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X ¥%3 & 94 kg/om’2 FAHU LY, ol AL WA AYR(HYX: 335
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Abstract

Failure of the cut slope in Pohang area is chiefly attributed to weathering of
mudrock, which causes abrupt changes in the shear strength. The weathening is
also directly related to the slaking and swelling characteristics of mudrock. This
paper shows the results of the chemical analysis and the type and proportion of
chief rock-forming minerals from the X-ray diffraction analysis. It also compares
the test results with regard to the slaking and swelling characteristics of the mud-
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rocks sampled from 3 different sites. The chief minerals are the quartz, and the
several types of clay minerals. The slake durability indices are ranged from 71%
to 9626, and these values are closely related to the liquid limit of the powdered
rock specimen, In a similar manner to the slaking characteristics the greatest
values of the swelling pressure and the swelling strain were measured from the
mudrock specimen with highest value of liquid limit. The greatest measured values
of the swelling pressure and the swelling strain are 9.4 kg/cm’ and 33.5%
respectively.

1. A&

EEAGe FEHY e HARL Ad¥yezye AAd(Cenozoic Era)- A37)
(Tertiary Period)- ¥414(Miocene Epoch}- Y% - AYFT £3jv], AFoz
HE 23009hd AFE 500%hd Az oF18009hd] FA HyE Foz wuFelgl
t}.

53] o] ddY AFE& FAF 2L VIEAEE FYIFGE(strike—slip fault)o]
A% FEAG 259 AH4 e 39 AAHNAED2 N dofAul, AFES, £
4E 2 dUFoE FHHUD U2 UEH olgel REHog YehtA|gt o)t
(mudrock)o] H4 AT Wolqt. IAERD TGS A ojgde] Ay W Bay
FEE ol BAHY FTHNLERZ & ¢ Ak olgEe] XPAFY UFE o)Fa
AE ol dwiH o2 A7t Wo} thr]Fe] &AW 1-2cm HF 9] FPo] ¢
gt olghE TN AT FEFES 4Fos F4A AR AWAFo] had] A

EF AgutEe] o} F4& slaking @322 wvghe}l 2 JHo] FHE U3
(softening) 5o o] A Je FEgARA, =214 ¢ FYA 24& A8 P4
AEAHGE degle]l an AL 7R AvREel EFHL ot wHHd B =F
X Z¥Fd A8 @FuUse] 71Qd oty AV FAY Ay 2
3l ]le] Hi slaking@ 4 N #AFHE AP E 39 BHFE.
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2. 44A 8 R B8 442

£ A7 A2 AT AAL PA oA RE X3 FEEA] E
THeXE 2YSAYte Q@F22A YA AAE, AFF ddid 4= e ¥
FAE AFGEALA (R F 5o 93), ¥PA FEXF dddd AYsa e d
AT FAS MHEV(BRXFLRE P9) ¥ ARIYT dSELAY EFAE A3
dEgaAlel s FIFEANEFTA AL Ae FHGAAT(dERoZ Pi)ol
o,
¥ 37 NAAN AFE olFAEe qEH FF BAXNE U H 21 9 W&
3 3}

X 21 olgAMEe BIHYH

Az .
|35 | 449 A X F
B ANE
A& A E (m) 2 -3 3-4 15 - 20
o] Apo] u) & 2.48 246 251
2} 41 (%) 12.1 24.1 145
A4 BA (%) 51.4 75.7 4359
240 A4 (%) 24.4 433 26.9
A2G 3 Fg/em®) 1.76 1.58 188
e ]

