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8 FA74(1) FAATFY /YA TFYE T ER ME7171e @ AN HAE
/4 F 9 o J¢ et o Test block &A1
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AddAol

o



2ol AgolA BEAFES FoE EFAYULS ISRUOILE ASTHO] A1A S of
oy, BAONA Test block®) HAWH, YA AR5 A0 NFFAe @
7, AP $UE D AP 4B EHe YA S0z U ol45x @1 9

o A, ol FAE AT F Ae AF7IE Adsor .

Test blocke] 7|7} ASTMO]l U ISRMoll A FH A<l 700 x 7002t = FAHale 4=
A5E AALHUE P LRUA iz AA-AF-2AF Beld) HH9

jw)
A2E AT & Ao R AFE ZHlg 779 HEAE 2H-EI FEH=

AZste BEF2 A, aginn, A FEAN AEZTe HPAAHEIT AlY
Ao A AL = Data loggerd] AEE Fasdit}, o83t Alg7]9o 7= o}

B-2F obuto]] Test blockS @ As= =Y

- Open—cut AFelx Alg 7o AR A

- Al Ao g/ Bs/ ol s/ WTAdol 118l d Load frame 7%

- A9 1% 4=/AH d9/3 5 AF/F A3 Aol HE7Fed v A1E7]

- ANgAe] AAxE7E A4 S5 = Data loggere] 7|E

- g A" AT

- 71&9 dA 8 AlE7Ie A e A
- AAE AR AHF
- AW AFE AFAF AlFTIe i
- Tilt/pull test 71719 W%

- AW/d7 AEE T e 7)719 HeHA

]

oleig ATE HAMM wg FEE HAsHAT.



- B ~gA 2 34T AEAFFe AAIH-uA Y 2 dF5EgH B4 A}
2 Test blocks P T BZF It 1.7 HA

- Test block HAE 717] 74 2 EF 4dk Aol A 5 HA}

- Ay Aol L AYHFA FA 9 W

- YRS 71710 A EA R SR one
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3 W& Data logger 7

Point Load Strength Test, PLST) 717] 7h&F

- otxio] A HelA Al¥7|(Uniaxial Tension Strength Test, UTST) 7Ht
- Tilt/Pull test device 7}%

- AWAlgo g AL 717184 45 Al

- AHElAT @A AL v)7IE TR A EA

|
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o}t
-
=
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3) IAAEHFT ER)
- Mg 71710 F2HA FH/EY
* Load frame
- 3482 A2=¥(Constant pressing rate control system)
H Fx A28l (Constant deformation rate system)
-One test blockol] 4 7i¢] HygHo =z FAHH s AT AR el 13 A|xd
- Ao AFJG AlE7e] ASHA 73 H B
- 2% 49k @9 Test block AT} FHAE A
- B AR A AN FEE A3 Rock bolt Al 2 A AH
- AR A% 2 3 ARE E
- A A AG AY(In situ DSST of a weak rock masses)
- 1% ¢= Al¥g(In situ uniaxial compression strength test, UCST)
- 333 A& A|F(Plate bearing test, PBT)
- ALE AFFoR FI AT NFFTEH FHA H L



. A7A% g 2 89

Bl EE

. AATGH BHEA
(1) A7 Age] xAde @ A4z B4
(2) B~ nE5xx AL 5 F3F9] &F, FAHAEE, 23 2 s E B4
(3) BEd&49

(4) A 2xA A3}
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est block 34 $H X XA

ol 3
. E% b @0 Test block A #& 71719 A zA
(1) Rock saw and guide rail(%®3 - 350 %350 % 350)
(2) Rock core drill(¥3 - D350 xH450)
(3) &8 & Rock bolt AlFS 9% 7171 2 7]El
- Sinker drill(# & D25~38, Zo] 2mo]4, AZukE 100kN/ea.)
-71e} R&£71710847], 37 &E7], ¢ Unit 2 F571 5)
(4) Test block® A=A+ =74 & Hydraulic jack & Control system 7§
- 1.2MN-F(PBT, UCST 2 DSST &9 £%a a5l o)
- 500 kN-&(DSST 28158, PBT % Lab. 3% 4HAE 74% &)
(5) Bt @9 Test blockeZ 7} 3 RolAgH 2] & 7)7]9] 45}

B 249 E

7}. Test block ARG A ) AFF EXEAL
(1) @39 A4, AE 9 9] 7883 E4 A}
(2) F3¥Ad e FEFH EHQHE 7
(3) Bd&A BX B4
(4) B odnte] o938ty £4

v, Aeg 71719 Bt
(1) Hydraulic jack® AAdA 2 A=



(2) Loading/Unloading AHg A0} Al2vle] 4= /5 ¢}
(3) Lab./In situ #A& Load frame 7}
(4) ¥9/¢48/8l5 AZ A8 38 Data logger A
(5) 7IEte] A AFE 717 WY e A=

- AAsE A1) R

- A A Er) N

~ Tilt/Pull test &3

(6) % vt Aol A A Mg

ftjo

5% 71718

o

1o
oX
olr
i

>
=

= Rock bolt Al& 2 1Al

v

- 33 A 3FA & (PBT)

R 349

7}. Test block® FAF Ao AFeH EHFAL

(1) dFel g4, HE 2 £ ATes Y2
(2) B2 A0 W2 FEHNY SHAH 7Y

(3) gA4Y B 54

(4) 23 o) oty 54

. 71719 Bet g AlEAT @A AsAA
(1) ¥z A2 ZA
(2) Lab./In situ test load frame A7)
(3) &4 ANER 4% ANFHEA +4/5%

- A8 A7) (PLST)

- A HAZ AlE7])(Uniaxial tension strength test device)

- 71&0171/E7] A@71(Tilt/Pull test device)
(6) 2o Ag@FAA 71719 45 HA
(6) EF ¢t Aol A 717]9 F}AA A5HA

- Test block A4

b

- A3 & Rock bolt A&



- Test block B4 @A AA8 AH L e
- A A FH(DSST, UCST and PBT)
S hee a8 AgrlEe SARPLST, AAAF AW, Tilt/Pull test)
(7) AHAAT Aol hEF AA/EGA ASHA A

e

o B ghite] AukEsty FeRFs SHAY FAA v
K

el Ug AAFGA SHRAe) FBA

o] AFoA EAg A7 ZAE Qo oy g,
1 23S

7h. AAFH 54 24
(1) F=2, 34N Hop7] FAST] FUGFE £, AFAFL o8] #4
g BIAuddTe SdRy Exdn. $ATRE wet 4Fed AJF
Hog gy T2 FHudde] wdol dydr.
(2) A7z &4
- 1/5,000 $ANER HYE me) FAEDLZHDEM) FYE]A 500mel el A
TEE 24870, F218E2 N20-30E, NSO-60E©|TH.
- 4= Sn-F 9 KOMPSAT-1 EOC #14d94& nFusade/2MAH2 42 £
AT}, 300m oo AT = 17270, FH8F N20-30E, N50-60W, N50-60E ©] 2L Th.
- A= 2m-Fo Dk-2 HEFEeE A ATz £4247, 200molde] ATz
181708 %, F 243 N60-70W, N10-30E, N30-50W, N40-60E°] T},
(3)2APAY d7x BXIUEE, FATR AA 2km #29 BV ¥3, F
= diHes A deEbRc.
(4) ZAA G 9] thubghe Tdd wre] &3 R dYrt weEen og FWF
T deudE FAAEES Aot dit. kR fEHoR £EIIY R W
E ¢4 S3AYE ExH dF el TIAEYC] FUHAUD
(5) dg] EX54 79L& A dEFmL F2(SiteNo. 1) R FIFAS F

ri



(Site No. D)ol Al MExALA ZA Aote oS3 2o,
~ #190A 370, #OA 4Me REITo] FEHYE=Y, o] AT BEIXE HEA

of AA 71Ee] HM L W T olEH FERIE AAY F Yx
HIEE ¥ (empirical orientation distribution) @3 & Al&3jok .
- K-S A HF3E9, FEE d2F &ste 42l HF(joint spacing)y E
12 SAFEE, #vEX 4 dsAT X7 33 HIEUT. d7 de ¢
AL # 104 0.70m~0.34m, #1I°1A4 0.14m~0.35m & AHEH A},

2d Z47te] Ao 3t He Egolx Aol(joint size)o] tHg K-S F
T4 HA5EH, A4 EdE AL X, AEX 2 s ATEERA A
S BFsg. =29 deg Edolx AvldA HEar] BAL 9% HEg B2
d2)e] B Aol #I19A 1.3m~2.0m, #O1A 0.4m~1.0 mo]
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-3 HAWER AEZF AHLSNo. 1€ AA 0.6m°0] 37} 2%, No. II o A
E 0% 22 EF Gukdg AARe

-dzdo RQDE #1914 68%, #IolA 35%= e

-dejd JRCe #1914 6.8, #0014 10.6°19, o]} 22 HF@g ded
ARA g dejdtee sigEnt.

- S. hammerBFAA| P o2 FAF JCS= # 1914 6.4WPa, #1914 24.4 MPao] T},

- RMRE # 1A 41, #00lA 2624 ZA A Fo] B3 ¢Autd g A|ALSHTY,

-0l AFE 93 Test block A FEA= #I(HLAZAH)H # DL F
Ax)7F At

. AEAT 84 AR @39 PLST A E
HEALR B3 onte] FAGH, mEAF, AP FHEY] e T
& 1#3t9 Test block FA FEAE ¢ ASFTFY AL FAL AHA(Site
No.I)ol™, B @] mBF(fHw)o] AEEE F2(Site No. I)olt}. Site
No. Dol AAsE Wed 7 F2E 712Nk dis|o 7|&e] Az dF
ZAte] AR E Hlwdte AHHAT @R AU

IAd, 2006. 10. 24 @A, o] FFL Fivie] BAEAZE MAHA ol Pier
No.l~4% olu] wz}to] Pier7} Al &Folal, Pier No.5~6& 7% E 777} ¢td &
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Blojth. e, wZ F2E 7zAw] EQAS Fa#e vjdss ATAE
S 2x4%E AFE d7EUTt. A Pier No.1~4 X FollA FZE2 A3 A
AE AT 7z A52A dEoz 71E e FAst AEAF(I)E 48MPaz A

RS B dutoltt. agja, At FAIA AHE 58MPaci At

Bk obdl Ao Test block A8 71719 A} AA

(1) Rock saw(D914)= AHd Test block 350 x 350 x 350 3 4], Rock core drill<
A3 block D300 xL450 &Adel HFatodvh., #F¢ Unit(160 Bar, EE 40L/3)
7 B33t} NX-Size Coring R R &3 822 Zo] 2n7HA] ¥ 7Hs sl

(2) AW Anchor bolt Al#& Sinker dritl

- ZAFEL Boring holeol %<2 MES Bojule FA7F flo}A 'STANLEY' AF&
Tt AR F71LE7I(5HP, 1MPa, 120/)9F WE&3ste] D38 am 7]FEdtd &
o] 2.5m AFAQ HAFTLEEE= 30 cm/mino] AT},

-Site#19 Fgo] Zol 1, 1.8 ¥ 2.3(m)E HF3ld, Rock bolt D25& =&
24 Zel2 AAAA ARG ANPAH, §E& FHEHE 0.250PaclUH.

. stFAol Az Aga Y5AA 2

(1) ¥igdAo] A28 0. 1mm/min FX7F B8RS

(2) A¢AA FAE Dilatancy LA AT 73 EUXF

*

R 23 s

7}. Test block® AT Site No. 19 XA 9 AAFEH &4

(1) Test block @AY ¢4, HE, B i A+33 EAxAL

- Test block @Fole F2 FELE FHH LT €39

- Ao Bdo] A3tn x=F HHo] A& FHHAS

- d4udz I 343 AYE JHEA 295 AEE F #EH.

- @AW BFoA, Ao AAN g A7) GHER FHE. ¢H 2 FA

B2 OiRE Z4g FuHE Holn, Mrle M9, ALE, HAZ~-ARFE 4=

FAHO Jerg FIPY A2 BEH.

- XRD BA AT, Ry F FAREZE M9, FY, EEF, dgolE, 344
o]l 53Y. FEANE YgolE, 2HEE 9 ZHEo|ET} Y.



- XRF &MlM BE ARAA Si0, 8L 71~75%2 FASHA % &3 9

oo 2 o] Test blocke FEUAUQ AoZ HAFH.

=2
(2) $udo] G2 FBHeH S48 79
- AR YEARE BHE AN x-4584 257t FAF Ba8: A

FHEAFEN 2HEEV} FHER A5-E Az FhsHE Aol U

- Bahu el mek AgA JFN gast AR F et 4%e 2
- Test block ¥4 @H) el Fsud B8R Uho|EY} 4 Fo| F
2 EYAAR, Fudol % 198 FEARIME Zdeo|Eg 2Rl

E7t b= ghaHE Zolvt sle.

(3) Test blocke] BEUEH EXEA

- Test block A@o|A 3~4749] He] o] FEEHY, FEE FF+e HE
dol AAM M 2 Wy Fo o8F FELXE AFAYY Hxg o
TARER A4 5 gty ad
- K-S ARG HSEAH d7AGAAN FEE A4 Fy o Fae e 7144
R Eolx9] Aol(joint size)ol thE FAH AL X4 BEE, PRy
L QA TEE F3 w¢ 5.

- 7 HEL #SL11A 0.06m~0.21m, #SL3E 0.14m~0.24mZ A+&9.
-x2d de Edolx AvldA He I7|EAE A dg Aoz I3 A
2]l FFdole #SL1& 0.27m~0.88m, #SL3°1A] 0.25m~0.38m .

- BEd&dnte] EXNL FA9de 242A BALYE A&/ QAH L 15.84 A/,
£59 FZFAH 0.0079 n’, BF NF/SAA AL 126.68 blocks /m’° Y.

-9 232 3-D Y ZALETH BAME Test blocke HIBTRE A Test
blocke] M7z FAHLZ Z WidsHE Rog Uy,

(4) Al ot 38y 54

- Test block& @49l AAFFH 1.6%, FFE& 6.4% L HF 2.7 9.

- Schmidt hammer E}Z Al @l 2§ JCSE #SL1& 41.2MPa, #SL3olA 37.5MPad] .
- A2 A9 JRCE No. SL1& 8.77, No. SL3E 11.2424 B3 ot d49,

- RIRE 4124 ZAMAHo] EF Gt & AALE.

- GSlE 322 A HAon, ARG 3wkl AJALE
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Y. 12 Az AL/ LS 71719 B
(1) Test block B8 717]
- Chain saw® Test block®] #o] 420mm7}2] FAdeol 443 3.
- Rock sawe] H7] #H
(2) Hydraulic jack & auto—control system
- Hydraulic jacke 4-0.5MNE B2 Eo=2 4 A Duralumin7075T652 HFA
100, & §<45MPa(1.2N, Push0.8MN), FA 29kgf o= A2,
- AZAo] AL AL A8/ AE 7% (Constant loading/Unloading rate), &
& Wy $3 (Constant deformation rate) R AsF FAConstant load) F
9] 7)%0] mlFEate] 2006. 1. 209l F ARAFAA FH-BES T 2
I Agg o]F2 AAA AL BAFTY.
- A=A Pumpe 30 B7 1.4~69MPaR X 7t @ A2 E& AFEAZ.

t}. Shear boxes
(1) Shear box9] 3% Agd Y
- o|Z 5= A Az} A&l D110 - spherical platens® F-F4HE AF BA.
- olE A9 uFAAZY PAE Y38 Linear needle bearing plate(SCM440 Hv} %o
25, 872 AFstd AL AN F32F.
(2) AGF dH9A =2 FdA9 AT A
Load frame A7A1¢ ol&¢ R E<. Pedestal — Hydraulic jack = Load cell —
Spherical platens — 3% E¥X % — AW 42 — Test block &3t F %5
I BE AdFH AGA7lE o2 ARES AXY AH 43T
2. Data Logger /A%
(1) AZ 2 E3EY 452007, 02. 26)8t AT Y
(2) Analog 16 channel#} digital dial gage 1644 & 327} A FASA 75
(3) Load cell, pressure gage, strain gage(120Q) 59 AU’ AY £15mV
(4) NE "ol ANgY AR(FA-AE-¥E T)4 ASF sensors& AHEAIE A9
22 A AstA Real timel® 4% QA 2233 UHI}F
(5) AE Fol 4FAF F7(1, 2, 5, 10&, 1, 2, 5¥)E 2A7%
(6) g9 W49 Ao dEg A Aug 2 7ol AF,

_10_



(7) N8 £72 359 7%
- Data sheetE& AA|ZFF7)(62, 12%, 16%, 0%, 1&85)02 2% Az
- 19 FdAA, oo 28&

=
A bsd. Adel AnAFe BERA D A AXE AFFY.
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v}. Load Frame 7§
(1) Main frame(¥+= )

- 98 37] 500 x 540 x 230224 Honey comb W&l o 2 FH 164kgf2 A3
- BAR &3t AR AFE FEE FHAF.
- @ Al A e rldd vUR FAYA Ball/2EPE o AMA F.
- 315 HE®-E 500x700x 16 /N2 wrEH BT bolt A AT} 4.
(2) DSST Load frame WA AQ <A HE
- 8% APELE Test block HMT AlE(Top specimen)olA] &3 -g whol Alx¥
AA slAHEZ deEgg grfo]d] AN PAZ oA,
- AU A8 73 Frame - A Frame - 31342 A 5L 444
- 2006. 10. 15 @A &HstA & 2/2H FEo BHAE RIFTY
(3) PBTE H 717
- Load frameg& 300x300x12-L16502.2 #A|Z3std dAFolA A Ax, =
838 90 tfoll A Beamo] FoF(AALE E7H)
~ Reference beam= stainless bar(D20)oll magnetic base + dial gageE 7|9% 1A
3lal, Bearing plates Alumec 892 500 x 500 x 512 A 23t Ag35 Ax, FHu)
5WPa Ast7hsstes A3 rbe AT FAG6kel) 21 FFT.
uh. AN PLST 7171 7
(1) Spherical platen®] ©]|EF%&& D30 Av}lEo] Linear bearing(L65) A3t
Point-to-Point % %% A& 0.10mmo| 512 NFT.
(2) 8% AG AFHA Load cell(5tf, D77xt23.5, Bridge 2x10° Q, 1.5 mV/V)
(3) W= Dial gage 2/HE B&3tod A3ty e A= D& DV A5 53 H.
(4) Hslg ZEAFUs)E DV FHHEYT 5% ©f IA YEerd.

._11...



Ab. el ARAF A7 A

(1) FAA ofF g 3 ‘7] 2 272 A

(2)'o}8 B}’ QHC mortar® H-2 ZAo] 50mmeld 2 A FHEHLE 2.5
MPa2 A ZEEHZA Wol o]FANEE HFHe2 THHAE.

(3)Hyd. jacke 20tf/37 50mm 270E A8 A HAo] Ak, Toe jack type
o7 A,

of. At @7 @A 71719 FFAAD AsHA
1A Adxo] AT dEdme AY 71z A9k Bj#37] HA(G.L -5.0m)ell Test
block(290 x 290 x 420)& ¥4, Rock bolt A&, ELAIL Hid od, 15 ¢FH

AE, F@aAs AF 2L Rock bolt AWAIFS HAE 3,

(1) 1% 453 =(0)T 1.82MPa, FTA £ W E(g) 0.7% HVIAFE)
1.10GPaZ 992 A YeEld ™. SATER Test block EWHol 0.2mn A=
9] Fissure/Cracke] TZHU 1F UEAE AEL A9 Ford HAEE Qo
22 ZEA5se AFAGNE AFA2 Frisior erdsith. ok, 3oty 1
FAEZEE AR A 5 AXE Fxdg 9T

(2) J& A 2D

- WE R3S H-beam 304 x301x 11x17-12000& At&RAed, dA&F 80tfolA
ANEZF o2 3o AHE 2AHAHAALE 7).

- A7) HEAAY - WE JEFS BT 1.26 MPa—6.05mmo] A,

-AAE A AAE mzhe JZAW A XFAAqE 0.75MPaclFeR F
Askdch. PBT AdolA ZA7] FLAAHL 1.2 MPaclE2 HAEAAME £F
dute] AP HAAHVIEHAS S AT

(3) B3 ¢hito]l AJFE Rock holte] A ge

- Crawler drill® D76-1360022 AFstd FaAl QHCE JEog F) 8t
Rock bolt(D25)& Al&3}3ith

- AU A, FF & AeFrt 1A Aol EF guk- AAA Ato)9 7

7

2 g o8 -Mygere z+zb 0.20MPa-1.2mm 2 0.25MPa- 1.5mmo] ¢},

L&
T4

_L)IL
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Z}. Lab. DSSToll 213%F Load frame A% A}

A= ¥ Con'c block sample 200 x 200 x 65 + 200 x 200 x 652+ 27 200 x 200
x 130 Q1 Solid type22 AFHMG AlPE F Load frame 12k AlZEo] oisl] A
FHALE A A g 2o 2ok,

(1) F3"e] A H3(Shear strain at peak point)e E#HHE 5%, Solid
typed 3%ololgdrt. meka, o] APl @A Test block 400 x 400 x 420 2]
o] A HWHEFL 40mo)3t2 AA ST}

(2) Dilatancy:® F&-Z8o] @& 0.38MPa FFAME (1) A A7A %1
(-)2¥ el

(3) ¥98 E3YE EY9 FEHSE Peak pointe] B2E 2 YRopzzge zt
Z} 0.18 MPa % 35.1°, A AARE FolA tA| dHXZE o] FAIIIEA AP

2% BF=AEE 247 0.17MPa 2 33.3°0| A,

(4) Solid type Con'c block®] ZAEAHFE T HolA Hzg 1.28MPa L uju}
Z7} 45,7, BFAEAAT 27 0.66 MPa E 42.2° o] T},

(5) Solid type FAIAANA, YHAZ EFHA AFg F ohA] Hojx AGg A7
ZEe AFY 0.14 WPa 2 W ErHEZ; 41.6° 0|}t

(6) 9 (3)~(5)olA, ®a¥ con'c blocke AFHA & MYP H=, Solid
type FAIAE BHY-Fo 4R VAT AeAg RdE B 5 ).

2. ol EQHAIS At AS

2006.05.05~06° E¢A 2 Fstws vfde ol 131do] A" 2006. 09.05
A7 & Hm 27 No. b FABEE 4170 tf FolA 2097 t7F Al F= AT},
o#d, oldd EGA 1070 Sl A 7R olde]l glgol RAF o] JFRHE &

23 A 7ol @3ste] AFFct. o AFEINE Sostd oI #o).

- 2006.10. 17 @A, A3 oL 4.15mm~5.79m(HF 4.97mm)EA], €§Alo)
o WHYF 2.80mETH 1.7890Y B IA JEMRG. o7A, g4 HsHE 7
Zz WA ux16m, MFAF 1.5Gpa, ok vl 0.3& H L3 Aolth,

- 4% AAYL 0.122~0.146MPa(F T 0.116MPa)2A1 AlslEE TEERE 7H3

]

|

gk A \iRkE 0,161 MPa2] 72 %°|th.

._13__



" 3xEE

7F. A FAA(Site No. D) AF 2 NAFEH 54
(1) Test block @& ¢4, HE, EF d3 2738 EH2AL
- Test block @& E F&2 Mgoritetdet £xgt,
- AHgjo] wdo] H3ln =F FHo| A3A FIHAL.
- dFHdE Ut 953 JYgH ey, dF FER: F #Fg.
- d@n7 #F A7 A9 ZAN oY 2719 ¢HER FE 7Y, ¥4 4

FHELS YR E 748 FHE Roln, MUl HYer 744,
=

dJ

|

|
=
= 5]
Ae
X
b
X
b
rir
>
fu
2
>~
w
9
r-{n'.
flo
(@]
O)
CD
09]
R
ku
Ho
>
o
X
i
o
ol
=2
i)
2

E Test block®] ¢4 AYgittddel Aoz wodg.

(2) Test Block @889 EA<EH EXEA

- Test block BFAEZNA 2~470¢] HelTo] +EHT, 7&EE e
o] ¥ol 7]&9 M % W& T olgd FEFEEE ATXY Hz =
g SAEEE QYT F v wdg.

- K-S g4 AFA AFAGelAd FERA FAZe dyTe Fie e 1A
(joint spacing) @ E# o]~ Zo](joint size)d WF FAH 2dg X+
By, #AviEE 2 g3 7EE F3) w9 533,

- g7 AAL #SL1o1A 0.06m~0.28m, #SLolA 0.02m~0.07mZ EIG-S.

-x2g 43 Edolx FVE2RH g AVEAHE A3 BAFEHAYPR AEd
B A2 dolE 0.42m~0.93m .

(3) Helqhute] ghwt Foha £4

- Ag)H 9 Schmidt hammer BFAA G o2 FAF JCSE SL1 2 SL20A Z+zt B#
10.11MPa ¥ 11.50 MPa¥d.

- da el JRCE SL1 2 SL2olAM 24z HE 7.78 € 8.342 JEHH.

(4) AAFEHH 54X

- RMRE 26~332.2A ZAIAHo] EF kS AALR.

- GSIE 222 FAHAE.

~4
flo
e
oft
ox
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. A 71719 B
(1) 3%+ A &3 (Constant pressure rate device)
(2) AR {2 F2)(Constant deformation rate device)
- Cyclo—cam type

- Rack gear type(3HdLEE 45 +3

(3) Load frame

Fo g #Hidsles FAH)

Ho

- Honey-combed typel & |AA 2 FZ3iH

- Frame?] W& 3 &df 600mm= ALA 2 A2

(4) 2o AgdFoNA 57 A

- Con'c block 250 x 250 x 3502 ZH|

- Test block®] #sldho] Hds= ddo] WAL g o] Bag.
- 3R AG A 1 FA B

- One test block(350 x 350 x 420)oll 7} Add®A 470 A3 A #H
- HAAY, A 2, A3F L A4S AGA A FH e AA/ A 2]
(5) Data logger? &3 A&Y &&(2007. 02.)

(6) 7N=3 PLST 53129 (2007. 04.)

(7) 4A ANAFE - AFAGAR E3EU(2007. 04.)
(8) Bkt #A o Test block A 2 AFud E3&YU(2007. 08.)

t}. PLST, UTST, Tilt/Pull test ® &#ola W74 AE
Heupek, 33, €714 94 2 34 Ad 2 AN U2 15 457 E, 2A

8 AlE 2 AAHJFT AFE FHste] Nde AR ad4dE HIoeH.

(1) M FAAsH A F71(PLST Apparatus) AH&ZA

- Point-to-point A&7} AF EAE 22 Blocky samplesol] o}F H s},

- A9 EEASF7|NA, 71719 vpEE dlAA7] Load cell®} Hand pump®l
Fag AR SR BEY Ly wny/Lpr. gy = 1.0910C88AITp 0.983)2A
Z1& Wy Asts Z=/F 10% W ZA JEikt. PLSTE /AUA7F Sle Bl
A 7733 7)17)0) A%, Point-to-pointd =IF HA LA 0.2 mmoldt. B3 A8
o] Mzt A HHAlY #Yze] DY AFEH, &Y T dHALE AA A
A7) vEAYE 22N AFY PLST 7171 W¢ /&8e ¢ + ok

P
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- oA F (' 7IEWHET JNFE PLST-#tol O &9ttt 53], E3A G
A AN YL 2.93/2.13(=1.38), I ALAME 4.00/2.56(=1.56)2A FAT
atol & R o]&, Diametral loadinge Ao Pointe] #YHE Zol7l ¢
37] wWEelH, HF At AF SAHHAES AFE PLSTE 7249 =7t o
< B3t AREHASE A5

(2) A3 AF Ag7](Uniaxial tension strength test, UTST)

BEFYo fleuz, MU AFEFY d5AAE FUIF AIEE Brazilian test
& 15 AFAPE FP5o] 45 vy,

- ARQA A FAA stdA el ek Q1 RS 0.2mm oJHE ofF Hol

- Zx¥l o /o BT 1.22, AEATE 0.2424 HAAHAJZAE7} Brazilian test
weh 20% 9 A Jelwth. A7M, 0,5 B o, 42 Brazilian test R 7Y
g AAJE A2 ANEE QG =T}

- FEH o/oplel BF - WEAF(c.ov)E 21-0.1, oo 20-0.382 LFERG

o WEASE B od, d7)A g AP AE7Ie #HAp ¢ denz
Z 5}

(3) 71€0171/E7) AM&A(Tilt/Pull test)
22 AR AT AU AFHADG A oA, FIHUE £ 200 x 200 x 1309 F
A Aust 2712 BETE AE A-7 3F 9 200 x 200 x 60”8 270 EIRA]

- A8 A/B-729 W w122 Tilt testollA 51.2°/42.1°, Pull testoll& 53.4°
/45.0°24] Pull test® T8 ZHo] Tilt test®th 4zt o EA Yeldd. ole
Tilt test® «©XALE FFHEH HIEA, Pull teste A&7 &FolHEE
ZY do] 8F8YW Alole) vlHg YHEo| HEH FEAY WEFF Fo| HoD
2 asperity component A &o] ©] A7| wjFo|c},

- Ago] A}£% test blockol HIA Fow o AAXNF(HE BE) ICS/ 0
Z+S 100~1000[10g(JCS/ 0,) =2~3]2 2 HPA=d, 3] ofujd golor. A%
o] FEFHLY 0.1 MPaold, F3td He[HHe] 1% AFZA=ICS)7 10~
100 MPa2A FZ2%-F $ubolr] wielnt. ez, A8 A-T9 A AL
Z23Y Aol 2 &Ho] Foujd FE2A JRC7} 15030t}
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(4) €dlola W74 Al (ASTH D4644-87) A}
4d $3ger FAH P FAHE Test hlock A1BZ Ads Aa}, o

Hu

TFAAAFE Idy >99%2 4 ‘=3] & W+ (Extremely high by Franklin, very

high durability by Gamble)'-F o8 EF ).
- 2], o] AR XA FH] 1.6% STE 6.4%, HF2.79 H|Fo &Hola
WA AF7F UE 322 235 BFE Y3 A5 2 o438y s ¢4

a3t
2. AAlAT BF(Site No. 1)l ld @ EgtAs} Astn A=

- 712FAF A 6219 AE 2008, 01. 16 EA), feAnE= ForRagiel vurs
a:11

b RE FHe] gaHAY. FHE YsE A

A A A EEE 8.42mm, X uHEEE 0,306 MPa
- FEHFL 6.82~7.44mEA BAolBo 2 AEF8 42mu Tt g},
- AAYL 0.17~0.29MPa(B T 0.244 MPa)EA T RE 502 B FTEE A

H H
Bl Wk3 3 06 MPa9l 80% AE2 el

vh. Site #I (Y FAR)NA 15 4= L FRAAS A8

(1) 15 4549 UCsT)

T2 49 3o ARV BE7Hs @l A& Test block 350 x 350 x 490
2350 x 350 x 500 2700 Wldle] AW E S shedct.

- BHFEE HAH -G FH(brittle-ductile)?] FFAEoH, 1% ¢=4x
2.07MPa, ™3 WL 2.4% 2 WHAT(E) 0.74 (PaZ YeELE.

- S AEZ Test block W Yeld Fissure/Crack®] EA F7 0.1~0.5m
oldtt. o] Hxeol Ago] & Test hlocke UCSTE Ae] F2ulsiz|wr, ¢ .=
PBTE] &8 XX H(qy), EE H¥HFEAF(K, kPa/mm) o]t

(2) B A3} A (PBT)

- BdHA FAE 40 WPaojstoll s AU FA Lab7h £ 3009 vl 40 MPa o}
A= +5%0]Att. ol= A2bE accumulator (40 MPa)e] FHAIQ) Ao w Alg T},

- A8k 330x330 2 490 x490 2702 AlgEtRet. I -ARAEH BAXANA F
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3 AEAAH ()L 2 1.75MPa © 1.79MPa, HuFHHE AF(K)E 3,23 MPa/mm
2 1.79 MPa/mnE YFERRETH.

v, B3 dut dAA(Site No. oA FAHAAG A&

(1) FAF test blocks, 7Md AGH 77 € Hd At AYsF

- Test block(350 x 350 x 500) 4 7R € B3t DSST 2 /At UCST 2/H4E 8.

- One test blocke 4/ 7IAAdHoeRr FAEd 13 AW AR ZL 70mB
HAPYcd AEEAH dA F& K8t T5mB AA FE3

- /3R AR olAAR, & AG JqdwHe E(FA)E 0.034 Lo 12m) &
AFPed, (=) N F3F -3.7mo) vl GF E Ao AlgHY, o] A
T 0.025L0 FEE ALg}.

- Ad¥y dolg 45mm(0.13 Lo)E AR 0.1Lo(35mm)o]d FHFho] el
HAH Lokt AW A5 ¥ doj2A H7|ME 350mmo]t}.

(2) ALFA X HFAAT, FAAD 70~120 Bl AL FALAE 2~5%
A& AT, dE 59, DAL 271 Mpaoll A 109 7o) HA 268.5~273.9
MPaZ FA = ATt

(3) ABPF {1 FA < AA

-DC motor®] FALFTE FEFo A#so A= FZ 2uld 42
T2 FA2 AGdeFs AEAN A Aol BE ¥YFLE A9 HA BAY
& FRASFFARHFBAT 0.965).

- Hyd. jack®] ©H3F 143 cn®, Motor HHEE HAHX 1/2~1R.P.MAA Ram9]

o] F3o] 0.2~0.36mm/minl. 2 FXHA}.

(4) zd delet AdHe i QA A

- Test blocke] FAE A Fejollx A Fo, Add AR AAE A 99
A7 AR Adn Ad wr)E FE @30l Y FHIFoR AAGsA.

- Ad9A2 oA FEA AAdDEs W 23 dx AeHA AAANA Load
frame®l A AR Add FeoA AADGE ZH o Ao HydAe HFd
o2 7R Ageolnz, A AdDA e HEW o] AR wgEA] u]
A7t 2t AdE AE AHFHoE A dAXE Ve FAE A

(5). Dilatation 9%

mlm
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- FALH(g,) 0.42, 0.83, 1.25 B 1.67 MPal® A @A A, Dilatancy ¥
stk Aoky wWoll AHTEH Y] AlEET 31, ¢,0] $2FE Wi,
gako] W= 0.2~0.36mmoll 3k Dilatation W0z FHg g3y

o] ¥& Zte (asperity)E Test block No.22) QA4 ANEx F£3oad-937 14
0.

sy
&

43 MPa-21.0°, 0.88MPa-18.0°, 1.23MPa-16.4°, 1.66 MPa-15.0°, A AT A]
8+ 0.48MPa-18.3°. 0.88MPa-16.0°, 1.22MPa-14.5°, 1.61MPa-13.6.0°0]%i¢},
ol dMH ART d4 dDdHeR SAHA Fu AGHAEHY Y/orHE 9
o] e W] FHEE AT, o] Wrlg] #HE wFo] AMdstd SyE A}
ole]l 7]l FHEo] FEAY BolA WA AGE7] EoR gAY,

(6) 745 A% (Strength parameters of in-situ DSST)

- UEeidzty 2Rl JEF3ELE Test No.19 &Ad Al 49.7° - 0.72 MPa, AA
G AlEE 42.0°-0.65 MPa, Test No.29l Q4H 2 AAG FArAHse 24zt
45°-0.55 MPa 2 40° -0.52 MPa2 JEbutt},

- Peak pointoll o2& AW WIEL YAHY A8t 3~4%(10~14mm), AHH
AlBE 3.5~6.0%(12~21.0 nm) 24 AAG A8/ 4 o o,

A, B e @AW A=A SAAYG A Ha
(1) didae} Fd FAzAM A A2 AL ARHAG AFder

o AAHE AT ; ¢ =0.63+0.09MPa, ¢ = 46 +2°
o Ao AAG 5 ¢ = 0.59 +0.06 MPa, ¢ = 41 +1°

1
o Aot FAA ; o.= 1.82MPa, E= 1.10 GPa
e EAW BR ; 0. = 2.07MPa, E= 0.74.GPa

« FAGEAL BA(Site No.I) ; JCS 12~20, JRC 8~10, RMR 22~33, Jv 397}

/w’, SCR 4, SR 38, GSI 22, m; 10(3A), o 45MPa(F3)

« AT AA(Site No. I); JCS 26~41, JRC 9~12, RMR 36~45, Jv 16 70/n°,
SCR 6, SR 37, GSI 31, m;i 15(5&), o 58MPa(FA)
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(2) N AFH EXMAZ Hoek-Brownd} Barton ZETFE& 25t Mohr-Coulomb
FEATE FAS Aods GE 20
- Hoek-Brown(H-B) F =&
« Site No. I: ¢ 2.01 MPa, ¢ 30.1°(Data ; a 0.54, my 0.9253, s 1.6x107)
« Site No.2 @ ¢ 1307MPa, ¢ 28.2°(Data ; a 0.5, my 1.3224, s 5.237"
- Barton® ZETE
JCS = 10 MPa : ¢ = 0.28 MPa, ¢ = 47.4°
JCS = 15 MPa : ¢ = 0.34 MPa, ¢ = 50.7°
(3) Z=RFo 45X F4A v
- BB &9 AFEe 45X 3uf o], WFrtEAE 172 A% @A AU
- Barton &L FFH L AZX 9 1/2, Uil A& A FAEAY
A FAHAT.
- Barton &< F&AYo] @ YFupgzto] Fop. W4, H-B 77&EL FFH]
F3 WRebEZte 9A FrtE s Aot
- Heok-Brown& Aol 3% 4&EAIE ZA2 =2 AF2olvr. wad, 33
EgA9 JEHF Fo AFAZ(0,)7t EFE FEAT dHol7] wEe HE
o] 7] mviAoltt, wEkx, FAEH FEo| AL Pv FH(0,= 0)AE H-B
AEES MC 7Foz 3g AFYPLE 34 Fxddd §2 A7 27 dE
o Barton 7&ol M3 ZEHE w4,

HtAo)), Barton #EE AES 4¥E BMA RED W7 wFAYP F
st =E&3 AFalolrt. o)y &I Wl F& HAHL 3 vFAY AE
Tk o, @R AREFEAEN A A5 M-C HELE BN FEATY B,
4ol A2/ &8 /5 23 (bonding/cohesion/adhesion)o] ofHth, A, o]
£ £ 7+A %" (Instantaneous cohesion) T BB 7] H &3 (Apparent cohesion)
o= g7 BdIH.

(4) o] AFeAM ALd AIFEL EAESH] T3] dadd dd gl JA%
& EXZ 3 Aoz, AEH9 FAX

@t F2% GHAE 959 Hoek-Brown Rth= Bartond] ZEtEol o 7}

k. ok, o] AREFS AT FHFEUE 202 2AY WE ofd o] F3
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RS} Test block 350 x 350 x 4502 o2 & %34 Q uhgolr},
__rL

(5) BF W Aol FHE Test blocke AFAG A|goz I3 FrH4e
Hoek-Brown ZETFo® FAHSH +35H FF 4 MPaolstellA m@dAF 0.3

—~0.5°] siFEct.

o EZF 4V A Aldd B Auy A
(1) #2422 1435 A4 A 5379 "FAFAL A g7 87 AA
(2) Test block 350 x 350 x 490 6701E &A
(3) A1 AFAA AEF R ARE 7HH(2007. 06. 07)
Opening(F#A7718%, ey & o]4%)
- AHR(FZATFIHLAD
- E% ot Aol Test block BAM(O] A7, HIFAITAIAL AgAH)
- Ald3 @ AFFEA SRAL A
Wdgt Load frame®] F23A A27(F A4, 2Ad slF3sty
- EF Y] AR e g AESH(E T, FHIETE FAR)
(o] B, AFAAYAY FF-olAh)
B AJA(A uY, A5H ADF3gH af, FFAFF3 33

V. d7Y 239 848

(1) Mg AJREL o4 Coredt Con'c FAIAG] g thg-2) AR ol 8715,

- Rock core : ZAAs, AHAF, 15 4¢E, d3AG L 35 U¢E ANE 5

- £33 E FAA : D35, D50, D75, D100 $& FHldta] 9 3} & AY

- 71&9 Lab. UIME WjAlst A8 75

- AFEE o] 8T AHAHA AEH dT=E

- AslEE] WE A=A 4 (Strain rate effect)

- FAANERIFAR)Y 78 Z=EAo](Scale effect)

- QAE AES AAD A5 FEASF v B4

-2 o *z] Oa /bl-EH_,] x«]r:]—ﬂE

(2) DAITAE JAYFA EF &4 Aol Turnkey base FHZE FPHE= HA 3
Abe]l FRE T, APANEE FIES BF

1
N

|
0

|
o

N
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- @A Test block ¥4

- AW AFE A AT Test blockd] AH 2

- Test blockel W3t 484 A1E +33 vlu

- A A& AE(PLST)

<15 45 AIFUCST)

- AR AG A F(DSST)

- J @At AlE(PBT)

- Barton?] JRC-E& # & Pull test

- Lab. test

- AR ADE AF(DSST)

- 3% & AIF(TCST)

- 15 &5 AIFUCST)

- A& Al (PLST)

- A4 A Al (Uniaxial tension strength test, UTST)

+ Tilting test

+ Pulling test

(3) AT A EQAYG AsAY AZATNA 7]EY HARS vwsiy
#bgo] LxE.

(4) AL FA FAE ©5 A3 FAsH A R AlQel 2871%

(5) 7323t Data loggerel AHE3

(6) Mgt MFY A A7 AAHAF AF71Y 3E8

(7) CNL-DSSTE CNS-DSST¢+ A& 7Hsdt 7171/ $&544 Ag2 &8,

(8) AA o] &AHH
- B ARER XY FAF A%, FAH2007. 08. 03), A £1l(2007. 08,
09~11.) # JFAIH(2007. 08. 22~24.)

(9) A71& 5 A3 A
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SUMMARY

I. Title

A Development In-situ Testing equipments for Measuring the Strength

Parameters of a Weak Rocks

II. Objectives and Requirements

(A) Engineering Geologic Aspects of the Weak Rock Masses

The instabilities of a weak rock masses very much depend on discontinuity
network characteristics and geological weathering properties. Therefore
engineering geologic characteristics of a weak rock masses including
mechanical properties of discontinuities such as faults, joints, shear zone
and dykes, and intact materials should be described in a comprehensive
manner .

According to recent economic development, however, the rapid progress being
made in the construction work lose sight of engineering geologic
characteristics of the weak rock masses. The stabilities of civil
infrastructure and possibility of its maintenance and redesign are closely
related to geologic characteristics. Effective survey and description of
geologic features are prerequisite in engineering practices.

Civil infrastructure design should begin with proper investigations to
determine properties of the earth materials in construction sites. Chief
among these is structural geology, because instabilities are usually caused
by the discontinuity network of the rock masses. Next is the in situ test of
the rock mass material to determine the factors which influence the
mechanical properties of the rock mass such as strength and deformability of

discontinuities and intact rocks.

_23_



(B) Geotechnical Aspects of a Weak Rock Masses

The geotechnical characteristics of the intact rock have been determined in
the geotechnical testing laboratory using the cored specimens from
construction sites such as foundations, dams, tunnels for hydropower and
transportation, hazardous waste isolation caverns and natural and man made
slopes. To examine the excavation method is the main purpose rather than
stabilization of the geo-structure against settlement in case of the rock
mass that i1s able to retrieve core sample. The geotechnical testing routines
in a laboratory are time consuming and pain taking processes from sample
preparations to testings using the various equipments. Also, the estimated
mechanical properties through the lab test lose their reliability because of
erroneous nature of the sample preparations in case of hard rocks.
Furthermore weak rock masses are too weak to sample as cores for the lab.
test. Therefore, it is important to determine the rock properties at the
field sites. If strength parameter of weak rocks can be determined in-situ
then the measurement result will be more practical for optimum design and
construction of earth structure, since it can reduce an uncertainty and
increase reliability, Actually, a lot of field engineers have been expressed
difficulties in decision making without quantitative test results, and
experienced delay of their project schedules.

Some standard test methods have been proposed to estimate in-situ
geotechnical properties. However, those methods have not been used by the
practitioners because of difficulties in specimen preparations, technical
backwardness and economic i1ssues. Therefore, it 1s necessary to develope a
new testing machine that is able to measure the geotechnical properties of

the weak rocks in the field sites.

(C) Technical Aspects

To develop a test equipment is necessary to provide useful data for design,

construction, inspection and maintenance, even though test block sizes do not
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meet the recommendation of ASTM or ISRM. The main objectives to develop a

field equipment and a data logger are as follows.

- Preparation of the test block in the field site

— Normal reaction device

Load frame

- UM(uniaxial, direct shear and plate bearing tests) for lab. and/or in situ test

Data logger

Control system(constant pressure rate, constant deformation rate)
- Improvement /development of testing devices for rock core sample

1) Point load strength test{(improvement)

2) Direct tension test equipment for laboratory(development )
- Check by the lab./situ tests for capacity and accuracy of the prototypes
To achieve above objects, the goals of the research and developments are

aimed the followings

The 1st fiscal year:

(1) To investigate regional geology and engineering geologic characteristics
of the Busan-Ulsan highway construction site

(2) To locate the test block site

(3) To develop an equipment that is able to prepare a test block at the field
site in the weak rock masses

(4) To develope hydraulic jack and control system

(5) To monitor the quality assurance of developed/purchased equipments

and testing machine

The 2nd fiscal year:

(1) To investigate the engineering geologic characteristics at test block site
(2) To modify and redesign the prototype equipments in lst fiscal year
(3) To develop a load frame Lab. and in-situ rock direct shear test machine

(4) To develop a data logger for managing the measured data
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(5) To develop a modified PLST apparatus
(6) To develop a direct tension test device

(7) To monitor the quality assurance of prototype equipments in lab. & field

The 3rd fiscal year:

(1) Comprehensive improvements and refinements of developed field equipments

1) Load frame

2) Constant pressing rate control system

3) Constant deformation rate system

4) Fixing system of lower shear boxes for 4-shear tests with a test block

5) Redesign of center-hold type uniaxial tension test device
(2) Preparation of test blocks in the field site

1) To ensure the normal reaction for test blocks

2) Preparation for a field demonstration
(3) To monitor the quality assurance of developed equipments at the field

1) In situ direct shear strength test of a weak rock masses(DSST)
2) In situ uniaxial compression strength test(UCST)

3) Plate bearing test(PBT)
(4) To compare the strength parameters measured by prototype machines and

estimated by empirical strength criteria

II. Contents and Scopes

The contents and scope of the research are the followings:

The 1st fiscal year:

(A) Investigation of engineering geologic characteristics

(1) Regional geological characteristics of Busan-Ulsan highway construction site.

(2) Identification of rock types, minerals, textures and chemical composition
of the study area

(3) Analysis of discontinuity characteristics of the study area

(4) Selection of test block location
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" (B) Development of a system to prepare the test block in situ
(1) Rock saw and guide rail(square type =350 x 350 x 350)

(2) Rock core drill(circular type - D350 x H450)

(3) Equipments to install rock bolts for normal reaction

1) Sinker drill(D25~38, depth more than 2m, 100kN/ea.).

2) Assessory equipments(generator, air compressor, hydraulic pump etc.).
(4) Hydraulic jack and control system

1) 2MN for axial load of PBT, UCST and DSST etc.
2) 500kN for normal load for DSST, confining stress for TCST.

(5) Preparation of experimental site to simulate the weak rock masses.

The 2nd fiscal year:

(A) Engineering geologic characterizations on test block site

(1) Geological investigation on rock, clay and soil at the test block site
(2) Investigation on mineralogical change with degree of weathering.

{3) Analysis on discontinuity characteristics of the test hlock.

(4) Analysis on geotechanical characteristics of the test block.

(B) Improvement of the developed prototypes in the 1st fiscal year
(1) Hydraulic jack
(2) Auto-control system for Loading/Unloading
(3) Load frame that is able to use for both lab and in situ
(4) Data logger to collect the data of displacement/pressure/load

(5) Development of minor equipments for rock test
1) Improvement of PLST
2) Uniaxial tension strength test apparatus
3) Tilting test device
4) Pulling test device

(6) Perform quality inspection of the equipments at the test block

1) Rock bolt Installation and Pull test
2) PBT and UCST
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The 3rd fiscal year:

(A) Engineering geologic properties at test block site

(1) Geological investigation on rock, clay and soil at the test bhlock site
(2) Investigation on mineralogical change with degree of weathering

(3) Analysis on discontinuity characteristics of the test block

(4) Analysis on geotechanical characteristics of the test block

(B) Tests using the prototypes at field site for case study
(1) Constant pressure rate system
(2) Constant deformation rate system
(3) Development of load frame for both in-situ and lahoratory
(4) Development and/or improvement of minor devices for rock test

1) Improved PLST apparatus
2) Uniaxial tension test apparatus

3) Tilt/pull test device
(5) Perform quality inspection of the equipments at the test block
(6) Perform the test at experiment test site using developed equipments

1) Preparation of test block

2) Installation of rock bolt for normal reaction

3) Open seminar and demonstration at the test block site
4) Field test(DSST, UCST and PBT)

5) Improvement of the other equipments{PLST, Direct tension test)

(7) On going measurement of contact pr. and settlement plate case study site

(C) Strength parameters of comparison measurements with estimations
(1) To explore the engineering geologic characteristics of the weak rock
(2) To explore the geotechanical strength parameters measured at the field

site of the weak rock

(3) Analysis on relationship between estimations and measurements
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IV. Conclusions
The results obtained from this research are as follows.

The 1st fiscal year:

(A) Investigations of engineering geologic characteristics
(1) The study has been made through andesitic rock masses of Cretaceous
Yucheon Group, and granitic rock masses are intruded its vicinity. The
Busan-Ulsan highway construction sites in this area is of particular
concern because of the existence of Il-Kwang fault and numerous
discontinuities in the area, as well as weathered zone with hydrothermal
alteration.
(2) To analysis lineament structures

- Model with 5m resolution has been utilized using 1/5,000 digital map. A total

of 248 lineaments which are longer than 500m have been identified, and

predominant strike directions of the lineaments seem to be along N20-30E and

N50-60E.

~ KOMPSAT-1 EOC satellite image with 5Sm resolution has been utilized hy
applying HFT filter/Sobel Filter. A total of 172 lineaments which are
longer than 300m have been identified, and predominant strike directions

of the lineaments seem to be along N20-30E, N50-60W and N50-60E.

~ The DK-2 satellite image with 2m resol. has been utilized to analyvze
detailed lineament structures. A total of 181 lineaments which are longer

than 200m have been identified, and predominant strike directions of the
lineaments seem to be along N60-70W, N10-30E, N30-50W and N40-60E.

(3) The lineaments density(number/unit area) have been calculated to evaluate
the lineaments distribution in the study area. The results indicate that

the place where about 2km away from starting point of the construction

and a proposed rest area show relatively high density of lineaments.

(4) The andesitic rocks in this area are moderately to highly weathered

with hydrothermal alteration in places, which may affect its overall
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strength of the fractured rock messes. Sections of the open cut have a
high density of discontinuities as well as exceedingly weathered rock.

(5) The results of discontinuity characteristics obtained from scanline
survey performed at the Dae-Woon-Cheon bridge(Site No. I ) and the proposed
Zang-an rest area(Site No.II) are as follows.

~Joint sets between three(#1) and four(#11) were found to be suitable

according to the results obtained from the clustering algorithm. Most of the

joint set distributions exhibit high variability. Both the Fisher and Bingham

probability distribution(PD) were found to be unsuitable to represent the

statistical distribution of orientation for most of the joint sets. This means

that if one wants to generate orientation data accurately for any of the

fracture sets, then it is necessary to use the empirical distribution.

~ The probability distributions, gamma, exponential and lognormal were found
to be highly suitable to represent the distribution of spacing of joint
sets. The estimated mean 1-D joint spacing along the mean normal vector

direction turned out to be approx 0.70m~0.34m and O.14m—0.35m at the Test

site #1 and # I, respectively.

~ The probability distributions, gamma, exponential and lognormal were found
to be the best distributions to represent the statistical distributions of
censored semi-trace length. The estimated corrected mean trace length turned
out to be about 1.3m~2.0m and 0.4m-1.0m at the #1 and #1I, respectively.

- As a 3-D joint frequency parameter, the mean volume of equivalent matrix
block was calculated using the joint geometry parameters in the scanline

sections. The results show that 92% of the mean vol. of equivalent matrix

block ranges up to 0.6m’> in the #1 . For in the site No.II, it changes to 70 %.

~ The estimated RQD were 66% and 35% in #1and #1I, respectively.

~ The mean JRC were 6.75 and 10.6 in #1 and #II, respectively.

~ The joint wall strength were estimated by Schmidt hammer test and 66.4 MPa
and 24.4 MPa of JCS were obtained in #1and #II, respectively.

-~ The estimated RMR were 47 and 43 in site# I and site #I, respectively.

~ The above results indicate that the site No. I and site No.Il are suitable

as a test block formation sites of weak rock masses for this research.
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(B) Selection of case study site and result of PLST

In the results of investigations of engineering geologic characteristics,
the area covered with weak rock masses has been founded at Dae-Woon-Chun
bridge(Site No. 1) and Zang-An rest area(Site No.I) under construction of
Busan-Ulsan highway. To compare estimated bearing capacity of foundation of
Dae-Woon-Chun bridge in designing to contact pressure based on measured data,
the case study site selected at the site #1 for accessing easily to the site
with test equipments.

At present of 2005.10. 25, the column of the pier #1 to #4 has been under
construction, except the pier #5 and #6 . However, pending in court of
indemnity of private property in this area, the scheme has to been put off to
the 2nd fiscal year to lay the settlement-plate and soil pressure tranducers.
Anyway, for collecting the data for optimal designing scheme, the uniaxial
compression strength has been estimated to 48 MPa at site # I and 58 MPa at

site #11 of using the of point load strength test.

(C) Development of a system to prepare the in situ test block
(1) Rock saw(D914) and core drill have been suitable for 350 x 350 x 350 of
square type and D360 xL450 of circulartype test block, respectively.
Also, a domestic core drill with hydraulic unit(160 Bar) has been suitable
to prepare the D250 xH400 size circular type test block at the field
sites. Also, the possibility of 2m drilling was proved to core NX-Size, and
to estimate RQD.

(2) Sinker drill for reacting anchor bolt installation

- The sinker drill of STANLEY and the air compressor(1MPa, SHp) were found
to be the best combination as it drills 2.5m depth with 38mm diameters at
speed of 30cm/min.

- Rock bolts D25 have been injected with mortar in drilled holes(D38) at
the depth level of 1m, 1.8m and 2.3m, and allowable bond strength obtained
from Pull test turn out to be about 0.25MPa.
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(D) Development of a load control system
(1) Strain control was found to be unstabhle at O.1lmm/min.
(2) Some difficulties exist to maintain constant load in case of dilatancy.
(3) Improvements of hydraulic jack and control system.

- Improved to maintain constant loading rate of 20-300 kgf/sec and constant
displacement rate of 0.1-2.0 mm/min.

- Maintain more than 30 min at constant pressure of 1.6-70 MPa.

The 2nd fiscal year:

(A) Geo-engineering properties of the test block site(# I)
(1) Geological characteristics of the test block site

- The lithology of the test block site has turned out as rhyoltic tuff.

~ The outcrop surface has been highly fractured and weathered.

- Weathered rock surface has heen affected by hydrothermal alteration. Also,
fault clays can be identified in places.

- Quartz and various sizes of rock fragments have been identified using

the polarizing microscope. Phenocrystes which are composed of angular rock
fragments, quartz grains, sericites and glassy materials suggest that host
rock type of test block is tuffaceous rocks.

- The results of XRD analysis have showed that main minerals of the host
rocks were quartz, feldspars, illite are chrolite. Also, illite, smectite

and lamontite were identified in the clay samples.

- The results of XRF analysis showed that estimated content of Si0; was about
71-75%, and the rock type of test block was found to be rhyolitic rocks.

(2) Investigation on mineralogical change with degree of weathering

- XRD intensities for most of minerals except quartz have decreased rapidly
according to degree of weathering.

- The amount of smectites and kaolin minerals have increased with increasing
degree of weathering.

- Plagioclase and orthoclase tend to decrease with increasing weathering

processes.
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- The host rock of test block contains illite and chrolite as products of
weathering, but considerable amounts of smectites and lamontite are
distinguishing feature in case of clay samples that have experienced high

weathering/alteration.

(3) Analysis of discontinuity characteristics of the test block

- Joint sets between three & four was found to be suitable according to the
results obtained from the clustering algorithm. Most of the joint set

probability distribution(PD) exhibit high variability. Both Fisher and

Bingham PD were found to be unsuitable to represent the statistical dist.

of orientation for most of the joint sets.

~ The probability distributions, gamma, exponential and lognormal were found
to be highly suitable to represent the distribution of spacing and size of
joint sets.

- The estimated mean 1-D joint spacing along the mean normal vector
direction turned out to be about 0.06m-0.21m and 0.14m~0.24m at the SL1

and SLZ, respectively.

- The estimated corrected mean trace length turned out to be about 0.27m
to 0.88m and 0.25m-0.38m at the SL1 and SL2, respectively.

- As a 3-D joint frequency parameter, the mean volume of equivalent matrix
block, number of fracture centers per unit volume and mean number of

matrix blocks per unit volume turned out to be about 0.0079m®, 15.84/m® and

126.68blocks/m’, respectively.

- The developed fracture network model was used to generate fractures in 3-D
and then to predict fracture traces on 3-D exposures of the test block.
This exercise turned out to be successful.

(4) Analysis on mechanical properties of the test block

- Natural water content, absorbtion rate and specific gravity turned out
to be about 1.6%, 6.4% and 2.7, respectively.

- The joint wall strength were estimated by Schmidt hammer rebound test, and
41.2 MPa and 37.5 MPa of JCS were obtained in SL1 and SL2, respectively.

- The mean JRC were found to be 8.77 and 11;24 in SL1 and SL2, respectively.
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(5) Rock mass classification of test block site

— The estimated RMR of test block site has been 41.
- The estimated GSI of test block site has been 32.

(B) Improvements of the developed/purchased equipments
(1) Equipments for test block preparation

- The ht. of the test block could be formed up to 420 nm using a chain saw.
- Hammer drill, hoe, hand shovel and chisel could be used to clear obstacles
around test block.

- Some improvements have been doing for rock saw and guide rail.
(2) Hydraulic jack and auto-control! system
- Parallel four 0.5 MN hyd. jacks system which are developed 1st fiscal yr.
not to be synchronized simultaneously. A new 1.2MN and O0.7MN hyd. jacks(29
kgf) made of duralumin 7075 have been designed and operated successfully.
— Developed auto control panel system did not worked well to control
constant rate of strain and load. To correct and improve auto~control system,
PI of this project is still working on the system since consulting with a
hydraulic professional about those 1ssues have turned out to be failed.

(C) Rock bolt installation and pullout test
(1) Sinker drill bit of 52 mm diameter was able to advance up to 2.3m.
(2) Air compressor of 1.8 MPa was able to blowout rock dust in hored hole.
(3) A reference beam was designed to fix at ground with a column.
(4) Pullout resistance of ground anchor with and without water resulted in

allowable bond stress of 0.5MPa and 0.25~0.3 MPa, respectively.

(D) Development of data logger
(1) Completed(patent pending as of 2006. 06. 09).
(2) Synchronized measurements using 16 analog and 16 digital channel.
(3) Output of load cell, pressure gauge and strain gauge are voltage.
(4) Specifications(wt., diam., and ht. etc.) of the specimen before test and
initial values of all the sensors can be assigned and stored as the

certain variables by operator. Also, necessary calculations among those
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variables can be done through user defined code.

(5) The period of the data retrieving can be adjusted at any time of the testing.
(6) Beef function at exceeding the assigned value for immediate variable.

(7) Function after test

- Auto rearrange due to the interval 6sec, 12 sec, 15sec, and 1 min, etc.

- Linear regression analysis 1s available for clicked two points on the

output graph to max. of 3 lines.

(E) Development of load frame

(1) Main frame(reaction plate)

~ Frame size is 500 x 540 x 230. Honey comb type have been adopted to minimize
weight .

- To increase stiffness of the frame, upper and lower plates have been
welded to the ribs.

- The load transfer plates were designed to fix the outer parts at the
rock bolts for in situ DSST. For lab. test, hoth lower inner parts were

fixed at the heam of the frame.

(2) Overall stability of DSST load frame

- The reaction plates in situ test should be fixed with vertical reaction
anchor more than 6tf to prevent rotation of the system caused by an uneven
load at the top of the test block.

- Normal loading frame, shear frame and support of lower box should be
formed as a single body in case of lab. test.

- As of 2006. 10. 15, it has been improving to minimize its wt. in form of

assembly/disassembly without welding.

(3) Reaction plate for PBT
- A load frame of 300 x 300 x 12-L2000 was produced and tested in the field.
This load frame system has been bent at 90 tf of vertical loading.
- Reference beam
- Magnetic base and dial gage can be easily attached on the horizontal rod.
- Bearing plate which is designed to 3 times of ultimate bearing capacity

of 3MPa has been made of ALUMEC '89, and its performance was satisfied.
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(F) Improving PLST apparatus

(1) Linear bhearing set has heen mounted on D30 polished rod(SCM440), and
eccentric error of point to point axis has been reduced to under 0.1 mm.

(2) Load cell(5tf, t23.5, bridge 2x10°Q, 1.5 mV/V) mounted at the upper

conical platen(point).

(3) Two displacement dial gages are attached to measure the distance of
point—to-point of initial D and final D'

(4) The testing results after correction of final D' on rock samples having
the point load strength index(Is) of 5~10MPa were found to be about 95%

of before corrections.

(G) Development of uniaxial tensile strength test device for NX-core

(1) 2 types of machine are designed according to the shape of specimen,
namely dumbbell type and wedge type.

(2) The bond stress of 'QHC' mortar in both sides of Dumbbell type was
acceptable of 2.5MPa at more than 50mm bond length with 2 days curing.

(3) Two 50 mm hydraulic jacks of 20tf resulted in not-synchronized load.

(4) 1t will be improved in form of center-holed jack tvpe.

(H) Test results of the case study site

At the layer below the excavated 5.0 m under the ground surfce in the case
study site(Dae-Woon-Chun bridge of site No.I), the test block has prepared
of dimensions of 290 x 290 x 420, carried 6ut of rock bolting, laid the 4
settlement-plates and 10 soil tranducers. And the results of in-situ uniaxial
compression test, plate bearing test and Pull test of rock bolts were as
follows.
(1) In-situ uniaxial compression test(UCST)

- The failure modes were not brittle but in between brittle and ductile.
- The strength parameters have been uniaxial compression strength(o.) of

1.82 MPa, strain at failure(e;) of 1.94 % and deformation modulus(E) of

1,10 GPa. These parameters have been extremely poor rocks unexpectedly.
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- The uniaxial strength would be correspondence with yield bearing capacity.
(2) Plate Bearing Test (PBT)
- The long-term allowable hearing capacity has been average of 1.26MPa,
and settlements of 6.05mm to the correspondence contact pressure.
- Referring to specifications, the bearing capacity of pier #5 foundation
was estimated of 0.75MPa which would be verified underestimated of bearing
capacity of poor rock masses.
- The holes were bored of D76 x L3600 using a crawler drill, and injected
with quick hardening mortar('QHC') by hand.
- Pull resistance of ground anchor with and without held water resulted
in allowable bond stress-deformation of 0.20MPa-1.50mm and 0.25MPa-1.5mm,

respectively.

(I) Quality inspection of the load frame by lab. DSST

Quality inspections on the first prototype of the load frame by lab. DSST
have been performed using parted two separated 200 x200x65 concrete block
samples and 200 x 200 x 130 Solid sample. Obtained results are as follows.
(1) Shear strains at the peak point have been 5% and 3% for separated

samples and solid type one, respectively. Therefore, shear displacement
of 400 x 400 x 420 test block in situ has been decided to 40mm.
(2) Estimated dilatation have been found to be negative values for most of
cases even at the low normal stress level.
(3) Cohesion and friction angle at the peak point for separated concrete
blocks have been found to be about 0.18MPa & 35.1°, respectively. Also,
they have been estimated to 0.17MPa & 33.3° at residual strength by
pulling to initial test position.
(4) Cohesion & friction angle at the peak for solid type block have been found
to be about 1.28MPa & 45.7°, respectively. Also, they have been estimated to
0.66 MPa & 42.2° at residual strength by pulling to initial position.

(5) The strength parameters have been estimated again after pull back to

_37_



initial position for the solid block sample. Cohesion and friction angle
have been found to be about 0.14 MPa & 41.5°, respectively.
(6) The results obtained through quality inspection have verified that
separated concrete blocks and solid type specimen can be treated as shear
test models of open jointed rock blocks and weak intact rocks,

respectively.

(J) Monitoring the soil tranducers and settlement plates

The column of pier No.5, the dead load of 2097 tonf of gross 4170 tonf,
has been constructing at elapsed time of 131 days since installing the soil
tranducers and settlement plates. Hence it has been founded that 7 sets of
10 tranducers were faulty, and the three effective tranducers monitored
thereafter.
- At the elapsed time of 197 days, the measured settlement has been of 4.15
mm to 5.79 mm(average of 4.97mm) greater 1.8 times than the elastic
deformation evaluated using the uniform distributing load of 0.18 Mpa,
Young modulus of 1.5GPa, and Poissons's ratio of 0.3.
- The measured contact pressure has been 0.122 to 0.146 MPa(average of 0.116
MPa) less 72 % than the soil reaction calculated as assuming uniform loading

of 0.178 MPa(direct footing dimension of 8mx16m, load of 2285 tonf.

The 3rd fiscal year:

(A) Geotechnical characteristics of the test block site
(1) Geological characteristics of the test block site
- The lithology of the test block site has turned out as quartzose
andesitic rocks.
- The outcrop surface has been highly fractured and weathered.
- Weathered rock surface has been affected by hydrothermal alteration. Also,
fault clays can be identified in places.

- Quartz and various sizes of rock fragments have been identified using
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the polarizing microscope. Phenocrystes which are composed of angular

rock fragments and quartz grains suggest that host rock type of the test

block 1s tuffaceous rocks.

- The results of XRD analysis have showed that main minerals were quartz,
micas, vermiculite and lomontite.

- The results of XRF analysis showed that estimated content of Si0; was
about 66-68%, and the rock type of test block was found to be quartzose

andesitic rocks.

(2) Analysis of discontinuity characteristics of the test block

- Joint sets between two and four was found to be suitable according to the
results obtained from the clustering algorithm. Most of the joint set

distributions exhibit high variability. Both Fisher & Bingham distributions

were found to be unsuitable to represent the statistical distribution of

orientation for most of the joint sets.

- The probability distributions, gamma, exponential and lognormal were found
to be highly suitable to represent the distribution of spacing and size of
joint sets.

- The estimated mean 1-D joint spacing along the mean normal vector

direction turned out to be about 0.06m~0.28m and 0.02m~0.07m at the SL1

and SLZ2, respectively.

- The estimated correct mean trace length turned out to be about 0.42m~0.93m.
(3) Analysis on mechanical properties of the test block

- The joint wall strength were estimated by Schmidt hammer test, and 10.11
MPa & 11.50 MPa of JCS were obtained in SL1 and SLZ, respectively.

- The mean JRC were 7.78 and 8.34 in SL1 and SL2, respectively.

(4) Rock mass classification of test block site

- The estimated RMR of test block site has been 26.

- The estimated GSI of test block site has been 22.

_39_



(B) Refinements of the developed equipments
(1) Constant pressure rate device
(2) Constant deformation rate device
- Cyclo-cam type
- Device to transform rotate movement to vertical movement
(3) Load frame
- Redesigned as Honey-comb type and performed structural analysis
- Remodeled span to 600mm
(4) Inspect the performance at the experimental site
-~ Prepared 250 x 250 x 350 con'c block
- Bottom part of the test block was tared off
(5) Improved fixing device of the lower shear box
- Fixing device that is suitable for 4 expected shear plane in one test
block of 350 x 350 x 420.
- Separated fixing devices for 4 steps of shearing
(6) Resubmitted patent pending for data logger as of 2007. 02,
(7) Improved PLST(patent pending as of 2007. 04.)
(8) Direct tension test machine(patent pending as of 2007. 04.)
(9) Method of test block preparation at the weak rock site(patent pending
as of 2007. 08.)

(C) Test results of PLST, UTST, tilt/pull and slake durability
Quality inspections on the prototypes of PLST, uniaxial tension test
device and tilt/pull test device has been performed for the five groups of
gneiss, granites, alkali dikes, black shales and red shales. The test results
are as follows.
(1) Using the modified PLST dapparatus
- Because of the distance from point to point to be measured automatically,
the device is useful to very random lump and blocky samples.

— An instrument of load at failure has been compared the load cell of
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modified PLST device with existing pressure gage at hand pump. As

the results, ratio of I,/I became of 1.091(correlation coef. of 0.983).

Where I and Is is strength index mounted by load cell and pressure gage,
respectively.

- In a sedimentary rocks, ratio of 1 /'/I_  turned to be 2.93/2.13(=1.38) for

red shales and 4.00/2.56 for black shales. Where Iz and Is is the
anisotropic index of modified apparatus and existing, respectively. As the
modified apparatus is devised to be automatically measured the penetration
depth of spherical platen at failure, the test results are attained more
surely than existing apparatus.
(2) Using the center-holed type of uniaxial tension strength test apparatus
In the absence of the standard form of uniaxial tension testing, the
developed apparatus has been compared with the Brazilian testing method
and uniaxial compression test as the same long NX-cores.
- The tensile deformation at failure is turn to be very small of 0.2 mm max.
- The stress ratio of o,p/0, has been determinated of approx. 1.22(c.o.v of
0.24). Where 0,5 and 0, is a tension strength of Brazilian test and the

developed uniaxial tension test apparatus, respectively.

~ The stress ratio of o/o, and o/0,5 has found of average/c.o.v of 21/0.11
and 20/0.38, respectively. The coeff. of variation(c.o.v) of prototype has
been verified in less than the Brazilain tests.
(3) Results of tilt/pull test
The test blocks have taken up the sheared con'c blocks previous § IV-2nd
fiscal year-(1), namely shear test in lab., for the two slices by shearing the
solid concrete block of 200x 200 x 130(Group A) and the pair of separated
blocks of 200 x 200 x 65(Group B). Obtained results are as follows.
- A total friction angle of group A/B has been in tilt test of 51.2°/42.1°
and in pull test of 53.4°/45.0°. The dilatation by pull test evaluated

higher than tilting. This appearance would be caused by instantaneous
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sliding in tilting test in comparison with slower ploughing in pulling test
of being abrasion, grooving, rolling among the pieces of broken rocks of
folding together undulate and/or roughness surfaces.
- Because of a larger blocks, asperity component of JCS/ o, has taken up 100
~1000, i.e., 1og(JSC/ 0,) of 2~3, however this is very vague or a magic
number. If the effective normal stress were approx. 0.1 MPa, because of
those rocks has been strong-graded as JCS of 10MPa to 100MPa. Then, the
JRC were 15 min. determinated with profile gauge.
(4) Result of the slake durability test (ASTM D4644-87)
-~ The broken rock pieces has sampled form the test block at the Slite No. I
(Dae-Woon-Chun bridge) of tuffaceous rocks. As the slake durability index
Id: and Ids has measured of 99% of both, the durability has classified as
grade of 'extremely high durability' by Franklin and 'very high durabilty'
by Gamble.
~ Then, as the physical properties of this tuffcaceous rock sample has
been evaluated natural water content of 1.6%, absorbtion rate of 6. %, and
specific gravity of 2.70, the slake durability index would not be
available for estimating to degree of weathering of poor rocks.
(D) Measured settlement and contact pr. at the case study site
At elapsed time 621 days since the footing laid on, the construction term
has proceeded to 98% of gross dead loading except the axis wall of highway
and protective wall. The settlement and contact pressure evaluated and
measured as follows.
* Dead load of 4049 tonf in 4170 tf of gross
- Evaluated ; elastic settlement of 8.42mm, soil reaction of 0.306 MPa.
- The measured settlement has been elapsed at 6.82mm to 7.44 mm(average of
7.04mm) less 84 % than the evaluated one.

- The contact pressure has been measured at 0.17~0.29 MPa(average of 0.244

MPa) less 84 % than the estimated one.
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(E) In situ UCST and PBT at Zang-An rest area
(1) Uniaxial Compression Strength Test (UCST)
- The 2 test blocks(350 x 350 x 490 and 350 x 350 x 500) which are too weak to
core were tested at the field site.

- The failure modes were between brittle and ductile. The o, & and E has

been 2.07MPa, 2.4%, and 0.74GPa, respectively.

- The apertures of the discontinuities on test block were found to be
0.1mm~0.5mm. This kinds of test blocks are almos.t meaningless. Even

though UCS and E can be matched with yield bearing capacity and

ground reaction coefficient/mm, respectively.

(2) PBT(Plate Bearing Test)

- The error percentage was found to *3% under 40MPa of the prototype
device for constant pressure rate. However, that was found to £ 5% over

40 MPa. These results may arise from the fact that the limits of

accumulator was 40 MPa.

- Two types plates of 330x330 and 490 x490 were used. The yield bearing
capacities(qy) and soil reaction coefficient(K) of test No.1 and No.2 were
found to 1.75MPa and 1.59 MPa on the figure of s vz. q and 3.23 MPa/mm and

1.59MPa/mm, respectively.

(F) In situ Direct Shear Strength Test at the Site No.II
(1) Prepared test blocks, shearing thickness and max. deformation
- Four test blocks of 350 x 350 x 420 has been prepared for two DSSTs
and two UCSTs.

- A test block consists of 4 shearing surfaces and 5 shear boxes with bottom.
- The assumed spacings between each shear box was designed to 0.034Lo(12mm).
As the test results that the maximum dilatation has been in (-)3.7mm, the

4 non-molded bands were made of 10 mm.
- Each shear box has height of 75mm. however, the width of shear boxes

1s suggested to 0.025Lo. Where, Lo 1s the side length of squared shear
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sample of 350 mm.
(2) Inspection of constant loading rate device, the error percentage of
setup pressure was found to 2-5% at 70-120 min. For instance, the
prototype device has been held up 25.7MPa to 28.3MPa during 110 minutes
at setting-up of 27 MPa.
(3) Inspection of constant deformation rate device
- Rotational movement of DC motor has been transferring to vertical linear
movement. Two hand pumps were connected to maintain constant deformation
rate, and applied shear load resulted in linear relation between time and
deformation with correlation coefficient of 0.965.
- The movement of ram was maintained to 0.2-0.36mm/min at 0.5-1 R.P.M of DC
motor with hydraulic jack having area of 142.86 cm’.
(4) Shear tests on original test block and re-shear on the sheared surface
- After original test block was sheared, sheared upper box orient was taken
back to original position to shear again through sheared surface with same
normal load condition. |
— Without pulling the sheared upper shear box to the initial position as 2nd
fiscal vyears loaf frame system, the shear box has been moved to the
position with small another hydraulic jack where started at initial or
origin shear test.
(5) Effects of dilatation
- The variation of dilatancy from sheared surface was always greater than
natural sample at the normal stress levels of 0.42, 0.83, 1.25 and 1.67
MPa. Also, lower the normal stress, lower the dilatancy.
- Taking for an increments(Ah) of 0.2mm~0.36mm for horizontal displacement
(shear direction), for instance of initial shear test of block #1, variations
of normal stress—asperity has turned to 0.43MPa-21.0°, 0.88 MPa-18.0°, 1.23
MPa-16.4°, 1.66MPa-15.0°. They have been in 0.48 MPa-18.3°, 0.88MPa-16.0°,
1.22 MPa-14.5°, 1.61MPa-13.6.0°, in case of re-shear test on sheared

surface. These conditions have been resulted from which the intial or
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origin sheared plane was more undulating or roughness than a planar re-shear
surface with rolling, abrasion and crumbling etc. instead of ploughing at

the first shear testing.

(6) Strength parameters

-~ Inter friction angle and cohesion of origin and sheared surface of test #

1 were found to be 49.7° ~0.72MPa and 42.0° ~0.65MPa, respectively. Also

45.0° ~0.55 MPa and 40.0° ~0.52 MPa were obtained from test #2,respectively.

- The shear strain at peak point were found to be 3 ~4%(10~14 mm) and 3.5

~6.0%(12~21.0mm) from original and sheared surface, respectively.

(G) ¢ & ¢ of comparison measurements with estimations of weak rocks
(1) The properties of the weak rocks surveyed on engineering geology and the
strength parameters measured using a prototype developed as results of
this R & D are summarized as follows.
- The strength parameters using a prototype equipment for DSST
 Shear test for initial block ; ¢ 0.63 £0.09MPa, ¢ 46 +2°
» Re-sheared on the sheared surface ; ¢ 0.59 +0.06 MPa, ¢ 41 +1°
- In situ uniaxial compression strength test
» Site No. I (Dae-Woon—-Chun bridge site) i o. 2.07MPa, E 0.74.GPa.
« Site No.II(Zang-An rest area) ; o. 1.82MPa, E 1.10 GPa
- Engineering geological properties
» Site No. I (Dae-Woon—-Chun bridge site) ; JCS 26~41, JRC 9~12, RMR 36~45,
Jv 16 joint/m®, SCR 6, SR 37, GSI31, o 58 MPa(estimated).
» Site No.I(Zang-An rest area) ; JCS 12~20, JRC 8~10, RMR 22~33, Jv 39
joint/m’, SCR 4, SR 38, GSI 22, m; 10(estimated), o 45MPa(estimated).
(2) The strength parameters of Mohr—-Coulomb(M-C) criteria has been evaluated
using Hoek-Brown(H-B) and Barton criterion are as follows.
- Using Hoek-Brown(H-B) criteria
« Site No. I: ¢ 2.01 MPa, ¢ 30.1°(Data ; a 0.54, my 0.9253, s 1.6 x10™)
« Site No.2 : ¢ 1307MPa, ¢ 28.2°(Data ; a 0.5, m, 1.3224, s 5.237).
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- Using Barton criteria
1f JCS of 10 MPa, ¢ 0.28 MPa, and if JCS of 15 MPa, ¢ 0.34 MPa, ¢ 50.7°.

(3) Strength parameters comparison measurements with estimations

— The cohesion(c) based on H-B criterion turned out greater than 3 times of

experimented ones on the test block, however, inter frictional angle(d)

resulted in half of measured one.

- Using Barton criteria, friction angle was same approximately, but cohesion
turned out half of tested's,

-~ In comparison with the strength parameters, It became lower ¢ and higher ¢
in Barton criteria, contrarily higher ¢ and lower ¢ than the resuits in
situ DSST.

— Hoek-Brown criterion based on an intact rocks including tension stress,

therefore the failure envelope has to fitted with cohesion, invariably. On

the other hand, hence Barton suggested the criteria as experimental data of
shear test with artificial saw-cut and sliced concrete surfaces, there is
no cohesion only friction angle. So, Mohr-Coulomb cohesion(c) derived from

Barton criteria is absolutely not a bonding, cemented, and adhesive stress

as a soll mass, but an apparent cohesion or only intercept of the fitted

line by regression analysis familiar with geotechnical engineers.

(4) In considering a discontinuities of test block of of weak rock, in situ
direct shear strength test system developed in this R & D has been nearer

to the Barton failure envelope than the Hoek-Browns'.

(5) To fit the Mohr-Coulomb strength from Hoek-Brown criteria, the strength
parameters ¢ of 0.5MPa~0.7MPa ¢ of 40°~48° measured using the prototype
equipment developed in this R & D has been matched with effective normal

stress(o,’) level less than 6 MPa and disturbance factor(D) of 0.3 to 0.5.

(H) Field demonstration and seminar

(1) Field site for weak rock masses was selected at proposed 'Jang An'
rest area in Busan-Ulsan highway.
(2) Six 350 x350x490 test blocks were prepared.

(3) Field demonstration and seminar were held on June 7, 2007.
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V. Proposal for Applications

(1) The developed equipments will be used for followings with rock core
and concrete specimen,
- Rock core(NX) : PLST, PBT, UCST, DSST and TCST etc.
- Con'c specimen @ same tests listed above with D35, D50, D75, D100.
- As a replacement of current lab. UTM.
- Development of research papers.
* Effects of strain rate on strength parameters
» Scale effect of specimen on strength
* Analysis on strength parameters of natural and sheared surface
e Shear strength non-normal stress

(2) Intensive application will be made for weak rock masses of the
domestic construction sites and optimum design of the T/K base.

- Preparation method of test block on a weathered rock masses

- Promotion for in-situ test instruments and procedures of weak rock masses

+ The improved PLST(Point Load Strength Test)

« Tilting/Pulling test

+ USCT(Uniaxial Strength Compression Test)

+ The developed UTST(Uniaxial Tension Strength Test)

- DSST(Direct Shear Strength Test)

- PBT(Plate Bearing Test)

(3) Measurement of pressure transducers and settlement installed at case
study site will be continued. By comparing the results with previous

design parameters, optimum data will be gathered for design, construction

and inspection.

(4) Hydraulic pump of 1.5~60MPa constant load will be used for a pile

loading test and PLST.
(5) Merchandising developed data logger.
(6) Merchandising improved PLST apparatus and uniaxial tension test device.

(7) To explore the possibility of modification of developed CNL type direct
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shear apparatus to CNS type.
(8) Example of activity.
- East Coast Industrial Road construction site(Korea)
- Test block formation(Aug. 9 to Aug. 11, 2007)
- Plate bearing test(Aug. 9 to Aug. 11, 2007)

(9) Scheme for the Registration for New Excellent Technology
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A1 7T Hes
1.1 a7 7fe
1.1.1 8% itk A3y 549

HZo) ABFes BAP ohite B4l #Y AFAN =8 WEHT o,
tiEEol A SRol AFHo) dm ALFH 2L vj$ vl ol wet
A, B qhite] ojsish ARl HgEy) AF ALHH WY ZEAHA AT HE
Atele] Zdo] Yot oleid wAelA MR wmaM & rlEFEL Ad

3 0 qAFe) F24 AARZH uEHE AR o}y nlFa Wol

flo

.
AgAA L B kol G AL AL ANAL AATE, FF 2 o =
59 FE FEolgay}, o AT FAS 2 Yurel FRWA, HEAY, P4F

29 54 % nlAxy 5 vlAy SW Qe Jads el vd A,

A3 Plant, 22 14, g2 24, B 22 4 Ald9) A 53 22 A=
AL @&l dEd, sty F3divh 2dd £ WK Weak rock masses)o]l &
A7t B el

AddAo] FA% dA(ntact rock)) A ZolE MASY AUAgoez F
E=R34E T3t o] FHoT AW AYgAFEE IZAAHT} Hed guke R
2 dHozx FEEY AAYo| AstF hiE s qARTE Q3] 2
B2 AAANE U] FEAJ] 7 BH. 281, Lab. teste 2o HH <}
NHAZ JAH A wdHe g T ZFE A 5 (Strength parameters)E AF o] &
oo, weba, Zol A7 Brtsd EF 4wk dFA ol vty st

AL Z Test blocke FAA 2 A= 549 FHo] 7Fssithd, AR wko|
AAE EFLAo] slaso] 48 AR =7 £088 AA - AF - Z4Y - §X
B HHY g7t AFE Aotk AR AFAEL EF Yute EA4E A= A



& QA oy, FAFo)n FFHHA AaY A AolX FA JPFe) 2A
o] ofjmidle] FAlr|zte] dlFrTt AZHE A7t Bed Tadta Ut

B ohile) dgAgon FEATE Tie BEAIHO AL Jey, o=
e Aol A Test block B olelg, Al FAe 17bd - 434, AHA
SAE, AGARE F49 9T 2 BALN EA7 Bokd de ol gHA &
Aok zAA, ol BAE A F e AF7IMNEe] dasiy.

