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Abstract

The objectives of this study are to detect potential circular failures on rock
slopes along highways without field surveying and to locate instability areas along the road
cuts by using Geographic Information System (GIS). The circular failure mostly occurs in the
study area. This research combines both GIS and expert systems; therefore, the calculation
of slope stability is not only based on the known analytical solutions, but also the experience
and inference procedure of a slope expert supported by his rationale and logic. The slope
stability resulted from this study is represented in the form of probability of failure (PF). The
predictive capability of the proposed system has been verified by comparing with 15 actual
rock slopes under variety of stable- and unstable conditions. The factor of safety obtained
from field investigation is performed to compare with GIS method. The results from GIS
method agree well with the traditional one. Using GIS method is able to detect instability
risk area in large scale. The accuracy of the result depends on input data which should be

updated and real time.
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Slope height Slope face angle Groundwater Degree of
weathering
(m) Rate Degrees Rate (%) Rate Conditions | Rate
<7 1 <25 0 0 0 Fresh 2
7-10 5 25-30 1 25 3 Slightly 4
10-15 8 30-35 2 50 5 Moderately 6
>15 10 35-40 3 75 8 Highly 8
40-45 5 100 10 Completely 10
45-50 6 Unknown *5 0r 10 Unknown 5
50-55 8
55-60 9
60-65 9
65-70 10
>70 10
Vegetation Number of Vibration Average
discontinuity discontinuity
spacing
Conditions | Rate (Sets) Rate Conditions Rate (mm) Rate
No vegetation 10 <2 1 Near Blasting 10 <20 10
site,
earthquake
Only grass 7 3 8 Near main 5 20-60 7
highway
Grass with 5 >4 10 No vibration 0 60-200 5
small trees
Full grown 0 Unknown 5 Unknown 5 > 200 0
trees
Unknown 5 Unknown 5

*5 for arid climate, 10 for tropical climate
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A15797 4.2 sTAUAMHAAT IBsAsausAmMSURe TN sRananegUTA

Rock grade Slope Slope face Groundwater Degree of
height angle weathering
RO 2.0 2.0 3.1 0
R1 1.7 1.8 2.2 0.2
R2 0.1 0.1 1.2 0.4
Rock grade | Vegetation Number of Vibration Average
discontinuity discontinuity spacing
RO 0.5 0 2.4 0
R1 1.1 0.4 0.5 2.1
R2 2.0 1.2 0.1 4.9
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Tumiﬂ%wimqﬂﬁﬂgﬂmumz‘v‘ﬂuﬁfmmﬂmiu ArcGIS 9.2 9&@aININRAAT Z
Tolerance  @9LTIUTE8220IAITHANTENINANURAFZITUABRIT1ADI NINATAUARAT Z

1 [ o d%’ a a 1 v dl o = v A o/ @)
Tolerance HAEAARBIAURNWAITIITLEIHA e uUTianaasiaauindiAdesniu aaan
939708 AY Tu\‘ﬂuﬁ’;?/ﬂﬁkfﬁ‘vmﬂﬂuN%NTWN‘H'WEIEUN’]NLﬁﬁﬂNTﬂﬂﬁﬁﬁuﬂﬁﬁ Z  Tolerance
AN 5 52AL AB A9E 1 59 5 LNAS merﬁhﬁmmmuﬁqmﬁﬁ%m Z Tolerance Winfiu 2

LNAT (iﬂﬁ 5.3)

U

Appropriate Z Tolerance
ZTolerance (m)

Best represent slope surfacr.

Low Z Tolerance

High Z Tolerance

Too much slope plane

Over TIN plane boudary.