3. oj¢e] FENE
3.1 olgte) e

ojgte] 2AFEE FYY W AFHLE BYded FeFoz §43]) A3
Zt A gel i HEAE YAA

FAAYELE KS E 306600 oA wAHE w484 H%HMethod for Chemical
Analysis of Silicastone)® & 2848 (wet analysis)o] &J#A 8=, A¥E
e ¥ 319 g3 gk
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H 3.1 o9 HAYR (FF &)
Al &F 5| TiO: | AlLO; | FeOs E MgO | Na;0| K0 r Si0, | H,0 Ign.loss_

e —
A = 0.42 | 1350 550 073 {1.17 | 1.94 | 246 | 63.44 | 267 8.00

.J[___ |
l ¥ | 041 1182 | 550 | 162 183 | 115 | 208 | 5986 | 582 | 962

o A 028—v 10.10 | 420 1045 1 0.73 | 100 | 159 | 7050 | 284 | 7.60

£ 319 AHFolN FE(HL)ME 105 °Col A 24121, ignition losst 950 °Coll A 14
T 47 A4 ¥ FA%A

N@ETG 3B ARYEL BF oYL Z THHe Y, EFEY TR
A HEAZ A9 silica(SiO)7t BE 64.08%, A #AvlE(ALOy)ol BF 11.74% 24 o
& A5t ot

3.2. FEAHEY 5

FHe] FHAAHEL T2 BE P R, YA TR B dE9 93] A
AAHY 998 ALY FERE L uFESEY YA JPe TPFHoz X
A HAEH(X-ray diffraction analysis; XRD)& B3te] 7pgsbdd, 19)e FuRA
S AHAHu A 9§ BAHE Rz LA

53] montmorillonite’ 3 e FAH FEFES] Y ¥ AFRNLS FHEEL
EvAe@ F£o wEUH(specific surface)® 2HRozH AFAoz A4 4 4
o)

¥ A79 XRDEANol AM$¥ Diffractometers ¥E RIGAKUA A)E(z 9w
D-MAX-30)2.2 338428 L Cu target® A3 voltage ¥ current:= z+z}
- 30KV ¢ 30mA 93 scan speedt 4 deg/min ¢] o}

7 318 dEE A5 GAidde dig XA PAJEL RAFa Qo X4 3§
ARAE 8] oo HRE B2 FTHE Foir] AHAE AP A8 X
A 3478 (X-ray diffraction pattern)? EFEA185¢ XX SA/N&E vlghe o
€ YA A o] TAHER Y RE JESS #A peaks YA}zto] U s
¥ 1A REA B AGsle FEo] A% Aoz AWEHEdH, & AdFda:
ASTM#] JCPDS(Joint Committee of Powder Diffraction Standards)el ] et B¢
24 data & o83 FE FFE FHAAY. FAAH, 43 TRY FB
8 FHET A¥H o5 4 Y(quartz), bentonite(E+ montmorillonite), kaolinite, illite
ol A¥EA
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3.3 AR AFEHY

olgte TANT Y FE(HI FEFE)Y AFRMNL Fryoz XA HARY
& 539 5N, God PApeaks] ol WAL vmate APy WYL
Z7] e 28 AFFSAT, 9A9 WY, N8P, F2Y AAEFY ol ¢
dte] o1 AYA o] i Hojntn waElA U,

E =RodME $4 499 AT FHM 237} 3% F=U FHH )
AE FE7} F& 72 peak® 4A JEY 4 Ue AL #oAD, 39 gxpY
Ngd £549A58 FFZ 20, 40, 60, X 80% TFF F XA HFRHE AA
k. BAATE o449 TGy 3739 3 peaks] WHHIF YFHoZ
HYBAE wAFe ez Bl 71E FHARY HYRF, & T 0% A9
I, & W & 3.2 o W83} Fo] AA=HY,
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B 32 EZo|FY F FEAYE

T o
X c1ys montmoriilonite,
A BN q09 ] i linite 5
I
2 = 40% 27% 33%
W 28% 23% 49%
X E 54% 18% 289

E§ F 3200 vEh illited) $FL illiteTo] FUSA KO HEE o 9% FHat
3 ok AW BEANNY diE ol43te] AAH Aol