1.2 d7AgY F24
1.2.1 7|«34 =49

Test block® =717} ASTMojt} ISRMellAl FHA B et dFAFL
2 BgdMo] il ZEATE T8 £ dvHE, A - AF - A2 - A Y
HAHe Ag7t AFE Aotk FF AIPE Aule ko] 7 2 FEAolmrRm, =
Y-8 gHE AFse REEE Nt FEF £ 3
NE Ar #golA s Data logger® FFH ok o2 ZulE 7pgst
et 218 FFAA Y. 5

* Test blocke £% ¢nute] A% &4

 Cavern type testt &, Open-cut FoAE A|@7}5.

o AQ B3 Jelv) §3eta, A3, oA B WTAde e A

o AUAY BF gt @ZAEE HE e o5 AETL

o A A7t A @A &S+ Data logger

o Wiyl 3}F o] AF A oHE Hydraulic jack control system

« A7 &8¢ HAA

o NEATG] FHog SN a5

2.2 AA 244 54

A&s ASTMolY ISRMolA AgGE EFAFEHE A@o AMREHE 71719 74
A FEY FHol gt AR FAlold. 39 AF, SFHeE MEd Aol 8l
o, #Y4sAY EA}- ARG RE0] diFEAd, I i AFALER &
D)E g ARolt}, olgjd Adriy AN AF7] AFAAZE dosta g



Hlgo] ®o] =& Zo| 7bF & AdolA, Aol dejeh 53, Ald iy ¥
A, A B, ANE AT o8 T AU FAEY] Wi st
Al gEol gk dASH Azl gk FAbol 2 AP FoA 2o FoARU=
AY Kol glr] WZolot.

ALEAE @l B ovwbe] e Aol dA WA {7, Bir]e o], 74
Aol R FHAY, Atdeold HEe dAMY T JHEHE AT S0 A
Hez FEzor gt & @ APARR ELdo] di" A 2 HAHHAE
THHA, FHEAR A7 BaolFe] FAZI AR FAMIZE Aztsjor
dAE EF o 8388 A=A44E B@lY A F(Visual testolvt A&l 9

! =

e B BAHoln A&

ox

)—-l
[\3
oo
=
ot
A
okt
B
_IlN'

ARERARE AL FA 7124 ARt}

agel= B8k, 77 AldEte AP AR Y] FEAAA Adste diF
AEFAE ALY, 718F2A AAE FAskE %7 Bk ol AAE Aldu|9
29, AF7IZE] d, A FHo 9F 9 AgTIe mAY Fol 2 dllolth
of FME A@7Ie e Al H8o] nrbge] b & ddolrh

ek, AFAEE 2o 43 A s e AFE77F ARETE A ukzAl
et Ed ZAANA A E Rolv], AFAFd 2AG AA-AF - A F
o HAHAE Fos BA7I7F 24E Aonh. £F, =4 71718 BAlstE
TEZE YWY S ez Agstd 571 A4S nYEfor @

1.3 Aa7AA 9 A A3
1.3.1 AWzALY] B3RS

Folu gHe AEFEe wWE FEAFE FIE UHe F2 Ay Adow
Ngs 3 slek g AB7E $ A9E, AR HEHE FEFE) A ALY
o] 9o} Ao dsHE EAZA A Ak 1E, BFE F5E SHE
AUg AE71E A BEEE 3l



384, £ duke AUAge B8 dAANEE HYsiA AP oz Hrlshok g
o AAEogE= F2, A At A|F(PLST, Point LoadStrength Test), 15 ¢+= 7+
EAE(UCST, Uniaxial Compression Strength Test), @AY A &(DSST,

(2118t Al1E Project )

-

(= Jazae  |[x]]
L «Core 2% {| -pSST 2 -ENERLE]
e R7g2E || ppr & l
o EM At L
| Z5e ab. Tests s\
- Xstag || -UCST P o .
|+ E+8 || ESDAB N 243 As N S4
« DU THEH |- szgea ] e orm 1
(L= e EEEsaE | Kot E At | A=Al
y T A T3S NFFC AIE
‘ HIS RERE N
ue AHOI2 3% Al
2+2| 3% 32T A8
UEER HistE s Al
B A AUAIE
B AE | S+AH
\. J
v
3&H S4

2 83E

Fig. 1.1 d4FA @3¢ Ad 2A 8 4F

Direct Shear Strength Test), % A3} A|H(PBT, Plate Bearing Test or Plate
Loading Test), =W A3} A|F(BLT, Borehole Loading Test), ¥5A]l@(Permeability
Test), Schmidt Hammer Test ¥ X|F&283 @A} o] ok

Qo] ZAL - AA - AIF - ARAL - AANTE T 48 FYEHAAA AREFEH
4 doto] #AdGolth. dAFA AYAAEE A AFE AP AU FE3 A
A& gokstd Fig. 113 ZohUSCE, 19919014 143t Bt ATA ).






E11 15 &5 22 A% ¢A9 &7/ : &9 MPa

ALA | Coates |PeCre &|Broch & Bieniaw-) e | 1srM |BS 5390
BE 1964 | oier [FEmNl S0, | 1979 | 1981 | 1981
Soil - - - <1 <15 — -
Extr. low strength - - <07 - - - -
Extremely weak - - - - - 0.25~1 -
Very weak 2~33 - - - - 1~5 1 <1.25
Weak 33~70 - - - 15~15| 5~25 (1.25~5
Very low strength — 12~2810.7~25} 1~25 - - -
Moderately weak — - - - — - 5~125
Moderately strong — - - - 15~50 - 12.5~50
Medium strong - - - - - 25~50 -
Low strength - 28~55 | 25~7 | 25~50 - - -
Strong 70~160 - - - 50~120 | 50~100 | 50 ~100
Medium strength - 55~1104 7~25 |50~100 — — -
Very strong >160 - - - 120~230{100 ~250|100 ~200
High strength - 110~220| 25~70 |100~220 - - -
Extremely strong - - - — >230 >250 >200
Very high strength - >220 (70~220( >220 - - -
Extremely strength - - >220 - - - -

£12 BF PR /FEEY TE LT oI5
ot =2 &prIsts = =)
—E%’LI} 2 AKHC) =N ISRM 8 gi*ggLEG) 2=(69)
oc, MPa | 10-20 | 20-50 | 0.25~1 | 1~5 [5~25[1.6<|1.5-15]1.26<|1.26~5/5~125

ez |=ge| oo (BXEMely) Very 1\l soil | weak | VY | weak |Moder.

weak | weak weak weak

=1
BT Z2ZANS IR B-ASHAES 012, S5, HOY 2)2 EFY

urol 244 AF(SRF), A3t EE9 FH(ESR) 5& nsd H(1.1DE AHogd.
0.001~1000 2 FHHEZ sz @I Gul EQEHY A B T4
S Fo] AN 8L 1Y EFEA ddd €Y, 5 HIFAH g
3 Ze HFo AR, BE FulE 9 B3 o] Bl FAHoln AA
Hog AAEY. tiet, @29 WEgdL TG, AlF T AR 0|9 A H] A
AF Az g g2 A8 Yasiy, #H A0l ERen ERxe A&
el 0a7F & 9ol vl FE Tunnel A One-cycle 77+¢] Zolg} @



Tl AA, Support® A %#, Shotcrete B7F, Rock bolt dol&d 2v2 AA &
4A<+(E), Lougeon A5, 2&d BHE9 ¥HFIFAL), RMR % GSI 59 F
ol &Htt. A(1.2b)ollA, Q9 HhA 10000]H RMR-3t H A 1000] opd 950
Ak, AdETE 3 Mo E o HEE oz gidg,

_ (RQD\[ % ( S )
Q= (——‘]n )(']a,) SRF eq.(1.1)
RMR = 44+ 91n(Q) ; Bieniawski(1989) eq.(1.2a)
RMR = 50+ 15log(Q) ; Barton(1995) eq.(1.2b)

A= =
TE S
3}
E=3

o]

Gouged] ¥
559 e} FFFo
7HE Atoldl A E @2}

RQD, RMR, Q % GSI

A=

A9 23 Fo #9R 71xA R EdEith webA, F2E

gdHE B

o LI =

Ax, AHAE wgle] Falol
A5 AEL

I;Ht:s’_} ﬁ;ﬁ((Jn) * 77—_101
£5%, A5
%, ¥ A (alteration) A=

A4 RQDS 1% 4F74E(o)e €A FalAE

CEEAERE SRR
S N

AAFHH AR B

- Roughness(JRC),

MEd HzA Y A"ely &, FAx

o] 7%,

7} ofule] x|ub-E3HA QA FA| &)

B4,

A8t A
24g A

B 7AHY 2@ A5 84 A7 JgHT g9

1.3.3 3 §go] gt A9 AdA=
FA A FASHE NER] e B 1F UFUE(0)Y 9F QAT EE=
PAANFAE(0)THE H LA AGPEE APH oy Fae Aol o] 3L, ¢
21(2002)9l 27MEo] uth o] AEo] 2(1.3a)~2l(1.3e)o]H, 1HzTZ My
Fig. 1.30}t}.
= g.0y eq.(1.3a)
- 7c 21 (1.3b)
Ty, = 5 Tﬁ e eq.(1.
B 1
iy - eq.(1.3c)



W= 0, eq.(1.3d)

Ty = eq.(1.3e)

ANA, 12 $R¢HE ARAIFRA e AGYE, oo D oS 4 dEUFAE
2 dExAAARE TE UFE AR Zxolth. Ryoji, Kobayashi and Kiyohiko,
Okumura(1971)9l 93}, Fig. 1.32] 2o} 8 Y9 HoE tp33 o

e 40y AA SHYU(o3 =0, 01 = 0)

Lo
Of

* ¥ 0203 =0, 01 = 2l

¢« ¥ 03:03 =0, 01 = 4lail

¢ 04 @ (03 =0, 01 = 0 Y} (03 =0, 01 = 00) €4 A4
metA, o] $HYL (05 =0, 01 = 60l

05  AFUAFUE §8U(os3 =0, 01 = o)

/ 6(- O Oz Os O4 Os ESpN|

|
t 2"3'(, gl
4l0tl >

Fig. 1.3 15 4% 2 15 ¢3AY 239 339 34

00
I
9

a8, A9ZEME EF FFAEY (o= 02X 53 go] Bofq. &,
D1 08 1-F 3

@12 0z ~ 08 EHAY -5 ¥

@1 0 01 - 0s XA 1-F HHU(o - 47 o - FHY FAEHA)



@ 14 o
® 15 10 - 059 XM 1-F FH

AT YA AAEAME A9 HeA 1,~15 F& Mohr-Coulomb ©] 29 #
A8 Qg BFA-EH(Bond stress)ioltt. 3], A2 FIYE FoiA AdAdx
ZFolA #YAG7}E(Punching shear strength)® Alg €T}

1.34 #3389 18 AdAx 75
1.34.1 9449 AGAE fE9 HAAL

177649 Coulomb HYZE= 7EFH 19009 Mohr o2& A2 FAl3H
(Mohr-Coulomb 33 3), 1936\3] Terzaghi® ©|} A3 ol&& w2 H g}
A By Qe A 4579 vt sHiriction) H &8 (cohesion) & 1# 3
Ag FaFEE 89sd 2(1.4)0 4,

Coulomb ; 7= c+ o, tang eq.(1.4a)

Coulomb — Mohr — Terzaghi ; o, = 05 +2ccos¢ + (0, + 03’ )sing eq.(1.4b)

A(1HANA, 0y B o5 244 Ho @ A4 FE&Holoh 19369, Hvorsleve ¥
d A= AP Aol HERHEH vpEzbe] Fg . & ¢S FYFHoH,
19613 Skempton< @A olyt Con'c W e A9 HEH ()T R v}pEZH¢y)
o2 AW 1962 Rower EHolut HY AT HAHAAlY 8N (0,/05)E
AA] ARt AdFe §F9 ¥d&Dilatancy rate, Aev/Ae)E EAA
A A Beolgl2 Asdte A& WEuEde A2 gdaoh oA, 194849
Taylor= Al &) 7FA o A7F Add o] Agga 3 ¥istz ARHETT B
o 4% 4FAE(0)% AFZE(0)E THsA gl HEHE guby Y
(1.5d)& EEHPG. F,

Hvorslev ; s = ¢, + o0, tang,’ eq.(1.5a)
Skempton ; s = ¢, + o, tang, eq.(1.5b)

o, €y o
Rowe ; = 1+ - tan®(45° + ¢/2) eq.(1.5¢)

3 (]

o — oy o, |

Taylor ; ———— = B|— eq.(1.5d)
o, + 03 03 — 0,



l-ﬂ

E3F ot Anke) Auig, Bgd 9 AMEY A T AR H&HE AdA
TEol Agd AL w3 HZAd, A2 Barton A It EA&H gk A
@4% 7F(Failure criteria)® Intact rock® UZPEE n# a4 Mohr - Coulomb
o) &g (c)o]l YotE Hoek-Brown AEY ZEFEOZ gigdT)

Barton(1976)& AzHe 4% o= 7}E(CS, Joint Compression Strength)<}
A& A4(RC, Joint Roughness Coefficient), 7]1¥ v}&2}(Basic friction angle, ¢
p) 2 AN WA AAAe] §FF £4 $8(0,) T2 YWY 71E v@dza 3F
0 @32 ) FFAYE APeR F3o) JRCE 3 49 Had 78 2EA A9
Tilting testo] 93 &% HALZHa)O2E T8, Barton &89 Scale® A"}
de"2 Mohr-Coulomb®] F&go] glot's Ao] Yo,

7= o, tan {¢b+ JRC X log ('(]TCS)} eq.(1.6)
_ a-g
JRC = lo——ﬁs,‘- eq.(l.Ga)
glo 0710
" —1f OT ,
¢ = tan (——60”,) eq.(1.6b)
a7 x JRC
-507 = KBa.rtan + ¢b - M(Kgarton + ¢b) eq(lGC)
Kgorton = ta.n{JRCXl (JGCS)} eq.(1.6d)
¢, =1 — o, tan(¢,) eq.(1.6e)

Hoek-Brown(1980)2 A 35 ¢45 A@ER=E Griffithe] HAY A&
A48t FAFEE AAAT o] FEL AF BE(om), 15 FEFE(0q), ¢ Y
FTHRY FAAEm & s), FAYY 7 §¥H(0,) TLE EZFHD, 198349
Mohr-Coulomb Z=A<s9 Wi vtzdzis FIAEE Fite dLsiE AA AT
Hoek & Brown(1988)& Bieniawski(1982)2] RMRZ £ ¢utol® HE4& F Q)
t F3AE AL 48 4 dUAd AF3E EUE A5 38T F A=
Hoek-Brown Material Constants m & s& AA & o] & 1.30jt}

Hoek, Wood & Shah(1992)9] 474 & A<, Hoek(1994), Hoek, Kaiser &
Bawden(1995)%] RMR Al M2 ZE=QF GSI A A B=qdE Iy
of #¥ . Hoek et al.(2002)9] A A (D, Disturbance factor)$t &7 =1 7h
o XEI AEES F A Aol 2(1.9)~4(1.12)0]t



¥13 m & s Hoek-Brown(1988)9] m & s ; 0, = 03 + \fmoco3 + so?

Js s RMR| Q s m -values due to rock quality
cm B B B B (1) (2) (3) (4) (5)
Intact | 250 1 100 | 500 1 7 10 15 17 25
O 2% | 190 | 0.082 | 85 | 100 | 0.189 | 4.1 585 | 878 | 9.95 | 1463
2 S | 120 |0.00293| 65 10 [ 0.0205 | 2.006 | 2.865 | 4.298 | 4.871 | 7.163
2 & 70 | 9x10° | 44 1 |0.00189| 0.947 | 1.3583 | 2.03 | 2.301 | 3.383
£ & 35 | 3x10°| 23 | 01 [0.00019| 0.447 | 0.639 | 0.959 | 1.087 | 1.598
OlF=2% )| 5 1x107 3 | 0.01:0.00002} 0.219 | 0.313 | 0.469 | 0.532 | 0.782

(1) Carbonate rocks with well developed crystal cleavage(dolomite, limestone & marble)

(2) Lithified agrillaceous rocks : mudstone, siltstone(shale & slate(normal to cleavage)

(3) Arenaceous rocks with strong crystals & poorly developed crystal cleavage
(sandstone and quartzite)

(4) Fine grained polyminerallic igneous crystalline rocks(andesite, dolerite, diabase & rhyolite)

(5) Coarse-grain polyminerallic igneous and metamorphic crystaliine rocks(gneiss,
granite, norite, and quartz- diprite)

1.34.2 24%d AIAE 7F

(1) Hoek, Wood & Shah(1992) : 34 At

o, a
o =0 + aa.(mi 03, + s) eq.(1.7a)
1
' ¢ 01, - 0-3,
g, =0 + —— eq.(1.7b)
3 14 20
ooy
ao,
7= (0, — ;) 8_01, eq.(1.7¢c)
3
% ) (1.7d)
ao, @My o, €A
(RMR— 10)
E=1 ¥ eq.(1.7)

(2) Hoek(1994), Hoek, Kaiser & Browden(1995) : ¥8rA)7} GSI A<k

o, ¢
0'1’ = 0'3’ +o'a(m7‘g§,— + 8) eq.(18)
1
for GSI> 25 ; a= —; eq.(1.8a)



RMR — 100
—;): = exp(—-§8——) eq.(1.8¢)
—1

s = exp(M—R—g—ﬂ) eq.(1.8d)

GSI
for GST < 25 ; a= 0.65 — 200 eq.(1.8e)
T exp(—}—z——loo) and s = 0 eq.(1.8f)

m, 28

(3) Hoek, Carranza—-Torres & Corkum(2002) : }2-& GSI/azrAl4 A<t

7 ' U3I ¢
o, =05 +o,|ml—]|+s eq.(1.9)
gy
GSI 20
a= —;— l( Lo— e ") eq.(1.9a)
GST— 100
= ( 58 = 14D) eq.(1.9b)
B GSI— 100
$§ = exp (W) eq.(1.9C)
GSI- 10
= 1= 2}, 1
E, (GPa) = {(1 2) % 10 eq.(1.10)
6am,(s— m, o, ) !
-1 b h Y 3In
= sin —— eq.(1.11a)
¢ ® 2(1+ a)2+ a) + 6my(s + myo,, )" ] a

04 {1+ 2a)s + (1= a)m, 03, } (s + m, 0y, )"
o = — eq.(1.11b)
1+ (6amy(s + mya,, ) !

(1+a)2+ a)\/ (1+a)2+a)

o\ 0%
for tunnels ; o' 5. = 0-4700,1(7();[) eq.(1.12a)
o \0
for slope ; o = 0.720,,| — eq.(1.12b)
Jmax ,YH

49 FE-¥Y ATL AP, dE-grtolE FAF dutolE AE 7E
2 Mohr-Coulomb®] w&el ZAtAIZI= o FH3tn Ytk o-t FEAA 8vA
3 sAEFANN o FAZHA R FEATF ¢ & 08 Fig 144
Mohr-Coulomb?®] Z=AT+E B olE «WHZH ()T £t e)oE
B Aok aga, EFUY BEAES HEtd FEATE FIe de
A 42(2002) ZAEA 71E€5H} AT



JEEEN EEEY
0 o
(a) Barton(1973) : ¢=0, 0/=0 (b) Hoek(1983) : ¢>0, o+ 0
Fig. 1.4 EAEA ¢Rte] A3 A e #&E M-C #5222 A4}
(4) 71€}
Ramamurthy(2001)& H|HAES] A Fre oFF FAY 09 1L Taylor At

Ao Hgdt] 4(1.13)22 FAYU. EuHd HE, M3 2 AAHEd (4 &
T A4, A= A3, Jhingurda A, A9E HY 5 7F9 Algg A% 2 Ha-
SAAY 3% Y4FAFLE Hoek-Brown #&3 HuEMHY ¥139 m, s, ¢, ¢
A7) vlEiA 2(1.13)9) B, a ] ¥y} olF ooz F& 3L I HFPLAE,
Al A s> 29 g W3 Joint factor(JpE =Y

o — a3’ o, \"
———— = B|— eq.(1.13)
o, o3
2 og "
for intact rock ; a, = 3 d B = 1.3(0—a eq.(1.13a)
t
J
Jp= — eq.(1.13b)
: rn

2(1.13a)ol 4], AL og/or = 4~25, YBFOZ o./0& 8~120IT} J,& B
Fdre] A 38 WEgoz o 1me A HEgolth 2(1.13b)¢] ne ¥
A dY9 FAMAFEAM Ramamurthy(2001)0] A9d 44, r 2 A F9 w}
FAgoltt. del- 4] AlF g, BiE ALY AF a, BE Urol A3 o=
o FAEHZATAANA g-Fo AAE AUt 2, X 1.4a00A4 XY
WA s=1XM%E m = 67.11°9]22 m-, s-&E Hoek et al.(2002)¢] FZ A
A7 23FEE ¢ F ATh



a8 3, John et. al.(1986)¢] Ald3 dgeoz e ty FAA(1.5mx1.5m)2]
A AFAG AF o= X 1.4bo|t},

¢ _

o exp(—0.008.J;) eq.(1.14a)
a o
L = = eq.(1.14b)
al ULi

B, 2.04
—— = 0.13 exp eq.(1.14¢)
B :

B .
—E,T = exp(—0.0115.J;) eq.(1.14d)

- \3/4
o = 50( ! ) eq.(1.14e)
a,

2% W A7 0. <1MPa, % <50 and J,< 200 H/Im

<y

® 1l4a H4/A04%9 3& &= A9 9 ; Ramamurthy(2001)

ol

India limestone ; oci=4543, ot=5.56 MPa, Jhingurda limestone ; oci=5.81, ot=1.26 MPa,
o3’ o1 Bi ai mi si | m(s=1) 03 o7} Bi ai mi si | m(s=1)
7.03 167.96| — -~ — — 552 2.50113.41] — - — - 587

14.06{85.53}2.15|0.64|4.46 | 1.16 | 499 | | 5.00(17.19]2.06 [ 0.78 | 2.03 | 2.65| 3.95
21.09{100.76]2.15 {0.6414.20| 120 | 4.64 | | 7.60|20.21|2.03 |0.82 | 1.46 [2.89 2.93
28.12108.9711.97 |0.71, 3.00 { 1.40 | 3.63 | 110.00/23.952.06 |0.78 [ 1.73 | 2.78 | 2.76
35.15|123.03{2.05 {0.68|3.20 | 1.36 | 3.66 | |12.560|26.30§2.04 1 0.80 | 1.32 | 2.95| 2.23
42.18{128.88| 1.92 |0.7312.43 [ 1.49 | 2.94
49.21(134.74/ 185 ({0.76 | 1.92 | 1.67 | 2.43
56.24 {142.94{ 1.82 |0.77[1.73 { 1.60 | 2.21

Quartzitic schist ; 06=190.0, 01=29.0 MPa, Jhingurda limestone ; 0c=5.81, o=1.26 MPa,
03’ o1’ Bi ai mi si [ m(s=1) 03 | o1" | Bi ai mi si |m(s=1)
5 321 — — - — [ 67.111]12.50113.41; — - - — | 5.87

15 | 360 |2.98 (0.66(10.08|{2.50|29.00| }5.00{17.19{2.06 | 0.78 | 2.03 [ 2.65 | 3.95
35 1 419 |2.78|0.70(8.35|2.54 | 16.74 | | 7.50 (20.21{2.03 | 0.82 | 1.46 | 2.89 | 2.93
50 | 428 [242(0.78(5.03 263 | 11.24 | (10.00{23.95{2.06 | 0.78 | 1.73 | 2.78 | 2.76
100 | 515 12.38|0.79|4.00 | 266 | 7.16 | |12.50|26.30/2.04 | 0.80 | 1.32 | 2.95 | 2.23

¥ 1.4b 27 1.5m)2 9 AR AD Alg o : Hohn et. al.(1986)
34 29(0, MPa) 0.39 | 0.77 | 1.84 | 0.48 | 0.92 | 2.05
B ol &zHo, °) 43 46 40 44 40 38




1.4 AEAHY AAZIES o] 83 &%

(1) New York city code

AlE Fo " TEE

#Ha

ko) XX 7}

9] 3¢ A WH(q)E A3t 1.5 me RQDE ® &3t}

Shale : g. = F(1.4~2.4) MPa(E%% g, =0.25~0.50 MPa)
Sandstone : qa = F(4.8) MPa(E2#%Y q. = 1.2~3.3 MPa)

ATF)=

(2) Ontario E2=2 AA7 =

(3)

(4)

(5)

Shale, 339 &3¢
Sandstone, schist, siltstone & ;
W +2E 435 4
Shale,&3t9 37+t

; 0.3~0.7 MPa
0.8~1.5 MPa

923 54 AR Y A
5, 0.3~0.7 MPa

Sandstone, schist, siltstone & ; 0.8~1.5 MPa

Fresh rock?] 3& xx& HY(F

Spain, UK(Shale, 3349 37t #/)
UK, Australia, Japan(Shale, siltstone ¥

o] 7] 22 W)

0.3~0.7 MPa
; 0.8 ~1.0 MPa

Spain, UK, USA(Shale, chalk, schist &) ; 1.0 ~1.5 MPa

USA(H A7, 43, AFd 7)

o] s} £ Design manual(1983)

; 2.0 ~2.4 MPa

RQD<50;0.10~0.25, 50<RQD<90; 0.25~0.7, RQD>90; 1

15 & 7129 & AAH, US Dept. of Navy(1983)

&4 A2 2(q.)

= ] 23 & A AF

Nz Aure) 74 23 Az o o

Fo] fla, 2o AT 44 %3 ¢ | 60~100 | 6.6~11

g ol wAe ; Augy, B BEY 30~40 | 3.2~44

A, 18% THEE 9L

2% A}jn;’ NEOH M3 A ¢ | 15~25 | 1.6~2.7
ZFat-m " ¢4 (Shale) ; RQD < 25

T} Shale, AN FEY F3 8~12 | 0.9~1.3
FI=E 3UE F, GW-GC, GC, SC

- Z B ~ o~1.

Az, BAge AR, AN | 2o | O | 00T

Ao . .

Aaald A=EW, SP) = & | 2~6 | 02~06

z ~ ~0.

ARn 27 B, Al 27 | = 9 | a0 | JaToe

A =3 v 2 | 1~3 | 01~03




6) &= AHWER AAH2003)e F2E NzxAA 7)1F

EdEHY H48(c) 30cmold, 0.=10~50MPa?!l ¢yrel &8 A E(q)e 4
(1.22b)E AFstar JTHAASHTO, 1966). 94714, EA} 7+A(8) & 5 mm o] W(gouge
7F o™ 25 mmoldh), B 71x Fojth 2(1.150)9 ¢, §, o/B ol W& A A
TF(Kse) ®3= Fig. 1.5, 21(1.15b)9] S8 A& AT Np= X 1.67 2o

q, = Mns o, CQ(1153)

9 = K;po-c eq(1.15b)
3+ % 5

K, = P 5= 005-2, = <0.0204 R eq.(1.15¢)

sp 5 B
10 4/1+ 300 -

&7)M, 0.=20MPa, §=3mm, c=25cm&A A7} F53) d2d ule 7
z Z(B) 4m A, 21228 H8349 34 AAHE A

¢ 25 3
il = 0.0625> 0.05(0. K), = 555 = 0.012< 0.02(0. K)
3+ 250/4000
K = = (.143
4 10 V1 + 3/250
T T R I L AL BN A L L L L AL BRI B B
0.5 34+ = c : joint space

B

B : breadth of footing
10 4/1 + 300(£) & : joint thickness
C

EQ
| L | I W T N N

. 1

P |

0.1 -

e do o e b e Loy b e Lo by s by by e by 4oy

00 02 04 06 08 10 12 14 16 18 20
c /B (Joint space/Breadth of Footing )

Fig. 1.5 £% W] AR A@S daid 4A7F)




X 1.6a iy d2j7h dad 7)2xvke] A28 FH 9 K-#

UY S| c-atom) 2 2B yE [RVR| Q | RQD (Tl = Keatad THIOD
S 4| 300, 482 | 100 | 500 | 95> | 38 | 43 | 50 | 52 | 6.1
e 2&| 90~300, D13 | 85 | 100 [90~95| 14 | 16 | 19 | 20 | 23
% & | 90~300, AUES | 65 | 10 |75~90] 028 | 0.32 | 0.38 | 0.40 | 0.46
§ S |30-90, ZHEIT LS| 44 | 1 |50~75|0.049 | 0.0560.066 | 0.069 | 0.067
¥ =z | 2-50, ZoUSEE | 23 | 0.1 |25~50]0.015|0.016|0.019|0.020|0.024
00 22| <5 D E8 | 3 |001| 25< 4S9 ANES 2@NNS B
®16b £16a% A B, C,D&E
IEEL HE
a [B52 M BEEE saposmaomaly
BECEE AT HEE S 00/ 2/E /O At/ 2 /E B et
I B T TE T
D | N2 sdel ZRA 24 |oMel/Eset
E LS JOEN BEE agmmaamnsusgssemeang

4714, 6.=30MPa, §=3mm, c=25cmBA] A7} F435 dgdg dylo) 7)
Z Z(B) 4m<l A, 2(1.22)8 AHE3lo & AAHL F3}4 ;

c 25 c 3
= w00 0.0625 > 0.05(0. K), = w0 0.012 < 0.02(0. K)
250
3+ 4000
K = = 0.143

8q 3
10 4/1+ 300i%i

s g, = 0.143(20 MPa) = 2.86 MPa

ol & FHEAAHolth 1Y 1.5014, Ke HAXE 01160122, EF vt 3
7} 54 AWFEL 0.1150,2 ¢ F29713 FHAY & & ok

FZo A hite]] Fole 72 FEREY AAHAY HIE AT AAHAIEPBT) Al
g ¢ =50 E1.72 o] A7 9714 (P)FoNAAA £33 A|FAL
golth d7]A, 2002 109 AAT BE S5 EdAL FA FHEAAH
1.26 MPaold& A9std =i A Hrkd = a2, ¢wte] PBTOlA



12 olo}. gk 2Rk 500%5000] 0] o]

D300 &g AM3tHE AFREE A EF H|3
of Alg A AFALE AT F AL Aol
E 1.7 & A9 [AFH Alg o ;- (F)Fokx A A
Six qe | EHPa) [ MBHE K Test(tfim?) NE HA
- MPa | 201 |kgflem® | g, @ | aa (A& LX)
7.65 9.9 — 0.5
ojor & 0.4 D300 | 3.93 9.9 - 0.5 =4, d3s
=== ' : : i (2002. 10)
2.86 9.9 — 0.5
3.07 6.7 - | 034 ABA A
o= No) IS — <0 =
Ao IS 1 D300 | 0.87 47 0.24 2002, 5)
3.87 > 10 — | >05
S 4243 | >26 | — |>126)
Sers Jé"g‘ STa2da
st otor— 2ol 2 D300 | 3464 | >26 >1.26 2002, 10)
2045 | >26 - [>1.26
Con'c X% 0319 | 28 - 14 | M 4452
(t300), O & 3 |DI000 T sa | 35 | - | 14 | (2003 2)
1.5 ghute] Aet AEE87 B 4wt AR Y
7t oyoe 9%l Z12AEY] A ®RA Q1 71z 33T
71z &F ¢ 7F FFFYYU F 47 ABCIH A
Jejoitt. el gL tieyiolx]
BCE o] HE B, Auty A=

AR R
OTE J—E:] 6]-1:}-
= TF

% 1,694,

(g,)°l &F&3te 74
7] BDCE ZANE=R, & #7] BC

W, A7 E JAoE 7P 29 1.6bolA
3% 7188 d 72 <3z

éB |

EBtan(45°+ #/2)

B H or H = —I—B\/JV‘,, (1)

¢/2)
(2)

AF c, ¢4 F
1
27
tan (45—
2
Z A7 19 FEESPHI FSH7|09 EQF

H=
tana
N, = tan’(45°+ ¢/2)
% #7] BDCS} ABCSl W BCE 3
HK + —y H*K,+2cH /K,
B’N; + cBN, (3)

(Py) A LHOEAN M= Zopzg
. 4709} $EEL ¢ Pp= g
eq.(1) > eq.(2) i Pp= BN + ¢






Fig. 1.72 71z3}Fo] &3t} gntoz FAHE 71xHHe 49 A9 xgHo
ZAEUA J9 Boll vl FEioltt. o] #AE Mohr W3 ¥FMoe FHsA
Fig. 1.7bolt}. 7l W9 hite 35 AFHAHEAN oud 712 AEde 3%
Qu, O34 A7Z1) AHE it F&FHoltk, N=00"H FE3HY AVlE 99
B 1% AZFAE 0,9 ZY. 083 2de AFRZT EQLuo] wgdg ko)
U oty 2o FA7 Qe Xl A8 5 o

Fig.1.79] 9449 ®, ®< A A AHEFLS BellQ 9} Terzaghie Ao
A AT £ AT, Fig.l.7c F% 998 AMAGAE 21 FAW B2 ¢4
o AGAEE A&t Ao AFE FASE, Zone®] HU F3H one 7
Zol ZH&se 3F ¢ F FEE HAFEH ouT THAYIYLZA Zone ®E EE
3t Zone ®] HU FEH 0,501t Zone ®Y HA FLH oxs AXY AA 3§
T(g) o2 7549 Sl &, 49 @, ®7t FA dH=HE «#3t
& o34= o1z, 033= g,=0°]th. 13, A9 B oxpE FGBE ¢Fsl
O HY AFES 49 @Y 15 4FUE 0,9 2. o8 d AFE Hoek-Brown 7
=7 AEsH oeH g

Zome A : 0,4 = 034 + \Vmyo,05, + s0% eq.(1.17a)
Zone B : o;5= g, = 0 A
015 = Oon = O3p+ VMo oy + s0%
or o, = vso, eq.(1.17b)

eq.(1.17b) — eq.(1.173)
UA=74‘O+ W: Vs oy + \/mbaa’\/-;%+ s0%

g, = o= Vsoy (1+ —mq—’+1) eq.(1.18a)
Vs
C}lqu

or g = —p— eq.(1.18b)

8

AT Cae 7129 84 B, L& 183 AF, FsE HAE(2~3), Cne& FRASF
2A ®1.83 Zo g, Jlxe ditFeR Tz AW Y9 A F ()R
FEHBZ, A(1.18)9] 34 AAYL A(1.19)2 BTG, F,






N,= N; eq.(1.20d)

2% 1.83 o] 7|27} £ Aldol ¥31, B>y olH HAATE HEstH, AXHE
=AM %57t ] £ 38cHHong Kong Geotechnical Engr. Office, 1981).

1 T
Cie Ny + _2—6}'237]\7(1
q(l = F

&

eq.(1.21a)

N, = ﬂc—f[—(szabuz’ty vmber) eq.(1.21b)

29 1.108 A&gok(v] sFEF, 1989 9
2 #H3lM, Crest9 hinterland”’} 6B ©]3}o]

rlr

HE AFE3, A4 A% Ne, N
A AN, A(.21a)d BE @9 T
AA Yol Zadth A(122E F/4F Aol 47 492 veds fE8
Aojmz, 71z Aol ALY @A) TR AANPL o vk gwre A@xe] wet
zEdoe 74 880 A$HY A cracke] WYY FEoR WD

—

2 gL X8 gawd

Fig. 1.94 ¥ Ed&do] 43 wad EF @t 2} gy, ywit A2 F9%
A Awke] F/4%F 499 FAAFTL H&F 2ok
@4 = (g, + %7Bcotz/)l)N¢z + ¢ycotg, (Nyg — 1) eq.(1.22)
q, = —%*yBootwle + ¢, coty (N, — 1) eq.(1.22a)
N;, = tan®(45° + ¢,/2) eq.(1.22b)
eq.(1.22¢)

N;, = tan®(45° + ¢,/2)

Fig. 1.8 &®t Apde ¥ 712



TERRREN

2507 7 = I O S |

\ ) . At Df/B =1
200 \ 6 q L — p/B=0
345 ol 11T
150 N nn b= N, = oZid
. . 5 C
100 N ] ¢=40 4 O ™
¢o=B0 " BN o { - 3 p \\ J
25 AN 2 ] N B
N N TN
- ¢-s44) V <
1o LB NN 1 T hokd | TN N
g ™ N RN
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
JIZXIBE ZBARZ(, ©) JIZEXIEE AR, %)

¥ 1.10 AAE AF N, and N,



1.6 B3 kel At 54

A Fol e e HaFE B - FHAHLR FE 4(1.23)22 T
ok Aol F3 BAY At Jdoew, ASHS AAADE AFDSST)
g3 2 JH AEE nestd (12308 A& owh, B 4w UCST,
PBT, DSST 59 A&7t o® o ARe FJapzo] 7.

2

% =0 1;;:%1 _% eq.(1.23a)
5 = s eq.(1.23b)
%= Eﬂﬂ# eq.(1.24)
% = qE’S - %2 + ki eq.(1.25)
% N % * kjS eq.(1.25a)
é’ - clz + kjS eq.(1.25b)
¢ = ”2_(1ETJ eq.(1.25¢)

2(1.232)9 A+ F2E9 FAWH, P 3%, g FAASF, ue Xoje H],
End W3AI5 Sojth 4(1.23b)9 ot Fig. 1.119 o}dF & AIF(E, E)E 2
H3 FAAFAY ¥ 1.98 73 A(1.24)9 BE 7129 &, g 7289 Ayt
W == HA9, gE FAATFEA ¥ 11078 2o 2(1.25)9 k& 7]ZA|Nke]
v Alg, G AT @A ATl

2

E 1.9 AAA/FAAY HPAFEDE 2T J8F TAHAT a

p—EVE 2 5 10 100
0 1 1 1 1 1
0.10 1 0.972 0.943 | 0923 0.760
0.25 1 0.885 0.779 0.699 0.431
0.50 1 0.747 0.566 0.463 0.228
1.00 1 0.627 0.399 0.287 0.121
2.50 1 0.550 0.274 0.175 0.058
5.00 1 0.525 0.238 0.136 0.036
00 1 0.500 0.200 | 0.100 0.010




ol

SHISHE, »
<8, : 4(1.23a)

_ ol

Hi, E1> E3, W

gdE4d

& H,, B,

=
=)

tor

et H1,E1, V1

F

rigid rock

« S A1(1.23b)

I

Hi, Ei> Ez, v

UEH Y H By

Hi, Ei> Eq(, v

E2>E1, V

goz ¢

o——

o

e 21(1.24)

Fig. 1.11 71&X|4to] ghtZo 2 FAE 7 9o A A4 Model
F 1.10a vH5gF A AR 1 M o] aAd s s FA4AT G

| g | HE | 5y, | B 4292 L/IB-3gt
Al TS TTIEE) 15| 2 | 3 10 | 10% | 10® | 10
= & |100{079 (112 099|136 | 152 (178|210 253|400 547|690
2AM2l | 064|079 056099067076 | 088|105/ 126200275350
B-Z4 | 064|079 | 0.76 | 0.99 | 089 | 0.98 | 1.11 | 127 | 1.49 | 2.20 | 2.94 | 3.70
L-=4 | 064 079|076 | 0.99 | 0.97 | 1.12 | 1.35 | 1.68 | 212 | 3.60 | 5.03 | 6.50
H 2 [085|079|095|099 115|130 | 152|183 |225|3.70|5.15 | 6.60
E 1.10b ZAA712 4 @R FEEF T4 Jd HsHF AEY
x| = 5 42 8 (L/B)
H/B D=B 1 15 2 3 5 10 | oo(giz)
010 | 0.09 | 009 | 009 | 009 | 009 | 009 | 009 | 0.09
025 | 024 | 024 0.2 023 | 023 | 023 | 023 | 0.23
050 | 048 | 048 | 047 | 047 | 047 | 047 | 047 | 047
100 | 070 | 075 | 081 | 083 | 083 | 083 | 083 | 0.83
150 | o080 | 08 | 097 | 103 | 107 | 108 | 108 | 1.08
250 | 0588 | 097 | 112 | 122 | 133 | 139 | 1.40 | 1.40
3.50 | 0.91 1.01 119 | 1.31 145 | 156 | 159 | 1.60
500 | 094 | 105 | 124 | 138 | 155 | 172 | 1.82 | 1.83
oo 100 | 112 | 136 | 152 | 178 | 210 | 253 oo




1.7 A8 &

EF Ut @AM BEHTE SAHIE EEAFHL2ZE FAS AFPLST,
ASTM D 5731-95), 4%%3E AlP(UCST, ASTM D 4555-90, 74 1995), 21 H A gk
AN E(DSST, ASTM D 4554-90, AMA 1995) 2 H A8 AF(PBT, ASTM D
4394-84, AN 1998) Fo] ot oivl, APEF9 wEE HYE WE g ol &sle
2, N¥E(Test cavern) FAol Znu7t Bo] =& wyo] gt}

AEFsd JFAYE A¥7I= ELE iit9 Portable Rock Shear Test(Model E
77-1030)0] HEAo|tt oJRAL HdlgtF 100kN Fo2A Za 7t A dFo

ERbe A4A%E 7FEE G FAIANE Shear boxol BE Fujolmg JUF o
plol M A3 3Eie) Test block Al@o] ofyth agln, AW dgsenes F& ¢
I Alg7] g4 9] Barton typex Ut}

g Al 2 @R diF AFAGE AFDSSDE 3 #80 glvh. o
g, 29 Projectoll Al AAE AL Aded, FX7F GAIFHQ Aol AALE 7bE
g ZA 9 Aol AT AFL YUtk 1 olfE MFA 23} &
o}¥ 1, Test blocke] ASTMD 4554-909] FHARTE FEE FHets, A7l
HEH g A7 mAg AHelr] mEolth. IuldlAe (F)F oA A
ASTM D 4554-909] # o2 1998 10¥e] F4F It d2 o] 7]&x AukRA A
A" Aol 9ley Plate®} Hydraulic jack systemE ALdln:s 25 H7HE
134 NPoR2A " A Holt),

a3, FEATFYYAE HBE Data loggerE 7WEsle] ALE 54, A3k BelAst
o BA/MEEd AFo|tt o] 7171+ FAF Load cell, 'Tokyo Sokki' iit-¢] Strain gage,
‘Mitsutoyo' it} Digital dial gage® ZtZ} 16 channel® FAlol 2% 715381, Load
cell, Strain gage, Digital dial gage7t ZHHE oW A= AHE + Atk &
7t Debugging @74o] lolA o A o2 e Aot

A Wy A7}



A2 = #E Ve R U4Y T
2.1 5dl 7le R A TF

=2 Fx9 By, AlEe As 2 oy T8 7lx FAtelA uko] gub
QA Ao, A AlFel Bod s AR (ATAARL FEAQ] SH
Aang £A%84g. 718 AdAEs RQD, RMR, AAs A4Uss), UCST 2 7)Ehe]
3 AxE olf3tn sl AAH, AlH 4AH 2 HEY A BFAHI A
AF(c & P& ANFEAZ 73 AL AY g, FEAE HE3n A o],
UCSTe AFfNAE o8 Fx(o)% AAE ¥, d3AFEY Foks vw7t §l
T Zo] grh

A AP A A=A Z3ta de dF ot

o A E 1950~1970 a0 AFol B wio] FAAAY BAb, 70dd Y
A0 BAEAoR ARA gxFHorw AFFHEY 7eEHL A S48
Aoy AFHAH FHY AFY Jeded JEE A9 dUTh

AurFEo] g AL AstE FAANA NATMolY SHIELD ¥ =¢34 F
(1994, 1995)9 ‘HdF&'# ‘¢ho] Ao FWo] 1 mAlolth. GtF o] gt
Bl AaE AXHA, 1990 T &= AR M ‘EEVeRE AT ¢
g Fabe] FAZR AnY, LU HE(1998), A138(1998), Fr e, £17](1998), 413
&, AF2(1998), B E(1999) 54 #37 AEe =2 At

o] oo = F8 Projecte] ARERAL EA, Ao FEEA] AFEE FP2(1997)
o] ¢ #3xo] wE AEWs}, olF 9(1995)9 e A Bx - 1F 4F
ZE A, o](1991), ©l1¥E(2000), A3 21(2000), 3712001 T2 HAs}
A4(Is)9 1% &3 5(0.) BA, 9520019 Shaled] o4 A Fol AUtk o
Hhe] AYRE dT2E ¥ 2.19 wAA 5(1998)7 A U(2003)9] AFEolth. oA
PLSTY UCSTE 3ol A7t vlud A AP=da Jou, g Avkgst
BB EE AEHo] oFF AAHA gk Aol

FWellME dF FTESG e 2 939 wgde ol FAee ggHer =
Ak, AA AA L AFME o]d ARRAE AUE FLFHA ¥, FHHQY
BAAAMTEL B4Y BHoz AAFAE FHINUGY. FH2o T/K AAS AFd A
Aed Sdg nysoy, dAVIsd YoM THAHQA HeE R H

re

s

=



2.1 49 AH A AE AER)

AR R
A& A Fx | EF/AW AE Peak Residual
c,MPa| ¢,° |c¢,MPa| ¢,°
ukAd A 9] 2 FAdiz| BF vk | No.l | 1.26 22 1.26 26
421(1998) (Fn) FAH AZAE [No2| 043 | 35 | 043 | 29
AA Y 9 A 33y | AHd/HANAIE | 004 | 414 | 320 | —
490(2003) | ;4 7 | AMG/AWAF | 003 | 42.0 | 333 | -

Aoy oz vjF g Holth ol NATA d AAFEH FeAHL AT AHs)
A £@dA v EHE FAolvk qWY A Fg, Fes R AEF

S Az ¢ AL olYr] W& ol A AF FAL A, Al
ol Nady FHe] Ao ZA rIdste AR qddn.

E3, ed7AdAE A2 £, HY, 243N R 1E2Y HCE AR A
A 59 dFAAE Uty o T2 BAL ogute] HA R 8 - 983 &4
< A3 FHolA AFE 3% B dh(Kulatilake and Um et al., 1999,
2001, 2002, 2003; Um and Kulatilake, 1996, 2001; Um et al., 1996, 2001;
Kulatilake and Um, 2002; Wang and Um et al., 2002).

o
2

o
2
e
Lo
4 4
AN

2.2 FY7l= %

ohite] H8tA AZ BAL Barton(1973)9 ‘B gure AGAE A7FE
Hoek and Brown(1983, 2003)¢] ‘Az|¢ute] HGAE F&'0] WREHAAN T3
oz BA3 HAJT. A7 303 AR viad ZAT ITAYT AF7e ddz
AYAN P L FEEZ gAd R gieh oy, d72} F2 AAEES ddes @
Aoleg Egghte] g FZRE AAY AlFd HEsr|dE oy wlFdnh ol
oA AP F A& Test block F oxg3 A P77 BEHA &7 o
Folt},

_28_.



2.2.1 A A3 AJF(PLST, ASTM D 5731-90)
FAo 1% AEUE FAY N EFAGRLE F2 FHAFA 2 o &
A ARl 47 Frlo mE HAs FEA s FH #¥d A
of ot 174, A A 3+ ADIE EAR[AH(2.1c), TEHY A+
AAEAFA]E7] A A Fo B HolE AT £HE gle dHoth
* 0. =2 15 MPa, Conical platen(cone 60°, D10 mm)

i

Lo

e Test results : A AEAFUssn/, Issol) D o8 X4(,.)

Bogy = (%)0.40 (DL}) eq.(2.1a)
L, L
I, = T/ eq.(2.1b)
* 0.= 20~25(ss0), 6: = 15~50Iss0) eq.(2.1¢)
* 0.= (13.662+ 0.186 D - 9.823 x 10™° D)o eq.(2.1d)

Load cell(50 kN)

Conical platens
cone 60°- D10

Irregular rock
D= 25mm

Loading plate

D=10mm

Hydraulic jack Conical platen

(Rockwell 58 HRC)

Fig. 2.1 Point Load Strength Test App.(ASTM D 5731-95)

2.2.2 ¢ute] dF 1 & A=A HUCST)
EFow A9 AP Fig.2.2a9t Zo] Alg3dt= ASTMD 4555-90(A70A
1995)7} g HolH, I MeE oS3 Ao






3
B dntel @3 e EE AEYL Fig. 2.3a% ASTM D 4394-84(A A
A 1998)01H, 1 /e E e #Ar)
o dA T H o Eo <35 GPa, £ D300, A= D500~D1000
» Test site : Con'c pedestal+ Bearing plate AA ¥ 4, 38 H 25 mm ©] 3}
o« & gk F4 & @ 5°0]8}, Loading rate 5~15 mm/h
o B 3% Bld §Y o] &, {UX = AA 35 24,
¥ &4 : Platevttt #Hs}A7] 470(F= 0.01 mm).

T

FE:

¢ Pressuration cycles

HZF stFL HASEFS 2HIE, Scycle °]4, @A sFritt 108 o4 #A,
Unloading &= Loading® Z A, 0-3}5olA Creep ©Eo] AL wi7lx] &=
10% o] A& & DataZF-E Fig.2.3bg #=dtil, HW AAH(qma)? WEAT
(B), Agt EAFK), & - 24 e A L Creep AF & T8

- A v

Con'c pad | 9] 7 - Bearing plate

oy ol D300, 7150 |
4

P Reaction beam , _ : @

e 7 R - :

/|
;)i

wa

fix support

Fig. 2.3a ASTM D 4394-84¢] <tuke] PBT & 7l



A A
A 7 A4 E
2 | peak-to~p§ka's 2 8
. Y
= & -
£
7]
E .-
Ads, mm > . 4 s >
Fig. 2.3b 85315 PBTS AAY AT HFAS
_ 1 -v%) AP
E= 5 As eq.(2.2a)
AP
E = 2(7"1 - 7‘2)(1 - Vz)A—d eq(22b)
e, = ae, (1— ) eq.(2.2¢)

Aq71A, Ex BA4AT, pe FotE HlEA

9
ASE 71€71E AT F3Y sF 2 HY

we

2ZFehle 0.25~0.30 Axo]H, AP
2 Waleko|ty r & AstHE WA,

ro 74 9 WAoot} e = FABXZT WMEH L (Creep strain), ee = B4 HHE, o

[

A X A4 (Creep coeff.), B A A 4(Delayed coeff.)o] Tt}

2.2.4 A3 AGAADSST)

Fig.2.49 & ASTM D 4554-90(A4 744 1995)0] thEH o]t}

o U4 Test block® ZEE 35MPa, ¥F Z7]E& 700 x 700 X 350 o]t}

o ¥ 3132 BlY Uiy ol&, 3% 29 71grle A9E 15°0)8, A BF + 2°,
Ad £%= 0.1 mm/min, 108 °o]/SA, WA Dilatancy 471, SH 8 7ot}

e Recycling : Fig. 2.5aX¥ F3 8% 19 IAF A=A Ad dgFE FA
A+ 5F IR Ad9sla, o] dA] FAFAEoM vHES A Normal  loadlll, 1V,
VE Ag@d. =, @Y Test block?] §E3 Ao A2 O FH3Fo
2 53 o] BT £FstF WA wolZ ADsAY FAIAE Resetting



g o= @7 A2 Fo3h 3~4 709 Test blocke 2 M2 & F3
stFolgtol AR =7t 7P AR, AA o] EAo|rh

s ARGEE ARG AHG ST 59 FWE FF  #80 Silicon
carbide 7}F2 HRP A Avtsia] A A Aoz Fair

* AP 23 Fig.2.5bellA, A9 ZE AFCIZ/EW/AF T F=2F)

-+

Test block(EF)
700x700%350

=0l 19l 8|
Con'c pad

-t
G4 1, o @A 2, gu oA 3,

»

Shear displacement, AL(mm) M

Fig. 2.5a 17} Al8A 53] o] Ag Alg

- 33 —






.6 DSSTEl 34 ARst5 A} FF4H

EF outy dad dadA oA EAE Abolo]l FUE(Gouge)ol Ae Ffols
FAs T i W o] vwd 1 HAG FFxol dFE vl olzd A5
AHAG Agol A, NPAR "ol FH8l5E AR

& WgsiA A3y stk 2dA, HZole FASE AAE Aol #2
8 gz A3 7tEte A £33 FAAHCNS, Constant Normal Stiffness)e
2 ADAFste Fdo wEHT Yot Fo AFHAD AFAA vl AGAEH
ARG Aol &, 3 FAA FASFE 7t @do] 90 %olY F8E o
A A - PEE BAE T, ¢S (RET) dHE At Wd 5 A7)
= HH FALst

o

Indraratna, Haque & Aziz(1999)e] 2J3ld, ¥ H|H Alolo FAE9 F7
E g9 AZg FAA AY 2ol A, S o] Adstn ¢l
k. o (h
o, (h) = o, + —"-—:fl(—)— eq.(2.3a)
(k) = o, (k) tang, + i(h) eq.(2.3b)

A71M, e 7] 388, A R BF, svih) B o()E g F3 R
3 2 Dilatancyolth k.& FHAZA, o= 7|E wpEzt

ihe TAWIF -9 U1IF @A 7127t AdaglA FEHd< Fig.e.7

[
| ot
-
'

Dilatation
stress

Shear

7(h) = o, tan(g, + i(h))

F=(h) A g A F(h)

f?ﬁ..
f‘






2.3 7L A 2 37 FHA
2.3.1 47T HAY FELAE A% A £ HEAT

AE3t vhe} 2 B ity AFAIYel Elgstn A4 A AgE Advle
AAFeR Qouz, AFHAYg FEHA Feoh e, 74 Medsid s Ag7]
S} FAEE NEAARE B AA AAst AT EARA Y] B AstA el o
=, ¢¥te UCST, PBT, DSST €& oty opat, < ZH]Ql Data logger, A
2l Aats AA= 71€ HdA KA. Hydraulic pump & jack system& ©] &

3 50tf 7R AEF A - Dilatancy R A= 3 o2 )il

2.3.2 dTNLHRAY AE3} Pt

ATFHAZE FEHA Fa, ABHE Aol leng BgE AY 778 Hud F
gtk oyl DSST9 7%, Vasarhelyi(1998)9] =& ‘G 3t5o] Ao Ao
e FEolA AHAF ALEE Aol of A7 M FAREH, olAE AUlA]
Fgojct agm, 71E Au9} FAME Data loggere 42 3/HE AL 715382 &
E3 ok O5A A7 FAAL xpEs ke vged goh
(1) Data Logger

Analog sensor 16 A4, Digital dial gage 16 Ajdo] FAld Y& 11, 7}AH 9]
9Jike] ®E, ke BMAMAIE S % Axoltt. S4" ARES AEE ¥FHI} THE
sto 2 Al g7 "adt 4 T2 ;o] s1%538a, Strain gage type sensorZb
Ha=E Algrld g9 AH8g 4 ok 71€9 771 Data® ¥ A& vE
z2adgd FEU AAE FFst] woiE o, A7IME AREAIE ALt
A& HAgdor 48 £ JouR od A= §8°] 7t HEolth
(2) PLST 71719} A%

71&2] 7]171€ Conical platens® % %% X% 3 A] Pointe] &Y Hol(D)E
As AR ok, 2AA, Fig. 2.99 Lump testdl F-3tF3 D7F A5 SAHE
£ gy,



W=4(W, + W
D.=4WDn

1

L>%D and 0.3W<D<W

Fig.2.9 73 Al29 S/ 373 g2y

(3) AUW/8% A9 AL Load frame

Test block A& 71718 Ad t& 77|12 Ay UTMez HL4T + 3l
ok At A E @F NFEEYG 84 A RN F Jermg ZIHE 1% ¢
%, 3, 89 JdF o APL B8, 449 4Ul DSST, UCST, 3% &% 59 A
Fo] 755ttt O gk, Lab. Test® Jig2 n3std gt YB3 golmz V&9
UTMES F3to] A, =FA FF9 A F271 AL FHol ot

24 7l=s¥ ¥4 A8
2.4.1 AWY A3 In situ DSSTY Test blockd AGH
(1) d5A=7 v]EFS 399 AWy 73
dA AHE AFAHY JIEAEE FTEE EF AV quEge addd ¥
(2.2)¢ 2o, 7|24AdE td32 Y42 HE 5+ Yok
Shale : 0.3~0.7 MPa
Sandstone : 0.5~1.5 MPa
(2) One test block®] AT A= 7 &4
Barton A2 HIEWY Add=v HFHol JPE dHA Aoy, 19
EE3l Roughness scale(JRC), A2 W (Joint wall)e] 71 & v}&ZH(gy) @ 15 ¢
FZEJCS), & 734 34(0) T& 1Y FE, Jddo 2FNE I
e AY A9 2HE o] &3t Hoek-Brown AT AAYe 35 4FAF
AH/Z AJE Ao, BEF diet FE4E 5 UA=F FFYPt
AAE EF ¢ute Y, AMAY HY 229 AN 2 FaFe w3



EA4AQ o TH(y, BEAFE), ToleHl(v), BEAF(c & ¢), D &4

A(G), A HEAFks), 15 4FAE(0), V4= T 2AHA Hg

ol AR 7 5 Ae @9 Test block F4 3 A@7|7F EAlloltt,

®2.2 EF G AN g AEHY ATF AE5AH

A% 22 A REX 7 HHE (MPa)
HA FH o

RQD < 50% New York Al%HA shale ¥ 02 | 05
sandstone # 0.5 1.2

dz3o A=A Ontario AJHHA shale 7 0.3 0.7
sandstone & 0.8 1.5

Spain, UK shale 0.3 0.7

Lere] 7]z UK, .Austr. Japan LR 0.7 1.0
Spain, UK, USA shale &% 1.0 1.5

USA a3 45 2.0 2.4

e 1.6 2.7

At A v S EF(1983) ZF3het 0.9 1.3
AN+ Q2+ 7E | 0.2 1.2

2.4.2. QA JlesEe £AHY e

B gnte] A= EAA o, E, vE UCST, qa, kn ks & PBT, ¢, ¢, G, ks&

DSSTZ Tt 2, #% el g 71&9) APPO2E Test block B4
ANYFA) AAA g gEe) gl Ak mebd, g3 gl neslA

A

A o] AZd A¥o] 7hsteE AEsol .

Bakotube] 3k AA HE AFEWHL W 313 L Cavern walld o|&3}:=

A2 AE 2 P AH7E Bo] 25D 2 At FAE FHIEA AR H

7} AR E ALY F USRS NdEojof gt

ASTM D 4554-90% Fig. 2.104 ¥ One block® &4 Fzwo] & #3433
53 ZEA7IE Rol E dHoltt. oln i Wl N2 TdE £ITHL

Aastez A2 dAFEE A9 A A r) opdth, W vpA g G4

D7 o]l UF golA EF I B IRAEETG 4 o vindn o

Al Fxolth IFZEE AFAA AHTE T2 EFo] FHS FEMA

iz}

fu o

rle






&

Ao MZ b8 F3FE Jehe APADG AE7 = AAFeR gio.

- Mgstels FulE ol - AA - s - Bao] HYof du}
* PBT : AN ga5E /Uy 728 4A AXH 2uiel 2Mpa ooz
e DSST : 2.5 Mpa ©°]4
e UCST : RQD <50%, o. <35 MPaZA] PBT, DSSTET} 4 & &30

dasit. a8y, 717] g @9 UCST @3 5 MPaA =
Aol A=A

- @39 Test block A7] 350x35001W 48 HAWIFLS 720kN FHEo|t},
Lab. UCST9] NX-size: D54 mm(A =23 cm?)ol =2, Block ©%d 350x350
< ASTMD 4554-909 FHXHt} ZX|Qk, Lab. test specimen W29 53u)
2 @FoA AFolmg AAXE AUAFET AEst o o ged, o
3] stFFAE S500kNT 1.2MNE Mz 2 Jjdstd Mdakes PBTS DSST &
02 ¥z UCSTEL R A4

- ASTM D 5731-90°1 4 HAjst At 4= ¢F 229 vidgdses Astdzte
A Dol whet h&d], #F(1991), 25(1995), &B(1997), =#(2000), £(2001),
¥(2001) T& °1& FAINA &4t Wk, ol a1 FF FANL AA
A A5 HEE F AEE g}

- PLST, UCST, PBT ® DSST &< °l7] IWolA FPd=1 dedx BF3)
3, @59 BEF AR gleng oy AFE FAAG

2.4.3 A=A BddE AZFHHY SH ¥ FAA
AR = AGAE £ T INEFE Bt e Ao WPEAH L 2
Zitd FgHoz EAE ol A g AAold A, A7 AEE
UTMe @3 4&< 7122 EF it A=AFSG AN - vA Y 438 &
< REY AP AENES EEa VI FETE AT AQAHAY v
- E4st AigE AErlY Z2&Adn HE 9UHE Aotk € gAY A7
TR OIFAE A&Hor LIAE FH X HE4L ALY 7 UA=ES

ZA%),

o



2.4.4 71€t

NzdFol BAHE O B d7H AL} FAHY FYo] o|FojAny, A3
&, AAFs L E2E Alole] 435 FHAMATL G4BE| o] Eolo] AE A
FAo] FasiA Ho) NAF £29 sEdel JUE £ AUk E=F, /134 A
AzAo] g JFozny TEHY J|&9] EYL Fovjsinin wdHy, o] ¥
oke] AT AHF} Ty FE 71eS FHaE Aol W wFFsi. e AF
2 7l¢ @70 e A HAA F= L nFITAE JE =5 wEL 2
Ao A Exste FU JlEARE FEsE Hol VlEME AHHY SN
g4 etgsict.

2.5 AFMNEHRA 2 g7l TEA
2.5.1 AFMNLHA S FEFAE AT 24 R AEZLH

Bk ghute] AFAFAA elgstn 483 9 tEA g0z AdE A= Al
AMoz gt o] A¥719 AAAHQ System o} viAL Fejo]2R o] AT+
Aot FEIAE gurh ou, 974 AEdEe FAE A8 B2 E 959 4
2 A AFH EARDES] H@ AsA gl =, ke UCST, PBT, DSST
& ofr} g, 24A4n|Q) Data logger, A3 AdtF FA= 7€ AR H=
AU =8B Et. Hydraulic pump & jack systeme o843 50tf #59 AsF

$A - Dilatancy &3 #AA = 5FHo= Mddd.

2.5.2 AFMEFA ] AEs gt

ATFHAA 7 FEHA F3, AgsHE AxE glernz e AY 771% vud §
gith ohgk, DSSTe] 7%, Vasarhelyi(1998)9] =& ‘AtFo] Ao B3
X e GFgolA AWAP ALEE A7t o] AT7e T A, ol AR WA
Hgolt}, 183, 71& ZH) 9 §AME Data loggere 283 4 HE0=2 A&7}
S3HA Apds g
(1) Data logger

Analog sensor 16 'Y, Digital dial gage 16 o] FAd d&HH, 7130]
Qate] HISA 1/2, FAre] ERAAE] 2/3 AEolth A& o AR AT
37} 7Mesteg, ojd AdolEx Hadt Mye F4E A AFREHAI HA



doj A}, Strain gage type sensor’t F&AHE oW 77ld ke g2 AlEE 5 3
EE gt 71EY 7718 E Datad ¥ ¢A4e vy Z2aHWUE FEI
o} 7171 F&Astd @ejHn Qlou, o7|ME AMEAE A e dgFHes o
"2 7 9orng oy 7|7jdE HEHE Pl
(2) PLST #AXA
719 7171 Conical platensd & %% ZX % 37 A Pointd] #Y ZolD)HE
Ae AA7F gk, 2#8 A, Fig. 2.119 Lump test?] F-2E3 D7 AF Aojd=
[ si3= 0
(3) Hydraulic pump and jack system
- JackZ ©] ¥ M7} 4A 35kegf o= JPHA AF@rh. 35kef o] Fold 2
MNE Yiro] Ao g FAZT
- ol mAH 2AEoR FAH AF BHFHE system2EA A9FH ezl
o] f1°] Loading~unloadingo] W& @A ¥FF-AY &Y BA AFE 1g¢d
& Aa, Ask/ABE F3 0.1 mm/mincl3tE 2AY £ UA=F AL

S
N
%

(4) AW AN¥ AL Load frame

Test block 34E 7171 AT & 7[71€2 AW UTMLe 2 AE7Hs30h
Z, Con'cd 1% &5, 8, AT 59 AdL EE, ¥¢49 AW DSST,
UCST, 3% &% 59 Ado] 7M53t=s /gt ol Lab. test§2 Jigg o
#g3td @t Z2Y-ES) HolBE 7|£9 UTMREY F3ho] i1, =FA] £F] T
& w87t AL F3el Ak

2.6 FF AY
2.6.1 ASTM 7ARHY 2dRE DSST A3A7]

ASTMD 4554-90& Ae]™Holy ojv] Z/4 He AGZ&o FgdE Zoli,
Test block &l 539 Az g& +3 aFS 7t Al 194 EF o
BEALdd g MYy 789 sliding — Asperity?] dilatancy — Asperity 33 &
AANE ATY NFez B F gtk a8y, Al 2 GAREE A 1SAdA 53
g F3g 98 ez A4 Gert obd sy A WA MyEe] A9y
olt}, a#A, Test blockd HolE 4~7M2 AGE F JA FA FA&A

L



Fig.2.1148 Agslnz, A& 9d g nagig. o ¥ Barton(1976)9
Jointed rock® Hoek-Brown(1983) 2% &9 F3t deje] A=A+ HIhol
B33 wgolnt welba, o] Agye ol ZA, A7 &4 2 FAA
AsEd, THe FUy dd FAtl g o]&d AHoloh

iNg iNz
20 T2i
= —
v v
b
v v
g, — T,

Fig. 2.11 ASTMD 4554-90 @3 & 23 A3 A

2.6.2 B out Aol Test block A MLd 71719 A5HAL

o] A7 FAE B~ NEIE AMFA FF BF ¢hwte] WF F
ZAYATL 71EAE FAAN FHAHT} o] FAtY 1~9FT9] AFLFEH
A8 xd FPolA FF G BeAol AzxHYeH, AL=A AL ATE E
& Hygoh £ ule FAEARYE AR o9 Isdl 2A2 AYH3 e,
FA ATl AF DEo] AHE HAHQ ool P FFHY A AN AF
& Aejolng, EZAZ 7\zte] AAHE A2ZE 52k 53, o] A7 Fr|Y
Ql Al 53T dPAYFAGALE BF ool diE =S EAYS 2 d A3




Holh, A7k HFHOR SRR, 53, AL, A& 5 5 492 A
otk HPAAFAANE WIGoRM vhd FFFHE ARFAE BoEE T Fol
B @FoIM A )18 SHHOE AT Aol

2.6.3 EF 4o Z=AT AFH AT ALV FAY
Adger FAE FFL & FAAY LHE U3 WLEA oY= AEF

T gotols & EAl7t ik 2, B ke sty EA o] ofuistm Al

FAHA &2 HAHYILE QA FOEAAZ =

frh o] AYrIE AMSEUE Bt st AFH o AAHE R, Ao}

AAZY obd HAs AR FAMZF AEHE a7 ok

- 200tf-F UTME FAE 3tf, ¥3 3mx1.5mx1.2m, 7}4 6000 7t A %o
o AgstEE AE7Is A 1tfo9 239 1.2m X 1.5m X 0.7mo]t}. A8} -
A=A AFol AgAE 5 ol dold HFE/HAE 5000 T/ HEolA
A 2 7} 5 3ot

- Data logger= Analog sensor 16204, Digital sensor 16 AE 7]F£§ JiH2 o
2000 wHld], oF 1000 RholH AZIhsstuR YAl £37t ok

- In situ DSST AlgH]E-2 4000 TH[1998%d (F)FoHAH, FMdz &3] F=
b, o] Ag712E FAHT} 1-Test block & 1500 3 HEo|t},

- 9 AAMSFEA E, v, o, ay/au ks, ¢, &, G TO| AFeA EHE}

2.64 FF A
Con'cd ¢FA=/AR A=/ ZE 59 APH N9 15 42/ADA=/3%
dE/FRAE ANY S s Argor APAEL B AP A5EE
E Lt o)A E AW/REAR AEE 3 AE V1A ALHE e e AT
7 @43 AP Aolnt. F,
- Point load strength test : F#A]2] Pointe] #AY Ao)7} AF SAHHEE Nt
Hez, gh=e] ARk E REo EFE AIEH AR Favt € Holth
- ¥ 43t Test blockel ASTM #AET ZFoBm =2 37] 600x600%1 Ao F
Aste FARAATY AT
- &A% Shear boxd HA FA AR HFH FHA U9
- S Ay FAPEAAA G WA 71 A HyF @A A



A4 Ajgol A3 S HHFEL Net deformation ©] ofy7] dlF).
- A Add FAYG AT HRE A% A sFe AAzA 4
- B A Ao AT AlFgA Aot Al o] ¥k
- AR AG AP A9 ‘ASTMD 4554-90 AHA 1995'¢] Wy s}o] wjn

2.6.5 AAFY SUE 1Y FAH Ad79 2

- Ao WAL, & FAAFELAE/EEY A HES oo BRE B it
B HAYF 2AT 5L FFEIE AF8] o] FojHoF 2 RAY.

- BEF gt ois wie 712 AFs R FESY Fag Y= o
Fo wet Aol A d2td Aoz Y.

- AF7A L B gutol digh zAF B AIFE AANHA AATx2G 4F HE A
Eol a2z o, A S5 AF RS HHEET] M o A7 2

T RAR/AE AU/ FEY FA/0AEA F3 22 v NEEY 9

83 9E ool 9E AZA%, el 9y 54 $9 AAERH dF e o
3 FS7E AlEE) o] FolAMok B

- 71247 B¥HE v B A7ALS 3P Yo ojFojird, dE
3} AAFs 2 EEFE Abole g3 FHE 43R EH @AV AEHER

A AELY F49 Q= o= FAY TefE=

rlo

X
o
He

[o3
2
o
t2)
rle
)



A3F a+AE 8 W H 23
3.1 d7A g9 FHH AAZAL
3.1.1 A& As

BERo gABGA £FE 2¥S I
o RABAN JFFE AL @S Aol 2E AT o

ol
ox
=
o
a8
ol
r-h

B o
o
2
of)
rlo A
-LI
A
£

£ HAYHFE EFolY vRH RAST FUEFHF F MILALGE 2AAYY &
Fo| AAEE FAA 8% A3 REd Fds dud 2xH I, FHAEHIAH
< ZAAY FRA 2% FRM ALE HFA ZAH FHAsA £xdn. 1
2li, olE HASH IFAGFE Bl ESAMRYYT T SLEIFEL FY
T g AFE £, ZAAREYL 2AAY EFRY 29 dAY dd%
5T AAE 4o BA Exd. Y 3FUSEE ARG AR 4%
GA 71T AEE ddd ARE £X5a, A Y(aplite)S 29 H459

Wedt Aol FRHoz Frath
FFSEe SAFS AN D HAAY, A, $HYL, S5 AL, 9Y 9 &
F3 Welr) 2P HYBF AF BIAARELR B2 HATCRY
g5 24 EE 994 AL FHNL FF4 AYD Ao o]
%GR, SASAY BRG] o8] TeBanE Ro] Uk
FAST FUAYAGL ABF HAoln, AL ARG AJAA 23 B,
g WHoE st WAEAL B/ |E Wtk GARANGS FIo AA
B9PoA F94 20 FHRRL, U¥ A¥e seBaz FA4H] ok
ETABYATY TLEHPYS JAYFS YFNoE UYL, FYAY W
N, B4, TLE So| ooz Audt FAAHGLL A
o] =

1
Lol AlolE AYT HPABLL 3

=

™
e PERIECEREE
Bold HZAFI THET

Ho
2
o
o
e
-
cit
B






3.1.2 }d4&
3.1.2.1 34T
(1) &%

BRATTT HAE AFoE ZAAY B gA Exach AAd, AR
34 2 IFAAY, AHE ToE FAFL FFAY, Ad ol FAHAY EF
ARG URE JEEE 32923 FHo,

HAr)BolA, &5 T AN Ade A=/ FA G A9Q, APFAULAE, vy
A, AREEE TAHY HEFEESC] FHH Ak AdH FHYREY ArkEs
AL 4gol At A FEY AU A Ada 2L Bgoz w4y
Hol EFHAY, 234 o2 B WA Eo] HFHTh IS AMe GFH, Ao,
AN ERE FAEHEY BEFAEE ¥5% Holth SIFANEL skEH, F44,
A, AP ER TEEY HAEL fEldoA AdEA RASo|th

STAMEA AT HEFY s2dastd AT 34, IS4 gz AN B
sty =Ae] FAFENS U] FAAI Y FEE wE widEo F
Al~3mmE BEHE AT ¢AL di¢ AA-Austd FErt vmy
YEEHAY I%A &2 A= Aok AvAANA, vE~ARe] A9, AP, 5,
SUMER FAHL, AF4AT ZA9] FES] 7HE #EE T3 gdTFREA o
& A" AU 545 FAFEWIE S80It Sillimanite$t 22 L2WA
o] WHHA ol HlwH ALoA Pt dAE Be oz welrh
(2) olHYF

FARA 71 Ak AEE ddiol FEHAsHA Xk SA~4IA Hd=

Eal

TREE, &I ARAAGol 2% FHEY ESARASH AEFEE $ASAHY
AstA B2PxstE o} ot @A, BFo] AL 2haE g, LR, =

94, HEZEL TAHL, ALR, ABE 5ol R4Hoz yehdrh
3.1.2.2 AT

(1) gharerdst

A PN $HL M R27 FAE ool BLETD opj@e) T By
=4Agolch dEE A9, VP2, 298 2 § ggsch AgAe A2
Anshel wgzAe A AEuA gn, AA9E AL FH, H4, BP9 Wy
o] FRHANE & BEAT



Ar|BAME Mgz Fo] & AZEHW, AP TG A% ZHA WAool ¥ghEH,
A71E 0.5mm Hrxoltt T, AP Zant=gPogA HAFEHILES 4
A LAY m@As ] Aok AEMLE vARY JFARA dREE A =
UMstelo] da, M Fe HAZ A, ole g APEA Y wde A¥d 3
el #PEH] MG 710E Ao E B
(2) 7 tet

717 A¢E Ui 24S AAE AR BERd nu3 gA X ¢F
AN~ZF M) 2+ FARIPO 2 A J]ESAAH] A AY, FEYAL, T 2Ex, ¢
DR T2 Ao A Ve F£~1cem 7t BTk

Aul Ao A, Wz o2 71 9 A F A (hypocrystalline texture)S WERATEH
HEAL ATAAA(Sodic-plagioclase), EHAGEHoY 443 34k (lithified
volcanic ash)E°lil, A7 fefdolvt SnjAdoln nge] A7), ARG, 544,
SHEMER @ AL EEIY, #E1E HE(Vitric TufHEE FAH €T

3.1.2.3 EFAIEY4Y &

Uit AFlA oWl BYse] RXAT. 33 wAzRAonA N9,
295 & {AAEel Jbsshd, HASH AFRE AL WHHD

NHEE FauE Aol

v, 49, B4, APEN, AN, BeR Foz THHZ, HU4, 4
4, 7AgE, HE, A54 Fo FuEEE gt soluyeEs gyzie
2 $Edoz wazdolth. 4ge HByona 0.8m AR ARHE AL
442 WOt TR ZAMERPORN Ao ERA oD, uAbgH e 2
FrEgdod 498 ARPFFlT, AgNe avtePnadel 22N AR ¢
dpolE Ei sel @R geltt, APFo} AFM P APFHE Fue A
Aol EXHoAY grlolEsAgon RMH T & TeEE AU
g ol FRa,
(2) 24487

AT NAY FEYUel AFEE RTHE AtEe] Soht PRt
wre #gEeh AMAoln, YAE 2YLolt REHOR FYIRA 4438 §



o] 2WA Az 37 9t (Leucocratic harnblende granite) = W3tk F7A
FES A, AN, AT £F9] SLEH, AL Zo] 1.5m2 A
ATk, BEAHY] FAFG Ao FZEigo] THHY glonz ANEtE o
g2l dzteEbbigt o] Fo #AE EFALEY AXUFoIth o ¢Aa dig A
2 A=Ao]7h oy, FLEFAX A FUAI) Y =3},

dujgolA, ¥4, FFH, vAPEA, 24, AEF 2 A% ZLEERE FXE
o AYES AR, ZAHMELS 9 5UAsEe Q). SEZA T FHA|ERE
oltt. AFMEL WA BA Y (dirty)ol™ A2E3, nHESH ot wALG
AL FAEZx Aot AMFMELS &Y ~iixtgoln] dulo]EARAo)|AY TR
ojth. FoFER AP FARE IART T (calcic)sith AMFAHo| 4jodo)
FFEAY 20N Fo FFHE AR I, AFEHES dF AR . A

9& Blgoln BF54FE 3o NS A aggregates) 22 AEHH od Y
= 2mm¢ A= BZEG. Y 2] wiEE dle Hx Tt
(3) AAM A
SFS AAE BSE Ao 2%S B4R ddd viny yA Rxac &4
& BYst ZT2FL2FAVN T RGFF AEE EIAe IAEEL sy
#dET THA~AEARA WMol FoPAAFELS Mo, FFY, 4HY T
ol REHoE UM <Fo] Hojzlt.
il

=
(s

2 i

ulgolA, FFAAGELS MY, I, vAREA, AAEY, 24 Foid, AE g,
B Fol sutdrt. A dR= A3Eo] glon FAER ALES *
AP EZE] At FHZZA ~FHAo|ExZ ol AL dntolEA 4
FUHTEREA APFAL FARY Calcicslth, 244 E AFdon el E o)
(4) ¥r3}73%t(aplite)
W 22 gzhEieke: nyvigoz #Asl-EX k. 2Egdoln, vjud v
REAZA A4 D Mol AdHE FRYMERRZFelt)h. a8, thre AFo)
HWEHD Mge 22Hc] 252 5 otz €T Z(miarolitic texture)©|Th.
Hu| 7F 3ol A Bl YA (allotriomorphic granular)® &A% & (graphic texture)g
UERT AAA, M9, APgY, AdFeR FAHT A9 Fe FRAYAD
(interlocked granular aggregate)ol™, tif & EXFTZE B} APFAL njF

rlr ok



oju] ujFlo]Ex Aoz FFHL FHAJEZF S YehiT,
(5) ALF

ol AFe] WYFE= AAAAGF FAALFZE A2 ZAAY AR A &
i viEE B BEEY, dadddst dzbeEadgte] #dH Ao By
APA=2A P EXd AT A2] dFdA F=RE 2% IATHES
7 AR o3 4dE Ao Bttt @A YRS AP A,
FHERZ d PIAE 47l Y, MR Fo iSRRI ExAs wy FY v
< A% WS Wol AEESE U, A7) T HEE 9 FEFEO FAH Y
o] dFgdLes i HMAHL U

3.1.3 AA}

2 Heprld HH8 &4 Ex A4 HHFoE YAES HEY SHAEE
FIEFToR I AEH Hluy 197 FAHNA HAY AoFE wgHn)

o] AFo] HHF HAZ FHEFo| FLHAA FAGIGFEY Yoy £
5ol A4 AAWFS doA HAHFLS g9 58 oFUY. 2 F o)
Tdo] oj28 T Aol HF FUAY YT ol HAYES FUERE
A4EF 2 SR BdEe=d FALGSY T2 WA dFAHEE 2
AR Th ol Fol §7I" Ak A7zl A FAHES woiskzm, A
oMM TA BitgFo] gdste I FAEESIEdel AUYHA HAH
Fen Aol oj2717A] ALHA FTIHE E2 Aom YA

_’g_l‘

3.14 Ay 54

A AFALL FEY A9 ARAGT G T2 FEAGo yEHT;
RA G eA-AzH-g Ao ojojRE BB B Adeln, FEAYL
G AAglo] W TEAE YAt TR o]o)At} (Fig. 3.1.2 FH),

FA B £, gAR e By B3R S82 §UHrkFig.
1.3 %) BRojE gopgo] Mol oz Ed F&H 49591, BRI 0
A 3 glede dFAY tht Sopgos FHAG. FRE FFHo] B
Aoz 23 82 F95n, a9, FoH, §23, 9418 5L dAz &
Fa2 fY9r.






3.2. ¥934 A7z £4
3.2.1 44 FA} 71

ZAF doly Aol ZAAY AEA g dAGNNA FE7v AT Sl
g4 AAE o]t AEY 7] Fo EANA v AL dAp7)duAE 3
FEE S5 A50A ARE deth FY ZARYY 27 4 7|2 BAPTHE V)
EEAQ 92492 €4 RRY] AT AERe 4%, AaTYel A9AA
gy olg8n} Ao, PCY sl=golel AT Eole FH3 wds F8Ao| FF
I3tk LA—BARIRE o83 XA d7e ARTERY A ks 9% HT=x
AT, ANEARA Y, ¢ T A7 ATEY 2 AR T FEH AT T
ot 53], A7x £4& AL AskrgAl AdAES 2 FxEY Vs
o] &&=riShort and Lowman, 1973; Lee and Chi, 1995).
Arze Aoy F4UA AFe4zy I BW dF9 APeard 78] 3
g3 g5, 3l 5% F9 A7 ¢4FAE e veEd. o] 84 E
< AR RAA AP 7| EHE e A0 AR TEHH(Sabins, 1978).
FEAR, A88ARY FARL EYPE o] & A7z A, AF2A A3
de/dsd ZL gute] BAEYW AT EE Mabee et al.(1994), Mah et
al.(1995)% Karnieli et al.(1996)¢] #93attk. 53|, Gregory et al.(1975),
Koopmans(1986), Karpuz et al.(1993), Rowen & Bowars(1995) 5 FAgA}
EAo] AFz2E o] &3tAth ZEAdA F5dE ATEE AR 7€ ANEELY o
TR ©F, F5 5% 22 723 BEdSHEs Z WgHE Aeg delA fith
3.2.1.1 94 g RS A

AR AR E FA7IY] A AFAHLR fFHEE ATFHEL A HA
2=tk AR low radiance, low contrast histogram £4°] glEdH, &doz
29 BAE AE/aEol de oYk ks JFAPYAREE VIEEE HAS
AR, B5FH B0 A@stA dAAM", 342 4 EAFE T2 Ao gt
(D AAE ¢ BA

JAFAZ Y FF7dA FFE AEc A9 717 FHu 7124, A4
ZA, A" AEe] TP ME Q7K dFo] MAHER olg BAFoF T}
olXE BAH Ao FAAAY AFHA FAHo] AAg ot



1) ¥ARA

324719 2g3 2AEE ¥, d|FF/AR 2 B3R AP mE S9E
o) 715 Aol #AL = (Radiometric distortion)e] BA#A ot} 4 &)
FEE, 5 H3E 59 B3FA SH ddigtel dad EolMe LdHol.