9
N

gﬂﬁ 5.3 WANSLVLUABIAN Z tolerance FIBAINNANTINUBITEHILAINHNANALDENTATIADIA8

TUsungs ArcGIS 9.2
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Node 3 : Maximum elevetion

Node 1 : Minimum elevation

Slope height = Maximum elevetion - Minimum elevation

53U 5.4 A19MNANNGIIBIANINANALELIAIENANN1TDENNY

Reservoir=No vegetation

Rice paddy = Only grass

Rain tree = Grown trees

\ T [ @t st e
/ FID | Shape * AREA DES_EN RAI | ACRES [ LU_CODE | ~
0 | Polygon 66644 485518 | Regervor 42| 153 W20l
@ 1| Polygon 44478.840721 | Ric)| paddy 28| 1.021 |A101
/\ 2 | Polygon 4504.848441 | Farfh pond 3| 0.103 |W202
(/_/ 3 | Polygon 14456.164035 | Natfal water 9| 0332 |Wi02
< 4 [ Polygon 52776.157077 | Noffg Mai 33| 1212 |W102
5 | Polygon 12899730389 | Redervoir 8| 0296 | w201
6 |Polygon | 555087295636 | Ricj paddy 347 | 12743 | A101
) H 7 | Polygon 48020.352416 | Bad| Daen Chon 30| 1.102 | U201
2 [ Polygon 13880.568937 | Hudl Khwian 9| 0319 [wio1
9 [ Polygon 8527.591777 | Redervoir 5| 0.196 [W201
< /) % 10 | Polygon 15321840205 | S 10| 0352 |M102
\_'_,. L 11| Polygon 4758.200803 | Hu§ Rong Hang 3] 0.108 [Wi01
12 | Polygon 95894.952014 | S 60| 2201 |M102
On 13 | Polygon 3439.546418 2| 0.079 [v201
14 | Polygon 7723.859015 5| 0477 [u201
15 | Polygon 10064 460872 | Nong Kiang 6| 0231 | w102
16 | Polygon 63472573617 | Ban Nong Klang 40 1.457 | U201
17 | Polygon 8879.619382 | Rice paddy 6| 0204 |A101
) 13 Polygon 16199.359933 | Rain tree 10| 0372 | A318
9 | Polygon 8553.93014 | Longan 5| 019 |A413

o

q S

Record: |_]_]|__|_j Show: [ Al selected | Records (0 out of 18425 Selected)

C
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19197 5.1 N719U5NIAINIAISUWIIDAADIRUAIBES (Brown, 1981)

Rock | Uniaxial Compressive Field Estimate of Examples*
Grade Strength (MPa) Strength
Rock material only chipped fresh basalt, chert,
R6 > 250 under repeated hammer diabase, gneiss, granite,
blows quatzite
Requires many blows of a | Amphibolite, sandstone,
geological hammer to break | basalt, gabbro, gneiss,
R5 100 - 250
intact rock specimens granodiorite, limestone,
marble rhyolite, tuff
Hand held specimens Limestone, marble,
R4 50 - 100 broken by a single blow of phyllite, sandstone,
a geological hammer schist, shale
Firm blow with geological Claystone, coal,
R3 25 -850 pick indents rock to 5mm, concrete, schist. shale,
knife just scrapes surface siltstone
Knife cuts material but too chalk, rocksalt, potash
R2 5-25 hard to shape into triaxial
specimens
Material crumbles under highly weathered or
firm blows of geological altered rock
R1 1-5
pick, can be scraped with
knife
RO 0.25 -1 Indented by thumbnail clay gouge

*  Well interlocked crystal fabric with few voids
** Rocks with a uniaxial compressive strength below 25 MPa are likely to yield highly

Ambiguous results under point load testing
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Scale 1:4,000
E- BRI x

X

Field_ID| UCS |R_Grade
1 25 2
2 5 1

[ »

Scale 1:50,000
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Table =

ERGE- AR5 SO

AH1074Z 5 X
FID | Slope_Deg Aspect Height -
3034 | 25792232 | 19.82579 90 | [
1246 | 34.061591 | 35.708236 74
1282 | 33.681008 | 147.092885 74
1652 | 35288022 | 16.653245 71
1400 | 34709626 | 86.935305 68
103 | 32141308 | 72.539548 67
1281 |  31.038442 | 167.327909 67
1398 | 31.621785| 31.52607 66
501 | 34382221 | 306.821005 65
1134 29.79825 | 61.161938 65
3042 | 28.071904 | 163.541691 65
3492 |  30.240975 | 342.710149 65
1136 26.861 | 46.400356 64
1375 |  28.383827 | 160.104948 64
3599 29.43146 | 270.281037 63
1133 |  30.323293 | 58.855622 62
463 | 38.834432 | 94.836795 61
851 | 29.057492 | 342371743 61
1247 |  30.462578 | 44.001269 61
1372 |  31.001408 | 145.512998 61
1374 |  30.878986 | 149.049202 61
1663 |  36.977121| 44.957788 61
3279 | 29.387328 | 80.709952 61
3399 32.85648 | 357.924369 61| «