4, o]¢+9] Slaking 54

olgta} o] A HEAEE Wol {FT YA fAEH g E A2&&
kB @t 1 nAY WA Zxrt 43 "oAK B 24 sAEHE= QR
slakingol &} #h=dl, oA ey HAHE AldF A dHEE slakingd AN 7|9
#93z ¥ 4 Uk

FEWHIL  olge] WAFZA viNE JYE FAEE  FAdAA, Van
Eeckhout(1976)7¢ 749 W& oj3te] Aoz AZE WHe FALAL T3
o qhubell Fuizt F748HA Ha, o Ast ¥Ry zE gy gogrs Jute
BAdE & gde A #AHAT. £ o[y WHolEg IVFd IXNHPE A9 =
< <13 (suction pressure)22 13t 9F FFREA FU|7t FgHZ, 2 Fo
dAME XA RAPR ogste] Bo] ogL R AR o FHJYW F
e 48E ¥4 94, olH ¥ slaking #3 & Fild e FHAFRA §Ho| 7}
A5, §7io) AgHA] oHY wEEE Wiy BdEde] AFHY FFHLE
£ air breakage o 93t} w37} WAY}A =& Aojg.

olgte] slaking HFE Yol A4F BB AY&(swelling strain) E= BFY
(swelling pressure) %= YA #A 2o, ¢4 FEAEFT 943H IAEFE F
Na-montmorillonite &= smectite®] o] AR o2 $0% AR & ¢ A
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4.1 Slake W74 A ¥(Franklin & Chandra, 1972)®

o] AIEHL slakingBAd & AFHOE Ve AF dEHQ] YA, O A
HAA ] AsE 105°CAAM HAY F A& 2A9 test drum(Ho]:100mm,
74:140mm, 2mme] BF meshd] YF)H AEE EET test dumE I £o) Y3
drum 9 3% of# 20mm7tA] & A& + U+ FAFZE ¥ dumg F2EA
YAF &2 HA A = 9l motor drived] 3RE 02 FAHA ).

A¥L 1049 dygoja(dx=FA: 2 40-60g, HAANSFA: 450-550g)8 test
drume] Y1 =240 =3 A7 ¥ motor drived o] &3] o 1083 20rpme]
£%(% 200mm)E HAEE AU 2 Fo A87 o U= test drume U)o
ovenol Wol AZAIAAM ANYPFe JFF MEFFE FAHA WTAY A $(slake
durability index, L) 9&3 o] AMHY, Yoz 2WA cycleFd AF, & Lp
& Wol Adsta gl

AMYFEY IR TH
L = x 100 (%)
2719 A FF

42 T AANAER L Y

¥ 3.2% 3AMAME U@ slake WTFPAPEAE RojFa Qi) AGURAEY
T 58717 AASEL FAE AF AYL 3¢ dAdHen o BEANE HE
d3= % 33 9 A&

¥ 3.3 Slake W74 A+

AFE | FXF  d+ 9
Ly (%) 84 9 n |
Aly/cycle {%/8]) 8.3 18 18.0
G eA (%) 51.4 439 75.7

# 3394 AA B HFIAT(e)E 71-96% 24 % (medium) = o]Foj o
AR oJUNBY L7t ¥F3 H AolFe o3 BFE A ey, L
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t A EY AT dHF AV Qo & 44TAY AB(HFA)7 de
[x8 Bolxn U

¥ slaking cycle o $7te] @& WFAASFY 4 A 19 3.2 X BEn
o} Zo] HFH o HAWE &a o, 1 7€V 18-18.0 (%/cycle)2A o
ARA7 e ARLTE NEI(RTARR S F2AF)E 718 .