AR =R

AAe A, Az OAd3 e 25 AZHAAAA 7I1HE 45 B

23 dFolt}, o] A& Hulr|(detector)d] F713 drift T 7| EF YU
T4 AA Atele] AAZIA A, A8HEH AGAAGAA HEH dAE
71t} Systematic stripping ¥ banding, linedrop, random noise $°] 9t} &
23L& median UE], 7 LE, FFTE S o] &3 Wyo] de {4}

3) 71884 A

Fd B9 7EEty d=g BAskeE Aol BAY 49& AAALRE £4
3 A2 BAse A2F EAAD dF5ddes nedA] ga 9A da=wt B4
g F 38 AT NEAEE A%t ERNE T gAY 52 2AsE A
F7124(GCP) EAA7E AARETh A28 BA2 oln|x] 85 FAl9 g=dsrt o
Fate] @ BAPo] oHLEE, YAE AYV|EH EAE o3t V|stERAGL o]
U|X & AAA FRHREE Bl FHoE AE AZPEA TP ™™, UTM, $)
AT gz APASe 3} olg g9 zZ} 342  nearest-neighbor, bi-linear,
cubic convolution 59 WHOZ AZE FHE AuEEH oo} gt
(2) Bz AE

Fde StwEd EME 44 st 4 EFHE IS Z1¥eldd, A
Aitoly A Aoz FEET H AL shtel QAR dA ZF 349 wWE
SHHoZ WA, A A4 FH kA9 HYE oljE 7 Ao HUYES
WA Itk G432 9 w=u Multi-image composites®) Zbzte] wi=olx A 23
4 Qrk gy ol8¥E /P& uH|E ZE(contrast enhancement), EULEH
(spatial filtering), TF2 9478 (multi-image enhancement)® &3} -t}

D divl: Zx

Age IAEIRE A8 e AL O WA, ofFE AL ¢ oFA I

)43 ZXM(linear, logarithmic, exponential, power stretch) W3 IF Mo} A



E3% A F3Hnormalization), ¥ &3}(equalization) & o]-&gtc}

2) 3LE P

Aol MZ & B2 Hite FEo] AARIY std, ded, g3 F
A, #AF A8 EAE Ze AR @40 o ¥ AN A= 3
Ao A first derivative, Sobel, Canny, Laplacian 59 =% 3 HARE o] &3t
I E P FAFFHA Tl HEoE uFy FI LEH sYo] F&E o
49, ¥ e L B% kernel =& convolution maskel 28 I3 4
o]&, w23 A4 wat AFE FA3td xAFHOE Ay A2E ARE
Ao, olu, nFy T3 FYEHY Ev F YEHP o3 deE 4L 4A
59 AH 48 Fo7] A8 A 3o WA Has HEE

it

i}

o
i

3.2.2 £9718x £4

3.2.21 ¥9715=E A4

S%7] & %(shaded relief map)E DEM(Digital Elevation Model) ZA&ZE A3
52 g3 U3l mel $90® 9 23 HHd AYL 3A49F dAH
313 ao|th, o] DEM AR F2 FAAEY 1M, F1FH 2L 1xEAE
F&3to BEAY FIAR, AL S ARREF TIHeR AAEH, HolE
WAz MAgoz FASE AR (raster) ARolth FF7IHE AEE A,
AT 2 dde] I T Y §AY 7, &5, FAUE b2t ded AP 4
izt A |5Erh ety g, e, ¢, R4dg F AAFxe} #HE ATx
o] @50 £3] ojgHrh o] AFoAE, FI7IHEE 1/50,000 R 1/5,000 F3]A]
o)A AAe 247} 256me} bm AAA 79 DEMARE A8

N

o,

dob

3.2.22 %44 &€ AATE 5§

Y= 25me FHH LAJVIEEE FAGstd AFEEFA o dinE g
4 227 472 S4E A=sickFig. 3.2.1). #ALFHL &7 AATZT
2k, Woty] AAARA] YFLEA ] &3t AGEA] FFY FHVIBEAE BERF
wgo g FPsHA MWode o /e dF A AlF(fault-line valley)E& TE
FtdFA(Yangsan Fault System)Et g@th o] @Fdied AFH 2(1976)9
Landsat-1 @4#502 FAFRACZ HE AXNHAL, FASGFH A e
TEE A37] BAY YA 2EFE Ao Fo AF2A(STE 2 ALY FF










































3.3.2 dv3 #F
714, 4%, 72 2 FBY 59 Wvd 23d%e adsd

IHARY 23,
¥ 332 % 1%9339~3.3.137% &}

Abs}s] of

#£3.3.2 AAF 44 59 dv)7j #2A7
EAR 9 27, 7z, 3E 59 #2 2 2} 23
- frEGE WMz, o A ~uAge) A/4M/A A o] BEY,
JA-0 | E-713e $4%9 58S JehiE 3T 2 1R
Fig.3.3.9 [ F-8%% #=22 234, #4382 sUME #2530, 34 Hg
2 =EE)
c FEGL Bz, vigoz Ay ~wkye] A Moo BEP.
L-g4gdgos 49 wido] Hslx, RAFEY SUNE Furs}

JA-2
Fig. 3.3.10 Fo.
T-5U4 Fue 259 FES FAMOE Hold, IRE

AR E(ZE)E 43 E 2o

o ZEMNYA £ASGS F2 UH, AE~wrRE e AVEA/AA/
A 5o vtz APA/suUA/AEAsgER | v FAE. o

He gz AAgM T sYe] H 3 A (aggregate)olth.

b-Bo|72EE vlavldM FEE FEo| $3go] HFHo|Fo 1
02 4 &§5H1, I F A IS v AEFE REATEY.
T~ AstA wd=e] 249 Wiy F7t ddtn, 2 FAY

JA-6
Fig. 3.3.11

T2l 93 A= U
FELE SIYS F2 AN AL e EFEH, H7e

o | HEe AAs Aoz ydEe
E-71A%%e AN 4de rlavty 38 B3 dehis 44
Tz A9 BNHTE MHEOZ HAHY, FRFo] Fob HTA,

Fig. 3.3.12
T-AbgAel BEe g wasel Wi Agdol Wg e,
BOre wWom A9, APgAe] Uenie, A sbgaels

I:_‘IQFL.
g4z =g Hof Ao
T =370 #9d dF4E Aol A4 AP o] £ mm

JA-8
B,
T - ANE A 915

Fig. 3.3.13
2712 FFHY, FEHE 4TF

I













E 333 78 ¢4 ARe) FHE 24 23

Samp(_mmp' SiO; |Al2O3| TiO; |Fe;0s| MnO | MgO | Ca0 [Na;0| K0 |P.05|L.0.1| Total
JAO-1 |723]138| 03| 30 |01 ]07 ] 1744|3101 101008
JAO2 |734|136| 03] 25 |01 |08 |11|33]33]01]22 1007
JA1  |672[148| 05 | 40 |01 | 11|24 |49 |28 | 01| 18 |998
JA2-1 |720|1441) 04 | 31 |01 |07 ] 19|43 ]33] 0106|1006
JA22 |692(138| 04| 33|01 |07 ]20]59]|34]01]14 [1002
A6 57115211 | 85 |01 [30(39 452703401003
A7 |e97]139| 04| 49 [01]03]14]52]31]02]11 1002
JA81 [502(153| 16| 98 |01 |47 |79 |30]13]05] 56 [1000
JA82 |718(136| 03| 39 |01 |07 |07 24270139 [1003

® 3.34 F2 Mg dvtet @71 AR R oY ¥ 2

Sample No. S10, Na20 + Ks0 Rock Name
JA-0-1 72.28 7.50 Rhyolite
JA-0-2 73.41 6.54 Rhyolite

JA-1 67.24 7.71 Trachyte or Dacite
JA2-1 72.04 7.60 Rhyolite
JA2-2 69.17 9.28 Rhyolite

JA-6 57.13 7.13 Trachyandesite
JA-7 69.66 8.34 Rhyolite
JA-8-1 50.17 4.27 Basalt
JA-8-2 71.78 5.09 Rhyolite or Dacite




16
Phonolite
12 Tephri-

- - phonolite Trachyte Rhyolite
=x
é ; Trachy-
(@) I s, andesite
S Basalti

| asaltic
5 :, trachy- + JA6
S [ | rachy andesite
4 | basalt

1

1 = JA8-1
4
| Basaltic ;
% l Basalt andesite Andesite
O i ek, | i i | i
40 50 80 80
SiO, (Wt%)

Fig. 3.3.14 Total alkali-silica(Na0+ K20-Si00) 31t W=

3.3.4 X-A FAEH(XRD)
Mol F3tet @AY dFoly Helo] 7ojdle A
B2 MAA Hrte Faizelt. 53], HEFES FIAES U9 FIAR
g Yedeg, 43 FHde 247 #dd HEFE TH
E T8Y. ARE B AXAA oMAE EEF Fugax
78L& 208 ¥F, AUAEE FHOE XA FEFE
¥ 3.3.55 #JA-0, #JA-2, #JA-8 A5 EXAFAZAN F FHFEL 49, #F
A, EF/ 5390 AEFEL JSUFE, U, daolE, 2delolEy}
Uetdth, @54 Fo FEFE F UREES AdolH, FHSHFES>FNF >
LEF>HUN > 2HElE o7 X-H 34 =& Yepdo(Fig. 3.3.15).5
3], A& JA-200 A BFA HEFEQD 2Helo]EV thah B2 o2 dudr.

e

ol,N _1.4
tlo

M

e
591

a

[‘

3.3.5 ©5 HAES XRD ¥4 Ay}

NES | A4 | 3384 | AY | 225 | sU4S |JISEEE | LA0IE | AHEOIE
JA-0 28.3 6.5 29.3 16.1 8.8 9.2 1.0 0.8
JA-2 18.6 22.5 31.6 15.3 0.4 6.5 1.0 4.0
JA-8 18.0 6.7 326 15.8 9.5 46 11.8 1.0




3.3.5 AAFHFHU Z(SEM) ¥4
AEFE nHTzE BI7] 959 JA-0(WLAR), JA-2FAFAL)
JA-8 A A A89 SEM EMZ28%E ¥3.36 9@ 219 3.3.16~3.3.185% ZAt}

£33.6 AA%3} @67 BBAdY HEFE F

No. AAE @rljoz Bid AERE

JA-0 |49, B4 QA Abol= JetolE, ~dgolE Fol #Ed
JA-2 | FF9e 2ogolEst & #EY

JA-8 | ZHgtolE, S2d FEol #BE

Q: A 9
F:&488 l
M: 222 j
. et E
S AUEIQIE
C: =LA Mo JAD
K: o3& &2
F]
|
) | I
Ma | ,‘L i e
LS Ny, SPO0 /LU AU VTR A IR A A
WA -
) 5 10 15 20 25 35 40
Q
Q
‘ £ No. JA-2
mal | |KC |
0 5 10 15 20 25 35 wo
I
No. JA-8
\ Q
W oded A
RV JW‘-“‘\M PN NN S - \"“"’“ N N "\W\,\,‘\
0 5 10 15 20 25 35 40

Fig. 3.3.156 @3¢ 2 93 AES XRD ¥4Z2 7






3.3.6 dTvd AL AHY T3
3.3.6.1 dr¥dxE§

A A 28(hydrothermal alteration)& EQguUlo]A A48

FESH-3153 wgloltMeyer & Hemley, 1967). €329 A Auj 20
<%, &8, ¢F, T4, A#A8E 2 €FE(duration of activity) F°ltHBrown,
1978). €+ ¥AZREE AANEY T/, HAAA Hojz Bl W3, 53] EF
FEO A mE EEsd 73 AAYe] F9Hge goto] Fasith EF5W
AF4EL F2 AZIAY AT FARIH, 29 ¥AL dAZE9 A 5EA
273 ¥AMNEY FAEADY gt 2y WA AL (prophylitic alteration), A
S 23} Z-B(sericitization), LHES} ARG (argillic alteration), ZFRHES WA
$-(advanced argillic alteration) 2 T3F2-8(silicification) % ©]tHFig. 3.3.19).

zzgay wAZEL K, Mg, F', " 59 Fol2 agFgoz Yojdr,
F2 AN, FLR7F sUAoR wARL, vARA T SUML oA 5840
2 d4H7E 3t w2 FHo] AEER WAHAY, FASFE] YAHHT
&= . A ZgE F4hol 29 wg AARA A9 9T TS FAF
o 9% AIE AAH &AL 49 FH g 1HE JHPo= FEEY. o
W FAFE FE) FholLo] o8l F&Ho|2(53 FfHEC £&H 549
el FFEo Je FFFMS Ee 1S-) g3t FdAE HESAUT,

EI

il

Silicification

| Advanced
‘ Argillic Alteration

} Phyllic
Alteration
Prophylitic |

I Alteration ‘

[
Argillic /

Alteration

Magmatic
Fluid

+ + +
T + + + v

006000?'

Fig. 3.3.19 U%’*«] d-id 79



3.3.6.2 ¥3& &

dHol W7l FolA el & Eo B, W FF, 3G % FE
o] BZ(swelling) T B2 AAF 5353 ukg(o]29 3, B34 @irpx9
A7E kR, A $)e® AHgEHE HA ol 4o F3Hrock weathering)o]
O B2 @AY F3e Mg & adolth AFFol X3E 0, COp ZE 714,
NH,Cl, H:O 59 #ZEo2 44 gz oz AgATh oji) 1 L FE3)
= EY G473 Atold olgugag, F&, adn FA T 2dFEHe whg
(Garrels and Mackenzie, 1967)22 A€},

TR o GHAE ¥IU M F45F Ao2: UEE, vlavg 2
47 o =% FAE Hole AoRE ZEN w49 A$U deod, od
3o wxe FEAE, M=, 7%, v, =P ue HAedn. 3,
o] @7+ MdEolU Fe, Al 52 44 &85, 43lE, #4438, 342
o aes AN ET G gA el o 4A HAREAY gd

THAELoE WAHE FEL 1HE, FFA, 2EA FolH, o|gL I, FIY
Sol ¥dd Aotk /g gubAQl FukeE FAo] nHER WAHE 9o
H, FEMF FL G E0] B 4L FIFALom AsA Wy, g2dHo
E W87 fEd =%t g gz g
3.3.6.3 7R vt (NAsy #H)

TR AT EHE, JA-0(HEdR F2), JA-2(8¢FAL HI), JA-8
(1km800) Aol A7=x BE7/l o o] A9 AFAARANNE E5H A 2§
o2 %7 dAFom WY ~gi o, oF A Hao] ddo] A3t Aol
A =} A dvF AT FMo| AstA FEH RAHn FAV} B
£ Bolth, EF deud FEQ Zyo] @aAHe, FaE FisRE
= agdEn. B FEAER FEFEY X-A JFEY A S FE, 544,
defol &, A9 Elo|EVF YEehdt. 53], AAFAL AHoME BP0 g& 24
Elo] B9 ol A YEtRTH

dEdeoz E49d ARV Astxn, ¥AFEQ SYAT AL wMARE}
AstH, @5 HFEAAN BFAHo) 2 2HE|ES o] M A YdEde F
At FALY IRt FEIZE MY EFE Aoz wud

i
o

ox

2 A
A

Lo

z

Y



3.4. EASHY 7518y £X &4
3.4.1 8% AIxA}

At A Hoju} AAH R B ZAFol Je AMEolth of AFEC] Yo
ZEE AsA7Ia 2FEe] 5 ez L JIANE . 234 2
(fabric defects)® T2 ZAg(structural defects) 22 W= =, 7234 Ao
e gEAEY, AEdEH E FEYeR ERYY B4
£Qhdte] BdSHE -4 54 AU 4FS vAH, EGSHLS by
32 T2 AE R4 g daE EdEH(major discontinuity)¥} AR BEASE
W (minor discontinuity) 2.2 73t ©F, Ao, ¢¥# L dAA7] ol U
7 5 UTE EASHOREA EASUTNAA &4 dey A4 vy
T2 HAFE & doh

9, vuy e g, $8 2 98 T Zol 7IEEY wMys 2 & £
Ae FARAHLZ HHFT F Gtk o] AFdA UFEE EEEHES T
Ze &R EQSH d@ein, Aoy o) “HEye . EAS
283 85A AN FHEH, ol FHz o] MAH]
3 ARl Zadrh weEbA, gube) AL Y4(intact rock)e) 7
T, B4 vEstd B4 BEEA, dHF BEASHA dE T8 #

e
2
B

g

S

&

e

e

Ip

o2

x

tlo

rm
ffo 4
e
off
2

of JgdTy FoEEE MLHE 77lY AF HEA Uitk 134 dRd
Test block 34 FEA) Q& Astd, &A-DHER 53T FAFTA EF 0]
2 PBE FRYh o] AP RAMAAA d& A5 2 3-D HEehite] EAd&HE £
FEEAT. BAE45E EX 549 o] "o EAdS5A WP/ 2
[T/ FRE/AEY T34 FAgre] B¢ ES FH, EF AVIEE,
A & AEQA #Hrtsdoh Eg, dH(ntact rock)? FE R =
71818ty A% A= §4& w9sE RMRE AA A

ZAA YL 1% 3.4.19 JA-05-29 ALF SLDA 274, J-2 B29 F¢
FALGESL2)A 244 R JA-9(=X AR 1.5km, #SL) 144 F F 544
oA APzAEE AL Ex2 1-D 548 279 oidguted dXsq x4
Az maste Ao B3, 14, 434, AT 2 FHE F& SASAC 2

t

e
o~

oX

ih)

B e
ok,

lo,

b

2
2
)



o Adr] 2 AW ¢ERE o 98y EHL zzy Aoz g} FuE &
2 JRCE =A3%9t} Fig.3.4.1~3.4.3& Ed& ¢gut 2AlAd o)t}
¥ 3.4.1 Ao 24325 Ay
ZAVEE Fo] D o] AFo)A AP
Lo B ldee Aawgs gas AHE, A4 3¥az P8,
de) AL e 37|18 AR, FHA| gute] Huje wye 2
oz | Volumeol theh B 1A Wigol Fa anolnt. e &
S;acing Al 25 wel 7o) W7 FARFS ARG, ddnd A
2o AFolM HaPEz Helzk PFAAE A=A A& 30
A A=Y, d7ME HY2ALN A82 T
g | ARRIA B 27/934 BEA gwel 3L 4P A
ST lejgs gaolt. dASAe w50 37 gE AREAF 2aE 7
persistence
S & Qih. g7 E MYZAE AE2 d AP HEHY.

Lo
o

dg|H &2 27529 &4 (unevenness)d 2 TH(waviness) 2

A7 |2 HEy. 985 e dEde dAdgdxze & 4FE =
roughness | 2235 FAA LFFAL FEojtk. Hy|dd ZZAEo0] gflow
Profile gauge S 2.8 A&3 =AHT 4 Qr}.
A dz] Hde ¢4 =. e -BHL T3 d4HEdE g Wi
wall AR g9}, dAFJE/FAE FF/AFATE AP T &=
strength | 2= g &} olx}o|T},
- deld 78le 2EA 5. FV|/E/FE To] AYAZIE k. FA
FA g gow mangon 2HaE, s ade Fz 348 =
aperture
A dFoltt.
EAMAe] o]E&(calcite, clay, silt, sand, fault gauge, berccia
FAE |3 WAE EdEo g3t FHE S0 deEo HAAE/H
filling |H&/FFE&0] /LY. FHELS Doy AH met T3 A
Fol ¢ 2z, FH} F8H AL FHSA A oF gt
AE(45) | AN FFSFA F4), d82 AFCR F), Asye/
seepage | JAEAZR/TY T B2 FESH ZAaHA Aito] EQAS R,
#oE #u | Bl 302 Ao FELo] UA EFE WY hEFXE HE
Schmidt |t 8t XA 108 o] Algsle] H/HALRNE AQst HAE S F
Hammer | 3lc}, Deer & Miller A¢HA o2 A& Y27 % FHd o]fAT,
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ARSI X SORZ N e AL o]
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Fig. 3.4.4 A¥ZAIA 3 uztd EQEH EFolx

3.4.2 ¥4 £4

Ztzke] A zAMAAA #5E FHAWF A5dA HIATY FES E2HT
¢ 312} Z(Shanley and Mahtab, 1976 : Mhatab and Yegulalp, 1984)& A&t}
489 34 959 DR H(dense points)E &1, A HIAZFE FESIE
E & g<(objective function)ol]l wetx AL Ao |9k, e w4
FS A4 @FAERE Y9 €ndgFd F&NE, £33 FAYTR AT F9

ol ogen, FF deT NF FHE HAA SAHAFSF oldd dTA9 A
A3 BEo 878 479 4F 2AM WARadA SYHEY dudF
o2 FEHE 3~4/19 HE# 54E E 3.4.39 AL



E3.43 29289 QueZe O $ASE $PY B4 24

ruaclzaas] 298
set No. | 4 ipjp pir()| Dip() |
1 60 84.83 87.29
2 31 22.36 83.056
3 19 8.94 42.78 No. SL1
P PR R A
| M2 |Dip Dir(’)] Dip()
ﬂ" Al R A ST (e
1 44 348.22 86.26
2 37 290.72 61.23
3 45 38.6 87.32
4 39 81.82 54.86 No. SL3

zogosn] Bz 98
No.| 4. [Dip Dir()] Dip() ]
1 27 249 .45 85.87
2 13 358.64 68.14
3 7 183.88 53.64
4 13 310.68 62.27 No. SL5

Fisher £¥9 H¥4AF 23, d7AHAAN FE8E HTL Fisher EX ¥
Bingham X 2 do] BAFo=2 AHYSIA FUrt. ol o|&F FEEXE(Fisher
9 Bingham £¥)E°] dFA 99 H L FALEXE BAFALE A &
AFAAME BFEEE o|E8F FEEXV @FAA A HFARS BTAEEE
3R 52 AAE v Uk o) H o]&F FEREE HHE e AT
o WYY REPL WFHY RAF A JuNi=g FHE3o AFE BEA

W3R ¥ (empirical orientation distribution)& A}&¥ 4 Qi)



3.4.3 @9 313 4

APZAE 2ALARANA EEESE 3HF(spacing)& AU HF HolH Y
BEEXE =537 989 Kolmogorov-Smirnov(K-S) AFAAS & AAIFR.
¥ 3.4.49 FAENZAGNN SATEE, ZAvlEE L gFAF BRI EF p2
0.20]9, o] EA&W HFd Ui FELIE EF BHIEE ¢ & Jdth

gtz oz BAEHY AAEMM oA #F dole] ZAMHCEZRYH EFSE
o] J# 2t 1-DUNE(1/F)E AEsHA R, o] ZAM] dol9 g o 4t
X9 L7/ WXHEZR ol HAHF §rh(Sen and Kazi, 1984). ]2 &2 &
g 89 BEY WY 24 234D LT F UYth

Ex) = ——“—{1—(1+ £)exp(—£)} eq.(3.4.1)
1—exp(—§) . #

q7]4, Ex)E #F39 AF2AMA dol L9 H# HRFoH, ne F& 4]
o] AYRAIAL 7H3% HF FEFoln. ol AE THEXE SXFEXE 7}
A3t BFE HF LA JYRAMA dolE sty Z+ dET EE dg 314
o] MEY AFS AW BF AYHNFE AETUnh ¥ 3.4.59 EAESHE 4 Y
Ao A, RALA ol EAEHY FF 0 HlF 108 o3l EE BAdEH
T2 P 1F9 25X AR Zo|7t A9 ik $H, AN WIFoz NEP

d Y ECIF/m) #& vgos 2AM B BdS$d T Ha UEE 1

#Hated BEASA setd] ¥ YALFoR EASH BEE AEdod, 42
T ¥ 3.4.59) AAH.

Ao Zol, Zr AT MYPRA HFo g e 2R JF a4 A
Bz BEA HEEAd 2¥E 4 EASETY 37 @AW FMean Normal
Vector, MNV)2.2 RAFHE F# HEE u2 2(834.2)2 F{h

s = p |cosb eq.(3.4.2)

A7VM, pe AFRAMA A BA HF dE HFoln, o = AJ2AM B
7 dE Lo Jg BALE Aot 479 FFo] dEte 4(3.4.2) FHE
e 34 E4Z7%E ¥ 3.3.59 AAAT



® 3.4.4 FET DAEE ALY FEEX JAEAF 2F
Site | 2G50 | 20 2b 2(m) e K-S3a3 P
No. set # | 212N b oEmy | HEESEX | SHEE BE
S Al = 0.0586 > 02
1 59 0.0699 0.1 2 0Ot 0.0964 > 0.2
&35 0.2691 > 0.2
X = 0.0545 > 0.2
SL1 2 30 0.3169 | 0.51 2 OF | 00743 | > 02
=7 0.192 > 0.2
g XN = 0.0994 > 0.2
3 18 0.3439 0.62 2 0O 0.1106 > 0.2
CHeE 7 0.1705 > 0.2
2 X = 0.0955 > 0.2
1 43 0.3521 0.47 2 0t 0.0471 > 0.2
B =R 0.0724 > 0.2
s X 0.1010 > 02
2 36 0.2462 0.30 = 1]} 0.0736 > 02
SL3 =87 0.1885 > 0.2
g2 X % 0.1211 > 0.2
3 44 0.1189 0.15 & Ot 0.0966 > 0.2
=87 0.2451 > 0.2
g X = 0.0385 > 0.2
4 38 0.1350 0.14 = at 0.0511 > 0.2
87 0.1574 > 0.2
2 X 0.0379 > 0.2
1 26 0.7056 1.31 2 ot 0.1523 > 0.2
=85 0.2081 > 0.2
2 X = 0.0773 > 0.2
2 12 1.3935 1.87 = ot 0.1060 > 0.2
SL5 <R 0.0549 > 0.2
g X £ 0.0733 > 0.2
3 6 2.4074 2.62 = Ot 0.0833 > 0.2
=8y 0.1352 > 0.2
2 X % 0.0223 > 02
4 12 0.6014 0.70 = ot 0.0291 > 0.2
437 0.0343 > 0.2
09 =i 09 - LT 08 msLi-3
208 ——Gama 08 —+Gamma | Ro7 —+—Garma
<07 —&~Exporertial] = g7 —&—Exporentidl] 66 —=— Expoentia
o6 =-logromel | 846 —==logomal | 505 \ ~=-Logromd
505 505 30.4
£os [\ £ o4 s \
Sos3 1\ Sos A %0:2 A\
302 302 804
T o1 T o1 00

0.0

006 017 028 03 080 061 072
Spacing (m)

006 017 028 02 050 061 07
Spacing (m)

(a) Site No. SL1

Spacing (m)

020 o060 10 140 18 220
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(b) Site No. SL3

. SL5-1

—— Gamma
—a— Exponential
—e— Lognormal

T ot

1.50 250 350 450 550 6.5
Spacing (m)

0.50

 SL5-3

—a— Gamma
—a— Exponential
—o— Lognormal

4.90

3.80 6.30

Spacing (m)

0.70 210

0.7
Ros6
>
805
Q
504
|4
r03
2
E 0.2
£0.1

0.0

0.8
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2
5 06
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w 04
203
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01
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R06
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05 0.8
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I SL52
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0.80 5.60 7.20

40 4.00
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(c) Site No. SL5
Fig. 3.4.5 da¥ 4 K-S A2 A9 E FEEX NF



¥ 3.4.5 27 4R 2 FIRA Wgerd HItA

Site | Joint set Mean(m)" Angle(®)® | Corrected 1-D
No. | No. | Observed | Corrected mean(m” | frequency®
1 0.1788 0.0699 67 0.0699 14.31
SL1 2 0.3200 0.3169 8 0.3169 3.16
3 0.5139 0.3439 48 0.3439 2.91
1 0.3565 0.3521 9 0.3521 2.84
s13 2 0.4292 0.2462 55 0.2462 4.06
3 0.3477 0.1189 70 0.1189 8.41
4 0.3947 0.1350 70 0.1350 7.41
1 0.9212 0.7056 40 0.7056 1.42
2 1.7683 1.3935 38 1.3935 0.72
SLs 3 3.2917 2.4074 43 2.4074 0.42
4 1.7583 0.6012 70 0.6012 1.661

" Observed mean spacing along scanlines
? Corrected mean spacing along scanlines
¥ Angle between scanline and MNV

Y 1-D frequency along MNV direction

3.4.4 47 9434 &4
£ AT7AQAA AANE AFYZAM] ZAIZE Y EFSE 37(size)d FEEX
E&37] 93t Kolmogorov-Smirnov(K - S) A&A HFE& AASH 4 4
gol vty APxALA FHo YeEld semi-traced] FEEE AP AFTEH
7} & 3.4.609, EAATGNA $XF X, ZVHEE D dFATELSY p-Fho] 2
F 020322 E944 7HEd U FELXE BT HIEE & F Ut
o] 2-D gt xEWA EASE TV EX7 999 AFEEHE, Y
AN ZAA AR 3R semi-trace QFE AFEIEE wEH(Priest and
Hudson, 1981). @24 semi-traced] EFXE FA 81, semi-trace o] &
B eE FARE A" A EHET E9SE dF HEY LAE EAFe
24 gigeute Ed49 F7 A3 dig 23 5 Qo

Fig. 3.4.6& YW3Q A3¥ < AAE Hole I =EHI A semi-traced
dAIZ RAojtk C;7t APZAANAA 4 F e AY W, Ci R F2 Efolx

]
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QO 2t
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2 ¥ ©1
| ot
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3r Set3 51
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R® =049 t 4r R? = 0.90
[
2 : : 3l
o} ; o i
1 * 2y §
ro3
1 s !
1 In(1— r;/n) c In(1— r;/n)
0 0.5 1 15 2 0 0.5 1 15 2 25

Fig.347 G - uf1-%) 242 79 37 93 2823




345 3-D E5 AFEX
S I71= BRS 9 4L A4
X2 FAWT) Fig. 3.4.82 £59 A3

Fe ohe F8@ adold, B89 AR
E 242 9% gnaFolt B4 B
Hoz 7 Aa)Fe] WY LI/AAME B0z NARTE Ze2E ABIo|
oz BYS 4% ZAze BSAAL ANSY 448 BS ASwIY B
AR T} FHAG AFA e SL, SL3 R SL5AIA 2z 30007He] de) BE
& A48 o] AHRE ¥HANE Fig. 3.4.99% ¥ 3.479 AN

M

gl
=
=

AV, V1PN, Fhav dip/dipdiry, dip/dipdiry,, dip/dipdiris
HMNV3, OMNV3  HMNVn, OMNVn dip/dipdir;, dip/dipdirs, dip/dipdiram
expone:ntiall lognormal dip/dipdirs,, dip/dipdirsi, dip/dipdirsm
’ dldln’dldln,dldlnm
& gamma distribution p/dipdit, dip/dipdir., dip/dipdir

I |
Generating spacing value ( Empirical orientation distribution |
K1, U2, M2, Hn

. Generating orient
V. of tetrahedron(1) dip/dipdir;, dip/dipdir»
I V. of tetrahedron(2) dip/dipdirs, dip/dipdirn

A

. of tetrahedron(n) (+
. of polyhedron(2)

A

I

Fig. 3.4.8 2HZZ A EHolHo2 £ AF A& ¢udF
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¥ 34.7904, #SL191A BAHE EE9 92%7F 0.6m° o8t A BE 24%7)
0.2m° o] 8}9] wlA E=ojt}, Ak FALS #SL5E HAY E=9 70%7F 0.6m®
olgte] A& EF, 26%7F 0.2m° o3kl wj¢ FHe BEo 2 eyt 1Y, A
+1.5km A9 #SL5< 0.6m° o|3te) #& BFo] 39%0|8, 0.2m° o]3t9] wj$
Ze BEEL 7% AE, 0.6m° o] Z BEo] 61%2A4 Antdoz & AFe B
5O JAE AFelrt. olg 22 £59 FAV|EX AdE #SL1% #SL3 A o]
EFohit Adiz 350 E59 77} & #SL5 gL itdEr Jugoes
}3 3},

3.4.6 3-D g 42 #x

ES9 AHEEXE EFYRtolgta FAHE SL1 2 SL3 A99 dg 942 7=
54& 987l A5 2 FHE dBFo2 JMAEA 3-D FIALE BA}
R ol ATt FENA EHE HFEH 4 T 75EF RFEL A
3] 3-D dg WEE A on, da A7) E¥9 FIH YIFEXE o83}
o A4 3-D dHIZTE EAMSAH.

3.4.6.1 3-D 4 Nx

Ag e 3-D " =R AFG 999 dd 49 A4, awvE 1-D &
g Hxs, 48 AZEXE 2 e 4G EX 5& 133to 4B.4.3)eE 73

4()‘1)1'

rEDYE(In-il)

q714, Wi ¥ i-AA FEF9 3-D d3 HNEs, Wit idx d@dd H7
WA 1-D W=, EOHE 493 FAdR9 AF HF%E, E(n-iDE In
-il9 B, nd ZHTYW ZZre HEde] 9y HAdEH, i -4 FIFY
B HAWE a9 dgolth E(ln:il)-#L 0~191d ZITFHelA 2z Azl
wHpo] Zowd 1, 9] Wstold 08 Har)

2(3.4.3)¢ A48 SL1 2 SL39 FAZIA &% A, &) E 3.4.70/h 37
o "I TN W EX(E 3.4.5E Woldo] L2, ol REHoz Wy B4
o 4¥dE ARTIL 5587 wEolth oY § A AW g W
ojJde=m I3ty E(In-il)-gol WA AL, olgg ¥ E(ln - il)-gtolA

eq (3.4.3)

(Au)z =



BEEAA AWDi-gkol =&ET. o] ATdAAE ol Zo] HP=EAMIAA AAH
YT S Wolygo] & BFEXE Holt HTA d4H oz B7sA &2 (A
28 €8 £AA77] fEA E(ln - i)Y H2XE 0622 HAH

¥ 3.4.7 2+ AT d§ 3-D d W=

Scanline | Joint Set 1D-Intensity 3D-Intensity
ID No. (No. of joint/m) | (No. of disk center /m®)
1 14.31 11.35
#SL1 2 3.16 1.26
3 2.91 0.94
1 2.84 20.96
2 4.06 21.49
#SL3 3 8.41 29.29
4 7.41 10.83

3.4.6.2 3-D A3 4&%

3-D A8 dZ2%9 7|3ed £4& FAF A2 TFEIEHE U hitilA
AYTE TEMNE I T At 7AW 7 o Ao ggHd 2
29 7|85t shetv gt B st
99 AT dvy de F49 AFE-D g NESF)

- AFgEX
4uy 9 IVEX |
A9 AX(9wE dE9 FANEX

Z Ao g 3-D dE =g A4 AFFHUD

o] AFoM: FE WP XY ndFL ZFF YFEXE F L3390 49
A FoA €9y 2y e ZuEXE FHLs90. B, 498 de F4
AXNE 2dP3}l7] st Fold EE(Poisson distribution)E &g god, oj=
Z dE)2dA 28 P02 SAFEEI} §3dthe BA &0 7|xg)

A9 BAFH Ed=E EF Yoz AAX = SL1 2 SL39 H gt tistd
F FAdo) F-F W FPF (B m)’e SAA o] 349 da dFd%E B}
319t} Fig. 3.4.102 #SL1¢ 8m)’e SdAld] A48 dy dd4e F3o=
A8 $£HEY FdAA 5mx5mo At windowel] YEbd HE Edo]29 F-A



FAAT F-8 $£FA 5mx5m] At Axd] vehd dE Efol2o|t} #SL3
A qe] 2Alg A AZBEL Fig. 3.4.117% 2t}

Fig. 3.4.119] 5mXx56m $¥d AZdA A 19 Edolx &7 71 g1, &
g 29 Edolayt dF3En ol HFIAF 19 29 HF FF& 4F N5°W
s} N68°WolH, o]&9] F3o] £ HZ(window)o] Z ¥WI4EL & & Utk &
&, AT 39 BT FFL NSI°WEA W& BAAE Hole o4y HIgTd &
374 Fig. 3.4.119) 3 A=A gA o= yehtx, & H T W W4
o] 2PN FF9 Wiz W] Yelgth &L a¥ddA F-A FHEY FY
oA 5mx5me] Atz fEo] Uehd Az EFol2E nFgsd HIFE 17 29 F
Abe olFold, olg Hrt 34 4% AR Yehd Edo]X HA] ofFF o
th AT 15 28T G AA T 30 &3 HYEL £33 dxe uAy
o] o} &g EdFolx Fxolty Eg, F-E WF S5mx5me Azt 4= Fo 1
Bld dE Edolag ndstd HAT 174 29 AFs 84 Fo)h ol AFE 1,
29] Fgo] F-& w3k} ofgFoly] wjEolrh #SL3Y FHT 1~49 HF FF
& Ztz} N21°W, N89°E, N86°W 2 N 40°E°]n, Fig. 3.4.119] 5mx5m %34
AT o)Ee] FFo] Z WwrdE o] 9k #SL1¥ Zo] BRE HT9 WOl
ol oA Fgo ¥z wigEo] yehdt. degy RYE(Fig. 3.4.10~1DE
AW #FsbA, #SL39 HIddy LTI #SL1RY For=E o EFT
o] A2FE FF NAZRAIYG ANAE BHE FAEITh o] A2dE FEAZAT =Y
o g§3gs 45
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SAMH 5mx5m =2 5mx5m

B 5mx5m 3DAEE mxSmx5m
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é“’p\ !”y‘!w“\\ ‘!“" ," ‘\\“ ‘f“ ’,4

1-§u‘lp'sg"'« TN A "g\"‘ 1' ) \‘ l\ \
W ol M i

\ '\v‘ “‘\K\\,/ ‘ \
AR

1 ,!‘
| Mm:
ff\m”,‘\ " ‘ ,\i m\\\ \\N\v,_ S

“ rm‘l—" ‘ l='

\“ il
"..1*.;’% ‘?f‘t' %
{ “

w W AR §! VA
‘ “ Wi "‘ \ 4 \\v ’ l
2 --*- \h“‘.‘, r'su‘,:'. ‘ \'\‘vl '!.' ' w\

l
' d ‘” \Q
tlf ”\‘ M "NH ,« \\‘ uu‘
'\F\L‘ "\ \‘-ﬁ-s‘, 'v" KN ',w’ \ \'.
h\\\ W "Il'“\‘

.. \'«‘ ‘\\w
'\
M \.\ A’@*\\"ﬂ\ 4)»« !"‘ .\!.I‘N\ )

‘ \" (\ 7 '»‘ “l\?
"AN\\' gn\nﬁ\‘ ‘\"“ ﬂ\; ez -lh\‘“\ NP
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3.5. Ed&H o5y 54 9 Test Blockd 9% AA
3.5.1 ZE¥ ¢FF=UCS)

#SL1, #SL3 2 #SL3 @3 EA44 dd ¢4FAEE FAH7] A% #v]
E &9 gE3Ad das £35.1, AR FEEE AAAAE F3.5.20H.

¥ 3.5.1 Schmidt hammer test® +% A H 4= Y&}

Site No. SL1-t-&3n SL3-AAFAIA SL5(A A+ 1/5 km)
Test Type S. Hammer | o. {S. Hammer| o. |S. Hammer| o.
NO . RN MP a RN MPa RN MPa
1 joint 30/30/30 45 22/20/25 35 55/52/58 180
2 joint 16/14/17 0 13/12/14 20 50/54/54 170
3 joint 48/48/44 200 30/30/34 60 68/68/70 400
4 joint 32/32/36 125 20/16/24 32 42/44/46 110
5 joint 12/0/0 25 18/17/20 30 50/48/46 130
6 joint 32/30/30 100 29/28/30 865 42/48/46 110
7 joint 14/16/17 18 20/22/20 35 52/58/54 170
8 joint 20/18/20 28 13/13/12 22 30/28/30 44
9 joint 55/58/54 350 32/34/36 82 32/30/31 46
10 joint 42/40/40 160 12/12/13 20 40/44/46 110
11 joint 42/44/45 290 12/12/12 20 28122124 34
12 | joint 56/56/56 320 38/36/40 86 48/50/50 140
13 joint 40/40/42 160 30/38/30 65 34/32/36 54
14 joint 34/34/32 100 30/28/30 58 34/30/28 44
15 joint 16/18/20 16 20/20/18 32 60/62/64 270
16 joint 14/12/12 22 20/22/28 40 54/58/54 170
17 joint 20/20/22 28 20/24/22 38 48/40/49 130
18 joint 32/28/30 90 40/42/48 125 52/50/54 150
19 joint 28/25/25 65 14/16/14 25 20/24/22 292
20 joint 16/16/18 40 50/52/40 140
21 joint 30/28/33 80
22 joint 20/18/24 28

23 | joint | 22/24/120 90
Oc(ave)» MPa 66.4 24.4 144.7




FUE o] WEAFE Y G IFAFBEE 3T AEA vs A3
AL AAT AEY HnF sk, APEA g A FPse FHol A
o FUE §y sdx e GEEE HAFA L Kolmogorov-Smirnov(K - S)
o2 AFIHAT. ¥ 3.5.204, ATEEY p-#o] EF 0.2 o|FolEZ ¢ €T
&t #SL1, #SL2 ¥ #SL39 HHE 4FA= FAHX= &7 66.4MPa, 244
MPa ¥ 114.7 MPao|®, #SL13} #SL37} Bl a E2d ukel g AJARgITH

E 352 #VIE SN BEX5) ARRE AGYAF 2%

i S-H whiAj g g -
Scanline Y i}g K-S p e
ID JgF |E28xy| BE | FA
0.26 T
* ’ =5
%’0.2
&
4.608 "
#SL1 23 3 7 17.588 | A7t |0.0474| >0.2 || o
Zoos
12.361 %’
#SL3 | 36 '1 13.525 | At [0.1217| >0.2 é
én.‘
o —=:
#SL5 | 20 45 | 12.604 | A7 |0.1132] >0.2

3.5.2 dg¥ Ag3 RMR

A8l AZASURC)E Barton & Choubey(1977)0] AAg FFFA43} vluz
ARH e FAYH, A7 ZE2ERLANANE A EAEHAA £HE IRC
o] FAXNSYG FEEX ARL 9VIAE K-S I 54 A7 83.5.300h AF
X9 p=02022, ¢ g3tk #SL1, #SL2 2 #SL3 Y9 HPA JRC
Bd2 Z4Z 10.6, 10.6 2 9.0017 oj¢} T HEg FHAL RMR AR A=
B3 ool g
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¥ 3.5.3 JRC U A7E¥e AP A5 43

Scanline| JRC JRC g8 | K-S i
A P X 2 T

ID ZX3<4 | mean | S.D | X |statistic i9d 2X8F
06 =St
- -3
%0‘5
%Z;ﬁ

#SL1 23 1057 | 372 | A | 0256 | >0.2 | | %o
03 ~ [mmsL3
*o.z;s ——
€ 615

#SL3 36 1061 | 414 | AT | 0115 | >0.2 | |5 o,
04 ~ |mmmsis
m's =33
60_3 e

#SL5 20 9.00 | 488 | A3 | 0.185 | >0.2 i%‘f

AT A AAE2 AAEY RQDE #SL13 #SL39A 242 66% & 35%=2

Etxtom, #SL5oA 75%=2 v xF F3iTh.

T E 39 BAAELeR 7§ 15 4FFE, RQD, FHE £ @324 A
gd AgATURC) 2 AWAE 23E F83t #SL1 A Fe] RMR
¥ 3.5.49 2t} & wgo=m #SL2 2 #SL59 RMR %71 AddgE
2 65 FAolth. Z8HLE ZAIAY FoA #SL3°] 713 BF3I #SL1E o9

Bt Ade
Zzy 434

A 23 EEF Holo), #SL5 XYL olF ¢35 F ohul X gjojt,
¥ 3.5.4a #SL1, #SL3 ¥ #SL59 RMR H7} A=
%713 - ==
219 Nos R1 R2 R3 R4 RS (&3d | 5 | 4
#SL1 7 13 8 12 7 47 | I | BE
#SL3 2 8 8 15 10 43 | m | B¥
#SL5 12 17 10 18 10 65 | I | 4=
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¥ 3.5.5 Test block 4 &%

AAF%E 54 24 A%

SIRTIN A /A /4el 3-DBED %gﬁ]a ics | JIRC | RMR
74| 24, m | dol,m | f, A/m®| (m) |[(MPa)| — —
1km500 [ 4 |0.71-240[1.21-1.76 0.930 | 144.7 | 9.00 | 65
AFAL| 4 [012-0.35[041-093(10.8-29.3| 0194 | 244 | 1061 | 43
He#R | 3 [007-0.34(027-199(09-11.4| 0.069 | 66.4 | 1057 | 47
1km 500 XA AE AE=AE7) vwd E3, RMRE ‘HE'ZFo|t} o]d uk
& gt FAA Fod ddn 9L XAFFH o EF gvtoltt. 53] Gt
FAA 2L dE&durg o BFdH, AP APA(E dAHe ZdEoH.

wEbA, #SLI(HHA L A F)F # SL3(F
3 7Hd Aje @go

Az AH)e] & ATE

23 Test block

o
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3.6 Test Block @39 #Ad € XNAFs EA
3.6.1 Test block @& A AEA
3.6.1.1 dedx 8%

Fig. 3.6.12 ZAldZe] A747 |4 Hd #3538 93 SL1, SL2 2 SL39 9
Aoltt, ZANAL wZe 7AW Hupy] fgxFon, @39 =F FAlojA
44, /28 dg, wd 92 3 & Tobsta, A A BAE AR
¢t F3 WAL AEARE AFASNGT. 4AAZ(DP 1-1, DP 1-4, DP 2-1)¢}
JEAEDP 1-2, DP 1-3, DP 1-5, DP 2-2) A A= Fig. 3.6.10]t}.

Hi7] 842 F2 FEYE F4YSIALFIT 22xHY, €5l dgez F
E GSA~G3 o, dgo wdo] Asta =59 FHo| AsiA F3d AH
o FHY 9 4¥e R Ao wad i Axrt A, REFHoz A4
AFgo AtstEo] ZNg wE FEE #FAT 53], 5EEdR 43 FI)
AP EHo] oy, HAFER F dFEh

AZE gMARe] WS APV EeE FAFEFS x2xS A AR}
Fig. 3.6.20]t}. o] AMRolA, A& 2dls AWYE, 35 2nis ALY B3
3k Aoli, Q : Quartz, Rf : Rock fracture, P! : Plagioclase°|t}. A|& DP
1-1[Fig. 3.6.2(a)& 499 ZAAF thdd A7)e] YHER FAH gich ¢A
4 FUEL OiFE 748 FuE F Holx, Ar)e 49, ALE, H|FF x| AR
4 BAolt} o] xF o7 Hol, g3l AFHA, EFFFEL vlFo|rh

A& DP 1-4[Fig. 3.6.2(b)1%= 99 AR tgd 2719 GHER F4H
A3 HEE zte Yeolw, 133 Bo] ALEY Moz WARY ASo #IR
o AEEA Mrle A9, AXE, 54, uFE WX AFA Bd2 FAHY A
op2 o FAE FIdoz nRAYh EFEFFEL ti TFHT A& DP
2-1[Fig. 3.6.2(c)]€ Y289 Z2 AR EC] Yelva, bdYdd 3719 gHER T
Aol ok wdE A4 /e e, ERE M #Edr. ¢HEL °
& 78 otk A7 AEEQ M9, A¢E, vAE uiA AAF B4E T
AEol it o] GME 3 Agel FAE Ao F Bl

.
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o] X-A3d B2z FJHML Fig. 3.6.40/th 2um o]5te] AEUAE B3 A
29 X-A3H BENATAY HHFML 7 A2 EF(Fig. 3.6.5~ 3.6.8)°] JE}H, o
€9 FEAHELS ¥ 3.6.29 ¥t

2um o]8le] HERE o7 B3 A8 DP 1-2& ¥H7d 15.7A9 3@XMo] oA
AZ2 2 Ao 17.3A28 HFAHI 550C 719A 10ALE FEHE Ao
Hol B&4 FEZEQD 2deolEYS ¢ + Atk 28z, FXHEY 10.1AL o
glo]EZ Holn, 961AL EXFEQ ZHEI)ER AlgHT} DP 1-3 AlgE ¥
Aol 15.7A9 Ao JAAZEF A oA 17.3A22 FF3e 2 E
7t O FHERSE € F Jduk 97IME 1049 dEtolEV) A% FwtErt DP
1-5 A g2oA FAgo]l 10.1A08 Holx JAAILYFH 7tEA g A9 ¥}
e detolEVF o FFHol ok A7 E FAEe] 16.2A9 sAHo] AU
2T AoA 17.3A22 BFse BEA FEFEQ 29 EF A% £t
gl DP 2-2A8% 15.7A¢] FdAo] o AAZEE Ao 18.4A02 BIF
3 550C 718elA 10Ae2 £&F5HE AadeolEVt o= gl o] 4749 HE
ANgE &2 Aole Aoy AWt 4FE WA= BEA JEFEQA 2

ElolE7} $ukH e Ro] EHolth

E 36.1 ¢4 2 AEARY X-A3H B4 A3

TE K- gz} |29 E} 73 |27 E
A& P 49 MR gy | EF | o o (T e | oE
DP1-1|+++ + ++
&
e DP1-4|+++ + ++ ++
DP2-1|+++ | ++ + +
DP 1-2 ++ + ++ + ++
DP 1-3 ++ + |+++
DP 1-5 ++ ++4+ | +
DP 2-2 ++ + + | +++ +

- 108 -



DP 1-1
Q
e s e = St W
10 20 30 40
Q
DP 1-4
: Q
ch M Ch r 9
10 20 30 40
Q
DP 2-1
Q
WMMMM
10 20
°26( Ou Kox)

Fig. 3.6.3 ¥ A 89 XA 3dEN A3}
NT-2xX2 EG-O&a=2l2 Xeal, 550C-IHL X2l
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DP 1-2
L Q
S L L L Q Q
71‘0 N 2.0 | ;”7;07 - 4_0
Q
DP 1-3
5 Q
"W, \ . A ‘l \ J; - Q Q
o 1‘0 - 2A07 - 3AO o 1;0
Q
DP 1-5
Q
S A M AR
o - 10 - 207 o 73‘0 : 40
Q
DP 2-2
T F
Ww
e 20 s a0
°26 (Cu Ka)

Fig. 3.6.4 AEAN Y X-A IJFES A7
NT-282 EG-H&d=Z222 HMal, 550C-ItE X e
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3.35

0 0 20 30
°20(Cu Kov)

Fig. 3.6.5 A& DP1-29] HE¥2 ¥ X-4 5284 A3}
NT-2X2 EG-OlZa2cZ HMal, 550C-Jtg Hel
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15.7

0
17.3
o 10 - 20 30
10.1
550T 3.35
5.03
o 10 20 30
°26(Ou Ko)

Fig.3.6.6 DP 1-3 A9 JE £3 ¥ X-4d 5d&4 2%
NT-2X2l EG-0@32Z el 550C-tEHe
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N.T.
10.1

5.0
] 3.34

16.2

10 ' ' 20

3.34

10 20

3.34
550T
10.0
5.03
110 - ri)ﬁZVO S
°260( Ou Ka)

Fig. 3.6.7 Al& DP 1-5¢] AEEE F X-4 HLY 2%
NT-2Hzl EG-0ige2c/E HMel, 550T-ItE Xl
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157

0_
184
0 10 20 30
3,35
102 hs0°C
0 10 20 30
°920(Cu Ka)

Fig. 3.6.8 A& DP2-29] AEX3 ¥ X-H3d ¥4 47
NT-2H2 EG-HRaZ22 xMeal, 550C-Ite X 2l

AZANZ HAEAEE %2 wEo] X-A HFEFEY FAXRF)[Philip it
model PW24001& ©] &35t
Test blockolAl AHTF A& F sAFPE EXZFHE ®3.6.200 A7 B
T SO AHEL 71~75%2A4 FAMSHA o FHH =22, Test block 34 8%
& FEYEYgl siBErt DP 1-4& Ferb %zt ®31, DP2-1& Na9l %Fo] o
e A oo H& AFPEEE "¢ FAET. ded dHAZdA DP
1-49] BEEg3Eo] ozt Bornz o)Ax BAE Aoz YztEr} DP2-1E X-
A AN Ao e AR g AP o] EfEE Ae® Hol Nagd &%
L APFA 7IAEE Aoz Atgdh

r‘_}'..

po)
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of WFY FHARE Ngol thF TP, DP 2-14EE AHFATH K-34 o]
2% ¥gEch 7 oo £E, dgolE, U4 Solth FHARIA AEARE
4% N X-4 AN BE7 FAD FaFPelRL, 4P A Wt gk,
FEFEA H2AFES 2ol FHEASE FHHE BPolrh. T
whek A3 JFHY Fat AR & Uehdrh

AEAYY 24 ARE $Y ZEFANA AWl e G| BAF FA,

ARAgo) g e AssHo] T4 Az, Aol BAANY + Yok

¥ 3.6.2 44 A5 F 344 E £4 2%

48 DP1-1 DP1-4 DP2-1
SiOz 75.14 71.35 71.88
TiOs 0.30 0.39 0.31
Al1203 14.53 15.38 14.56
Fex0s3 2.85 5.83 2.09
MnO 0.04 0.06 0.03
Ca0 0.52 0.56 0.87
MgO 0.32 0.41 0.53
K20 3.57 3.19 4.30
Naz0 0.08 0.12 3.65
P,0s 0.07 0.09 0.06
LOI 2.18 2.13 1.25
total(wt, %) 99.60 99.51 99.53

LOI : Z&<¥972 Fey0s : total Fe

Test block ¥4 AZ9 EgL A AEE dFHo)EY 5YY Fo] F
A, FEHdo] o A HEARE 2HElo]E9 2RO ETL O
g zol7t ot 2¥EolEE d/FAE0E A JEFEo|H, ZHL}]
= devidE AHEE FEE A do g0 BV F3FE AEolEH,
oo Ao dEFHOE MY Aot 2y, o] AHEE M BB 8
A @& FEol AL At E5-FLY] ¥ FHFEo] HlE IXHoRE W
29 ¢ Jong d5Fg AA}Y Holth AHEEE B FFdte] HFA o
& FEoIth FAARHY A ggleg AdHE|ES EA7F X AH vt Aok
(Yasuoka et al., 1995).

f

ug)h
n

o
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76-1808 Quarz

74-1515 Laumontite 1|{

84-0882 Aibite iow - from Amelia

76-0847 Vermiculite E [

§i02
ISR M DHBEEIRL ORGSR
G T NalAISBOB -
S T AEAE

78-1906 Quartz

76-0027 Abbite calcian low ;i

I ELINGN (NI BN

0' I]I‘K I II!I‘IIIIIN’I!!!II

741515 Laumontite

740698 Stibite

78-0847 Vermiculte

SN
bR

T L
Lgliai gt |
ey

T R
st ;

Fig. 3.6.14 JR-SF-2-1 A& X-4 3FLEN A3
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741515 Laumoritte [[[( { [ [({[ {004 QOCCL QLA , |
761906 Quartz ‘
761819 Abteloy [T 1T T I )NQ(NSIGGW

Fig. 3.6.15 JR-SF-2-2 A& X-A 321%2#‘—44 A3

(% SNBSS 1A SNBSS Lt b S AR e A L LS LA, i

10

761810 Abielow [ [ |

72-1503 Muscovie .
70-2449 Stiibte [ 11 i ,ll||J

761908 Quarz 3*02 —
74-1732 Vermiculite | O T BT T T nepee ot ofDm AR oL & i TR TR

Fig. 3.6.16 JR-SF-3 A& X-A 3AEA A3}
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counts’s

|
i

i

|

| E
W Jw

79-1906 Quartz r | :
76-1819 Albite low T il
740600 Sbbe - L1 ¢ o G AL L ORE I
76-0847 Vermiculie ;

&
2Theta
L L L]

s (150 S6ATT OTOORPH D

Fig. 3.6.17 JR-SF-4 A& X-4 IFELY 23

79-1908 Quartz
76-1819 Albite low .
74-0699 Stibite ‘ T L GG ‘:r.a:

76-0847 Vermiculite L @vgwsassm 140710(0H)2(H20

Fig. 3.6.18 JR-SF-5 A8 X~-4 3AEA 43}
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® 3.6.3 ¢4 A5 F FHHE Y 27

4 & JR-SF-1 JR-SF-2-1 JR-SF-2-2
Si02 65.56 66.17 68.36
AlI203 15.20 15.33 14.68
TiO2 0.44 0.42 0.43
Fe203 3.80 3.56 3.47
MnO 0.15 0.12 0.09
MgO 0.95 0.77 0.72
Ca0 3.28 2.92 2.33
Naz20 3.501 3.34 4.02
K20 2.43 2.94 3.25
P205 0.11 0.10 0.11
LOI 4.30 4.01 2.11
Total 99.74 99.68 99.57

LOI : ZE7%, Fels :

total Fe

3.6.2 Test block @& E9&4H EXEA

3.6.2.1 di2dx

(1) B4 WdA(orientation)

Ay ZAM ARAAA HIYd FELS E228H¥ €312 S(Shanley & Mahtab,
1976, Mhatab & Yegulalp, 1984)& &3l Hgd Y4 ¥ 2 A(dense
points)& &1, HH HIgT & FEIIE F3H TS (objective function)ol
met g B4 F Atk oW, @A AR89 ¥t A, o] ¢xndyF
o] #83 EAIFRZ HIT MFY FRo] THIHEER, HF dT NF B
< BAGSs o9 A7A ANFAFEHH BEol LTEY W AFY AFEAA
AgdA E2EE ¢1HFLE TEE 3~ 4709 FETol & 3.6.40]th

Fisher #X¥9 A4 AFZEH, d& L Fisher € Bingham #X Edo] §4
Aoz AHF A Lygrt o] A} Fisher & Bingham H¥7F d3X 99 AT+
X BAZEE ABE F PSS AT oJAH 7]EY o] FEERE 3
MEA g dETe YFEE 29y e e A BAF pA JuNEE 3

2 wW}8} B ¥ (empirical orientation distribution)& ©]&€% 4 gt}
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¥ 3.6.4 Ed&HY UYY £Y 29

Se%tﬂéji,: le j:g%(;lp Clustering & Rose Diagram
1 | 28 | 41 80
2 38 252 72
et 66 135 83 <
4 14 138 37

1 23 323 82

#SL2| 2 31 243 88

3 17 156 44

1 3 282 75 "
#SL3l 2 3 141 75
3 3 331 79

(2) B A (spacing)

AP A EANA AFEF EASE 49 FEEXE K-S A2, ¥ 3.6.5904
A, #r R 35 £271 p>0.224 gt EASHY AFEALS A
E #F Aol AR EASHY FF AT 1-DAEQ/ZA)E AEsed),
ZAFA O] Zo] A& QFE eq.(3.6.1)02 HAFHSen & Kazi, 1984). 97)A,
Ee #3 AF2AMA dol(L)9 HE HEtE, ue 7H8 2AMKY 37 4z
Folt}, HINFE SXFEEXE /RSt #F YT 347 APEAA dolg 17
gt 7t dejEe] HEd BEY 9F AT, B FEE L A&

L _L
E((I)) = —IL—L'{I—(].‘*‘;)@ IL} edq. (361)
(1—6 )
E 3.6.5904, A dol7l EAEE HFEEY 108 o] 4 EIALET BHHE

Fe] AEX et HAX o7t Ez Yot ¥, 2AMA Wgoz AEE Joint W
EAF/m)dA ZAA9 W Joint setd] BF WEe mEste P P
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o2 BEd&d NI=E 7§ d77 ¥ 3.6.5 € Fig. 3.6.19~200|t}.

o]} Zro] AT MYzAMA WEow &g EAYF AYFEd FITHE
2 BA JFAA dgor EAEHTFY HF YAWE(Mean Normal Vector,
MNV)e2 RA"E FF FHE me 2QB.6.2)2 A& A4, me A
wekol R4 B FHNE, o AN W deTd BE HALTE Az
o} Z+ HEFoA o] FAE H49 dE 14 ENZIAE= E 3.6.601H.

L = pylcosb) a.(3.6.2)

¥ 3.6.5 AT 4] FEEE PP 47

go%| 4 (m) GEEE FAZH K-S )
B2 | x| gn | BT A& #e ALY
L MW | K-S| P |K-S| P |K-S| P
1 | 27 [0.0677| 01371 [0.0615| >0.2 [02009| >0.2 [0.1511| >0.2
ssLql2 | 37 100640] 00616 | 0.0410| >02 |0.0426| >02 |0.1451| >02
3 | 65 |0.0900( 0.1237 [ 0.0697 | >0.2 |0.0445| >0.2 |0.2451 | >0.2
4 13 |0.2160| 0.3233 | 0.0529 | >0.2 [0.0531 | >0.2 |0.1819| >0.2
1 | 22 [0.1718] 0.3302 [ 0.0547 | >0.2 |0.2124| >0.2 |0.0399 | >0.2
sz 2 | 30 [0.1448] 0.1432 | 00409 | >0.2 |0.0412] >02 [0.1762| >0.2
3 | 16 [0.2445] 0.2823 | 0.0683 | >0.2 |0.0494 | >0.2 | 0.095 | >0.2

A o . —a— Z}o}
5 08 S 06 =
g 0. % 05 +Ei‘;"
< 2 03
2 T 02
& S o
00
0.02 0.05 0.09 0.13 0.16 0.20
0.08 023 038 053 0.68 Spacing (m)
o7 F= . dp1-3 0.9 — dpi-4
%) to 0.8
2 05 —=—8x% | 507 - 2% %
205
04
£ 03
202 \
o [ ————
0.04 0.14 0.23 0.32 0.41 0.51 0.60 0.69 0.0 : =
0.19 0.54 0.89 1.24
Spacing (m) Spacing (m)

Fig. 3.6.19 #SL1 e zt49] &L X AAMNE
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¥ 3.6.6 22 AR A 9 F@Ed AFMNV)Y dn3g

. mean spacing along Angle Corr. mean 1-D
Joint Set scanline (m) gle . spacing frequency
Numb btw.scanline along along MNV
umber. ° .
Observed |Corrected|& MNV (° ) MNV () direction
1 1.978 1.978 70 0.0677 14.77
#5L1 2 0.187 0.187 70 0.0640 15.625
3 0.096 0.096 20 0.0900 11.11
4 0.235 0.235 23 0.2160 4.629
1 0.292 0.292 54 0.1718 5.82
#SL2 2 0.423 0.423 70 0.1448 6.90
3 0.715 0.715 70 0.2445 4.089
£ 3.6.7 3T Semi-traced FEEY FHIA AAZASH
4 24 A3 (m) FEEX AR A (K-S W)
v |50 ] 8% |_gA T} AT
T Hxt K-S P K-S P K-S P
1 27 102125 | 0.3111 | 0.1098 | >0.2 | 0.0583 | >0.2 | 0.1973 | >0.2
#SL1 2 13 | 0.3058 | 0.2700 | 0.1375 | >0.2 | 0.1273 | >0.2 | 0.2741 >0.2
3 7 0.3371 | 0.5007 | 0.0500 | >0.2 | 0.1010 | >0.2 | 0.2519 | >0.2
4 13 | 0.4964 | 1.0539 | 0.0668 | >0.2 | 0.2246 | >0.2 | 0.2714 | >0.2
1 22 1 0.3277 | 0.2105 | 0.1563 | >0.2 | 0.1248 | >0.2 | 0.2666 | >0.2
#SL2 2 31 | 04790 | 0.4111 | 0.1534 | >0.2 | 0.1125 | >0.2 | 0.2989 | >0.2
3 17 | 0.4476 | 0.2764 | 0.1635 | >0.2 | 0.1148 | >0.2 | 0.2959 | >0.2
0.9
0.8 . 0.6
5 0.7 g 05
§ 0.6 ng’ 0.4
Zos Looa
o 0.4 2
2 0.3 502
€ 0.2 T 0.1
0.1 0.0
0.0 0.05 0.14 0.23 0.32 0.41 0.50
Spacing {m)
0.7 0.9 EEmdp1-4
g o6 503 - N
% 05 206 e d+na
L 0.4 208
2 o3 2 0.4
g 0.2 g gg
0.1 o
0.0 0.0 .
g.12 0.36 ) 0.60 0.84 0.19 0.54 0.89 1.24
Spacing (m) Spacing (m)

Fig. 3.6.20 #SL2 AzZ|7t49 F&5EX HAAMNY
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(3) EAEHY A (size)

ATFA Gl MYRAPA ZAMIA EAEH 27(size)d) FEREE K-S ¥HL
2 AARSRY. 2 AT AYRAMA FHE YEhd semi-traced] FEEEY
A AZFAIAE ¥3.6.7 L Fig. 3.6.21~22%4, S ¥, Zvl £ 2 o
FAF EXJ BF p20.2 o2, Ed&Y 7149 FEEIE B3

3 2-D it xEWA EGEY A7) BEV AFEXOE, FUARAANA £
AP ZEY 8139 semi-trace AFE AFEX | HPriest & Hudson, 1981). w
34 semi-trace®] HEREE AT, semi-trace AP YU I AARE
dA&4HE EHEd BdEd AR FE03E BAY 4 gk #SL1, #SL200A]
TEE 2879 C-In((n-r)/n) BA7ZF & 3.6.80]th. C7t APRALAS Yojzt4
old, z} CiollA Ciith FAe Ed o2 MF rt FEizTh No| deze] xd 4
gEgo)d, C-ln(ln-r)/n)e #|AZ 2AE AT FF A7 E &g €8
o] Ao A A FAJ|BRAL HTY IVt X F EX ok gt o] HHe=
Azd Z AE dHEe dFAMol ¥ 3.6.8°th #SL1A BRAFH HF dF LS
0.29 ~0.88m, #SL2%E 0.25~0.45mo]t},

¥ 3.6.8 2AW H7 o 434

B dE dF (m)
AT F #SL1 #SL2
= B3 54 =R
setl 0.2125 0.2915 0.3277 0.2474
set2 0.3058 0.2684 0.4790 0.4499
set3 0.3371 0.5101 0.4476 0.382
set4 0.4964 0.8769 - -

(4) 3D &5 vl
Ed& gutdA, 2943 3 BdSE AFUy, joint/m®), B9 HFAF
(Vo) 2 BYAH G B2 /4By, blocks/m®) 59 3D £ IFgng:s 8 8
Ao|t}, Test block @ ¢wtel Az F9 W3k E¥/ZHAMEEN Ao AR
X2 EHZE AEHoHLE EHS AT F, AAE 3-D EE HHrHE,
« Jv = 15.84 7i/m® + Bx = 126.7 blocks/m?® * Vs = 0.0079 m®

b
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30.6
c

N dpi-1

—— Gamma
—=— Exponential
—e— Lognormal

0.1 0.3 0.5 0.7 0.9 1.1
M dpi-3

3 —+Camma

% ~&— Exponential
—— Lognormal

0.17 0.51 0.85 1.19 1.53 1.87 2.21 255 2.89
Extension (m)

N dpi-2

-+ Canmma

—a— Exponential
—e—Lognormal

008 023 038 053 0.68

0.83 0.8

 dpi4

- Camma
-a— Exponential
—e— Lognormal

Fig. 3.6.21 #SL1-ZE8] ¥ Semi-traced ZEEX AARAMY

B dp2-1
—— Gamma
—&— Exponential
] —o—Lognormal
\

S\

0.1 0.2 0.4 0.5 0.6
Extension (m)
. dp2-3
—— Gamma
—=— Exponential
—e— Lognormal
[}
N\
e\ .
0.09 63 0.81

27 0.45 0.
Extension {m)

0.15 0.45 0.75 1.05
Extension (m)
I dp2-2
° —+— Gamma
-s— Exponential
—e— Lognormal
015 045 075 1.05 135 1.65
Extension (m)

Fig. 3.6.22 #SL2-2 & 79 Semi
—trace®] §EEX HAA A
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Fisher X9 A¥A @547, 22 Fisher ¥ Bingham £X Edo| 57
How AgER 2grt. o] Al Fisher & Bingham £¥ 7} dFRde A
qix FAEXE AYT F USE AAMEH. oJAF 79 o]&F FEEEZR 3
AER G Y] I EY 2dyYLe g UG 24 F 2y JUNE=E 3
W}k 2 ¥ (empirical orientation distribution)& o]€& 4 gt}

(2) E9599 4 (spacing)

AR ZAIRAA Aed EAESE BAARY FEEXE K-S method 2 AA
33th % 3.6.109 SAEAAA SAF-, #Av- R dFFF-2EIL EF P>0.2
ol BEAd&EY F9 FELEE BTt dWrFoE BA&H 14 AL
fr&t dolo] ZAMMoz BAd&HY BF 1F3% 1-DUNE(1/2HE)E AEsied, =
AL o) A& 9FJ} 9oeER A(36.1)02 HAS o Fr},

ZAMA }Fgoz AEE Joint MEAF/mE vlBeE2 A W3 Joint
set?] B WS Tt B PANFe=E E44d Hl=EE ¥36.11 # Fig.
3.6.240]c},

Ao oz Z deETdy AYRAM WFoz AFE BAY B dE 1FFH
Z dej79 BAE BFHA B did g 242947 ®3.6.110th

¥ 3.6.10 EIT HF9 LY IRAHAAR 2

A m) JERE 2427 K & S T9)
b I ) ot EpE
iz | &A= = =
TI32 | g4 [ks| P [ks| P |ks| P

1 24 10.0729| 0.0583 | 0.042 | >0.2 | 0.016 | >0.2 | 0.206 | > 0.2

2 22 )0.0732| 0.0670 | 0.086 | >0.2 | 0.076 | >0.2 | 0.179 | > 0.2
#oL 3 33 |0.0566| 0.0608 | 0.064 | >0.2 | 0.057 | >0.2 | 0.079 | >0.2
4 11 10.2833(0.2195 | 0.132 | >0.2 | 0.088 | >0.2 | 0.242 | >0.2
412 1 73 ]0.0245| 0.0200 | 0.113 | >0.2 | 0.099 | >0.2 | 0.166 | > 0.2

2 24 |0.0694{ 0.0656 | 0.049 | >0.2 | 0.043 | >0.2 | 0.148 | > 0.2
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I dpi1-1
0.6 #SL1 H ot
205 —e-8%%
s . ey
0%; 0.2
0.1
0.0 ' ! ' 0.04 0.11 0.19 0.26
0.03 0.10 0.16 0.23 Spacing (m)

0.8 07 —p——
07 #SL1 | .13 ‘* #SLA1 [{-azia}
g 06 - SK|$
=3
505 o iR
i 0.4
j0]

203
®
T 02
01
0.0
0.03 0.08 014 019 0.24
05 ; e 0.6 —
- —+—Zat 305 # SL2 | ot
por ez} o, | | :yﬁm
503 [ -t 504 o ti+E T
& 03
202 2 02
«© = U
€ 01 5 \
T 0.1
0.0 O.o - 1 L 1
e N P I W e PR 0.02 007 o011 015 020
0¥ o o 0¥ oY o oY P Spacing (m)
Spacing (m)
Fig.3.6.24 d=t49 FEEX AAMNY
¥ 3.6.11 g 7 4RA 2 FFHEA HFMNV)Y A4
mean spacing along [ Corr. mean 1-D
Joint set scanline (m) btw scgaﬁline spacing frenquency
Number. |, cerved | Corrected | & MNV (° ) Mﬂ(\)/rz?n) a'gi':gcmr:v
1 0.213 0.0729 70 0.0729 13.72
%511 2 0.214 0.0732 70 0.0732 13.66
3 0.145 0.0566 67 0.0566 17.67
4 0.370 0.2833 40 0.2833 3.63
1 0.072 0.0245 70 0.0245 40.82
# SL2
2 0.203 0.0694 70 0.0694 14 .41
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(3) Ed&HY A4 (size)

E EdXdAN £Yshornz dFA AsE 5T & dddh #
L FHY AFHANA ZAMG AYPZAINOE EAEH A7|(size)d
FELXES K-S FPEoz AANUT. 42t AT APRAA 45 vE
@ semi-trace(2E A Axt o)) g FEEFXY AYHY AAZAE ¥ 3.6.12
ojt}. o] EAZAANA SFXFEE, AvEX ¥ UFHFEEY p-#F%S EF 0.2
ojgolnE, BA4&dW 7149 FEEXZ BT HIFL Uiz ot 2AF Y
A iEd 4 A9 89 dF48L 0.42~0.93mol .

(m

¥ 3.6.12 T semi-traceo] U3 FELX S JFAHEFT 2
Joint | 8348 (m) g5

o s K-SAA| P Aad EXss
0. -
A% | 02041 | >02 | 2., ; T
E’ 0.3 =
1 0.724 | 0.24 @'U]' 0.0246 >0.2 E 0.2
B 04 m
EH—}F%] ﬁ 0.0881 > 0.2 e 0.36 0.47 0.58 0.69 0.800.91 1.021.131.241.35
Spacing {m)
07 mms3-2
2A% | 0.2696 | >0.2 | £os aponenti
g 05 |—e—Loonormal |
g 0.4

o loes2| 031 | #7F | 01603 | >0.2 | g5 |2

X g1
fA T 0.2805 | > 0.2 0.0

010 030 050 070 090 1.10
Spacing {m)

o
a~

. SL3-3

—— Gamma
—e—Exponential
—e—Lognormal

=44 | 0.3019 | >0.2

e
I

3 10.986| 0.37 A=t | 0.1445 | >0.2

o

Relative Frequency (%
(=]
Ny

EH'{I\"@‘H' 0.1241 > 0.2 0.19 0.36 0.530.70 0.87 1.04 1.21 1.381.551.72
Spacing (m)
° . 0.6 . SL3-4
= ® 9 —a— Gamma
a ]T 0.3169 > 0.2 < 0.5 \ —a— Exponential
g 0.4 —e—Lognormai

g |14668) g4e | @R | 01222 | >0.2 | £

5 , e L\
P 0.0
THT%'H' 0-1542 > 0-2 0.38 0.57 0.750.93 1.11 1.29 1.47 1.65 1.83 2.01

Spacing (m)
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3.6.3 A gty ot q5HH 54
3.6.3.1 eAxn

(1) 2gd ¢E3=

Test block®] FAFFHE1.6%, FTFEL 6.4 %, H|FL 2.70|t}

# SL1, # SL2°] £¥X 38 Ed&9e FEW 4EAZUCHE wHE 8 €834
doz 7 AAE ¥ 3.6.130/th FUE s A A v AHHL @
ARk AFdo] vy zhagd FHol ok ¥ 3.6.13 £ 19 3.6.25914, #SL1, #
SL2A 4% Hd B¢ 4FE=E 47 41.2 2 35.7 MPa, ATFEEY P-3
o] ZF 0.204, 714 FEZ HFL ¥ 3.6.13b9 ICSE dF9 HIW ¢FA=
g F g ExE g, ot A9 B A Eo| ol ogtHo] #uE whix]
FE 23 & & A== S35 BEolt},

(2) 28| AdY

Z2gd AR EAF AEZ EALHY JRCE AT FENTY ¥ FA
< K-S Ag¥s F&33 o] 234U E 3.6.13a04 BFEEEA p =20.29
o} #SL1, #SL2 @30 £¥d ZFEWe JRC L 77 8.77 2 11.2424 1|
A Peg dho|d.

¥ 3.6.13a Schmidt Hammer R, & JRCY SEE¥ AR A

Schmidt Hammer's Rn JRC
Scanline No. # SL1 # SL2 # SL1 # SL2
S-H A+ 30 21 30 21

whaa 3 41.2 35.71 8.77 11.24

SD 12.32 11.56 2.56 3.99

S 2XEF At At At At
K-S AA g 0.2642 0.1679 0.0424 0.1409
P-& >0.2 >0.2 >0.2 >0.2
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¥ 3.6.13b Joint He] S-H yk<o] 25 JCS

#SL1 # SL2

No S-Hammer| JCS No S-Hammer| JCS No S-Hammer| JCS
Rn MPa ) Rn MPa ) Kn MPa

1 32/34/36 54 21 | 13/13/12 16 1 20/22/18 | 24
2 46/44/45 | 115 | 22 | 24/26/22 | 29 2 11/12/10 | 23
3 22/18/12 27 23 | 22/24/26 | 29 3 14/12/10 | 16
4 18/20/22 29 24 | 15/14/16 18 4 | 48/46/44 | 116
5 32/36/28 46 25 | 12/13/11 16 5 | 20/20/19 | 24
6 55/56/58 | 210 | 26 | 27/29/28 | 36 6 | 28/29/27 | 37
7 40/42/50 92 27 | 15/14/15 18 7 12/10/14 | 24
8 16/14/15 18 28 | 16/14/18 18 8 | 34/36/32 | 48
9 30/33/27 48 29 | 12/10/14 16 9 13/15/11 | 16
10 | 34/34/35 54 30 | 24/22/20 | 27 10 | 18/16/14 | 18
11 | 18/18/17 20 11 | 36/38/34 | 90
12 | 17/18/16 19 12 | 26/24/28 | 40
13 | 16/19/13 18 13 | 28/28/28 | 41
14 | 15/18/21 28 14 | 16/12/14 | 17
15 | 28/26/27 36 15 | 11/12/10 | 15
16 | 34/33/35 48 16 | 36/38/34 | 50
17 | 36/37/35 50 17 | 38/37/33 | 69
18 | 30/32/31 54 18 | 21/22/20 | 25
19 | 18/18/18 28 19 | 34/33/29 | 40
20 | 17/16/18 19 20 | 14/12/16 | 17
BF JCS 41.2 Bdg | 37.5

°° 08 Rn-J : %?E':E

o o
x o

o o
©w

Relative Frequency(%)

(54
=

o
kS

o
(X3

Relative Frgquency(%)

875
JCS

1225

157.5

192.5

o
o

o
o

I JRC
FRER

o
o

o
wn

[=)
E-N

o
(5

n

Relative Frequency(%)

o
pire

126

3.75 6.25

8.75
JRC

11.25

13.7%

Relative Frequency(%)

o
S

Fig. 3.6.25 S. Hammer ¥HgdA|49} JRCY ATEX AAZE T
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(4) GSI(Geological Strength Index) A&
Sonmez & Ulusay(1999)€ GSI®] FAHL 1™ 3.6.265 2] AUt U4H

ARt ¢4 Pold F7s Bl U BASW A%, gelu g3 dgo
2 BAEAY &4 REo] BusY Bold 5T AE o2 RHE T=A
$3(SR, Structural Rating)sh =) @e] Ad7\sh FHE, 2989 459 F

50 G} A& | h2 | Am | o | 7 | R
= g0 R 6 5 3 1 0
B o Ec | & | o | 2= | 95 | =4
P s Re | 6 5 3 |1 ]0
B ol s | & [ <5h [>5h]<6s[>5s
B ot N R | 6] 421270
8 ) H : Hard S : Soft
= 18 SCR = R + R+ R¢
or® ST ] HEPMEl SZ2(SCR)
0.1 1 10 100 10° 10* ;
Volumetric Joint Count (Jv, JH/m’) 1|8—V1’: |MG°‘1’: |10F a"; | :°°’4i ‘;’P l
/ Intact/ Massive — g A / / / / N/AT
S A4 SAKBO0 HO %[ A~ AVANARaT F
IOL} We 24202 2HE, A LA LA
AANANANAVAVAIINAY,
80} 77 7
Blocky : EQ1RI0| 1§ X v 717 /’
/| 2an, 2ea vz e 3 | gl , /’ /
1 ggoz xne 6oA 2. | . / / / / T
of [ A1L1 AvaVAY,
) 60
R AVAVAVANANANININAD
Very Blocky : 2ZECZ £ / / )
Mk 12400 404 0140l 2ot | B 50 A 1 TH /
80l U1 CHHAYS 2 241, = [ 7 f
S AL AL
£°111/ AN
Very/Disturbed : B2ILt & | & 7Y . ]
] S 42 oA 2 | D0 1 ]’% 7 /
R 45 2aiYUE 2H 2. A / / i
’ o AR AN A A
Disintegrated : 2LtJHLt S0} 7 117177
N S2 SXE2AS0| =&5M YT ‘ / 5
g8 gl RAX=E 21 / TV /
0

1% 3.6.26 GSI®] AU (Sonmez & Ulusay, 1999)
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AZ Jehlie

EHAE(SCR, Surface Condition Rating)
joint/m®) Folth. o] WHE HEdE Bl Test block o] ol &8l A,
S Jv 340 71 ofth =59 MappinglA z+ AT ¢ EX/DE/MNE
T A8E BAY 1m’F FIFE AEsoF s, 2 & o7} pp. 1279 A
Alg Jv =15.8470/m%0l 8, t}& A5} A Fstd gL 2
AA A5 (Volumetric Joint count, Jv) = 15.84 /N/m3(pp.127 =)
SCR(Surface Condition Rating) = 6(3X 3.6.15 Z&=x)
Surface Rating(SR) = 37(2¥ 3.6.279] %)
GSI = 31(2¥ 3.6.279 ¢&

=i
=

Ag =(v,

Volumetric Joint Count (Jv, Ji/m?)

¥ 3.6.15 Sonmez & Ulusay(1999)9] GSIE Ed£9H EHAH
i< 3 oF 2t Bl (¥
HEER i HE Ha 2t Hal Smooth S O(IEMHE)
6 5 3 1 0
25 o9t =3 T = 2 A
E3iT R, EAE 2t 28 g 8 1= 3 M AMEN
6 5 3 1 0
H2
FeiEt Rf S (Clean) | <5mmhard | >5mmhard | <5 mm soft | >5 mm soft
6 4 2 2 0
SCR= R+ R+ R =3+1+2=6
Structure T2 Z2 B EUv) Structure rating
Blocky/Disturbed 15.84 J/m? 37
I l[ 9 //, ; /N/A
A / v
80 N 4 ) 484 p v A
gabranim s
& V/B 70 , Avay.uv
C\f), // // // 4 4 / //
/
£ O T T T T T
5 \ SR=37 JARVARVAY /
-05 \ 40 yd Y. / y v u / A
3 @i =g AmAVEY.
5 _(B/D 30 // /1 \31} / / / 7
i )4 4 W /1
© X 20 ] 7 ol 710 // 7
—(D 4 N 10 / f % 7
Il - -y /] (/é?-/ / 71
0.1 1 10 100 10° 0* 171513 11 9 7 5 3 1

Surface Condition Rating(SCR)

2% 3.6.27 Sonmez & Ulusay(1999) #g9) SR &SCRZ GSI &34
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3.6.3.2 B¢ FAL
(1) Hegd &&= |

#SL1, #SL29 @R9 EAEE SFA=UCS)E FHESY EBAAY A=
FA3ATHE 3.6.16). £ 3.6.179) BALAN ZAFA FFEEY P-3ko] EF 0.2
ol 4, #SL1, #SL29 HId P ¢EFZ =+ 47 10.11 MPa ¥ 11.5 MPao|t}.