M 4 0 » ‘

(1 out of 3638 Selected)

| AH1074Z.5 |

a [ o 1 & v = ¥
sU#n 6.1 dayan1379289 Polygon A1NFMALNIBNANULIDYAT 15 Usznausag 3um

LL@SWQ’]NZSQ%QQ?]'J’]N@’]WL@EQ
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Table oy

- B O x

AH1074Z 5 X
FID | Height | H_Rating| ~
3410 15 10
3419 15 10
3431 15 10
3448 15 10
3457 15 10
3450 15 10
3497 15 10
3562 15 10
148 14 8
149 14 8|1
235 14 8
238 14 8
383 14 B
388 14 B
485 14 8
503 14 8
527 14 8 IS

M 4 2162 »

& |8 | (1 out of 3638 Selected)

| AHLO4ZS |

sUfi 6.2 malipzunnmNgasangs  Teeazuuligniiulituansdeysfiadsaulmn

Fo9n H_Rating
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9

q
]

a

AHABHANNLVIABIAITHATIALD I

P dmsufiuazuus lnadmuageds A Rating (5U71 6.3)

Y

a P=\ C4 1 = o/ 3
NHWPEIAHATAB e n13 A AT uHIE A AU
Tugnaifientiu faagnadu yundiag uga

faust 70 o9 Fulaziazuunyinty 10 azusnanniBufuazuEtuansediayaiiadng

Table

(=]

AHS2502.10

EECCTEEE

FID

Slope_Deg

Aspect

A _Rating

108

76.676431

348.49534

-
o

>

103

75.430328

278.20433

I
o

108

71.496799

178.95066

103

67.26908

274.42774

369

65.611824

157.67606

108

63.875864

149.93289

370

61.335862

174 40638

103

61.14853

332.57319

366

60.594927

168.04082

./""""—*

101

59.483433

315.44803

L1

102

59.033914

330.59179

108

58.205081

334.15262

103

57.823057

78.356728

499

57.23346

192.22023

135

55.245248

156.00970

515

54.480637

204.51319

101

53.802756

284.62692

215

53.422801

179.98104

216

52.669361

176.20294

106

51.887275

293.14840

217

51.781486

182.85053

410

51.495071

30.382238

417

50.949677

25.946673

217

50.746842

147.52759

411

50.648837

17.90899

447

50.379703

283.98194

375

50.308028

239.35334

276

49.78877

165.45924

106

49.669108

216.14534

374

49.492093

141.00185

306

49.39623

161.84571

145

49.355878

149.34983

-
DQQQQQOQQQQQQQOQQQQQQ%AQQQQQQQQ

143
M 4

AQ 2RRRAR1
0

2 QRNR17

Field Calculator

Parser
©) VB Script ) Python

Fields:

Type:

FID
Slope_Deg
Aspect
A_Rating

(@) Number
(©) String
) Date

[] show Codeblock
A_Rating =

10

B (e &) &)

-~

Lom.) (o) [Sover ] [t ]

(o ] [ canel ]

gﬂw 6.3

nstipzuWidayaRHmzeIAHA B lUsUNTH ArcGIS 9.2
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¥ ¥
6.2.3 ﬂﬁﬁ?ﬁﬂzuuuﬁuﬁagmzmummma
dl =Y a o/ ¢ =K ° £% a a gj
LWﬂTuﬂﬂiﬂﬁzLNuLﬂﬂﬂﬁﬂ’]W’ﬂﬂﬂN’]T‘uL%ﬂfmﬁﬂw wmmumeﬁmﬂfgmﬂimmm
VIANRULLLBNAD VT’ITﬁVJﬂ Polygon RANAZUHHABITLALUWILUIATAWINGH BIAZUUHFNNETD

