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Investigation on Top-soil Thickness Corresponding
Topographic Attribute on the Hillslope in Mountain
Area Based on Engineering Geological Investigation

Databank

Abstract

The depth of unstable soil is the critical parameter for evaluations of
the mass quantification, disaster pre-warning act, and mitigation plan on
shallow landslide and hillslope debris flow. However, no practical data or
model could be used in Taiwan island. Therefore, this research projector
attends to develop the soil depth model for evaluating on shallow landslide.
More than 470 bore-logs of engineering geological investigation databank
and 800 topsoil drills from reports of The Central Geological Survey (CGS)
were collected in the study. The topsoil depth and colluvium depth for each
bore-logs were recognized through the texture, regolith, weathering
condition, and shearing structure etc. feature evaluations. Topographic
features includes slope gradient, location, regolith, curvature were
corelated to topsoil depths to develop the correlation equations. Based on
the definition of the shallow landslide that the depth is less than 5m, we
took only the depth in 5 m if the colluvium depth is deeper than 5 m in the
case of the large-scale landslide region. Last, the appropriate correlation
equations were developed as follows. (in the equation, y: topsoil depth, x:
slope gradient, unit: meter)

1. geology zoning



@ undisturbed terrain:
(1) cenozoic formations of the foothill region in western Taiwan and
west part of the central range of Taiwan: y =-0.0248x + 1.8863
(2) The Coastal Range of eastern Taiwan: y = -0.0385x + 2.0023

@ disturbed terrain:
(1) cenozoic formations of the foothill region in western Taiwan:
y =-0.00055x + 4.6514
(2) west part of the central range of Taiwan: y = -0.0274x +5.0395
(3) the coastal range of eastern Taiwan: y = -0.0435x + 4.7662
2. locations in the slope or landslide mass
@ undisturbed terrain: ridge, hillside, slope foot
(1) ridge:y=-0.0381x + 3.1783
(2) hillside: y =-0.035x + 2.1633
(3) slope foot: y =-0.0132x + 1.3189

@ disturbed terrain:
(1) ridge y =-0.0024x + 4.486
(2) hillside: y = -0.0454x + 5.4012
(3) slope foot: y =-0.0156x + 4.5555

Keywords: topsoil depth, slope gradient, shallow landslide, topography
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(1) 2 S e o A A (2) 2534 Heah il 4k (30 Bk 5t & i 14 AR

W 3-5 #fFk4 ~ T LHEEP RS A F4E > 2001)

EENEEY 39 SRS T

—g—glpxéugﬁ“—k FIIMER 2 AT WaBHREZ
P 254 &5 B (Heimsathetal., 1999 ; % & 74 {otk % 35 > 2006 ; %
fex A > 2011) 0 H=w S HAEM
Saulnier et al.,(1997)45 &t > 2 3£ B R ¥ 5@ 2F § H oicd)
Rigzto ¥ 2> 2§ A I EE R BB HRAH R R Z B
PR T d SR K B fed R SN 4aY p iR ¥
AN REE g o0 M RE RO e i F {3 4 Catani et al.,(2010) -
w73 "Lehw P 0 Moore et al.(1993)4- Odeha et al.(1994) % 3
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Beven and Kirkby 1979) -

Gilbert (1877) : Jenny(1941) ; Hack(1960) ; Carson and
Kirkby(1972) B3k 2 P& 25 B> T2k * FETE> &
@72 EEH o @ Parketal.(2001) @ * g e E AP T 3 HBIER
o3t ) fcky Hez [ 0P FEM G0 2 RER L PV ERE < R
A OB g - R AR (dok A0 F R A RE o b 5 B
IS DEREL S il T

Gilbert( 1877 )# 4112 4 3 4 = S #ic( Soil Production Function )
B EERF T > E P R F7 1¢ (Landscape Evolution )
AR o

Z s LEFFIcIEER MG

1. 83 ”

Khazai and Sitar (2000)** San Francisco Bay % & & {7 &
BRAIEERGEN L > TRERAS e BRAF BRI
ORI 60EZF FTRITHFEPNER S TEAE 3-1 977>
f B R T P Fof ¢ (2004) R i 75 Khazai and Sitar (2000)

2R A% o AL ER B Aok 3-2 417 o

#3-1 B re 5 AR M GHEE P Khazai and Sitar, 2000)

# K& (degree) 2T E B (M)
<30 2.0
30 1 40 1.5
40 1 60 1.0
>60 0.5
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B B (degree) 2 3E T35 & (M)
<30 5.0
30 = 40 4.0
40 = 60 3.0
>60 2.0
2. W %

HERTTEARG ERMR DG DIFEXF IS

(Terrain Curvature)®: 58 (4k 198> % £ > 2011) > 4o 3-6 #7171 o

0.06

(.04

0.02 ==

Va

-VZ z (m—'[)

0.00 =~

-0.02 . I y ! ' !