(2) dg4d AQ7

Hedn 43 v R, 288 AZVGROE Z20d AoX=E £33
th o] ZALARE K-S ATHLE HAAT FEEIE ATEXEAN P>0.20]E
2, 7 E S g Se SEE¥ BHZEE ¢ 5 Aok ®F AHE JRCY
71€ BAEH ARE ¥3.6.179 AAIFTE #SL1, #SL2 @3] £¥d WY
JRCE 4 B¢ 7.78 % 8.340|H, o|AY Had dHL RMR Bl B33
el HFETH

E 3.6.16 95 Hoint) 9 S-H whiso] &g JCS

Site Test No. 1| 21| 3] 4 6 | 7| 8|9 |¥HF
S. Hammer(Rn)| 5 | 10| 5 | 5 1011020 5 | 8.33
#SL1 JCS, MPa 5 | 14| 5 5 14 | 14 | 24 | 5 |10.11
4510 S. Hammer(Rn){ 56 |12 13| 56 |12 15|12 | 5 | — | 9.88
JCS, MPa 5 (16|17 56 |16 18 |10 | 5 | — |11.50
¥ 3.6.17 Schmidt Hammer R & JRC $EEX HAZAH
Schmidt Hammer's Rn JRC
Scanline No. #SL1 #SL2 #SL1 #SL2
S-H S3A= 10 10 9 8
whupa 7t 9.56 11.50 7.78 8.34
SD 6.79 5.87 3.93 2.72
GEEXSs A A ATt i
K-S AA# 0.1085 0.2324 0.1653 0.2989
P-gk >0.2 >0.2 >0.2 >0.2
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o
o

g
»

@
w

o

Relative Frequency(%)
N

4
L

Relative Frequency(%) .

124
e

o
2]

o
'

o
w

o
N

17.5

RC

1.5

Fig. 3.6.28 S-H Rn¢ JCS¢} Profile gage?] JRC &&

4.5 7.5

(3) RMR & &5

AEFH=E In situ UCSTZH, RMR 7123+ ¥ 3.6.18¢th L #goz 33

17.5

. #SL1-JCS . o 752708
- FREz| RgosH -
<>".. —-— FHp gZ
504
=
203 N
. /
~ Qo2
©
< 01
l JCS
225 125
0.7
=W #SL1JRC
—_ EEE #SL2-JRC
- FREE < 0sH
°\~;°'6 —-— EAER
905
3
o 04
o
w03
[++)
= 02
«©
& o1
105 135 15 45 75

X #AA 2%

7}3k RMRE #SL1<& 33, #SL2& 26019, & tf SF VEA &3 w3l
¥ 3.6.18a RMR 37} ¢l(#SL1 X%)
2R7E dRke] EAXE HA-
PLST - Is(MPa) >10 | 4~10 | 2~4 | 1~2 1<
R1 UCS - 0(MPa) >250 |100~250| 50~100 | 25~50 |5~25] 1~5 | <1
R1EE 15 12 7 4 2 | 1] 0
ro RQD(%) 90~100 | 75~90 | 50~75 | 25~50 <25
R2EH 20 17 13 8 3
Ra |_2cl® JZH(Js,cm) | >200 | 60~200 | 20~60 | 6~20 <6
R3 B H 20 15 10 8 5
o1 &2/ 01(m) <1 1~3 | 3~10 | 10~20 >20
% ] 6 4 2 1 0
=} 124 Z(mm) o & <01 |01~10]| 1~5 >5
3| H = 6 5 4 1 0
Ra | o HED| TERHEEREEERIER R N REE
= H 6 5 3 1 0
g TEFS SHmm) | 9= |210<5|A1>5|0%<5| HSEN2>5
EN E 6 4 2 2 0
B NI EE I I
H N 6 5 3 1 0
7 [ EEEm 3/—-/10m) 0 <10 | 10~25 | 25~125 > 125
rs | o §a| u( MPa) 0 <01 |0.1~02 | 02~05 >05
* ALEN 2x o RS | 28 SE(5
R5 HE 15 10 7 4 0
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¥ 3.6.18b #SL1, #SL3 2 #SL59 RMR %7} 23

ASRA®| Rl | R2 | R3 | R4 | R5 |33 |57 | 4W
#SL1 | 2 | 3 | 8 | 138 | 7 |3 | N | &%
#SL3 | 2 | 3 | 8 | 6 | 7 |2 | N | &%

(4) GSI

A<= §3.6.3.1(4)9 WY o2 Test blocke® FAI @R 71228, & SCR

Jv, SR 5& A&} ¥ 3.6.199 A= 37 3.6.2994 GSI= 22F 0|},

* 1% 3.6.298 A&7 9T 7|EAR AH
Rock Mass Rating(RMR) : 26(& 3.6.18a =)
A Az (Volumetric Joint count) : 38.6 71/m°
SCR(Surface Condition Rating) : 4(& 3.6.19 IX)
Surface Rating(SR): 22(2¥ 3.6.29 #=)
GSI = 22(1¥ 3.6.29 &)

¥ 3.6.19 FAFAAL" A A ATA Parameters

N o} ¢ A3 A& k7t AF | Smooth | BHGEHE)
A & R,
6 5 3 1 0
E S o ]. 3 5 -7 3 = ’E‘.‘
£8E R w4 | I T HE 1= 33 3 ZH
6 5 3 1 0
gl <5 mm >5mm | <5 mm >5 mm
TR R, Clean hard hard soft soft
6 4 2 2 0
SCR= R+ R,+ R, =3+1+0=4
Structure TZH A=) Structure rating
Blocky/Disturbed 38.6 7/0/m?® 22
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|| - TV ST AT
T 00 suy.aavavavars ()
N //') ;/ // // P / ‘
VA AANARAD AV AN
4 % / ,/ / / )
g—[V/B \ 70 yav.ar // 7
g so L AAALAL o L LN/
'g Vil // / 7 / / ]
o | vas / Z
T ® 50' , % z /
S \ 40 ,/ // / B /
g \ a / i / /}L 6/
E \ 7
& (8o (SR=22 30 ARV, H /
4 y, v }
= N 20 v 7 7
—CB v i 10 / 27 1/
> Nii yaRNARNARVRIIR INAY;
| 3 ] » , : /
0.1 1 10 100 10° 10* 17 15 13 11 9 7 5 3 1

Volumetric Joint Count (Jv, JH/m%)

Surface Condition Rating(SCR)

19 3.6.29 Sonmez & Ulusay(1999) ¥ ¢ SR &SCRZE GSI &4
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( Start )

(Por'ts Initializing : I0/Serial Port & 485 Port &4 i}J

@terrupt ARl &4 fﬂj

M

ﬁauge -7k Reading 2 H&o] Flag 7|3} Jn———

<

-
«

10 ms Timer Set ?

Gauge Reading 21 ?

Eroup # A2 Gage-3%k Reading ¥ < i%f;‘j —

[ Group # B¢ Gage-3t Reading 2 &4 32 ]

LGroup-%): Reading & g0l %7] fﬂjﬁ

Fig. 3.7.2a Digital board® flow chart
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[ Test Sample®] AR 4 =& ‘F-ﬁrj
B sﬂ;;tg% ra |
(Data-3kel A8 u{@nq e 2715
[ A¥#19 Reading® %I%H MASK =0 x 012 Set |
( Group B &% %—-%Loﬂ Data REQE £9 |

No _—

imer< 70ms ?

v [ Data Input Port &4 §1-J

( END) |

[Data Readingj
|
{Clock Port 8443 ¢ Reading]

ol A Clock¥ @A 3#) €] ?

(A9 Clock 3e1& A7)

h#1~#8Data ¥]3 R T8 9 Yes

(Data A% Index® 42 ¥

(Data A28 I1 Bit 95417 |
[Data7} ‘H'old A% Datalgl I BitE 'HEZAA ]
[ & Data 98 & 913} Cock Com= ®e 137
B+ Channel ZA}ME ¢ 1451'1 MASKE 1Bit ShitAlq) |—

Fig. 3.7.2b Digital dial gage read & store
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3.72 €4 239 &
3.7.2.1 Data +3/F& ¢1IYF
A7|A MLg &8 T2 ¢ugEFe A b FELE FEEH
O 48 Fnje} T8 HolEHE 35 B
@ 7HEEHA F& AA HOlEHE FE239 €8 7H53 HolHE HEstE g
@ HZE Ao da g &3S L ANedE & 4% £ ARVE
@ "H2E 89733 2UEHY 2 ¢FV T
® A dHolH9 &47l%
a doly 3 ¢augF
@ d©lolg BA(EAHR4] : SERIAL RS-232C)
- Holg FJ(EAHY : olgdRa 4% E YAg 4139 H4itstdol )
@ /T2 IARL YA HHEADE HAdEol AA AFgd
s HolH F& €1dF
@ obg2 dHolH(YA AZE dAHlH F 7 bith obgR HolH F&)
# 1 Adg opdZ 1 dlolg : 7 bit(ePd 2 HIoJE & #1 ~ #16 ZF X3

Ex.) : ®Al GIOIEt

(&0457? P.OOOSﬂ,.OOlSj&OOOZ?O.HOOZ4J ..... %.IOOZJ‘:

(1) (m=2) (x<=3) (M=4)  (RH=5) (X< 16)

2 3

(%% Data)
| Chanel 01 : 0.04576 |
[ Chanel 02 : 0.00034 |
| Chanel 03 : 1.00156 |
| Chanel 04 : 0.00025 |
| Chanel 05 : 0.10024 |

| Chanel 16 : 2.10024 |

Fig. 3.7.5 Analog data & ¢18%&
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@ YA g dHolH
- AAl AFE A HlE F 10 bitd HAE HlolH F&
% 1 Adg dAE dHolB(TAE HolHE AL Ad RaT TF)
AEHERA 2 bit
YAg g 7 bit

252 T 1 bit

Ex.) Al GIOIE
0140013206051127901606102009561000013046
L L | | T L | LT LT L

|
43 #5 Ad #6 Ad #10
A4 A2 $
#

Displaying

: 4001320x 10° = 4.001320

Ch# 05 : 1.127901
Ch# 06 : 1.020095
Ch# 10 : 0.001304

Fig. 3.7.6 Digital data & ¥¢18&

3.7.22 €4ZX209 4R LudgdE

O ANg JE AF A AMHE AR AEE 48 dFsdn
Ex) : A& AF - Do(mm), FA - Wt(g), ¥°| - Lo(mm) &

@ A& JEE HAstY ASCH #4942 AFgct
Ex.) : Do = 30 mm, Wt = 2.8 g, Lo = 120 mm

Q@ AMFR : AMgste AA JRE HA3] Databased] A3t
Ex) : AAXY, A&, 148%F, 253 AF

@ EBlolE AR HAAXNGAEF, AL, AgH, 238F7] )

® ¥+ FE H4A

- AR Bo W
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EX): olgd2a € gAd Ad3g
Analog sensor : Al-Load, A2-Strain, A3-Pressure, ----
Digital dial gage : D1-DL , D3-SL, D3-VH, ----
ANEARZHE  FAWL, AFDo), F4ol(Lo) = HFH(Ho), ¥9 F At
W9 0 Dx, Ay, SigMa, Mu, o, ----
- ALY A AHEA Y MEd AL
- &9, AL 48 - Dx
A4 1 0.55(D1+ DO
AR 1 0.5x (HAEIY Adg + gxded Ad)
® 44 W8 A%
- 7k 4342 ASCHI U= A%
- #Y4d : ‘A|E9F’. inf
EX.) : sandstone -11 - 23. inf
3.7.2.3 H£E Iy ¢ugkF
@ deolg 2UHF
- 4¥83%& &20F7Ivlt}t CHARTZ %34
EX) :

) | |
0 W A0 W 40 0 60 A0 &0 a0 im0 100 100 130

Fig. 3.7.7 ¢4 9 1% ¢F AP data displaying 4
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- CHARTS9| Plot®82 AM&2 AFold W AL
EX.) : CHART Name : 'sandstone - 11 - 23’
Plot 1:Time(27AF7])
Plot 2:Load(c}gZ1
Plot 3:DI(HAE 1¥ Adzh)
Plot 4:D2(HAE 29¥ Adzh)
Plot 5:Dx(3<% Dx9l A4tgh)
¥ g4 EX.) Dx = 0.5%+(D1+D2)
- 43k SHEET 7| &

11 Adgh

EX) :
Time Load D1 D2 Dx
0 49.3 65 0 32.50
0.5 46.6 33 0.78 16.890
1.11 82.7 33 1.69 17.345
1.21 88.9 65 1.84 33.42
1.31 94.2 130 2 66.0
- A8 A9 CHART 4] %4
0 [CHART #1] 5 [CHART #2]
wl L Y :- al
04 . -10
H 6 . B - g—-ls.
] 2 )
-08 | = B
- i i 1R i i
2 e 8 0 -500 500 N2 1000 1500 200
0 [CHART #3} [CHART 44]
‘ l 0004 — g e ;
2
| | £
04 ; S m_‘ B
-] 3
N (i
-8 i 0
- i | n -2000 i
2 8 10 -500
Load

Fig.3.7.8 ¥488 59 I¥f=T ¥4

— 148 -



CHART 1 : X & Time, Y ¥ Load

CHART 2 : X & Time, Y1 ¥ D1, Y2% D2

CHART 3: X & Load, Y

% Dx

CHART 4 : X % Time, Y1% Load, Y2 % D1, Y3 % D2 Y4 & Dx

- ALARM 7|%

B e W 1o gete, DA H(Interval) W3tgko]l AMEAE HAE #
< 2331 HAES SACIAY &4 WA, Data®] A " E7])

Ex.) : ALARM EYH g : o}d=21 1¥H A4

[>

AF7] 1z

(E

Interval : 4

A #F 0 30(FY kef)

Time Load D1

0 49.3 65

1 46.6 33

Alarm ! 2 82.7 33
3 88.9 65
4 94.2 130
5 108.0 109

Alarm 1! 6 149.1 90
7 92.5 140

- H£E ZIRE 7%

GHAIZE: 4
(Interval)

HAE AlF @ 278F7]0tt) dolg 2UHP 2 A%
H2AE 37 : B2E 19 3 IAFFL dole 27, 2Ugd, A%
& 2% 94 AR
HAE BF : AR Y99 H2E g5 7%, WE AEA7AY A"
HXE dog A%
- H£E dojg HF : A8 I3 FA HolgE fdz A%

wdg : ‘A]E9’ csv, EX. :‘sandstone-11-23’.csv
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3.7.2.4 Hlo|8 8§ ¢3HF
@ d"lolg #Y F7)(EX. 4= : App.Path & "\DATA", sandstone-11-23".csv
@ A3 Y EUIEXAIERE #Y :‘sandstone-11-23".inf
ZAEAR HY : ‘sandstone-11-23’.gst)

® Ad FRWE 3d THEX H2EH, H2ELR, 20 ol8 A, 2AF7]
@ 27 dlo]8 CHARTZ Xd&
® 27|l SHEETY &£A2 ®d

- AR Fdd 7199 AF WL FL(EX. CHART Plot, Plot Color, X, Y& A3%)
® dHol" 4 7%

- CHART Zoom IN/OUT 71%&

- Tzt dHolH M (EX. AR A9 AlzE W] g 71&7] 4

FHNA)

0 05 1 1% 2 25 3 38 4 45 5 8 6 6 7T, 15 @ 85 9 95
21000_ |l ] T | r | T ] T ] T | T | T ] T ] L] l T | T l T | T T | v ] T ] T ] 1 ‘Jmm
20000~ 2\X2, ¥2 ~ 20000
19000 - 18000
- [Pl =Py yi=ax+h Pi(x1, y1 - 16000

- P,-Py : =asx+b -
— 2 2 - Yz=az 2 1m0
16000 - 16000
15000 - 15000
14000+ P, (xs Vo) - 14600
1a00C 2\X2, Y2 13000
12000 - 12000

Hoo0- - 11000g
g o
10000+ - 10000
8000+ - 9000
8000 - 8000
7000 - 7000
Pi(x2, y2) -
6000 - 6000
So00 - - 5000
400 - 400
3000 - 3000
M0+ - 200
1000} - 1000
0 1 | L1 1 ] I I ] 1 | PR IO IO NI ST I | ' _]0
| 5 2 & ¥ 3 45 5 55 6 B85 7 15 8 85 8 8%
PR

Fig. 3.7.9 A1g £&5 ¥ A8 ¥4 P/G &+&

- 150 —



- HlolE £F7] MAEX : Y& HEE Holg 2AF7] : 1233)
20F7] 3237 WA F ©olH tAl A5

d :
Time(sec)| Load D1
0 49.3 65
1 46.6 33
2 82.7 33
3 88.9 65
4 94.2 130
5 108.0 109
6 149.1 90
7 92.5 140
Time(sec)| Load D1
0 49.3 65
3 88.9 65
6 149.1 90

160
140 AN
m ~_/ \/
© [ X
NS
%
A
4 Z
N’
]
0 .
] 1 2 3 4 5 6 7
180
140
120 |- -
100
80 e
80 / .......
—
0 ]
|
0

0 3 6

Fig. 3.7.10 A3d A=E 4Nz F712 AR E 7%

® €9 7%

- Export : MS-EXCEL

- Image Capture

37.25 ¥4 239 =T

(D Development Platform and Language

-~ Windows XP Professional

— Microsoft Visual Basic 6.0 Enterprise

® Database

-~ Microsoft ACCESS for Windows
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- A&

- SENSOR AR A%

- 7)€} Tool : National Instrument Measurement Studio for Visual Basic 6.0

- CHART 218)7]

- A9 ON/OFF &%

- Solution

® VBA(Visual Basic for Applications)

- A&

- FALA AL
Ex.) : PIO:¥95& 3.14159265358979
Log(number,base) : AR Lol A =21 7317

3.7.3 Data®] & 5(Data Acquisition)

3.7.3.1 71& 74
W Lapto
No.1 Analog Input |+ ptop
for Ch. #1~#8 |—
(ADAM 4018M He) | RS232
( ~
) 4
f RS485 Converter RS 48.'5- Digital Board
No.2 Analog Input RS 232 to RS 422/485 —{Ch01~16 Input
for Ch.#9~ #16 [~ (ADAM 4018M THE) |
) .
(ADAM 4018M A=) 3

Fig. 3.7.11 Data logger €%9AA M_x

3.7.3.2 Analog Data®] &5 (Data Acquisition)

s 1712 84149 old2 1 A3 E UxY o= Wit

« 16709] bz A5 E YAY groz wasHW 2709 ADAM 4018Mo] B&
« AU #1~#8L ADAM 4018M 1M Ad# 9~#1 6L ADAM 4018M 174
F20) A&
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- @&o] : # AANKCR> <CR>

No. : | Command start charactor
AA : | ADAM Module device number '01'~'FF"
N : | Analog Channel in ADAM 4018M 0 ~'7!

<CR> :| Carriage Return (ASCII Code - 0x0D)
<CR> : | Carriage Return (ASCII Code - 0x0OD)

- glolH #HF 57 : VVVVVVVLCR>

> Response Start Character

VVVVVVV . Channel Value e.g. +00.000

<CR> : Carriage Return (ASCII Code - 0x0D)

- 58
Host - ADAM4520 — ] ADAM 4018M
= 3 59 Y=
25 4% RS2327 3] RS4852 A3 =g A
g WA
ADAM 4018M - ADAM4520 - Host
RS48541 3 & i
W3 = 2 34 } . Ll o] A
#d @& RS485E B RS232415 2 g g4 #ol ¥

- dh}e] WHo|Z 1719 ADAM 4018M R g thdt 1749 g9 dHoleE HE
g ¢ Qlth &, 27 o9 AA #g A5 2719 PRHAE AHSEofF gt

- "ok 1670 b2 AEY e ASIEE 16719 BHAE BT A of gt

# 010<CR>KCR> [resp.] #011<CR><CR> I[resp.] # 012<CR><CR> [resp.]
# 013<CR><CR> [resp.] #014<CR><CR> [resp.] # 015<CR><XCR> [resp.]
# 016<CR>KCR> [resp.] #017<CR><CR> [resp.] # 020<CR><KCR> [resp.]
# 021<CR><CR> ([resp.] #022<CR><CR> [resp.] # 023<CR><CR> [resp.]
# 024<CR><CR> [resp.] # 025<CR><CR> [resp.] # 026<CR><CR> [resp.]
# 027<CR><CR> [resp.]
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3.7.3.3 ADAM-4018M¢] A%

« RE Aol Z2I3 e dYNHNAE 5HL= s 16Bit-8A4E ohd
23 99 dolg 4#7lon.

o Aol Jx AHL37] 4197, thermocouple, mV, V, mA T2 OFg o}
921 908 FAYG FHAE T A 22 ZEC] 3747 Ak

o Ad & A ZUHE AZEANHE A ofF AR £FHoH

@ Analog Input
- Effective Resolution : 16 Bit(3|1 4 =2 B9 0 ~ 65,535)
- Channels : Six Differential Input, Two Single-Ended

Input type : Thermocouple, mV, V, mA
Input range : £15mV, £50mV, £ 100mv, £ 500V, £1V, £2.5V, £20 mA

T/C type and temperature range

T/IC Type J K T E R S B
%, °C | 0~760 | 0~1370 | -100~400 | 0~100 |500~1750(500~1750 | 500~1800

Isolation voltage : DC 3,000 V

Sample rate : 10 samples/sec(total)

Input Impedance : 1.8 M@
Band width @ 15.72 Hz @ 60 Hz

Accuracy - £ 0.1 % for voltage input
Zero drift : £ 3WV/C

Span drift : £ 25 ppm/T

CMR @ 50/60 Hz : 92 dB min

® Storage
Capacity(128 KB Flash memory) : 38,000 sample(total)

Storage mode : write to end of memory & cyclic

- Logging mode : Internal log or event log(high/low)

Sampling interval : 2 sec ~ 18 hour
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@ Built-in Watchdog Timer
@ Power
- Power requirements : Unregulated + 10 ~ + 30 Vdc

- Power consumption : 1.8 W

3.7.4 Digital Data®] 85 (Digital Data Acquisition)

3.7.4.1 71814

o AFE-ZFQ1 AA S Elo]W E(timing chart)o]l @50 THHEE HA .

e ofgd2a AARL &P BEY P Ade doly @& HS5L ZZ9 gy
Pash), AW Aade shte BRolz 1649 dolHg 2F A5uo,

o dolEle] WM& HHA= stolA T, AR A E 167] HlolEirt BT A$H.

- @Yo} . @ix<CR>

@ : Command Start Character
ix - Digital Module All Channel Data Request Command
<CR> : Carriage Return (ASCI Code - 0x0D)

- Holg HE3 : @CCVVVVVVVPLKCR>@CCVVVVVVVPLCR>-

@ : Response Start Character
CC : Channel Number '01' ~ '16'
VVVVVVV : Channel Value e.g. +00.000
P : | Decimal Point e.g. 110" 2-107?
<CR> : Carriage Return (ASCII Code - 0x0D)
- 35
Host — ADAMA4520 — Digital Board
Wero) W RS232% # 0] & RS485% OAg 2= HA AHEE
H 3} H 3l
Digital Board - ADAM4520 — Host
A9 Ao Wag N5 E _
HAE A RS4854 25 wed gol A4
@ol n==2 919 RS232415 2 WH3E
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3.8.6 44 WHE 47 FH|
3.8.6.1 Boltet E%F ¢4yt Ato]o] AZA HE3} JsHA
EZF gt Fole AR x AFEZES AHIGT Aoz dAEHAH. o
ARNA ARt FA FEATd (AFHE EAL JFTHLE ZABHA 7|E4A
Ao dgor T3 (R E vudtd HFH HAXNE AATT 1xAZ AR
A AAsE ZEABPLSTS F3PoH, 2xdxd d% 15 45 AN, 2343
AgE& AAR old Bad AAWEE Rock bolts ThE¥ &2 WHOE AF
Art.
-8 A -3 24T E A4 A 537 tlEda wGFAL
- & Al : ¢ 2006. 05. 05, Crawler drill2 Hole D76-L4m % 167 &
QMC-Mitk ¥ 2 34(2005. 12 9o A BZA o HFHA
£ 938 Cubic moldZ 1& 4= ZxE AEE)

EF 4k @) FAT Test blockd 15 EFZAEAFUCSD, AFAG A=
A F(DSST) 2 FRAs} AF(PBT) T £8 AT 80tfoldolnt. o] 35
£ H3% Rock bolt¥ AZE&Cement-milkE &2 A|WE(Quick Hardening
Cement, QMC)E HEHPTE o)A 10% oo AFHEZ HI5F Qgoz HF
Holeol FY&= ol A3to] AEu=2, AdA 03%E T3 19 2 7¢
FB AE=E ANEAH

Ag A= Fig. 3.8.16 ¥ & 3.8.2¢%H, QHC-Mortarel AGAE HAA 344
& 20 A2 AAAE, 19 FA8 AE7} Portland cement®] 289 Zxold e
2 W3 F 2=, Rock bolt 2% Bulb 48 FAA=QHC+ JAA03% EF
ko] A|Z=E7]1E ot

# 3.8.2 QHC-Mortar Cubic 3A1A9 4&4= XY

FA7IHL) | dAAF ASFE (A MFE
1 4.17 28.31 0.98
7 4.70 36.61 1.12
28 7.31 58.80 1.01
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35

! T I T I I

[ Rock bolt DHX M&F 8 |
30 || QHC +XI91RI(WIC = 18 %)

120 2&+M 25 UCST

P, tf |o.,, MPa|E, GPa

7.78 31.2 0.93

6,74 27.0 0.93

7.23 289 1.21

g 25 L N]o.
=
_ 2
o 20 |3
w
wm
£
n 15 L
o
e
s
E 10 +
D

5L

0

00 O

06

Deformation (AL, mm)

0.7

Fig. 3.8.16 QHC mortar + XA A ¢ Lab. UCST 9

X 3.8.3a UCST of QHC cubic con'c specimen for 1Day-cured

Sample A gdAs AR o}3] A}
No. |[L,, mm Lt, mm|or,MPa|ALmm! Ae, % |E,GPa| L, mm | &,% |oc MPa
1.1 0.58 | 0.80 |20.60, 0.22 | 0.44 | 468 | 0.90 | 0.64 | 25.3
1.2 0.57 | 0.79 125,59 | 0.22 | 044 | 582 | 0.96 | 0.78 | 31.3
1.3 0.49 | 0.73 126.00| 0.24 | 048 | 542 | 0.94 | 0.90 | 32.2
2.1 0.25 | 0.47 [ 14.28| 0.22 | 0.44 | 3.24 | 0.81 1.12 | 37.6
2.2 0.33 | 0.57 |23.15| 0.24 | 0.48 | 4.82 | 0.73 | 0.80 | 37.7
2.3 0.43 | 0.67 |22.74| 0.24 | 048 | 4.74 | 0.84 | 0.82 | 27.3
3.1 0.56 | 0.72 119.88| 0.16 | 0.32 | 6.21 | 0.89 | 0.66 | 314
3.2 0.33 | 0.58 [23.45) 0.25 | 050 | 469 | 0.81 | 0.96 | 274
3.3 0.33 | 0.54 [20.80| 0.21 | 0.42 | 495 | 0.76 | 0.86 | 29.5
4.1 0.32 | 0.58 |19.07| 0.26 | 0.52 | 3.67 | 0.80 | 096 | 25.2
4.2 0.28 | 0.51 120.19| 0.23 | 0.46 | 4.39 | 067 | 0.78 | 26.5
4.3 0.24 | 049 2294 | 025 | 0.50 | 459 | 0.70 | 0.92 | 26.6
5.1 0.32 | 0.54 |15.09| 0.22 | 044 | 3.43 | 0.72 | 0.80 | 24.9
5.2 0.30 | 0.56 {18.05| 0.26 | 0.52 | 3.47 | 0.79 | 0.98 | 23.8
5.3 0.49 | 0.69 |18.15 0.20 | 040 | 454 | 091 | 0.84 | 25.1
13.1 | 0.00 | 0.36 | 17.74| 0.36 | 0.72 | 2.46 | 054 | 1.08 | 26.1
13.2 1 0.28 | 0.68 | 19.17] 0.40 | 0.80 | 2.40 | 0.99 | 1.42 | 28.2
13.3 | 0.02 | 0.45 |13.36| 0.43 | 0.86 | 1.55 | 1.17 | 2.30 | 23.5
Ave.| 4.17 0.98 | 28.31
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& 3.8.3b UCST of QHC cubic con'c specimen cured during 7 days

Sample Ad g4 A= Failure
No. |L,,mm Ly, mm|or,MPal|AL,mm| Ae,% | E,GPa | L, mm | ¢, % |o., MPa
6.1 055 | 0.79 [ 25,80 0.24 | 0.48 | 537 | 0.92 | 0.74 | 354
6.2 0.27 | 0.42 2875 0.15 | 0.30 | 958 | 0.52 | 0.50 | 36.5
6.3 0.04 | 0.28 |25.70 | 0.24 | 0.48 | 5.35 | 0.56 | 1.04 | 34.1
7.1 0.28 | 0.64 [ 21.82| 0.26 | 0.52 | 4.20 | 0.77 | 0.98 | 35.7
7.2 0.33 | 0.57 |23.76 | 0.24 | 048 | 4.95 | 0.85 | 1.04 | 37.0
7.3 0.23 | 0.55 [26.10| 0.32 | 0.64 | 4.08 | 0.82 | 1.18 | 35.0
8.1 0.27 | 0.47 |18.76 | 0.20 | 0.40 | 4.69 | 0.55 | 0.56 | 37.0
8.2 0.22 | 0.47 [20.09| 0.25 | 0.50 | 4.02 | 0.71 | 0.98 | 35.2
8.3 0.20 | 0.52 2478 0.32 | 0.64 | 3.87 | 0.79 | 1.18 35.8
9.1 0.21 | 0.44 [23.76| 0.23 | 0.46 | 5.16 | 0.64 | 0.86 | 36.6
9.2 0.21 | 0.43 | 23.26| 0.22 | 0.44 | 528 | 0.66 | 0.90 | 37.0
9.3 0.11 | 047 | 28.14| 0.36 | 0.72 | 3.91 | 0.80 | 1.38 | 40.7
10.1 | 0.21 | 042 2253 0.21 | 0.42 | 5.37 | 0.68 | 0.94 | 35.7
10.2 | 0.20 | 0.40 | 20.80| 0.20 | 0.40 | 5.20 | 0.67 | 0.94 | 374
10.3 1 0.10 | 0.48 29.26! 0.38 | 0.76 | 3.85 | 0.80 | 1.40 40.7
11.1 | 0.03 | 0.60 | 28.96| 0.57 | 1.14 | 2.54 | 0.83 | 1.60 | 34.3
11.2 1 0.10 | 0.67 [ 29.37| 0.57 | 1.14 | 258 | 0.77 | 1.34 | 314
11.3 | 0.06 | 0.65 [ 29.57 | 0.59 | 1.18 | 2.51 | 0.87 | 1.62 | 34.6
12.1 | 0.05 | 0.59 [28.65| 0.54 | 1.08 | 2.656 | 0.78 | 1.46 | 34.4
12.2 1 0.21 | 0.71 | 28.14 | 0.50 | 1.00 | 2.81 | 0.93 | 1.44 | 34.8
12.3 | 0.00 | 0.54 [29.57| 0.54 | 1.08 | 2.74 | 0.71 | 1.42 | 34.8
14.2 | 0.10 | 044 24.78| 0.34 | 0.68 | 3.64 | 0.88 | 1.56 | 38.5
14.3 | 0.00 | 0.17 | 21.92| 0.17 | 0.34 | 6.45 | 047 | 0.94 | 37.6
15.1 | 0.12 | 0.32 | 21.21! 0.20 | 0.40 | 5.30 | 0.75 | 1.26 | 40.1
153 | 0.15 | 0.29 |22.53| 0.14 | 0.28 , 8.05 | 0.81 1.32 | 424
17.1 | 0.03 | 0.18 | 23.86| 0.15 | 0.30 | 7.95 | 0.32 | 0.58 | 39.1
Ave. | 4.70 1.12 | 36.61
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Continued from ¥ 3.8.3b

Sample AA gAdAF A8 Failure
No. |L,, mm|Ly, mm|or,MPa|AL,mm| Ae, % | E,GPa | L, mm | €, % |o., MPa
9.1 0.21 | 0.44 | 23.76| 0.23 | 0.46 | 5.16 | 0.64 | 0.86 | 36.6
9.2 0.21 | 0.43 |23.25 0.22 | 0.44 | 5.28 | 0.66 | 0.90 | 37.0
9.3 0.11 | 0.47 |28.14 | 0.36 | 0.72 | 3.91 | 0.80 | 1.38 | 40.7
10.1 |1 0.21 | 0.42 [ 2253 | 0.21 | 0.42 | 537 | 0.68 | 0.94 | 35.7
10.2 1 0.20 | 0.40 | 20.80| 0.20 | 0.40 | 5.20 | 0.67 | 0.94 | 374
10.3 | 0.10 | 0.48 [ 29.26| 0.38 | 0.76 | 3.85 | 0.80 | 1.40 | 40.7
11.1 | 0.03 | 0.60 | 28.96| 0.57 | 1.14 | 254 | 0.83 | 1.60 | 34.3
11.2 1 0.10 | 0.67 | 29.37| 0.57 | 1.14 | 258 | 0.77 | 1.34 | 31.4
11.3 1 0.06 | 0.65 {29.57| 059 | 1.18 | 2.51 | 0.87 | 1.62 | 34.6
121 | 0.05 | 0.59 | 28.65| 0.54 | 1.08 | 265 | 0.78 | 1.46 H 34.4
122 1 0.21 | 0.71 [ 28.14| 0.50 | 1.00 | 2.81 | 0.93 | 1.44 | 34.8
12.3 | 0.00 | 0.54 | 2957 | 0.54 | 1.08 | 2.74 | 0.71 | 1.42 | 34.8
14.2 1 0.10 | 0.44 | 24.78| 0.34 | 0.68 | 3.64 | 0.88 | 1.56 | 38.5
14.3 1 0.00 | 0.17 | 21.92| 0.17 | 0.34 | 6.45 | 0.47 | 0.94 | 37.6
15.1 | 0.12 | 0.32 | 21.21 | 0.20 | 0.40 | 5.30 | 0.75 | 1.26 | 40.1
15.3 1 0.15 | 0.29 | 2253| 0.14 | 0.28 | 805 | 0.81 | 1.32 | 424
17.1 1 0.03 | 0.18 | 23.86| 0.15 | 0.30 | 7.95 | 0.32 | 0.58 | 39.1
17.2 | 0.09 | 0.41 [40.89| 0.32 | 0.64 | 6.39 | 0.62 | 1.06 | 60.8
17.3 1 0.21 | 0.38 | 34.16| 0.17 | 0.34 [10.05] 0.55 | 0.68 | 47.0
18.1 | 0.06 | 0.45 [42.42| 0.39 | 0.78 | 544 | 0.55 | 0.98 | 51.6
18.2 1 0.03 ] 0.34 |36.91] 0.31 | 0.62 | 5.95 | 0.73 | 1.40 | 61.7
18.3 | 0.03 | 0.20 | 32.53| 0.17 | 0.34 | 9.57 | 0.51 | 0.96 | 67.0
19.1 1 0.18 [ 0.39 |31.81| 0.21 | 042 | 7.57 | 0.72 | 1.08 | 59.7
19.2 1 0.10 | 0.37 |42.42| 0.27 | 054 | 7.86 | 0.54 | 0.88 | 63.4
19.3 1 0.03 | 0.30 |40.99| 0.27 | 0.54 | 7.59 | 0.43 | 0.80 | 54.6
20.1 | 0.13 | 0.53 [50.27| 0.40 | 0.80 | 6.28 | 0.65 | 1.04 | 60.7
20.2 | 0.18 | 0.44 [36.91]| 0.26 | 0.62 | 7.10 | 0.81 | 1.26 | 59.5
20.3 | 0.02 | 0.33 [40.89| 0.31 | 0.62 | 6.60 | 0.53 | 1.02 | 60.8
Ave. 3.81 | Ave. | 1.26 | 36.15
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3.8.6.2 Rock bolte] & AFH A1 A
EF it dFoA, HEAs AQPBD), 1% 45 4= AFUCST) e JF
A AFDSST) 59 AdE AdAE FAdd TAA FHJAE 9go] dasirt.
A7 AEH AAAT AFALAL @7e) ARr1% @A)e) UCSTS PBTE
A% Rock boltE Th&# o] AlF3t.
© HAEFF4Y : Crawler drill(@d), D76XL4000, ¥ 87l/Test block
A Fo A7t B2 Fol Q914 Rock boltd] Aol L& o] o4
HA. 28y, Byl 84S & Fo €037 sty 22 IPF.
@ Rock bolt : D25XL5000, 167} &H]
@ 23aF4y
Aeg QHC mortare]l 34 Poly-carbon acid 1 %% 4314 Rod 9% B|d
& #9311 Hole ¢t 2 Af4st Aoz FUs%t. 4714, Bored hole W%
o AP A7 Cement-milkd] H]F o2 BAHE A4S U3
T, FAB7IE] AFET dojd A FopA FArhd dBAAFAIAL #
AR @oste FAIYAE 3 Uz AV ATHIA7IE 39 ).
@ TE Age] BdaA
of @A T ZFE AES HHsA
e IAER FW A NAFEH XA
« B|37|E B ¢ @] Test Block 34
* Rock Bolt& Bored hole H&
* Rock Bolt &
e Test block®] 1% ¢35 Ald &4
- B8 ¢ F4](H-Beam, 300X300%x15-1.2000)
- Level 2% % Screw jack 27§
- A 4H(500x500%51, Duralumin Almec 89)
- Reference beam ass.
- A& (Hyd. jack, Load cell, Magnetic base, Digital dial gage %)
- Data Logger and Laptop
- &A7]

- AR EE 7}o] winch/trolly system
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- F7F(Hammer drill, &3], 3 F)
- ofe] g He 2 HEA
o« A= AFHEANY
o B4 2 AP s A
- EQAl 271X HA
Rack con'c7} EFE®E FHo|m2 wjd 929 =3
AsHe 188 AF (676 XL500 o1, 2704)
Bugd REg vl
- TBM 44 == 84
e Bt E AN FolA NFFTE AUAEE AE AH B wiE
« & A3t Al
Load frame #| £ 3 o9 Alg 717 UCSTS 8ot
- 9373 Test blocks L@A7A AASE 7]1FMHammer drill, 2742, &,
A, FX Screw driver 2 &4 )
- g8 A8 BA, T, & & 2~30)
- H-Beam(Main frame) W& 7]

- Reference beam ass. A4 X
AstE FAE F% FR AX 2 AA
* Rock bolt 1% Ag &R E¥ Al
- Main load frame #}A] 2 H3
- Rock bolte] A&
- ot Ng7IF A" (Y 2], X4, Center holed jack, Load cell, Dial
gage & M. base, Rock bolt o] ¥&5+= D. gage Jd T)

Test block = Main frame ¥H] — USCT — SfAH BE EL A5 AF

— A AF8 EMHZAHAWAE, XRD, XRF, SEM, @773 A3 F ) — Al@HAL

¢] A8l — PBT — Load frame 3|4 @ 24 — Rock bolt I A o #
Ao Be AL Awlshd Fig. 3.8.183 Zoh
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2005. 11. 30~12.050°], ¥4t~ &4 7+ n&E2 ALFAL A 537 FAL
A FZ 9} Al AT AF(HLAR 27 No. 5)9 Rock bolt A& F<9 A A Al
¥ ZAFE Fig. 3.8.19, & AgH3] dsixz 22 ez Ags AxE A
ZstH # 3.8.5°)th AR 3~4 cycle® A ¥3ton, @AE Rock bolte] QI
A wygFS FYstd ¥ 3.8.6% #rh

o] Ao A, @l FAH Test block &d 350x350 R 28 AZF ug
80 tf ol e B3 YalME g Zo] AFs ol o}

¥3.8.4 8% AF d&A¥HE Rock bolt A5 F F4

AFI17V |~ g Sinker drill Crawler drill
) 22} y ZF R}
NgEE~_aFen| D BET ) ae | D ORET ] s
dFA=U= 40 52 220 15 76 400 4
A-HAG 30 52 220 8 76 400
o 34 3} 100 52 220 28 76 400 10

18 | .
P =109
4 ./.—--#
16 — /./ -
./.M.
. 14 /./ _
;.. 12 o/.~ _
o
- .44—,/
8 10 + _
C
s
g °r s ]
(1
% -
o
3 _
W Ao BF |8
> -2 2522 A [T A
// H537 wean || >
- 1 { |
1 2 3 4

Displacement (y, mm)

Fig. 3.8.19 Rock bolt 212 A& A)gdZA ()
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Resistance ( P, tf )

Resitance (P, tf)

25

Displacement (y, mm )
Fig.3.8.20a R. Bolt®] &A% A FA T (FAL)

Displacement (y, mm)

Fig. 3.8.20b R. Bolte] ALA Y A|g 2 (A
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X 3.8.5a Rock bolt &A ¢ AFAMFAL &)

Bolt &% g3 5 = g
No. | D,mm | L,cm |AL, mm| Pytf |op, MPa|AL, mm| Py, tf |on, MPa
1 52 200 1.14 8 0.25 4.58 15 0.47
2 52 200 1.11 6 0.25 4.80 11 0.34
3 52 200 1.33 5 0.21 4.80 21 0.66
4 52 200 1.30 5 0.21 8.11 6 0.19
5 52 300 1.49 10 0.31 9.81 17 0.35
6 52 300 1.58 8 0.25 5.22 12 0.25
7 52 300 2.08 11 0.35 2.65 12 0.25
B | 1.43 | 757 | 026 | 571 | 13.43 | 0.36
Bored hole WHol vlud Azxd
& 3.8.5b Rock bolt QLAY AFAFAIHATAH)
Bolt &A% 3 B = 3
No. | D,mm | L,cm |AL, mm| Py, tf |o,, MPa AL, mm| Py, tf |on, MPa
1 76 350 1.65 20.0 0.23 3.30 22.0 0.27
2 76 350 1.19 18.0 0.22 3.15 22.5 0.27
3 76 350 1.44 10.9 0.13 3.90 16.8 0.21
4 76 350 1.40 18.8 0.23 3.70 21.9 0.27
5 76 350 1.76 14.0 0.17 6.40 15.8 0.19
R 1.49 16.34 | 0.20 4.09 B 0.24
Bored hole W9 X&7F 11 Q&= A4
¥ 3.8.6a B3 93} Rock bolte] A3 A1E &l(FA4)
#1 #2 #3 #4 #5 #6 #7
P, tf |y, mm|P, tf |y, mm|P, tf |y, mm| P, tf |y, mm| P, tf |y, mm| P, tf |y, mm| P, tf |y, mm
0 0 0 0 0 0 0 0 0 0 0 0 0 0
1.0 | 0.07 | 1.0 0.13 | 10| 028 |1.0|0.16 | 50| 055 | 1.0 0.15| 1.0 | 0.10
20 1014 |20 /|024 | 20,040 |1 20| 036 |7.0|0.76 | 2.0 | 0.30 | 2.0 | 0.37
3.0 1027 30,039 (30),054 130|064 |80|092]|30|046 | 3.0 0.64
4.0 | 037 | 40049 | 40066 | 40| 094 | 9.0 | 1.10 | 4.0 | 061 | 4.0 | 0.84
30 [ 034 130]042 | 3005730085 |100| 156 |0.0|0.14 | 3.0 | 0.74
20 1026120103320/ 048 | 20071 (11.0| 243 | 15| 0.38| 2.0 0.66
1.0 | 0.16 | 1.0 | 0.21 | 1.0 | 0.37 | 1.0 | 0.52 [12.0| 3.66 | 3.5 | 0.60 | 1.0 | 0.57
0.0 | 0.06 | 00| 0.05 100|022 00| 0.07 |13.0|4.77 | 5.0 ] 0.77 | 0.0 | 0.38
20 10201201030 (20|042 | 30| 0.67 |15.0| 6.14 | 6.0 | 097 | 2.0 | 0.65
40 | 037 | 40 | 0.53 | 40 | 067 | 4.0 | 0.87 |17.0| 981 | 4.5 | 0.86 | 4.0 | 0.84
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E 3.8.6a4 A&

#1 #2 #3 #4 #5 #6 | #7
P, tf |y, mm|P, tf |y, mm|P, tf |y, mm|P, tf |y, mm P,tf}y,mm P, tf |y, mm|P, tf |y, mm
50 [ 054 (50077 5007950131 150]9.81 30072 [50] 096
6.0 | 067 | 6.0 | 1.11 | 6.0 | 0.95 | 6.0 | 8.14 15 | 0.51 | 6.0 | L.11
70 | 0.88 | 7.0 | 1.61 | 7.0 | 1.12 | 0.0 | 6.90 0.0 | 0.23 | 7.0 | 1.33
80 | 110 | 8.0 [ 222 [80[ 132 2.0 | 057 | 8.0 | 147
60 | 1.04 [ 501197 | 6.0 116 40079 | 4.0 [ 119
30 107413017140 096 | 6.0 | 1.04 | 20 | 0.93
0.0 0271013320/ 068 | 7.0 | 1.26 | 0.0 | 0.59
3.0 | 0590010000032 80| 158 | 2.0 | 0.92
6.0 | 0.90 | 20 | 1.34 | 2.0 | 0.72 6.0 | 14140/ 117
9.0 | 1.35 | 6.0 | 2.03 | 4.0 | 0.99 401 122 1 6.0 | 1.34
100 | 1.68 | 8.0 ] 2.43 | 6.0 | 1.24 20 | 0.94 | 8.0 | 1.56 |
11.0 | 1.98 [ 9.0 291 | 8.0 | 1.50 0.0 | 0.49 | 9.0 | 1.73
120 | 2.36 [10.0] 3.62 | 9.0 | L74 2.0 | 0.78 |10.0] 1.86
13.0 | 2.96 |11.0| 4.67 [10.0] 2.22 401 1.0 [11.0] 2.08
14.0 | 3.85 | 6.0 | 4.47 [11.0] 2.34 60| 1.37 [12.0] 2.65
15.0 [ 458 | 4.0 | 4.12 [12.0] 2.80 8.0 | 1.67 |10.0| 2.57
11.0 [ 4.41 [ 20 [ 3.72 [13.0] 3.28 9.0 | 2.04 | 7.0 | 2.36
9.0 | 418 | 0.0 | 2.88 |14.0] 3.78 — 10.0[ 2.57 | 4.0 | 2.01
6.0 | 3.85 15.0 4.26 11.0( 322 [ 2.0 | 1.74
4.0 | 3.60 16.0] 4.86 12.0( 4.03 [ 0.0 | 1.14
2.0 | 3.16 17.0| 5.60 13.0[ 475 [ 45 | 1.95
0.0 | 2.68 18.0| 6.39 150 5.22 | 9.0 | 2.54

] 19.0] 7.40 13.0| 4.97 | 6.0 | 6.17
20.0|11.22 10.0| 4.63 | 3.0 | 5.89
14.0[10.78 8.0 | 443 | 0.0 | 5.02 |

i 10.0]10.29 J 6.0 | 4.10 | 50 |10.13]
6.0 9.72 40 | 377 1 0.0 8.96

4.0 | 9.41 2.0 | 3.44

2.0 | 8.97 0.0 | 2.95

0.0 | 8.17 14.0| 4.75

B 1 8.0 | 4.17

[ 40 | 352

2.0 | 3.14

0.0 | 2.81
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X 3.8.6b £ &7 Rock bolte] ALAE Alg o (& 1)
#1 #2 #3 #4 #5
P, tf (yymm| P,tf |y, mm| P,tf |y, mm| P, tf |y, mm| P, tf |y, mm
0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00
2.0 0.22 2.0 0.16 2.0 0.12 2.5 0.08 2.0 0.39
4.1 0.36 4.0 0.28 3.5 0.20 2.0 0.23 4.0 0.67
6.0 0.48 6.0 0.38 5.0 0.35 7.5 0.41 6.0 0.91
3.5 0.33 3.0 0.24 3.5 0.21 | 10.0 | 0.61 8.0 1.10
0.0 0.00 0.0 0.11 2.0 0.11 8.0 0.48 | 10.0 | 1.28
2.0 0.21 3.0 0.19 0.0 0.00 5.5 0.30 0.0 1.15
4.0 0.35 6.0 0.37 1.8 0.10 3.0 0.15 2.0 1.24
6.0 0.48 8.0 0.49 5.0 0.36 0.0 0.05 4.0 1.28
8.0 0.59 | 10.0 | 0.63 9.0 0.95 5.0 0.30 8.0 1.34
10.0 | 0.77 | 120 | 0.73 | 11.0 | 1.44 | 100 | 0.60 | 120 | 1.51
12.0 | 0.87 8.5 0.57 5.0 0.84 | 125 | 0.78 | 14.0 | 1.77
6.5 0.54 3.0 0.25 1.8 0.53 | 15.0 | 0.98 | 14.3 | 5.00
3.0 0.31 0.0 0.01 0.0 0.12 | 125 | 0.86
0.0 0.00 4.0 0.28 1.5 0.35 | 10.0 | 0.72
4.0 0.38 8.0 0.50 5.0 0.86 8.0 0.56
8.5 0.64 | 12.5 | 0.76 9.0 1.33 9.5 0.41
12.0 | 0.87 | 14.0 | 0.86 | 11.0 | 1.67 3.0 0.23
14.0 | 1.02 | 16.0 | 1.00 | 13.0 | 2.24 0.0 0.00
16.0 | 1.19 | 180 | 1.16 | 145 | 2.95 5.0 0.36
18.0 | 1.38 8.5 0.66 | 16.5 | 4.00 | 10.0 | 0.67
20.0 | 1.65 4.0 0.40 | 13.0 | 3.70 | 145 | 0.99
22.0 | 3.51 0.0 0.05 | 11.0 | 3.57 | 165 | 1.16
7.5 2.50 6.0 0.48 7.0 3.14 | 18,5 | 1.38
4.5 2.22 | 12.0 | 0.84 5.0 276 | 200 | 1.67
1.5 1.90 | 18.0 | 1.19 1.5 0.95 | 220 | 3.73
0 1.67 | 22.0 | 3.41 0.0 0.31 | 18,5 | 3.65
6.0 2.53 15.0 | 3.32
0 2.01 125 | 3.17
10.0 | 2.94
8.0 2.83
6.0 2.60
4.0 2.40
0 1.93
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3.8.6.5 Rock Bolt9] 4 A48 A g4

AE 4ol 1, 2, 3(mE AF3tY Bolt diam. 25.4 mm & 'QH- HMC' mortarE
FH3t 19 FBF AL AFH AP L Ak Q7)A, 4 Ho AP o) &
W7+ Loading - Unloading2. 2 Al &8t o™, A7k - <1288 (Time ~ Pullout
resistance) @A 9] HEA o7} Fig. 3.8.26 aclt}.

Fig. 3.8.26a2] Multi-cycle loadingol A, AdstF& 10 tfolth, Fig. 3.8.26b= Z
< WHo2 AFAY 1m 2m 2 3mo WE ABAFHE wiagg Rolx, Fig.
3.8.26ce BA At EF U AF WE Atolo] WHF(mm) WE A IFH
BAoI T

321, Fig. 3.8.26d1 A, FA A-<dut Ato]o] BFAZFHL 0.5 MPaolt}. metxd,
% g @A PBT, UCST, DSST 59 Ao o 944 vy 1.2MNE
A7) 9814 = D45mmxL3000& 71&3HH, 10 7] o} AlFsjo} i),

I T T T L ] T T 1 T ‘ T T T T I L R T ] T T T I‘r
100 -
pho |
— :
Bored Hole : D45, L1000
- I Bolt : D25 f 1
- Bonding Agent : 'HMC' 7
s | \rm i
a L .
~— \- N
@ |
% I i 'Y J
B! i
g 50 +
g | P _
5 T #..
e
= I |
a
25 | 4
0.0 Kl L " S IEI L LFJJ L Lx—‘_n JL——ILI JL—J | L—‘ ! I_LJJ; o

0 10 20 30 40 50
Time (t, min)

Fig. 3.8.26a Rock bolte] AJ7F ~ AdA3d BA o
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9.8 tf

50

—2m - 125¢¥
---3m-2111¢f

—_Ttm -

|
40

(# 'd)uoisusy

Time (t, min)

T
kPa

a

P
i
8.8

u

P
p

AL
mm

depth
m

No

63
41
46

18.0

9.8
125 113

216 211

9.80
6.25

2
3

1.

of 09*P

“

P

(41 'd)uoisuaj nojind

20

15

10
Anchored Perimeter Deformation (4L, mm )

Hg k-7 Ao A A o

Z_'

Fig. 3.8.26¢ &
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20

- —_
o (3]

Pu, Pa (tf), AL(mm), t @¢fFm’)

LI | T

l Bored Hole : D45 I

—@&— Deformation (AL , mm)
—8&— Pullout Tension (P, , tf)
—m— Allowable Resistance P .1

- @ Allowable Bond Stress (tu,kgﬁcmz)

L [ TN ISR S ST RN VN N T

=~
~ -~
-~

~r r +r{r v 7 rr o>ty T 11t T T

P SO WA T AN TR TS WA TH Y SRS S T S N S

T

PR R T T ST T R

0.0

05 10 15

20 25

Fixed Length (L, m)

Fig. 3.8.26d Rock bolt2] A&A ¥ Qubx|ge/wig=k/R 258

Conclusion

Bond stress ; 72

Deformation ; AL = 1.4 mm

at yield load of rock bolt using QHC mortar
0.24 MPa approx.

If bore hole of D52 and L2500,
PBT : (10tflea)}12ea) = 120 tf
L DSST(N) & UCST : (10tflea)(6ea) = 60

y

_J
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3.9 Hydraulic Jack System A|ZE<] A5 AA}

3.9.1 NAUY Aag AF79 AA=A
3.9.1.1 Test block Z7|9} £83F
(1) In situ test
B ok A9 AFAG AFDSST), 154F AQUCST) 2 FRA3 Al
A(PBT) & A% N7 /Mgt A4 FHHE Test blockd] @l &
FE A -7t SHAME FEsAR, AY 28852 aE SUHET. &
L5 A FF AF0NF ADsF(DAH, 2 NS 42z 500kN 2
1.2 MNo]t}. N2 Rock bolt9] ¥ APgHG o] &1, ADAstFS Load frame
9] A2 At
o AAAFAHT A 59 P& (O-type and/or O-type)
Az LF(O0) ANEE ez A Idd, 1 (3 AE ATFAA
Core drill& ¥lud 44 AFE ¢ Aded vsiA BitE 35T #Ho Cored ¥
REo]l daslez &9 Test blockeZE F8%& U4} webA], 244
T o|FRE = AWY AEE AdFUY AEER A
O-type test blocke Core +Bitg& A= 3| g3t Wlol9do @7 ol
itk welA, ol AlRY FPAFE Aol EVHET. &, @FA
D350xH450 HEZ Coring — Bit+ CoreE FAZ 3T - A8 B3 XA — A

=

Az &3 — Spilt barrel ©8 — Capping or molding(DSSTE sHE-A¢ A=At
molding, UCSTE A/% Capping) — 7]17]o] AY 59 HAAL AXe= Yol
thgl, Core bitE 2~3712 E&3F Split barrel typed Mol EAojt}t, A7)
H} AFH] BAE o)) AEe FIZFAARZ Fh
o ZREXT 7719 AT mE AYE AF G 37
1% 4E FEE 7]1F8t] oo <5MPagl ¢4kl Test block 7] W& Alg
ZTHE £20383F 2 UFAY Load framed] AASEY F+23tF 0.5 MN, ddss
/UCST/PBT9] 1.2 MN¥ vladtd ®3.9.17 2ok 7|4, F4d8 Test blockd
BEARTFo BARAE
- PBT: 427 3% 1.5 MPa<9 3 ¥}(4.5 MPa)
« UCST : o <5MPa(2004d 44¥, AT7AEA FAHA= 40MPa® 43
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S 2~3 A dE FZAEES S5MPa AEUS FAH)
« DSST : ¢=1.2MPa, ¢=55° 0, = 0.10.(0.01~0.30c ; F 1= 1995)

¥ 3.9.1 BAE Test block A7 £83%F 43

Alg gd A 1% or A Wde &
B/D A, cm? USST PBT DSST

cm O O O O O O O O

25 | 625 | 491 | 0.31 | 0.25 | 0.31 | 0.25 | 0.79 | 0.79

30 | 900 | 707 | 0.45 | 0.35 | 0.45 | 0.35 | 0.82 | 0.82

40 |} 1600 | 1257 | 0.80 | 0.63 | 0.80 | 0.63 | 0.91 | 0.90
45 | 2025 | 1590 | 1.01 0.8 1.01 0.80 | 0.96 | 0.95

ko
Y
=
Z

50 | 2500 | 1963 . 0.98 . 0.98 | 1.01 | 1.01

55 | 3025 | 2376 | T 1.19 : 1.19 | 1.08 | 1.07

60 | 3600 | 2827 . : 80 | 41 [ 1.15 | 1.14

65 | 4225 | 3318 . . ; TT66. | 12 |

70 | 4900 | 3848 . . . 192 [ 180
FAALE ASTM FHA. W 2L 1.2MN FE2& E71E

(2) Lab. Test
Lab. test 39 4 AE& Intact rock$ldl, Coring machine #AZ FAA
AZL dAZ NXD54 mm)ZA  Hth twl, 3% ¢% AF(TCST, Triaxial
Compression Strength Test2 F&%9 Ao met tz2g, 493 35
1.2MN-# Load frame2Z A @75 95& HESE T&3 ¢

* TCST : o, = 160 MPa, 03 = —0. =40 MPa, m =10, s = 0.5,

N

7s )+ s = 40+160 10(i0—) + 0.5 = 520Mpa)
o, 160

01 = 03 + O m(

— P = AAg; = (2.3X10-3)(520 - 40) = 1.1(MN) < 1.2 MN(0O.K)
if, 0. = 200 MPa, 03 = K0, = 70MPa, m=12, s=0.7,

70 _

I

01

— P = AAo; = (2.3x10-3)(513 - 70) = 1.02(MN) < 1.2 MN(0O.K)
« DSST ¥ TCST9 Normal Load
A9t Hydraulic pr. A3APm)E 28 MPaolEE, #¢¢ 2] Ram A E(D)o]
150 mmgl A9 718 Hd &F(Pna),
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Puax = (28)(0.0177) = 0.49(MN) & AE=T4.
® In situ DSST®] Normal load & Hydraulic jacke 0.5MNOoZ AA s,
Test block A 7]o] W& 7}4 Normal stresst ;
B? = (0.5m)*|®, o, = 0.5/025 = 2.00(MPa)
B? = (0.35 m)®°] ¥, 0, = 0.5/0.1225 = 4.08(MPa)
et B3k ohdle] Test blockd 500x5002 FAEA, Hd +£3L8 2.0
MPa, £3}7F @8 gwr@d gl A 350 x 3502 FA&H 4.0 MPaz A ),

3.9.1.2 43 w¥ PA9 75 F

(1) Rock bolt HA A4
T3 Sinker drill®] Bit diam. 52mm, #A3F HolE 2.5me]E=Z, Rock bolt
QurA & APAFo]A B2 240kPas A Lsd 22 Rock bolt MFE
T8ha ;

P, = 1. (@D L) = (240 kPa){n(0.408)(2.5)} = 98(kN/ea) = 10 tf/ea.
wetA, 79§ Sinker drill(D52XL2500)& AF&3tH A2 Rock bolt /AFE
&3 o
m DSSTe] #8%N) 2 UCST : 0.5/0.098 = 5.101) — 67 o] 4
= PBTO dAukd 1.2 MN/98kN/ea. = 12.201) — 13 A o]

(2) 9 FEAY BA A HFF

a3, Pullout resistanced] ¢]2& ¢ Rock boltd HFZ(F3= Zol)
ol Tasttt. 1Y 25mY ABfel, pp.201¢ ZEFES HEF WIFAL)
2 l.4mmolt}t. DSSToA ®¥MyF 1.4mmT & Dilatancy FAH X A g
&S v, metM, Test block AAQ] AZWe W Dial gauge LA
(Reference beam)E AIEA LAAZAL EE, BI=A] Rock boltd] i ¥y

Fe ZA5] o] g wesor Ak
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3.9.2 Hydraulic jack system® FH|ZZ
3.1.2.1 9y =4
Ao A&y WHST we FEAFSFs g2n. AdEEr mES
g Z=A5E 9 ¥ 23S B, AFEAFSE 43 ol EF4 Fo, o
71 AdEEAE 71719 H%5S 8%sH g3 2o
- dAFoz olFFE=E JpHSlof k. FAE E/)B/ARFIER, 24
Hd FAe Jdgoz &8 753 35kgfolstrt F 3 et
- Strain rate® #24 0.1 mm/min°]®, Loading - Unloading - Reloading 339l
A ULz AojHolor drk Y Jacke A&l et o] 28 MPa o]
22, 1.2ZMN-Ram ©#3L& 429 cmx(D234)°lth. EF2/44 100 mmo|EZ
¥eEdezs oF 100kgfolty. ¥ futo] Z&@slEE, duralumin®® Jack 2
~47) BE AAX 02 AY/AF/NTAEN FAstA At
- Loading ratet 20 ~250 kgf/seco|t}. vlZ7tA 2, A} - A3} - A8} 323 off
A o] EE B {FAHolof gttt
- Constant loading A= 1.2MNolA 30&o]|Aolt}, o] AlxH o=z DSST,
PBT, #A3tF 2H AsAF(CPLDl ©]84& Zeolty. DSSTE © Dilatancy 2
AA fredol ZAEHI @ Dilatancys el F7HEoh ¢wt dHe DSST
T ¥93 #338% #A 9 Dilatancy SHo] Aotk PBT/CPLTRE A Rto]
Aas A7t T8

3.9.2.2 AAE sAke] A4} Agza
NAE AFLAE ABFY QB T AP Be Aol 2EHYU
FZYYATA} Layour AA — A EH — 4FNF AY > 49 - 2A
Sol o 2Rt ARHAY. £ AR AGA FZYEAE A% A
St 71719 $E9 WelE olssA Tare] 20059 59 129cloF AANES &
g gE/ AdHgoy, 9¢ 45AAE £99 Ao B 2ok
- FBATAYAY $90& B HASA ok M, YsAAlE dspont
2H7 REEe A%A 492 AZPors Aol met 4. musfo} 5o
2 Hge ARA Bl
- Dilatancy #4841 B8F #4945 A48 AW 4 FeNo A &
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o] FEE (o] FFol flo] EF A oA¥A AsHAE fe7H .

- Hydraulic jacks A9 717]E0] AFAdd AAE FART F3H

- 4% AAME 7ol Load frame DSSTolA stEAA} o] FFolBE F&3ic),

- Unloading #A oA Strain rate #1715l AFANLAE X A).

- Loading rate AoiA %ol JAITHALFHE AT 2.

- A8F 7R Load frame®] AAWEF WHF A #AR Ol FAHojoF Fet.
et Jack 4708 W¥E ZA3ld 2MNE F&3t=d, A+ Jack + Load cell

+ Dial gage 59 % %%< Jack housing®] §1t}.

- £934 Pumpts ZITHOR A Eo] gle 5 Y2BE)

- Manuale] SiTH(HHe 4% ZAMAE AEE A).

3.9.3 B9 Al@ANA AFF HeHA
3.9.3.1 B9 AEF ML

B ghute] A& Test blockeZ 7FA83t] W3 Hydraulic jack® ¢ 3
& AR o]E 3 FA7AA HPAFFA FA A, FAE-
= AAFA A 5 EFTY AFA HHE 29 3.9.1% 22 29
Pt o] AMEE EF giARio s FAd dFo R s F3

=

A= B ulo] A go] EI18I2 2, Load frame, ¥
T A2, AHAGE AlE, 1545 AR 2 FadAQe AE Fo AHEHE A4F A
a9 58 "7tAE o] XA ATHALE FIFTH. -, 2o AFEe "t
7], A w2, @V B4 2 Rock bolt AlF 9 #HAGolA dZAAL AR F
A EAVL BRete] daride] At FUAMLFASAHB RO}, o] 7
I FRATVIH ol e Adstd AFR AN, FHlE ZAAEH FHE o
& o3 2o
- Concrete block @ 5mX12mX1m
- Rock bolt

D25x12000, ¥ 2870 Aledoh. F43HHL AFHF AFPYA S ko] Load
frame®] HAAEE F2F. o] T4 FA0] Load framed] HF vz 77
AX e}t 2 o358 FASF suR, AAX Flo] vj$ Fasith oA

)
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Z3YE EF FEE EFFAAA FAA FIAAFPA BoF AFRHom o

43t} Bolt-Coupler-Nuts®] @24 % @Al #Hgh.
- 59 FAA A¥E Holes : 300x300xX15022 Holed 436l HA.

- 29| FAA
B2 ohalto] AT [J-type Test blocke.E 7} 3 Aot}

=

AAQE F2 Z3YE, A7) 2560%250%500, ¥E5AE 20MPa A%, F 1274
Holeol stz EME 2474 MortarZ2 H2th o] FAA= AFE 350

mm’} E&9t}.

Al

Lean con'c o Hole : 300%x300x150

250%x250%400

LMock T, Block

A
1 —

22 3.9.1 Test block®] 2o AFH#

3.9.3.2 ¢ B A2 AARFL AA
Load frame?] Al&AEF A& 22 Ak AZd FAZ Ar)Ae o2 A3
o FAAb 43T o] o]9 Fo FEL v} AT
- AA 2 ASAA dHd) dad 4E5H 1/29 B
- AGAAA 1 300x300%12 - 2&
o] Ed&HoR S HA 9-w + 19 3.9.2

12,
'z

et & 0 500 kNf, 4 100 mm, FA 30 kgf ©]8}, 47}
- EE 1A EE A7 HAAA
A5t% 5 AFLHol AT FLEFe FAIfe] 30 & ol #A.
o AslE ; AAR ATl FAA AFHolt Azt #ARIl 4 FAAH
AR WY ¥YE 0.1 mm/nin~2 mm/min. o} FE3FE 2MN

- 206 —


















3.9.3.3 /MN&d 71719 A5 HAH2005. 6. 12)
« 0.5 MN-Jack 170 %t A1-8-3 B3¢
- 353 A A#Q Fig. 3.9.79 Ar-HAPFE AANA, Strain rateE 2
mm/min&2 A7 oA AL/Ate} AAHA A Aot owk, AoEE AE 3
Z(interval)o] 20~40 secZA AgP o2 vpehdr}
- 3.35tf A2 W FHFFANT HYF AARlel BsHA FAFHAS.
« FY/73 2ME FAA AR BY
- A HPF mE FHsF FAe EAFET AIFAEF Y, AL FeR
AAGS= Modeling test, = Running time 128 o]Fo] Al LAAHZ A3
o A7)A, A HYEF - ADEF S0 @A) sAEH.
- Fig. 3.9.8% F714 o= o9 58t ¢dwte] deue= 7R A4 M
e g, o] Load framedl EIAF 29U + Joy As-Av #AE
2 A9 Dilatancy A& Utk
« Lab. UTMO.2A 9 X%
Hydraulic jack & Automatic control system< 1xPd %, Load frame< 23 <
o AlgHo Uk A, ASFALE A FZATHYAIE ol Load
frameS A &3IATH
74 1099 71715 EEdol AU ANFVIEA H5HAE AYAT oHx
A& 453 2H94 Loading — Unloading B3R Hgd FE o= o]
FET A5HoE AEYT AP FAAE o A7 FA7Y dANAFA I
Al A AFE con'c FAIA(DIS0xL300, fc"40 MPa)Z 1% 4EAEE 53l
B AAE ALAT HA o] Fig. 3.9.80Itt
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153 (N, ff)

"1
<+

(L, mm)

Bl

0

nal

= oA ?

— o AH éo'
"
<+

AL g0 -

ar - 28] I’_Fr o s i
a
Ko AN

AL, mm)

U T

/(J(/ / AL _ SRR ;ﬂ:g /_/ S

Iﬁ__{-n_‘_r"jj-:jr - - // A 1 —
i I S . _ f: N . B
A F{J.r{i:ﬂ’géfﬁ_ wo [ f A —mae
f rrr f | —edmolt o IR —ojExNE
[u)]
r wa-w( %J I
B R [

o
-
o
:_L
i '
‘I\J

Al 2, min) |

Fig. 3.9.8 & -8 2/1& FA9 7158 3¢ Ea4Ag
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3.9.4 13 % AFE AF5AAL A3 £4(2005. 7. 29)

3.9.4.1 A% iy
13 A9 A|FE
A, AE 1A 43

9 8

‘:"l.

=1}
=

Digital dial gage 2 712 =
ofl

A A

;g— 23}

14,

7t

2 Linear gage$!
WYFAE

T

170¢] FAlAe] Strain rat
100—>0—150—>0— 200 —
437} Fig. 3.9.12a0lt}. &
= AR A3%E AP e,

A 2

A3t

#9] Constant strain rate
¥ WYEL 47 2744,
39 3.9.11904 FF NI @2 FFd AEY

olAL A3 AFF AAE AT AlA AH FY
HAE &S A, & vt A, A9y F ALd

H Hq=E20

=
=

O

Global axial strain<

Digital gage-3t<S A&}

eg 0.2mm/minE AASHY F3F 0—-50—-0 —
0—>250—-0—300—>0kN) 5 6-cycle2 Algs

=
HFH 0 2 Strain rate® 0.3 mm/min 2 0.6 mm/min

¥ 3.9.2a 9 Fig.3.9.2bo]t}. &7]A, 1st cycled] W

g} Strain rate A& dlE o234 o}
. . AL AL, - ALy 078—0 _ B
Loading step ; — L o6 sm-0 0.0918 (mm/ )
. . AL ALy — AL, 0.78—0.04 "
Unloading step ; AL - 41, 1705850 _ 0.0862(mm/ &)

X 3.9.2a Strain

7 459 2%

rate 0.2 mm/min €&

Strain Rate | Alj

mm

ti
min

AlLp
mm

Rate |Cycle

AL
mm

tr
min

Aty
min

Aty
min

ALy
mm

AL
mm

AL
At

AL
At,

tp
min

021 0 0.78

8.50 [ 0.04 [17.08(8.50|8.58 | 0.78 | 0.74 |0.0918{0.0862

02-2 (0.04 [17.12 | 1.13

28.64 | 0.07 | 40.25 [11.562(11.61| 1.09 [ 1.06 |0.0946|0.0913

02-3 | 0.07 [40.25 | 1.42

54.52 | 0.08 | 68.84 |14.27(14.32| 1.35 | 1.34 [0.0946(0.0936

02-4 [ 0.08 | 68.84 | 1.72

0.2

86.40 | 0.10 (104.44|17.56|18.04| 1.64 | 1.62 |0.0934|0.0909

mm/i| 02-5 | 0.10 |104.44| 1.95

128.85| 0.13 |144.25|124.41|15.40| 1.85 | 1.82 [0.0758(0.1182

02-6 | 0.13 [144.25( 2.29

167.07) 0.16 {189.93|22.82(22.86| 2.16 | 2.13 10.0947|0.0932

Mean j0.09080.0906

S,D |0.0074(0.0114
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Axial Deformation (AL, mm)

Axial Deformations ( AL , mm )

2.5

2.0

1.5

1.0

0.5

0.0

3.0

2.5

20

1.5

1.0

0.5

0.0

T T L T T T T T ¥ l T T T l T T T T
Strain Rate : 0.2 mm/min . 6 :
- 5 —
I 4 ]
- 2 -1
L 4
[ 4 ]
[ ]
I i
| | Plastic lDeformations .
0 50 100 150 200
Running Time (t, min)
AL . . .
(a) Vv = 0.2 mm/min®l loading - unloading cycle & t-AL 2
T T T T l T T L l T T T ] T T T T
L | 03-6
S R 0.6 mm/min i
i =++=-0.3 mm/min 035 (3
B —-—0.2 mm/min ¢ / \
r !\ j \ 02-6
r f Y
I I foA
- fy /
. i §oe
i \
[

P T YO SR N O WO YA S N T SN SN S NN ST WU TN SHE N TS WO TN SN NN S S N

Fig. 3.9.12 AWy & wrEA 3 FAHH

100

Running Time (¢, min)
(b) 55 =02, 03 & 0.6 mmimin®| t-AL B
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Fig.3.9.12 2 ¥ 3.9.2b°) 4], Running time®] A Strain rate (%)1—‘3 Ao o

AatA FAES & 5 A 28, 459 HYSES ¥ 50% A= H W
A dEdHAT. F,

 Deformation tare®] Y&HA 0.2 mm/mingl 2%

. _ . o _ A= 0.0908 mm/min _
Loading step ; 0.0908 mm/min, B]-& = THA - 02mmimin - 45 %

) ) . o _ AZX _ 0.0906 mm/min _
Unloading step ; 0.0906 mm/min, ¥]& = TN - o2mm/min - 45 %

2L HHoz g dgEAd Ui ASH/AEA vE&ES FIE
« 43X 0.3 mm/mino|d, AdAA 54 %, AFAA 51%
e 4# A 0.6 mm/minel™A, A3t 48 %, ASIHAY 43 %

¥ 3.9.2b Strain Rate &X ASAA} <

Strain Rate| ALi | ti |ALp| tp | ALf | tf | At1 | At2 | AL1 | AL2 | AL, | AL
Rate [Cycle| mm | min | mm | min | mm | min | min | min | mm | mm | 44 Aty

02-1 1 0.00 | 0.00 | 0.78 | 8.50 | 0.04 | 17.08 | 8.50 | 8.58 | 0.78 | 0.78 ]0.0918 | 0.0862
02-2 | 0.04 (1712 1.13 | 28.64 | 0.07 | 40.25 [11.52}11.61] 1.09 | 1.09 ]0.0946 | 0.0913
02-3 1 0.07 [40.25 | 1.42 | 54.52 | 0.08 | 68.84 |14.27|14.32| 1.35 | 1.35 |0.0946 | 0.0936
02 |02-410.08|68.84|1.72 | 86.40 | 0.10 |104.44|17.56]18.04| 1.64 | 1.64 |0.0934 | 0.0909
mm/5-| 02-5 ] 0.10 {104.44]| 1.95 |128.85]| 0.13 [144.25|24.41(15.40) 1.85 | 1.85 |0.0758 | 0.1182
02-6 | 0.13 |144.25| 2.29 |167.07| 0.16 |189.93]|22.8222.86| 2.16 | 2.16 |0.0947 [ 0.0932
Mean | 0.0908 | 0.0906
S,D [0.0074)0.0114
03-110.00 000|113 | 5.85 | 0.06 | 11.89| 5.85 | 6.04 | 1.13 | 1.07 }0.1932]0.1772
03-2 | 0.06 [11.89| 1.54 |20.73 | 0.13 |29.38 | 884 | 865 |1.48 | 1.41 |0.1674]0.1630
03-310.13 (29.38| 1.86 | 40.17 | 0.19 | 51.26 |10.79|11.09] 1.73 | 1.67 ]0.1603 | 0.1506
03 |03-4]019 |51.262.18 | 64.00 [ 0.31 | 76.99 [12.74|12.99| 1.99 | 1.87 |0.1562 | 0.1440
mmyi-[ 03-56 | 0.31 [76.99 | 2.57 | 91.98 | 0.37 [106.86{14.99{14.88] 2.26 | 2.20 10.1508 | 0.1478
03-6 | 0.37 [106.36] 2.93 [123.50| 0.51 [139.71|17.14(16.21] 2.56 | 2.12 |0.1494 [ 0.1308
Mean | 0.1629 [ 0.1522
S,D [0.01620.0161
06-110.00| 000 | 0.73] 213 | 0.00 | 5.05 | 2.13 | 2.92 | 0.73 | 0.73 ]0.3427 | 0.2500
06-2 | 0.00 | 5.05 | 1.20 | 9.33 | 0.00 | 14.39 | 4.28 | 5.06 | 1.20 | 1.20 | 0.2804 | 0.2372
06-3 | 0.00 |14.39] 1.38 | 19.45) 0.00 | 24.69 | 5.06 | 5.24 | 1.38 | 1.38 | 0.2727 | 0.2634
06 |06-4000 (2469|170 [31.20]0.00|37.42|651|6.22)|1.70| 1.70 |0.2611]0.2733
mm/3-| 06-5 | 0.00 | 37.42| 2.01 [44.62 | 0.08 [51.81|7.20 | 7.19 | 2.01 | 1,92 {0.2792 | 0.2670
06-6 1 0.09 [51.81]|2.36 |59.62 | 0.15 [67.60| 7.81 | 7.98 | 2.27 | 2.21 |0.2907 | 0.2769
Mean | 0.2878 | 0.2613

S,D |0.0286 | 0.0151
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714, Strain rate #A4 HAAHEIAE tEF 2o,

- & AIZE] obd AAFJA FHoRE BAE YAl FAHAT

- AR R Ao of okt

- AEAEe AT 4 50% HE o =g A vebst.
A ZFgE 2ol Load framed AMERZ] wiEol, wheEd Ao ¥y, dig
+Rod- system LAV ES ot & FAAQ HAA 7" Aoz Hloh
ZA], 22 A= ol8 3 2217t SlAEHE Load frameg A& s)of 3o},

REI )

3.9.4.2 Strain rate §A A|g A7} F=AHSF W

Aot A ES UCSTE TFalAE F2 ZBEAFTE o, E R 1 Folth Fig.
3.9.13a € ¢EFSH WE IFHFE, F U ¥ PE(e), SHY VP E(ed)
2 AA HH &) W3lolth Fig. 3.9.13boll A, HHEE G2 ¢, ea Z &
ol &S Yehn o AstEErt mESTE Jevt o F7HES €83 AR
o] A7k, Fig.3.9.13b A 2 ztol7t £9etA EQl Atdle vf¢ =&t

Fig. 3.9.149 4, Strain rate 0.2 mm/min % 0.6 mm/min® axial strain(e.) -
stress(o) #AIE AY APASEA AFIHA £ Aae 2B.9.Dolth. =,

0.2 mm/min: o(MPa)= — 2.029+ 0.00896 (¢, <10™°) eq.(3.9.1a)
(p= 0.9977,5.D= 0.3845)

2

0.6 mm/min: o(MPa)= — 0.1034+ 0.011206 (¢, <10 °) eq.(3.9.1b)
(p= 0.9995, S.D= 0.2057)

ga = 1700x107°Q ZH$ol, 0.2 mm/min 2 0.6 mm/min®] % WF 8L Zz
13.5Mpa % 19.1 MPa°lth. MP&HE7t 3 Behdo] met §Ho] o 40% F7t

& 5380, o9 u e Aldlelt

Fig. 3.9.15= W34 % 0.2 mm/min ¥ 0.6 mm/min®] Loading - unloading A&
oz 73 BRI AP AFolt. QMR WS we} gdASFT}

X

o
H3-24As 2 2A4¥FALE =AM Aot Fig. 3.9.172 Global axial
strainel & &8 Waoltt. mAIIA R, FBAAFTE 0.99014% AFFAAL & F
Aot AEE Hydraulic jack systeme Z+o] Load framel2E +§ Rol7]& 31A
ok, Strain rate’} 4ASE, FEAS AEE AdHILe & £ Ak
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& g, 10°)

a

Strains ( ¢_, g,

Strains (¢,, ¢,& &)

_l T T T ﬁ T T T T I T T T T I T T T T I T T T T I T T T T I T T T I T T I’
2000 - Aial Strain ( z,) ]
| ~ — — Diametral Strain ( ad) B
L — Volumetric Strain ( ¢, ) i
1500 —
1000
i Example _:
500 u =g /e =0.266 i
. 1
Uniaxial Stress ( o, MPa) :
3 L —
L \~_\_"_‘:-“.—_— :____~‘-~‘~ 4
: ————————— :?:t?:-_‘ f_*“gaﬂjft\ra‘ Strain (&) :
-500 | -
1 1 1 1 I L i Ll 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 I3 I i 1 1 1 I 1 1 1 l 1 1 1 1
0.0 25 5.0 75 10.0 12.5 15.0 175 20.0
(@) 1cycle 2 loading - unloading OlA S8 - BEE 2
2500 —7———F+——+—7—F—+———+——7—F— " ————
- 8§ : g, - g, g, .
B : € € € T
2000 ’__ 06 : aa ----- a: ------- ev i
1500 |- -
L ]
1000 | -
I |
500 [ —
ol
500 |- =
l i N i A l i i i i J Y H i 1 l 1 i i 3
0 5 10 15 20
(b) Multi - cycle 2| stress - strain 22|
Fig.3.9.13 A W¥&EE A|g3 38 - ¥y ¥ 44
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[

Uniaxial Stress (¢, MPa)

[}

Uniaxial Stress (o, MPa)

ror | rrrr [ trrrryrrrry 11y ot e T

L Loading of Last Cycle I e i

20— ———— 0 -
02mm - o (Mpa) = - 2.02861 + 0.00896 * ¢ *10° o (o1 mral

(p = 099770, S.D = 0.38452)
[ | 06 mm - o (Mpa) = -0.10344 + 0.01120 * ¢ *10°
(p = 099952, S.D = 0.20574) 4

15 - % .

: o < (oo ]
ol

I 1
5 _
0 J;L 1 | |’5’: PR RN YR S ST T [N S SN SO0T S N S SN SN A N S T N S Y T R | T I I J_L4

0 250° 500 750 1000 1250 1500 1750 2000 2250

Axial Strain (s, , 10°)
Fig. 3.9.14 Strain rateo] W& Zxx}o] Wl o
20 ¥ T T L | L T T L L— T T T T [— T T

[ T T T T o ] ]

% —— 0.6 mm/min 6 |

i —— 0.2 mm/min ]
15 |- .

