 1,267.8
DF97003 6,917.5| 19,788.7 3,710.3 131.6
DF97004 23,327.8) 70,068.7) 50,896.7| 40,802.8
DF97005 9,597.5| 29,533.1 28,922.9] 26,128.9
DF97006 22,071.3] 38,401.9 4,772.7 180.8
DF97007 356.6 3,182.0 7,611.5| 20,991.2
DF97008 22,246.2| 43,588.0f 14,563.4 2,946.6
DF97009 22,246.2| 43,588.0f 14,563.4 2,946.6
DF98001 1,624.5 5,692.1 4,667.7 5,255.8
DF98002 5933.6| 22,677.2 16,1873 13,2174
DF98003 11,534.6] 32,9715 26,263.2| 19,912.7
DF98004 8,934.2 28,156.6| 25,584.4] 19,555.8
DF98005 13,458.2| 48,093.5] 43,681.5 33,655.9
DF98006 18,588.2| 49,231.4) 39,765.2| 54,911.0
DF98007 13,900.3] 51,274.7 49,818.2| 56,637.4

%5 3 BinEimE A2 RTIHES £
i EF R BIE A~ (%) |RTIL RTI2 RTI3 RTI4
100 49,483 87,814 50,897| 56,637
90 22,571 56,913 45,522| 45,035
80 22,176 48,776] 35,428/ 30,645
70 18,174 43,588 26,195 20,883
60 14,010 39,439  22,222| 19,627
50 12,496 31,252 15,375 13,940
40 9,465 28,340) 14,430 4,794
30 7,119 23,225 8,240 2,947
20 3,348 13,937 5,088 1,798
10 657 4,939 4,380 166
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= M (mm)
W (mm)
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AREFEHEY R FFLI B UFMEZ 96 £ 3 99 £ ¢ I F
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26 MR EH AT

S B 7 5% B T oy B (%) | #RiTH Bkl (ARiTa § ek 2
LS96001 |& ¥ Bh—= T Ff/x 2 21.27|% # 4% % FL
LS96002 |& & fh—i= & # < o4t 30.96| i= & ¥+
LS96003 |& & fh—i= € 83 44t 23.57|iF in FT
LS96004 |& & fh—i= & 83 B5 ﬁ 28.08|iF i 7 A
LS96005 |& & fi—4 2 dlifis 30.51)% 2 A
LS96006 |& & fi—B4i k& b ﬁ 22.57|4 &= o Aol
LS96007 |& & h—R4F 84z 41 29.39|iF Kk +k k&
LS96008 |& #&Rh—AL & Rkt 18.11|" % v
LS97001 |¢& ¥ # —#“# % + 3l 15.58| = ¥ SRS
LS97003 |~ ¥ Bi— A F 4R 4R 2 17.44| B 45 b Frian
LS97004 |= K Fh—+ & 7Rig 25.68| 1+ R
LS97005 |& & fh—i= & i & 41 34.19 L =%
LS97006 |= #fh— K 2 FREC3tt 22.32) % 4 7 &
LS97007 |& #Fh—1 % FRE B A 25.71| % & 14
LS98001 |= #mh—K 2 5% 2 4% 44 20.12|°k 2 i
LS98002 | < Bh—1% &84 A 4 30.00[#7 % 4% foid
LS98003 |3 # Fh—13 & 54 4 34.57/# & #rE C
LS98004 |& & Rh—R4E5 R e ik 4t 22.57|4 &> = o B
L.S98005 |& #fh—AL & 8 friett 2413/ & JE SR
LS98006 |% hmi—v #ifmi it 29.23| % 2
LS98007 |2 +hft— iR 4+ 32.10|% 4 £l
LS98008 |Z Hhmt—+ iR 4t 32.10/% 4 £
LS98009 |Z hrt—v ifmE it 29.11% 4 2
LS98010 |Z thfi—= 3imE L4 11.49|\ 75 77 i 7
LS98011 |2 Hhfh—v Fim i 25.92|i £ L)
LS98012 |Z Hefh— FLFRHE 25.92| 1 & Sy
LS98013 |Z Heft— FLFRH + 30.04|7% 2 o
LS98014 |Z Hhfi—v 3ismii 4t 25.92| 17 5 Loy
LS98015 |Z Hefi—v HusRi 4t 25.92| i 5 i
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%27 EHb|A¥RE