7| X slakell T4 APel e TARE ¥Ry, vind b4 (high plastic)
9} olgtel APHANA mudball& B8 HTY & LE F& ASS, NEFA
2mmo]/¢e] wAF 2oz hAd R ARg AY &P9A g N8I} 2
2 LEe 1Y $ dde 3o0® NEAANA test drumtel AFH G R 22
FAE B § A & dFA AL AR & WTA Age oldelM AF
¥ EAZ 7198 A2z FHHAGL. olgd YA EY slake WTAAF7L A
U= #Hokde Besly] 9989, Morgenstem & Eigenhood(1974)%¢] o3 Aj<la
slaking@ ¥ $EAB(AGEES 9 FUl] 2 §5FY A FAA cycled) A
o} A7 B8 u] FIFAY) AA7) slakinged] A JE2A FLHIE
gt
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5. ol¢te BZEHY
51 B34y % HPEAY

oj¢te} PFL HEYAY HAATR(lattice structure)} F3(connate water)2] 4
534 B LAse A BJF AHezZAN YA Ex HALY AP}
(interparticle or intercystalline swelling)3} JAF=ue]l A (intracrystalline
swelling)ol 9§ &7 Tl 7|dH A2 g2l4 Ut

B d3odx AYd BPEHANYL ISRMPlA A B3 (swelling
pressure)3 WA A Y G(swelling strain) A PA Ao F3ta] HA S on, AP AL
¢ Aol YAy GUA P (cedometer)ZH A8 AFL 63mm, ¥ol¥ 16-18mm
o},

BFANEE AT AV AL HAA AAY ol¢Y block sampled S4F L
AHEEl 4AF Fr¢ 272 AdEd A¥e] ¢ Eo & + UAEF JFE
. 2 e 92 FFY ALEE AME-ElY NEE MndA A0 F HEoEE g
AA717] 918 o g% Yo high vacuum silicon greese® X3z 71¥E A8
& Yoro] dAFsion, ojrf Pyge] WY F487] fdtd AuF g Aoy B
£o] paraffing FAM FYAH T

Bt o] 3L celld] #o] YARS AeavA BE A3EHn], o) Ay
€°] 1/100mm A% € orld F&F& F7HA7Ed, od AEIEL 24E Yol
O(zero)2.2 2% § w7hA F7AIPRLZA AdHo R ANHAE 343X g= 4
Bl BAYEHE FAHIAUG B AYddA AdgE FH3F A AES(EH ¥ )
& AHgElg ey, &40 ALSd dial gauger I A= /1000mmolfz Ak A
Fo] wE AF(A)ETE 1SHAY A QL FYPEY o] Yol wPHA A&
) 77 A&sta JAFEANNY dFd AGBREAF(F)E AHY, o] ¢ B
I8 A 4(Swelling Pressure Index), SP.I = F/A (kg/cm®) & A48 4744 A
T AlEe @uFo|d

ohge] HAWUYE APY AHAZF % 4XAAE JAJFYAPH Ao FYE,
4y F2AdE A 9 AYFe 2 gol 4AY YA ALHH 2Fsn
WA H Y& A 5 (Swelling Strain Index)= HFHYFE =79 N8 FAZ Je &
& BEA HAFHA

5.2 Ndd3 2 4

19 330 A e AR e WYy AMNE AFAARY PE YeEyugle
o A e RE ANBM &7] 1047 ojule] FE&F Z7HE Boltrt 2 o] fe)
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' F7M4E2 ARz £89o] AaAzte] o 6041 A= TEHLH Hox
& 71&383 gt

ER 4 ANse AUBAgde d4A99 940 kg/em?, AFFH 165 kg/em® 2 F
X589 015 kg/em® 24 Auto] 338 2ol§ Rojxd], e A8 Wty A4S
3 ¥ BWPYL Mot YHHe Ase BPAYY ERFHEFB(expandable
mixed-layer clay mineral)}g§ ®eo] $48 3oz FAY F ded, )AL g4 A
27 FRA L2 ¥ AYFATEIRIE Bol: RozZ 4ug 5 slvk

