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Abstract

This paper presents weathering behaviors of siltstone
during cut and fill construction, which could affect the stability
of slope. The siltstone specimen was taken from Mae Moh mine,
Lampang province, Thailand. Construction activities and climate

environments could alter the physical condition of siltstone. The

physical alteration of siltstone had been simulated in laboratory
by wet-dry process, and different loading magnitudes. The
durability and degree of weathering of siltstone specimen was
determined by slaking test, jar test and grain size distribution
analysis. The weathering mechanisms significantly influence the
shear strength of material obtained by direct shear test and
unconfined compressive strength test. Variation of drained and
undrained shear strength parameters of siltstone were
summarized and utilized for slope stability analysis of a dumped
embankment. The results reveal that the factor of safety (F.S.)
is mainly influenced by degree of weathering from Soft Rock to
Hard Soil. Material consistency could affect drainage condition
and shear-induced pore-water pressure. The slope stability

could become unstable (F.S. < 1.3) if r, > 0.53 and s, < 460 kPa

Keywords: Degradation of Siltstone, Slope Stability, Safety of
Dump Material
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Permo-Triassic Rocks

3UR 2 dnwaginlvestuiu wiloswiung 9,810 (EGAT, 2012)

2. nsdasnsidendanwluiasufjiing

fegfiunsewds Tagnihumaseudsimadmnssuvesianda
uanslumsnedl 1 wezldUszfiumnunmuvesiunsisudilagnis
yageu Slake Durability Test (ASTM D4644) wag Crumb Test (ASTM

D6572 - 20) Fanudriagisnaniiauamuseauliunasiieg

719199 1 aguAmageudviiannisnageuluviesljifins (Preechasin,
2020)

Engineering Index Values
Total density,y (t/m>) 1.95
Natural water content, w,, (%) 6-150
Liquid limit, LL (%) 60.1
Plastic limit, PL (%) 325
Plastic index, Pl (%) 27.3
Durability index (%) 77 - 83 (high)
Crumb Test Class 4 (medium hard)

U7 3 wanmanshassannudenaduuiseiiogaiiunsg
wile Tneldiedasilonsvadeusuamu  Slake Durability Test
(ASTM D4644) Ai1uau 30 fndns Fswudn Aeumsnadey foens
Saniunsreuthiliuipeumasening 7.5 - 10.0 uu. wasdidauty
WwAeUsznn 6 %  WesedisTanrunssuaunstnduazdonady
Wiy dhlidvsinauenatudiui  wessweeymadnas Tasms
Wasuwasanufusasruineymavestan iadusgesiniiniglu
Ha3gansdl 1 i 3 symataniRenisuanduagiisnusynerun
7.5 - 10.0 13, wideifies 50 % (vessruufouse1simn) Yand
mutuintusariiuvideuaouzanvends (Solid  Stage)
Wudsveauds (Semi-Solid Stage) Wiegnnszurumsdaduazdonadu
wisaufeigdnsi 10 LLaxLﬁaﬁTwuuui’gﬁ'ﬂiLﬁw'ﬁyuﬁa 20 s0U a0
fegazuandaulloynimdnnit 4.45 wu. Ussana 50 % (189
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Eﬂ‘ﬁ 3 nsassanneilonaduniiilag Slaking test (Preechasin, 2020)
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neynAfogns  Suaudgdnsdunaduwic way wiheusinn A war synefivuialugndiuazidnniinsunsaues 10) dmandly

wansluansedi 2

TUsunsummegeumassuusadouvesunseudsduundy 2
dnwai TaoYagiedrsiinaasuuseneudie (1) fegreTaniivly
aunuwiin Block Sample wuuldsunau (Intact Specimen) way (2)
freg19vanitivluauiuiieyniafivuintdn (Reconstituted
Specimen) KA¥IOUNIUAZUNTIUDS 10 (Sieve opening = 2 14l.)
Tan Tsunauit 1 tu 1fhdeeeTan Intact Specimen wndali
YUINAINTUNISNAA@BY Direct Shear test (DS) wag Unconfined
Compression Test (UC) 9ni fegragmiundunszuIunaden
aduuris Taon1sutih 24 Falusuaziirleviigumnd 90 oeen 1Hu
nan 24 s Swudndng (V) wihdu 0, 1 way 7 Aewiilunaaeu
fdfuusadounuusrusthuashissunehdeld