Trgniiulfimsndeyadufiondu (Uil 6.4)

U

Table E
ENCEL T EEE
- X .‘;:—_~ x
FID § Slope_Deg Aspect Height Water | »~
3034 25.792232 19.82579 S0 10 I:]
1248 34.061591 35.708236 74 10
1282 33.681008 | 147.092885 74 10
1652 35.288022 16.653245 71 10
1400 34709626 | 86.935305 68 10
103 32141308 | 72.539548 67 10
1281 31.038442 | 167.327909 67 10
1398 31.621785 31.52607 66 10
S01 34.382221 | 306.821005 65 10
1134 29.79825 | 61.161938 65 10
3042 28.071904 | 163.541691 65 10
3492 30.240975 | 342.710149 65 10
1136 26.861 46.400356 64 10
1375 28.383827 | 160.104948 64 10
3599 29.43146 | 270.281037 63 10
1133 30.323293 58.855622 62 10
4863 38.834432 | 94.836795 61 10
851 29.057492 | 342.371743 61 10
1247 30.462578 | 44.001269 61 10
1372 31.001408 | 145.512998 61 10
1374 30.878986 | 149.045202 61 10
1663 36.977121 44 957788 61 10
3279 29387328 | 80.709952 61 10
3399 32.85648 | 357.924369 61 10| -
4 0 » M =
(0 out of 3638 Selected)
(AHi0747 5}

sUfi 6.4 szAumagniviualegiuaniazuuudasia vialiyn polygon HerAzuum

wihriue 10 Azunw uazgnifiuliiuioyansnsdes Water
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v 1
6.2.4 mi"fﬁmu,uwﬂwil’agmﬂumzLmzwmﬂﬁuﬁ%ﬁﬂﬂﬂqu

usiazLs N llasssnn Tnefteyaussenedueg tswanlinaudnioodali
Aantuguuoule uazansnsaulannamane asaadasdudnunizensiuisiiunaguans
\nousias AnRvn Wee2es (2546) T4 1 Reservoir munada No vegetation (Tuiflern
AQH) Rice paddy wx1efs Only grass (UNANAEANME]) LA Rain tree nunefia Ful
grown tree (Uﬂﬂqmﬁmﬁﬂﬁﬂmm%ty) g TnaTiazumluusay Polygon milaniudu

v dl = o/ ! dld o v A = LA v
Jayaaug fAansdangs Polygon AfanE s fuRzmileniu A

A Y d"tef P GEQJdIA ¢ o o thdla
Lu@ﬂ@’]ﬂﬁu‘ﬂﬂﬁj@u ANIFINBNUTINAS [ETRW BINMRARNE NS [ETRND D

Tutinyannansdie Vegetation (3117l 6.5)

1w @ £
BUHRLNTINU LL@ZLﬂ‘LIT’J

Table
ERAR-R AL
shape_phare50_final_new
FID AREA T)ES_EH Vegetation
0 65644 435618 | Reservoir 10
1 44478 840721 | Rice paddy 7
2 4504 843441 | Farm pond T
3 144581640385 | Natual water 10
4 32778157077 | Mong Mai 10
5 128599, 7303359 | Reservoir 10
G | 555087 295636 | Rice paddy T
T 48020.352416 | Ban Daen Chon =
2 13880.568937 | Huai Khwian 10
5 B527.59177T | Reservoir 10
10 15321.840205 | Scrub 5
11 4758.200803 | Huai Rong Hang 10
12 G5804 952014 | Scrub 5
13 3435 548418 | Village 5
14 Tr23.8538015 | Village 3
15 10054 480872 | Nong Klang 10
16 83472 573617 | Ban Nong Klang 3
17 8879519382 | Rice paddy 7
18 16199359933 | Rain tree 0

L]

L]

0 r M E (0 out of 18425 Selected)

l shape_phare50_final_new I

U1 6.5 anansliaganesunniinis 47

a

a

WTINHA TR N O LA UIAD DI RS




39

v ]
6.2.5 mssfﬁﬂzuuu%uﬁaﬂmwmumtﬁ@u

¥
o/ ]

iHpvannaanatadesnaainiiianssnvianuasnad ndfuntamany 4

oA

fimnals Polygon Tafiaglusail 30 wns arnmiemansiiadnddazuuueesussduazfion

|
A 1 !