E¢ 29 345 dAdFol ge FHANY 37 Ame Y QAT FPAYS
& Ay 52 JER ok BRAYEE WA o] FAEge skRsA 2 A
HA ko] o SONTAE AXE BAREEI $ ML 2 FIE 4Dy VY F
%S Ve, 4838 BRe] A9 48 Aoz wAHE AN 2804
AL 7 Asd BHFAYGE d$D 335% ATHe) 39% U FEEY 04% =
AU 47l SAY BPAYE] 37 AGE BPLFE Ao} Ao g
Agols, EF ARE 9339 AVIEAR BHYES Az FA4E FFL Reln
ek,

a9 34904 d$d A5 eSS, ALE B 453 Wel BAF o &
E BAYHAMG w3t Z AYFAS 2L d$D AN87t o 2& @el BESP &
€ Ze BR4 AELEA 4% Aoz w9t
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6. 4 &

AdHoz Al HAyHe] Y} FHAL2 W ez wgtel ¥4
A TYAedels YR WARE 4Q R AFAHYY ¥y Ex WAds B
sl olgte] slaking WA BREANYE B A& dTAde GoF Yol &
g 4 itk

(1) ol gte] FE4%

ojgtel slaking ¥ WRFH w4 & & VN 2YFEY F4& AMAA
on, 2 Fa4E &3 4.

(i) BErRAA Y

RHEA YA IMNEY HAHEL ZF 99 942 FAHY YKL
o, g3} HEFEY FHEA dHAYPY silicalSiO)9} AH2ev]F(Al0s)0]
247 64.61%, 1181% 24 tRE& A8z o,
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29 JEFE TN FASA ilite o] KO RS 8 ~ 10% FFE 9
T AAE US|, olete illite WFHE ANsed HURA e olgdd
o},

(i) #E2YLS 257

ojgg T YPE FEAEL AHHOE Yy fdtd XHNALNE
ANFGEY, A¥yge ASTMS JCPDS data fileg ©]-83td EEA &S 44
Agze HNAANEFL vada ojd YAlZe] M2 YA HEY FEE ot
o EAdy olgd Xgd FEY FFHE 49, illite, kaolinite, bentonite
(montmorillonite) 5ol E¥&H AU

(iii) 79GES) AFEH

XM HAERNE ol 43 AEFES TFE FAdC: ¥ 247 Furd
T AS7AY iR AAE fAEd, AATFR} g8 F8A bdd FE
gl §FuhE XRDO oj#iA £ Ao, slakingd R FFYFFol 4%3)
Ee ded MR diFF 28% ©UX, FFWAe] A wARA ¥ JE
% AudMe HGPFe T 54% 2 ¥ A epgch £ illited] FFe HT
EAZAR odHA ALHU2H, 718 FEFE(montmorillonite F)2] #FE 1)
2F AgsA A8 AT AR sEEASAH A@Yel a7

(2) 14} slaking%4

slaking W74 A4 APdAH 285 cycled] HFse BT 4ATIe)e AFRGE
B 3 71 - 96 (%)olAR, AEERY AHEAI EFF UFHAASE A Y
Bt obed WP FE cycled) 7t wel A¥HOE Fasta JEd, 1
A48 (1.8 - 18.0) (%/cycle)dH=A AQTAY ¥ €4E T2 &0l F7eke &
24& ngd.

(3) o9 AFEA
37/ Asol g WYY AQAI} 27) 10N FHFFE F7HE Boltrt 2
R FhSEs 43 AU, % 604 Fol AGBAYY] TSI

= ogke WeHe 940 kg/em?, AZEY 165 kg/em’ R ZEFE 015 kg/iom’
oj}.,
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71N GRYE Y Azl AYEAY A7) Z AYE Role AR nFo
Boh, 7k A8d EgH & BFY FAEFRS §F 3 F¢He Aoz 34
"ot = ol AL dAA oz o 280A4% Folie A gHFE AR #S
S0z, olfe] FAWUZE uldde] 335% AFFY 39% W FEF 04%2A
A A F2rieh Z FAolv], APJEY L] AXNARE WYY 2AH ¢
FAHE AEE 1Yo

A 32 B 9
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