dwsulusunsudl 2 Yagsaeesdafloyanvunnidn legnihunld
Tunuuiiad with uazyhnstadmnnesiuluuunia (67,) uansnafu
6 szau lawn 350 kPa, 700 kPa, 1,400 kPa, 3,400 kPa, 6,100 kPa,
LAw8,200 kPa uazUdesiisliaunsyuiiesiodis dddesunn
(Wszaas 24 Falua) 9ntiu Fevhinisnendetseenanuuuiiu

wazihlunmgaurdssunsadousaly (Preechasin, 2020)

715199 2 TUSWATUNITNAABUAIAISULS W DU IR 197U

VEATIIN
Testing Sample Sample preparation No. of Test
Program
1 Intact specimen Wet and dry processing DS (3 sets)
(Coarse (N =0,1and 7 cycles) UC (3 set)
aggregate)
2 Reconstituted Soak with different DS (2 sets)
specimen (Fine applied pressure
aggregate) (350 to 8232 kPa) UC (6 set)

3. WANISNAFIUNIAISULIIRaUYaIRUNI1aule
3.1 nsudaeia Direct shear test

HANSNAADUAI0E19Tag Intact Specimen (JUsuNsu 1) uag
Reconstituted Specimen (Usunsy 2) fildkunszurunsdonadu
WIS 91U 0, 1 way 7 ﬁgﬁnilﬁﬂmumammﬁamm Cohesion (c”)
wag Friction Angle (¢) i Peak Value wa¢ Residual Value TSGR
TuA5197 3 LaTAIed 4, MudEU

n1suUanan Cohesion (c') uaz Friction Angle (¢') wu1 Jade
ﬁwﬁ'iyﬁziwam'a Shear Strength Parameter o (1) 5¥AUN1S
\douanwueafiogns 017 Snuiginsdenaduuiia (No. of Cycle)

ey ﬂuﬁmmgmﬂi’ﬁﬂ (Intact Specimen, Reconstituted Specimen

g‘ﬂ‘ﬁ 4 uay g‘ﬂ‘ﬁ 5 wag (2) Shear Strain at failure (Peak Shear
Strength wag Residual Shear Strength) ﬁﬂﬁ@lﬂuﬂﬁ’]@ﬁ 3uaz 4
#0814 Intact Specimen AillldrunszUINMsTonaduuis ¢
fid1 ¢’ iU 185 kPa uaz ¢'ii1fU 32 aeA1 waziileniu
nszuruNIlenaduwiy asvinlian ¢ anag 1wde 118 kPa  waz
¢'wiriu 30 93
ANBINAVINITYNIUNIUIINGTTUYIAKALNTTUIUNSADAT
darasiavwineunIAfieE 1Az A1 Cohesion tne fieenedan Intact
Specimen #if1 ¢ ﬁgﬂﬂ’h Reconstituted Specimen %dﬁmaéﬁ 11

kPa fi1 50 kPa d1¥U Yu1ABUATA 4 U, — 2 U3l UAZ YUIABYAIA

WBNN31 2 1y, audieu ee1alsAa A1 Friction Angle lalfianu
upnansiuannegradudoeyddey

Shear Strain finasiam1 Cohesion (c') wag Friction Angle (¢')
Te#l Residual Shear Strength 95iiAn ¢ WAy gud waz ¢’ T

anaudntos Uszana 26 59 30 aar auipdnsilenaduuis

mi’mﬁ 3 a§‘1.JW’li’lﬁL(ﬂa§ Direct shear, Coarse aggregate *7|I G’n Tutig
250 kPa £i4 1,000 kPa

Coarse aggregate
Parameter Initial 1 cycle 7 cycle
Peak c’(kPa) 185 169 118
@’ (Degree) 32 30 30
Residual c’(kPa) 0 0 0
@’ (Degree) 32 32 30
A15199 4 agﬂwwmﬁma% Direct shear, Fine aggregate
Fine aggregate
Parameter Retain #10 Passing #10
Peak c’(kPa) 11 50.5
@Degree) 282 26
300
- -3 - Peak
250 e f}- Residual
200 —¥— Passing #10
o G- —A— Retain#10
o TO---__
< 150 T TTTeeeal
o » il SR o
100 Reconsitituted sample
50 Intact sample
0 = (3]