1 o =) I % o [} dl a A ra
winiunsdlegindniamassaamnan dau Polygon awe fivineaan(Uazilvae HilAazunn

IupgiusreeinannunaInineIn1TauaTLiIaY

6.2.6 nsWinzuuwsuliayaaue Alisunsasireiulisessunasamane
ARAERS
dnFutuiayaiiamnanassdegszuuaamunagiamans azl¥

3@’1‘5&&@’Iﬂ&‘ﬂﬂd%ﬂ‘mﬁlﬁuﬂﬁ{fﬁﬂzLmuﬁl’mWJ’WNLﬁmﬁzﬂm%ﬁﬂ‘wﬂﬂuﬁ']ﬁ TLAUYBINTTH
n4eu SmugRTaEIan unaafin uazsveinlneiRfeessasunn dvlnevialunsdiill
NIAZAIMUALAYN Polygon  RANAZUWWMATIWAS 15 AZULWW AINTEAUNITRNTEN 5
ATUM 139LgATEEUAN THHIATIY 5 ATULY UazszezvinslasinfgansToLuAn 5 AT
Taetuniatszinlidndudiosassduioyamaiiunniosainazuiueeamn Polygon &

ANANTIVINNWIAN A

6.3 izﬁumwﬁqﬁﬁywm%’ju%md@

9NAN5197 4.2 FudeyaiinuaRatanmdsenfinnstiasusaduiiGeuies
uhn axgminsngasiuassiuAmNEdT IsAiauLs SeiuduAindsiuussdnansiin b
a2 Polygon @M15UN1RAITHINITHINANFY wuu A AmumssduANddyeanidu 3
syAUAB RO, R1 uaz R2 dudioyad [ azumudatudunens 6.2 azgnéonsiuiindy
HoyarnAsFLIsITADfin foadds Overlay (517 6.6) annsiurAzumazgnaasdiasei
syAuANdErasgadauafadantne gL 6.7 uazifiudBluiieyaniansitani
i

Hudagadn iuseugavingss (i

U

E o
6.4 ﬂ’]ii’JN"Zf%?l’fJﬁ@

TuiumougaingresnisUsyiiu dulisyaiidan aoasieaduessnisionans

U

@) H ¥ 1% o o v o v o & . 4 v @ {
dniBauinausaargninundewiuiusosmas Union slAdulumuannisd 4.1 uas

1%

memflmh%Lﬁwz]mmﬁﬂ’wmﬂugmmLquﬁ nunIn (U7 6.8) Tnaainsousumn

U

Alusazdaaialazaandanis H9nu
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AHL074Z 5

FID | Slope_Deg Rockgrade
12485 34061591
1282 33.681008
1652 35288022
1400 34 709628

103 32141308
1281 31.038442
1358 31.621785

501 34 382221
1134 2573825
3042 28.071904
3482 30.240875
1136 26.861
1375 28.383827
3589 2543148
1133 30.323293