[ ]
ol )

5 |
o l i | L PR | L 1 5 ]
0 1000 1500 2000

Axial Strain (¢, 10°)

Fig. 3.9.15 8 & %o W& multi-cycle?] 8 -9¥3 3l

- 222 -



(10°)

s

Axial Deformations of E & E

1800

1600

1400

1200

1000

800

600

400

200

20

Uniaxial Stress (o, MPa)

Total Axial Strain (¢, , 10°)

Fig. 3.9.17 ¥3&xo] & global strain - stress W3} d
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— T T T T T T T T T T T T T T T T T T
L —~0O- 0.2 mm/min - Plastic D. ]
- —— - Elastic D. ]
o - O- 0.6 mm/min - Plastic D. ]
r —— - Elastic D. i
[ - ]
r g .
r Q,\'c‘% «©® i
C ® o° ]
n N\ ]
- m ]
C 3
3 B
I |
- _plastics_o ]
- - 0TI o
F 7 o O ---=" - Oxr === =% T3 “fiastic’s ]
~=—1=:-—r—:%——|——+——r-”ﬁ’7 A [ L L 1 L ; L N

0 5 10 15 20

Uniaxial Stress ( o, MPa)
. 1 N
Fig. 3.9.16 W@ & o] me &4 4 A4 AYF

L T T r 1 l T T T T l T T 1 T | T T T T [ T T T T l T T T T I T T T T I T T T T [ Ll j
i 0.2 mm/min : o (MPa) = 0.00859¢c, - 9.0923*10° 1
- (p=0.99482, S.D = 0.70617 ) —
- 0.6 mm/min : o (MPa) = 0.01167¢_ - 0.08172*10° 1
i (p=0.99845,S.D = 0.41458 ) 1

i

]

1 1 I i 1 i i I 1 1 11 l 1 1 1 1 l 1 1 1 1 I 1 1 1 1 l i 1 1 1 I 1 1 1 1 1
0 250 500 750 1000 1250 1500 1750 2000



3.10 A AT AAe FHzA}
3.10.1 %9 F¥ A}

ABAT7EY 124 AT AdFE FA -3 7 1535 44 FA ASFTF F
AR FRH AzAY AEEFE 1golt}, o] A#eolA, Test blocko]
FEE FEAE AL FAXY AR unze] sz welth. AE7] wWd 7
A&EAQA ASE A A E AW o|BR o] @F L& AlHAT AFoz A
ot EF Yo R 749 Pierd) 712X AT AaFe] dig E A=
Aot AFAEeR T3 ARASLE Hugct adu, FEFFE FI AXNFF
Aages 45X vuste HHAE Ptz EGAS Aswg 4.

Pier No.59| 7|zA|gtel] EYAIS AsaE AA/ASso 7|&9 HHez Y
3 Aol AEXE vugrl o] HPL 1 A4AdE AgFPoy, %ty EXRA
A4 VAR gy FAL JdEa gleng, dZAMNEH LG EGA )
AA71E W73 ARFATCE L9 B4 20069 497). 20043 1149 179 @A),
Fig. 3.10.1% o] Pier No.5, No. 6 09|19 wZ+EL& Columno] &3 ejolt}

Test block® FAY FAL ABAG ELAE 4T @FY B=ATE T8
7] $EiA AEAF7IEQ] BRI $FEAEE R AQATE I 2,
71 HEAAFAALe] A7 o] dF AT @A @A PLSTE Al
FEATt Ft FAL ARG wpRAAR, o] X Fe] FHS EFG gwtow 7
AEo] o 29 3.10.2914 PLST 717l 719 4¥& wele ¥ EA7F fAE0
A3t5E 7HetAvk s Eo AJQ E7bs3 A7 gt od BAR 0B X
FE =314 Z3on, g4 #a4%d PLST 2%+ ¥3.10.1, 3% FAA9
AL ¥ 3.10.20]t} o] Alg ARE aoksd U 2.

EQA/ASE oAl - A Z(AE 129°15' 17.2'E, $5E35°23'45.5"N)
Issy = 1.94 Mpa, o, = 48 MPa

)
A
ox.

po

A3 dADAF- FAEAL(EE 129°15' 1.7"E, Y= 35°22'47"N)
Issoy = 2.43 Mpa, 0. = 58 MPa
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¥£3.10.1 B4 - ¢4 34£2Z5 &AL Pier &9 PLST
P

No D W De F K Is Iss0) Oc
’ mm mm kgf mm — — kPa kPa MPa
01 | 51.81 | 5880 | 220 | 6228 | 1.104 | 252 | 579 | 639 | 16
02 | 4425 | 51.93 | 200 [ 54.09 | 1.036 | 23.7 | 698
03 | 49.39 | 52.30 | 490 | 57.35 | 1.064 | 24.3 | 1520 | 1617 | 39
04 | 41.08 | 52.34 | 440 | 52.32 | 1.021 | 23.3 | 1640 | 1674 | 39
05 | 43.99 | 52.48 | 530 | 54.22 | 1.037 | 23.7 | 1840 | 1908 | 45
06 | 44.18 | 46.44 | 600 | 51.11 | 1.010 | 23.1 | 2344 | 2367 | 55
07 | 42.83 | 50.17 | 360 | 52.31 | 1.020 | 23.3 | 1343 | 1370 32
08 | 49.91 | 5855 | 490 | 61.00 | 1.094 | 249 [ 1344 | 1470 | 37
09 | 49.01 | 53.80 | 670 | 57.94 | 1.069 | 24.4 | 2036 | 2176 | 53
10 | 54.99 | 6461 | 200 | 67.26 | 1.143 | 26.1 | 451
11 | 53.77 | 52.80 | 540 | 60.12 | 1.087 | 24.8 | 1524
12 | 4768 | 50.24 | 340 | 5523 | 1.046 | 23.9 | 1138
13 | 40.39 | 4264 | 480 | 46.83 | 0.971 | 22.3 | 2234 | 2169 | 48
14 | 40.39 | 59.54 | 600 | 55.33 | 1.047 | 23.9 | 2000 | 2093 | 50
15 | 38.62 | 42.15 | 550 | 45.53 | 0.959 | 22.1 | 2708 | 2596 | 57
16 | 49.35 | 5469 | 590 | 58.62 | 1.074 | 245 | 1752 | 1882 | 46
17 | 42,59 | 52.48 | 570 | 53.35 | 1.030 | 23.5 | 2044 | 2104 | 50
18 | 4066 | 52.13 | 640 | 51.95 | 1.017 | 23.3 | 2420 | 2462 | 57
19 | 57.87 { 61.03 | 780 | 67.06 | 1.141 | 26.1 | 1770 | 2020 | 53
20 | 46.19 | 51.69 | 290 | 5514 | 1.045 | 239 | 973
21 | 4550 | 48.40 | 580 | 52.95 | 1.026 | 235 | 2111 | 2166 | 51
22 | 4844 | 6052 | 680 [ 61.10 | 1.094 | 25.0 | 1859 | 2034 | 51
23 | 4724 | 5221 | 730 | 56.04 | 1.053 | 24.0 | 2372
24 | 4645 | 6665 | 600 | 62.78 | 1.108 | 25.3 | 1553 | 1721 43
25 | 51.49 | 61.04 | 570 | 6326 | 1.112 | 254 | 1453 | 1616 | 41
26 | 47.92 | 4867 | 590 | 54.49 | 1.039 | 23.7 | 2027 | 2107 | 50
27 | 58.75 | 63.09 | 600 | 68.70 | 1.154 | 26.4 | 1297 | 1497 | 39
28 | 46.52 | 57.90 | 710 | 5856 | 1.074 | 245 | 2113 | 2268 | 56
29 | 3384 | 3548 | 430 | 39.10 | 0.895 | 20.9 | 2870 | 2570 | 54
30 | 55.45 | 60.01 | 430 | 65.09 | 1.126 | 25.7 | 1036 | 1166 | 30
31 | 56.81 | 60.83 | 210 | 66.33 | 1.136 | 25.9 | 487
32 | 46.07 | 57.88 | 730 | 57.33 | 1.063 | 24.3 | 2266 | 2410 | 59
33 | 51.34 | 5344 | 730 | 59.10 | 1.078 | 24.6 | 2132 | 2299 | &7
34 | 53.94 5848 | 810 | 63.37 | 1.113 | 254 | 2058 | 2290 | 58
£ |60,843| 1,463
Isn = <o S = 1935(kPa). 0. = o2 = 48(MPa)
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¥ 3.10.2 BA- A 1&£F % A5 FF AXFAAL PLST
No. | D W | P D. F | K | Is |Isso | Oc
mm mm kgf mm - - kPa | kPa | MPa
01 | 48.89 | 53.94 | 570 | 57.95 | 1.069 | 24.4 | 1732 | 1851 | 45
02 | 4585 [ 5040 | 320 | 54241 1.037 | 23.7 | 1110
03 | 4824 | 56.10 | 580 | 58.70 | 1.075 | 24.5 | 1718 | 1846 | 45 |
04 | 38.48 | 4435 | 530 | 46.61 | 0.969 | 22.3 | 2489 | 2412 | 54
05 | 48.14 | 57.19 | 620 | 59.21 | 1.079 | 24.6 | 1805 | 1947 | 48
06 | 46.70 | 47.24 | 690 | 53.00 | 1.027 | 23.5 | 2507 | 2573 | 60
07 | 32.07 | 57.48 | 650 | 48.45 | 0.986 | 22.6 | 2826 | 2786 | 63
08 | 38.20 | 53.09 | 590 | 50.82 | 1.007 | 23.1 | 2332 | 2349 | 54
09 | 33.77 [ 55.03 | 520 | 48.64 | 0.988 | 22.7 | 2243 | 2215 | 50
10 | 39.06 | 48.65 | 6& 49.19 | 0.993 | 22.8 | 2573 | 2554 | 58
11 | 43.81 | 4196 | 570 | 48.38 | 0.985 | 22.6 | 2485 | 2448 | 55
12 | 45.33 | 57.87 | 720 | 57.79 | 1.067 | 24.4 | 2200 | 2348 | 57
13 | 4587 | 52.85 | 810 | 55.56 | 1.049 | 23.9 | 2678 | 2808 | 67
14 | 46,59 | 63.79 | 1030 | 61.51 | 1.098 | 25.0 | 2778
15 | 3713 | 4805 | 710 | 47.66 | 0.979 | 22.5 | 3189
16 | 4910 | 4158 | 670 | 50.98 | 1.009 | 23.1 | 2630 | 2653 | 61
17 | 55.73 | 5355 | 920 | 61.64 | 1.099 | 25.1 | 2471 2715_[ 68
18 | 63.15 | 67.68 | 730 | 6248 | 1.105 | 252 | 1908 | 2110 | 53
19 | 36.25 | 56.08 | 670 | 50.88 | 1.008 | 23.1 | 2641 | 2662 , 61
20 | 3468 | 64.00 | 650 | 5320 | 1.028 | 23.5 | 2344 | 2410 | 57 |
21 | 4019 | 4784 | 320 | 49.48 | 0.995 | 22.8 | 1334
22 [ 36.41 5430 520 [50.17 | 1.002 [ 22,9 | 2108 | 2111 | 48
[ 23 | 33.76 | 5177 | 830 | 4717 | 0.974 | 22.4 | 3806 | 3708 | 83
24 | 43.85 | 56.91 | 750 | 56.37 | 1.055 | 24.1 | 2400 | 2542 | 61
25 | 34.10 | 40.04 | 580 | 46.56 | 0.968 | 22.3 | 2730 | 2643 | 59
26 | 4526 | 4926 | 640 | 53.28 | 1.029 | 23.5 | 2301 | 2367 | 56
27 | 50.02 | 46.42 | 590 | 54.37 | 1.038 | 23.7 | 2036 | 2115 | 50
28 | 44.87 | 46.08 | 550 | 51.30 | 1.012 | 232 | 2133 | 2158 | 50
= 66,98 | 1,566
Isso = 669802; 049 _ 9430(MPa), 0. = 3662;—203— = 58(MPa)
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3.10.2 Al FAgAHQA FZE LA XA

3.10.2.1 71&9 A=A

‘) FARAAREEZ2F AN LT R 65540 FA~EAAN 1S E
FEARALY, FEAMY R S ANA(TE pp. 2235~2240014 #A¥E &S F
o Ao FEREJ] dEdn w7 #5900 disiA FEATFAYAL AT
HEE 19 3.10.30th o] AAEA &stH, AAFo] FHYo|ER, E2u A
A pp. 6259014 Q&3] Auk-7]x Atole] whEAS(H) 0.6, TAE 1.5 A
1.2)8 A&d, 281, 7129 FEAAH(q)S B2 AXflol Z2WAY
A pp. 623& AE(F3¢ 50tf/m®, AAAE oA 50% 7HhHIATh A& HAA=E
AoA, wzto] ARke] Z-gst= AAYFH £RY, 7|2ARMY] &F(Sliding) A FH
2 29k (Soil reaction) 5 ¥ 3.10.3% Zth 974, Hy, Vi, e B q & %
Z} Pierel #§3te £3E, JdAY, HAAR € Auigtdo|tt, g3, 7] 2AREY
A Ze] Fs, Ha 2 qu 52 44 8 &5 dd &¢d&, sH3A8E 4 38
A golt}, A 8tF FHEA mEFLEF e 7 2-A Nk Ato] o] FPAFHI F
0 Ak A& o e e 2ok o] 2RE ago® A9 19 3.10.20 0k
- Ao FEAF(FAHR HE) 5 4 =20tf/m’, c=0, ¢=40°

it

kil

N

R r
rob

II.

- 3 AYY . H = w = 2407.2(tf/m?) > H,(=217.05) ; O.K
4814.37 6(0.854)

(8)(16) (H 8 )= 61.70(tf/m’) < ,(=75) ; O.K

¥3.10.3 7|1&8 A5 &AW Pier #5 7)1 2A 0] SHAAE QoF

_ 2 Z ¢ (Ultimate) X & & (Tolerance)
n = 2
=Ia=1g=:] Hu Vu € q(tf/m ) Fs Ha 4.
tf tf m qlll ax Qm ill - t‘f tf/m 2
B |16.86 | 5199.64 | 0.082 | 43.13 | 38.11 1.5 | 2079.9 50
o AFAl
Al 2+ 113.77 | 5031.34 | 0.181 | 41.97 | 3665 | 1.5 | 2012.5 50
o 8H |217.05| 4814.37 | 0.854 | 61.69 | 13.54 | 1.2 | 2407.2 75
KIEAl
& 2 |262.81| 4814.37 | 0.465 | 44.17 | 31.05 | 1.2 | 2407.6 75
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/1'
A=HS
v = 2.0tf/m?
c=0
o= 40°
I B 5
[ V. S—— E-=4m 4 ™~

BxL = 8mx 16m
V, = 4814.37tf |

H,=217.05tf H, H
H, = 2407.2tf i

I U
|
Df=

9min = 1354tf/m2 |

Gmax = 61'69tf/m2 ‘

% 3.104 Hdn 72ARe AT FEA AL HE A3

3.10.2.2 FZYJATA AAE & HAstF Y
e Using the building codes : q. = 0.3~1 MPa(pp. 39, § 2.4.1)
¢ Using the Hoek—Brown shears strength criterion

- JCS = 0em = 41.2 MPa(using PLST)

- GSI = 31(pp. 137), RMR =41(pp. 135, §3.6.3.1 t&d )
m; =0.639(F 1.3 ; % - (2), RMR=41=44)
WA 4(disturbace factor) D =0.3

Hoek-Brown Constant mb and s for broken rock masses ;

1 1 32 20
form eq.(1.9a), a= - + E(exp( E) exp( ?)) = 0.5195
GST— 100 32 — 100
from eq.(1.9b), my, = m,exp (m) = (0639)exp (m) = (.0874
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GSI— 100) _ ( 32 — 100

9— 3D Pl9—3(03) ) = 0.00078

from eq.(1.9¢), s= exp(

from eq.(1.17b), ¢, = Vs 0, = /0.00078 (41.2) = 1.151(MPa)

m,
from eq.(1.18a), ¢, = \/s—aa.(1+ d +1)
Vs

0.0874
v/ 0.00078

from table 1.8, C = 112(»B=8m, L=16m — L/B = 2)

—_ (1_151)(1 + +1 ) = 3.490( MPa)

G . )
from eq.(1.18b), ¢, = f;,qu = a 12)3(,3 4%0) = 1.303(MPa) < F, of 3

8

» Using Bell solution

Input Data ; D;= 2.5, y= 25 kN/m®, ¢,=30°, c = 03 MPa, i = 15°, F, =3
from eq.(1.20a), N, = tan’(45° + ¢/2) = tan’ (45" + 30°/2) = 3

from eq.(1.20b), N, = 2+/N,(N,+1) = 2/3.00(3.00 + 1) = 13.856

1 ) 1
5 VN, (N —1) = 5 V/3.00((3.00)* - 1) = 6.928
from eq.(1.20d), N, = N, = (3.00° =9

from table 1.8, G, = 1.12, G, = 0.9("+ L/B = 16/8 = 2)

from eq.(1.20c), N, =

from eq.(1.20), ¢, = (1.12)(300)(13.856) + —;—(0.9)(8.0)(25)(6.928)—}— (25)(2.5)(9)

= 5841.186(kPa)

. _ q, _ 5841 kPu _
. g = 7 =—3 = 1.95 MPa
a9
AskF AEE 4% ZlxAy J4E¥SFSE E=1.5GPa, p = 0.32 7P gt

L/B=20122, ¥ 1.10a%A 71%9 F4dA = C4 =1.5201t} o X gpg
= 0.5 MPa°] #&3l= 49+,

g = (1.52)(0.5 MPa)(16 m)(1 - 0.30%)
e 1500 MPa,

Aol AEAF NN, FZATAYAY L2A0ZE PPN Pier7t Y 71%A
Hko] 3 ExAFHL 1.3MPacolioltt. wer, E2u AWM FIAUL 7EF
HEAAHL 50tH/m*E 3T AL FAF7E BAY HAAEA) H&FL o
FHO 9A ¥ou AR AFE 7.3 mmEA FAE HE drh

= 0.0074m = 7.3mm
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Initial Offset (kgf/cm”2)

Measured pr. Offset (kgflcm*2)

: T ' T T T T I T T T T I T T T T l T L T l T T T T | T T ¥ T I :
: Sym. No. Offset 3
R —— A1 -1.622 | o o o o o e o -]
E --- A2 -5.286 ]
N A3 -3.287 3
E —— A4 -3.225 .
R R A5 0.121 =
= B1 -0.282 ]
C --- B2 -0622 E
R Rt B3 -4.285 1
proorro — 203 ¥ A i ]
N R BS 3.225 -]
. — ZIs 0.121 ]
- - -- UNz-0.282 .
3 E
S N B S O S R
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
During Time (¢, min)
(@) Al2H0l & ELH =JIX 23 2X4d

AL L L AN L L  LL OL L =

s lv v b by v by e b ey e by Lo s Py

o
0

15 30 45 60 75 90 105
During Time (t, min)
(b) ZOIXIE DS Oty & 2 HFQ ELH Bigt

120

Fig.3.10.7 7918 E¢AS 271X ¢4 3 #A4 dA 43
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¥ 3.10.42a Initial offset of pressure gauges(kgf/cm?)

m Al A2 A3 A4 Ab Bl B2 B3 B4 B5 Zis | Unz
1

0.00 |-1.621|-5.287|-3.287|-3.276|-3.228]|-0.283|-0.621|-4.287|-2.287|-3.225| 0.119 |-0.283

0.01 |-1.623|-5.287(-3.288|-3.276|-3.229{-0.283|-0.623(~-4.287|-2.288|-3.225| 0.121 |-0.283

0.03 [-1.623|-5.287|-3.289]-3.276(-3.229(-0.283)|-0.623|~4.287|-2.288]-3.225] 0.121 |-0.283

0.05 |-1.623|-5.287(-3.289(-3.276(-3.229(-0.283|-0.623|~-4.287|-2.289|-3.225( 0.121 |-0.283

0.06 |-1.623|-5.287(-3.288(-3.276(-3.229{-0.285|-0.623|~-4.287|-2.288]-3.225; 0.121 }-0.285

0.08 |-1.621}-5.285[-3.287|-3.276|-3.229|-0.283|-0.621|~4.285[-2.287|-3.225| 0.121 {-0.283

0.10 |-1.621|-5.287|-3.288|-3.276|-3.229|-0.283|-0.621|-4.285(-2.287|-3.225| 0.121 [-0.283

0.11 [-1.621|-5.287|-3.288|-3.276{-3.229|-0.283|-0.621|~4.287|-2.288|-3.225]| 0.119 |-0.283

0.13 |~1.621}-5.287|-3.288|-3.276|-3.229(-0.283]|-0.621|~4.287(-2.288|-3.225( 0.119 {-0.283

0.15 |-1.621|-5.287|-3.287|-3.276(-3.229(-0.283{-0.621(-4.287{-2.287|-3.225! 0.121 |-0.283

0.17 1-1.623|-5.285|-3.287(-3.276|-3.229|-0.283]-0.623)-4.285|-2.287|-3.225] 0.121 |-0.283

0.18 |-1.623|-5.285|-3.287|-3.276|-3.229|-0.283|-0.623(-4.285(-2.287|-3.225| 0.121 {-0.283

0.20 |-1.621{-5.285[-3.288|-3.275|-3.229|-0.283|-0.621|-4.285(-2.288|-3.224| 0.121 [-0.283

0.21 |~1.623|-5.285|-3.288|-3.276|-3.231|-0.285]|-0.623|-4.285|-2.288]-3.225| 0.121 [-0.285

0.23 |~1.623|-5.287|-3.289|-3.276(-3.229{-0.283|-0.623|-4.287(-2.289|-3.225( 0.121 {-0.283

0.25 [-1.623(-5.285{-3.287(-3.276|-3.229]-0.283(-0.623|-4.287)-2.289}-3.225| 0.121 |-0.283

0.26 1-1.623]-5.285(-3.287]-3.276|-3.229|-0.283|-0.623|-4.285|-2.287|-3.223| 0.121 (-0.283

0.28 |-1.623|-5.285|-3.288|-3.276(-3.229(-0.273|-0.623|-4.285]-2.288]-3.225| 0.121 |-0.273

0.30 |-1.623|-5.285|-3.288|-3.275|-3.228(-0.273|-0.623|~4.285|-2.288|-3.225| 0.121 [-0.273

0.31 |-1.623|-5.287|-3.288|-3.276(-3.228(-0.283|-0.623|~-4.287|-2.288]-3.225| 0.121 |-0.283

0.33 [-1.623(-5.285(-3.287|-3.276(-3.228(-0.275|-0.623{-4.285|-2.287|-3.224] 0.121 |-0.275

0.35 |-1.620{-5.2841-3.287)-3.275|-3.228|-0.283|-0.620}-4.284(-2.287|-3.225] 0.122 |-0.283

0.36 |-1.620|-5.284|-3.287|-3.275|-3.228|-0.283|-0.620(-4.284{-2.287|-3.225| 0.122 [-0.283

0.38 |-1.620(-5.284|-3.287|-3.275|-3.228|-0.283|-0.620|-4.284(-2.287|-3.225| 0.122 [-0.283

0.40 |-1.620|-5.284{-3.287|-3.273|-3.229(-0.283|-0.620|~4.284(-2.287]|-3.225) 0.122 |-0.283

0.42 |-1.621|-5.287(-3.288|-3.275|-3.228|-0.285|-0.623[-4.285|-2.288{-3.225 0.121 [-0.283

0.43 |~1.621|-5.287{-3.288]-3.275|-3.227(-0.285)-0.621|-4.287)-2,288|-3.225| 0.121 [-0.285

0.45 |-1.623]-5.287|-3.288]-3.275|-3.227|-0.283|-0.623|-4.287|-2.288{-3.225| 0.121 [-0.283

0.46 |-1.621|-5.285(-3.288|-3.275|-3.228|-0.283|-0.621|-4.285|-2.288|-3.224| 0.122 |-0.283

0.48 |-1.621|-5.285|-3.288|-3.275|-3.228(-0.283|-0.621|-4.285]-2.288|-3.224| 0.122 |-0.283

0.50 [-1.623|-5.287|-3.288(-3.275(-3.229(-0.283|-0.623|-4.287|-2.288{-3.225| 0.121 |-0.283

0.51 |-1.623|-5.287|-3.288|-3.275|-3.229|-0.283|-0.623(-4.2871-2.288|-3.225| 0.121 |-0.283

0.53 |-1.623}-5.287|-3.288]-3.275|-3.229|-0.283]|-0.623|-4.287]-2.288|-3.224| 0.121 |-0.283

0.55 |-1.623|-5.285|-3.288]-3.275|-3.228|-0.283|-0.623|-4.287(-2.288|~-3.224| 0.121 |-0.283

0.56 |-1.623|-5.285(-3.288|-3.275|-3.228|-0.283|-0.623|-4.285(-2.288|-3.225| 0.121 |-0.283

— 236 —




Continued from the table 3.10.4a

t(mlo. Al A2 A3 A4 A5 Bl B2 B3 B4 B5 Zis Unz
0.58 |-1.623|-5.285|-3.288 | -3.275|-3.228 | -0.283 | -0.623 | -4.285 | -2.288 | -3.225 | 0.121 | -0.283
0.60 |-1.623|-5.287 | -3.287 | -3.275 | -3.229  -0.285 | -0.623 | -4.287 | -2.287 | -3.225 | 0.121 | -0.285
0.61 |-1.621]-5.283 {-3.285(-3.275(-3.227 | -0.283 | -0.621 | -4.283 | -2.285 | -3.225 | 0.121 | -0.283
0.63 |-1.623|-5.284 |-3.285 | -3.275(-3.227 | -0.283 | -0.623 | -4.284 | -2.285 | -3.224 | 0.121 | -0.283
0.65 |-1.623|-5.284|-3.285 | -3.275(-3.227 | -0.283 | -0.623 | -4.284 [ -2.285 | -3.224 | 0.121 | -0.283
0.66 |-1.621|-5.283-3.284 | -3.273 | -3.227 | -0.283 [ -0.621 | -4.283 | -2.284 | -3.224 | 0.121 [-0.283
0.68 |-1.621|-5.281|-3.284 |-3.273 | -3.228 | -0.283 | -0.621 | -4.281 | -2.284 | -3.224 | 0.119 | -0.283
0.70 |-1.621|-5.283|-3.285|-3.2731-3.228 [ -0.283 | -0.621 | -4.281 | -2.284 | -3.224 | 0.119 | -0.283
0.71 |-1.621|-5.283 | -3.285 | -3.273 | -3.228 | -0.283 | -0.621  -4.283 | -2.285 | -3.224 | 0.121 |-0.283
0.73 |-1.623 |-5.287 | -3.287 | -3.275|-3.228 | -0.283 | -0.621 | -4.283 | -2.285 | -3.224 | 0.121 | -0.283
0.75 |-1.623|-5.287 | -3.287 | -3.275 | -3.227 | -0.283 | -0.623 | -4.287 | -2.287 | -3.225| 0.121 | -0.283
0.76 |-1.623|-5.287 | -3.289 | -3.275 | -3.227 | -0.283 | -0.623 | -4.287 | -2.289 | -3.224 | 0.121 |-0.283
0.78 |-1.623|-5.285-3.288 | -3.273 | -3.227 | -0.283 | -0.623 | -4.285 | -2.288 | -3.225 | 0.121 | -0.283
0.80 |-1.623|-5.285|-3.288 | -3.273 | -3.227 | -0.283 | -0.623 | -4.285 | -2.288 | -3.225 | 0.121 | -0.283
0.81 |-1.623|-5.283|-3.285 | -3.272 | -3.228 | -0.281 | -0.623 | -4.283 [ -2.284 | -3.225 | 0.119 | -0.283
0.83 |-1.623|-5.283|-3.285|-3.275|-3.227 | -0.281 | -0.623 | -4.283 [ -2.285 | -3.225 | 0.121 | -0.281
0.85 |-1.623|-5.283 |-3.285|-3.275|-3.227 | -0.281 | -0.623 | -4.283 | -2.285 | -3.225 | 0.121 | -0.281
0.86 |-1.623|-5.287 | -3.288 | -3.272 | -3.228 | -0.285 | -0.623 | -4.287 | -2.288 | -3.224  0.123 | -0.285
0.88 |-1.623|-5.287 | -3.288 | -3.275|-3.227 [ -0.285 | -0.623 | -4.287 | -2.288 | -3.224 | 0.123 | -0.285
0.90 |-1.623|-5.287 | -3.288 | -3.275 | -3.227 | -0.267 | -0.623 | -4.287 | -2.288 | -3.225 | 0.121 | -0.267
0.91 |-1.623 | -5.287 | -3.288 | -3.273 | -3.228 | -0.269 | -0.623 | -4.287 | -2.288 | -3.225 | 0.125 |-0.269
0.93 |-1.623|-5.287 | -3.288 | -3.273 | -3.228 | -0.269 | -0.623 | -4.287 | -2.288 | -3.225 | 0.125 | -0.269
0.95 |-1.612|-5.287 | -3.288 | -3.273 | -3.228 ( -0.285 [ -0.613 | -4.285 | -2.288 | -3.224 | 0.122 | -0.285
0.96 {-1.612|-5.287 | -3.288 | -3.273 | -3.228 ( -0.285 [ -0.612 | -4.287 | -2.288 | -3.225 | 0.122 | -0.285
1.24 |-1.623|-5.285(-3.288 | -3.273 | -3.228 | -0.285| -0.623 | -4.285 | -2.288 | -3.225 | 0.121 | -0.285
1.49 |-1.621(-5.285|-3.287{-3.273 | -3.227 | -0.283 | -0.621 | -4.287 | -2.287 | -3.227 | 0.121 | -0.281
1.74 |-1.621(-5.285(-3.288 | -3.273 | -3.227 | -0.283 | -0.621 | -4.285 | -2.288 | -3.225 ] 0.121 |-0.283
2.49 |-1.623|-5.287 | -3.287 -3.273 | -3.227 | -0.285 | -0.623 | -4.287 | -2.287 | -3.227 | 0.121 | -0.285
2.99 |-1.623|-5.285|-3.288 | -3.273 | -3.227 | -0.283 | -0.623 | -4.285 | -2.288 | -3.225 | 0.118 |-0.283
3.49 |-1.621|-5.287 | -3.288 | -3.275|-3.227 | -0.283 | -0.621 | -4.287 | -2.288 | -3.225 | 0.121 | -0.283
Mean | -1.622 | -5.286 | -3.287 | -3.273 | -3.226 | -0.282 | -0.622 | -4.285 | -2.287 | -3.225| 0.121 | -0.282
S.D | 0.002 | 0.002 | 0.001 | 0.002 | 0.002 | 0.004 | 0.002 | 0.002 | 0.001 | 0.001 | 0.001 | 0.004
Min |-1.623|-5.287 | -3.289 | -3.276 | -3.231 | -0.285 | -0.623 | -4.287 | -2.289 | -3.227 | 0.118 |-0.285
Max |-1.612(-5.281 (-3.284 | -3269 | -3.224 | -0.267 | -0.612 | -4.281 | -2.284 | -3.223 | 0.125 |-0.267
Range| 0.011 | 0.006 | 0.005 | 0.007 | 0.007 | 0.018 | 0.011 | 0.006 | 0.005 | 0.004 | 0.007 | 0.018
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¥ 3.10.4b AYs ¥ Fo A AYF 271X AAHZAH

Al | AZ | A3 | A4 | A5 | Bl | B2 | B3 | B4 | Bb | Zis | Unz
Mean | -1.658 | -5.429 | -3.317 | 0.626 | -4.066 | -6.216 | -1.848 | -3.485 | -2.333 | -3.206 | 0.150 |-0.256

S.D |{0.0010 |0.0005 | 0.0006 | 0.0006 | 0.0009 | 0.0007 | 0.0010 | 0.0011 | 0.0009 | 0.0004 | 0.0006 | 0.0015

Min |-1.659 | -5.430 | -3.318 | 0.625 | -4.067 | -6.218 | -1.851 | -3.486 | -2.334 | -3.208 | 0.148 | -0.259

Max |-1.656 | -5.428 | -3.316 | 0.627 | -4.063 | -6.215 | -1.847 | -3.483 | -2.331 | -3.205 | 0.152 | -0.253

Range| 0.003 | 0.002 | 0.002 | 0.002 | 0.004 | 0.003 | 0.004 | 0.003 | 0.003 | 0.003 | 0.004 | 0.006

Mean | -1.640 | -5.195 | -3.348 | 0.636 | -3.913 | -4.968 | 0.325 | 0.319 | -3.307 | -3.249 | 1.207 | 0.786

S.D |0.0005 |0.0009¢ 0.001 |0.0008)0.0006 | 0.0024 |0.0021)0.0033}0.0022 | 0.0009 | 0.0027 |0.0033.

Min |-1.641|-5.196 | -3.350 | 0.635 |-3.914 | -4.972 | 0.321 | 0.314 |-3.311 | -3.252 | 1.203 | 0.781

Max | -1.639 | -5.193 | -3.347 | 0.638 | -3.912 | -4.963 | 0.330 | 0.330 | -3.302 | -3.248 | 1.213 | 0.792

Range| 0.002 | 0.003 | 0.003 | 0.003 | 0.002 | 0.009 | 0.009 | 0.016 | 0.009 | 0.004 | 0.010 | 0.011

Mean | -1.618 | -5.297 | -3.273 | -3.227 - - - - - - 0.127 | -0.275
S.D | 0.0015 | 0.0015 [ 0.0014 | 0.0012 - - - - - - 0.0011 | 0.0012
Min | -1.621 | -53 |-3.277 | -3.231 - - - - - - 0.125 | -0.277
Max | -1.613 | -5.288 | -3.271 | -3.224 - - - - - - 0.129 | -0.271

Range | 0.008 | 0.012 | 0.006 | 0.007 - - - - - - 0.004 | 0.006

3.10.4 E¢AYG st oA

123 Az ASdFolded =2 BU9 82 R AR 23452 A7
ATk, 2006. 05. 01°] EHA 1078, Hshs 27 R Jed 248 odd 94X
Fig.3.10.8, "jd7A 9] A}x& Fig. 3.10.9~3.10.11 o]},

Astge ABL 712AY oldE 4.5m7HA] AF(D100mm)F nAF HAsFS
Analog typel.2 & A ojt}, XFEHAA 7]Z Y Qo] 3.5m AANA HZF
(D76-L4500)3t] AR ER, ddolA aF LA E 8.5 molded Aeolt.

FA714(HEAGFA AN FALY AR Pier No. 5 Column #&°] 2006. 07.
289 A|F ¢85 9] Terminal box& A 3R} o] W Aswd EGAE AS
Ao, 2006. 06. 01 X F9 AZSX 9 AZXE vustd HHXE AAE 4
Aoty &, Column &F, ‘LW FAL &F, 4% 448, £F 2 AQ 3, M%
= 2 A&Hog 2008 7HA 43)/year FE Ao Aol
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3.10.5 B¢t 2 Fstw AS

(1) A&}k
- 713 2A

71ERE 23YE EE(200%<200x500)2.2 2007. 05. 12(F)°] =W g4
ot 284, #YLER IR AFY FY T dEH, 72 FAYE SF

Fo AEA7IZ st 2006. 05. 28(P)el AHEAT @I 71z &£¥9rY AF
A& A8t 7|5 FZol A#F Folth. Asd9 7]&d(Bench mark)2 Pier No.
59 71% 471 FoAA FA-2A WFEPN) HF 7|F FAHAA 6.5m Eo
A 2Z20hK) gol AE 50cm. F7 45cmB B LI EE sty AR89
o aEx, sk O, @ BAAVE 71EHER, AET Haad JEE Ao
o] Az WakFo] o)

Qo vuol AT 29 125 Leveld A3t 2Rt 2dd), $22
2 A3 9 @ol A9 AA}DE, o|F Wuo] A L2w SR
Aok A8t AFAFTH AR e A3 PaF, JEH v 5T o
2 g 5o wsE AeE E 3105000 orlH, A, FY D ewe
FEHL FAOR FPASA- WL AP B B AXolth 291,

PA4 1.5 GPa, Tol& H 0.3& FHL3

)
oX
il
o
oft
flo
i
=
\]
«
=2,
N,
VL
N
=
lo
r&

AEZARE 293
- A HFFERG AnchorZ2 AT FJ5HE ASFo] Hstn Qx7F Eéirt
- 2008. 01. 16(@A 6229 A3 1AstFe] 97 %7t Al&d FHdA, Ha &
Hd Aol 77 6.82mm E 7.44mmBA GAXNOR AEI AT I
o s o e, @A ATl AFTH] fle &F AR FRd=
BejolM e FEEA ABAYL &4E& 7AFE 9FL ovu, AT F
T, TAstT B FT Tol FEE FFe FAE AEE okd AeE A4AA
oh wEba, B Aboldgls F8 FEREL X&Ho| AlFo] A3y,
o] A9 AF7Ite]l FEIHAUAT ME FAE AHFHLE AFZ dFHoln.
ok, Jstwa BE9HA @abgte]l REAYTE Ao,
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¥ 3.10.5 A5 AstFH ol F3F vl

7 7 45 H&F ol &4
AR | AZF |YHDE MG | THeHAl RSHE | M2 |Avilast] 012 | HIS

days (D =@ =2 |@ 3cH@ 2| Av % Se | Av/Se
05.01 04 & 0 0 0 0 0 0 0 0 0

06. 05 .28 30 477 | 407 | 360 | 3.21 | 3.91 56 277 | 141
06. 09. 07 167 | 5.26 | 482 | 3.99 | 3.73 | 4.45 63 2.56 | 174
06. 10. 17 197 | 6,79 | 635 | 461 | 415 | 497 71 2.80 | 178
07. 05. 07 372 | 6.30 | 592 | 505 | 467 | 549 78 3.84 | 143
07. 08. 26 | 477 | 6.71 | 6.38 | 6.20 | 5.87 | 6.29 89 520 | 121
07. 11. 15 586 | 7.08 | 669 | 662 | 649 | 6.72 95 6.92 97
08. 01. 16 | 619 | 744 | 706 | 6.82 | 6.84 | 7.04 | 100 | 8.42 84

9 a I ™ I : T T L T : I

o[ | #t-28 2552 nean .
| | Pier No5 MEJIx Aoty =3 ;]

, 2006. 05.28~2008. 01. 16 .

(o]

o
I‘]’Thl‘rﬁi‘[—l‘r‘ﬁr
-\
!
!
!
\
»
\
\
\
\
\
|

"
——
-

-

£
E
< .
5., e |
5[ L ) _
Sal | I sted 52|
3 e sud s |
2 .7 Msd He |
77 s ekl
1/ % R .
K gasey | -
0 . | . L . 1 — T—
0 100 200 300 500 600

Elapsed time (t, days)

7% 3.10.12 a7 7] 2AHHGSI 33)9] AsF AFX 9 o] 8A Hlu

(2) E4A A=

[+

1E 271X ¥ 3.10.6019, o|F EQA WL o] FHANE FHLarh

2 T
FZE FZ AMAAE 2% 3.10.39 Backfill ¥°]& 7.5 mZ AE3 o=

o
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AA ] ek AA Hel$7) dole 20061 64 054(1xPel 3.5m, 2008d 149
138239 1.5m, ¥ HE FAE 50 molth o] FA ol 591tfAdH, ¥
3.10.79 AZ3FL ol ny AUt V2 99 HAEHTL 4 v FAZL uH
o &, F¢-2IYE vlZATE 0.60, HEFRE FAELASF 058 3
$3 vhE AFFL 3.6t/m A, A7IME ATl 2tf/m’ FNA HA A

¥ 3.10.6 E¢A w14 A 3(2006. 05. 01)9] 71X

‘S| AL | Az | A3 | A4 | A5 | Bl | B2 | B3 | B4 | BS

0 -1.6511-5.784 | -3.884 | 0.181 | -4.204 | -6.812 |-18.860] 0.304 | -4.326 | -2.901
5 -1.5651|-5.785(-3.884 | 0.181 | -4.207 | -6.812 {-18.858| 0.304 | -4.326 | -2.900
10 |[-1.554|-5.786|-3.883 | 0.180 | -4.211 | -6.813 |-18.860| 0.304 | -4.327 | -2.899
15 |[-1.651|-5.7856|-3.882 | 0.181 | -4.207 | -6.812 |-18.860| 0.306 | -4.326 | -2.901
20 |]-1.551|-5.785|-3.883| 0.181 | -4.209 | -6.809 |-18.860| 0.304 | -4.326 | -2.899
256 |-1.551|-5785|-3.882| 0.181 | -4.211 | -6.812 |-18.858| 0.304 | -4.327 | -2.899
30 |-1.653|-5.785(-3.883| 0.181 | -4.211 | -6.812 |-18.858| 0.304 | -4.327 | -2.901
35 |-1.549|-5.785(-3.883 | 0.180 | -4.211 | -6.812 |-18.860| 0.304 | -4.326 | -2.901
40 |-1.563|-5.785|-3.882 | 0.181 | 4.208 | -6.813 |-18.858| 0.304 | -4.327 | -2.901
45 |-1.5561|-5.782|-3.882 | 0.180 | -4.207 | -6.813 |-18.858| 0.304 | -4.326 | -2.900
50 |-1.551(-5.784|-3.880| 0.181 | -4.207 | -6.812 [-18.860| 0.304 | -4.326 | -2.901
55 ]-1.551]-5.785|-3.879} 0.180 | -4.207 | -6.813 |-18.860] 0.306 | -4.326 | -2.901
60 |-1.5561|-5.785|-3.882 | 0.181 | -4.208 | -6.812 |-18.860| 0.304 | -4.327 | -2.903
65 |-1.551|-5784]-3.882 | 0.179 | -4.207 | -6.813 |-18.858| 0.304 | -4.327 | -2.903
70 |-1.551|-5.785|-3.883 | 0.180 | -4.209 | -6.812 |-18.860| 0.302 | -4.326 | -2.900
75 ]-1.554|-56.785|-3.880 | 0.183 | -4.207 | -6.813 |-18.860| 0.304 | -4.326 | -2.901
80 |-1.554|-5.784|-3.882| 0.180 |-4.208 | -6.813 |-18.858| 0.304 | -4.326 | -2.901
856 |-1.551[-5.785]-3.883| 0.180 | -4.205 | -6.812 |-18.860| 0.304 | -4.327 | -2.901
90 |-1.551|-5.785|-3.880| 0.181 | -4.207 | -6.812 |-18.858| 0.303 | -4.326 | -2.900
95 |-1.563|-5.781|-3.882| 0.183 | -4.208 | -6.813 (-18.860| 0.304 | -4.326 | -2.901
100 |-1.5561|-5.784 | -3.880 | 0.180 | -4.208 | -6.812 |-18.858| 0.304 | -4.327 | -2.901
105 |-1.551|-5.785|-3.879| 0.180 | -4.207 | -6.813 |-18.860| 0.306 | -4.326 | -2.901
110 |-1.651|-5.784 | -3.879 | 0.181 | -4.207 | -6.813 |-18.858| 0.304 | -4.327 | -2.901
116 | -1.563 [ -5.782|-3.884 | 0.180 | -4.205 | -6.812 |-18.860| 0.304 | -4.327 | -2.901
120 | -1.551[-5.785|-3.880 | 0.180 | -4.208 | -6.813 |-18.858] 0.304 | -4.327 | -2.901
1256 |-1.551|-5.785|-3.880| 0.181 | -4.209 | -6.812 |-18.858| 0.303 | -4.326 | -2.900
130 |-1.551|-5.785|-3.882| 0.181 | -4.207 | -6.812 |-18.858| 0.306 | -4.326 | -2.901
135 |-1.554|-5.785|-3.882 | 0.179 | -4.209 | -6.813 |-18.858{ 0.302 | -4.327 | -2.901
140 |-1.551|-5.784|-3.879 | 0.180 | -4.207 | -6.813 |-18.858| 0.303 | -4.326 { -2.900
145 |-1.551|-5.784|-3.883| 0.181 | -4.207 | -6.812 |-18.858| 0.304 | -4.326 | -2.901
150 | -1.561|-5.782|-3.883 | 0.180 | -4.207 | -6.812 |-18.858| 0.304 | -4.326 | -2.903
155 |-1.551|-5.785|-3.886 | 0.181 | -4.207 | -6.813 |-18.861| 0.303 [ -4.327 [ -2.901

Ave. | -1.652 | -5.784 | -3.882 | 0.181 | -4.208 | -6.812 (-18.859| 0.304 | -4.326 | -2.901
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283, Coping, A&, Wa4¥, Deck slab?l FaAALY] 25 2ol A9
¥ nA3F AAFE 10 cmy| kot wepA, 28 AL Al gl F
¥ FoE AR,

20061 99 74 @A, WA ELA 1074 FoA 77 ol o] gl LA
A}, Cable2 WdTPHOZ Sealingfedl, T Tdao] A ALE Bt Y
T ooldstd o A AP ¥3.10.89 x ®E RFY 19 3.10.129 o]
o3 o] ¥t 2007d 9¥ 7Y ol FEH /AT A IMNE F, EQA WE A2,
A3 ¥ B5d| #3t9 AFHE o] AF4E AW H3.10.9a0/H, WEFolE &
A3t 1™ 3.10.14a°]th. & 3.10.8~9914 &4 R, C, L5 FA—-> 44304

M

—

¥3.10.7 FAIYAE AFE AT 2313 J 2R FAY

e A 713H( ) AW, tf) A =) ot
3% 2A ol | AR | 2Ed | A |t
7) % ¥ 5} 2006. 04. 25 0 0 0 0

A" Nz 2006. 05. 25 28 800 800 6.25

2 backfill(1) | 2006. 06. 05 39 827 1627 12.71

1% | 2006. 06. 14 48 94 1721 13.45

2@ | 2006. 06. 28 62 94 1815 14.18

7 3 | 2006. 08. 08 103 94 1909 14.91

4 | - 42 | 2006. 08. 22 117 94 2003 15.65

s | 5% | 2006. 09. 05 131 94 2097 16.38

6 & | 2006. 09. 29 155 94 2191 17.12

79 | 2006. 10. 20 176 94 2285 17.85

3 Coping 2007. 05. 04 372 316 2601 20.32

PSC beam 2007. 08. 20 480 582 3183 24.87

Cross beam 2007. 10. 01 527 121 3304 25.81

Deck slab 2007. 11. 23 575 344 3648 28.50

= ¢ £ 2008. 01. 11 617 17 3665 28.63

Backfill(2) | 2008. 01. 15 621 384 4049 31.63

v & 9 [ 2008. 08(iA) - 25 4074 31.83

olA& ¥ | 2008. 08(AA) - 96 4170 32.58
ol 5 3 F
= | FAI}F
& A% aFE
A A F
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719 3.10.13 o] ' E4A FR1(2006. 09. 07 @A

Elapsed time (t, days)
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=3y A=z EXHEEX - =IIA)
N =X 21106/05/01 | 06/05/30 | 06/07/28 | 06/09/07 |06/ 05/01106/05/30| 06/07/28 | 06/09/07
o]
A 0 30 99 157 0 30 99 157
Al | &-C | -1.552 -1.658 -4.978 0 0.106
A2 | &L | -5.784 -5.338 -4.628 -4.409 0 0.446 1.156 1.375
A3 | A-R | -3.882 | -3569 | -3.024 | -2.782 0 0.313 0.858 1.100
A4 |A-RC| 0.181 0.231 -4.749 0 0.050
A5 | A-LC| 4.208 -4.164 -5.808 -0.435 0 0.044 1.600
B1 | ol-C | -6.812 -6.317 -4.528 | -12.404 0 0.495 2.284
B2 | oI-R | -18.859 | -0.040 | 25.946 0 18.819
B3 |dl-LC| 0.304 0.133 25.809 0 0.171
B4 [&l-RC| -4.326 | 0.261 0
B5 | di-L | -2.901 -2.758 -2.437 -2.271 0 0.143 0.464 0.630
10.0 T T ] T I T ‘ l" [ ' T ‘[ T I T I
- '8 i 3 —a— A1 1
L ! : ’ 2 —o—A2 i
I < [ —A—A3 -
! —v—A4 d
——A5 i
—<4—B1 |
NA - ’- BZ
E —e—B3 .
s —%— B4 Fail 1
o —e—B5 < 1
~ .
o
© i
o * Fail
5 i
3] p
o)
= .
/——-—. 1
o———— A i
A o ]
1 I 1 l 1 ] 1
0 20 40 60 80 100 120 140 160 180



29 Adolth F, AFNF Pier #59 7|xo AAR F 1AsHF 4170tf Fol
A 4074 tf, 98%7+ AEHE FElolth(RE 3.10.7 F=x). o] AX¢td g A&AAE
goFstd g #oh
- E¢A = Soil tranducer type®tHE Load cell typeo]l © W& =3t vk &,
AxRE 1% 3.10.8b9 Zo] THolE Hi EFAL A=Y RS 21 EYAE
s, 7129 ARG ZAE FTHH EUAR AEBA EFHE] Wi ol
th. 2% 3.10.5¢9 o] dHd 879 FEE Jtetd HAR HE = 104 BEF
ojdo] fAFAE 107} FoAA 7Y ool A7) WEoith. T, Load cell
typed 7|ZAAH At Alolo] FHE Fojof & EAIHe] 2ot Disk type
spring< Load cell A/3ldel HEFA|7|H & Aol
- 20069 59 19l midste 2008 19 16974 61943 10 4439 A&
2%, 5T oR A% VIxAHY] FASGo] TEEY Ao ESA 349 A
54 P2 dAE ARREEn o @A Yerstoh

AT ol F&ste 271, 45 HAYS LoFTET 652 FEE 23, 4 F
GAo] o2& Fe HEA/L FUMHEH o] BSE HEF 80% HE ot
ol EXAIE Rl & 2 AR 72AH FFFol FEFo) wek Azt
o] AUHA 7127} FAH o2 JMAHAA el g FoHA Auige] RPE F
3 deHe Ao Hn
- A7 F2EQ mAL Fol 28m, A7 32me FUnFolnE EHA vl
dolE FA(2008.01.16)7k7] 619U 7t mAHEF o3 AAYRezE ot/
FHAa AAL dBE wud FE Jong NEFY T} FEINF, EiF, A
Y T& 1Y FEAHLE Hrisfof gith WA, 2 JNF Folk A&HH
AZ o] d g3t}

il
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Contact pressure (p, kgficm’)

Contac pressure (p, kgf/cmz)
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¥ 3.10.9a o] o] g= EYLA 39 A==

A= 9 I Data logger® 2 AZA

A2 A3 B5
2006. 05.01 0 -5.785 -3.882 -2.901
2006, 05. 30 30 -5.338 -3.569 -2.758
2006. 07. 28 99 -4.628 -3.024 -2.437
2006, 09. 07 157 -4.409 -2.782 -2.271
2006. 10. 17 197 -4.321 -2.661 -2.122
2007. 02. 14 317 -4.123 -2.465 -1.752
2007, 05. 07 372 -3.976 -2.37 -1.597
2007. 08. 26 477 -3.478 -2.029 -1.493
2007. 09. 10 492 -3.386 -1.97 -1.459
2007, 11. 15 557 -3.094 -1.568 -1.324
2008, 01. 16 619 -2.865 -1.16 -1.213

¥ 3.10.9p 723 EYA A9 HaF9 AAY v

Azad | AR A% A et/ dete Ave./po

A2 A3 B5 Ave. Po %

2006, 05. 01 0 0 0 0 0 0 -
2006. 05. 30 30 0.447 | 0.313 | 0.143 | 0.301 0.57 52.8
2006, 07. 28 99 1.157 | 0.858 | 0.464 | 0.826 1.28 64.6
2006. 09. 07 157 1.376 | 1.100 { 0.630 | 1.035 1.37 75.6
2006. 10. 17 197 1.464 | 1.221 | 0.779 | 1.155 1.61 71.7
2007. 02. 14 317 1.662 1.417 1.149 1.409 1.77 79.6
2007. 05. 07 372 1.809 | 1.512 | 1.304 | 1.542 1.83 84.2
2007. 08. 26 477 2.307 | 1.853 | 1.408 | 1.856 2.29 81.0
2007. 09. 10 492 2.399 | 1.912 | 1.442 | 1.918 2.40 79.9
2007, 11. 15 557 2.691 | 2.314 | 1.577 | 2.194 2.69 81.6
2008. 01. 16 619 2.920 | 2.722 | 1.688 | 2.443 3.06 79.9
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3.11 Load Frame A7
3.11.1 DSST A1 @3 Ae 2 AA AYzxd

o] AF-/ME(R & D) HAFHA Fol shtolnt,

Bak obul PAo A, FBA3l A@(Plate Bearing Test or Loading Test), 4%
FEARQWCST) 2 AP ADE NG (DSST)F Lab. UCST, DSST & TCST 5& 3 Load
frameo. 2 AA-AZ3}h Lab. test frame2 ¥t IAFFHR AMGstE=R  7]7]9]
A, 9 2 P84 T IA Ak Fert.

add, % 494 A7 s FA Za TAd A Add ded, 1 F
X% 71 & EAE In situ 0SST golrt. hkd, ASTM D 4554-90(re.1995) 3}

= &g 1-Test blockel Al 43] o]de] AlHe| ERdd FA3FE 7187 W&ot
agam, o] 71719 w(Load frame)E Lab./In situ testol FFHOE ARg8al,
AY FEEE 2R EZE7 ¥R 23 PA oz dslr] o,

A7) E, 2% 3.11.1~3% 2L In situ DSST 71718 FHAL= 4. Id

3.11.1 & 29014, @& FAAG A&7 Fo4E AddstFe ¥ER1 ¢ 2, 35
@ @ @ ® @ @

7
7

jadsd

..... +— 14 Test block

7,

@, @ Reaction plate 1 & 2 © Spherical platens
@, @ Load transfer 1 & 2 @ Tension bolt
(® Tension resistance @ Shear boxes
® Hydraulic jack @ Bonding plaster
@ Load cell @ Space & reaction bar
Bearing plate Normal load system

a8 3.11.1 EF AFAG AF7 9 Fo4: GN(FERE)
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AG¥, Hydraulic jack +Load cell +Spherical platens® TZAZX], A/&HE A

SR, AR 1A@ZA, FHsT wEd/dsAgd 2 o AY Ba R

Roller Eo]t}. o] Load frame? AAZAE L9354 &3 Zo}.

Z7 1 : Test block At} A7]&= Zk53 400 x 400 x 400

F’I’f‘?jﬂ_ﬁf’fﬂf@‘ft— 7
WIT g W,

@
INGEERN =it TR | e SNCEERINE

.
b o S R R Ry P

&\ ] o 2 © © :\\

~J,

NN L — oo | FONNNNNE

o | .
i ¥
®—'. @ (@ weak rock masses]

f@ Weak rock masses impossible coring for lab. test T
(RQD =50, g.<50MPa, RMR 50, Q=<4)

@ Test block for in situ DSST

® Con'c pad(t <50 mm, quick hardening mortar)

® Rock bolt(Rod D25, Borehole D52 - L2000 min, 8@80 kN/ea)

® Chemical anchor for protection of test block, L 400 min.)

® Steel plate for rock bolt head fix

® Vert. resist plate for lower shear box deformation proof

Screwed steel bar for lower shear box deformation proof

® Center holed hydraulic jack(500 kN, stroke 65)

Load cell & spherical platens for axis fitting

@ Needle roller & box reducing slide resistance of up. shear box

@ Resistance plate for normal load connecting the rock bolt

| ® Dial gage for shearing deformation and dilatancy

2% 3.11.2 In situ DSSTY] FA3}F Al2®eo SHYT A
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2742 &g A & 0SST 0.8 tf, PBT/UCST 1.2MN

Z7A3 : Hyd. jacke A%/ 4% AL(Pull 1.2MN, Push 0.7MN, stroke 100 mm)
Z7 4 : UCST, DSST, PBT AL ZA 33A

2745 AFo 4A 18It (A /27 Jtsd 249 AW FA 50kgfelst)

Load frame AANA 71F & EAE vido] 83l AsHHol HYT A8
A Eto g o) o]lFoltt, &, FAEsFHo| A/3 HUlAo|nE 1% 3.11.49 Ho]
Frame system A A2l 3144 (Coupling moment)olTh.

. 660
18 14 105>k 150 —she—150 —sle— 150 —>ie- 105+ 412
~§ymmetric_
+ 4 o ["‘— [y
1 i o o
1 L 1 I J 10 111 N
i meiy s LI K
-' |
I !
=

© [4p]

5 8
[ )
=

[{e]
=)
fr |
£
_x_r[;§:3 i i A[_
A |
L]

SSNSANANWSNSNY /7

% 3.11.3 Top AlE9 A X (<4 N=100kN, T=360kN)
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AT : u*f't%’w Jack
M1 &S S | | —
::st,“x-:.?x:t;::;::r_
%0 M2 HCHolAH
TZ S SLICIDoIIIoooIoonomoononooooonis
=3 1K
R M3 moaye B8 asne
/ :ﬂ
_________ M4 80 - AN

N,
—
\ \
‘\ [=1; \\
) R2 ®SHolap : m 32
?<' """"""""""""""""""""" b \
%0 | , \
ol o H3ETYE Epik Vol
T T T T T T T T T T T T T T T T T T T T T T \ \
| : \\ \‘
H 4 HC o are B V]
£2f otgl
(b) Top block AGFE T gtz H o] A At

1% 3.11.4 In situ DSSTS] AGA| 9} AAGAY Ty 3 AA

(o]

n dF8 Load frame®] #H3 AFE anchoring

Aulgde 2 @38 1% 3.11.49 Zo] Test block?] daelA olZz W
HA7FAA A 1~A 4 FAAZ AGsy] d &, vER s HAsFo] et
aRA, FASF(N) ol wrEw 2o Rock bolt2 A gt Anchor bolt 9
Aot 44 Wy A7 oy g}

I8 3.11.5914, 3 0 ZHEE H34E,



+ T:1(330) - T2(165) + N(1030-355) — X;(1030 + 450) = 0
20(330) - 20(165) + 10(530) + X;(1530) = 0
S Xy = 5.62(tf)

fr

waks, £ stE(A9EtE) wEg A, B 95 20cmo]A Hl= ol Rock bolt
6

2 nqsq Nz AXwee 6.0tfoldoz BAs o B},

¥ 3.11.1 In situ DSSTe] A=A 9 @A S

223%| Normal Shear load(T, tf)

A 4 A Load(N, t)| i3] | = A yilm) - yz(mm)
A2 A& 20 40 25 205 135
A 3AE 30 60 45 285 95
A4 A8 40 80 60 370 0
A 1A 10 20 15 125 330

Weak Rock Masses

2% 3.11.5 APz A% AAYAE AT BA A% AFH
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3.11.2 Load frame system®] TFZ34
3.11.2.1 A&

AT 22 A= A&AE load frame system EA|Fo]l @AH 1 3.11.1~5
& 2E TEE AHA/AAZLGT. o] ARl AYTE AEE FAY HYFETE
I F AAd wFdA st o AFE LA Aot
(1) AE WY 2 44 =3

B ool A3k Test block dtutell 4 @A) HAAEE TH3t7] A& Load
framed o2 ok, 2 3.11.1~540A, AFEAE &85 H(jack)d] 9
A ¥ 3.11.29 2. A7A, we ADstFo] digt 315 dE®(load transfer
plate)9] &, hit Test block AHANA AGs}F F FH7A 9 Fo)o|u},

X 3.11.2 Load and jack position according to test order

Test Normal Shear Return w; h
Order | load(tf) | load(tf) | load(tf) (mm) (mm)
1 20 60 40 450 345
2 40 120 80 450 262
3 30 90 60 350 179
4 10 40 27 350 96

(2) AnY A3 A4
Tz AFRT FAFZE M 570(SHS 58)2A 98y H4AL oSy 7o),
2% 0 3 TEE &ABA (KS D 3515)
: 5800~ 7300 kgf /cm®
. 57 16om ©] 3} - 4700 kgf/cm”
7 16~40mm : 4600 kgf/cm’
B A - E = 2.1x10° kgf/cm®
¥ol&H v =0.3
(3) AE VE(E2AXEAEAE 7122 L&Y i =R AE)
- SM 570¢] FEAFFE 260 MPa
-~ AE 1,77

=2}

o

e

o
oy

0.?[_'.
o
H

=
=
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(4) 34 ¥H
- AHEZ 23 ¢ ANSYS 9.0
- fretas golrye : 25270
- 7 AAHAAE, A A, FAHAA
1) 2-D frame analysis
2) 3-D plate analysis
3) 3-D solid analysis

3.11.2.2 Anchor bolt9] Q1 X8 AE

A FREA2HEE 2749 WTREL 247 BEAM3, 8484 23F B
(beam) A2 AFEE AAFF 3ot} B
< FH3FH £HI}FS ¥3.11.29 =S F
Fig. 3.11.6& AgaA-29 f#a4ay J49 APdAsoldt o B
24 Rock bolt AEAFH oz FHsd F3.11.3%0d, A4&EE FAE
& AA EE (6 tholsto| mE QA BTt

X 3.11.3 Tension force of anchor bolt

Test Normal Shear load(tf) Bolt
Order load(tf) Push Pull resistance(tf)
1 20 60 40 2.5
2 40 120 80 5.0
3 30 90 60 3.5
4 10 40 27 2.1
A
5 6 11 12 17
4 10 16
3 9 15
2 8 14
Y —>18
A x o7 o

Fig. 3.11.6 FEM model for load frame system(test # 2)
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3.11.2.3 Ad3tF R A @
(1) 314 =y
AMAE fshel) A2 HA 2 XIS T 67101 ‘SHELL 63’2 ALE3l0] TIRXE2
7HEs5t0] HA A|lAEE DESIAJCE DR 31L70M, T FH t= HESE MY
IH18mm), t«.= HCH7] EH16mm), t.= QIZE(A8mm) ¥ t= HFaEIH16mm) SO|C}
o]l FAE FEL 1 MY #o 2 Ao FAE FHAGAL dY FRo2E
AA ] 1/2& 2dFstd AAZAL YA, AY A=A
F99 AAL F&EPY AFDA-1, 29 APDA-3, 49 FIFesr R
Fig.3.11.8a, 1 & d 7] WHPPYL Fig.3.11.8b0th. A=A ¥ 3.11.29
AGsF A AAE nsA A vlojx EHolE doll Hat: Htggo] EXsFo

R B i )

i
flo
ki

2 FAQon, £48F 1A% oo A28 §F A

N | .
t, w\
T = J |
Fig. 3.11.7 Plate thickness LN |
1g. . a
of reaction plate svstem. tlt |t
]

(2) XA

Fig. 3.11.82 3tFAst Fol AAA 2 FEHE ¥ o2 AFdDA-2
o] Bgolth ThE AFGHANAE ol9 FAlgt WP g do] LA} Fig. 3.11.9
~3.11.102 3F9AE von Mises $HEX =T &L wig o] Ui
WA B (web)9t EWA|(flange) FFFANA HAH=H, 2 FAAE B TR
A EAsTh olE A9 FhFo] w29 dH FEd 4EHoF ALHY] Hio
o} ubxo] A FLe gre ZWX7} Rounding AFE Rold, 3 2doHe
90°2 mAH3HT o2 A AltE FTRSEHo AA FRERY i A dE
H3 Aoz HQ}

olo
flo
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(4) 27 24(2)
g F wtxo) YR BARdL O 471N E 2 ZdE fIFLARY
3 $HEIXETE Fig. 3.11.19~3.11.22¢ #r},
(1) STF-V : 5% "2 Ui #1274 4 (Fig.3.11.18a)
(2) STF-HL : % g2 yio] dojwa 34 dX(Fig.3.11.18b)
(3) STF-HW: % w2 uUjfof Zxgk 3 n 7] A (Fig. 3.11.18¢)
(4) STF-DP: $% & Wi F 79 o HX(Fig. 3.11.18d)

O

-

¥: — N L '!, .
1 : (N ) :
' ; H b 4 Iy
' ' 4 1 . ™
' ' i | ' b
' ' ty } i) 4 ]
1 L] Pl e M'c ]
r--‘l ‘.‘, |*-¢ rﬁ-- - r - L d — o a8
’ A ) ] 7 Vi 2
4 rJ /4 ’ L 4 2
’ f 7 ot ' f r
(a) model STF-V (b) model STF-HL
; 2 : :
| | e
I 1 ‘l [ ] 1} 'l
I A L
! i ! ' ¥ 4
H ‘ i 'J : f : "
;—-———- ! ﬁ#---_ b - ¥ sl -‘#-’-c—-l-
F4 I'4 r' k4 & ~
K 'l # / ;’4’ ol
(¢) model STF-HW (d) model STF-DP

Fig. 3.11.18 Reinforced model
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Y g2 2R A0 ¥ 3.11.90|th 4714, e A WA RAwe
0], o' F WA 2A% o], we BARY ZF, t& BATY St ¥4

, B Afd 2 gl 85He 2RgT O Fole T AL
o 2708 ERA®E Hdle 22 STF-DPe] Hul$Ho| 714 &A A

r,

H

=
™

it

_"._I‘

¥ 3.11.9 Maximum stress of STF model

Model hi(mm) | he(mm) | wimm) | t (mm) | o, (kgf/cm®)
- - 50 10 4,406
STF-V
- - 50 20 4,333
18 26 30 10 6,747
STF-HL 18 26 30 20 5,946
15 30 50 20 5,331
18 26 20 10 4,336
STF-HW 18 26 30 10 4,986
15 30 40 20 4,298
18 26 - 10 3,497
STF-DP
15 30 - 10 3,530

(5) 29 £ wjx =2 (HOR-BOX model)

Hhgdgke] WA E Fig, 3.11.23X Y 302 wjxd H$E uzyddrh o B
QL E(open)® 29| Jdol W wiER £3 W FEHAG D A S v
ANAZ Feawd 9 AgdA-29 FHEXES ¥ 3.11.2300. wya
FAG)S ANSE BAE E3.11.1001% 25, ¥R T 20 mmolA
h-ggo] s &3golstolt). whef, w0l FHS wiE o] F&ER] FoW HUYS
g o A AT Ao (AT 2.

(i

Lo
LN

¥ 3.11.10 Maximum stress of HOR-BOX model(test order-2)

t(mm) 16 18 20
(kgf/cm?) 3,062 2,772 2,533+

equ
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¥ 3.11.11 Results of finite element analysis for reaction plate

A #t(mm)| 6, (mm) oreq,,(kgf/cmz) eeq“(lo_z) H) 31
14 0.045 1,774 0.085 0.K
16 0.040 1,565 0.075 O.K

3.11.2.5 Q1A H
AFZRE o] T returnAlol & base plated] AAHE FEo 43 HA
o] FAE ¥ 3.11.259 &

A8 Q4 : SOLID45, 83 d 3ad F&x84, ARE 3(x, y, z5 dhg
translation)/2 3

 EEQARE F&xHo0R 47

A 80tf A Hlojx Felo]Eg} il R EXIFoE At
F¥84 B9 @ 3-D brick F¥84 AMS(FE#exTe] F4L Fig. 3.11.26a)

o A} QoK ¥ 3.11.12)

Walg 80tfold 20 mmBE HFH3ER, tp, tist 40mm o] Foletol girh

)\
S

40

oo ooooe
\0-0-0-6-0-0-0-0-0%

Fig. 3.11.25 Configuration & thickness of return plate
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3.11.3 g2 Fo £33 -24% 71E HAx

22 =] AYADE Al@(Lab. DSST)E 1z AFESLR FES AgPoy, &
T @] YA T Test blockd ARHAD AFE stz AF7|E kst
N2 Brh A BR Ewd £x dAoy NFVE AFsEA e
3 2% EHd A¥ o A/t shestAl MdEte Aol o] A7 FEFHFI s
olty. 1, AGAE Foll AgE AXNE FHAN JIFA SAES 1UHAE
dl, AFA7E AFA Y Jack #HE RS A% EE T+ ib &3 Ao LA
AEle #Fovt AUTh 2x AxRdE T AL 16mn=, WEF
B 302 dAR AMASAT. 23 Ax A ¥ Ag A3 ojFH
2007. 04.30 AZA AL =¥& vHEE Ao o, HEHES
Agy, AR ADAzE, A9tz ] Linear pin roller bearing, 3t5dw A2 13
&Ax|, 4% 9% Spherical platens, Center—holed jack, Load frame 3 AWA|&
BH =9 accessarylt jigs 59 FAL 23 dEQ & xlol: QUth oA BAE
A79 3z dmel A&d §3.11.29 FxIM AAXE Fastd dHHoE HEA
2 Az

o2
Mo mju
o) AN

<!
<)
n
N,
(et

o)
N
—_
i

B2 AFHAA, ZAYE £F 22 HHADT ANYS Load farmed] 45& AA
ot o] A2 O3 Z2 AFHLE AU

- AAG ANEE AGY do] 2 Test blocke IAHAIE Aol mFHTE 1
#HA, 2P 3.11.52~56% L AL FES AHAA/AF}SY A=A
a8, 233 E ulgde] 1AE 29 Test block? o HEEo] AgEo A
gto] AR skt
- FA}S ALwH FREFAE I}FE AR AA2YHA AGATIEA AR
A gl g4Ad ARFZ AAPou, AG A Agdo] EHE AFH
A3 AaANFE FIE 5 gl oA, AR AddR FASE Y
wg EE AP oz Had A7 dAed dNe AVIA g
- AZAN PN E +2A3tF Anchor bolt Ao A7 1A AR AT Ao
2% 3.11.57°|t},

7)AE, olgd APFe o HFHoR £ BT 7E HAE FoA
%98 BFE9 Layout =WRF A 3tq Azttt
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R R T ST Rl ¥

200x200x12x12x13

m 47} Pipe 200X200x12X12x 13 -L600, W = 67.9 kgf/m(40.74 kgf)

A =86.53cm? k=1l = 4980cm®*, Z, = Z, = 498cm® ix = iy = 7.59¢cm

® 47} Pipe 200X 150X9x9X10-L636, W = 45.3 kgf/m(28.81 kgf)

A = 57.67cm? | = 3170, Iy = 2010(cm®*), Z« = 317, Z, = 270(cm®),
ix = 7.41, iy = 5.93cm '

23 3.11.28 Honey combed type ¥r&@ X3} FAge HIJEA

¥3.11.14 A9 35 1.2 W & ¥ 9 2x9 F 24 e

HES | HAXNY Y NE 21 s W, kgf | 2
D |42 Pipe 200 X200%X12-L600 | BHE T F21Y 40.74 4
@ |H-type EX2I | 50x200%X12-L120 | 0= 2X=M 3.16 6
Q@ (dZE8 a4rp 450 X600 X 14 O-Box &8 1F 29.67 2
@ | 42T Rib 22 | 65x20x450+A-8 HHEIE 22 9.18 4
G |9Z2 st 450 X600 % 14 O-Box ot DX 290.67 2
® |HHotE Mg | 450%x423%18 HABE N 26.90 4
JIEt : 22 MEQILE) ; D& EE(F10T) M22xp2.5 - 19074
HAM2 62 E2E M16Xxp2.0 - 2874
m 2% oAbt BEQ AE Test block(380 X380 X420)2 42 M5
AN N &= AIEIIQ Load frame L2
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’v mm+mm+|mwvu_¥m|.¢mv‘v
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¥ 3.11.29 47 Pipe 91= 1A% AY:



L?HZQ 300 4

3 90 210 ®

} t 155 T go~i © |
ANy | 2

Symrjnetric j‘?

423
®

)
®
®

r@ Honey-combed L8 422 AF A B )
© 2AE FYm 2L 2S(EF) O UEs HY H

® o5 NE® [ (25 tap M22) ® I&H

© Hyd. jack base @ o= LW (25 holes M22)
@ A2 M16 @ M22

@ M20 @ m22 D
29 3.11.30 ADEF(FH3F) vHER+ 3 F AEH =Y A2H
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¥ 000 000 |
R i ¥ s
..... (VSRS SRR (VRN SUVRUNN I DUUIE SUUTUNN ISR S —

r

{?__

B
N a
o

.
-

300

G I bolt holes

14 9] bolt holes
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N -

P s

1¥3.11.31
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G T 1
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B — I ——
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| | |
— 2p0—
-—50—T-ZXS0]= 100150
Sl e
oot
Do I [
2
g
G-t
P i
i
j g
!
! :
- ! ! o—0-
|

—55—+—90—— 551

—+

|
188 t

90—

300

]
0

9

—
Sym rpetric

~

Square sectional pipe

AxBxtyxtoxryxry - L = 200x200%12x12x13x%13 - 600
A=86.53 cm?, W=67.9 kgfim(0.6 — 40.74 kgf)

Iy =y = 4980, Zx=2Z, =498(cm®), ik=Iy =7.58cm
Bolt holes : ¢23.5(side 12 ea. top & bottom 10ea,)

Symmetric

19 3.11.32 Ay F#9] bolt holes X9 =7]
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474

_omm 001 =¥ X6} JmN
- 0-0-0-0-0-0-0-0-0-0-0-0-0- @
@OOQOOOOOOOOOO@
DOO0OO00O0OO0OO0OO0O0O0O0 D
55 DO 000000000000 ¢
81 |0 0000000000000
=0 0000000000000
® 0000000000000 O0
OD0O000000O000O00O0O0D

4 FO-0-0-0--0-0-0--0-0-0-0-0--0-0-&

l

¥ 3.34 ASSF(5H3F) hyd. jack 8 dAgw

(350x755x18 & 100x755X%18 - 2 J{)
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200

400
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=110—+-45+
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1004
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NE
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i |3
!
O
|
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I

-45-+-2x55=110
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|
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|
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;
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!

J0 SR .
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w

(3]
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N

=y

o

—$—

136

[ 29 A

m 42} Pipe 200X 150X9X9x 10 - L604, W = 45.3 kgf/m(28.81 kgf)
A = 57.67cm? I = 3170, |, = 2010(cm*), Zx = 317, Z, = 270(cm?),
ix = 7.41, iy = 5.93cm

= 42} Pipe= B400xH15022 242 & E(400X640%x12)22 NHE

" QX G Ja'm 20l 25 M22(Hole diam. 23.5mm)

" Qs o © B2 Rib 3NWE SFE(NUEIS reHpY S
otLh =S 2 16 X65x400, 25 M22 tapping 2t CIE)

2m;e =2 252 FAMHL HBXEE M16

o
02 no o

:|EI‘F' |'>I

I
M

]
D
N
)

he)
@
1e
ob
4]
r.Q
It

(Hole diam. 20mm)Z £& A(FX= sSUE).

»Y

19 3.11.35 335 vig g 42798 2 5l 9] bolt holes
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G2t ﬁwﬁxh 162+—
| 1) omeuwAs” |
2 l-0-0-0{0-0-0-& "
©® 000000 Q [T EE “
® O 00 “ 0 00 0| [Zlo-o-0-0i0-0-0-0
0000000 Lisgoooloooolk
|0 000j0000 M ..... o-0-0-0to-0-6-0|©
3 |0 O O OI0 OO0 Q 81500 0/000 0|3
10000000 2000000002
mv O O Qmo o O m"u A‘i.,smw.l@,i@!.@#..@i.@i.@.i@ m
® OO0 00000 |8 | O
b 00 0i000d .,gwl.-r@.-@.-@.?,.@_-.@i@.,@
4 o-o-0-olo-0-0-0

1% 3.10.36 3 35+% AL Bolt hole(EF M22) t16- 274



B=212, Bo=100, B1=62, ta=36, tt=12, L1=75, L=249

Symr%etricA

B
— % By e B, % Bi—
B - |
(e @
a8 \\\\\u\\\\u |
' £
i
L \\\\\m\\u‘
s !
o 8
T ———
s n\\n —
T8
! S
i |
Symmetric ’ |
! ® @ ©) © @ ©®
@ Gyps molding(410?) : @ Molding and/or fix shear box(426°
® Normal load bearing plate(400%) . @ Shear box(sides 424x130%36 - 2ea.)

® Shear loading side box(498x165x80) ® N. load hyd. jack fitting(D139xt8)
@ Bolt taps(M20xp2.5xdp25)

39 3.11.37 A 85 AR/ -3HF FA/Gyps molding FHA
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_1=

i

}

+40+-40-25¢-45

1

25

Li=74, t,=12, t4=50, t. =25, t4c =87

[L=249, B,=100, B;=199 B,=50, J

L
—1%Bs ; L+ +-257

_Symmetric
-— >

3% 3.11.39 AR AG AR dF5F H(HSS to 2% 8S)
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Symbole | & & | pitch | depth | Length N

O > | M20 | 25 35 83 8
O > | M18 | 25 30 78 8

(B=212, Bo=100, B1=62, t.=36, t,=12 |

e A& Duralumin(ALUMEC '89)
e Tap2 25 ‘HelicoilZ E2
* Bolt holes : M20 -22mm, M16 - 18mm

S
—t

3 3.11.41 35 AG A2 SAB(27))-Alumec-89
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o

Symbol pitch depth Length | Number

O M20 25 40 75 6
O M18 2.5 35 70 4

.......

—
Fermal load Bearing plate

400%x400x50

Hyd. jack
Fitting

——l—|8

285

3x95
396

496

D
|

81

-5

A5

498 —4
64— 81—4———3"95 = 285———+— 81— 24¢4—

i'
——130

|
|

:’—

1

:

- )

:

:

i

!

[|
G-

1

1

f]

1

[}

[}

[}

|

T

it

8

i

)

Ty

o Ui
R

— -
SR S Ty RVE
|

_i_
5:0_<
51254251

80—
»25%40

|
1.-3
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etric

LB R, A

- Sym

gl X1 = E(M10)
Hole ¢11

- B AT= SKD-=

@D Large size : Threads ; M59xp3.0xdp35 & dp70

@ BoltE E21/& 1= &&0| Tap ; M12xp1.75xdp10 - 44

@ Small size(Duralumin 3024) ; 2 ea. Threads M10xp1.75xdp10

3% 3.11.43 AGEF B+ 3FA+EZ LETFFHAG AR 42
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139 x dp8
T

Duralumin 7075
4005%x400x50

ok

Bolts' tap

¢ Duralumin T7075
* M20xp2.5xdp35

« 'Helli-Coil 22
e Tap &3 20 M

B =400, t=50, a=57.5
b=3@95 =285

<——i e — >+ ez—-iq— ez—ch———

. |
Symmetric | j

}
| -

b |
i

<—a—>|<——|—4—

c1=115, c=e,=147.2 E i | =
Cz=11.4, e1=126.4 T— — -m— ¥ ;
e B

19 3.11.46 3R 3+F XY (Bearing plate) ; Duralumin T7075
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105—4¢  gymmetric
-+

i

1

12-M22 Tap

234+ 50—1—50—H9%—

-

3-M20 Tap
(a) Test block ot=(HM 1,2,3 Alg) MHolE NEE 1

Yl

4 X1

0

Symmetric

)

: N

12-M22 Tap @ oo 5‘?
§ 9 O e

8]3 B g 1
"W s V] 8]

! I

2-M20 Tap—

A

(b) Test block oI5 (Xl 1,2,3 Al&) 8HSIE #EF 1F X1

1% 3.11.51 Top A1& AGFA] Test block 3 RE/1A4 A2(14)
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8-M22 Tap

8-M22 Tap

o
by
]
©
[

—110—4
—129}-50+-314

-

i

1-M20 Tap

Symmetric

b —

—ﬂﬂLsoa»—so—v—so 25

!
l

T

f_

= |

3 -—

@& g

=
4296504 31
-r—noJ

_.
o il I‘
0

(a) Test block 3t$2 3,4 Alg N&&E(EMH) 18 X1

¥
| |

Symmetric

8 &l 8 8
‘ il m=iranad -
Ev R \§’
N 8 ]
N l f\
!
| 64—4-46+4 1 ~J~55~25«~—

19 hgle

~} 20}-50—}-31
_4L_J_S4_

110
204-504 311

o

2% 3.11.52 2nd A1E ADA] T. block 35 A 3, 4% B3 /31A A1
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162 {

Symmetric

162 {

29T—50—°—50 -33

gl

+— 105 5 {

—99 «*291»50 Tso 33
" L : ‘
| e

e
it

12-M22 Tap a2 B . R‘L 12-M22 Tap
2 R
* ::::'.::::: B |-- 1-$24 hole
1- 624 hole—=—4 g | 4
2 b 3
i _ ) !
a2 ]| &
I | ] T
2-M20 Tap L_2-M24 Tap
(a) Test block &t% X4 AI22 dHolEs #8F N3 X1
Symmetric
$—99—4 fﬁ B4 09— 58—
10O |
;/‘O';__‘,:
] 4
[ 04334
12-M22 Tap 5.:; ? 12-M22 Tap
é - 8
l l
1 1IN |
8 || 8
[ 1 |
g ) pe 8
-+ —r
3-M22 Tap 3-M22 Tap
(b) Test block 6t Hi 4 AI22 MUSIE H&= 1A X1O

1% 3.11.53 3rd A1 AYA] T. block F3HE B3/ A2(1%)

- 302 —



540 '
2L {3 476 432

N
3 3
| &g
! N
fg [{a)
4
Top NEHEA BHRET 288 K@ BN 2
LI
l
&
|

2-M22 tap(#E)
540 _\\

|

(O]
(]
N
~J
(o))

306

I
—30}- 45—~ 45~4—53—— 53— 531274

(b) Top Al EEA NES SIFSX I

1% 3.11.54 Top A& AGA] 33ER AAE 9 &
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QDI*— —132 476

(b) Test block ot=8 1& X E(BottomllAd 2 142 mm)

2%¥3.11.55 2~3¢ HADA 9 53R HE &
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2-$19Hole

8-022Hole

6-022Hole

6-023Hole



—
»

416

t—58—4-50—254—75—+—T75—425¢—50—+—58—

|

38 NN B

z_.<g) (:53
00

&b-——L———L—__%zy

7x50

O 'Qer

SRS NSRS NN IU N S BN N

"28-

5-030 hole—

(a) &=23t= Anchor bolt Head plate

(b) Load frame system
3| MY X E anchor plate

¥ 3.11.56 +3&

i

¢l 16 025 hole

S45C- 24
gxel/=3

124 1%0 ? 9 7x80 = 360 ————— 28
-§§-i*f*‘.*"i S ;?**c (:> (i)

B -;-—,.;D'Q;o?ooody

—64 ,16 L—58—$—50_:‘¢IJ;Q100 100—.'1”:501—58—4

16 - 25 hole

4- M25§e

1

3=

25¢—100 —125+—
125 +
2-¢30 hole

2 B Z Anchor plate(Set anchor X&)
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3.12. FA o] ZA9 &
3.12.1 Hydraulic Jack®] 74
3.12.1.1 Jack®] A=A R T= 3}y
(1) ARA AR dA=zA

12d%0 9358 F¢ B2 43 50tf-3A 100mm &E 4740t Ag A
Ao AgE B oA Adstua ¢4F/AF AL E5oz FEAY ERIF
2MNE 27] $181A Jack hosiungdl & 471§ wWd dAstY AMEI uf, =
(Synchronization)7} HX| &2 FA7F #2458k 28, OF AFE 98 4 ©
Bol BEEZ AAEST 4-MI4EZENE EF3} o]gd 314}, & Jack housingd |
¥4 Bolt-tap2 EYEF 27 ou, AZYA(TINEY], A& AFT 4FF &
e FAHA FAch M 2 AL FEAY AHA FAglo] AR d7 AF/

HES otk FAATI BN AWARY AL o2 Ao drr|d ol& &
TR, A%Ad F5& A A/ FFLAE 200 d 9€ 309744 HE&FH

Ak Bd B OAARAS AFA Fol A7V ATE FHEY] A A
o2 AAsY FEAZSIA. ©] Hydraulic jacke] AAZAL o3 )
274 (1) : £%2(Pull .2MN & Push 0.8 MN), Stroke 100 mm
27 (2) + Hd W40 MPa o)
Z7 (3) : Tapping(Cylinder base ; 5-M27Xp3X, Ram head ; 1-M76Xp3x80)
Z7 4) : FA 35 kgf |3
2) F+=34

A A, Hydraulic jackd &A= 71% dg 2ol AAE= SCM4403} Duralumin
707524 o] &A9 A%d 5L ¥ 3.12.13% 2ok HAZAMWNA, FA 35kef
ojglolBR AME VAT FEFUE AME3t AADHES T

¥ 3.12.1 Hyd. Jackel Al&3H+= &£A49 A= EA

Aer SCM440 Duralumin
AR R HAe A | EAE F| 7075 | 2404T4
AT Q1 (MPa) 825 987 420 276
&4 Al (GPa) 205 205 75 75
3859 A F 275 330 145 100
(MPa) /A 206 247 84 55
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AHL719 A S dE ¥A@S H7E 10 o3¢/t = 10)o]H ¥ ¢k
gE7|2 FIh AFE FAT F de AY dAE A9 AVILE0)E FE
A7IE, w3 gst dolgro g Ag-g Yol Gt 2y 3.12.194 o] LI
o mlAi8Ah Axd FEIe P9 HFFHE nI A BF ¥ (Hoop
stress)€ on, Zo] ¥Wake] 28 (Axial stress)g o,2F 3 e HyNEE &3
2 F(2002)].