44

P T #FA O|Fad| 2EAEl | R FF | FIFFFZFF
PR (mm) | #&< SWI(mm) | A (mm) | &(mm) | & (mm)
LS96001 (96 10 06| 23:00 25 110.1 65.3 35.2 9.6
LS96002 |96 06 09 4:00 10.5 142.4 34.7 48.3 59.5
LS96003 |96 06 _04 7:00 3.5 27.3 18.3 8.3 0.7
LS96004 (96 06 04 | 20:00 0 56.8 16.9 25.5 14.4
LS96005 |96 08 13 7:00 43.5 159.5 100.1 37.7 21.7
LS96006 (96 06 07| 16:00 22 82.1 54.6 23.7 3.7
LS96007 (96 06 08| 16:00 148.2 64.2 48.7 35.2
LS96008 (960 8 10| 16:00 12.0 8.6 2.9 05
LS97001 |97 09 15| 11:00 37 209.4 69.2 64.8 75.4
LS97003 |97 07 18| 11:00 12 196.5 95.8 85.6 15.0
LS97004 |97 _07_18 5:00 56 294.5 182.9 93.2 18.4
LS97005 (97 09 15| 11:00 51 379.0 124.0 123.9 131.1
LS97006 (97 09 14| 10:00 33 196.5 925 68.4 35.7
LS97007 |97 09 15| 17:00 2 181.1 17.8 42.7 120.6
LS98001 |98 08 09 2:00 26 228.2 99.4 70.9 57.9
LS98002 (98 08 08| 20:00 36 301.2 119.8 103.7 77.8
LS98003 |98 08 08 8:00 20 206.0 81.7 74.0 50.3
LS98004 |98 08 09 5:00 21 329.5 83.3 99.6 146.7
LS98005 (98 08 09| 10:00 58 385.4 129.8 134.9 120.6
LS98006 {98 08 09 3:00 64 535.8 210.0 163.4 162.4
LS98007 |98 08 09 6:00 33 504.7 146.4 179.8 178.5
L.S98008 (98 08 08| 22:00 35 397.2 129.1 125.4 142.6
LS98009 |98 08 09 :00 68 450.2 166.6 133.8 149.9
L.S98010 {98 08 09 7:00 11 351.2 91.0 134.7 125.5
LS98011 |98 08 09 6:00 32 384.2 129.5 142.2 112.5
LS98012 (98 08 08| 22:00 27 286.7 109.0 99.2 78.5
L.S98013 |98 08 09 6:00 25 488.9 141.8 185.1 162.0
LS98014 |98 08 09 6:00 32 384.2 129.5 142.2 1125
LS98015 |98 08 09 5:00 43 384.4 138.0 138.8 107.6
3. mEXUT AW

¢ (10)~(14) 23 ¥

%4 % ) RTI~RTI2 2 & > 404 8 %77 » #-% RTI

26




B P IARBE T ENENSE

j—

P

b2 RTHE » 4ok 8 #1777 o

48 #Humu %G| RTI B34

S5 RTI1 RTI2 RTI3 RTI4
LS96001 2,7152.7 7,194.3| 3,8715 1,057.8
LS96002 1,495.7 4,938.2 6,879.8 8,473.9
L.S96003 95.5 499.3 226.0 19.3
LS96004 0.0 961.3] 1,445.7 817.6
LS96005 6,939.1) 15,972.5| 6,016.0f 3,457.9
LS96006 1,805.9 4,485.7) 1,945.0 307.2
LS96007 1,185.3 9,514.1) 7,217.8) 5,220.4
L.S96008 71.9 103.1 34.7 6.0
LS97001 7,748.3| 14,4978 13,571.8| 15,784.1
LS97003 2,357.5| 18,830.5| 16,812.8 2,953.0
LS97004 | 16,494.0f 53,877.5| 27,446.2| 5,427.5
LS97005 | 19,327.9| 46,979.5| 46,968.5 49,676.6
LS97006 6,485.2| 18,170.1| 13,4415 7,009.6
LS97007 362.3 3,2329| 7,737.8) 21,838.2
LS98001 5,933.6| 22,677.2| 16,187.3] 13,217.4
LS98002 | 10,844.6/ 36,085.8| 31,226.1) 23,433.6
L.S98003 4,119.8| 16,833.2| 15,245.2| 10,354.0
LS98004 6,919.9| 27,446.3| 32,810.1] 48,326.3
LS98005 | 22,350.3|] 50,034.6) 51,979.5| 46,481.0
LS98006 | 34,292.0f 112,510.0f 87,553.6| 87,032.1
LS98007 | 16,656.6/ 73,901.8] 90,766.8| 90,098.2
LS98008 | 13,900.3| 51,274.7| 49,818.2| 56,637.4
LS98009 | 30,614.5] 75,004.1 60,217.7| 67,469.6
L.S98010 3,863.3] 31,968.7| 47,290.8| 44,087.8
LS98011 12,295.5| 49,744.6| 54,653.6| 43,237.4
LS98012 7,742.1) 31,2645 28,443.4| 22,514.3
LS98013 | 12,222.0f 69,299.1) 90,512.7| 79,192.1
LS98014 | 12,2955 49,744.6| 54,653.6| 43,237.4
LS98015 | 16,530.7| 53,067.0f 53,362.1| 41,361.5
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49 MIEE &G A2 RTI &5 4

i E R G)F A (%) | RTIL RTI2 RTI3 | RTI4
100 34,292 112,510 | 90,767 | 90,098
90 19,630 69,759 | 62,951 | 68,642
80 16,501 51,633 | 53,620 | 48,596
70 12,295 49,745 | 48,049 | 43,493
60 8,987 33,616 | 31,860 | 30,605
50 6,929 25062 | 22,129 | 18,811
40 5,208 17,635 | 14576 | 9,602
30 2,634 13,003 7582 | 5,365
20 1,434 4,848 5587 | 2,574
10 93 915 1,324 278

4.