463 38.634432

851 25.057452
1247 30482578
1372 31.001408
1374 30.878986
1663 36.977T121
3279 25.387328
3389 32 85648

266 29.596627

4 u»nE

Hralralmapafma|m| ||l ala|lala|lala|lala|lala|a|la|al || =

5UN 6.6 setenisfewiuiuiayaseninstuiayayumniasanuaindesiuiuioya

AMRISULSIDAIDITL
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074Z_5
FID | Slope Deg | Rate A| Rockgrade Deg PF
266 | 29.596627 1 2 X
1372 31.0014028 2 2 02
1374 30.873986 2 2 0.2
1663 36977121 3 2 0.3
2202 31.086403 2 2 0z
2573 26 602353 1 2 0.1
3279 20387328 1 2 0.1
3399 3285648 2 2 0.2
103 32141308 2 1 36
463 38.834432 3 1 54 | ——
501 34 382221 2 1 36
a51 25057452 1 1 1.8
1133 30323253 2 1 36
1134 2079825 1 1 1.8
1136 26.861 1 1 1.2
1245 340815581 2 1 36
Parser
(@) VB Script () Python
Fields: Type: Functions:
FID T @ Abs ()
Sope. Deg (@ Mumber gm{ )
Rate_A (© string =t
Rockgrade ) Fix ( )
Dej_iF © Date mt ()
Log ()
Sin( )
Sar ()
Tan ()

[7] show Codeblodk E E] E]

Deg_PF =
[Rate_A] 0.1 P

—

[ Clear ] ’ Load... ] [Saue... ] [ Help ]

| ok || cancel |

51U 6.7 N1anTEAUANATAYATUTTAUAZ UL

U
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610000E 612000E
197600N [ 7 ' Probability of failure, P{f}

0-10
10-15

15-20
B -2
B 2530
s
| YRYSE

Map series:L7018
Map sheet :5044 |V

| 500m |

197400N 1
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uni 7

NANISIANEULNEIASIEHNRNTISNANEL

7.1 HWAaNISNaaau

naannnILsTifuadiesnmdag s UuasEInAQRANERS (5197 7.1) 990
ANNAPIBENHARTAAIEY 15 A Wudfl 8 AosatAdesTiifiadaanan (Waluguuun
Ta9) iaBaufauiunan1sUs s iud g uULs 1A ATRAAERS SA918I8AH
Uaansuardailszan 1.0 WearnasinefivassnnsienansiaUszanos 40% uaziile
WA e UnNaRlAnTNaBIaINAIAEHIN NAT FEDAAKIRUNEaINN1TATI9TARIN
aasnEiuegned ApannainBasesBifiadssnniiiaaausinezivessniswimanss
A 40% Bl gUR 7.1 TeqUil 7.5 Aeunuiidnanmitliennnisdssfimadssnindos

FLUUEIRUNAYRAERT

A15197 7.1 NANTITUSLARETESNINAYE GIS WEsUWeUAUSATIRIUAIMNL DA WAL

dl a d?/ =
N@‘V]Lﬂﬂ?l‘lﬁﬁﬂefuﬂ’]ﬁﬂu’m

Station FS. PF(%) Actual Conditions
(FLAC Slope 4.0) (ArcGIS 9.2)
01 4.87 14 Stable
02 2.36 18 Stable
03 3.96 15 Stable
04 1.12 48 Circular failure
05 1.38 36 Stable
06 1.57 28 Stable
Q7 1.08 50 Circular failure
08 1.20 41 Circular failure
09 1.57 34 Stable
10 1.48 39 Stable
1 1.21 55 Circular failure
12 1.03 45 Circular failure
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A19197 7.1 NANITUSLRRETYNINANSY GIS a8 UWieUAUSRTIaIRANNU AR LAY

dl a d?l = J
w@mmmu%ﬁumm@mu (A1|)

Station FS. PF(%) Actual Conditions
(FLAC Slope 4.0) (ArcGIS 9.2)
13 0.66 62 Circular failure
14 0.96 56 Circular failure
15 0.86 63 Circular failure
081700E 0813[00E 081500E
160020N |- Probability of failure, P{f}
0-10
10-15
15-20
B 20-25
s s
160000N . 7y I 30-40
o 7 % 4 ToL 7 \/ Map series:L7018
~Ban Huai Nam Khem| -/ / 7 7 J Map sheet:5337 |
\ /// I 1 km l
159980N

SUT 7.1 WHWAANENINUSIIMNINNRIImNIRLaT 304 Ysznaudagqeiiiudayail 1 9aifiu

q

o = ® v =
ABNAN 2 LL@‘&?@@LﬂU?JﬂN”@VI 3

Y 9
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7.2 ALASITIHHANISNANDU
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