0 1 2 3 4 5 6 7 8 9 10
No. of Cycle

5UN 4 Audusiug Cohesion way S1uaudnidng
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50 -.©- - Peak
—— Intact sample «f} Residual
’GT 40 / —>¢— Passing #10
S 30 Crevfororombet 5| —A— Retain#10
o N i r e 0
Z
= 20
Reconsitituted sample
10
0

0 1 2 3 4 5 6 7 8 9 10
No. of Cycle

JUN 5 Anuduius Friction angle war I1uiuigdng

3.2 mMsulana Unconfined Compression Test

Arndssunsadeunuulslssuneth (so) l9AuIan 0.5 wiwes
A1 Unconfined Compressive Strength 783829819 (q,) Sawuin
Yaduiidnadeon s, laud (1) sedunisidenaninuesdnetn 34
agviouanduiginsdonaduuis wazdnasdlaslusunsuvagey
i 1uay (2 miwLLiaﬂmgaqmiuLLm?ﬁdaugﬂLaau [0 ]y Ba804
Tnelusunsunisvageud 2

dvswavesnszuIuMIAeNan T (Yonaduusia) dorfdaiuuss
LaauLL‘UUMﬁxmaﬁwaﬁaqﬁumwaLLﬂaLLamﬁ&gﬂﬁ6 RRERVY!
n318utls (Intact Specimen) #laildHunszurunndenaduusidy
WoaUuRns aeden s, 8g5en314 830 - 1,500 kPa %3e A1 q
Wdewiniu 2.33 MPa Jedadutaguszian Soft Rock (Kanji, 2014)
wazidleTaniunmoutlsiumadenaduuia S1uau 1 Ipdnsviilien
s, 089 889N Uazdiraglutig 250 - 450 kPa (3 A1 q, WMy
700 kPa) tisuwiniuianuseinn Very Soft Rock Way Extremely
Soft Rock  LiloFanriunszurunisilenaduuvisediadeliles
auﬁﬁgﬁﬂﬁﬁ 7 A1's, anadagIEndng 170 - 230 kPa (3o d61 q,
11AU 400 kPa) ‘Tﬁ’?ﬁ@lﬁ’uﬂiﬁmmﬂu Extremely Soft Rock to
Hard Soil

1,600

- A - Sample 1
1,400 & - Sample

- <3 - Sample 2 Soft Rock

1,200
—[3 - Sample 3

===

1,000

800

Soft Rock to
Very Soft Rock

s, (kPa)

—=El

600

Extrem Soft
Rock to Hard

Soil

No. of Cycle

JUN 6 Anuduiiugsening s, fu Suudning

MNEUIINAFIFATUUUIAY [O7 ] deHasiATIIRITULT OO
wuvliiszuetvesiagiunsewls dwandduguin 7 diednedag
#unsaudanifiouniavuiadn (uimdnndt 2 T8wns) degniiuow

a o X | va 1 a X v
LazdusInANIEYITMNINTY azdalndan s, WNTU Laza1unsaas

. w1 , 4 v v o &
ANUFURUS AU 5, = 0.16 [ Iy BIABI8AUAIUTUNUS
FENINAT [Sulop = 0.22 07, veRWNTEI88U lag G, Fo AN
Preconsolidation Pressure Uadfuniiensay (Mesri , 1989) oagals
An Weambsusainaluluifatiasnin 1,400 kPa amnuduiussening s,

a a -

war o, fwildulddaiay FsanninlasudnSnaanuseiiinseming

s o

nIgUIUNITMENfeg1udulRud vildA1Auduius geay

o ,
Whiu s, = 0.33 &',

1,600
1,400
O
1,200 /8
__ 1,000
© -
% 800 N 0‘336,V /’/ gxsu = 0'16[G'v]max
o -
A I
600 a §
400 AN A ©',< 1.400 kPa
& B
200 A% o ©'.> 1,400 kPa
S
0 K
0 2,000 4,000 6,000 8,000 10,000