Sail depth (cm)

B 3-6 F LR EFH O F2 B ARIGEE P HHEE 4 > 2011)
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P97 2006 & 2010 APz i3 R % P AR KRB TR A S
FALEEE § 3 E (% 9 970 2007 » 2008 » 2009  2010) ° & £ = L E
AR Rk B WA EE R REAER Sk TR
EEREAE A AR P2 ERRZ AL LY EE L (F D
i*’%?“@pﬁﬁai&@ﬁﬁﬂ’iﬁﬁﬁﬁﬁﬁi%ﬂ
Haj7msht g2 e P 2HERD ALK

ERE- LA

FEERD L EZ P NGEMRLEELREN T FRAE AR A
PRERT IRV RFER > AP EIELR LA AR ERE
FIUSDA 2 &£ p 25 O,ABA » 4Bl 3-7 77 » &~ 7 4R
PRI EZERAL  RABBFLAFL S ETREQD) 22
m%i%@&&ﬂ&i%ﬁ*@)ﬁf<f@“ﬁ%ﬂﬁﬁﬂ%
AtrpEh it Rz #MERTH cIEERAAZAGL D ERP

T o
® 35t

g Bk 2t 1979 E A2 2 feE B 45 S8R % 1000

SR T L EeF T L IR E %t

ARG LM IR AATR TANAIHEER
fzz3t 3 3% hand auger = AEFIRAD A 0 BT BA 4

# 4 hand auger Flg* A 4 > H AT dE A 2 FF LR
BRBIFEI L1220 0P o B H T4 K BER(FS
B3 oFR)S> % ABCD e 5% > 2 3EFR A % >90cm ;
B %.:90-50cm ; C %:50-20cm > D %:0-20cm -
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AR AR BRI RN R RB (R E S < 7R RE)
7

ZAEERBDEEMA S E  BESEET 2T -

AEPNFLBpE AT E2 LR kB AT A5 B30 5=
AR (R BIES AT ESFORE)Z I EEED LA E > B
dRIT G AZIE 96% 2 J B RIOEP 0T 202 o H Y 3
BABE A EVARFFFZ 3N AR E SR
GRFFGAIREIEE RS o FET RAPTE AT TE L&

LR EREH AR AT FAoB 310 4t > T ApH Gl F

2 M % 0 AT iR 2 dp e b NG AT o
In Depth = —0.0266 x slope _angle +1.31 , R?=10.81 (5% 3-1)

Bl P B2 i AT B T A LR > ¥ RS BB 39
PHLE R 3 ko SRR ERR L RS R R
Mos g 20 S FAL e £ K B 2 #3% B & > Khazai and Sitar (2000)
RS EREEFAG  BERZE T HLBEREH ARG Mo o
3-3 477 o F MR F L F 2 1 b o 54 &2 Khazai and Sitar ¥ 2. 5% 2

% Salciarini (2006) % 4 2. Z % &7 b d 0 B S AP T o
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£33 HACHARSIREABG A REES Bk EEL)

o5 4 g | hazal and Sitar (2090) Delm(%%%ca?) el ] T

gy |FAFETIZEEER saciarini et al, SRR d(m)

(m) (2006)

<30 20 233 (30 &) | d>167 (<30 &)
30 % 40 15 180 (35 &) | d=146 (357)
40 60 10 083 (50 &) | d=098 (50 &)

> 60 05 050 (60 &) | d<075 (60 &)
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Y-8 HELPMEE

L -9 &0 8

e

BB L AT ST o 2 A I BRI B AR
BeooR 3 ARHEG ML A B AR R S S ET EEYZ
I S IR VAR S 1E SC RSN AR B S

m@;

L

]
@

=

'

* WPy % B ¢ (Highway Research Board , HRB) B/ & Jp 3 3 % 3
B A5 W03 o B2 w4~ 5 T (Fall) ~ ¥ R (Topple) ~ i & (Slide) -
oo (Flow) s i) 7F (Spread) T 7 - A7 7 A £ 3 2 HBF 52 &K
ARy o FIpL BT R i A RE 0 o

AT M EE A G P AR T E
MEATRFH2E6 LE 22 2B 7R 5k ﬂ%im
BER I S B R R E R RR O HE A SR
W E RER M o

1. R K #3%

—

Renwick et al.(1982)3p 41 % &+ & 1330 1t B dF & 23R
BELH FoFARC Y S B BRI LT
EELEEE

Santacanaetal.(2003)3% 5 & & # 3% L o] A0 A B
Tofdz 2R E 5 0@ Livetal(2009)0]3% 5 5 B8
Pl 2 p o TR T 2 T 2 A
Nk M2 FE