IDRTERAESR

RRERTERERMITE )

L

e

w
e "

s00

300

RT13:0% 43,049 "
Ri30= 62,951

RMi3wm= 1,323 | = ssmexsn
RM3s0=22,120 —F

600

F_RKFETERERE I ME)

i 18

(2 W m S %

QF1 = /gH x A1 = /gH x mr1?

gem W %3600 =01xH

JgHxmr1?

A

X
*

100

F=RAKRBETIERBIRENHE)

B 0 s

3600 = 0.1 x 1/, 500
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1 = 012X AxxVH
"~ Vmx*/gx60x+/1000

QR1 = ,/g(H—15) X A2 = ,/g(H — 15) X mr22

gem WY %3600 = 0.1 x (H - 15)

Jg(H-15)xmr2? _ (H-15)

_ VOIxVAsx/(H-15)
© Vmx*4/gx60x+/1000

QR2 = ,/g(H — 60) x A3 = /g(H — 60) X 7r3?

gem W2/ %3600 = 0.15 x (H - 60)

r2

Jg(H-60)xmr32 _ (H - 60)
JBUe0 3?3600 = 0.15 x /1000

3= V015 xvVA*x*/[(H=-60)
T Vmx*/gx60xy/1000

QF2 = ,/gH x A4 = ,/gH x mr4?
gem W2/ %3600 =005xH

JgHxmr4? _ H
= %3600 = 0.05 X /1900

4 = V0.05xvAx*x VH
~ Vmx*/gx60x/1000

QR3 = ,/g(H — 15) X A5 = ,/g(H — 15) X mir52

gem W/, %3600 = 0.05 x (H-15)

Jg(H-15)xmr52 _ (H—15)
BT 3600 = 0.05 x /1000

5 — V0.05xvVA*x*/(H=15)
o= Vix4/gx60x/1000

QF3 = ,/gH x A6 = ,/gH x mr6?
gem @3/, x3600=001xH

J/gHxmr6? _ H
= —— %3600 = 0.01 X /100

1 = YOOI AxxVH
"~ Vmx*/gx60x+/1000

QR4 = ,/g(H—15) X A7 = \/g(H — 15) X 1ir72
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gem WY %3600 = 0.01 x (H-15)

Jg(H=15)xmr72 _ (H—15)
e x 3600 = 0.01 X /1000

V0.01xVA*Xx*/(H=15)
VX %/gx60x/1000

r7 =

() FEFRSFRENEF
b I REEE T Pk E 9.3mm> T 3=k & 0.155mm/min »

S ] 0.093 FAT T FOR B Y B - R0 01 BT AR AT

NG mm) . 0.45 JUZ(mm/min) _

% K% 0.40 = | iR

o8 — ZIE(KE) : — ZIEA ()

o 4 y =0.0021x2- 0.2747x + 100 0.35 y 5 8- 05X2 0.0093x + 0.3414
2_ 0.30

o R2=0.985 =0.5156

o “‘ 0.25
01 020 &

93 &(( 0.15 m ™

92 010 — N & I:l_“

o ‘\‘\‘1 0.05 ‘
90 T T T T T { 0.00 T T T T T {
0 10

20 30 40 50 60 0 10 20 30 40 50 60
B¢ (min) 1R (min)
B 19 -kiFs PR Gt R B 20 niE & pEEF e F R

» &3 (Results)

A5 R BT

(-)d 2 Bimz #3mp RTIES » 3 FonZp)? RTIL 2 RTI2 i@

i
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* BT
g F 80%Z% 25% > I X P RTIL &k > RTI2~RTI3 2 RTI4 &

P it o Lubt:;}grﬁgpmmrlgfr, Ry 2 ) %”ﬁ 4 :E‘.“ﬁﬁ"ﬁ B oo @ ol

W gt kIR REE- TRAFTFL HNG Mo

(Z)d 2 Bz d3en finE 90%% 6 RTI E 5 % %7 » RTI2 2 RTI3 &

v &3 RTIL 2 RTI4 i3> 200 &7 2 4 4 Pyl pra ()& %
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oo
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(2 ) FHIFHS FRA DL 0093 BiT3 FHRH5S Y £ - Fondit 01
AR EFRRFE AR RS T RT FR REMFLE R
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