- WA W g, (2, XAT) = p(2rxAz) =t = = eq.(3.12.1)
h

- Aol ¥ : g, (xr+t,) — m?) = p(m?) =, = 5’;’1 eq.(3.12.2)
h

ad 3121 E9¥d #9837 e #ALHG A¥eY £X

AR 929 F2299 Agedo) 250 mm, A4 HgEe 283 kgt/em’
Juz, 204 FAE T,
. 2977

oo . 12000 3
Push : D, = 2 @) - 19.5(cm) = 195mm
/ 4P, 4(70000)
- . P 2_ 2 — . 2_ —_— fed . =
Pull : D, Dy P \/195 7 (200) 12.5(cm) = 125mm

« 7
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21(3.12.1) 2 2](3.12.2)90 A,

t, = %%ﬂ = 2.68(cm) =275 . = 18.4(mm) — 27.5mm= %
_ (400)9.75) _ _ _
t2 = W = 134(0771) = 13.4mm = 92(mm)

a8, E54o]22 Ram /3t &5 F¢(Leakage)d HEH HMFLo=
3 &48 "R 3] 984 Ram base$} Cover nut®] O-ring¥® Back-up ring®
F&sorgitt, 83, Cylinder B%e] 14§ Bolt hole tap# & FEUE
Coupler’} 1222 Baset 50mm, Cover nute UYAIR AZAHEZ 55mm=E ¥

e A9 4 AP £A7F 1oy Cover nut7t YALE AZEHE=Z o] YA}
i AdAFe Add Aok 2 ¥ WP S Ramd /3 EFLE
o2 Qs EFA7F A71E ¥4 7 do FRHAE A6
O-ring€ A&F H9$E O-ringd FA4E& T EAY FAXNE 0.3 mmols}o
t}. 9q7]4E o]AE Ram base®} Cover nutel zZtz 2708 F3ich ¥ 3.12.19)
4] Duralumin T 70759 &334 EAHL& o.=145 MPa, 1.=105MPa, E=75GPa
SolRRE AA7} 38-EY EE HUdFo FEY A9 YA dIFE AET
o}
* Cylinder

g = ﬂ? = 1.93%x107% = 0.193 %
7.5X10

Ar = (1.93x1073)(125) = 0.24(mm) < 0.3mm (0. K)

_ (400)(9.75)

s = 1418(kgf/cm?) < o,(= 1450) O.K

- Bolt tapping

_ 3T _ 3(70000) \ .
T= 51 = 2s(eee)) — 620(kaf/em’) < 840kgf/em’ (0. K)
e Cylinder
& = L05 = 1.93x1073 = 0.193 %
7.5%10
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Ar = (1.93x1073)(125) = 0.24(mm) < 0.3mm (0. K)

_ (400)(9.75)

h oms = 1418(kgf/cm?) < o, (= 1450) O.K
- Bolt tapping &

37 _  3(70000)
24  2{5(16.96)}

* Ram head® Load cell Z&%9] Tapping ¥-¥

_3(70000)
T= e — 628Wef/em’) < 840kgf/em*(O.K)

3.12.1.1 Jack9] AA=A € 7§y

AAE 99 19 3.12.2¢ . 97|14, 4AE Hydraulic jack® WstE
2AZ A& g o FAE BEE 59 ¥F 2.85g/cm’S H&sH
¥ 3.12.2%F 2. 71E0iDF} Coupler® E33l9 oF 28kgfo]B2 HAZAM4)9
35 kgfo| 318 &3t}
. ety

= 620(kgf/cm?) < 840kgf/cm? (0. K)

T =

1.2x10*kgf

Push @ A; = 298.6cm’0| 22, p, =
1 L

= 402 kgf/cm? = 41.0MPa

Pull : A4, = 175.9cm® ; T = (402)(175.9) = 70.7(tf) > 70tf (O.K)
o 5

¥ 3.12.2 Hyd. jack FAl(Duralumin T 7075, 120 tf x 37 100mm)

F8 2A) & 2 4*(mm) 2y (cm?) | FA»)
Cylinder Bottom | R;125 x t50 2454.37 6995
Wall R1125, R297.5,L160 3075.62 8766

Cover nut - R3105, R462.5, tb5 1230.03 3506
Ram Piston | R462.5xL160 1963.50 5596
Bottom | R462.5 x t45 552.22 1574

7)€} Oil+ Coupler - 2500
274 | 28937

Cylinder | Bolt hole | 5-M27 x p3 x dp25 26.51 76
Ram Bolt hole | R462.5, R538, t80 618.31 1762
FAAA 1838

A | 27099
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* Stroke : 100 mm

* Push :
A, = 298.6cm?
p,= 41 MPa
¢ Pull :
A, = 175.9cm?
py= T22 kN

e Weight : 2.86 kN

0|

19 3.12.2 A%3E 138 3% Hydraulic jack

¢
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3.12.2 A¥EF FAAZA
3.12.2.1 4 9L 5L $B 5F L YA FAAFE Can

AA 55 LA, AAFY FuFHd A dAFEE B HIF

2 FELFIHE FAE BADT. 971X, o] FAE ‘Cyclo—cam' &2 FHPT.
J¥38.12.32 x, v AuAHEY y-F& FFHE 71&H(Starting point)S H3kA
IJHAN NARGo= T4 AT A7 A Fo] wE AANAE 474F ¢
F ZaAle dEon. AFHE x-Fo2 FFE 4ol 90°olBE, x-FHE, y-
ATE 47 cosO % sin0F #MFTHTE. oHE F&uLF o] W3l EAE A
2% dojA AUl HE FF(x, y)E dYsd 1 AFE o AFLE I}
TET. q7IA = o] X AEWHE AA .
1) 6 = 0°~180° Alo]E nT &3 radianoZ F4}
2) sin@ % cos6 A&
3) Cam followerd] Cam W& AAE9 WE(R.), IC motor 7E5F AHWD) B 7
29] Key hole( 4r)& 13 Hand pump®] AR o|FF(4L) A&

19 3.12.3 AAYF A& Cyclo-cam9] FHF 4
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R, —(r,+ Ar)
7(rad)

4) Cam®] 3| Mzt WA5F(40)d WE AuFF Can A WA A=
5) 14 1DolA, 180°& n TEZ FAZ W& Cam FH () AE

AL =

Ry = B, - AL[T))
6) ¥t R o W] mE Canm FAY x -y A FBFOE ¥H
x, = Rycosb,, y,= Rysinf; AL= V&2 + if
7 x-% AACE 180° AT y-F FE WY y=—y ;
Aq714, 4 S22 AFAFELF 9 o2 94X FEE YT Cam follower
9 WE", 959 2 Cyclo-can®) /44 59 AHE BEE WAL 47 R,
R: R Rz} 3l #HAY FRXE x7] 4L R A Ry, RE X et 74 4)~
e WEg,
8) Cam follower® QFAF (D)@ TF BM(40)E 2HES Cam #HE WA
(R) A& 5 B3 4), 5), 6)& W&
9) Cyclo-cand] X548 2@ AT WA (R) & ; 34 9)~6)¢ W

- A4

/-

Cyclo-Cam?| JtZ A HE(Laser JIE Xz, &% SKD, t30) &HE Gl
DC Motor ; Shaft D, 50, Key home depth 4t5.07,
Cam follower ; Dcam 19.0, rolling margin 4t0.5
Cyclo-cam ; X LHE BtE R4200, Jt& &2l & 10 mm
Cyclo-cam®| 3|& 2t 5°0iCt Hand pump && 2| HAE &1

1) 46 =5 or 0.0873 rad,

R — (r,+ Ar) _ )
AL = 1 _ 200 (30 + 5.07) — 52.5(mm)
(rad) T
n= 20 _ 3
50

2) Starting point9] ¥+73
Cam follower W AA v ;5 R,
Cam follower 915 AAY W74 ; Ry

200
200 + Cam = 219.5
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Cyclo~cam®] &}& #AA 2 W43 ; R, = 200+ Cam+ 10 = 229.5
3) Cam®) 3 AZ 460 =5(0.0873 rad)v}lc} HIHE= B4 A&

R = R, — AL (%)(i) = 200 — 52.5 (%)(i)= 200 — 4.5815(3)

if 7=13
Ryp = 200.0 - 4.5815(1) = 195.42(mm), xip) = 195.42 cos5” = 194.68, yipy = 17.03
Ry = 219.5 - 4.5815(1) = 214.92(mm), xx1y = 214.92 cos5” = 214.10, ym = 18.73
Ryy = 229.5 - 4.5815(1) = 224.92(nm), x31) = 224.92 cosb” = 224.06, yxn = 19.60

if 7=2;
Ry = 200.0 - 4.5815(2) = 190.84(mm), xizy = 190.84 cos5’ = 187.94, yi» = 33.14

R = 219.5 - 4.5815(2) = 210.34(mm), xa) = 210.34 cos5” = 207.14, yae) = 36.52
Ry = 229.5 - 4.5815(2) = 216.99(mm), x32) = 216.99 cosd” = 213.69, yaxy = 38.26

a7 R, [ = 36(36>4 6 = 366" = 180°°|d,
Riss) = 200.0 ~ 4.5815(36) = 35.07, R = 54.57, Ras = 64.57(all of mm)

H

250

200
180
100

50

Y - axis ( Pump displacement, mm )

-50

-100

150 125 100 75 50 -25 O 26 50 75 100 125 150
X - axis (mm)

¥ 3.12.4 Cyclo-cam #3& d ; ¥ 3.12.3¢] A%
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xise = —35.07, yiee) = 0, xese) = —54.57, yes = 0, X6 = —64.57, 36 = 0
9o} e yyoz &% A/ ¥3.12.3, Cam followerd &=, WS Z Cam
AA 9 AFAE e AR AYL 17 3.12.424 HAFY(cycloid)olth.

¥.3.12.3 Cyclo—cam 7}F&& A3 cam loci(x, y) A&

Akl 06 | sno| Rt | Re | Re [ Xi | Yo | X | Y2 | X | Ys
o(°) | rad. mm | mm | mm | mm | mm/|  mm| mm|  mm]| mm
0 0 1.000 0| 200.00| 219.50] 229.50|200.00 0/219.50 0|229.50 0

5 |0.087| 0.996| 0.087| 195.42| 214.92| 224.92|194.67| 17.03|214.10| 18.73/224.06| 19.60
10 |0.175] 0.985| 0.174! 190.84| 210.34| 220.34|187.94| 33.14|207.14| 36.52|/216.99| 38.26
15 |0.262| 0.966| 0.259| 186.26| 205.76/ 215.76/179.91| 48.21|/198.75| 53.25/208.40| 55.84
20 (0.349| 0.940| 0.342| 181.67| 201.17| 211.17|170.72| 62.14)189.04| 68.80| 198.44| 7222
25 |0.436| 0.906/ 0.423| 177.09| 196.59| 206.59|160.50| 74.84/178.17| 83.08|187.24| 87.31
30 |0.524| 0.866! 0.500 172.51| 192.01| 202.01|149.40| 86.25/166.29| 96.00|174.95 101.00
35 |0.611| 0.819) 0.574| 167.93| 187.43| 197.43|137.56| 96.32{153.53| 107.50(161.73| 113.24
40 |0.698| 0.766| 0.643| 163.35| 182.85| 192.85|125.13|105.00| 140.07| 117.53| 147.73| 123.96
45 (0.785| 0.707| 0.707| 158.77| 178.27| 188.27|112.27|112.26| 126.06, 126.05| 133.13) 133.12
50 [0.873| 0.643| 0.766| 154.19| 173.69| 183.69| 99.11|118.11|111.65| 133.05| 118.07| 140.71
55 [0.960| 0.574| 0.819| 149.60 169.10| 179.10| 85.81|122.55| 97.00|138.52| 102.73| 146.71
60 |1.047| 0.500| 0.866| 145.02| 164.52| 174.52| 72.51|125.59| 82.26|142.48| 87.26| 151.14
65 {1.134| 0.423| 0.906| 140.44| 159.94| 169.94| 59.36|127.28| 67.60|144.96| 71.82| 154.02
70 11.222] 0.342| 0.940{ 135.86| 155.36| 165.36; 46.47|127.67 53.14|145.99 56.56| 155.39
75 |1.309| 0.259| 0.966! 131.28| 150.78| 160.78 33.98|126.80| 39.03|145.64| 41.62| 155.30
80 (1.396| 0.174| 0.985| 126.70; 146.20| 156.20, 22.00|124.77| 25.39|143.98 27.13| 153.82
85 |1.484| 0.087| 0.996| 122.12| 141.62| 151.62| 10.65|121.65| 12.35/141.08| 13.22| 151.04
90 (1571 O 1.000| 117.53| 137.03| 147.03) 0 [117.563] 0 [137.03] O 147.03
95 |1.658| -0.087, 0.996| 112.95/ 132.45| 142.45| -9.84|112.52| -11.54| 131.95| -12.41| 141.91
100 [1.745] -0.174| 0.985| 108.37 127.87| 137.87| -18.82| 106.73| -22.20| 125.93| -23.94| 135.78
105 [ 1.833] -0.259| 0.966| 103.79| 123.29| 133.29 -26.86| 100.25| -31.91| 119.09| -34.49| 128.75
110 {1.920] -0.342| 0.940| 99.21| 118.71| 128.71| -33.93| 93.23| -40.60| 111.55| -44.02| 120.95
115 [ 2.007| -0.423| 0.906| 94.63| 114.13| 124.13| -39.99| 85.76| -48.23| 103.44| -52.45| 112.50
120 | 2.094| -0.500{ 0.866| 90.05| 109.55| 119.55| -45.02| 77.98| -54.77| 94.87| -59.77| 103.53
125 (2.182| -0.574| 0.819| 85.46| 104.96| 114.96| -49.02| 70.01| -60.20| 85.98) -65.94| 94.18
130 | 2.269| -0.643| 0.766| 80.88| 100.38| 110.38| -51.99| 61.96| -64.52| 76.90! -70.95| 84.56
135 [2.356| -0.707| 0.707| 76.30| 95.80| 105.80| -53.95| 53.96| -67.74| 67.74| -74.81| 74.82
140 | 2.443] -0.766| 0.643| 71.72| 91.22| 101.22| -54.94| 46.10| -69.88| 58.64  -77.54| 65.07
145 [2.531] -0.819| 0.574| 67.14| 86.64| 96.64| -55.00; 38.51| -70.97| 49.70| -79.16| 55.43
150 |2.618] -0.866| 0.500, 62.56| 82.06] 92.06] -54.18| 31.28| -71.06| 41.03| -79.72| 46.03
155 12.705] -0.906| 0.423 57.98| 77.48| 87.48 -52.54| 24.50| -70.22| 32.75| -79.28| 36.97
160 |2.792( -0.940| 0.342 53.39| 72.89| 82.89| -50.17| 18.26| -68.50| 24.93| -77.89| 28.36
165 |2.880| -0.966| 0.259 48.81| 68.31| 78.31| -47.15| 12.64| -65.98| 17.68| -75.64| 20.27
170 |2.967| -0.985| 0.174| 44.23! 63.73| 73.73| -43.56| 7.68| -62.76; 11.07| -72.61| 12.81
175 | 3.054| -0.996/ 0.087| 39.65, 59.15| 69.15| -39.50| 3.46| -58.93; 5.16| -68.89| 6.03
180 |3.142| -1.000| O 35.07| 54.57| 6457 -35607] O |-5457] 0 |-6457 O
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3.12.2.2 Can #F9 +3
2%93.12.5914 Cam¢] FF HEL Cam followerd #AZ(rail)’} ¥t Rail9
Zo] FolX A Cam follower7t Z1YAA FE @3] AUt} o] A=Y £33 &
e, £ B8 /3 W%l A ¥rh. olEE gL nade F
FENAL O&F Zo] APFeyoz FHH.
1) A3% e19< a8, Cam follower A=9 WESFIZH(A&+d T Ryl A
3 BeS wEt F4 RuE F4 RRpE E3A .
2) Cam follower7} 34 RRi® &5 HI=F .
3) Cam followerd &HE met XFM(FA R) & FAT TA RRZE 8T,
4) Cam®) 7F3ArE AFKED, d7IHE 8~10m)E AFLE e 4DE 2#A
T4 RRp9 9=l Cam followerd A=E Wl HI=E ).
5) € D9 54 F% HAY AAE Raud T4 T4 RRe2E @t
6) &3 FE9 4/3} o)FF AoVt HHHLE ¥ME WA wEIT.
oj¢ & WYoR £AF gUEs}F 19 3.12.60|H,

T \

|
d:;.,l
I
!

!
!
!
I_.
|

P

~

3

-

X717

]
o1
w
o
(2]
=2
i
-~z
Me
o
fe =

ﬂ-/\]ﬂ CYCIO_Cam 7'H-{g
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3.12.2.3 Cyclo-cam typed] AUFF {3 FX 9 FUFF q& 49

AEe Cyclo-can type® O motor HAZS Jzhao] £54 BT 270l
uigo}l /3 EHEE 1A FAoltt. Hand pumpE &F0lE WE wiwt #¢+
o] 42, Can® A7 180°ult} Leversl 373/345& wHEInZ 4 F5F
o2 HFAHA Feoh. A, Leverd /3t T AN ¢=Hol dEe
Hand pumpE 2] Fi//42sA WE=2 AZQc. oy, o83 A5l e F/A
o+8-(28MPa ©|8}) Hand pumpe Al¥HIL 1oy, gL HE AFsorgn. o
9} Zo], Lever 3/3t &% 4 AolE 180°2 FX3tH H&F Cam follower?
43779 dFE ol Ax BAY F A9, Aq7AEs d7ElS A7V EA
2 94 Aol B E3.

ARAGY 1&2 45 AP EWF 815 & Hydraulic jackeZ AAA A BS
g 3. FAA FALd= AYHFA @AYol Hydraulic jack ram®] Push
displace® ¥4AEA FAA7ZIEE L6 FH FF& ASA FAAATF &
t}. ol dFL uA= 84 dBF AE FH(Coupler, Hosed %, F¢&
0i1 A9 4=/4%, Hyd. jack® Back-up ring ), DC motor® RPM, Hand
pump®] Cycle & EZ2%¥, Hydraulic jacke] THdZ Zolth. 7|, 42 A
Leakage7t fle 7ol FAAY &g Azbe] @AQC] A Hyd. jack ram9
Welgo] 0.1mm/mino] & A& ndsd &3 Z),

AAL Qo
t ot
AL Qn Qu (Qy/cycle)lrpm)
YTy T T4 T T4 T A
' [ eycl
or v = (Quus/cycle)rpm) eq.(3.12.3)

A
oA71A, v 2 4= S B Ram 75X € DU, Qu'/cycle A& Hand
pump &&ole] §&8%/cycle, rpme DC Motore} 3 ALEE ZEHE Control panel
system®] 3 3AF Fojo}.
AAGF A& 4 A
FNAY AgsEd LGt AL ¢ & Ramd) ¥WYFL 0.lom/minE

FARAE &34
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U EEF-AUYEHF FAE A3 A48T Hand pumpe] EZEF30] one cycle B
10cc, ¥F 1/4 rpmQ A 99 jack ram ©AAH o wE R.P.ML .
e A1-8-3F Hand pumpoll A 183 fEHE 4%

Q,.. = (10 cm®/cycle)(1/4cycle/min) = 2.5 cm®/min

3 .
.« 2(3.12.3)014, v = Mcﬂai,
3 .
C A= T0em? ;v = 22T/ g /min
70 em

-A=140 ; v =018, A= 210 ; v = 0.12, A = 280; v= 0.09(mm/min)
3.12.2.4 Rack gear type 7N¢

Cyclo—cam typed HE¥ cam FFF &3+ 93 ¥WAF A9 23, 3/
& FAld fr25+E Hand pump®] &9 A<k, HZA 180° vith $E 5 W3
o] EAlolt}. 28X, Rack gear type2 /ATt £% Control panel& ofxd
1% 71t FHgoy, 19% A3 F/¢ dgdE F=F MEHACE. Rack
gear type ¢ Dttt

193.12.7914, IC motor #<H] 160: 12 HAE T2ao] FHHA gl
Aol @(Control panel)& DC motor & 1/4~12 rpmoeZ ZEPTH o,
Cyclo—cam type< 193 34, Rack gear typee F/$E2 IAHE=EZ ¥EQ DC
motor7} o3ty FEEF FFH Gear2 o= FZEL WUZ FHEAAAN £54
o &FolE AF A/3 +F5eE AGEY. u¥, F/$ A AFAY lag
timeo] 3Zo]|E=E kel AT o2 UehAwt f¢F 0119 HA9 BHLZ FA
g =F Fo.

Hand pump €0l 925, Lack geare AXALFo|mZ o]l HASY] YA
Lever &9l Liner bearingg &3l Lever arm lengthE WIA7|= WL Y
R}, Lack gear typeollA], Hand pump®] Y& 90°Z F&A35IH lag timeo] W
AE Y F 92, &8 70MPa-EEF/cycle 7Tcc AXE9] Hand pumps |A +
¥ 3, 7H4o] HlnH XREZE Analog typeol A% 7HE dEdtEARE eapvt AL
Aol ot thek, DC motore] FA7} 80kgf AEo|EE PHo R o|EAd AX7}t
@Y E¥o] Fodi.

AAYF X9 A7 EEAQ 0.1mm/minE 73 A E &3 2o,

— 318 —



1) Hand pumpe] EZ o] HA X AME(ENERPACK ko] AEFL
2) Limit S/W @AA (L) & HAZE 81, Cycle

7 cc/eycle)

AL

2 Hand pump®} EEF S

3) FAA Y #AgstFo] ALEEE Hyd. jack® ©HEAO W R AR

4) 7% DC motor® R.P.ME ZA&

AolM AF & WbgE 270 HQHE, 9714

R.P.M7A] 7} 38k},

g =

Rack gear type &Y XEX

FeE

D IPSH(LEFIZE HRZE 38Y

£ DC Motor shaft0ll 12Z. motor

Z2&H| 160:1, &% P/G2 Control
panell AlZH0l 2 RPME X Z7)

@ Rack gearg A/5t2 0l&

@ Rack gear(2Z 2JH)

@ Hand pump2] lever0il & &(Linear
bearing F&)

® Limit SM(A/EH Loax ZEILS)

® Rack gear =% && 0l&= Guide

(s

gear(&H/5HAS 47H)

~

J

1% 3.12.7 Rack gear type$
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Control panel for constant deformation rate device £ F4 A
- Cyclo cam type, Lack gear type & & -
@ Main power
@ DC motor 252 P/IG & socket
® Rack gear &% Limit S/IW & &
@ Rack gear 3t Limit S/IW & &
® Hd8 S/W : 6l& ; Cyclo-cam type DC motor -1 8 3 &

& 8 ; Rack gear type DC motor(2 & F=J| Limit S/W touch
ADOLCH 3| M ELEE H/RKE HE

RPM meter : &3 & rpm indicator

Manu/Auto : 'Auto- & FJ|0tCH &F & rpm= 54 SIHOl rpm2 rpm
I B3 80X Motor 38T 2 rpm0| OtY). Manus
=S XX (Start AIZ0IA 2N, BY & A{AXZ 5328

TS At

FR0 AE)
Timer on/off : Z2AIHS HNES0H T2t rpm SIt ‘On', 'Off= YA
Detail Adjustor : It A2t FI|(Timer on)E 22 HAHMS A= 0lAH 25/
L £ (0~180 rpmDtX Jts, R 2L, A 2A) y

é Power A
RPM Meter
0[1]2]0
m Timer On Timer Off
cash gzisf
- -] CLI] s, EEEE
®— ~ Motor | {Speed 1
@ d On On
®— @ @
54 S¢g ;
@ 21&3 Off Off
.y ISeta?I @ @
\_ Adjustor Y,
PSR

2% 3.12.9 DC Motor operation panel
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NFBO 15 A
Input 55> R fﬁ,eﬁ‘ Rz
R = Ro
104 220V
60Hz TZ6 O 31 PB;
(/ DM-18C 1
f GTH O‘MC1 |-pe,
A,a TF! VR Q 2
@,o M+ VR ® Out Master® Out
om- DSD-101 2HP - yr. bGnd Gnd
(prf (P
A+ A- E+ F-
N 3
) C)/ C)/ 0] MCR To
QucH ¢ Power Motor  Master PCB
____________ AL A _M‘.------------_______________________
Amature
1.5 KW (E) Field
e
= : ™
g o g G 2o R
9
® L/S;
PB PB TR
g}_ cp’_ }3# ! ng& ”%2 VR; TRs VRs
5 |6 7 11A Ig MCR —— TR
® 12A
TR Reset Up
» 2 ‘CDMCR @ Down R,
8 C MC, | |R0 ’ ’TR1
co 990 ® [f|
T @ } N10
Motor 2 Timer Left Right

1% 3.12.10 DC Motor operation panel I ZE
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3.12.2.4 A5 3A 25

Rack gear type®] A|Ztd] W& HPHF {FX AHE @F IFAD AFA
AsGT. AHE Hyd. jack® ¢%Z(Push) WAL 43cr’olth. EEE 0.1
m/minQ ), A WFF 20~30me WA T EY 200~300 Bo] AaFHE=
0.3~0.45mm/mino. 2 AA3RT. o] 7} 3¢ 3.12.11 £ E 3.12.40|}. o]
Ogd, LIN-HHF #AE AY IJARHLE 7§ HAAE AAFed
A9 AABALE &5 AH.

Cyclo-cam typee AT H-ENA Cam follower7} AFHA HAAY dxdi2
AHA RS AFFHLE AJT. 2HA, AF FEE ©§ A AA Cand E
g3t e, o] ¥ Ui AAAAE A=t gk, Control panel= Rack
gear type¥} Cyclo-cam types H3A AFRAEdH, ol E/HE ARk IC
Motor®] R.P.M ZAo] 4&3l3 Fho] EWdIE AME7E 91§ AL2 ARG

K T L I T I I ! T I T | I l I i
F [1-1]-0.014[0302] 1 [0.015 ]
- [ 1-2 0.108 |0.325/0.999|0.060 = 1
25 - | 2-1{-0.2620.432|0.999|0.066 —
~ | [2-2]-0.302]0.449]0.999|0.078 1
E [ [3-1]-0.121]0.372{0.999|0.049 eese’ ]
- 20 I I3-2]-0.124]0.385]0.999]0.051 2 7]
-l L 0% 4
< [ [4-1]0011 [0.314[0.999(0.027 e )
e ()

£ 15 [ (472] 0108 [0.325] 1 |0.001 oo 1
o - ]
§ ALmm) = A5 min) —— No.1-1| ]
s __ No.1-2| A
g —~ No.2-1| T
(] — No.2-2 .
—— No.3-1| ]
5 — No.3-2 | -4
—— No.4-1| 1
— No.4-2 | ]
O - il ] Lt L ) l Jl d ) l il Ll | I LA 11 l L1 l Ll L) l L 1L l 1111 l Li 1l I 1) I Ll L1 ll i L] l Ll l‘

0O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

Running time (t, min)
a9 3.12.11 B ¥%F 52 FA ZAH A H(using Rack Gear type)
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¥ 3.12.4 Rack gear type A IEHF FXA FA9 AA

t, min AH1; AH1z AHg; AHos AHgz AHss AHuq AHgso
0 0 0 0 0 0 0 0 0
1 0.295 0.404 0.410 0.425 0.327 0.338 0.307 0.323
2 0.602 0.702 0.743 0.771 0.699 0.724 0.615 0.649
3 0.901 1.062 1.093 1.133 1.052 1.090 0.925 0.975
4 1.202 1.369 1.536 1.593 1.372 1.420 1.215 1.281
5 1.504 1.720 1.888 1.958 1.765 1.828 1.548 1.631
6 1.801 2.028 2.220 2.302 2.139 | 2.215 1.862 1.963
7 2.098 2.335 2.651 2.749 2.549 2.640 2.183 2.302
8 2.409 2.686 3.170 3.287 2.880 | 2.982 2.509 | 2.645
9 2.703 3.028 3.561 3.693 3.287 3.403 2.813 2.965
10 3.008 3.335 4.006 4.154 3.637 3.766 3.130 3.300
11 3.305 3.677 4418 4.581 4068 | 4.213 3.442 3.628
12 3.607 3.994 4.855 5.035 4429 | 4.586 3.762 3.966
13 3.911 4.359 5.299 5.495 4752 | 4.933 4,103 | 4.325
14 4.206 4.648 5.719 5.931 5.096 5.303 4.386 | 4.624
15 4.498 4.951 6.171 6.399 5.445 5.639 | 4.728 4.984
16 4.817 5.268 6.574 6.817 5.806 6.009 5.025 5.297
17 5.119 5.593 7.115 7.378 6.141 6.359 5.354 5.643
18 5.409 5.951 7.458 7.734 6.510 6.741 5.647 5.953
19 5.716 6.258 7.940 8.233 6.887 | 7.131 6.002 6.327
20 6.025 6.578 8.365 8.674 7.258 7.516 6.290 6.630
21 6.339 6.927 8.731 9.053 7.603 7.873 6.628 | 6.987
22 6.657 7.253 9.213 9.554 7.954 8.236 6.917 7.291
23 6.948 7.557 9.602 9.957 8.345 8.641 7.237 7.629
24 7.244 7.903 | 10.099 | 10.473 | 8.709 9.018 7.538 7.946
25 7.544 8.236 | 10.488 | 10.876 | 9.102 9.425 7.919 8.348
26 7.852 8.575 | 10.916 | 11.319 | 9.484 9.821 8.189 8.632
27 8.144 8.865 | 11.355 | 11.775 | 9.840 | 10.190 | 8.469 8.927
28 8.459 9.170 | 11.799 | 12.236 | 10.259 | 10.623 | 8.821 9.298
29 8.745 9.521 | 12.186 | 12.637 | 10.621 | 10.998 | 9.139 9.633
30 9.052 9.820 | 12.679 | 13.148 | 10.991 | 11.381 | 9.446 9.958
31 9.347 | 10.156 | 13.073 | 13.556 | 11.360 | 11.764 | 9.743 | 10.271
32 9650 | 10.519 | 13.516 | 14.016 | 11.753 | 12.170 | 10.104 | 10.651
33 9.956 | 10.856 | 13.941 | 14.456 | 12.112 | 12.542 | 10.368 | 10.930
34 10.252 | 11.200 | 14.373 | 14.904 | 12.507 | 12.951 | 10.713 | 11.293
35 10.5643 | 11.542 | 14.826 | 15.374 | 12.857 | 13.314 | 10.996 | 11.592
36 10.856 | 11.820 | 15.251 | 15.815 | 13.269 | 13.740 | 11.354 | 11.969
37 11.163 | 12.158 | 15.694 | 16.274 | 13.607 | 14.090 | 11.641 | 12.271
38 11.464 | 12.501 | 16.101 | 16.696 | 13.956 | 14.452 | 11.940 | 12.587
39 11.765 | 12.817 | 16.507 | 17.118 | 14.373 | 14.883 | 12.263 | 12.927
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¥ 3.12.4904 A%

t, min | AHn; AHi2 AH32; AHgo AHsz AHao AH4; AHgyo
40 12.064 | 13.132 | 16.932 | 17.559 | 14.761 | 15.285 | 12.574 | 13.255
41 12.364 | 13.465 | 17.412 | 18.056 | 15.143 | 15.681 | 12.907 | 13.606
42 12.680 | 13.781 | 17.785 | 18.443 | 15.498 | 16.048 | 13.210 | 13.925
43 12.972 | 14.073 | 18.242 | 18.917 | 15.842 | 16.405 | 13.565 | 14.300
44 13.270 | 14.456 | 18.667 | 19.358 | 16.234 | 16.810 | 13.874 | 14.625
45 13.572 | 14.753 | 19.110 | 19.817 | 16.594 | 17.183 | 14.142 | 14.908
46 13.874 | 15.114 | 19.572 | 20.296 | 16.987 | 17.590 | 14.480 | 15.264
47 14.169 | 15.421 | 20.035 | 20.776 | 17.369 | 17.986 | 14.795 | 156.596
48 14.479 | 15.758 | 20.513 | 21.272 | 17.713 | 18.342 | 15.103 | 15.920
49 14774 | 16.112 | 20.865 | 21.637 | 18.131 | 18.775 | 15.413 | 16.248
50 15.077 | 16.439 | 21.363 | 22.153 | 18.493 | 19.150 | 15.728 | 16.580
51 156.372 | 16.734 | 21.698 | 22.501 | 18.863 | 19.533 | 16.038 | 16.907
52 15.675 | 17.037 | 22.175 | 22.995 | 19.233 | 19.916 | 16.356 | 17.241
53 15.978 | 17.340 | 22.460 | 23.522 | 19.638 | 20.335 | 16.658 | 17.560
54 16.275 | 17.637 | 23.080 | 24.029 | 19.997 | 20.707 | 16.968 | 17.887
55 16.564 | 18.046 | 23.533 | 24,499 | 20.392 | 21.116 | 17.259 | 18.194
56 16.884 | 18.366 | 23.948 | 24.929 | 20.730 | 21.466 | 17.546 | 18.496
57 17.185 | 18.667 | 24.336 | 25.332 | 21.142 | 21.892 | 17.877 | 18.845
58 17.488 | 18.970 | 24.701 | 25.710 | 21.479 | 22.242 | 18.182 | 19.167
59 17.788 | 19.270 | 25.204 | 26.233 | 21.829 | 22.603 | 18.495 | 19.497
60 18.087 | 19.569 | 25.684 | 26.730 | 22.245 | 23.035 | 18.824 | 19.844
61 18.438 | 19.920 | 25.998 | 27.056 | 22.563 | 23.364 | 19.116 | 20.151
62 18.753 | 20.235 | 26.478 | 27.553 | 22.933 | 23.747 | 19.432 | 20.484
63 19.046 | 20.528 | 26.921 | 28.013 | 23.302 | 24.129 | 19.748 | 20.817
64 19.344 | 20.826 | 27.328 | 28.434 | 23.707 | 24.549 | 20.071 | 21.158
65 19.646 | 21.128 | 27.697 | 28.817 | 24.066 | 24.921 | 20.375 | 21.479
66 10.948 | 21.430 | 28.232 | 29.373 | 24.462 | 25.330 | 20.681 | 21.801
67 20.243 | 21.725 | 28.681 | 29.838 | 24.799 | 25.679 | 21.027 | 22.166
68 20.553 | 22.035 | 29.064 | 30.235 | 25.211 | 26.106 | 21.310 | 22.465
69 20.847 | 22.329 | 29.503 | 30.690 | 25.549 | 26.456 | 21.644 | 22.816
70 21.151 | 22.633 | 29.949 | 31.153 | 25.898 | 26.817
71 21.446 26.314 | 27.248
72 21.731
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3.12.3 ALHA A
3.12.3.1 3|2Ex ¥ FQoBE

12 dxo Mgt AZEFS A 28.8MPa, HEF 15tfollA #F2H 8%
R 20~30 2rit AGyez vdeus Tl A 23 dx A2 AP A
A BA Y dAEe 1¥3.12.12, F& FF AFSS ¥ 3.12.50H},

3
19: T
0 9
=P 5 1
L] —
4 -—
)]
Y ><
PR
— 7 L
10
JAN
12
1% 3.12.12 ALHA FH 9 JR=
¥3.12.5 AFHA FAY FEAY
No. 24 HNEQY &5 RIZAE
0 Air compressor Max.0.7 MPa(0.1~0.6 MPa) Optional
1 Air filter regulator | W3000-1D-B3 SAMIN
2 | On/Off valve V-82 ENERPAC
3 | Liquid pump 5/-88-115, 0~ 68 MPa(1.5 /min) | HII
4 | Check vaive RK2G HAWE
5 Pressure gage 2@¢100x1000 barA(oil) WIKA
6 | Pressure regulator | 54-2021D24 TESCOM
7 | Back pr. regulator | 54-2021D24 TESCOM
8 Needle vaive V-82 ENERPAC
9 | Main valve VM-4 ENERPAC
10 | Accumulator BN350-07A(2.5))
11 | Indicator 1.5mV, 0~69 MPa ZIS(st =)
12 | Oil tank Optional(5 /) Optional
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3.12.3.2 viwd R #3244
Air driven liquid pump(DLP-115TR)9] AME-H & oh&3} 2ot a2z, Al2d 7]
718 293.12.13, B%& AAY 2= 1¥3.12.14 R £3.12.6% ¥
(1) AH& A F)
- 0il tank®] fEEY
- Air compressor(2.5 kW, Vol.50 ¢) @2 % 7%
~ Pressure regulator valve 6 & WAl A (g )02 A3 FA,
- Back pressure regulator valve 7 & AlAYE(LEX)0 2 FG3] I A,
(2) =9 42
- oo] T A8 E pump unit®l inlet couplero] ¥ A.
- % 2% pump unit® Outlet couplerdl @Ast, TA ¥ A.
(3) B +%

2 AA3 4 4E=F717F pump unitol FFEHRA
=

8% 943 FF(A7]4, Valve 8F
Fax god HAFAHAFAA 100 F&E F US).
A(IA s, FHIA GHA) e 29 Hgoz AY(F

BN

- Ngol FEF FAUY BE FPL AA.

(4) AFF FoIAg

- AfE WRel o]Bdo] BoHN BES T A.

- & golujo] gol A Yo YAl TE 7.

- B3We +=F& JFE A
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39 3.12.14 2 E3.12.69014, Regulator FAIX| 40MPa o]l M & &3} g
Z2ES ¥¢ F Ut
- FAND 4EE 140MP20lStE AAF BeE A7 3 9dd vlEA, 28 MPa
odeos HdAYsA LAVt v A LA 3% o 3}olt},
- MEd FF IARAG ANEY Ad FH3FL 500kNo) 2R, §¢ A £FL
400 MPa-H 3 125 cmo] & AM&-doF A YA 7} ¢t 5T,
- B3 At AF(PBT) €9 Plate 7] 500 x 5002 ZFJor=z, Ay Hu
AAY 6 MPadl HAAZI A, 13 3.12.29) P Hyd. jack(A298.6 cm?, WY
41MPa)& AM&8lok ghch,
- 1% 3.12.15& CBR moldell & ©hA Y1, @Y% st ANzl wat 44
Ad(FFYFE)S WHE B Aotk 19 23.12.152 5MPa ©lstE AR5l
#RE4 FaFold Azt mE gEWEAE, ALGHA 4= -0.83~1.9%4
golth. 1% 3.12.15bE F~IYQ) 35~66MpaclAE FEFH 2} -0.57~
1.25 924 AN g8z AUFo2 EFE & Y.

300 R A B A B e e AARARASSSS LSS0 S
P0-2-0-0-8-000000009.4000 000000, 008y g 5005098000 0000 0000900008000 900000000900 e

= 4

L —o—ggg 273 4

250 |- — &3 280 ]
E L ]
S 200 [eeteteilsertreenllveettealng e St Y in gt et tetsase  ne iy tvere puveses ]
2 - —e— ST 205 -
~ i A3 200 ]
o 150 | n
g -
@ r —— A3 141 A
=1 — HFY 144 ]
— 100 | -
c i
8 L i
2 - -
S ol —— 23U 70 ]
i HSFHY 72

L 4

I DU DR ST P SO T FOTT DU TR PR PO FUORT SUTTE P

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
Running time (t, min)

a9 3.12.14 ¢ X AR AAAF(at In situ DSST)
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¥ 3.12.6 ALHA AR & kgf/em?)

t,min P11 P12 P21 D22 P31 D32 D41 D42
0 70.1 72.1 140.7 143.7 204.7 200.9 278.4 273.4
1 70.1 72.2 141.1 143.8 204.7 199.7 279.7 272.5
2 70.1 72.5 140.1 143.9 204.6 201.4 280.4 272.0
3 70.5 72.2 141.2 144.2 206.0 199.7 279.4 272.5
4 70.6 72.2 141.0 1441 205.0 199.9 278.9 272.0
5 70.5 72.6 141.4 144.8 206.5 199.9 279.4 272.7
6 70.2 721 141.0 143.7 205.0 200.0 278.9 273.0
7 70.6 72.2 141.0 145.1 207.6 201.3 279.7 272.5
8 70.2 72.2 141.2 144 1 207.5 201.5 280.0 273.4
9 70.7 72.2 141.3 143.6 205.8 199.0 279.4 273.2
10 71.5 72.6 140.9 143.8 205.3 201.1 280.4 273.2
11 71.0 721 140.3 143.9 204.0 200.8 280.2 272.7
12 70.1 72.2 141.2 144.2 205.8 201.7 280.3 272.0
13 70.7 72.2 140.7 144 .1 204.0 201.5 279.7 271.0
14 70.0 72.5 140.9 144.8 204.2 201.7 278.9 272.7
15 70.0 72.2 140.3 143.7 204.2 200.5 277.9 271.0
16 70.5 72.2 141.2 145.1 204.3 203.3 279.7 273.4
17 70.0 72.5 140.7 144.1 208.4 201.4 279.7 272.5
18 70.8 72.2 140.9 143.8 207.5 200.3 280.6 272.0
19 70.0 72.2 140.3 143.2 203.2 199.3 280.3 272.5
20 70.7 721 141.2 144 1 205.5 202.8 278.9 272.0
21 71.5 72.2 140.7 143.6 205.2 202.6 279.7 272.7
22 71.3 72.2 140.3 143.2 206.1 199.3 279.7 273.0
23 70.2 72.2 140.7 143.6 207.9 202.6 280.4 272.5
24 70.6 72.5 141.1 144.0 206.1 202.2 280.4 273.4
25 70.0 72.6 140.1 143.0 204.9 204.3 278.2 273.2
26 69.9 72.2 141.2 144 .1 207.8 200.5 280.0 273.2
27 70.0 72.2 141.0 143.9 205.8 203.1 280.2 272.7
28 70.6 72.2 141.4 144.3 204.6 201.7 280.4 272.0
29 70.2 72.1 141.0 143.9 203.6 199.0 278.4 272.5
30 70.3 72.2 141.0 143.9 207.3 201.6 278.7 272.0
31 71.3 72.5 141.2 143.9 207.0 201.6 280.4 272.7
32 71.3 72.6 141.3 1447 203.6 202.4 280.6 273.0
33 70.7 72.2 140.9 145.0 207.0 199.1 279.4 272.5
34 70.5 72.5 140.3 144 .6 206.6 201.7 280.3 273.4
35 70.2 72.2 141.2 1447 208.8 201.2 280.2 273.2
36 70.2 72.5 140.7 143.8 204.9 203.1 278.9 273.2
37 70.2 72.2 140.9 143.9 207.5 202.0 280.0 273.0
38 70.2 72.2 140.3 144 .2 206.1 201.6 280.4 273.4
39 70.8 72.5 141.2 144 .1 203.3 201.6 280.6 273.6
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X 3.12.6914 A&

t, min Pu P12 P21 P22 P31 P32 Pa1 P42
41 70.5 72.2 140.9 143.7 206.0 199.0 278.9 272.0
42 71.5 72.5 140.3 145.1 206.9 201.6 279.7 272.7
43 71.0 72.2 141.2 144 .1 203.4 201.6 279.7 272.7
44 70.1 72.2 140.7 143.8 206.1 203.8 280.4 273.4
45 70.1 72.5 140.3 144 .4 205.6 199.8 280.6 273.6
46 70.1 72.2 140.7 143.6 207.5 2016 279.4 272.5
47 70.5 72.2 141.1 143.7 206.5 204.8 280.3 273.2
48 70.2 72.5 140.1 144 .4 206.0 204.8 280.2 273.2
49 70.2 72.2 141.2 144.5 206.0 202.1 278.9 272.0
50 70.2 72.2 141.0 144.2 206.1 201.6 280.0 272.5
51 70.5 72.5 141.4 143.6 203.3 201.6 280.4 272.0
52 70.2 72.2 141.0 144.1 206.0 202.4 280.2 272.7
53 70.6 72.2 141.0 143.9 206.0 199.1 280.0 273.0
54 70.6 72.1 141.2 145.2 208.3 201.7 280.6 272.5
55 70.2 72.2 141.3 145.0 204.1 201.2 279.4 273.4
56 70.1 72.2 140.9 145.3 206.0 204.3 280.3 273.2
57 70.1 72.2 140.3 144.9 209.3 202.0 280.2 273.2
58 70.5 72.5 141.2 144.3 209.3 201.6 278.9 272.0
59 70.5 72.6 140.7 144.6 206.5 2016 280.0 273.0
60 70.5 72.2 140.9 144.2 206.0 201.7 280.4 273.4
61 70.2 72.2 140.3 144.4 206.0 201.6 280.2 273.2
62 70.6 72.2 141.2 1447 206.9 202.6 280.0 273.0
63 70.6 721 140.7 144.7 203.4 202.2 280.6 2736
64 70.2 72.2 140.9 144 .6 206.1 204.3 279.4 272.5
65 70.1 72.5 140.3 144.3 205.6 200.5 280.3 273.2
66 70.5 72.6 141.2 144.7 208.8 203.1 280.2 273.2
67 70.5 72.2 140.7 1445 2086.5 201.7 278.9 272.0
68 70.2 72.5 140.3 143.6 206.0 189.0 280.0 273.0
69 70.2 72.2 140.7 144.7 206.0 201.6 280.4 273.4
70 70.5 72.2 140.3 143.7 206.1 201.6 -- -
71 70.5 - - - 206.0 202.4 - -
72 70.2 - - - - 199.1 -- -
min 69.9 72.1 140.1 143.0 203.2 199.0 277.9 271.0
max 71.5 72.6 141.4 145.3 209.3 204.8 280.6 273.6

mean 70.4 72.2 140.8 1442 205.9 201.5 279.8 272.8
S.D 0.40 0.16 0.36 0.52 1.48 1.41 0.66 0.60

Error 1.6 0.5 1.0 2.3 6.1 5.8 2.7 2.6

Em(%) | 227 | 069 | 071 | 160 | 296 | 288 | 086 | 0.95
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p(MPa), Ap (%) & y(mm)

pr. (MPa), Ap/p(mean), % & y(mm)

l“lvrrlrlT!‘l

o

-1

50

40

30

20

10

. s e B e e e I 3
C n--a-m-u-u ]
L —&— Gage pr.(p, MPa) —aaa -
a —o— Error(Ap/p, %) e 1
- A Settlement(y, mm) adpAAAaaaaaadd ]
L A-AAAAAAAAA ]
r Ap / pm(%) ]
PYYvewewwwwe LS LS LN R L mean 0.04 ]
[e - S.D 070 7]
i . \, | min. 083 )
[(mw-w-n-a-m-m-u-a-= \ \ max. 1.94 —-
L e Y 3 ]
[ \ \o\. \.\. \o\ n

-@, 4
1 \‘\.\ \.\._.\.’./ \.\O\N .\‘ i
i -e \o\._._.\. e ]
L 1 N A ] B
0 50 100 150 200

Running time (t, min)
() &5 p<5 MPal E=R229 Al2tl Aot 2 F3LRA LA

S L B B B L B L LA L BB BB BN LA LN BRI B
L Ll ol M.
C —m— Gage pr.(p, MPa)
i —— Error(Ap/p, %)
i — —a— Settlement(y, mm)

¥
_

\

Ap / pm(%)
mean 0.05
S.D 0.57
min. -1.25
max. 3.17

IllllllllllllLlllllllllllll

7"'\ {‘V's..Aw-....J‘“

S TS NN TR DR S R AW SN T AW RS R

0 60 120 180 240 300 360 420 480 540 600 660 720 780 840
Running time (t, min)

(b) £H 30~ 55 MPagl 322 A2t &ctao IE LRI 2%

2% 3.12.15 AR A FA L A Fsige nE ¥ 724
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3.13 A -¢ghite] FERHT ASX 9 45X Hun
3.13.1 Hoek-Brown¥9 AG BAx &
3.13.1.1 Hoek-Brown ZET£¢] Mohr-Coulomb2 2 A¥3}

1% 3.13.19 o—1 FEANA, Heok-Brown H|AY s xetdge] ¢leodo
W A4 Mohr-Coulomb AQZE FEHoIth HAE WA oA of
g 718715 B=g5(Partial derivative)® 73 FH9 #AR(o,, N7} 2% 3.13.1
of AAH Ut

o, =05 + ora.(miz—3 + s) eq.(3.13.1)
1
for GSI> 2 5 a= eq.(3.13.1a)
m, [ GSI—100
o exp( 55 ) eq.(3.13.1b)
s = exp(g'sg;g_—log) eq.(3.13.1¢)
for GSI < 25 ; a= 0.65 — 220% eq.(3.13.2)

_’I Shear stress(t)

P4 ‘

o O o3 O Normal stress(s,) 1

79 3.13.1 Hoek-Brown 33 Z2Hd 9 o HoA 71&7]¢ 24
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Heok(1999)E o, -1 HEANAM WY AAxFHE H(o, NEEA 319
AAAE A% FAEHe= 737 A 4G.13.3)9 AsFr2 EEAY.
AR A, & 714719 dHo] Mohr-Coulomb® WHw&Z(6n), HFH(cwm)
2 FHEH(0n)olt. ol Mohr-Coulomb #}#FEE F317] A% AARFE F
2% dA9 15§53 =00, I3 Hom Bl Felsfor Frt

Un_atm B
T= Ao, p. eq.(3.13.3)
' Bl
o - AB%'(U” i ) eq.(3.13.4a)
a0, ;
1 )
Ot = E%’(mb' m;, + 4s ) eq.(3.13.4b)
o,-7\7!
¢; = tan™ [AB%-( 5 ) l eq.(3.13.4¢)
¢, = T— o,tang; eq.(3.13.4d)
0,703
G, = O3t ————— eq.(3.13.4e)
1+
603
0,— 03 a0,
T= eq.(3.13.4)
o0, 803
1+ —*
o0,
oo, LA
1+ eq.(3.13.5)
80, 2(0,— 03) d
o5t < 25 2% —ameo |2 (3.13.6)
_5,T%—aﬂbbdd}-; €qg.\o.10o.

o714, A, B: ZtZ} H-B Criterion®] I3 ¥X2HAE FIE A A5
a, my st 247 FEAYE A9 FFme ATE A9 A
Oy Oy © A7 AU 12 4R 2 AFLE
0,05 0 42 HA H & FF5H
o, T A7 4oEY £35Y 2 AGSHY
d0,/00, * FTE&H oy~ oy BAE FolA do HAHY 7127]
¢, & : BIAY HIFEe dAFAY HUH 7LV, £ AFY 4
wh#ZH(instantaneous cohesion and friction angle)

2(3.13.5)E GSI= 252 B¢ F8H oy —0; BAEY A g Fd9
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71€7]0l¥, GSIK 25 ¢|& 2](3.13.3)8] HU=F2A 2(3.13.6)& H&3. o] 4
o] AFREF o, 0, My @ T FAY FAAA HFgd RAECIH
2(3.13.3)8 ¥4 FEUTE FAMM 4% WAYor HEPEY. F,

log (?T—) = log(4)+ B log( Un;('rtm ) eq.(3.13.6)
Y = log (UL), X= log( an;Utm ) and A’ = log(A) eq.(3.13.7a)
5o 2XY- 2 X3¥/n eq.(3.13.7b)
Mx2-Y x%n
A = ZY - B EX eq.(3.13.7¢)
n n
A =104 eq.(3.13.7d)

1% 3.13.29] F8H(0;—0,) BTAENA Hoek-Brown €9 S 7F&E9 49
oA HAY 71&7(k) E¥H(o,,)E "WNESFZ 314d, Mohr-Coulomb®] 7%=
A4l Mohr-Coulomb®] W¥w}zZt(Inter frictional angle)™ &3 (Cohesion)
o2 FAsE FAEL U 2.

k= nzaaal B 203201

eq.(3.13.8a)
ny, o3 - (2‘73)2
0,= 0, — kog eq.(3.13.8b)
Oty = Ogy + koy eq.(3.13.8¢)
Oem (1 - Sin¢m)
Cr = 2005, eq.(3.13.92)
a1 k‘_ 1)

é,, = sin (_—k 1 eq.(3.13.9b)

2](3.13.8) 2 2](3.13.9)° A,
k, o, : 47 038 F§H(0,— o)) BAZANA FAY 71&7¢ 29
(o,,; 49 FAF<Q 1% ¢=&7 %, global 'rock mass strength).
O - HIAEE AXMoz XA Ho 758

s 4, ZZ Mohr-Coulomb &2 AHFAZ AAH iy wdg
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Maijor principal stress(a,)

Triaxial Compression

1 Uniaxial Compression

Minor principle stress(o;)

Fig. 3.13.2 Relationship between principal stresses

3.13.1.2 ZFAFE 183 ZEFSMHeok & Carranza-Torres, 2002)
11 GSI 2
o=+ 6{ p( ETE xp( 3 )} eq.(3.13.10a)
m, GST=100\ 1ot 1 elnios
™ = P\ TTin ) s AXYG D=1, AL 0 eq.(3.13.10b)
GST— 100
§ = exp( 9—3D ) eq.(3.13.10c)
0. = 045 eq.(3.13.10d)
S0,
Opy = — eq.(3.13.10e)
my,
do./do, — 1
0n= o+ 0)) = (o= 0y) BT eq.(3.13.11)
= 4o,/ oy (3.13.12)
T = (0,— 03) T+ doyfdo, eq.(3.13.
i _ %\ (3.13.13)
E_ +am,,s+mq,a—d eq.(3.13.

0, < 03< Oapy 3 Mohr— Couolmb Criterion
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05[(1+2a)s + (1—a)my, ] (s+ my)* !

¢, =
(1-I~a)(2+a)\/1+ {?fﬁs(;—$“ 1}
_— 6amy(s+m,,)* !
P = S0 2(1+ a)(2+ a) + 6amy(s+ m,)* !
My = mb( Ugm“)
O

—-0.94
O3max = 0-470,, (7—2) for deep tunnel

-0.91
O3max = 0.720, (7—3[”]—) for slope
E(GPa) = 0.1,/o, (1— g) 107104 for . < 100 MPa
E(GPa) = /o, (1— g) 10(GST- 1040 £or & > 100 MPa

2](3.13.10)~ 2}(3.13.16)91 A,

eq.(3.13.14)

eq.(3.13.13)

eq.(3.13.16a)

eq.(3.13.16b)

eq.(3.13.16¢)
eq.(3.13.17a)

eq.(3.13.17b)

D: ZFoz QA3 it W9 S WY(Stress relaxation) dLTA|F

(¥ 3.13.1 =%, MIng Lu et al. 2006)

Osmax - Mohr—-Coulomb 3 {FE0 2 HFA7|= H4

Z392) 484,

&, 03— 0, ZBANA, H-B Criterion®} M-C F&3849 334 o,
v, H @ 24z Bdoly ¢t AlEe] A 9 a3 Aol

E : ¢vte] W3 A4 (Deformation modulus)

¥ 3.13.1 2Fo 2 QA7 gt

He WFPE wE wIATDY HH

FH—iN

-

B (descripition of rock mass)

D o Br AEHD
- SEO PEE YPAILY

- TBMOIL 2IIEQIO2 0I50 EiE 2HO =
UCE BYBRA =EEH HE zo| o
A

2rEH0l werol He 0IXIX

o OIXIX @2 s et

=

- HEAZY YIE ABEH

05 | - 28 HIEMA 2E&0IL HE(heaving)S AHMOIH A8t InvertS & XIol O

JIA=ZHO0| Jtsd 2.

08 |- 222 Q150 &H FHO0l 2~3m A28 £40 U
2

1 - 220/ dotn, 2XBO MHOILL HBHO 3
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3.13.1.3 Mohr-Coulomb®] HJ&AAZ H}A7|= & F
@ &Y 7188 (0q, mi, GSDEH
@ ##A9Y my, a, s, 0,5 AL
- A@AF 1A &S 4¢ 4B.13.1, 2 2 4)
- APJAFE 1y F¢ 4(3.13.8)
® F&4 03 R oy A2
- Starting point : 0;< 0.250, A9 A ¢ 1071 F==2 7
- g — A(3.13.1)
@D 03— op AEAL 71&7)¢ HEH AE

o
- 71€7] % — GSI> 25 ; 2](3.13.5), otherwise 2](3.13.6)
3

- X3 (0, 7) > 2(3.13.4e) & 21(3.13.40)
® AP ALNREE ATt 7| 27(B) dHAE TF
- 2](3.13.5a)~2](3.13.5¢)
® F&8H(o; — o) BAEY FF 71 €71(k)% A F88 A&
- 04 Oy A, B, 0, 522 Mohr-Coulomb criterion®] Ag $-3(r,,)
GSI > 250|% 2](3.13.5), GSI<25%& 2(3.13.6)0& F&
- gyvz.0p BAEY HFHAEH(HA)
71€71(k) — 4{(3.13.8a)
AW(o,) — 21(3.13.8b)
- Mohr-Coulomb 7+&°] t$dH= Ht F3YH(s,) @ eq.(3.13.8¢)
- 0, vz. T BA XA Mohr-Coulomb ZE=AF

AZE(c,) * 24(3.13.92) WHF=F&Z(¢,) : 2(3.13.9b)
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3.13.2 Bartond ZAETE
3.13.2.1 = 7F& A9
Batton(1973)2 AA %S =AM vHE HE2 9E AF FAAY A ddhg=z
2](3.13.10)& At o] HIyFEE HAH X7, Mohr-Coulomb 3] 2]
FotdZH ) o, — 7 HEAY AEFTEA 2(3.13.24)% o] vzF
A=

T =0, {JRC’log( CS) +ab} eq.(3.13.21)
6 = tant 27 eq.(3.13.22)

. 50, .(3.13.

¢, = T — 0, tang, eq.(3.13.23)
or _ _ WJRC 2 .
= K+ ¢— oK+ ) eq.(3.13.24)

I~

A71A, o,, 7 47 FIY APEY JE e € FE T3
@, - 718 vl&Z(Basic friction angle)
JRC: ¢ Az)A9 #HERE(Coeff. of Joint Roughness, 0~20)
JCS : A E(Wald)9] 1F $FZ=(JCS < 0.250,)
¢, 0 =VEZAMAY FATE dI9AY JZA 717D
¢ 1 T AAHFHAY - F EH)
Barton®] ZE=q&ES Hlud gsA v, A7 FHLIE de dSANEE 1
Haof girt. F,
- AdF 9 79 B (dilatation)

9

- &A% (damage coefficient)
- 249 Ag A E(asperity component)
- A& 37 9¥¥(scale effect)
3.13.2.2 4% A&A 13 AEEH FEFEY FHAS
(D) 739 gFo] it A1 QA v 4T
dEo] £AFHo2 F&Eo £AYEF WFPo] Ao §1oW Dilatatione §l
oy, A FolE= FyBigo] dojdrh
- daE W] Wy Eo] 1% =2 oA peak ZFE7F A7
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- JRC, JCS7} w2 ¢t B3 Ao HEA AT © Bo] §7] Wi F9
BRAAEFE AAY AY fled, 4@ &2 Dilatationo] FLWF I,
- Peak dilatation(d,)& FAdA A7, GVAIEL Z7F vh&2H(g, )BT 2.
- A3 Ed&dd FERZ 2AHAY peak-ZT7t wE] M7= Qube] W3zt
< ZAReEZR AxolH, d,= 022 JHA T
TAEC] gl AL AGEPY FFE A G A 4,> ¢, 22 total
friction angle(¢) &3 2o} =

6= tan‘l(ai) = ¢, +d, eq.(3.13.25)

- 839 B ¥ A vpAAL 4, +4, BTt I

Bdgdo) Adn gad gwtolatx, A ube] BIAY Wi A3 FFA|d)
Atz g dEdd 188 FUE EEESHo] §AHI] wEolth
Span 100 m F3to] FT/HHLE FAH7|E 3AIRE, Span 1ImelA FUA7=
sted], 7o FYglL Dilatation & Non-dilatation x}pe] wj&Eolt}, B3| %,
ANy, BFAEE, 34389 44, 4wt AAAT T FEEA A7 4
A3sl9, FEM w99 APz fj2dsta Ut
(2) Asperity component(JRC log(JCS / 0,)3} Dilatation(d,, )¢} F&A4

JCS, JRC, 7,0,9 484 @7 AFE A @7+ Lab. DSSTo|t}.
- @A 10cmXx10cm, 435 A=} o] A 72 8 mm(Teflon spacer)
- $&/48 WyF =48 Dial gage(AE 0.002 mm/FF, 102 HE0=2 718)

- Peak pointd] E2A17Fe 10~15% A
Av )

Peak dilatation angle(®) ; d, = tan (A_h

Asperity component angle(®) = ta.n(a

n

— ¢ = JRClo (‘ZCS)—%

- BEY 238 ADHYEA HFHo| BANER, JRCETY F8HY BE 4T
o Fa3lt. HgAs, o2 SHHNAT do2 HAFEr

- 3¥(3.13.3)914, 4 @+ 136709 Joint-Al82] FFo|t}h A7|A, - E&
Fgzte 21.1°09 HsA AA FFL 20.0°0th 97]A, BFZH(d)F JRC x
logUCS /o) AYAALG, 2(3.13.26)9) HlEZs Co dF+E ‘dzyd &
A 4Joint damage coeff.)'8 3t}
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d’n
eq.(3.13.26)

JRC log( JGCS)

n

C =

M-8 HAE o 3% 1/2~5 313 1/2 o« 27|/ 8% A5 1/3 « gty 1

- A9 Fol Asperity &40] ¥lmd H& Lo YukaL ;

— = tan(d, + ¢,) eq.(3.13.27)
n
56
n
48
40 3
=
D 32
o
5
= @
2 24
8
S
a
16
8
od
md,
0 )
0 8 16 24 32 40 < 48 56
HO Q3 4 E(asperity component) JRC’Xlog(JC ) deg.(°)

29 3.13.3 JRClog(JCS/o,) % d; or d,9] FH#A
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(3) &8H] JCS/0, 9 4%

AF A de] o}F L 0, & 7184 DSST 3 27

- Q1% dgd ; JCS/on = 4.1~125(FF 129)

Ae]¥ ; JCS/ 0. = 440(15.5~5550)

- AgdoA d,=13.2°¢0d], JRC x log(JCS/0n) = 26.3°0] k. 2&A, AX A
2 gute] peak ARAE FEE & Fol 3 A<t

Y
o

2
&

T = tan(2dn + 30") eq.(3.13.28)
g,

q7]1A, 30°E mlFs oite] 7)EvtdZeln
- $8H|(JCS /o9t 239 BS AEE 1HT A=TEY F&

g2o] A1, JRC/F o}, : 4(3.13.27) £ 2](3.13.26)9) C =1
2ol Asla, JRC7F ¥} ¢ 4(3.13.28) Z 2](3.13.26)¢] C = 1/2
- BZZHd,)T S EFW B A=E LT AZEL BETFEAL
% = tan(Mxd, + ¢,) eq.(3.13.29)

714, M AA &4A4Joint damage coeff. )24 2](3.13.26)14 C-
&9 Jgojm, deldo] WESAY B dH(EE F 21U EF #H)S M=
10]tH(F 3.13.2 #&=x). Ed&Ho] FEFE AW UY(cleavage jointed slate)S M
= 0.78< 1% ¢9FQ A= Ut oMY wiEd dIHY BFZH(d)S 6.8°
2 o3 Jdt}h A9 Fo] “O-damage"o]d, M=12 F 3},

- 87 ¢4F9 A E 3.13.28 &4 o Zoh,

Soapstoned] NF UF A7 Al E(high-damage test)= M = 20|t}
A5 d ¢ 4/1-T2 O-dilatationo]HHpeak] == FFo] AT,
basaltel A ¥t F&3 FFo|t), '

A d EFATMTF BZ2Hd) Y FAAL

M= 0.70 + _ JRC eq.(3.13.30)
JCS
12 log( )
2
12JRC {1og( JC5 )}
d. ()= = eq.(3.13.31)

JRC + 8.4 log( JCS )

n
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¥ 3.13.2 BFZA(d,)F HIdAH &4ATW) A4S 4

Rock type Alg d.(°) JRC JCS/ 0. M
43} 74 (Aplite) 36 25.5 9.3 339 0.92
37 &4 (Granite) 38 20.9 8.9 229 1.00
Hornfels 17 26.5 9.6 525 0.99
Calcareous shale 11 14.8 8.2 316 1.39
F & ¢(Slate) 7 6.8 2.9 68 0.78
4 (Gneiss) 17 17.3 7.7 182 1.01
7 (Soapstone) 5 16.2 16.6 36.3 1.53
AF-EE A8 130 13.2 21.1 19.5 2.00

3.13.2.3 Z=ARF &34

(D 71&748d

JRC &AL 71433t 719-= Comb type roughness gage©]tTh.

TEG B ¢ Fol HAXA && AXY ofF WS o.& F{A7)7] oF
7] WEol, ¢ VTS GHOE AFET. 2EA, FEHYY FHEYE ¢ A4
g ok o] A i DSST7F AFEAT. F3HES] 1mo| e ofF ¢
Zo ¥ $£F o, - DSSTY AFAE==Z 7o}, or]A, Tilt test, Pull test,
DSST &< Wt Algdnt. dade 83 Fdole & mmol EF(planar joint
1~2mm, rough joint 3~5mm)3t2 2, Z =A< JCSE seto] ojHr).

(2) ICS &33
Joint wall®] 33 Zold we}, Fre} F4Ao] ofF ¥Iztsir).
A EF3td 49 AL EfAo]l Ak, F3 Pold wat oA wg - ozt
A% - FEAHEFEST H) 528 ERYY, FEEAL g7 g,
- ¥3}H &A= (Deg. of Weathering Alteration, DWA = o./JCS ) &FA
dubd @ DWA < 4
A+t ; DWA = 1.8~3.8
249 : DWA = 16
dA= DWA = 1~5.28 3%

(3) Tilt test
- 1~5kPa AX HFE 0,94 DSSTZ T3},
- AE Alg T/ 5~20cnEH A F23o 1 Hoz e,
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- B9e A%l g —~ FAA=
A2 2R > 83 WEAY
-Tilt testT

- AE F, AR G AZRAAA

— A9 AEFAH(0,)— Tilting — EFA

Dry joints249 A)&3lc}.

Schmidt hammer test X]3§

- N8 BFF Aodo| AAW FHsA t1°018=2 FX It Fasi)
- HEs gAY v Pug BdSHd o NEnF(p) SH Lol A

ZEe Agdrode F3AY &3

o] Zola

S (Asperities ploughing)9 3

13.32)

13.33)

oA g AS2A Non-dilatancy AHHZ A@aior @}, Tilt testo)d, &%
ZHe ¢ or ¢ ETHE H)
T
= ta‘n_l( - ) eq. (3.
Uno
0o = ’YhOOSO( ; T = ~yhsina eq.(3.
oA71A, o : BF &3t HAZ

h : Z+Z; Top blocke] &=
Z+Z}t Sliding €37+

TO; ono :

2 F7(L > 4h)
Add= € FE5FLY

- Top block®] ¥¥rA<Ql F7)= 25mm x 100mm(L = 4h)Qd], AZAAE o] AL
2 2E2d JointE A9 fleEz 0,8 2(3.13.3)2 FAHIY, &, 54
o] FobA| Top test blocko] HAA] Fi a7} SHH R

- Tilt test¥ JRC < 109 H&3I9, o] o] Pull test’} © F&-3}ct}.

o,, = vhcos’a eq.(3.13.34)
RC= "% (3.13.35)
(JCS) eq. . .
log >

(4) Pull test

- JRC > 1020 AR H2AL Tilt test2Th Pull test7} R}

- 3599 W (skin)L FEARFI} o} F

- JCS, JRC, ¢p T2
-Ng &

U@steg, Fug APol 2T €.
FFHE N DBEH(ICSzs = JCSary 80~95%)

Saw-cut AW A8 FH] - Tilt test(33 &4 HFX) > DSST -> Pull test
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(A 3}F2 Top blockd A%F)
- JRC &R ¥4

Lab. test block< JRC = 12~14)

In field Test blocke JRC 120|422 Lab. test #RT o F3dejolm= JCS

7} w3, FAE AA IS/ 0.2 100~1000 B =
- Tilt/Pull test® W AAFT, oz, ddol A2 aHo] 493
e 342 FAE AGY( “step”)S EFAY 8FW FAHrst AR ALY
(real cohesion)2.2 Yel}E=ZE Tilt/Pull testZ2AE JRC FHo] EI/e3
o}, webA, Tilt/Pull teste® A Ho] A7 WFoz Y3|x| Yol FWgo] F
H7Ve s Afol H&g).

3.13.3 EF ¢hit AR 4S5A=g FAHAY Hu

3.13.3.1 AGZAxd #HE Ar9 A93 AT 33
(1) AFFEH Rz A9
AAFEY RAEE FE AT AEE FH] AT AEEA §3.69 W&E
¢ sld ¥3.13.3a9F #o) ad@tt. 1xm, £F 49 APl Test blockd BA
3] §3.14.1~29 AFAD AAH 1F LAY 2 A4583% 3.13.3b¢ 2o}

¥ 3.133 AAFHH A 2 AR 15E5/4F AD A2

(@) BITHY AMES XEZ3SH XA A&

ZAMZD |PLST| JCS | JRC [ RMR | Jv_| SCR | SR | GSI
8E MPa | MPa - - HH/m® - - -
e u 48 40 41 41 16 6 37 31
oL & 58 11 24 26 39 4 38 22

PP NE B8 | geaD Zot BAhL
o, MPa 1.82 2.07
15 & AI8(UCST)
E. GPa 1.10 0.74
¢, MPa - 0.55~0.72
X1 A Ef
N AMG A™ ¢, deg. - 45~48
(DSST) ¢, MPa - 0.52~0.65
HEE
¢, deg. - 40~42
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o AAYY 1F ¢4F =Y FF

¥3.13.39 AFLH 1F UAFZHAEE 0,2 HAsY VMR A= 4T,
15 ¢Sl 0;=0, 0,=0,0122, 2|(3.13.3)& FE3tH 2(3.13.36)2=2
A&}, 22831, Rammamurthy(1993), Sheorey(1997)ell A3t 2] [Lianyang
Zhang(2005)9] pp. 20414 &]o2 AAYe A=E F3E 5+ Ut

g,
;= —= eq.(3.13.36)
Oc; s q
Sheorey(1997) : o, = am/exp(%()_mg) eq.(3.13.37a)
Rammamurthy(1993) : o, = am/exp(%) eq.(3.13.37b)

Hedm AFL o0,,= 1.82, AR = 41, m; = 158 FAS4E ;

GSI = 31>250] .2, 4](3.13.1a)9A] a = %
4(3.13.10)1 4, m, = (15)exp(31;—8100) —~ 1.2760
21(3.13.1c)91 A, s =exp(31_9100) = 0.000468
QALY 1% 4B FEY 24
1.82
Hoek-Brown ; o, = ——xo2 __ = 84(MP
oek-Brown ; o, 000068 (MPa)
Sheorey(1997) : o, = 1.82/exp( 41;0100) = 35(MPa)

Rammamur thy(1993) : o, = 1.82/exp(411g—71500) — 12(MPa)

ZrFF A& A L34 o,= 48 MPaolT}.