Casadei et al.(2003) 3 % ¥ & # 35 75 |50 » 0¥ H05 TR &
BN R EEFWSAI LR R B R A B4 T 2 AR
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2. iRk M
Poad AE g Ar3t 2008 & 3% 0P AER I ESGLI R
M3 EEmpd (p AL AT Hr>2008) H P EE HIE L2
Pz LR EY e (B3-112 b))~ (2£) 4
F (Bl ced)~%A% (Blze)~ F&AEF (B2 )

kR ik (M2 g)~ A EBEG 20 F2 3 (Rh) 12
BiEn (Bi) 2(FEGmE L 5 2012)

B 3-11 %A #3528 LB (3 pabGmE L > 2012)

- o~ HIE R TR

BRI E R g2 M2 JH A RER R LR 2F

B *42iE 5 o ¢ (Felletal.,2000) ~ & §_#3% ;%A -] ** 0.1 % (Santacana

et al., 2003)g 1 % (Giannecchini, 2006) 2 35 & & 2. #3% > fL 5 X &

E

i

=

B RITY L A AR Ak MR BB G B AT B

2102t > P R ERFL R R B R R S
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HobE & R SRR M MR R RSB R M
oAk M EZER (¢ & Aar 2008) -

PARL QAR IR TR RG] A R TR M

TR > F TR KM RAFBFAES 051 228 2
B F 2RI TIRA MR (A 2% 4 2015) -

% % %(2010) ; Jonathan Peter McKenna(2011) ; Dietrich(2008), ¢
RO E SRR AN SEA S 3 S L) WA TR W R X AR SR
PREDRFRES DT R AL 2 I RPFF R HA

A HIERAERM GRS 6 A f > ¥ (2015)# 2 Khazai and
Sitar » (2000) ~ &% ~/%(2003) ~ & 7ot T FLHFT 7 ¢ < (2004) = 5 e

% 34 7 o

L34 R B HRIERM B RrEEL (A F 2 % 2015)

S G2
B S g 2 EMM RV E S 4 Simonett(1967)4%
I SFSFELY S R HEE TR NN

S G fE B RS o R I E 2 2 38 & A i (movement type) ~ # 3%

BAFEARE HEI RGNS 3 AR AT F2heT £ 350
I ol iQmaum%ﬂﬁﬁﬁ?ﬂE%ifﬁ’£ﬁ9m5~
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%35 R HApM G L 2 T g%

< pk KR

Bk 4 3 e s\

# 3% 5 F% (m?)

Simonett (1967)

V, =0.1479A %

2.3x10° ~1.9x10°

Rice et al. (1969)

V, =0.234A

2.1x10° ~ 2.0x10°

Guthrie and Evans
(2004)

V, =0.1549A7 %%

7.0x10% ~1.2x10°

Korup (2005)

V. =0.00004A %

>1.0x10°

Imaizumi and Sidle
(2007)

V, =0.39A%

1.0x10' ~ 3.0x10°

Imaizumi et al. (2008)

V, =0.19A™"°

5.0x10* ~ 4.0x10°

Guzzetti et al. (2008)

V, =0.0844A 4

1.0x10" ~1.0x10°

Guzzetti et al. (2009)

V, =0.074A°%

2.0x10° ~1.0x10°

Larsen et al. (2010)

V, =0.224A%%

for soil-based
landslides
V. =0.234A"

for bedrock landslides

1.0x10° ~1.0x108

Fh A3 % (2010) V, =0.04A"* 1.0x10% ~1.0x10°
R % (2010) V, =1.92A1" 1.0x10* ~1.0x10°
147 % & (2011) V, =—0.0004A7 +0.4547A, | 3.0x10° ~ 4.0x10°

Tseng et al. (2013)

V, =0.452A1*%
for total disturbed area

1.1x10% ~ 2.0x10°

Tseng et al. (2013)

V, = 2.510A1*
for crown area

0.9x10% ~ 0.5x10°

%036 BEA R FFR N B G RGN

B A # > %(2015)) > # 4% Hovius et al. (1997) ~ Mg % (2010) %

Guzzetti et al. (2008)% » F7 § % & & 5.4

S , == AL -
T ERREIE R
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2015)

ﬁ%ﬁi@M&F”“me«ﬁﬁﬂgiﬁﬁﬁﬁﬁ%wﬁ
4o 3-12 - # % 45 &1 Khazai and Sitar (2000) 72 #7fz & 2 3 3% 8 48 >
RO E GMA MBI L REFEPELRE B AR
(2003)4% 12w Bk Arde e 2 HILBAE > 5 R MR AR TS A M
R 2 B2 DR TR T AR P (2004) #9123 e (T A
EHEIF > JEFRRALTA LA BHAIE(AR2E

2015) -
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