Effective Vertical Stress (kPa)

JUN 7 Anuduiiussening s, wasmhousnaluluifs

4. WUURIADILERYIAINLTIAIN

a v

LUUTIa09afesAIniTsatn 2 46 Qﬂaswa%ﬂuiﬂmmu
GeoStudio (V.12) Hiafnw1dninansidenaninvesfiunseuiie
Arsnsdunulaendevendan (F.S.) Tnenalnnnsidevanin 9z
Wlia1n15188m05 ', ', Alghear induce) $8% 5y VOIAUNI18UTS

Wasuwlaslusauandluimided 2 way 3 dwaliien F.S. ldasi

A
800
— 600 (1) Crust Material \
£ 400 (2) Dumped Material
" . ey
£ 200 3) Sub-Plt)?)S\T
5 o I o
E . e
# 200
w 400 (4) Base Foundation
-600 +
OOOOODOODOOO‘OOOQOODOO*
o Q QO QO O 9O C 9 9O 9 9O 9 9 Q9 o 9 O 9 9
ﬂﬂﬂﬂﬂ AN NN N@E @ e @@
Distance (m)

53U 8 fiunthdninasatiosnmdain

3UM 8 uanwwuuTaeuatis TnImBeann usuNuniduYes

=

wilod Fauuudnaeedin1uning 4,000 WAs aad 1,000 10T N9

1

9 2 a a 9 B = v oa a
Jagsiuiimnuaindulade 1:4 (V:H) a21ugeainssauiuLis
Uszunad 200 LA wasNgrudufuanusiadaiudain (Toe

Slope) finsyniagesniduussdin (Sub-Pit) Uszanas 38 lms ey
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Wledu dvualiegNseduiagudusiu [Elev. = + 75 m (MSL)] uag

neueiAn F.S. > 1.3 dmsunuya-nulumilos

a a

Yanluwuudnaesusenaudae 4 Uszian Laun (1) Jagiafu

(Crust Material) @sfaa1u9un 5 wuns (2) Yagfuau (Dumped

Material) Fodufiunsrsudsiignoanuiainnisimiesduiiv, (3)

Tanouluus (Sub-Pit) uay (4) JanduRuiy (Base Foundation) 1u1

1

Uszanad 1,100 Luns
lsunsunslieseiatiesnmdeanauszneume 3 suuuu Loy
fawUsndnlunisinel Ae Amisfiwesmasiuusudeuvesian

Dumped Material AitinnsiasuLlasainnalnnisidonanin uay

angnsszunen Yeaunilvdanionu Janouluve uwaziantumu

q

wa o W

nflaniRfaIunsadeu ( (I) 13J L‘UaEJ‘L!LL‘UaQ GN‘H

4.1 TUsunsuil 1 (ESSA, AU(shear induce) =0)

Tsunsud 1 auyfliianns 4 yfalanigszurgun (Fully
Drained Condition) wag Tdn1s1dmesArdsSunsudauminduly

auraduan ', ¢’ e Effect Shear Strength Analysis (ESSA) ¢4

o

LLﬁﬂﬁIuaMﬂﬁiﬁ (1) ‘WLl’JEJLLiﬂﬂuu’ﬂu@uUiuﬂ@Uﬂ’m PUIBUTIAUUN
an12zann (Hydrostatic Porewater Pressure |, ug) Wag MU8LIIAU

YndruLtAua1nnisgnideau [Shear Induced Porewater Pressure,

U

£
= o

AlUgghear induce)] B9 ngliliianviiugue

[Su ]mob = C' + [o-n - (UO + Au(shear—induce) )] tan ¢, (1)

o

TUsunsuil InguszasiiafnundnsSnaves Mobilized Shear

q

Strain wagN1SdeNANINIANTIUTENBUME Soft Rock (Iautfves

Intact Specimen) wag Hard Soil A¥audAves Reconstituted

v
o

Specimen) #ia@1 F.S. faduni1sitassdn ', ¢’ vea¥an Dumped

Material 959U 6 wuu ﬂﬂLLﬁﬂﬂlu(ﬂ”li’]\Tﬂ 5

o

a v oo A 9 o v a eal
A1319N 5 ﬂ’]a\ﬁ‘uLLi\‘iLaﬁJu‘U’e]Q'J?IG!H’IMSUIUHLHSN’JLF]T]SMVI 1