At FAL AFL 0,,= 2.07, RMR = 26, m; = 152 A9 ;

22
= 22 < 250|1 = 0.65 — —— = 0.

g oz m, = 1.0674, s = 0.000172, o,= 40 MPao)T},
(3) Hoek-Brown Criteria
A FAL X A @S TESY ¥3.13.29 AFFEE A RE
€ Hoek-Brown ZZ=TtEo] &3t F3Y, £33 2 AL 73 27
¥3.13.3~5 ¥ 19 3.13.4~59|t}. 28 3L, Barton®] HAE=TEoA, 7]Eq}

rlr
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A7 (¢)E 35°, AW 15 4FZECS) HHE 10 ~26MPa2 HT AAde 2
2 3.13.69)c}. 19 3.13.7& Test block No.12} % AAAG AP Ao},

¥ 3.134a 35 ¢F 2498 2 o, 7 ARAZ AHIL FAD)

n

ST | oy MPa | o, MPa | oy o2 90,/605 | o,,MPa | 7., MPa
1 0 0.591 0 0 263004 | 0 0.004
2 0.625 | 5760 | 3.600| 0391 | 5771 1.383] 1.822
3 1250 | 8.489 | 10.611 1563 | 4268 | 2627 | 2.841
4 1.875| 10730 | 20.120| 3.516| 3.606| 3.798| 3.651
5 2500 | 12720 | 31799 | 6250 | 3.224 | 4.919| 4.344
6 3.750 | 16.260 | 60.973 | 14.063 | 2779 | 7.060| 5.518
7 5000 | 19.441 | 97.204| 25000| 2.519| 9.104| 6.513
8 6.250 | 22.393 | 139.954 | 39.063 | 2.343 | 11.079 | 7.391
9 7.700 | 25615 | 197.238 | 59.290 | 2.197 | 13.303 | 8.306
10 | 10.000 | 30.414 | 304.138 | 100.000 | 2037 | 16.722 | 9.594

Sum | 38.95 | 152.413 | 865.637 | 249.136 | — — —
mean | 3.895 | 152413 | 86.5637 | 24.9136 | — — —
Input Data : o, = 45 MPa, GSI = 22< 25, m; = 15, a = 0.54, s = 0.0001722
m, = 0.9253, 0,,, = — 0.0884 MPa, o, = 4.367 MPa
® 3.13.4b H-BY ¥4 FAA7FEE M-C CriteriaZ ¥E
EeT| X Y Xy X2 T oy
1 -.729 | -4.092| 15259 | 13.906 1.307 |  4.367
2 -1510 | -1.393| 2.102| 2279 2049 6.112
3 -1.232 | -1.200 1.479 1519 | 2715 7.857
4 -1.073 | -1.091 1.170 1.151 3.343 9.602
5 -0.961 | -1.015 0.975|  0.923 3.944 | 11.347
6 -0.804 | -0.911 0.733 0.646 5002 | 14.836
7 -0.694 | -0.839 0.582 0.481 6.188 | 18.326
8 -0.608 | -0.784 0.477 0.370 7247 | 21816
9 0529 | -0.734 0.388 0.280 | 8.440| 25.864
10 -0.430 | -0.671 0.288 0.185 | 10.273 | 32.285
Sum | -11569 | -12.7310 | 23453 | 21.739 - -
mean | -1.069 | -1.182 | 2.083 2.015 - -
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¥ 3.13.5 Hoek-Brown 33739 Mohr-Coulomb £2.2 ¥3l

Al
=)

N

=

=

-

1

2

3

4

5

6

7

8

9

10

> = Jor ro o

O3

0.000

0.625

1.250

1.875

2.500

3.750

5.000

6.250

7.700

10.000

O1

0.591

5.760

8.488

10.730

12.720

16.260

19.441

22.393

25.615

30.414

C1im

4.367

6.112

7.857

9.602

11.347

14.836

18.326

21.816

25.864

32.285

COn

0.016

1.507

2.807

4.021

5.179

7.379

9.472

11.490

13.760

17.241

0.095

1.937

2.975

3.795

4.494

5.677

6.677

7.558

8.476

9.766

Cm

1.307

1.307

1.307

1.307

1.307

1.307

1.307

1.307

1.307

1.307

Tm

1.307

2.049

2.716

3.343

3.944

5.002

6.188

7.247

8.440

10.273

Oa =45, GSI=22, a = 0.54, mi=15, s=0.0001722, my, = 0.9253
Otm = - 0.0084, Ocm=4.367, E=1.34 GPa, ¢ = 1.307, 6m=28.2°

El Ao 2

O3

0.000

0.806

1.611

2.417

4.833

6.444

8.056

9.667

11.278

12.889

O1

1.327

8.777

12.806

16.096

24133

28.717

32.948

36.929

40.719

44.359

Cim

6.592

9.105

11.617

14.129

21.666

26.691

31.716

36.740

41.765

46.790

On

0.043

2.017

3.766

5.406

9.958

12.800

15.540

18.200

20.796

23.339

0.235

2.862

4414

5.653

8.523

10.058

11.414

12.642

13.771

14.821

Cm

1.866

1.866

1.866

1.866

1.866

1.866

1.866

1.866

1.866

1.866

Tm

1.892

3.076

4125

5.109

7.840

9.545

11.188

12.784

14.341

15.867

Cu=58, GSI=32, a = 0.5, m=15, s=0.0005232, m, = 1.3224
Om = -0.0229, Ocm=6.988, E=2.70 GPa, Cn = 2.013, ¢m=30.1°
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Major principal stress (o, , MPa)

Shear stress (1, MPa)

30

20

10

10

Normal stress (¢., MPa)

(b) Fitting to Mohr-Coulomb criteria

Fig. 3.13.4 Criterion of Hoek-Brown and Mohr-Coulomb
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Major principal stress (c,, MPa)

Shaer stress (1, MPa)

50

1 1 1 I 1 I I I
T - —i— Hoek - Brown re
2
45 h=s -0~ Mohr - Coulomb %
40 w —4— Hoek - Brown s
B ~+ Mohr - Coulomb g
35 [é A
- _,/"—
30 T
res =
25 ot
2 //ic /ﬁ/
/// A;.x
15 /,g/,«"'{g?f F2= o BEY )8l | |
10 /&.fﬂ"' Iem,MPa | k[T
Pl He&m | 6988 | 3119 |
° Zot A | 3367 | 2792 []
0 [ [ [ T [ 7
0 2 4 6 8 10 12 14
Minor principal stress (c,, MPa)
(a) Relationship between principal stresses
S Y I S ) I S
16 ey —— Hoek - Brown s
= — -~ Mohr - Coulomb /.—
O
“H(Eor=ns —&— Hoek - Brown /ir/
o ~{>+ Mohr - Coulomb St
12 -
p2.il
K T L
8 2 Lo
6 L2
Aot Mohr-Coulomb RE2Z Big
4 ] 73 X1 \/‘.' Cm’ MPa ¢m, o .E, GPa'
o LTy mean | 2013 | 301 | 270
ot EHA| 1.307 28.2 1.34
0 | I | 1 | | 1 | | { { I | |
0 2 4 6 8 10 12 14 16 18 20 22 24

Normal styress (¢, MPa)
(b) Fitting Hoek-Brown criterion to Mohr-Coulomb criteria

Fig. 3.13.5 Comparision of Hoek-Brown with Mohr-Coulomb
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Shear stress (1, MPa)

Shear stress(t, MPa)

3.0

------- Barton Criterion(Estimated)

25 || € — In situ condition(Tested)
B — Re-sheared surface(Tested)

¢, =35°, JRC=10~20
& 10 [125| 15 [17.5| 20 |225| 25 | |
‘\ ¢,MPa | 0.28 | 0.31|0.34 | 0.37 | 0.40 | 0.42 | 0.45
‘Q‘ $.° |47.4|49.2|50.7 (52.0|53.1|54.1|54.9
Ky
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 16 180 20

Normal stress(o, MPa)
1% 3.13.6 Test block®] =A< FAHX 9} Barton 75 v

28 T L T T T T T T L T

L . Natural
26} | Natural : 7(MPa) = 0.604+ o, tan (49.7°) -

After S.: 7(MPa) = 0530+ o, tan (42.6°) A
241 - 1 (042 1.19
ol ) 2 [084)162

L 3 (123|210
20+ 1 4 166|255
18+ ]

L Sheared surface
16+ - 5 .
14 | - 1 10.43|1.06

r 2 (0.86]|1.37
12 Test block No.1| 3 (1201172
10 . 4 1162|211
08 | | 4 ! ; I

L L | ' 1 | " L
0.4 06 08 10 12 14 16 18
Normal stress (o, MPa)

% 3.13.7 In-situ DSST of test block No.l
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3.13.3.2 H|%3 ANPARE FHAY F=ATY ASX v
- Hoek-Brown(H-B) A =&
NeAdxw FF : ¢ =2.013Ma, ¢ = 30.1°(o, =58 MPa)
FAFAL(ANAE FAF) 1 ¢ = 1307 Mpa, ¢ = 28.2°(0, =45MPa)

- Barton®] =&

JCS = 10 MPa : ¢ = 0.28 Mpa, ¢ = 47.4°

JCS = 15 MPa : ¢ = 0.34 Mpa, ¢ = 50.7°
o I-B &9 HAFAYL AEX 9 3] o], EuEZALE 1/2 Ax @A FAHHJY
» Barton FEANAE, FFAFL AF5X9 1/2, WFEuadA2 AS5X 9 A FA
AU A FARAFIAAS.

e 99 AxoA, H-B FF} Barton TEY ZEAFE AZ Agutdot. Barton
TELE FFYo] ¥ WEepEZo] o, wdd, H-B &2 AFHo| 1 W
Fupgdzke B grteE BEeld.

ol AE Ao,

Heok-Browne A1X1¢te} 3% 4EAE A= =5 AP olth. mebA, 34
A S Fo AFAE(0,,,)7 EFE FAF EAHol7] HEd HZH
o] gi7] wl&olt}. o] JEL FHEHO] 0(0,=0)Y ALY AGA=oIT. M-C
(Mohr-Columob) ] ZE=TEL FE ¥z f=d AAH, FAMe FFH
Az F3zrel A7]188AQ Q& (attraction)dl FAIFEEH HlEA AL A&
Ao Ao} AFH (Cementation or bonding stress)o|th. watx, +£3¢¢
FFo] AY & AHH(o,=0)dNME H-B #E& W€ 722 UG FFHL
34 F=dide] E4 AA7E 2] Wil Barton TE] Bl SEA R Fr

Hido], Barton & AEE 4Fd AN ZEA A7 AP F
gsle =&F FP2olth. on] /R He| F& FFYHo] URAETE. wEbA,
Barton T&2 A&Ho| 0olth. @A AWFHFAENA AT N-C 7EL2 &
de ALY B, 449 FFY/HFAY/52E (bonding/cohesion/adhesion)
o] o}Ut}, a#A, o]& &7+H ¥ (Instantaneous cohesion) == HE7] H3Z
¥ (Apparent cohesion)o. 2 €& T HAFIT).
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* A=A59 vmE

- Ao vgAE T guke] EAR, & udd JREA A g WEe
2 238 Z=RT @A) Test blocke FASNAN A=8 A9 FTIUE 3
s ¥ 3.13.609]t},

- AVAEE $£HL8Y FE&HUSF0RE, PPN AFo) FREO FHE3E
FA g8 717 Feslth. 971 E, AFA A5 £H89 WYt 0.4~
1.66MPa°lt}, o] SHFFNA AGZE FFE Mohr-CoulombE HEF AFAE
1% 3.13.79]},

- ¥3.13.7 € 13 3.13.9% HB ZEvdd nIAFDE 3T o xeyol
o}, 29 3.13.9904, dZA 5T FEAHF HYE BB FETELE F3E

S 388 £F 9 WPaoldtolA TFAF 0.3~0.59 FEE & 5 AUk

3}
A4

aC)

¥ 3.13.6 F=AFY FAHAX S} A5 v

3] & ALA c(MPa) ¢(deg.)
Hoek - Brown (estimated) 1.5 30
Barton (estimated) 0.3 48
This R & D (3F4%) 0.5 44

5 r T T T — T

AT ESS AEX2 FHX Hu

oD 7= MK |c,MPa| ¢,°
4 | | Hoek-Brown (estimated) | 1.5 30
Barton (estimated) 0.3 48
[- This R & D(B&&%)| 05 44

Shear stress (t, MPa)

| i ' ' | 1
2 3 4
Normal stress (o, MPa)

a9 3.13.8 F=FF(c, ¢)9 FAHAY A& v
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¥3.13.7 AFASTE 13§ FE=F2 8l Hoek - Brown : Mohr—-Coulomb

Hoek - Brown

D=0, my=1.3224
s=5232x10*

Mohr - Coulomb
c=2.013
¢ = 30.09°

Hoek - Brown
D=0.1,m,=1.1638
s=4.032 x 10*

Mohr - Coulomb
c=1.922
¢ = 29.04°

O3

g,

01 n

T

O1m Tm

g,

n T

o,

Ulm 7-m

0

1.327 | 0.043

0.235

6.988 | 2.038

1.165 | 0.038 | 0.206

6.532 | 1.942

0.403

6.117 | 1.076

1.843

8.201 | 2.637

5.745 | 1.063 | 1.759

7.696 | 2.512

0.806

8.777 | 2.017

2.862

9414 | 3.182

8.271 | 1.993 | 2.730

8.860 | 3.029

1.208

10.926 2.909

3.692

10.627 | 3.699

10.314| 2.871 | 3.518

10.023 | 3.517

1.611

12.806| 3.766

4.414

11.840 | 4.196

12.104| 3.715 | 4.201

11.187 | 3.986

2.417

16.096 | 5.406

5.653

14.266 | 5.147

15.242| 5.328 | 5.372

13.514 | 4.882

3.222

18.999| 6.974

6.717

16.692 | 6.055

18.016| 6.868 | 6.375

16.841 | 5.738

4.833

24.133| 9.958

8.523

21.544 | 7.785

22.933| 9.799 | 8.076

20.496 | 7.367

6.444

28.717|12.800

10.058

26.396 | 9.432

27.333|12.589| 9.518

25150 | 8.917

8.056

32.948|15.540

11.414

31.248 | 11.020

31.403|15.278 | 10.791

29.805 | 10.411

9.667

36.929(18.200

12.642

36.100 | 12.562

36.237|17.889|11.943

34.460 | 11.862

11.278

40.719|20.796

13.771

40.952 | 14.066

38.893(20.437 | 13.002

39.114 | 13.278

12.889

44.35923.339

14.821

45.805 | 15.540

42.408|22.935|13.986

43.769 | 14.666

14.500

47.876|25.837

156.807

50.657 | 16.988

45.806 (25.388|14.910

48.423 | 16.029

D=0.2, my=1.0097

Hoek - Brown

s=3.050 x 10

Mohr - Coulomb
c=1.815
¢ =27.89°

Hoek - Brown
D=0.3, my=0.8615
s=2.260x 10

Mohr - Coulomb
c=1.722
$=26.63°

O3

g,

4 n

O1m Tm

g,

gy n

Ulm Tm

0.000

1.013 | 0.033

0.179

6.064 | 1.8g42

0.872 | 0.028 | 0.155

5584 | 1.737

0.403

5.364 | 1.049

1.670

7.177 | 2.381

4.973 | 1.034 | 1.577

6.643 | 2.242

0.806

7.749 | 1.965

2.590

8.289 | 2.866

7.210 | 1.935 | 2.441

7.702 | 2.694

1.208

0.681 | 2.830

3.333

9401 | 3.324

9.027 | 2.783 | 3.136

8.760 | 3.120

1.611

11.377| 3.659

3.975

10.513 | 3.764

10.626| 3.595 | 3.735

0.819 | 3.528

2.417

14.356 | 5.241

5.074

12.737 | 4.602

13.440| 5.144 | 4.756

11.936 | 4.305

3.222

16.996 | 6.751

6.013

14.962 | 5403

15.941| 6.620 | 5.627

14.053 | 5.047

4.833

21.688| 9.622

7.601

19.410 | 6.924

20.398| 9.426 | 7.098

18.288 | 6.456

6.444

25.897|12.355

8.947

23.859 | 8.372

24.410/12.096 | 8.342

22522 | 7.797

8.056

29.799|14.989

10.133

28.308 | 9.768

28.13714.670| 9.438

26.757 | 9.089

9.667

33.481(17.547

11.206

32.756 | 11.124

31.662|17.170,10.428

30.992 | 10.345

11.278

36.997 | 20.044

12.191

37.205 | 12.447

35.032|19.613 | 11.337

35.226 | 11.572

12.889

40.381|22.492

13.107

41.654 | 13.745

38.282|22.007 | 12.182

39.461 | 12.774

14.500

24.898

43.658

13.966

46.102 | 15.019

41.431)24.362 | 12.974

43.695 | 13.957
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Continued from table3.13.7(2 89 : MPa)

Hoek - Brown
D=0.4 mp,=0.7206
s=1.636x10*

Mohr - Coulomb
c=1.614
o= 25.26°

Hoek - Brown
D=0.5m, =0.5886

s=1.155x10*

Mohr - Coulomb
c=1.498
$=23.71°

O3

0

O

O1m

Tm

0

On

T

Oim Tm

0.000

0.742

0.025

0.133

5.093

1.625

0.623

0.021

0.113

4590 | 1.507

0.403

4.572

1.018

1.478

6.096

2.094

4163

0.999

1.373

55636 | 1.937

0.806

6.655

1.901

2.282

7.099

2.51

6.087

1.861

2.112

6.482 | 2.317

1.208

8.353

2.730

2.925

8.102

2.903

7.661

2.669

2.700

7.428 | 2.672

1.611

9.850

3.523

3.478

9.105

3.277

9.053

3.440

3.204

8.373 | 3.011

2.417

12.494

5.033

4418

11.112

3.990

11.521

4.908

4.059

10.265 | 3.657

3.222

14.851

6.472

5218

13.118

4.670

13.729

6.305

4784

12.157 | 4.271

4.833

19.066

9.205

6.566

17.130

5.961

17.694

8.959

6.003

156.940 | 5.439

6.444

22.873

11.807

7.703

21.143

7.189

21.290

11.486

7.030

19.723 | 6.550

8.056

26.420

14.316

8.705

25.155

8.374

24.650

13.924

7.934

23.506 | 7.623

9.667

29.781

16.7585

9.609

20.168

9.526

27.843

16.296

8.749

27.289 | 8.666

11.278

33.001

19.138

10.439

33.180

10.651

30.909

18.615

9.498

31.072 | 9.686

12.889

36.111

21.476

11.210

37.193

11.755

33.874

20.892

10.193

34.855 | 10.688

14.500

39.129

23.775

11.933

41.205

12.841

36.757

23.132

10.845

38.638 | 11.673

Hoek - Brown
D=0.7, my=0.3577
s=0.525 x 10*

Mohr - Coulomb
c=1.243
$=20.16°

Hoek - Brown
D=0.8, mp=0.2620
s=0.335x10*

Mohr - Coulomb
c=1.103
¢=18.10°

O3

0,

0y

T1m

Tm

g,

On

alm Tm

0.000

0.420

0.016

0.080

3.5662

1.249

0.336

0.014

0.066

3.043 | 1.108

0.403

3.324

0.952

1.141

4.389

1.593

2.899

0.921

1.013

3.808 | 1.404

0.806

4.915

1.762

1.736

5215

1.890

4.320

1.698

1.630

4.574 | 1.658

1.208

6.232

2.516

2.204

6.042

2.167

5.506

2.419

1.933

5.340 | 1.894

1.611

7.407

3.234

2.603

6.868

2.431

6.570

3.106

2.275

6.106 | 2.118

2.417

9.510

4.599

3.274

8.5622

2.932

8.486

4410

2.850

7.637 | 2.545

3.222

11.409

5.899

3.840

10.175

3.410

10.227

5.653

3.335

9.169 | 2.951

4.833

14.855

8.370

4789

13.481

4.317

13.409

8.020

4.144

12.231 | 3.724

6.444

18.014

10.728

5.586

16.788

5.183

16.345

10.284

4.824

15.294 | 4.464

8.056

20.989

13.008

6.287

20.095

6.021

19.124

12.477

5.421

18.357 | 5.181

9.667

23.834

15.231

6.919

23.401

6.837

21.790

14.619

5.969

21.420 | 5.881

11.278

26.579

17.410

7.498

26.708

7.637

24.372

16.721

6.453

24.483 | 6.567

12.889

20.246

19.552

8.037

30.014

8.424

26.887

18.791

6.913

27.546 | 7.244

14.500

31.848

21.664

8.542

33.321

9.200

29.347

20.834

7.343

30.609 | 7.912
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Shear stress (1, MPa)

l II ]V Y] [ 18 T I T ] T ] T l T ]
16
\ —
Q”Q. 14
g ;_«?12—
0 m E L
o 10+
g
? s
o=% %
i ©
Q
L
w
lIlIIl[llll[lllllllllll [ 1 I 1 ] L l
5 10 15 20 25 0 5 10 15 20 25
Normal stress (o, MPa) Normal stress (o, MPa)

193.13.9 AFASTE 13F H-B & M-C 7 H=
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.__
1k

2t Hel 24

o N1 Cre 508
Seting ek 1741 ) —

—_—f—
0

2t Hel 24

(@) Ol A (b) YEEO A
1% 3.14.2 AFA AT A8 Fe(EA)De HzE A o

Z#]3l, Point-to-point®] %z WAL AE 0.2mo)st2 FARsIL e, o
€ 2T F A= 71719 Aol desitt. I, HdAY FFE dulFoz
Hyd.jackel Z&#% ¢HAZ A A% EAlo|th. o AFdAE o83 23}
£ €93 Point-to-Point ABE AFOZ ZA35l7] 93 Dial gages H-33tL,
Conical plateng A ¢d3 7 "of &8)3, A A ¥ Linear Bearings F33k
t}. AaEFe Po] A<= HZFH(Terminal point)ol Load cellE BEs}o
dHA BH nFAFHoR A3 LAE i AR FAIE &F F5E&
SAss FHo2 AFPot. AFE PLST /YL Fig. 3.14.3% 2t}
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330

440
14 ~35f53—~—65——r—53~»27<»4oT4o~»

118

@ Dial gage(50 mm, 2 ea.) @ Linear bearing(¢30, L 80, 2 ea.)
® Coniacal platens(SKD) ® Support/Guide rod(¢p30, Av}%)

B
D Support base(330 x 200 x t30) @ Hyd. jack(10 tf, stoke 50)
@ Center-holed load cell(Center5 tf, 1.5 mV), ® Tighten nuts

19 3.14.3 M2 PLSTS ©d € FoB x4
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3.14.1.2 A FF] A5AA
Fig. 3.14.4= 71%% PLSTS} o] AFolA /&3 Data loggerg o] &3t &
DataZH-E] Point-to-Point9] FAZAZ(De)s} AEHE&NHFH ATA9 Pointe] #
YAo(DHE T3t WHe Aot
a9 3.14.4a9A, AFE#29 27 FEF 2 HIAZH Z7 242 2 31zo|H,
Load cell2 §3 ¥ HU35(P)2 72t 403 kgfolth wh/IA =R, A8 #3& 27]
A& 9 A9 ZE 34z € 46%, FAEFL 1793 kgfolth. ¥ 3.14.4bol A,
NE#39 z7] FEAZHL) 342 E FAGAIZHt) 4620 dSHE HT AZe
Z}zb 52.17 mm(D;) B 50.83 mm(Dpolth. A7]A, AR #30] e AE A A&
A7 (De)ot FZAAI7HA] Pointe] &Y Zol(D)e e #o] AFEdn
D = hitial contact distace = D,(=52.17 mm)
D = D,— D; = 52.17 — 50.83 = 1.34(mm)
D = D—-D = 5217 — 1.34 = 50.83(mm)

Y 4 ( D, )0'45= 1793 (50.83
*60 ™ p2 150 (5.083)* \ 50

o* = {13.662 + 0.186(50.83) — 9.823 10~ %(50.83)2}(69.91) = 1614 (kgf/cm?)
714, oxe 2(2.1c)& F &3 Aol

0.45
) = 69.91(kgf/cm?)

AN BASASLELE) ELELELELEN SLELELELES BUNLELRLE AN S LU IS IS I S LA S
] | 50.83
1750&‘1793 / —: i -/ |
1500 / E St N
- 1 g | ]
1250[ / 4 E /
—_ 1 o
%1000 ] < [5146 /-‘
~ 2 T 7 ] -
o g I J Y .
~ 7501 7@ J /
o . Q i
© 8 /
o 1 Q - )
= 800F 403 / 1 £ | / /
= A L1 I
g . 1 2 7 | 1
R K.-.....; o 5217 ™
neeg) | owmes |4 XL LL ]
25 30 35 40 45 50 20 25 30 35 40 45 50
Testing time(t, s) Testing time (t, sec)
(a) AlZt-ot=E 23 (b) Alet-Bi 2 2

29 3.14.4 ML PLSTY 27] HAAE 2 A #Y do] 54
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¥ 3.14.1 /NF PLST 71719} data logger® A|@7 A 7] &3

Al g Az} P A7 (kgf/ch)* D. Gage ¥ 3
sec kgf Py Py Po mm +
22 0 2.43 8.38 8.44 52.24 | A" ¥ jacking
23 0 2.43 8.38 8.44 52.24 | A¥ F jacking
24 0 2.73 8.42 8.48 52.20 AE #39 HE
25 25 3.04 8.56 8.62 52.06
26 50 3.04 8.56 8.62 51.95
27 70 3.79 8.92 8.98 51.70
28 88 3.79 9.01 9.07 51.61
29 198 7.59 9.01 9.07 51.53
30 403 20.20 9.21 9.17 51.46 A& #39] T
31 403 20.20 10.86 10.92 51.46 A8 #39] Tk
32 0 2.73 8.46 8.51 52.17 A8 F jacking
33 0 2.58 8.46 8.51 52.17 A" F jacking
34 0 2.88 8.56 8.60 52.17 AE #49] A&
35 20 2.88 8.79 8.83 52.07
36 30 2.88 8.79 8.83 51.84
37 100 2.88 8.88 8.91 51.84
38 150 6.98 8.88 8.91 51.76
39 319 15.34 9.01 9.00 51.65
40 319 15.34 9.01 9.00 51.65
41 584 23.24 9.16 9.06 51.54
42 1284 36.61 9.28 9.22 51.40
43 1284 36.61 9.28 9.22 51.38
44 1465 56.66 9.44 9.41 51.23
45 1793 61.82 9.68 9.70 50.83 ANE #4 S
46 1793 61.82 9.68 9.70 50.83 A& #4 e
47 100 2.88 8.79 8.83 52.18 |Data logger pause
48 1 2.88 8.47 8.48 52.18 | A®Y ¥ jacking
49 0 2.88 8.47 8.48 52.18 | A™ F jacking
50 0 3.19 8.62 8.63 52.03 | A¥™ ¥ jacking
51 0 3.19 8.62 8.63 52.03
52 0 2.88 8.81 8.82 51.84
53 2 3.19 9.07 9.08 51.58 A& #59] A&

* Ab2-§ Hydraulic jack @9 A 36.3 cnf

- 361 -




NAEo2 NFdte FAL Fig3.14.5~7d, 2 2dE dfj$ B& T 3
t}. Load celld] A3 AgHE 85L& Jacking pumpol A 2T FLET 5% A
T o @A vewth AYF Linear bearing22 £ %& & ddz=E Jack9 Rod
ANME vtEAFo] Y&S AUSE 95% AEo|H FEFLE AR
ole} e Wgoz F Jo ¢H ARE AFF ZAAE HFYT Aol ¥3.14.2
. 9714, O3 22 AES 48 F U &,

- 315 € Load cell2 ¢} Zo] ¢FAY AT 0% = WA SAHUS.

- Nge FIEtd Pointd #Y AolE 1T HdT AEAF[Isenle 1H
A &2 Fele] W] vsA 5% A= o Wi, A FHLIFF o] Hol=
IS REA=N

- 7/W&¥ Data Loggert W st ALE3tH A&FH02 AFE & o=z, 49

28 Aol GEAHY, A& EHIAL TUL  ‘Pause' 715 & o] &7).

Point-to-point A& Ao T&3 Blocky sampled] o}F H&|3}c},

¥ 3.14.2a /WFY PLSTo| 3 H3F5 4= v a(Soft rock)

P1 Pz P / P Do Df AD ISl ISz 11/12
kgf kgf 17521 em cm cm MPa | MPa —
4 3027 | 3323 | 0.91 5.18 | 4.97 | 0.21 11.7 125 | 0.94

4 1742 | 2154 | 0.81 | 5.18 | 5.12 | 0.06 6.7 6.9 | 0.98
10 1916 | 2196 | 0.87 | 5.45 | 5.34 | 0.11 6.8 7.1 0.97
22 1371 | 1472 | 0.96 | 5.22 | 5.17 | 0.05 | 5.2 5.3 | 0.99
32 615 | 1434 | 0.73 | 5.17 | 5.14 | 0.03 | 24 2.4 | 0.99
3 113 | 843 | 0.95 | 545 | 539 | 0.06 | 0.4 0.4 | 0.98
3 283 118 | 0.69 | 5.41 | 5.36 | 0.05 1.0 1.0 | 0.99
7 1182 | 412 | 0.90 | 543 | 5.36 | 0.07 | 4.2 4.3 | 0.98
7

7

832 937 | 0.78 | 542 | 5.36 | 0.06 3.0 3.0 0.98
1329 | 1306 | 0.95 | 542 | 536 | 0.06 4.8 4.9 0.98
Mean | 0.891 Mean | 0.137 | 5.52 | 5.95 | 0.96
S.D |0.077 SD 0139 3.72 | 4.14 | 0.04

P; : Load cell2 ¢}-& 35

P; : Hydraulic jackel #&% A2 oL go= &9 d@ss
Isy : HRAe B Hol& FAY AAFAE A5

Is; : NS BY Bolg FRs AEY WAFAE A%
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¥ 3.14.2b /N3 PLSTY 93 As+E7}= v (Hard rock)

P* rLop¥% Do Ds AD Is; Isy Ii/13

No. kgf pkgf Pu/ P, cm cm cm MPa | MPa —
2-1 | 2156 | 2339 | 0.92 | 5.11 | 4.56 | 0.55 8.5 10.1 | 0.84
2-2 | 2437 | 2532 | 0.96 | 5.11 | 5.00 | O.11 9.6 9.9 0.97
2-3 | 3655 | 3806 | 0.96 | 5.12 | 4.84 | 0.28 | 144 | 15.7 | 0.92
24-1 | 1523 | 15690 | 0.96 | 5.46 | 541 | 0.05 5.4 5.5 0.99
24-2] 1416 | 1496 | 0.95 | 5.45 | 5.42 | 0.03 5.1 5.1 0.99
24-31 1648 | 1912 | 0.86 | 5.46 | 5.33 | 0.13 5.9 6.1 0.96
25 1245 | 1373 | 0.91 | 546 | 5.09 | 0.37 4.4 4.9 0.90
27 699 748 0.93 | 5.45 | 5.36 | 0.09 2.5 2.6 0.97
12 670 724 0.93 | 5.44 | 5.37 | 0.07 2.4 2.4 0.98
6-1 | 1117 | 1226 | 0.91 | 5.42 | 5.25 | 0.17 4.0 4.2 0.95
6-2 693 777 0.89 | 542 | 5.39 | 0.03 2.5 2.5 0.99
4-1 | 3257 | 3777 | 0.86 | 5.19 | 4.82 | 0.37 | 125 | 14.1 | 0.89
4-2 | 3027 | 3323 | 0.91 | 5.18 | 4.97 | 0.21 | 11.7 | 12,5 | 0.94
4-3 | 1742 | 2154 | 0.81 | 5.18 | 5.12 | 0.06 6.7 6.9 0.98
10 1916 | 2196 | 0.87 | 5.45 | 5.34 | 0.11 6.8 7.1 0.97
22 1371 | 1472 | 0.96 | 5.22 | 5.17 | 0.05 5.2 5.3 0.99
32 615 | 1434 | 0.73 | 5.17 | 5.14 | 0.03 2.4 2.4 0.99
3 113 843 0.95 | 545 | 5.39 | 0.06 0.4 0.4 0.98
3 283 118 0.69 | 5.41 | 5.36 | 0.05 1.0 1.0 0.99
7 1182 | 412 0.90 | 5.43 | 5.36 | 0.07 4.2 4.3 0.98
7 832 937 0.78 | 5.42 | 5.36 | 0.06 3.0 3.0 0.98
7 1329 | 1306 | 0.95 | 5.42 | 5.36 | 0.06 4.8 4.9 0.98
Mean | 0.891 Mean | 0.137 | 5.52 | 5.95 | 0.96
S.D | 0.077 S.D {0139 3.72 | 4.14 | 0.04

p: by load cell, p;* by pressure gage
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3.14.1.3 /NZFF PLST apparatus®] &84

223z NFE HAS AF7IPLSD Y 283 Aol A sk, wAad 2
A T GFE BHEI FAs AFE FHAT. WAL dEH ¢F Avte
& oA (oA Jeorz P wa duHd mEr A, B 1FoE BRI
FAYL YT G714 A4, HEAGE ALY FAALE TR F 671
IF9 NEE FH P

IFE 1F 4EANY 2 ®3.7.39Th

714, dEUEZ=-2AFE Hokgd AT 113 MPa-38GPa, |vtY &2
82 MPa-32 GPaZA #Hulgl A7} £&d], o= #HArly BY g7t ARG § B9l
wagy) oty 33%e 143 MPa-37 GPa, 9714 W2 60 NPa-29 GPaZ
vhisic), 2z, 2EHR ACAE REeA] ga 1% 4E53=EY S3YS 247
T AYe FEH FA2 IFYFAFUCSDE AAsEd, 4 Ad=
1001f& 173 MPao]t}.

MFF A AB7]1E Core ANEANE FYsld AL, AFE 2 o7t
glod, 379 Point®] #{] Zol7tA] SAHE FHol Atk 28, &N
& H9A %< Hand pumpdl F&g GHAZ ¢lolx 2o dHzoez gt

g =, /MEs PLST 717]& Load cell24] Point A5l 7= vz gl @

AZ(D)E Digital dial gageZ A At 283, 2 7kA 9] Sensoro] 3 &H
A8 vasty] g8 B e 48 AA PP 2= AP)E SH AU

Avkd A T EWUL)/ESUH/)E 242 21/423], ARt B 5 13/20
3N AAG AfEe ®3.14400 agx, A 5 11/383], @714 #AY
0/123], A A ; 6/93, T4 AY ; 9/123 4 HAAEHT) o] 2HE A
A ¥ 3.14.5~7°]t}, |

s3] A1) Point BYZID)E 1A AEE A Fsesn] T LANMA F2 R
v I, (D)L, (D) 1.081(3#AT) 0.975)24 % 10% Aolg HRIth g
3, BAEe FEle JFo At wel & Aolg Btk f2e W=}
Aoid ez ¥e Avigh Agh w2 Hvlqk BR g9 wdAHol wel dAs 2
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= AF7t T2 Aol & Ve

BHA 9 85 AS sensord] FAWHAA, 71719 wpEE AT Load cell
% Hand pumpol B33 GHARZ A3 B=w| I (Load cell)/ Ly, (Pr. gage)E
L1091 &AITp 0.983) 284 7|&WH e 5ol © A dehdtth PLSTE 7%
A7F Qe wnd 7radk 71710149, Point-to-point®] %3t WAL A 0.2 mmo) &t
BE AR A Az BuAe #Qlde] DY AEEA, E BT gFAY
B A7lE vtEAEE A0 NFY PLSTE "¢ #6868 & + dth

¥ 3143 9= 4EA=AE Ad

olz Tl . AU Wy A (E, GPa) Fo}F ]
43 NEde o. (MPa) local global 1
A-1 133.345 29.4 18.2 0.25
A-2 82.039 34.4 10.5 0.14
A A-4 130.880 45.6 13.7 0.46
H A-5 106.521 44 17.4 0.41
a} 3 113.20 38.35 14.95 0.32
B-1 67.7 45.7 16.8 0.48
o} B-2 40.5 8.8 7.3 0.1
B B-3 60.3 30.5 9 0.45
B-4 160.6 44 .4 14.6 0.24
3 82.28 32.35 11.925 0.32
F-1 155.3 34.8 24.2 0.34
F-2 126.7 42.2 18.7 0.46
L/ A F-3 144.8 40.2 16.6 0.48
F-4 144.1 29.1 17.9 0.28
Ky 142.72 36.575 19.35 0.39
H-1 35.3 40.7 7.5 0.30
H-2 78 24.5 12.8 0.31
a714 AL H-3 74 20.6 5.8 0.43
H-4 52.1 28.3 13 0.26
B 59.85 28.525 9.775 0.33
ATB3-1 141.4
ATB3-5 82.7
A | Black = pi—T 143
ATB4-4 32.8
g 3 99.97
ATB9-2 200
Red | ATB9-4 147.5
3+ 173.75
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¥ 3.14.4a Aukg A-T9 PLST A3(s; 7|E9HE. Isy AHH)

Group A(/ ; Diametral loading)

Group B(L ; Axial loading)

test Load Astd A" | BEASF Load Astd A" | BAEASF
No. kN mm MPa kN mm MPa
P, | P | D | D |Is |Isa | Pr | P2 | D | D | Ist | Ise
1 | 13.77] 13.29] 53.57| 51.48| 495 | 508 | 13.96| 12.71| 52.51) 51.89| 518 | 4.80
2 | 13.33 11.95 5318 51.50| 4.85 | 455 | 16.81] 15.38 55.25/ 52.86] 5.76 | 5.65
| 3 | 2275 2145 54.80] 51.82] 7.90 | 8.12 | 18.98] 17.61| 65.80] 5390| 641 | 627
4 | 2246/ 21.32] 54.11| 54.01| 7.95 | 7.57 | 17.39] 16.00] 55.69] 49.57| 589 | 6.49
5 | 17.54| 18.36] 54.92| 47.35 6.07 | 7.99 | 13.96| 12.71| 55.13| 53.90| 4.80 | 452
6 | 12.13[ 11.50] 54.75| 54.46 421 | 403 | 20.15) 19.33] 55.13 49.85] 6.93 | 7.77
7 | 16.57| 15.72| 55.05 54.22 571 | 555 | 17.44 16.25 54.84| 54.06| 6.05 | 576
8 | 26.57| 24.03] 55.18] 52.30 9.12 | 9.30 | 18.07| 16.21| 54.36 50.48] 6.35 | 6.39
9 | 2217/ 21.33] 5460 48.76] 7.74 | 887 | 15.41| 14.12| 54.44| 53.15| 5.40 | 5.14
10 | 22.03 20.63| 55.57| 53.95| 748 | 7.34 | 17.05| 16.19| 54.89] 50.58| 5.90 | 6.36
11 | 20.72| 19.58| 54.81| 53.91] 7.19 | 6.97 | 14.20| 12.44| 54.43] 51.04| 4.98 | 4.82
12 | 22.27]21.30| 55.07| 53.20| 7.67 | 7.74 | 12.37| 10.60| 32.40| 30.32 9.69 | 9.21
13 | 2367\ 17.54| 55.00| 51.75| 8.15 | 6.65 | 24.54] 23.45| 54.54| 51.11/13.84|12.67
14 | 23.19 22.32| 54.60| 51.17| 8.09 | 861 | 19.42| 15.14| 34.46| 31.0613.30|15.93
15 | 21.21] 20.51] 48.39| 45.70| 8.93 | 9.43 | 17.05| 16.19| 54.89 50.5814.59 |14.77
16 | 22.95( 22.19| 54.65| 51.20| 8.00 | 8.56 | 15.65| 14.93| 30.75| 26.54 8.57 | 8.65
17 | 26.28/ 21.81| 54.87| 52.18] 9.10 | 8.17 | 16.43| 5.40| 53.85| 5066 7.13 | 7.17
18 | 30.39| 23.20| 54.93) 51.36/ 10.51 | 8.94 | 29.86| 28.31| 43.95| 42.13(14.27 | 13.51
19 | 24.74) 15.96| 52.13| 48.99] 9.28 | 659 | 14.20| 12.44| 54.43] 51.04[13.08[13.36
20 | 16.96] 15.89] 52.12 51.11] 6.36 | 6.14 | 24.64| 22.84 54.71] 51.81/15.55|19.23
21 | 2261| 21.87| 52.26 50.50| 8.45 | 8.50 | 27.25 25.50| 40.51| 40.08]14.70]15.95
22 | 18.26] 18.15] 45.50| 42.76] 8.43 | 9.25
23 | 26.14] 25.03| 54.41] 49.08] 9.17 | 10.31
24 | 2527|2325 54.68| 52.84] 8.80 | 8.54
25 | 12.37/ 10,60 32.40| 30.32| 8.58 | 9.07
26 | 24.54] 23.45| 54.54| 51.11]15.11 | 14.42
[ 27 | 19.42] 15.14| 34.46] 31.06|12.05 [11.82
28 | 16.43| 5.40| 53.85| 5066|1023 | 11.35
29 | 27.25] 25.50] 40.51| 40.08] 8.85 | 9.30
30 | 27.34] 25.42( 46.98] 4538] 8.44 | 8.16
31 | 29.47| 27.76| 54.78| 49.20] 9.48 | 9.45
T | 2164 |19.44| 5183 [ 49.15 | 828 | 8.27 | 18.33 | 16.37 | 50.33 | 47.46 | 8.97 | 9.26
sD | 1110 [10.24| 086 | 155 | 210 | 212 | 464 | 525 | 838 836 | 3.97 | 4.52
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¥ 3.14.4b #Hwl¢r B-T ¢ PLST

A(Is; 71EWY. Isp ALH)

Group A(/ Diametral loading)

Group B(.L Axial loading)

test Load Astd Ay | BEAF Load A Ay FEAF

No. kN mm MPa kN mm MPa
Pi | P2 | D | D | Isi [Is2 | Pi | P2 | D | D |Is | Is2

1 | 3087 |28.92 | 541 | 507 |10.93 | 11.31]19.90 | 16.56  53.67  52.96 | 7.14 | 6.06

2 | 2367 {2241 540 | 531 | 8.40 | 817 | 1522 | 13.76 | 54.04 | 53.54 | 5.40 | 4.95

3 (2024 11330 | 53.9 | 534 | 7.21 | 4.80 | 21.98 | 20.25 | 54.03 | 53.31 | 7.80 | 7.33

4 | 1517 |13.08| 53.7 | 53.2 | 543 | 475 | 13.77 | 12.24 | 54.12 | 53.47 | 4.87 | 4.41

5 [17.69 |17.01| 542 | 510 | 6.25 | 6.60 | 19.71 | 18.45 | 53.95 | 53.28 | 7.01 | 6.69

6 | 971 [10.05| 53.9 | 53.5 | 3.46 | 3.62 | 21.89 | 20.74 | 53.82 | 53.00 | 7.81 | 7.58

7 2503 |2362| 54.0 | 500 | 8.90 | 9.46 | 15.27 | 14.51 | 54.42 | 53.83 | 5.36 | 5.18

8 | 3556 |34.04 541 | 518 |12.59 |12.91 | 2252 | 20.86 | 54.46 | 53.63 | 7.89 | 7.49

9 | 2541 |24.43| 545 | 507 | 8.89 | 9.57 | 22.95 | 21.13 | 54.73 | 53.33 | 7.98 | 7.65

10 | 15.95 | 1543 | 542 | 535 | 562 | 556 | 20.24 | 19.29 | 53.99 | 53.30 | 7.19 | 6.99

11 [ 2430 [19.27 | 518 | 51.3 | 920 | 7.41 | 19.04 | 17.71 | 54.30 | 53.67 | 6.70 | 6.35

12 | 18.60 | 17.01| 519 | 51.2 | 7.03 | 6.55 | 24.30 | 23.39 | 54.72 | 53.72 | 8.45 | 8.37

13 | 16.52 [ 15.59 | 521 | 51.3 | 6.20 | 6.00 | 23.38 | 22.27 | 54.53 | 52.17 | 8.18 | 8.34

14 | 2623 | 24.39 | 546 | 51.6 | 9.16 | 9.30

15 2343 (2199 | 544 | 528 | 8.22 | 8.09

16 | 15.65 | 13.95 | 541 | 535 | 555 | 5.02

17 | 2063 [ 1958 | 540 | 514 | 7.32 | 7.51

18 | 22.66 | 20.92 | 548 | 52.7 | 7.86 | 7.72

19 | 2667 [24.81 | 548 | 523 | 9.25 | 9.25

20 | 20.09 | 27.30 | 48.9 | 457 |12.04 | 12.56

T |22.15[20.36| 53.60 | 51.73 | 7.98 | 7.81 | 20.01 | 18.55 | 54.21 | 53.32 | 7.06 | 6.72

SD| 617 | 6.07 | 1.41 | 180 | 229 | 258 | 3.39 | 343 | 034 | 043 | 117 [ 1.27
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¥ 3.14.5 87} 79 PLST Ax(s; 7]&9E. Isy AlEs])

test
No.

Group A(/ Diametral loading)

Group B( L Axial loading)

Load
kN

A3t A

mm

AR
MPa

Load

kN

Aty A

mm

FEAS
MPa

Py Py

IS1 ISz

Py

Py

IS1 ISz

1435 | 12.95

51.15 | 50.55

5.54 | 5.09

16.86

16.30

31.94 | 31.36

13.51 [ 13.43

15.22 | 14.09

51.32 | 50.26

5.85 | 559

21.21

19.15

32.20 | 30.57

16.78 | 16.43

18.99 | 1812

51.66 | 50.87

7.22 | 7.06

20.00

18.76

41.71 | 3615

10.60 | 12.96

22.85 | 18.84

51.68 | 46.85

8.68 | 8.33

17.69

16.30

36.87 | 32.49

11.35 | 12.72

22.42 | 21.06

51.77 | 50.00

8.50 | 8.43

18.36

16.91

32.96 | 31.47

14.01 ,13.87

17.78 | 17.00

51.51 | 50.65

6.79 | 6.66

22.03

20.45

32.94 | 31.13

16.83 | 17.05

20.68 | 19.71

51.38 | 50.49

793 | 7.76

18.94

17.89

33.94 | 31.99

13.81 | 14.30

18.50 | 16.92

51.54 | 47.68

7.06 | 7.28

25.41

23.48

35.20 | 32.91

17.62 | 17.96

18.12 | 16.89

51.78 | 50.18

6.87 | 6.72

29.42

24.63

39.19 | 40.25

11.65 | 10.80

17.64 | 15.64

51.83 | 50.20

6.67 | 6.22

20.73

18.63

41.52 | 28.24

19.25 | 18.83

20.53 | 18.21

51.73 | 50.71

779 | 7.52

23.43

21.59

31.43 | 30.24

14.24 | 13.49

19.81 | 18.63

51.89 | 50.26

748 | 7.38

22.90 | 21.89

51.60 | 50.42

8.73 | 865

28.51 | 27.50

51.73 | 49.89

10.82 | 11.04

21.94 | 20.79

51.94 | 50.80

8.27 | 8.11

21.21 | 19.53

51.40 | 50.55

813 | 7.68

21.50 | 19.44

51.21 | 50.16

8.29 | 7.74

22.61 | 20.97

51.32 | 50.48

8.69 | 8.27

21.26 | 20.56

51.35 | 49.52

8.16 | 8.35

19.57 | 18.10

51.40 | 50.39

750 | 715

22.80 | 21.48

51.68 | 50.09

8.67 | 8.57

19.57 [ 17.90

51.66 | 50.67

7.44 | 7.02

16.23 | 14.40

51.71 | 51.06

6.16 | 558

20.00 | 18.57

51.67 | 50.92

760 | 7.22

24.45 | 22.60

51.83 | 49.10

9.25 | 9.30

25.37 | 23.82

51.63 | 49.43

9.66 | 9.70

18.94 | 16.49

49.11 | 4815

7.79 1 7.00

20.82 [ 19.17

51.61 | 50.87

793 | 747

31.26 | 29.64

51.65 | 47.45

11.89 | 12.86

18.80 | 17.39

51.67 | 50.81

714 | 6.78

22.51 1 20.70

51.85 | 50.46

8.51 | 8.16

21.02 | 16.60

51.81 | 50.18

7.96 | 6.60

WWWWININNINININDINDINDININ S alalaaaia
ORI S o miwcoasoNn o owN R NSO~ DWW N

18.41 [ 16.78

51.88 | 51.14

6.95 | 6.48

w
D

21.21 [19.32

51.95 | 48.71

8.00 | 7.80

w
)]

24.64 | 24.00

54.66 | 51.88

8.58 | 9.07

[
[e]

17.39 | 14.06

51.82 | 51.26

6.58 | 541

w
~

17.15 1 15.94

51.80 | 50.20

6.50 | 6.34

w
(o]

2343 | 21.21

52.08 | 50.80

8.80 | 8.28

8

20.80 | 19.16

51.66 | 50.13

7.90 | 7.65

19.38

17.44

33.77 | 32.68

14.5114.71

7]
O

3.37 | 347

0.68 | 1.05

125 | 1.50

2112

19.29

35.30 | 32.37

2.78 | 2.50
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¥ 3.7.13.6 PLST ; €714 M(/Diametral loading). $E Y= MPa

Test # P1, kN P2, kN D, mm D, mm IS1¢50) IS2(50) D-D, mm
1 10.73 9.36 52.67 48.00 3.96 3.99 © 467
2 416 272 52.81 46.77 1.53 1.21 6.04
3 12.47 11.59 51.89 37.47 4.71 7.25 14.42
4 10.77 9.51 53.63 42.00 3.87 4.98 11.64
5 12.66 12.39 52.19 43.91 474 6.06 8.28
6 15.61 14.15 52.13 4553 5.85 6.54 6.61
7 8.65 8.06 52.40 4424 3.22 3.90 8.16
8 11.11 10.80 52.30 46.22 4.15 4.88 6.09
9 11.02 9.36 52.20 40.56 412 5.18 11.64
10 13.67 12.76 52.71 42.52 5.04 6.56 10.20
11 7.59 6.04 52.07 36.56 2.85 3.92 15.51
12 8.50 6.27 53.67 39.78 3.05 3.58 13.90
1= [as 10.58 9.42 52.55 42.79 3.92 4.84 9.76
HEE=EX 3.04 3.26 0.58 3.66 1.15 1.67 3.66

¥ 3.14.7a A8 Ad £ PLST AF(s, 71&E4H. s, AHH)

Group A(/ Diametral loading) Group B( L Axial loading)
test|  Load Astd A"l AEAF Load At Ag | FEAS
No. kN mm MPa kN mm MPa

P, P2 D g Is; | Isz | Py P; D D Is; | Is

1 | 43.47 4063 | 5160 | 50.30 | 16.33 1 16.06 | 5.77 | 096 | 51.32 | 50.82 | 2.18 | 0.37
2 |50.98 |40.44 | 51.73 | 40.53 | 19.05 2462 | 6.12 | 1.28 | 51.35 | 50.55 | 2.32 | 0.50
3 | 54.97 13899 | 5194 | 4464 | 20.38 | 19.57 | 21.61 | 17.32 | 51.40 | 51.00 | 8.18 | 6.66
4 |59.02 |42.49 | 51.40 | 50.50 122.34 | 16.66 | 19.92 | 25.23 | 51.68 | 49.28 | 7.46 | 10.39
5 126.01 2399|5121 |4931 | 992 | 987 | 21.40 | 817 | 51.66 | 50.36 | 8.02 | 3.22
6 |31.18 |18.40 | 51.32 | 4492 | 11.84 ) 912 ) 2513 | 13.49 | 51.71 ) 50.21 | 9.40 | 5.35
7 | 2449 11382 | 5135 (4995 | 9.29 | 554

8 |23.77 {1313 | 51.40 | 51.00 | 9.00 | 5.05

9 | 2780|1577 | 5168 | 51.28 | 10.41 | 6.00

r | 37.97 2752|5151 48.04 1429|1250} 16.66 | 11.07 | 51.52 | 50.37 | 6.26 | 4.41
SD | 14.17 |12.86) 0.24 | 3.76 | 527 | 7.00 ) 848 | 951 | 0.18 | 0.61 | 3.17 | 3.87
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¥3.14.7b A HY F9 PLST A2#(s, 7|&WH. Is; A189H)

Group A(/ Diametral loading) Group B( L Axial loading)
test Load Astd Ad| AEAF Load Astd A" | FEAF
No. kN mm MPa kN mm MPa

Py Py D )8 Is; | Isz Py P2 D D Is; | Isy

1 |33.31 2063 | 53.09 | 48.59 | 1182 | 8.74 | 1344 | 764 | 5509 | 53.89 | 4.43 | 2.63
2 12707 [1392 | 5431 | 52.71 | 918 | 501 | 3.94 | 0.79 | 54.61 | 51.21 | 1.32 | 0.30
3 | 1960 | 1488 | 50.39 | 47.09 | 7.72 | 6.71 | 405 | 0.62 | 48.39 | 48.09 | 1.73 | 0.27
4 12510 |17.54 | 53.69 | 49.09 | 871 | 7.28 | 4.68 1.60 | 5569 | 53.39 | 1.51 | 0.56
5 202111118 | 5413 | 50.53 | 6.90 | 438 | 599 | 3.00 | 55.13 | 5343 | 1.97 | 1.05
6 | 19.09 | 11.69 00 | 4360 | 6.31 | 615 | 6.23 | 3.30 | 55.13 | 54.03 | 2.05 | 1.13
7 |23.87 |14.69 95 5| 820 | 827 | 13.50 | 911 | 54.65 5095 | 452 | 3.51
8 |16.01 | 6.34 30 | 3660 | 543 | 473 | 15.44 | 941 | 54.87 | 52.77 | 513 | 3.38
g | 19.74 | 11.23 VK] 31684 | 639 1149 | 256 | 54.93 | 47.83 | 3.81 | 1.12
10 | 26.22 | 12.98 40 | 3920 | 8.86 | 845

11 1 13.24 | 1026 | 5455 | 51.35 | 445 | 3.89

12 | 15.85 | 10.38 | 54.90 | 53.70 | 5.26 | 3.60

Z |2161[12.98(53.87 | 46.38 | 7.47 | 613 | 8.75 | 422 |54.22 | 51.68 | 2.94 | 1.55
SD| 569 | 373|122 | 557 | 205|181 | 465 | 352 | 222 | 229 | 151 | 1.28

¥ 3.14.89014, JAAF()E 71SHHES MFS PLST-#to] ©f £
E3], A Q4L 2.93/2.13(=1.38), 34 AL 4.00/2.56(=1.56)2A &4
£ H9lt}, o], Diametral loading2 3dAjo] Point #¢ o7t o 37] o)
olt}, o] & AFZAHHEE NFF PLSTE &S ¢ 5 Uk
- A Wk sFYelA, o/lsi® oc/lsee W 0.1~0.4, S 0~
0.62 Tha uyrh ¥k, 4714 W, F4 Ad, 34 AdS U 1.7~-35, F
Wk 4.9~37.30Ith 18y, AEA Az Do D, HEAAMe 2= A SHEARE
dA 9 =7t $&FE Aol7h A dEbdth V€Y W a5 S GEAR &
Ak [si-gto] Asd AP 81FL Load cellE SAE Is-tBT £A Jebdoh
(Fig. 3.14.9). Huleh-Z& g7axa Bd4E ZEH) Isy/Is-3°] 0.95~1FA
Adow i, AYL 0.53~0.962 w1 AAE Ak, ol# g At oty &
Aolu FE7t W G stghale] A7k A(D) A9 Fo40] Fxdh

—

>
=
ﬁ)q_.‘
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¥ 3.14.8 438 HAs ZF=AT vluds, 7S8R, Is2 AW

?}% ?j U}' %} 3-2}7],@_ ouﬂﬂj\é ﬁ]%(shale)
IS(s0) A-¢ | B-¥ ° o ot A A 4
itﬂ-é‘gz |S1(5o) 3.3 7.1 7.9 3.92 6.26 2.9
e IS2(s0) 8.3 6.7 7.6 4.84 4.41 1.6
(1) ISz / s+ 1.00 0.95 0.97 1.23 0.70 0.53
.%-}:ﬂ-t'g: |S1(5o) 12.5 8.0 14.5 13.41 7.5
e IS2(s0) 13.0 7.8 14.7 12.93 6.1
(/) ‘
Isz / Is 1.05 0.98 1.01 0.96 0.82
Is L lsiL/1ls17 | 1.52 1.12 1.85 2.13 2.56
Is 7 loL/ls27 | 1.59 1.16 1.92 2.94 4.00
® 3.14.9 BENQF &HF=/A A8t Z=A )] H#A
Is,/184 Isoflsy | odisi L] odlsal | odls 7 | oflsa 7
bs(a-b) | ab:
(L) () | @ | o | © | (4 |3seb absicd
S A 1.05 1.00 9.10 870 | 13.70 | 13.70 | 0.40 0.00
= B 0.98 095 | 10.32 | 1054 | 1166 | 1224 | 022 0.58
3} 7ot 1.01 0.97 9.80 970 | 18.10 | 18.70 | 0.10 0.60
A B 096 070 | 1220 | 139 | 2780 | 39.40 | 1.70 11.6
= 0.82 0.53 16.40 199 | 4160 | 78.90 | 3.50 37.3
71/t — 1.23 — — 15.30 | 10.40 — 4.90
r LA B I LRI I T T LIS R L L R L L AL LB
80 - (@ mptY A ]
C | m BHOI2 B ]
70F (o sze .
APV TR 1
0L O HNYE-EA ]
5[ |ags ww ]
b” 50 [ j
ke E ]
8 40 [ .
S . 1
v £ ]
£ 30| .
& . ]
D L o JL,(//) = —21.81+ 2.35{a,/L,(//)} | 3
- . (p= 0987, SO =5416) | ]
100 A o/I,(1) = =535+ 155{c,/L;(L)} | 1
C (p= 0999, SD=0241) ] 1
0 L L PR SN (N TR YN VAT TS SOV SN TR SN TR D ST TN WA S SN S L
5 10 15 20 25 30 35 40 45

Strength Ratio of o /1,

Fig. 3.14.8 &5¥ 7Fxn] &4 o/Isis0 vs. 0/Is20)
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3.14.2 ¢4 3o A8 FAFH AF Ag7] A
3.14.2.1 A FF] A4 & AF}

4 Coredl FAEUAF A= NP7 EFHLS FA7R Ak’ Aol givk. ©h
B, 4FY FAA S AsF S FEAAA HEHoR ARG = 44
A% T Brazilian Test2 HAslT gorv=z, olZ 7zmA}t g}, Tendonol Yt
AAX T A2 AdF A= ALY ZF | Chuckol EZAY Male & Female
cone ¥4, VSL, ZAH ¥ 5L AF2 2GHAT. V|4 oz #7]
I FAA L dFE 2R/ uBE AAER ofH 7L 2Yog A% AFAE PE
oty B ALE A=, o AFEFY ML Fig. 3.14.80|9, ¢ ZAE
o7 2.

(1) ‘o}H 3" A A$
Ald Ay 449 15 45 ZFx=(o.) 150 MPa o] 4
Ag did F28 44 (Core)d FA (D) : 50~55(mm)
dA ] JAFZAE AR (0.10) : 15 MPa
A7\ A A SF(T) @ 3.5tfo] %
(2) H71382 A%

71444 Tl 42 vhE AFSH(NLS A7 FE AESEHL A7 AA)

w9 30%2 FHa A7) BHA A B2 7o Hoj(L)2 th& 7 Zrt.

3500 _ 687 (
0.37(5.4) L L

kgf/em?)

Tb=

S8 AZAol(L)7} 5cme|E A Q8 vlFSEHo] 14MPagA] YUE =i, 10cmo]¥
7MPaR =ojt}. kA, A& Aol 10cm, AE 55mm, 3-ET2], YA} AF M27-2.5P,
Ad SCM440(E A )2 A F3sch, Tapered steel wedge®] WAL AH(Thread) W4

(n) R HEHHA) ;

— 121
100 mm 2
n=————=3770) - 357, A= n(5.4)(0.27)(35) = 160(cm?)
2.7mm/ea.
9Y AL r= 0 o ptem?
160 em’
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100 ———

— D —¢

N\
\\\\ \\‘? D: Diam. of specimen(NX or 50 mm)

H: Ht. of specimen(100 mm min.)
I [H, : Ht. of free surface(50 mm min.)

t : Thickness of Bonded resisting body
> 4 ;
// // L 5 cm min.

/ /

(@) Ot & SAIM Xl=

¢— 585 —¢— 065 —¢— 585 —o— EIﬁ ——74 S'—M—“—42—0- 32 ¢
XY : z
g
N a |- &
| i
i <———LCenter-h<%led jack f—— i T
{1 \g\% : ﬁ\%\ | .

(b) ZHOIE AIEIIS HYUZ(0IE &)

@ ot st DHEEBER N -1X)
@ 85 MY ®(Jacke Ram0il 2=(2 M -1X)
@ otg A NDFER2I-1X)

JAEE(I|D]2 Base plate)

Fig. 3.14.9 NX-cored AF AAAE79 +x MAE
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PLATE No. @ | &
A
..... — W “? c§
&
o AN
&
1
I
b— 585 ——65 —*—58.5—#284_
210 —1
SECTION A-A
O O 0 O E@fr
&
>
320

o4

SECTION B-B

1

25 min |
7.9 — |
20] | |
288 | ss5 428
<2 647 —$-58.5—+ 26
180 !

Fig. 3.14.10 &4 AR AAA G719 BA FA=
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3.14.2.2 I ANA7] NFF9 FeHAL
(1) o}= ¥ (Dumbbells type)
HEAE Con'coF 4 B BAPE (1) @ 25(kgf/cm? Assumed)
A ol 3 &8 Hol(L)

3500
w(5.4)(25)

A, Fig.3.14.8a] olHF-E S 5cmojd o2 AFFHTE, o] whiom FAH
E At JSAALE & A7t F 3.14.301F, 45kgf/cm?olA EEHE= A$
b AAdT. A8 et A BmEe A7) wEl Zo)zk dASY, Rock -
QHC Mortar® BHZAZ(1y)E ;

Core Diam.(D) = 51.50 mm, ¥& Zo|(L) = 7 cm, Z&3}F 2790 kgf

L= = 8.25(cm)

_ om0 _ o
W= Eamey — 2 kefem?) = 25(kef/en’)

o] ANgZAAR I AEL ;
= QHC Mortar (W/C-18%) 9} 44 FAIA Atolo] FAAEE 2.5 MPaolth
- oldy FAIA e HZA(QHC mortar)E 10 cmo] o] R of Fir},
- B 49 -QHC Mortar Alol9] RAZEE 2.5~5.0 kgf/cm> o824 AU 3 -
FE A FAARD FAESE 5~1022 FH ok Fr).
(2) A7) B(Wedge type)
- 3E T4 Tapered steel wedge®} ¢4 Core A Aol 9] wla A2 2 MPaolt}.
- A4 FHR AFANFLE L8NS HGHA T, AYE mA/ /w7l Azto] B
o] A¥th. WA, 3-EF2] Tapered steel wedge(Male cone)o] ZTEIE
Female Coned 2-E&4 UAIR AZAs nAsta F& Baor £4300).
- Female cone®] YAMF G FHO FEH nFy §A X5 AYstd v}
ZF A 23 E o FUALG.
SAAY] QF HAEFT 3T SAH FA
- Hydraulic Jack 27HE WE AL LR F27} HA golx HAo] AVE £A4

- Toe jack typel2Z FX AAE HAY Agolt}.

kK
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40 | ' | ' T ' T ' T ' T T T
Max. bond stress : 36 kgf/cmZ?
30 + J
=
2 B L ]
“‘S_’ [ |
S 920 | Tl
o g,
i
E | r . q ] =
$ d | s
@ 10 |- by
L R
oA Iy g :
; |,. h ‘-l# b
0 F'wl I ." i \-,rli | w FJ] ) 1
0 1 2 3 4 6 7
Testing Time (t, mni)
Fig. 3.14.11 AR AE A&7 AAFLE AT o
¥ 3.14.10 o}H €Y FAAZ AR AFAE A=
Sample | Al°1A & (kgf/cm?) A7 | gdxn | §= B
TR v a1
No. %27] Hz 1} 3 cm cm?) kg kgf/cm?
2 4.26 49.07 | 44.81 5.15 20.82 | 2,792 | 134.1
24 4.71 17.63 | 12.92 5.47 23.49 805 34.3
25 4.56 17.63 | 13.07 5.46 23.40 814 34.8
27 5.02 14.28 9.26 5.47 23.49 577 24.6
12 5.17 16.72 | 11.55 5.46 23.40 720 30.8
4.56 14.28 9.72 5.45 23.32 606 26.0
4.71 32.06 | 27.35 5.20 21.23 | 1,704 80.3
10 4.87 24.92 | 20.05 5.40 22.89 | 1,249 54.6
22 4.41 16.87 | 12.46 5.23 21.47 776 36.2
32 4.71 17.93 | 13.22 5.17 20.98 824 39.3
3 4.41 9.12 4.71 5.44 23.23 293 12.6
26 4.71 10.18 5.47 5.46 23.40 341 14.6
7 5.32 31.15 | 25.83 5.44 23.23 | 1,609 69.3
5.02 10.49 5.47 5.46 23.40 341 14.6
4.71 36.01 | 31.30 5.21 21.31 1,950 91.5 g
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3.14.2.3 Center-holed jack typelZ AHA(FTY 3xdE)

HA EAE Adsr) AN 33 =0 Fig. 3.14.163% Z& A2doz YA
AR 44 Core A &9 AolE 20 cmolde] Haste, D50~567H2 AlE 7Hs
ok, #7) 6702 FEEA S SFARG. AR AGd AT A7 AR
2o 7%93.14.179 FF 494 A (Center-holed jack)™ ¥ 3.14.189] #|7]o]
t}. o]AL PC Aoy Tendon® Diwidag, Fressinet, VSL Q1A whaojA
g Aotk FF HAr] WEHHE Taper2 71338k, d7le 44 Zoj& A4

zZ Ho &7 6/02 13}, =, Tapered cylinders Female cone, #)
71+ Male cone ¥2lojt},

Taper ¥ Zolo} HAlZto] 714 FQ3H, A7|ME Tapergd 0.22(12.5°),
do] 91mm= AA / AZATE. A vlud FE AQH, 22 A2 479 A
ZEAA TG H7]E W77t ojHYA F o FokA RSP 13 3.14.17
oA, Agr] EAE Zdo] 143mm, 974 197mmolth. FF WEFe AME A&

66mm, Z o] 43mm, Taper Z o] 50mmo] T},

LA}

.............................

.................

& Tap+ 2EZ M=
)i l%m 20l AlZ9 Y

AZIEA OF

!
!
!

1 I j;"
-}
!

!

!

!

66
89
183
1 197

1% 3.14.17 Center-holed jack type ¢4 213 ¥
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$——57.5 —4
$+—25 ——32.5—

91
81

!
i
H

101»——
_ __.___.___.]L____.____ _——-

'~—34——18i 15:5

+——575——¢

\
31'75)\ L

Fig. 3.14.18 Wedges of tension test device for rocks
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235 7] W&ot} Ram Fole Alg7F €98 Yen v &2 A5 Agldd.
Stoke 35mm FolA vE Wl FAHL 25mm FE7} AP, o] o|F EEE Uzt
A Bgor IA/aAHAZITY. 7|4, BE AAY A7|Ete g T1F Eo
Y= Aol 83 2=E, 1500kegf - cm FE2] Torque wrenchE AM&-3Hc},

O 3.14.19a= YA FEY A& B3/ /2 Bl Aotk Hr]o dFoF
A A= FFE AR G AFAIEY A/ dole AAY 44] o]do]ojof §
=dl, o] AREZ AFF deolvt AA 1.2~1.352 F2 AHo] @Holt}, ol F
739l 4u) ol AAREE I AR ol HA 300mm o]Aolztol st=d],
o]FA W AR - RAD 90% o]’ AHY - Brp= 200 m FEE AE 7HssHA A
AHolr},

A ZAEFS o8 A AR AF AF7I ARSTES 19 3.14.20~229 7
ok A71A, AF AFHL Jacke] FAF 4E Cell2, AR QY HAHYFS
Digital dial gage AM&-dl=dl, ¢8R} WHAE o] A7olA /¢ Data logger
& °]-83t Lap topell A3t A& A A

o

]
1

mﬂ‘.
oL
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(2) Ad 279 Ry 4 nF

Agg A8t % A& AA3] ZAFTAZIEA S Wy A7 gEA
A3k o] Ao A sMetd Data logger®} Laptopl® 7§ A&7 2% 3.14.23
olt}, 7|4, UF WFHHL 0.2mol3E olF nAFERE, J2-FS AF A7
(t, min) 22 H3AA HgGEd o] &7bo] gy Holtt. o] Data loggers UA|
W& (Pause) 7150l JOEZ, A 2 A5 AlF FH] o HF2, AF AF
Alell ©hAl ZFstE 2t AR Data’t AFET. F, 19 3.14.2390A4 HF
A (Peak point)vltt B Alge] JdAdIHo|t}, 3152 Center-holed jack
type AAHJAZ A7) (EF52A)9] Push & FHA 114.4 en’E F&A T3},

dZM, Test-No.19) A& HA (D)L 52.46mm(Z°] 250mm ©]4), 1% 3.14.23
oA, AFT ¢ (p)L 14.83 kgf/en’o|2Z, AF T EE(T)= 1697.6 kgf o
o AP AFEEH (o0 |

o, = M = T8.5 kgf/cm® or 76.7 MPa
21.61cem

e Agd daiAE Rl gHoes, AFEHE s Adr a9
3.14.23 2 ¥ 3.14.120]t}.

AAHJNG ANE7IE BEFol g17] diZo 9714 MEg AEg AsAAE F
43 A& 2 Brazilian test® 1% 4FAEE FY¢ 274 45 vudd.
3.14.12& NEE A FEFS o] & A ?l%”c]'E(ot), Brazilian test U F 4=
(ow) R 15 UFZ=(0) T& AT Holn. I3, #3.13.62 A=W
(Strength ratio), 0./ 0., 0c/ 0w, 0/ 0wt AEF 13MEA HL Fo]7]
T A, o] ARE ofF TR, I TS AES =Y F AT
- Brazilian test(o,)% AU Z=(Uniaxial tension strength, o,) Hl
o0, BT 1.22, MFAFE 0.2424 FAHAAZET 20% o A e
Bt o, pe R EolRR, AL AFREL TN ASE AR
- A'd] 45U4F A=/AREEY FE-dwEAT(cov)E FAHLF AES

21-0.1, Brazilian& 20-0.3824 #<¢ YA, WEAFE E o o714
At Aol g AErIe] HAZE o Ao wepA, AR A-AZAD AlF
Fo AT F AEFE AARH
- AH A A FAA vdA o] HEF APEFL 0.2molsH2A wlg Fo}.
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¥3.14.11 A AN A2 data loggere]l YA

P
No. n:in b‘;r érl}l No. n:in bar rﬁrl% No. rr:in bl;r rﬁ#\
1 0.00 | 0.00 | 0.00 41 0.67 | 5.01 | 0.01 81 1.34 | 3.99 | 0.01
2 0.02 | 0.70 | 0.01 42 0.69 | 5.01 | 0.01 82 1.35 | 3.99 | 0.01
3 0.04 | 0.70 | 0.01 43 0.70 | 5.51 | 0.01 83 137 | 4.56 | 0.01
4 0.05 | 209 | 0.01 44 072 | 526 | 0.02 84 1.39 | 6.00 | 0.02
5 0.07 | 209 | 0.01 45 0.74 | 526 | 0.02 85 1.40 | 6.00 | 0.02
6 0.09 | 222 | 0.02 46 0.75 | 817 | 0.02 86 142 | 563 | 0.02
7 0.10 | 214 | 0.02 47 0.77 | 8.17 | 0.02 87 144 | 7.52 | 0.02
8 0.12 | 214 | 0.02 48 0.79 | 9.78 | 0.02 88 145 | 7.52 | 0.04
9 014 | 526 | 0.02 49 0.80 | 11.87 | 0.04 89 1.47 | 11.21 | 0.04
10 0.15 | 6.98 | 0.03 50 0.82 [ 11.87 | 0.04 90 1.49 [ 11.21] 0.05
11 0.17 | 6.98 | 0.04 51 0.84 | 1466 | 0.06 91 1.50 | 13.39{ 0.06
12 019 | 875 | 0.04 52 0.85 | 1466 | 0.06 92 152 | 15.16 | 0.06
13 0.20 ) 11.58 | 0.05 53 0.87 | 14.17 | 0.06 93 1.54 |1 15.16 | 0.07
14 0.22 {11.58 | 0.06 54 0.89 | 16.92 | 0.07 94 1.55 | 16.55 | 0.07
15 0.24 | 11.38 | 0.06 55 0.90 [16.92| 0.09 95 1.57 | 18.20 | 0.07
16 0.25 | 11.38| 0.07 56 0.92 12169 | 0.08 96 1.59 | 18.20 | 0.09
17 027 | 11.25| 0.07 57 0.94 (2169 0.11 97 160 | 20.54 (| 0.09
18 0.29 {1290 | 0.07 58 0.95 {2374 0.11 98 162 [ 20.54| 0.10
19 0.30 {1290 | 0.07 59 0.97 {2526 | 0.14 99 164 | 2230 0.12
20 0.32 [14.83| 0.07 60 0.99 [2526] 0.17 | 100 | 1.65 | 2.30 | 0.12
21 0.34 {1483 0.09 61 1.00 | 2661 | 0.17 | 101 | 167 | 2.30 | 0.68
22 0.35 | 210 | 0.09 62 102 | 25751 021 ] 102 | 169 | 1.93 | 0.68
23 0.37 | 1.36 | 0.89 63 1.04 [25.75] 022 | 103 | 1.70 | 1.93 | 0.99
24 039 | 1.36 | 1.19 64 105 | 2588 022 | 104 | 1.72 | 0.17 | 0.00
25 040 | 1.03 | 1.19 65 107 [2588} 054 | 105 | 1.74 | 0.13 | 0.00
26 042 | 1.03 | 1.41 66 1.09 | 296 | 087 | 106 | 1.75 | 0.13 | 0.00
27 0.44 | 0.00 | 0.00 67 110 | 1.48 ) 0.87 |} 107 | 1.77 | 0.08 | 0.00
28 0.45 | 0.00 | 0.00 68 112 | 148 | 096 | 108 | 1.79 | 0.04 | 0.00
29 0.47 | 0.00 | 0.00 69 114 | 1.36 | 096 | 109 | 1.80 | 0.04 | 0.00
30 049 | 1.81 | 0.00 70 115 | 0.00 | 0.00 ] 110 | 1.82 | 0.04 | 0.00
31 0.50 | 1.81 | 0.00 71 117 | 0.00 | 0.00 | 111 | 1.84 | 0.04 | -0.01
32 0.52 | 267 | 0.00 72 119 | 0.00 | 0.00 | 112 | 1.87 | 0.00 | 0.01
33 0.54 | 2.80 | 0.00 73 120 | 247 [ 000 | 111 | 1.88 | 3.16 | 0.01
34 0.55 | 2.80 | 0.00 74 122 | 247 | 000 | 114 | 190 | 3.16 | 0.02
35 0.57 | 2.38 | 0.00 75 124 | 312 { 0.00 | 115 | 182 | 263 | 0.02
36 0.59 | 2.38 | 0.01 76 125 | 321 | 001 | 116 | 1.93 | 2.55 | 0.02
37 0.60 | 3.04 | 0.01 77 127 | 321 | 0.01 | 117 | 1.95 | 2.55 | 0.02
38 062 | 3.16 | 0.01 78 129 | 296 | 0.01 | 118 | 1.97 | 2.30 | 0.02
39 0.64 | 3.16 | 0.01 79 130 | 362 | 0.01 | 119 | 1.98 | 247 | 0.02
40 0.65 | 3.94 | 0.01 80 132 | 3.62 | 0.01 | 120 | 2.00 | 247 | 0.02
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Direct tension strenth (ot, MPa)

14

12

10

|l|®ll|lll|lllll

I

== ©

®

e oo v b b e by b oy b e 1y

-

12
¥ 3.14.12a AHAA, E A, 15 45 4= ¥u
Sample g, 0y Op
No MPa MPa MPa C/T C/B 1/B
® 1771 7.71 10.17 23.0 17.4 1.32
® 258.0 12.75 15.01 20.2 17.2 1.18
® 283.0 10.98 11.32 25.8 25.0 1.03
® 134.1 6.21 10.13 21.6 13.2 1.63
® 160.5 8.41 - 19.1 - -
® 1271 10.37 15.74 12.3 8.1 1.52
©) 198.1 7.86 6.52 252 30.4 0.83
274.6 11.65 16.54 236 16.6 1.42
® 278.4 11.31 9.14 246 30.5 0.81
167.5 13.94 - 12.0 - -
@ 168.1 10.16 - 16.5 - -
® 187.6 8.99 - 20.9 - -
® 113.7 4.86 - 23.4 - -
Max 283.0 13.94 16.54 26.77 30.46 1.63
Median 177 .1 10.16 10.75 21.60 17.29 1.25
Min 113.7 4.86 6.52 12.01 8.08 0.81
Mean 194 .4 9.63 11.82 20.62 19.79 1.22
S.D 57.5 2.50 3.34 4.38 7.55 0.29
c.o.v 0.30 0.26 0.28 0.21 0.38 0.24
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¥3.14.12b U] FHAQY, &E AF R ST Z= A Fd34e] Fevju

Uniaxial Compression Test

Brazilian Test

Direct Tension Test

Strength Ratios

D H vy | O, P L og |Ave| p | AaL| P | o; |Ave.
N ¢ f
°l em| om | (1) |MPa| kgf | cm |MPa|MPa| 2) |mm | kgf |MPa|mpa|C/B CT BT
5,890/ 6.555{10.70
1 15.246| 10.241/2.643/177.1 10.17) 14.83| 0.07(1,698| 7.71| 7.71] 17.4| 23.0) 1.32
4,085| 5.045 9.64
2 |5.465) 10.309)2.703)258.0]) 6,759| 5.147|/15.01/15.01] 26.61| 0.22|3,047|12.75/12.75] 17.2| 20.2) 1.18
5.39| 10.49/2.565|283.0] 11,035| 11.299]11.32/11.32] 22.3| 0.12({2,553|10.98/10.98] 25.0| 25.8 1.03
4 [5486|10.345/2.764|134.1] 7,068, 7.944|10.13|10.13} 13.06| 0.35/1,495 6.21) 6.21] 13.2| 21.6| 1.63
16.97| 0.16/1,829| 7.67
5 |5.458| 10.267|2.639(160.5 8.41 19.1
19.05| 0.16,2,181| 9.15
24.28| 0.13/2,780)11.62
6 |5.468| 10.275|2.734|127.1] 11,837 8.592|15.74|15.74 10.37] 8.1 12.3| 1.52
19.06| 0.09/2,182| 9.12
7 |5.461| 10.352|2.607{198.1] 4,036/ 7.086| 6.52| 6.52| 16.39| 0.04|1,877| 7.86| 7.86| 30.4| 25.2| 0.83
14,754| 10.114| 16.66 27.17| 0.3|3,225|13.47
8 |5.471| 10.462|2.710|274.6 16.54] 20.9! 0.06/2,393| 9.99|11.65] 16.6| 23.6| 1.42
12,657 8.799)16.43 24.02 0.062,750 11.55
24.97| 0.11/2,859|12.01
9 |5455| 10.333|2.740(278.4] 8,111| 10.164| 9.14| 9.14 11.31] 30.5| 24.6| 0.81
2198 0.12,517/10.57
10 |5.454| 10.36612.710{167.5 28.99| 0.23/3,319)13.95/13.95 12.0
18.77| 0.13| 2149| 9.87
11 |5.216| 10.306)2.650) 168.2 10.16 16.6
19.87| 0.15/2,275/10.45
12 |5.454| 10.615)2.584|187.6 18.44| 0.13/2,111| 8.99| 8.99 20.9
13 [5.513| 10.444|2.787|113.7 10.1| 0.04|1,156| 4.86| 4.86 234
Max |5.513(10.615(2.787(283.0| 14754 [11.299 |16.66|16.54]28.99 | 0.35 | 3319 |13.95/13.95/30.5 | 25.8 | 1.63
Min 15.21610.241 /2.565/113.7| 4036 | 5.045 | 6.52 | 6.52 |10.10 | 0.04 | 1156 4.86 | 4.86 ]| 8.1 | 12.0 | 0.81
B115.426/10.370(2.680(194.4) 8623 | 8.074 |12.13/11.82}20.36 | 0.14 | 2336 |9.94 | 9.63 |19.8 (20.6 1.22
59 5.458(10.3452.703|177.1 7590 | 8.268 (11.01/10.75/19.87 | 0.13 | 2275 | 9.99 (10.16]17.3 | 21.6 | 1.25
§.D (0.087| 0.102 [0.067|57.5 | 3539 | 2,019 | 3.37 | 3.33 | 4.87 | 0.08 | 566 | 2.34 | 2.50 | 7.5 | 4.4 [ 0.29
1)y : tf/m*, 2)p : kgf/em?
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3.14.3 Tilt /Pull test device 7§
3.14.3.1 Barton9] @A™ A3 A4 (JRC)

Tilt/Pullout test® @t EA&H FEWol AZRC, Joint roughness coef.)
& ZA37] 9814 Batonol A3 Wolth, A@de e} AP T2 AL
of EEAFEYPL flor, ded met YEE 1A AHEHI . o] Ad
719 e o] AT ZFx AEA A=, AABIE LRI A BFA ]
o2 qitst AFItes AxFs ZA5g Aot

Barton(1976)¢] Hel-gwte] AGZE AFEEY HQE o] Bire] pp.129
AP, BdEd JddAE iEd 4¥HE FouAFE AEsd ted #
t}.

JCS : dg-¢hdt ¥H 9 15 4= = (Joint compression strength)
JRC @ Ag-¢wt 8 8AY AFAFUoint roughness coefficient)
oo ¢ 718 wFEZH(Basic friction angle)

oy : Aygdd ZA L= F&E 2 SH(Eff. normal stress)

Aol MFE FoA, MAATT Astz BFAH FEAol 71 o8 ¥aE JRCE
A Bartono] A ZFH(Scale)el wFo] FAHIY. <©]E H3MA Bartond
Profile gage® MLV |= Aed, W AAS QHo] ol do] 10cm Ax

o] Ay AFVE SHHERE, ERZAHE dF ¢ AdATE Y= A
7} e Aoz A Ak, 2A, A AF dE Ade SAHsuA 2

o
A
r <
[a—
=
o

A

AAQA wrZAF Aol mE AFPEE BT Aot o WHE F
EFAo] olya, Ho AANFE/EY FHEE nedty Aoz FIG,

Tilt/Pull test® @& BEH B Fo] +A5FU AR AdAIAe <
Fo 24 Barton & Choubey(1977)0] A<kt JRC SAME Q%8 v&3 g},
Tilt & Pull test® S@&dA T MARIE flolA 71 S48 Yoo,
JRC > 102 Tilt test®Th Pull test7} © Wt
- Z3leke] FW(skin)& ZEAFTL obF Wgstes Amek Ajgo] a7 A,
BEARST JCS, oo EFFEHE A FIH(ICS2s = JCSuy 80~95 )
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3.14.3.2 Tilt/Pull testo]l & AZ A4 FA4
(1) Tilt test

vEs dAe wied Wl 71 EnkE (g 534 Residual tilt testE Ao
BT FETH SALH WA HAls W AJruE Hol FIAY oF
9] 73 Re(Asperities ploughing)e] G3kol] k3l RomA vFF FH2
Algalior gt} Tilt testoll A, 54 (@) 7|E vtE 2 (gyolt A7 vpEzH(g) Bt}
E Atk
- A Fol B HEdo]l XFH 1489 ARE o8 A A3
- JCS & o FH

- Tilt test(AR BE=o] g £37+9 2t =3)

- Tilt & Pull testg& W3st] AA g},
~ 33| o] A
To .
a = tan‘l( ) eq.(3.14.1)
U71r0
0,, = Yheosa and 7,, = v hsina eq.(3.14.2)
JCS a— ¢,
o = JRC'loglo(U—n) +¢, or JRC = ” (JOS) eq.(3.14.3)
J10

714,  a: Tilt testol A, A% blocke &% £7+2 A1z
v, bt ZtZ} Top blocke] 2% 2 FH(L > 4h)
T Ow : 242 Sliding €749 A94=E 2 Fa5dey

JRC : ¢4 Hyd ALY Al

(2) Push or Pull Test® JRC- 34
- Saw-cut ¥WH o2 Joint 7FF
- 3 &% Top blockd #AF

- A% JRCY SA YA (o0 e} 12~14)
In situ test blocke JRC>12(Lab. test 82T} F3 57 Astez JCS7 &

2, BAE AN LE =102 10° A=A 29 3.14.259] ApHRE

n
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b, JLANND, JEINAR).
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10*
Z31 T (=JCSlon)

3
T
10°

1% 3.14.25 Tilt/Pull test Al&¢] JRC ¥
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3.14.4 Tilt test deviced dg 2 7|&E AAx

AA GEelA, BAdESHOl A2 AEE § 4 HANEE FolrR w2EA &
3o, s 1, ARE ARHE Fol 7|goldA AFARTE vEHA W

9 AAZE A 7lFoltt. a¥ 3.14.26004, AR D& EEQ= F
et 714, Ao oyt BEES Ant Yo, AT FE
}Al & t}g Base plate O& AR g,

3 ol A7 FAES A,

Nge Edo] vud EFEET WE Yo (Bottom), BAEHE Base Plate
Level®} 7Fsdt &, BYPsA A"t SHR OF NS0l 7Hrto] ol FA|7IHA
Aggt AAolA EEGLE FRAIE 1F/7 &Y Bl 2. 54E 23 ¢ E
EQE AR 9 HEAAA F4 44 5 de =R AA%T. g5 2

P
2

e

e

2 o8 W o
tlo
BN
ol

L
7}
o

@

N

NN

i
-
®
@
||

NN | SR

@ Base plate ® A0 =g O a=2ANE BXHE
@ Level ZXLIA ® EHT DFLIA @ sl&E=x

@ Jigol® = @ N22 SI21E EE @ 3N 258 Key
@ StRANZ DIFDISY & AZ2e 580Y EE @ Bearing set

2% 3.14.26 Tilt test 71712 28 A/WNEFSHUE)
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4 FE@E BA&We] s £9e 2H/HB. 474, Eole F9
2 24% ot o 9w, gelt %9 42
PFozt BASHY FFAY /FHE FUOR RFojop @tk o,

=
=
o
g
iih
-E-'
1o
o
=
N
5
rlr
4
o
g
_‘L_l,
N,
e
L
rr
Hpr
o
oX.
>
i
o
N,
=
4
L
&

o}, o] BElE ZAIG o]l 19 3.14.27¢0d, 71719 SRBEL I Y3 A
27 FJAHAAZ fFolstet. 4714, ZAFH oz At
Zolt}, o] AFAE, D25mm Avpgo] & WL XE9 1/3%
FAlE Wl Bolt® A|ZAs|A dAvtgol MW
AR/ IAG 5F3E Adx7l § 71719 AREE AAS @4 JHHEE u¢h
Ak, EAle XA JAANEA FRA R EF5He & FAE H

ZQldl, o] AT-elA /N3t Data loggerE ©]83M4H o] &zto] A EIdr).

olZ|g AR HAT V[EHARE 1§ 3.14.28~330]t}.

o
ofN
ko
o
4
M
flo
N
o
e
rr

% 3.14.27 Tilt test9] 7] €Yz FHA 7Y &F &3
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f 275
‘*17 5F—————16%15 = 240(Tap 17-M8x1.25 &S)—H17.5—
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320
20x15=300(Tap21-M8xp1.25 & 5)
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- Material : S 45 C(anticorrosive)
- Alt tapping M8 x p1.25 - piercing
- Orientation of zigzag ; 11 x17 + 18 x10 = 367(ea.)

Fig. 3.14.31 Fixing & tilting plate of bottom rock block
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03]

rL Variable
100 mm- 10 ea

S45C(Ll £ E:‘J

150 mm -8 ea

]
Variable 100 to 150 —l

~
u 10
5
o
J
8
L (a) ote224 1F Bar )

( ) F|xmg jig(12 k)

1% 3.14.32 3H&- rock block 1A & Jig ¥ Bearing set FA%

( & T w
_+_ ....... /@‘\ &
i 1]
F—18— 74110311474  —18—
: T ] T
© w bid
“ ‘ ‘h" / r
© Pl (® T
P © fa
17 8-14
® $10.3 N T \ R
® M8xp1.25 | | @ j
© Méxp1.0 | | \ R=15
29
L (b) Bt AHAIR DA Jig )
- Z
‘T ¢ 85 t=63.5
1 T
D | CB =)
i |
21 J] 64 21 T—304
I | é T ne
i E N—F & — &
N RE
-t T
3% 2
| ® |
WDk~ | _______ d} _.:‘E L %‘g
| 1l |
b g5 b=105
106
u d) 8&d 23 & 2428 B
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3.14.5 Tilt/Pull Test A|&EF9] AR A7 &n
3.14.5.1 A AL

Tilt/Pullout teste A EF7} Wotol 2=z, AYARRTUE F2 A F
gt A7IA= & o dd ARdA F %o IJIE 100%x100%X50~
100X100%508 A48 + A== At

7] Aol 71 &0)7] AlgolA Top blocko] ‘&0l &9 £&L& o] ¢
FolA AEE Data loggerE A&l FdsA 2T 4 gk Tilt/ Pull
testil X FAAY AFE dod 98& ofF HHI FLAAk vk Top
block® Bottom block #H(AH)S F FAsF—v& AFE e T ¥H
, Tilting test® 3 AAIAA 7] 2oli, Pull testte A Ao HPg Wao=z o}
F AAM3 BAY ") o] AdFAE Id Ee 1t $EY FNE TEH] 45
112 #AE7E ZFHS AT ofF wES Wi AFE A

Tilt / Pull test &3] ARE &=t o] A= WAHL=E Tilt test NFFL
#A%7) 5A%E Bottom block® Al&84A Wel FAFA nAste] &y A
B Z Ao 3 #ow WEZ Specimen boxE I AAATE Pull testE SRAAE
AAE I, AR AAE dedd AW 77L&l Load celld 1A da o479
Wire + Spring& "@o} 247 Drume® 7ol 11: 2oz kgt

Tilt / Pull test= A/3F Test block Ate]e] AW FittingAl71= FA o)== ¢
AA e3b= A9 glornz ‘@% &3] AAZdH nxe P9 FHo] HAojrt. o
NEAME ML Data loggerg ol 4% A7 ‘RAole &3 AAAT ne
g obF BHYstn AYHA SAY F Aol AFAFHA.

AT 2z AX $3dF Con'c blockd] FARAG AlgA g A7 g
#g w3o] Tilt/Pull test AZFY 5 AASAT AR 74 A, Pull
test®] AlFHAAA AL Aoz HAYCE Tilt/ Pull teste & A& o2 ¥
APt e dwo] AR APy AFLFE vpE Agdo] ik o
A, dtdo g 339 PF#& Hsted, q4rIAE A7EHAY 5~93] T, 2
% 3.14.36~402 Tilt/Pull test®] Al@IAAoltt. 4714 A3 AQ FAE A&
o] 3lA FAF UM 3dF FIHo] 7MEIEE AFAFJLER, 1XE &
FALR FYF Fo, A A& go] wgigo R iz APt Algd

flo
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£ AP sd 17 3.14.34~35, ¥3.14.13~ 143 &t} d7|A, A8 A-TL2 A
B3 H7e, B-v& HHSA FAS A7 BHE ¥E Folth F3.14.139
Pull test$} ¥ 3.14.149] Tilt test 234& gr|std &3} Zo.
(1) Pull test A3}ojl A

Block # BL-1& od& €W, AJ& 371(BxLxh) 2(200.5X200.9%65), A&+
AR FAN) 9.038kef, B vhE AP FFA(T) 11.00kgfolth A
U ARAG Algez sty 3o gF@He dg MR nE (o) E 25°, 3}
= log(JCS/on) = 2.5& 7tA38td A@ASF JRCE T3t ;
JCS

n

ta,n_l(]—]\;) =q= JRClog(

tan‘l( 11.00
9.04

|+
) = 50.6° = JRC(2.5) + 25° ; JRC*<2.5 +25° .. JRC = 10.2

log(JCS/on) = 2.0014, JRC = 12.8

(2) Tilting test A 3}o] A

¥ 3.14.791 4, Top block %7t o 48.4°0]8 %,
o = 48.4° ; 48.4° = JRCX2.5 +25° .. JRC=94
log(JCS/0,) = 2.0 0|4, JRC = 11.7

(3) 23¢9 &

- A8 A/B-F9 #3% JRCE Tilt testoll A 51.2°/42.1° Pull testE= 53.4°/
45.0°2ZA4 Pull test2 T3 AHo] Tilt testBt} 4+ o EA Yepdo, o=
Tilt teste ¢HHo® &FH=d vl&lA, Pull teste A87F $3oldel:s &
Y oo @ AHo] ZolmE Asperity component Ado] © =7 wjEo|c}

- o] oA A test blocko] Bl FAr2, 9F FIAXF(HS HE) JCS/0.-
Z+< 100~1000[log(JCS/o,) =2~312.2 AP, HD3] ofujst gtolth &%
o] & %59 0.1 MPaol¥, F3d de|HH o 15 454 =ICS)7 10~100
MPaZA FAE-F ¢uto]7] wFo|t}, T8z, AFA-F9 A vydL =2
#d AR FHo] FAT JEEA JRCTL 150]/4d0]}.
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H BL-2
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.