No. Material c’ors, (kPa) ¢ {degree)
1. Crust 0 30
Dumped Material Peak 185 32
2. (Soft Rock) Fully soften 0 32
Residual 0 30
Dumped Material Peak 51 28
(Hard Soil) Fully soften 0 28
Residual 0 26
3. Sub pit 0 30

4. Base foundation 500 335

4.2 Z‘ljﬂlﬁii/ 77‘ 2 (USSA; Au(shear induce) #0)

TUsunsui 2 auyilyl Dumped Material n7sidewan1nain Soft

Rock 14 Hard Soil waztinnisidaluaniizlaszurstn (Augmes

induce) % 0) Tsunsudl Amualiidefudusadeuves Dumped
Material \{u Undrained Shear Strength Analysis (USSA) 38 Total
Strength Analysis 1ngilAn [s ]nep V09 Dumped Material Fadunsi
(2) Fatususruautginsifenaduusis (Low Weathering, N = 0
Cycle; Intermediate Weathering, N = 1 Cycle; High Weathering, N
= 7 Cycles) waz SM3Na10IMUUIINALULUING [[s ]y = f(O)]
Srumsieseiiinedy 4 wuu dueandunsied 6

[Su ]mob = Su (2)

= °o v u a 1Y o w o cal
AN99N 6 ﬂ’]aﬁ‘ULLNLa@uﬂa@ﬁﬁ]ﬁ’mﬁﬂﬂiLLﬂﬁ.I'JLﬂTlZMVI 2

No. Material ¢’ ors, (kPa) @’ (degree)
1 Crust 0 30
2. Dumped N =0 cycle 1,200 -

Material N =1 Cycle 400 -
N =7 Cycle 200 -
s, =flo) 0.33 07, iile & -
AMUEN < 70 m
0.16 07 \ile -
AUEN =70 m
3. Sub pit 0 30
4. Base foundation 500 33.5

4.3 Zﬂﬂéﬁfﬂﬁ 3 (ESSA, AUshear induce) #0)

TUsunsudi 3 HGHEY mLsuumsrmUhJsLmiam 2 Taginuali

Dumped Material LﬁmLNﬁuﬁ?ﬁlﬁ‘mﬁu‘Uiu%QﬂLaau (Undrained
Condition) uay fanfmdeegluannizsvuret og1dlsfiniu n1g
AnTziaissn1mdean ldnisfiesveadan Dumped Material
WUU ESSA fifian1ae Fully Soften (¢ = 0 kPa, ¢’ = 32 99a1) wazdl
LLiaﬁuﬁﬂdauLﬁumwgmaau Faaunsii (1) wazen AUgshear induce) N
Jaudlulusunsy GeoStudio lnsunusmenisifimes r, Coefficient

sakanslugunisi (3)

A"'l(shear—induce) =

TngA1 o, Ao Total Vertical Stress ASzUIUATR  TuURaUN1S
AT nnaes (Trial) Jouan r, Coefficient fananslunsiedl 7
ulddnwagszuvRvAuway F.S. Tndirseiuluswnsudn 2 wWadnwn

dvswavoswseiutnduAuly Dumped Material siofn F.S.

GTE16-5



h N15U529uAvINTIAINTIUIESWNIYIA ATSR 25

&NCLCE =25

sUsUSIIAMSIASNSSUTBE I Aéor 25

Fuil 15-17 nsngreu 2563 2.vau3

The 25% National Convention on Civil Engineering

July 15-17, 2020, Chonburi, THAILAND

= o v A o °o  w a o
M3 7 ﬂ’]a\ﬁ‘ULLEQLﬂ’e)u‘ll@Q'Jﬁ@ﬁ']%iUIUﬁLLﬂSlI’JLﬂEWSVIW 3

No. Material c’ors, (I)'(degree) I
(kPa) Coefficient

1. Crust 0 30 -

2 Dumped Material 0 32 Oto1l

3. Sub pit 0 30 -
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