L
)
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bouda B8RS

o1
Baas
T

Deformation(D, mm)

o
a
T

.
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8

3 3.5

deformation(D, mm)
[}
> o 2
]
—— ey
7

% 1 L
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Running time(t min)

1% 3.1Pull testol A top
block9] &% EaHY o
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Table 3.14.13 Results of pulling test on a con'c block

0. A-1 A-2 A-3 B-1 B-2 B-3 B-4
D,cm| 20.16 20.02 20.05 20.01 19.88 20.22 19.89
L,ecm| 20.12 19.90 20.09 19.98 20.33 19.90 20.02
A,m*| 405.7 398.3 402.8 399.9 404.3 402.3 398.2
W, 5.310 5.233 5.700 5.437 4.888 5.581 5.425
Wy 3.728 3.728 3.728 3.728 3.728 3.728 3.728

N 9.038 8.961 9.428 9.165 8.616 9.309 9.153
T 11.00 14.84 11.52 9.32 8.70 9.08 9.05
T/N 1.217 1.656 1.222 1.017 1.010 0.975 0.989
o’ 50.6 58.9 50.7 455 453 443 447
o 25 25 25 20 20 20 20

* 25| 2 3 ]25|25| 2 |25 2 |256| 2 |25 | 2 |25 | 2

JRC [10.2|12.8|11.3|{13.5/10.3[12.9(10.2(12.7(10.1]12.6| 9.7 [12.1| 9.9 [12.3
placlplacl e aclplac|p ol P lac] P |al
3= kgf | mm | kgf | mm { kgf | mm | kgf | mm | kgf | mm | kgf | mm | kgf | mm

1 10.35| 6.69 |16.38| 2.91 [13.46| 7.67 | 9.15 | 6.22 | 9.12 | 1.51 | 8.65 |14.04| 8.73 | 1.18

2 112.16{11.71|1494| 1.62 {12.20| 7.08 | 8.35 |10.06] 8.64 | 1.50 | 8.95 |{15.12] 9.12 |19.19

3 |10.71| 8.82 |15.08| 2.02 (11.80| 7.26 | 8.88 | 9.27 | 8.25 | 0.92 | 9.50 (12.70| 8.93 |23.99

4 |13.07| 7.07 [15.29| 451 |10.68| 9.36 [ 952 | 794 | 9.12 | 0.41 | 8.63 | 472 | 8.86 | 6.97

5 9.72 | 5.02 |113.26|11.19]10.13| 7.55 |10.20|12.87) 8.38 | 0.86 | 9.57 {12.91| 9.58 | 7.65

6 9.97 | 9.01 113.55| 2.23 (10.85| 7.80 | 9.83 |10.72 9.19 | 7.45

7 9.97 | 9.01 {13.70| 2.07 9.10  6.67

8 17.78|11.14

9 13.61| 8.30
Max. [13.07 17.78 13.46 10.20 9.12 9.57 9.58
Min, | 9.72 13.26 10.13 8.35 8.25 8.63 8.73
mean|11.00 14.84 11.52 9.32 8.70 9.08 9.05
SD [1.33 1.51 1.22 0.67 0.40 0.37 0.33
c.ov. {0.121 0.102 0.106 0.072 0.046 0.041 0.040
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Table 3.14.14 Results of a tilting test on con'c block

BL-1 BL-2 BL-3 BL-4 BL-5 BL-6 BL-7
] \ o |AL] a |AL| a |&aL] a |AL| a |AL| a | AL] a | AL
25\ [ deg. | mm | deg. | mm | deg. | mm | deg. | mm | deg. | mm | deg. | mm | deg. | mm
1 48 | 110 | 56 | 004 | 51 (010 | 43 | 0.02| 43 | 048 | 40 | 039 | 40 | 0.09
2 45 | 154 | 57 |003| 48 [ 016} 43 (021| 42 116 | 44 (027 | 39 | 0.41
3 50 | 077 | 58 |0.03| 47 |0.03 | 46 | 022 | 44 (001 | 43 | 164 | 44 | 0.18
4 51 |089| 59 | 041 | 50 |011| 43 [ 059 | 43 | 097 | 41 | 111 | 40 | 0.18
5 48 | 043 | 65 | 003 | 47 | 008 | 40 (024 | 42 | 085 | 39 (088 | 44 |0.08
6 — — — — — — 43 (029 | 39 (046 | — — 45 | 2.54
7 — — — — — — 40 | 025 | — — — — — —
Mean |48.40| — |57.00 48.40 43.00 42.16 41.40 42.00
SD 230 — | 1.58 1.82 1.90 1.72 2.07 261
c.ov |0.045 0.028 0.037 0.044 0.041 0.050 0.062
o 25 25 25 25 25 25 20 20 20 20 20 20 20 20
* 25 2 3 25 | 25 2 25 2 25 2 25 2 25 2
JRC | 94 (1171107 | 128|105 |131| 92 |115| 88 {111 | 86 | 10.7 | 8.8 | 11.0

- 413 -
















e 2ld
23 ol&

Tilt teste] F &(Invalid)
JRC > 13

Xt B X[ (Stepped joint)
fylel ¥&0] Ol B2

1% 3.14.40 Tilt test AY &8 2 A 4E] Fan
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syger FAE dF] A Test blockoll A AHAT A5z Ad

14, B A&7t 1d;>99 %24 ¥ 3.14.89]

o

120

2 ‘3] & UWFA(Franklin ; Extremely high durability, Gamble ; Very

high durability)'-§o% EFHAc}.

¥ 3.14.16 €dola WFAAE AHFELE S3IY)

g g |Tray A Ad A Tray + A E(Wr, g) W74 2 (%)

Cle |[C+AE@| 1 z7] 2 =7 Id, Idy
SD-1 274.86 789.60 787.57 785.94 99.6 99.3
SD-2 199.30 723.52 720.15 718.44 99.4 99.0
SD-3 200.16 696.79 694.05 692.73 99.4 99.2
SD-4 365.41 897.54 894.05 892.75 99.3 99.1
SD-5 350.86 908.40 906.74 905.02 99.7 99.4
SD-6 517.24 1071.59 1067.97 1065.94 99.3 99.0
SD-7 360.27 912.76 908.91 906.78 99.3 98.9
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3.15 BF ¢t AR HY Z=ART 53
3.15.1 I A B =AF(In situ DSST)
3.15.1.1 Con'c pad B} ¥ 3532} molding

EF aut @3] &4 Ageld AFADT AFE AslA, §3.8.19 19 3.
8.1~4, 1% 3.8.11~129] WHoZ FPA 3 Test blocks WFLE AT AE&
gl 71 E, MNEE Load frame, AUFHA AR, AVIF §A FX, /&
B AGAA D 7e B Au(2Av], 37 4FV], 4F dE& FTE o1&
o A S st FHTG AEEAHE AT
(1) 343 Test block
- Test block 37] : LoxLoxH = 350 x 350 x 400(mm) 5/ & FAIg.

-2 dFdA AFAD AY, 2708 1% G5 AFE 3
- 1/ME LoxLoxH = 350x 350 x500 i 2 AFHzd Al AF&Lez BAT
(2) Load frame 3-8 Con'c pad B}

@Zo] A g Test blocke BHo| w9 Adx, EAE HZo] oplBE o]
279 gl Alg9 A7) (LoxLoxH) 350 x 350 x 400(mm) 7} otth. FA3}7)
Aol EH371ed EF g HHE Rock sawd THFAELZ A 142 g
Con ‘c pad:= o]u] Aol Jelojtt, 2% 3.15.1a%= Chain saw® © ZAA #As
Aded, d714E ZolE 650m7tA FA 7Hs .

Mk, Test block FH AFATD /15 45/ FBAS AFE A% 3
808 AlZF Rock bolte] HUA7} Load framed} AZA = Bolt head plated
79 9X7F A2 2X) %olA Con'c padd FAE HF 250mm o) FHA EHA
3l F8 Bolt 670(3 Zo] 37 o] )= L-type dowel barZ, UHR HZ FH
+ Set anchorE® AX38}7] Ydtoltk. Al 23 Con'c pad:E Load framed] 913 ¥
el 1650 x 7200]1 402 Edsof sttt E3], dZwheE& Rock bolt plate’} &
ol AgE E& FHa 400mmoldo] Bedth. ArIME o ZAYE HE=EE
B1600 x L2000 x t2502.2 ERAFch, waka, AFwEE Rock bolte HFZAHL
HAE Test block REE 938l Test blocke 7MER 1}2 B33 T AFHY
g e Aol ARA ARV Ao,

oll

_1>J
rN
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(3) A ES 3REARE 2574 HAAE molding FH]

- 3 AAIA, BE 4R o] F A (Lab. tests o] ¢} ®btiY)

- One test block& 4~5/M2 &%

- A (Top specimen of one test block), A 2%, Al 3, A 4 F(Bottom of
one test block) 5 47/l B9 F#3A3FE 713t AT,

- 257 AZA

FEE/ASANL/RE T 58S nHHA AL 41E AR-AH. o AR
/A1 FFHE 00l AL 1AL oW, BEE 40MPa
olfoltt. E/Mi FFHH] 20%, AFH 4 Ao FolH UFAE 70MPaclFo=
d#HA guth. B 10 % ool §ZHY] AFSER, A&E sEH 4.
ol 49 ARF H AHVITELS e AT

- AL

- E(Water) 2 X#& i 4 F o] F(5 kef/X)

- EN (AR, F4, 22, 24 2 € d¥ FA43 5)

(4) WE(EHE) At ket 7Hd ddE e Nolding

- A59 A AxE LF/nYste AAFoltk. FEHA AT 4o £33 3 A3
=7} FL238t).

- 7 A & BandE AT AR o]5dd wHA 1A

- AR A A 9 Eo] E3HE Gibbs plasterg& #0] ¥+,

-308 o4 3 2 Al 243 A Molding & Gibbs plaster £%

- HAY A AN E = 5 AW A molding. ©] Top blocke] A& &
He 7Y Add & Band7b §le=z Ad Az ddo] AAE molding.

- A4 Leveling 2 44

(5) 4% Ha & A2

- Top block ZHl| FAF vraA X

rr

- Load frame Zolae] ZHA 27) — HAIdF AFH SHE - JIHF 59
o #0282 $£435F Ao BEE AFsle A5 & A2 A

(6) Test blocke] H&
2 AR (Zo] 7hE We A F F NI aE G BE AZE
ER 9 Zdd 3 F o] AA(o]RAL AlF A9 dAHE dA EEY

P,l_';

()
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3.15.1.2 Load frame / Reference beam / Hyd. pump 3]

(1) Load frame X ZFH

- Molding® A Ao FAZFo| AAHA Con/c Padoll HEZR & 29T

- Load frame9] %33 wiaw 2 &F A, 74359 35 Ao ¥Y
AXA 5& X0

(2) Load frame 333 ¥Ead a5 AL #e A8 Fo YA 4

- ZHE 100 x 100 x 1002 207} ©]4 FH|sho] Test block FH¥ol| BT}

& 25 HAHHE H).
) Wt @e] 47 Pipe 3/ FolA s & 2ol | 4A

HA AA3td, YA INE Eo] EHFE

- 270¢) wrE g 29 15 A7 B9 Bolt holed ‘mAol'E gEh. o] HF
< Bolt holes¥t %& #ojr}.

- 47 Pipe 2% bolt(W§) AZAIHAD, AZAHH FAYA F& oA #F
7] H 22 folFn}).

- YR fd g FAHE AX EERE(Tapping® M16) AZAstd 4zZta3 A4
85, 2/3 A=R AAF),

- 98 qde A2

- ZW %9 Tapping F& — 9% REW - AT AR AA(Q7IME BEE 2
/3 A=T AA).

(3) +93%%F AW} Rock bolt head plate 2

- £g3F Agw, $£33F HEW, Rock bolt head plate, 3tF AGFA 13

- Load frame ¥-%

5
- QAT (A F

Jigs 5o] dA=Z AAd5E /Mg ofdE FEolth.

- $£335%F AG®I Rock bolte oju] HE AHER o& 7|&EMA +A3
Z 9Ea - AR 1A Aol #HB|H £ P — Rock bolt head plate
To2 EE A2

(4) #&3st5 e

- BEE+0E 9 vpE AYgE @ - UlF QE® - 47 Pipe — 9 WE® - =
Wl 3F Agd ¢o= EE AZ

|
>
N

Pipe 370 & Azt W7 EEFH A2
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 o]F s Ax nAWe] AGIF AY BEM2 4701) 1. 9714 YR
DASHA A 5H Test block ¥ #Eo] }AFug Fo],

(5) %35 Hydraulic jack

- AT AE Add 54 2F Base plated] 99X 23 2 X

- Jack base plate — Load cell +plate — % @& Spherical plate set &0 &
Z9

(6) T3 38% Hydraulic jack

- Load cell +jig— Roller box set > & ZE wr1d jigset » Ag AR &
oz zd

- Hydraulic jacke F3&3}F A Gl Bolt H2A

(7) Reference beam

- A& A8 Dial gagex Test block®] AW (Dilatancy)® 470, Aehi3kg
47, Load frame +3F % AAYF ole 8 A/F/FA/* 47 1448 44 5
% 127R0]t}.

- Reference beam®] W#HE con'c padol set anchor (M10, L100 o)A & 113

(8) st5 Aol FA setting

A719} air compressor 7H&

dHA A AE L AN(FABF) setting

Betge] AAYF F3 FA ] R.P.M setting

(9) ¥ AZ719) A4 942 92 data logger®} Laptop H 3

- 3 (A ; FH3F load cell, ¥38% ¢A 2 load cell

- AA ; NEY A& P £ 7+zt 448 87, load framed % =L G

W A7 2y 4] F 1200
Data loggerol W™ Fo (A2 AGAFREE AH)
AS &, © UF &2 L A=A (A2 AGANIRHE A

2712 &l

oal &

+

(10) Zx9 43 H3A
- v} A]&A
- Laptopell A data displaying &%}

- XH}_X(-)]
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3.15.1.3 AGAE ANy € NP FEF AT

(1) Top specimen A A]Zt

- HdH B35 8 Band 1A 2 AA

- THHEF vz, AY AFE FAA IFZE olF wrkx) AF A%
- % 25mm(0.08Lo) A=A T8 Z ZF Al7]9 0ff

(2) Agd Ao N AAg

- FH8E R ADEF FA Off

_.l

- Z+ZFA %7 (load cell / pressure gauge / dial gauge) 3| Al

- g3 E AR ARE 43 Hydraulic jackeZ Y9

- Dial gauge resetting

- Data logger 'Pause’ 3lA|

- AGA P FUE FHSHOE AGAE &

- E7] A (Pull test) B 45 42 A

- %3] ¢ Top specimen ¥2]

- Profile gage W2 AGHe] JRC A 2 A5 AR A7)

- AZ2EEY 54 2A8oE SAE AR BE

(3) A2, 3 @9 AG AF &4

- a3 1 Jig A R A2 AR SEER 138 JigE diA)

- Ho] @ BES HREGEH) A4 A oldE 10 m =R F9H A
(E, %A, Screw driver 522 ¢ ZAXAHA Folddh)

- A|29] Top surface molding & %4

RS

AR WX 54 85 dABel 29
Rock bolt E¢ &2 2 A7E

§3.15.1.29] TR (8)~TA(10) w2
§3.15.1.39) FA(1)~FA(3) vt
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(5) H3HF Az AT
- SRR n | Jigs SHA(LAEA B A A AA R RITH.
- Con'c padg A, o AddFd ADEFT /Y B9 FHAF 2&EH.
- $H(13)~ (19 & ¥&
(6) AE F8 Fo XA
& &4 =2 AR
- AYHA FX, AYF /KA ZA, data logger +laptop
- Z}% A&7|(digital dial gage, load cell, pr. gage, magnetic base =)

- Reference beam

)

- #3&3}% Jack system @ %3 3F Jack system

- F35F HEE 2 £HT B R(ZHA 100 x 100 x 1000, 15 7§ o]F FH])

- ZIelAZ2Y, A, AF)

(M ANEY FA R A2EF B4

- WA AES 25 AAE G/ L/ AE Fao) BE

- AYREFY FAAA] "ag AL B2 B(Data logger/Laptop/Printer
Z}# Sensors, Magnetic base, Spherical platens, DC A Inverter, Impactor

Nolding 717, AEH/H/AAX el 2RF % 24F FPYA F)
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3.15.1.4 N'g A9 &7
In situ DSSTY] 2AAFEE Test block 1o tial A5t A A8}, Test block No.

28 BEAT c & 08 T I AA

(D) AGAE SAE A7 T4

- 7H¢ AAE Test block sl 4 Egsle AGAY 43

- A 2 HXAAH(Top specimen of one test block) 85mm, A 29o|A A 3 &7}
AE 75mm &, HEE 120mm

- o] FAE FALFE MY Agde uxle gdgol FHAW, Test block B4

#ol7t Aotk Alg FA7F thA gktiglx, As S5 g5 e FEAA

FAZ 23F F Ak o] AFNA AMES HEAAY 1% ¢H FEE A& (Weak

rock masses)E Tk &F 10Hjo]7] wioltt, oy, HEAA7F UF FALE Alg9]

EA&Hd Aoz FEHE Fo| B2 vo] Atk d9dde s AdEE F

Aoz #HEre A AstEE wek oF 10mold o7t e A4E AU

ok A, AEAR 198 FAE S0m AEEAE AAFEAT.

(2) o WeHe] FA(A/8 FAte] oA A)

- /3R AAE FEAZ AR LFH/IRY Ao o HEHE molding
AE7E B Folok At

- Molding Ale]l 2/%-&4 w(band)E& A& ¥ Hol(Lo)® 9 3.5%(0.035L0)%!
12 mm2 A F35 T}

- A'gZAF}, Dilatation ¥3EFL AFDARA ©3.1mm~P3.7mm A
Holl Al A A$E ©3.7mm~d1.1mmol HEA FEI}ZZ, 10m=

TR/AAZLF o, o] FAE 0.025L, FEE A¢gC.

(3) Hol ADLE vEgF

- A9AE ZdolE 45mm(0.13 L) & A&,

- AEZAF, 0.1Lo0W FEF] AL

(4) ZAd et ADA g Adggde] A4 A

- WA A FeolA Ad

- AgE AEAAE A 49X R A A Ad gad w78 B 250 F

g 8302 A AW,
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A Adxe B7] AP Load frame® 3AAQ EAAT ADd defolA A A
ZA9E AG A HWoR A APolnR, et AT 9

A ko] M2 wHEA] vl T@ste] AdE g AYHCE oA o
AANZ HFAA NS,

(5) #3549 77

- AZYRA 400 x 4002 7123 AA AN FASH(0.)2 3MPa

- AGHA FAE AL

- Load frame 3 AA #AE 98] Al 19 0.42MPa, A 2¥1.25MPa, A3 & 1.67,
A4 0.83MPa o2 FHEAT.

(6) 88 WA G (Asperity due to dilatation)
A AlE Axg F3Hos Had ol ¥3.15.1¢0d, AN ZEAHSF &
Ho| A FoREur niatd g3 g}

- Az Azurgr WslEk(Dilatancy)2 A AEIECH Hod W] HATDAIg A
o] 3A el

- BAZH(Asperity)E 0.0 FETE A HERE

- HAorgere] WE¥ 0.19~0.37m(H 7 0.26mm) HZAo] g Dilatation
oz H3l QAW W 245 (asperity)= ThS7 Zro] QoH T},
AYPAEE £AHo] 0.4MPa 2 1.7 MPaollA Z+Z} 19£2° 2 9+1°, Ad ©
of AT AFE= 7zt 1642° L 9+2°24 FALHo] F&FE Dilatation %
go] ©] A vebgth. 2z, ANH AEE AATE ARRY FFZe] ¢
A Jehde Aol ded, ot UFH AEE dd dAdHEeR IHHA o
3 oy Agdng oy 9E s QFHE] SFEIF AAE, o] W
#g ghdo] AATE A W Alolst Mz wEFH AgEHE BY] 41
B9 HoR A7 YA A7) HELE AN,

(7) B=AF

- Wi kR gry) FEHE Test No.19) AAYEE 456+3° R 0.6 £0.15
MPa, AT AlEE 40£1° 2 0.5 £0.10 MPa® YEl%T}

- Peak pointe] o2& AW WEHEL YN ARE 3~4%(10~14mm), HAD

AN8E 3.5~4.5%12~16 mm)EA ARG A&7 &4 o ¥4 Jebw.
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¥3.15.1 &

aol:ol-\ﬂ]-

=4

@l 4

3 test block DSST A (2704)

Test Method

Origin test block shear

Re-shear on sheared surface

Sample No.
TestNo. | 10 | 20 | 3-0 | 40 | 1R | 2R | 3-R | 4R
Av,,;,,mm |-0975|-1549|-2.157 | -1.606 | -2.137 | -2.804 | -3.665 | -0.975
Av,,,x.mm | 2960 | 1.705 | -0.292 | -1.883 | 0.849 | 0.108 | -1.090 | -2.271
;2::( Asperity, deg. | 206 | 119 | 80 | 98 | 133 | 74 | 72 | 7.0
No.1 o,,MPa [ 042 | 084 | 123 | 166 | 043 | 0.86 | 120 | 1.62
7. MPa 119 | 162 | 210 | 255 | 1.06 | 1.37 | 1.72 | 2.11
g, % 295 | 314 | 288 | 352 | 353 | 425 | 366 | 3.82
c &¢ ¢ = 0.718 Mpa, ¢ = 48° ¢ = 0.651 Mpa, ¢ = 42°
Av,,, mm | -1.170 | -1.718 | -2.505 | -3.136 | -1.460 | -2.172 | -2.899 | -3.447
Av,,,mm | 2470 | 1.193 [0.5945| 0 | 2.234 | 1.086 | -0.075 | O
Test | Asperity, deg. | 16.6 | 134 | 119 | 92 | 182 | 150 | 13.9 | 116
block | o, MPa | 043 | 088 | 123 | 166 | 048 | 0.88 | 1.22 | 1.61
No.2 7, MPa 100 | 144 | 179 | 225 | 081 | 110 | 1.39 | 1.77
e % 316 | 294 | 288 | 432 | 386 | 361 | 416 | 6.83
c &o¢ c = 0.554 Mpa, ¢ = 45° ¢ = 0.517 Mpa, ¢ = 40°
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Shear stress (1, MPa)

Dilatation ( Av, mm)

26 | ;
L Re - Shear .
24 on sheared surface -
2.2 — aTs 1 11—
i w2 o ]

20 L PEY LA ‘test block
1.8 [ \Pa —
r 2420V 7. --® 4
1.6 | -_o'n_—,‘-‘-"'. ) ‘. -
1.4 _— . 086 ‘\’A.P.a_ -9 -
L aerE 4
12 - .- " L -
10 6, 9'.&.?""’"‘""- L B
08 | Sheared surface A Natural test block ]
- No. | o, | ¢ T N No. | o, | ¢ T .
086 - 7R [043]353]1.059 L 10 [042|295] 1.189 | |
0.4 2-R |0.86]4.25|1.373 TR 2-0 {0.84(3.14|1.620 | -
02 | 3-R [1.20]3.66 [ 1.720 3-0 {1.23[2.88(2.104 |
T 4-R [1.62]3.82]2.108 4-0 [166[3.52| 2552 ]
00 b o T T T
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Horizontal Displacement (Ah, mm)
(@) MCHUgr HES - MUSSH A
FrY T T[T T T r [V T T P [P T P TP T T T T rT vy vroY LANL L B LB B N RALENL N LB S LN L S Y L I B M
3 [ | Sheared surface Natural test block eI:= DX 4-0

: No AUmZn A“‘mux No' AL'I)IiIIi A‘L‘mux :
L [1-R[-1.606 | 0.849 [ 1-0 [-0.975 2.960 1
2 - 12-R[-2137] 0108 | 20 |-1.549]| 1.705 | | § N
- [3-R]-2.804]-1.090] 3-0 [-2.157 | -0.292 g % 1
1 [ [4-R]-3.665 -?.271 4-0 | -3.107 | -1.883 3 ]
- LA z ]
- .__J\IP '... : 2-0 ]
T 2R, .
r L., ~ ]
2 . ~
C 1-R-.. 5 ]
: e -a R ’ © ]
-3 - . o k] — 7 ]
: | B [Netural DSST] |
r - . 1
V3 S T S SN I IR BN S U TR NI SV S B TN

3 30 25 20 15 10 5 0 5 10 15 20 25 30

2% 3.15.15 In situ DSSTS] 4Hwta Mo djt AG-SH I} S HY sk

TT T

TT T

LINE L B B B B e

LI B B B B D B

Horizontal displcement (Ah , mm )

(b) MSYE HFS . £ X HB S (Dilatation) 2+ H|
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T T ' I T T T T L T T I T T T
26| —
| In situ DSST of weak rock masses |
2.4 7,(MPa) = 0.718 + o, tan(47.9°) -
0ol 7,(MPa) = 0.651 + o,tan(41.7°) :
S 20} -
= 1
e 1.8 - —
~ q
@ 16 ot -
o o
= . Q&/éﬁ\ [Test block No.1] 1
;(is r Natural test block | Sheared surface ]
5 121 No.| o | e | T [No| o | e | T ]| |
' 1-0 10.4212.95{1.19| 1-R [0.43/3.53{1.06| |
1.0 2-0 {0.843.14|1.62| 2-R |0.86(4.25 1.37| _|
3-0(1.23(2.88(2.10(3-R[1.20{366|1.72| |
08 L 4-0 |1.66(3.52(2.55| 4-R [1.62/3.82({2.11] _|
1 | i | 1 1 L | | 1 | s i
0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
Normal stress (¢, MPa)
(a) S HENE MH2AT AIE 0l1: Test Block No. 1
T ' | T 1 | ' 1 ' 1 ! ! T
2.41- Natural test block Sheared surface 1
i No. | o £ 7 |No.| o e T T
2.2 [1.0(0.433.16(1.00| 1-R[0.48/3.86/0.81 —
- 2-0 (0.88(2.94 (1.44|2-R|0.88/3.61/1.10 -
2.0 |{3-0[1.23|2.88{1.79|3-R|1.22/4.16|1.39 -
o + [40]166]432]2.25]4R 6.83[1.77 |
o
=18 _
R L 4
- 1.61 -
171
N L .
g
% 1.4\ .
g .
(.,c) 1.2 _
{ Test block No.2 J J
1.0 7
AR e 7, (MPa) = 0.554 + o, tan(45%) | |
AAG: 7,(MPa)= 0.517 + o, tan(40°) |_|
0.8 3
i i | A | | "

L
0.4 0.8 1.0

1.2

1.4

1.6

Normal stress (¢, MPa)
(b) Ex. In situ DSST of weak rock masses : T. block No.2

Fig. 3.15.17 Shear strength parameters of a weak rock mass
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Shear stress (t, MPa)

Dilataion ( Av, mm)

L R R e R
24+ Seared surface -1 24
- l ’ -4
22| No o ¢ T 422
i 1-R0.48|3.86/ 0.81 )
20 2-R[0.88]3.61] 1.10 20
- 3-R[122]416[ 139 o 1
181 Oeee.. sr[161f683[ 177] & - 18
16 h - 418
L r .
14 » —H 14
I o 1
12 = -4 1.2

" —

101 s 10
- -: -4
08} w - 08
e Natural test block -
06 No.l o | ¢ ] 7+ |08
i -0 {0. A6 1. T
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L Test block No.2 200881294 144 |
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Tt . No | dn,  Tan, [Nolan, T, {1
20 /\/P." 1-R [-1.460] 2.234 [ 1-0 [-1.170] 2.470 S -20
151 ‘. 2-R[-2172{1.086 | 2-0 |-1.718 1.198 145
L . 3-R [-2.899'-0.075] 3-0 [-2.5051 0.594 Q -
10 < . [4-R[-3447] 0 [4-0]-3136] 0 oW —10
051 4‘3_ / Jos
0.0 NN 0.0
L .! . '. o % -
-0.5 . ‘. . - 7/ — -0.5
}f'_ .-‘ . ‘. o % 4
1.0 . . L ~-1.0
15 e N S 1
15H . . . <. .n‘- = -1.5
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20} D g N ~ -2.0
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25+ . s ~-25
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351 | Test block No.2 | "=’ ~-35
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35 25 20 15 10 5 0 5 10 15 20 25

Fig. 3.15.18 ZHuiuis; Wiy
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T T I T T L T ' ¥ T T T l T T Ll L I T L} L) L I
C ]
- | Test block No.2 | |
20 - 20
P I ﬁ“
o 10k -2 Failure points 10
s £ e Top(1st test) ® 2nd block -
P 5 e 3rd block e 4 th(Bottom) A
© -
Tc:; - E Original test block .
ﬁ 0 TeSt gy d'u 70
g g 5 Sym. No. | MPa | deg. T
F S —1 1 [ 043|210 )
= —1] 2 1088180 ]
ol 2 — 1 3 124164 1.
L e 4 1.66 | 15.0 J
~Y
P U S S S R ]
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Horizontal displacement ( Ah, mm)
(a) Original test block X &t Al &2l dilatation
20— 77— 7 20
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[ [Test block No.2]
-
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[ g -
© L — 4
- = 1
o SF = -5
N r Q -1
s [ T Re-shear on sheared surface ]
8 i — Test o d ]
(1] 0 " (] —H0
2 T SYM- | No. | MPa | deg. | -
.= —_— 1 0.48 | 18.0 ]
sL & — 2 0.88 | 16.0 1s
Foa — 3 1224 | 145 1
. — 4 161 | 13.6 ]
-10 [ " \T’V. N N L s | N \ L " 1 L s " n 1 1 ] -10
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Horizontal displacement (Ah, mm)
(b) Re-shear on the sheared surface of original test block

19 3.15.19 Autsk Wdo] W& dilatation B](T. block No.2)

- 450 -



¥ 3.15.2 EF gu @1

9 4y

A A)Y A& (Test block No.1-1)

2+ 4el Top block(No. 1-0a)

Agd Hel AL (No. 1-Ra)

P Np | Ah Av i T P Np Ah Av i T
mit i kgf |kgfc| mm mm MPa | kgf |kgfc! mm mm » | MPa
0 0 70.1 | 0.000 0 -28.2| 0.00 0 72.1 | 0.000 | 0.000 |-31.2| 0.00
1 546 | 70.1 [ 0.295] -0.158 |-18.2} 0.05 | 315 | 72.2 | 0.404 | -0.245 | -34.9| 0.03
2 967 | 70.1 | 0.602 | -0.259 | -19.0 | 0.08 653 | 72.5| 0.702 | -0.453 | -28.8| 0.05
3 1514 | 70.5 | 0.901 | -0.362 |-15.1] 0.13 | 968 | 72.2 | 1.062 | -0.651 |-32.6 | 0.08
4 2120 | 70.5 | 1.202 | -0.443 | -18.6| 0.18 | 1314 | 72.2 | 1.369 | -0.847 |-19.5| 0.11
5 2902 | 70.5 | 1.504 | -0.545 | -15.1| 0.24 | 1662 | 72.5 | 1.720 | -0.971 |-21.3| 0.14
6 3297 | 70.2 | 1.801 | -0.625 |-14.1{ 0.28 | 2129 | 72.1 | 2.028 | -1.091 {-22.6 | 0.18
7 3919 | 70.5 12.098 | -0.7 | -9.2 ! 033 | 2574 | 72.2 | 2.335 | -1.219 l -12.51 0.22
8 4525 | 702 | 2.409| -0.75 | -9.1 | 0.38 | 3051 | 722 | 2.686 | -1.297 |-12.8} 0.26
9 5181 | 70.7 | 2.703 | -0.797 | -10.0 | 0.43 | 3563 | 72.2 | 3.028 | -1.375 | -9.6 | 0.30
10 5468 | 71.5 | 3.008 | -0.851 | -9.0 | 0.46 | 4073 | 72.5 | 3.335 | -1.427 | -8.2 | 0.34
11 6225 | 71.0 13,305 -0.898 | -5.3 | 0.52 | 4596 | 72.1 | 3.677 | -1476 | -79 | 0.39
12 6780 | 70.1 | 3.607 | -0.926 | -6.0 | 0.57 | 5277 | 72.2 | 3.994 | -1.520 | -5.3 | 0.44
13 7299 | 70.6 | 3.911 | -0.958 | -3.9 | 0.61 | 5731 | 72.2 | 4.359 | -1.554 | -3.8 | 0.48
14 8042 | 70.0 | 4.206 | -0.978 | -0.6 | 0.68 | 6072 | 72.5 | 4.648 | -1.573 | -3.2 | 0.51]
15 8614 | 70.0 | 4.498 | -0.981 | -0.4 | 0.73 | 6570 | 72.2 | 4951 | -1.590 | -2.5 | 0.55
16 8910 } 70.5 14.817 | -0983 | 2.3 | 0.75 § 7217 | 722 ) 5268 | -1.604 | 0.7 | 0.61
17 | 9388 | 70.0 | 5.119| -0.971 | 2.6 | 0.79 | 7512 | 72.5 | 5.593 | -1.600 | -0.6 | 0.64
18 | 9848 | 70.8 | 5.409 | -0.958 | 3.7 | 0.83 | 7989 | 72.2 | 5951 | -1.604 | 2.8 | 0.68
19 | 10300 | 70.0 | 5.716 | -0.938 | 2.2 | 0.87 | 8346 | 72.2 | 6.258 | -1.589 | 3.2 | 0.71
20 [ 10793 | 70.7 | 6.025 | -0926 | 7.6 | 091 | 8684 | 72.1 | 6.578 { -1.571 | 3.6 | 0.74
21 11184 | 71.5 16.339 | -0.884 | 5.0 | 095 | 9390 | 72.2 | 6.927 | -1.549 | 5.8 | 0.80
22 | 11664 | 71.3 {6.657|-0.856 | 8.2 | 0.99 | 9531 | 72.2 { 7.253 | -1.516 | 5.1 0.81
23 | 118401 70.2 1 6.948 | -0.814 | 7.1 1.01 | 9900 | 722 ! 7.557 | -1.480 | 8.4 | 0.84
24 112170 70.5 1 7.244 | -0.777 | 12.2 ] 1.03 | 10182 ] 72.5| 7903 | -1.438 | 7.7 | 0.87
25 | 125241 70.0 | 7.544 | -0.712 | 9.2 | 1.07 | 10541 | 72.5 | 8.236 | -1.393 | 8.4 | 0.90
26 | 12796 1 69.9 | 7.852 | -0.662 | 14.2 | 1.09 | 10791 | 72.2 | 8.575 ! -1.343 | 10.5 | 0.92
27 | 13081 | 70.0 { 8.144 | -0.588 | 12.6 | 1.12 | 11106 | 72.2 | 8.865 | -1.289 | 13.3 | 0.95
28 | 13252 70.5 {8459 | -0518 | 154 | 1.13 | 11235 | 72.2 | 9.170 | -1.217 | 10.8 | 0.96
29 | 13442 | 70.2 1 8.745 | -0.439 | 184 | 1.15 | 11400 | 72.1 | 9.521 | -1.150 | 13.4 | 0.98
30 113622 70.3 19.052 | -0.337 | 15.5 | 1.16 | 11432 | 72.2 | 9.820 | -1.079 | 13.1 | 0.98
31 13679 | 71.3 19.347| -0.255 | 19.5 | 1.17 | 11681 | 72.5 | 10.156 | -1.001 | 10.0 | 1.00
32 | 13809 | 71.3 [ 9.650 | -0.148 | 17.1 | 1.18 | 11757 | 72.5 | 10.519 | -0.937 | 12.5 | 1.01
33 13763 | 70.7 |9.956 | -0.054 | 19.8 | 1.18 | 11914 | 72.2 | 10.856 | -0.862 i 11.7 | 1.02
34 | 13848 | 70.5 [10.252] 0.053 | 19.7 | 1.19 ) 11958 | 72.5 1 11.200 | -0.791 | 12.7 | 1.03
35 [ 13825} 70.2 |10.543] 0.157 | 22.2 | 1.19 || 12048 | 72.2 | 11.542 | -0.714 | 13.0 | 1.04
36 | 13765 70.2 |10.856! 0.285 | 22.0 | 1.18 | 12200 | 72.5 { 11.820 | -0.650 | 144 | 1.05
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¥ 3.15.200 4 Al&(kfge ; kgf/cm?)

A< el Top block(No.1-0b) Aokg wel A (No. 1-Rb)

t P | No| Ah | Av | & | 7 | P | No| Ah | Av | i | 7

min kgf |kegfc| mm mm © | MPa | kgf |kgfc| mm mm * | MPa
37 13662 | 70.2 | 11.163 | 0.409 | 20.4 | 1.18 | 12214 | 72.2 | 12.158 | -0.563 | 12.3 | 1.05
38 | 13672 | 70.2 | 11.464 | 0.521 | 18.7 | 1.18 || 12200 | 72.2 | 12.501 | -0.488 | 12.8 | 1.05
39 {13552 | 70.8 | 11.765 | 0.623 | 22.5 | 1.17 | 12163 | 72.5 | 12.817 | -0.416 | 14.9 | 1.05
40 | 13510 | 70.2 | 12.064 | 0.747 | 21.3 | 1.17 | 12163 | 72.2 | 13.132 | -0.332 | 11.2 | 1.05
41 13418 | 70.5 | 12.364 | 0.864 | 18.7 | 1.16 | 12129 | 72.2 | 13.465 | -0.266 | 13.4 | 1.05
42 13375 | 71.5 | 12.680 | 0971 | 20.1 | 1.16 || 12088 | 72.5 | 13.781 | -0.191 | 14.2 | 1.05
43 | 13316 | 71.0 | 12.972 | 1.078 | 18.4 | 1.15 12044 | 72.2 | 14.073 | -0.117 | 10.4 | 1.04
44 | 13266 | 70.1 | 13.270 | 1.177 | 21.2 | 1.15 | 11988 | 72.2 | 14.456 | -0.047 | 12.2 | 1.04
45 13221 | 70.1 | 13.572 | 1.294 | 17.8 | 1.15 | 11964 | 72.5 | 14.753 | 0.017 | 10.5 | 1.04
46 | 13215 | 70.1 | 13.874 | 1.391 | 182 | 1.15 | 11925 722 | 15.114 | 0.084 | 9.1 | 1.04
47 112979 { 70.5 | 14.169 | 1.488 | 17.7 | 1.13 | 11762 | 72.2 | 15.421 | 0.133 | 9.4 | 1.02
48 | 13000 | 70.2 | 14479 | 1.587 | 18.8 | 1.13 | 117161 72.5 | 15.758 | 0.189 | 10.1 | 1.02
49 | 12922 | 70.2 | 14.774 | 1.687 | 16.5 | 1.12 | 11561 | 72.2 | 16.112 | 0.252 | 9.0 | 1.01
S0 | 12878 | 70.2 | 15.077 | 1.777 | 17.1 | 1.12 | 11578 | 72.2 | 16.439 | 0.304 | 9.8 | 1.0l
51 12767 | 70.5 | 15.372 | 1.868 | 14.8 | 1.11 | 11460 | 72.5 | 16.734 | 0.355 | 7.9 | 1.00
52 | 127351702 [ 15.675| 1.948 | 17.1 | 1.11 | 11425 722 { 17.037 | 0.397 | 8.3 | 1.00
53 12692 | 70.5 | 15978 | 2.041 | 16.1 | 1.11 | 11300 | 72.2 | 17.340 | 0.441 8.6 | 0.99
54 12643 | 70.5 | 16.275 | 2.127 | 13.6 | 1.10 | 11154 | 72.1 | 17.637 | 0.486 | 5.0 | 0.98
§5 | 12541 | 70.2 | 16.564 | 2.197 | 123 | 1.10 | 10741 | 72.2 | 18.046 | 0.522 | 5.3 | 0.94
56 | 12418 | 70.1 | 16.884 | 2.267 | 13.8 | 1.09 | 10636 | 72.2 | 18.366 | 0.552 | 6.5 | 0.93
57 | 12255 | 70.1 | 17.185 | 2.341 | 10.3 | 1.07 | 10666 | 72.2 | 18.667 | 0.586 | 6.0 | 0.94
58 | 12205 | 70.5 | 17.488 | 2.396 | 13.0 | 1.07 | 10769 | 72.5 | 18970 | 0.618 | 5.1 | 0.95
59 | 11983 | 70.5 | 17.788 | 2.465 | 12.3 | 1.05 | 10756 | 72.5 | 19.270 | 0.645 | 5.2 | 0.95
60 | 11928 | 70.5 | 18.087 | 2.53 84 | 1.05 10647 | 72.2 [ 19.569 | 0.672 | 3.8 | 0.94
61 11920 | 70.2 | 18.438 | 2.582 | 10.8 | 1.05 | 10663 | 72.2 | 19.920 | 0.695 | 4.2 | 0.94
62 | 11869 | 70.5 | 18.753 | 2.642 | 6.2 | 1.04 | 10414 | 72.2 | 20.235 | 0.718 | 3.3 | 0.92
63 | 11869 | 70.5 | 19.046 | 2.674 | 11.4 | 1.05 || 10407 | 72.1 | 20.528 | 0.735 | 3.7 | 0.92
64 | 11812 | 70.2 | 19344 | 2.734 | 8.8 | 1.04 {10352 | 72.2 | 20.826 | 0.754 | 3.6 | 0.92
65 11675 | 70.1 | 19.646 | 2.781 | 7.0 | 1.03 | 10391 | 72.5 | 21.128 | 0.773 | 3.6 | 0.92
66 | 11640 | 70.5 | 19948  2.818 | 54 | 1.03 | 10198 | 72.5 | 21.430 | 0.792 | 3.9 | 0.90
67 11769 | 70.5 | 20.243 | 2.846 | 59 | 1.04 | 10213 | 72.2 | 21.725 | 0.812 1.8 | 091
68 | 11685 | 70.2 | 20.553 | 2.878 | 4.5 | 1.03 | 10120 | 72.5 | 22.035| 0.822 ; 1.8 | 0.90
69 | 11686 | 70.2 | 20.847 | 2.901 | 4.5 | 1.03 | 10126 | 72.2 { 22.329 | 0.831 1.7 | 0.90
70 | 11634 | 70.5 | 21.151 | 2925 | 4.5 | 1.03 | 10058 | 72.2 | 22.633 | 0.840 - 1090
71 11624 | 70.5 | 21.446 | 2948 | 54 | 1.03
72 | 11640 | 70.2 | 21.731 | 2.975 1.03
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$£3.15.3 E&¢

L=

At A Y A5 (Test block No.1-2)

2+ el Top block(No. 2-0a)

Add B9 AAD (No. 2-Ra)

. P Np Ah Av i T P Np Ah Av i T
mmA| kgf | kgfc!| mm mm MPa | kgf {kgfc! mm mm o MPa
0 0 140.7 | 0.000 | 0.000 [-32.60( 0.00 0 143.7 | 0.000 | 0.000 |-39.4| 0.00
| 1057 { 141.1| 0.410 | -0.262 |-28.90( 0.09 | 437 | 143.8| 0.425 | -0.349 | -38.5| 0.04
2 2150 | 140.1 | 0.743 | -0.446 |-21.40| 0.18 | 1220 | 143.9] 0.771 | -0.624 |-29.9| 0.10
3 3628 | 141.2 | 1.093 | -0.583 {-18.00| 0.30 | 2046 | 144.2 | 1.133 | -0.832 |-26.3 | 0.17
4 4241 1 141.0 | 1.536 | -0.727 1-22.70| 0.35 | 2655 | 144.1 | 1.593 | -1.059 |-27.3{ 0.22
5 5238 | 141.4 | 1.888 | -0.874 |-19.70| 0.44 | 3552 | 144.8 | 1.958 | -1.247 |-23.6| 0.30
6 6302 | 141.0 | 2.220 | -0.993 |-13.30| 0.53 | 4363 | 143.7| 2.302 | -1.397 |-16.1| 0.37
7 7461 { 141.0 | 2.651 | -1.095|-11.10} 0.63 | SI155 | 145.1| 2.749 | -1.526 |-11.0 | 0.43
8 8225 | 141.2 | 3.170 | -1.197 {-10.70| 0.69 | 6073 | 144.1 | 3.287 | -1.647 |-12.1 | 0.51
9 9234 | 141.3| 3.561 |-1.2711-9.70 | 0.78 | 6874 | 143.5] 3.693 | -1.739 | -8.3 | 0.58
10 | 9984 | 140.9 | 4.006 | -1.347| -7.50 | 0.84 | 7598 | 143.8 | 4.154 | -1.806 | -8.3 | 0.64
11 J112531140.3) 4418 |-1.401 | -7.70 | 095 | 8245 | 143.9| 4.581 | -1.868 | -53 | 0.70
12 (11990 141.2 | 4.855 |-1.460| -3.00 | 1.01 | 8621 | 1442 | 5.035 | -1.926 | -4.5 | 0.73
13 |12767| 140.7 | 5299 | -1.483 | -1.40 | 1.08 | 9355 | 144.1| 5495 | -1.976 | -3.3 | 0.79
14 l35]7A 140.9 | 5719 | -1.493 | -3.50 | 1.14 | 9920 | 144.8 | 5.931 | -2.024 | -3.9 | 0.84
15 | 141 ]7] 140.3 | 6.171 | -1.521 | -0.30 | 1.20 | 10651 | 143.7 | 6.399 | -2.080 | -3.0 | 0.90
16 |14840| 141.2 | 6.574 | -1.523 | -0.80 | 1.26 | 11017 | 145.1 | 6.817 | -2.111 | -1.9 | 0.94
17 |15345| 140.7 | 7.115 | -1.531| -0.20 | 1.30 | 11581 | 144.1 | 7.378 | -2.138 | -3.1 | 0.99
18 |16095| 140.9 | 7.458 |-1.532| 1.30 | 1.37 | 11865 | 143.8| 7.734 | -2.151 | -1.3 | 1.01
19 116804 140.3 | 7.940 | -1.521 | 1.80 | 1.43 | 12472 | 143.2 | 8.233 | -2.152 | -0.9 | 1.06
20 173361 141.2 | 8.365 | -1.508 | 5.50 | 1.48 | 12615 | 144.1 | 8.674 | -2.140 | -1.1 | 1.08
21 [17827|140.7 ) 8.731 {-1.473| 2.10 | 1.52 | 13181 | 143.6 | 9.053 | -2.130 | 0.6 | 1.13
22 | 18168 140.3 | 9.213 | -1.455| 4.00 | 1.55 | 13535 143.11 9.554 | -2.118 | 0.7 | 1.16
23 185841 140.7 | 9.602 | -1.428 ‘ 480 | 1.59 | 13836 | 143.5] 9957 | -2.102 | 0.8 | 1.19
24 18685I 141.1 110.099 1 -1.386 | 6.20 | 1.60 | 14163 | 144.0]10.473| -2.055 | 3.0 | 1.22
25 118732 140.1 |10.488|-1.344| 570 | 1.61 | 14308 ! 143.0/10.876( -2.034 | 4.8 | 1.23
26 [188231141.2110916|-1.301 | 6.40 | 1.62 | 14501 | 144.1 [ 11.319| -1.997 | 34 | 1.25
27 (187211 141.0)11.355]-1.252 7.10 | 1.61 | 14636 | 143.9|11.775! -1.970 | 4.0 | 1.26
28 {18619 141.4111.799|-1.197| 9.80 | 1.60 | 14705 | 144.2112.236| -1.933 | 6.4 | 1.27
29 [18660| 141.0|12.186|-1.130| 7.50 | 1.61 | 14560 | 143.9{12.637| -1.888 | 48 | 1.26
30 }18363|141.0]12.679|-1.065]|10.10 | 1.59 | 1483911439 (13.148| -1.845 | 9.5 | 1.28
31 [18312|141.2|13.073|-0.995| 9.20 | 1.58 | 14849 | 143.9(13.556| -1.787 | 8.3 1.29
32 |18386] 141.313.516/-0.923 | 9.20 | 1.59 | 15032 | 144.7 | 14.016| -1.720 | 7.4 | 1.30
33 |18138)140.9{13.941(-0.854| 11.60 | 1.57 | 15061 | 145.0 | 14.456| -1.663 | 3.4 | 1.31
34 |18026| 140.3|14.373(-0.765| 9.40 | 1.57 | 14984 | 144.6 | 14.904| -1.626 | 8.4 | 1.30
35 [17929| 141.2 |14.826|-0.690 | 12.20 | 1.56 | 15040 | 144.7 | 15.374| -1.557 | 9.3 1.31
36 |17780| 140.7 | 15.251|-0.598 | 11.70 | 1.55 | 14947 | 143.8 | 15.815| -1.485 1 5.8 | 1.30
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E 3.15.390 4 A& (kfge ; kaf/cm?)

2+ el Top block(No. 2-0b) Akd "o A (No. 2-Rb)
t P I N | Ak | Qv | & | 7 | P | No | Ak | Qv ] i | 7
MINA\} kof | kgfc| mm mm © MPa | kgf |kgfc| mm mm ° | MPa
37 | 17561 | 140.9 | 15.694 | -0.506 | 5.80 | 1.53 | 14909 | 143.9 [ 16.274 | -1.438 | 13.7 | 1.30
38 | 17424 | 1403 | 16.101 | -0.465 | 16.00 | 1.52 | 14817 | 144.2 [ 16.696 | -1.335 | 12.4 | 1.30
39 | 17297 1 141.2 | 16.507 |-0.348 | 6.90 | 1.51 | 14723 | 144.1 |17.118|-1.242| 7.2 | 1.29
40 | 17284 |140.7|16.932 | -0.297 | 1420 | 1.51 | 14550 | 144.8 [17.559|-1.186 | 7.2 | 1.28
41 17226 | 140.9 | 17.412 [-0.175 | 11.70 | 1.51 | 14527 | 143.7 | 18.056 | -1.123 | 92 | 1.28
42 17079 | 140.3 | 17.785 | -0.098 | 9.30 | 1.50 [ 14498 | 145.1 | 18.443 [-1.060 | 9.8 | 1.27
43 | 16909 | 141.2 | 18.242 [-0.023 | 11.80 | 1.49 | 14471 | 144.1 | 18.917[-0.978 | 6.6 | 1.27
44 | 16690 | 140.7 | 18.667 | 0.066 | 8.80 | 1.47 | 14367 | 143.8 |19.358[-0.927 | 6.5 | 1.27
45 | 16602 | 140.3 | 19.110 | 0.135 | 11.90 | 1.46 | 14243 | 144.4 | 19.817|-0.875 | 7.4 | 1.26
46 | 16442 | 140.7 | 19.572 | 0.232 | 10.00 | 1.45 | 14150 | 143.6 {20.296 [ -0.813 | 4.4 | 1.25
47 116395 141.1|20.035 | 0.314 | 8.60 | 1.45 | 13902 | 143.7 |20.776 | -0.776 | 8.4 | 1.23
48 | 16405 | 140.1 | 20.513 | 0.386 | 14.60 | 1.45 | 13861 | 144.4121.272|-0.703 | 6.3 | 1.23
49 | 16265 | 141.2|20.865 | 0.478 | 9.90 | 1.44 | 13723 | 144.5 |21.637[-0.663 | 5.3 | 1.22
50 | 16183 | 141.0{21.363 | 0.565 | 14.20 | 1.44 | 13739 | 144.2 |122.153|-0.615| 83 | 1.22
51 {16019 | 141.4 [ 21.698 | 0.650 | 6.60 | 1.42 | 13633 | 143.6 |22.501 | -0.564 | 4.3 | 1.21
52 116059 [ 141.0 | 22.175 | 0.705 | 15.50 | 1.43 | 13602 | 144.1 |22.995|-0.527 | 7.8 | 1.21
53 | 15987 | 141.0 122460 | 0.784 | 6.40 | 1.42 | 13492 | 143.9 |23.522-0455| 4.5 | 1.20
54 115769 | 141.2 | 23.080 | 0.854 | 8.80 | 1.41 | 13361 | 1452 {24.029-0.415| 3.9 | 1.19
55 | 15687 | 141.3|123.533| 0924 | 820 | 1.40 | 13154 | 145.0 |24.499 | -0.383 | 3.3 | 1.18
56 {15599 |140.9 | 23.948 | 0.984 | 10.80 | 1.39 | 13061 | 145.3 {24.929|-0.358 | 8.7 | 1.17
57 | 15516 |140.3124.336| 1.058 | 9.30 | 1.39 [ 13088 | 144.9 |25.332|-0.296 | 4.5 | 1.17
58 | 15530 [ 141.2[24.701 | 1.118 | 6.50 | 1.39 | 13020 | 144.3 |25.710|-0.266 | 3.0 | 1.17
59 115436 | 140.7 | 25.204 | 1.175 | 6.50 | 1.39 [ 12968 | 144.6 {26.233 | -0.239 | 3.5 | 1.17
60 | 15398 ! 140.9 | 25.684 ; 1.230 | 10.60 | 1.38 | 12871 | 144.2 |126.730|-0.209 | 9.7 | 1.16
61 | 15308 |140.3 25998 | 1.289 | 5.70 | 1.38 | 12885 | 144.4 (27.056|-0.153 | 4.3 | 1.16
62 | 15210 | 141.2|26.478 | 1.337 | 8.20 | 1.37 | 12664 | 144.7 |27.553|-0.116 | 2.6 | 1.14
63 | 15214 | 140.7 | 26.921 | 1.401 | 6.70 | 1.37 | 12658 | 144.7 |28.013 | -0.095 | 5.8 | 1.15
64 | 15219 |140.9|27.328 | 1.449 | 7.60 | 1.37 | 12609 | 144.6 |28.434 | -0.052 | 5.8 | 1.14
65 | 15162 |140.3 | 27.697 | 1.498 | 5.50 | 1.37 | 12643 | 144.3 |28.817|-0.013 | 3.9 | 1.15
66 | 15191 | 141.2 | 28.232 | 1.550 | 5.70 | 1.38 | 12472 | 144.7 |129.373| 0.025 | 3.2 | 1.13
67 | 15102 | 140.7 | 28.681 | 1.595 | 6.30 | 1.37 | 12485 | 144.5 |29.838| 0.051 | 3.0 | 1.14
68 | 14999 | 140.3 | 29.064 | 1.637 | 6.50 | 1.36 | 12402 ! 143.6 |30.235| 0.072 | 1.9 | 1.13
69 | 15014 | 140.7 | 29.503 | 1.687 | 4.10 | 1.37 | 12425 | 144.7 | 30.690| 0.087 | 1.9 | 1.13
70 | 14962 | 140.3 | 29.949 | 1,719 1.36 | 12347 | 143.7131.153| 0.102 1.13
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¥3.15.4 EF S €49 IPAG Ald A3 (Test block No.1-3)
A4 Al Top block(No.3-0a) Agtd Hel AAD (No. 3-Ra)
t P | Np | Ah | Av | i T P | Np | Ah | Av | i T
min kgf !kgfc | mm mm o MPa | kgf | kgfc!| mm mm a MPa
0 0 |204.7/0.000] 0000 458|000 | O |200.9|0.000| 0.000 | -51.7 | 0.00
1 | 1269 |204.7 | 0.327 | -0.336 | -30.0 | 0.11 | 1258 | 199.7 | 0.338 | -0.429 | -38.7 | 0.10
2 | 2927 204.6|0.699 | -0.551 | -34.3 | 0.24 | 2321 | 201.4 | 0.724 | -0.738 | -36.4 | 0.19
3 | 4295 |206.0/1.052 |-0.792 | -34.7 | 0.36 | 3562 | 199.7 | 1.090 | -1.007 | -34.2 | 0.30
4 5791 | 205.0 | 1.372 |-1.013 | -24.1 | 0.48 | 4769 | 199.9!1.420|-1.232(-228 | 0.40
5 7183 | 206.4 | 1.765 | -1.189 | -23.1 | 0.60 | 5734 | 199.9 | 1.828 | -1.480 | -22.4 | 0.48
6 | 8485 |205.0|2.139 |-1.349 | -16.2 | 0.71 | 6024 | 200.0 | 2.215 | -1.655 | -17.3 | 0.50
7 | 9645 | 207.6 | 2.549 | -1.468 | -17.2 | 0.81 | 7463 | 201.3 | 2.640 | -1.811 | -22.9 | 0.63
8 10547 | 207.512.880 | -1.570 | -15.4 | 0.89 | 8546 | 201.5|2.982 |-1.945| -144 | 0.72
9 |12211]2058|3.287|-1.682 -8.8 | 1.03 | 9550 | 198.9 | 3.403 | -2.064 | -14.5 | 0.80
10 | 13040 205.313.637 -1.736 | -11.2 | 1.10 | 10234 | 201.1 | 3.766 | -2.145 | -12.1 | 0.86
11 | 14009 | 204.0 | 4.068 | -1.821 | -12.8 | 1.18 | 10841 | 200.8 | 4.213 | -2.247] 95 | 0.91
12 | 15705 1 205.8 | 4.429 | -1.903 | -85 | 1.32 | 11395 | 201.7 | 4.586 | -2.325| -11.7 | 0.96
13 | 16383 | 204.04.752 | -1.951 | -7.8 | 1.38 | 12740 | 201.5| 4.933 | -2.380| -8.8 | 1.08
14 | 17754 | 204.2 | 5.096 | -1.998 | -6.0 | 1.50 | 13321 |201.7 | 5.303 | -2.437 | -7.6 | 1.13
16 | 18488 | 204.2 | 5445 -2.035 | -7.1 156 | 14414 | 200.5 | 5639 | -2.482 | -85 | 1.22
16 | 19260 | 204.3 | 5.806 | -2.080 | -3.4 | 1.63 | 15186 | 203.3 | 6.009 | -2.537 | -5.8 | 1.29
17 | 19885 | 208.4 | 6.141 | -2.100 | -0.3 | 1.69 | 15882 | 201.4 | 6.359 | -2.573 | -5.5 | 1.35
18 | 20906 | 207.5 | 6.510 | -2.102 | -5.3 | 1.77 | 16664 | 200.3 | 6.741 | -2.609 | -2.8 | 1.41
19 (21682 | 203.2 | 6.887 |-2.137 | -2.6 | 1.84 | 17137 | 199.3 | 7.131 | -2.656 | -3.9 | 1.46
20 | 22329 |205.5|7.258 | -2.154 | -0.3 | 1.90 | 17532 | 202.8 | 7.516 | -2.688 | 0.2 1.49
21 | 22976 | 205.2 | 7603 | -2.156 | -0.2 | 1.96 | 17928 | 202.6 | 7.873 | -2.719| -2.8 | 1.53
22 | 23545 206.1(7.954 2157 0.3 | 2.01 | 18362 | 199.3 | 8.236 | -2.752| -06 | 1.57
23 | 23869 | 207.9 | 8.345 -2.155| 2.7 2.04 | 18469 | 2026 | 8641 | -2.785| -1.0 | 1.58
24 |242131206.1 (8709 | -2.138 | 4.1 | 2.07 | 18912 | 202.2 | 9.018 | -2.792 | -0.1 | 1.62
25 | 24373 |204.99.102 |-2.110 | 3.0 | 2.08 | 19087 | 204.3 | 9.425 | -2.793 | 16 | 1.63
26 |24502 | 207.8 | 9.484 |-2.090 | 2.7 | 2.10 | 19341 | 200.5 [ 9.821 | -2.798 | 1.7 | 1.66
27 24502!205.8 9.840 | -2.073 | 4.2 2.10 | 19483 | 203.1 {10.190{ -2.813 | 0.0 1.67
28 | 24534 | 204.6 |10.259| -2.042 | 4.1 2.10 | 19586 | 201.7 (10.623! -2.813 | 0.6 1.68
29 | 24393 | 203.6 10.621(-2.016 | 46 | 2.09 | 19591 | 199.0 [10.998| -2.809 | 0.9 | 1.68
30 | 24347 |207.3 (10.991/-1.986 | 8.2 | 2.09 | 19721 | 201.6 [11.381 -2.803 | 0.8 | 1.70
31 | 24172 ' 207.0 {11.360/-1.933 | 2.9 2.08 | 19860 | 2016 (11.764| -2.772 | 3.2 1.71
32 | 23978 | 203.6 [11.753| -1.913 | 59 | 2.07 | 19874 | 202.4 [12.170/ -2.749 | 0.8 | 1.71
33 | 23862 |207.0 [12.112|-1.876 | 58 | 2.06 | 19879 | 199.1 [12.542| -2.728 | 3.7 | 1.72
34 | 23692 | 206.6 (12.507|-1.836 | 11.6 | 2.05 | 19966 | 201.7 [12.951|-2.701 | 4.4 | 1.73
35 | 23549 | 208.8 |12.857| -1.764 | 1.4 2.04 | 19676 | 201.2 (13.314| -2.673 | 2.1 1.70
36 23347‘204.9 13.269|-1.754 | 6.6 2.02 | 19763 | 203.1 |13.740| -2.628 | 59 1.71

- 455 -




H 3.15.490 4 Al&(kfge ; kgf/cm?)

A+ 4] Top block(No. 3-0b)

Aed 99 A< (No. 3-Rb)

. P Np Ah Av 1 T P Np Ah Av i T
min\{ kgf |kgfc| mm mm ¢ | MPa | kgf | kgfc | mm mm © | MPa
37 | 23144 1 207.5|13.607| -1.715 | 7.0 | 2.01 | 19657 | 202.0 | 14.090| -2.548 | 6.9 | 1.71
38 | 22925 | 206.1 [13.956| -1.672 | 55 | 1.99 | 19570 | 201.6 | 14.452| -2.504 | 5.8 | 1.70
39 | 22748 | 203.3 |14.373| -1.632 | 9.1 | 1.98 | 19483 | 201.6 |14.883| -2.460 | 6.2 | 1.69
40 | 22614 | 206.0 |14.761| -1.570 | 4.8 | 1.97 | 19387 | 201.7 |15.285| -2.408 | 7.5 | 1.69
41 | 22434 | 206.0 | 15.143| -1.538 | 104 | 1.95 | 19174 | 199.0 | 15.681| -2.367 | 6.4 | 1.67
42 | 22288 206.9 |15.498| -1473 | 50 | 1.94 | 19135 | 201.6 |16.048 | -2.328 | 6.2 | 1.67
43 | 22235 203.4 |15.842| -1.443 | 6.8 | 1.94 | 18802 | 201.6 | 16405 -2274 | 76 | 1.64
44 | 22107 | 206.1 |16.234| -1.396 | 6.7 | 1.93 | 18844 | 203.8 | 16.810| -2.226 | 7.3 | 1.65
45 | 21950 | 205.6 | 16.594 | -1.354 | 11.8 | 1.92 | 18769 | 199.8 | 17.183 | -2.189 | 5.2 | 1.64
46 | 21858 | 207.5116.987 | -1.272 | 7.2 | 191 | 18887 ( 201.6 |17.590| -2.129 | 86 | 1.66
47 | 21776 | 206.4 {17.369| -1.224 | 7.8 | 1.91 | 18896 | 204.8 |17.986 | -2.081 | 7.7 | 1.66
48 | 21542 | 206.0 {17.713| -1.177 | 6.7 | 1.89 | 18957 | 204.8 | 18.342| -2.031 | 6.6 | 1.67
49 | 21396 | 206.0 |18.131| -1.128 | 6.5 | 1.88 | 18624 | 202.1 (18.775| -1.968 | 9.5 | 1.64
50 | 21355 | 206.1 |18.493| -1.087 | 6.0 | 1.88 | 18496 | 2016 |19.150| -1.944 | 3.6 | 1.63
51 }21423 1 203.3 |18.863| -1.048 | 7.7 | 1.89 | 18487 | 201.6 | 19.533| -1.877 | 9.9 | 1.63
52 |21247 | 206.0 (19.233 | -0.998 | 6.6 | 1.87 | 18475 | 202.4 |19.916! -1.826 | 6.9 | 1.63
53 | 21151} 206.0{19.638| -0.951 | 7.5 | 1.87 | 18199 | 199.1 |20.335! -1.773 | 8.1 | 1.61
54 | 20998 | 208.3 (19.997 | -0.904 | 6.4 | 1.85 || 18241 | 201.7 |20.707 | -1.727 | 6.4 | 1.61
55 | 20712 |204.1 (20.392| -0.860 | 86 | 1.83 | 18183 | 201.2 |21.116| -1.678 | 8.0 | 1.61
56 | 20854 |205.9:20.730| -0.809 | 6.2 | 1.85 | 17987 | 204.3 |21.466| -1.629 | 6.6 | 1.60
§7 | 20660 |209.3 (21.142| -0.764 | 4.1 | 1.83 | 17998 | 202.0 |21.892| -1.579 | 8.1 | 1.60
58 | 20523 | 209.3 {21.479| -0.740 | 8.3 | 1.82 | 18010 | 201.6 |22.242| -1.528 | 8.0 | 1.60
69 | 20392 | 206.5 {21.829| -0689 | 7.8 | 1.81 | 17707 | 2016 |22.603| -1.479 | 6.5 | 1.58
60 | 20198 | 206.0 122.245| -0632 | 58 | 1.80 | 17603 | 201.7 123.035| -1.431 | 8.3 | 1.57
61 {20081 | 206.0 |22.563 | -0.600 | 8.9 | 1.79 | 17583 | 201.6 | 23.364 -1.383 | 7.1 | 1.57
62 | 20031 | 2069 |22.933| -0.542 | 56 | 1.78 | 17525 | 202.6 |23.747| -1.335 | 7.2 | 1.57
63 {19854 | 203.4 |23.302| -0.506 | 3.4 | 1.77 | 17478 | 202.2 |24.129| -1.289 | 6.3 | 1.56
64 | 19759 | 206.1 |23.707 | -0.482 | 46 | 1.76 | 17279 | 204.3 |[24.549| -1.248 | 6.3 | 1.55
65 | 19605 | 205.6 |24.066 | -0.453 | 3.9 | 1.75 | 17204 | 200.5 |[24.921| -1.203 | 6.3 | 1.54
66 | 19416 | 208.8 |24.462 | -0.426 | 4.1 | 1.74 | 17155 | 203.1 |25.330| -1.180 | 3.8 | 1.54
67 | 19512 | 206.4 {24.799| -0.402 | 4.3 | 1.75 | 17152 | 201.7 [25.679| -1.159 | 2.8 | 1.54
68 | 19512 | 206.0 |25.211| -0.371 | 6.3 | 1.75 | 17163 | 199.0 {26.106| -1.131 | 4.6 | 1.54
69 | 19376 | 206.0 |25.549| -0.334 | 25 | 1.74 | 17175 | 201.6 |26.456| -1.118 | 2.1 | 1.65
70 | 19410 | 206.1 |25.898| -0.319 | 1.9 | 1.75 | 17175 | 2016 |26.817 -0.928 | 4.2 | 1.55
19309 | 206.0 |26.314| -0.305 | — | 1.74 | 17070 | 202.4 |27.248| -0.896 | — | 1.54
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¥3.15.5 B gut &%

At A A (Test block No.1-4)

A+<A Z&El Top block(No. 4 -0a)

Avrd 99 AR (No. 4-Ra)

t_ P Np Ah Av i T P Np AR Av i T
min kgf | kgfc | mm mm o MPa | kegf [kgfc! mm mm o MPa
0 0 |2784 (0000 | 0.000 |-582|000] 0 [273.4]0.000|0.000|-61.6|0.07
1| 2119 12797 1 0.307 |-0.495 | -49.3 | 0.18 | 897 [272.5] 0.323 |-0.597! -54.7 | 0.15
2 | 3313 | 2804 | 0.615 |-0.854 | -46.7 | 0.28 | 1839 |272.0 | 0.649 |-1.057| -45.9 | 0.26
3 | 4753 [ 279.4 | 0925 [-1.182 | -41.8 | 0.40 | 3147 [ 272.5| 0.975 | -1.393 | -44.1 | 0.37
4 | 6037 | 278.9 | 1215 |-1.4421 -359 | 0.50 | 4396 |272.0| 1.281 | -1.690 | -40.1 | 0.45
s | 7566 | 279.4 | 1.548 | -1.683 | -32.3 | 0.63 | 5360 [272.7] 1.631 |-1.985 | -32.0 | 0.55
6 | 9007 | 278.9 | 1.862 |-1.882|-23.7 | 0.75 | 6590 |272.9| 1.963 |-2.192| -26.9 | 0.62
7 110720 279.7 | 2.183 [-2.023 | -22.2 | 0.90 | 7395 |272.5 | 2.302 | -2.364 | -22.9 | 0.73
8 |12000]279.9 [ 2.509 | -2.156 | -21.0 | 1.01 | 8741 |[273.4 | 2.645 | -2.509 | -17.0 | 0.81
9 133132794 | 2.813 [-22731-19.0 | 1.12 | 9697 |273.2| 2.965 | -2.607 | -17.3 | 0.90
10 [14352] 280.4 | 3.130 [-2.382 1 -16.1 [ 1.21 | 10722 273.2] 3.300 | -2.711 | -16.6 | 0.99
11 | 15815 280.2 | 3.442 | -2.472(-12.3 | 1.33 | 11804 [ 272.7 ] 3.628 | -2.809 | -15.6 | 1.08
12 | 16866 | 280.2 | 3.762 | -2.542 | — | 1.42 [ 12798 [ 272.0 | 3.966 |-2.903 | -11.3 | 1.16
13 | 17919 ] 279.7 | 4.103 |-2.621| — | 1.51 | 13728(271.0 | 4.325 |-2.975 | -13.9 | 1.23
14 | 18952 | 278.9 | 4.386 | -2.687 | -10.1 | 1.60 | 14629 | 272.7 | 4.624 |-3.049 | -9.6 | 1.26
15 | 20222 | 277.9 { 4.728 [-2.748 | -13.8 | 1.71 | 14884 [ 271.0 | 4984 |-3.110 | -11.4 | 1.37
16 | 21551 | 279.7 | 5.025 | -2.821| -8.3 | 1.82 | 16240 | 273.4 | 5.297 |-3.173 | -10.2 | 1.42
17 | 22618 | 279.7 | 5354 | -2.869 | -9.5 | 1.91 | 16830 | 272.5 | 5.643 |-3.235| -7.7 | 1.52
18 | 22825 | 280.6 | 5.647 |-2.918 | -9.3 | 1.93 | 17957 | 272.0 | 5.953 {-3.277| -5.5 | 1.57
19 |24012 | 280.2 | 6.002 [-2.976 | -6.0 | 2.03 | 18557 | 272.5| 6.327 | -3.313 | -9.7 | 1.62
20 | 24519 | 278.9 | 6.290 |-3.006 | -4.6 | 2.08 | 19034 | 272.0 | 6.630 | -3.365 | -2.4 | 1.67
21 | 24797 | 279.7 | 6.628 | -3.033 | -4.8 | 2.10 | 19665 | 272.7 | 6.987 | -3.380 | -5.8 | 1.72
22 (253501 279.7 | 6.917 |-3.057 | -3.4 | 2.15 | 20209 | 272.9 | 7.291 |-3.411] -5.3 | 1.75
23 | 25994 | 280.4 | 7.237 |-3.076 | -4.2 | 2.21 | 20571 | 272.5| 7.629 |-3.442| 2.7 | 1.78
24 | 26639 | 280.4 | 7.538 |-3.098 | -1.4 | 2.27 | 20905 | 273.4 | 7.946 |-3.457 | -3.8 | 1.8
25 |26947 | 2782 | 7.919 |-3.107| -0.8 | 2.30 | 21201 273.2 | 8.348 [-3.484 | -1.9 | 1.86
26 |27471(279.9 | 8.189 |-3.111| -1.2 | 2.34 | 21814 | 273.2 | 8.632 |-3.493 | -43 | 1.92
27 | 28160 | 280.2 | 8.469 | -3.117| 0.0 | 2.40 | 22440 | 272.7 | 8.927 [-3.516 | -1.0 | 1.95
28 | 28090 | 280.4 | 8.821 |-3.117| -1.4 | 2.40 [ 22832[272.0 | 9.298 |-3.522] -0.1 | 1.98
29 [28625 2784 | 9.139 |-3.125| 1.5 | 2.45 | 23092 |272.5| 9.633 [-3.522( -1.7 | 1.99
30 | 29097 | 278.7 | 9.446 | -3.117! 1.9 | 2.49 [23247[272.0] 9.958 |-3.5321 -2.0 | 2.02
31 |29234 | 280.4 | 9.743 [-3.107| 0.2 |2.50 | 23522 |272.7 [ 10271 -3.543 | 0.6 | 2.04
32 | 29461 | 280.6 | 10.104|-3.106 | 4.3 | 2.53 [237751272.9[10.651(-3.539| 14 | 2.06
33 | 29434 | 279.4 |10.368 | -3.086 | 2.3 | 2.53 | 23910 272.5[10.930(-3.532| 0.6 | 2.07
34 129745 | 280.2 [10.713]-3.072| 2.8 | 2.55 | 24025 273.4 [11.293|-3.529 | 1.2 |2.07
35 129562 | 280.2 [10.996|-3.058 | 1.3 |2.54 [ 24072 1273.2 [11.592|-3.523 { 2.1 | 2.09
36 | 29640 | 278.9 [11.354(-3.050 | 3.8 | 2.55]24214]273.2[11.969]-3.509] 3.0 | 2.10
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¥ 3.15.5904 Al&(kfge ; kgf/cm?)

A+ el Top block(No. 4 -0b) Add "ol AAT (No. 4-Rb)

t P [ Np| An | Av | i r | P [ Np| Ak | Av | i | 7

Min\| kgf | kgfc| mm | mm MPa| kgf | kgfc{ mm | mm | ¢ |MPa
37 1296152799 |11.641|-3.031| 4.6 | 2.55 | 24290 | 272.9 | 12.271-3.493 | 0.7 | 2.10
38 |29406 | 280.4 | 11.940 | -3.007 | 4.1 2.53 || 24337 | 273.4 | 12.587|-3.489| 1.8 | 2.10
39 129667 |280.6 | 12.263|-2.984| 5.7 | 2.56 | 24300 | 273.6 {12.927|-3.478| 5.8 | 2.10
40 | 29386 | 280.2 |12.574 | -2.953 | 5.1 2,54 || 24300 | 273.2 | 13.255|-3.445| 4.1 | 2.10
41 29250 |278.9|12.907|-2923! 4.2 | 2.53 |24290 | 272.0 | 13.606|-3.419| 4.0 | 2.10
42 129299 |279.7|13.210|-2.901 | 5.2 | 2.54 | 24233 | 272.7 | 13.925|-3.397 | 3.9 | 2.09
43 129143 | 279.7 | 13.565|-2.869 | 6.8 | 2.52 [ 24129 272.7 | 14.300|-3.372| 4.0 | 2.09
44 | 29006 | 280.4 | 13.874 | -2.832| 7.2 | 2.51 | 24090 | 273.4 | 14.625|-3.349| 54 | 2.05
45 | 28509 | 280.6 | 14.142| -2.798 | 5.9 | 2.47 | 23627 | 273.6 | 14.908|-3.322 | 4.5 | 2.08
46 128626 |279.4 |14.480}-2.763{ 7.1 2.49 | 23844 | 272.5 | 15264 | -3.294 | 6.9 | 2.05
47 28509 |280.2 |14.795:-2.724 | 7.6 | 2.48 | 23579 | 273.2 | 15.596|-3.254 | 6.5 | 2.06
48 | 28373 |280.2|15.103}-2.683| 9.1 2.47 | 23560 | 273.2 | 15.920-3.217 | 5.7 | 2.04
49 | 28080 |278.9115413|-2.633| 9.2 | 2.45 | 23351 272.0 | 16.248|-3.184 | 6.0 | 2.04
50 |28100)279.9 |15.728(-2.582| 10.8 | 2.45 | 23350 | 272.5 | 16.580|-3.149 | 7.2 | 2.05
51 [ 27788 |280.4 | 16.038|-2.523| 8.6 | 2.42 | 23390 | 272.0 | 16.907 | -3.108 | 9.0 | 2.05
52 127690 |280.2 | 16.356|-2.475| 11.4 | 2.42 (23444 | 272.7 | 17.241|-3.055| 7.5 | 2.04
53 |27885(279.9 |16.658|-2.414 | 10.4 | 2.44 | 23227 | 2729 |17.560|-3.013| 7.8 | 2.02
54 127544 | 280.6 | 16.968 | -2.357 | 6.3 241 | 23032 | 272.5 |17.887|-2.968 | 8.2 | 2.01
55 {27768 |279.4{17.259|-2.325| 13.7 | 243 | 22911 | 273.4 | 18.194|-2.924 | 9.8 | 2.02
56 |27300|280.2|17.546-2.255| 9.8 | 2.39 | 23006 | 273.2 | 18.496|-2.871 | 7.2 | 2.00
57 127222 |280.217.877|-2.198 | 8.6 | 2.39 | 22711 | 273.2 | 18.845|-2.827| 11.0 | 2.00
58 |27008 |278.9|18.182|-2.152| 9.3 | 2.37 | 22656 | 272.0 | 19.167|-2.765| 8.1 | 1.98
59 127203 |279.9118.495|-2.101 | 10.8 | 2.39 | 22468 | 272.9 | 19.497| -2.718 | 10.3 | 1.97
60 126715|280.4|18.824|-2.038| 84 | 2.35 | 22318 | 273.4 |19.844|-2.655| 9.8 | 1.96
61 {27222 280.2(19.116|-1.995| 74 2.40 | 22225 273.2 |20.151}-2.602| 6.3 | 1.96
62 126618 |279.9|19.432|-1.954| 6.3 | 2.35 | 22209 | 272.9 |20.484)-2.565| 7.5 | 1.95
63 |26647 |280.6 |19.748|-1919| 7.6 | 2.35 | 22011 | 273.6 |20.817|-2.521| 8.8 | 1.95
64 1260822794 |20.071|-1.876 | 6.0 | 2.30 | 21965 | 272.5 |21.158|-2.468| 94 | 1.94
65 25984 | 280.2 [20.375|-1.844 | 10.0 | 2.30 | 21856 | 273.2 {21.479|-2.415| 5.3 | 1.93
66 | 26082 | 280.2 |20.681 |-1.790 7.7 | 2.31 | 21769 | 273.2 |21.801|-2.385| 5.5 | 1.93
67 26179 (278.9121.027|-1.743 | 7.4 | 2.32 | 21715 272.0 |22.166|-2.350 | 8.4 | 1.93
68 | 26082 |279.9 {21.310|-1.706 | 3.1 231 || 21658 | 2729 [22.465(-2.306 | 2.6 | 1.93
69 | 25984 | 280.4 [21.644 | -1.688 - 231 [|21613 | 273.4 [22.816] -2.290 1.96
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3.15.1.5 Con'c biock®] AW ARAG Al AL

AU A AFE FAAE o] 479 F71AQ dBAAFA AN HER
AEHAS. o] SAHYE EFL 200X 200X 65-4% (Sample No.1 ; Separated con'c
block)# 200> 200> 130-47R(Sample No. 2 : Solid con'c block)& #A&&tqdct. ot
B, AZPEAR FAAY 15 4 FEE SHHA £

EF AR o]FAHeR HPEEUon, A8 #1& Pushing® & A3l peak
strengthE, ©A € AAE 3 Q94 IAF ZEFFE T, 2dd, Al
BH#29 ¥R = €AAZ Ex 944 13, B ZBojA 184 23 F AP
o A71M = EFE Load framed Z+F otAlrle] 2 JigsES 4H%5E AAlsE
BT F RS 2ED Con'c FAA Ato]E HAH S Hedoz F330),

281, Hydraulic jack®] zHEAols ELA A Data loggerd ZH;IZE ofF
w8 dHEM FAF R APEFES FEoE 2AYGD. sEER o5 -4
FA2 A A, olFAALY viE M9 724§ Linear roller bearing?) 7]%&
2 oldol LAHA FUTE. oA Peak Fxoll o2 W o] TP FAA
3.5%(7mm) U¥, Solid specimene 1.5%(3mm) FEZ FolA ZF Lol o]
Es HY¥EE W] W& Aeg Hu. oY, A5 ZAEs AYG/E7)(Push or
pul Dol M A-3t5 Lgoz &, AdwgGoze TPA7|E Ro| EAPe=
YEbth. &3], Dilatancy ¥3}%E 3 $8 0.4Mpa~3.9MPac] &AIQlol (-)7
gt etttk ol e Wd(horizontal strain)o] 5% D|gto g @de] 1t
ol 84 7] X8ty ggoz AAHD, J)AFHA AG P PP 45m

o4 HASY B RO A, o] NYAHE aoksd Tt Pt

rr

(1) Strength parameters of a solid con'c and separated blocks
@ Separated blocks : 200X200X65 + 200X 200%6 5
Peak ;: t((MPa) = 0.1841 + 0.703 0,(c=0.18Mpa, ¢=35.1°)

0.167 + 0.658 0,(c,=0.17 Mpa, ¢.=33.3")
@ Solid blocks : 200200 130(upper shear box 65mm + lower S. box 65mm)

Peak : T¢(MPa) = 1.281 + 1.023 0,(c=1.281Mpa, ¢6=45.7")
Residual(pull) ; 1 .(MPa) = 0.656 + 0.906 o .(c,=0.66Mpa, ¢,=42.2°)
Residual (push) ; t.(MPa) = 0.136 + 0.889 on(c,=0.14 MPa, ¢, =41.6°)

Residual(pulling) ; T .(MPa)
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X 3.15.6a Separated con'c

blocke] AHATEAIE A7

Peak | Residual
On, MPa ev, % en % T, MPa [ &, % T, MPa
0.39 0.79 165 0.39 1.96 0.37
1.11 0.93 2.30 0.97 3.76 0.91
1.71 1.05 2.01 [ 149 | 293 | 1.36
3.85 117 | 302 | 285 | 226 | 267
BEH4 | c=0.18MPa, 6=35.1° | 6=0.17MPa, ¢,=33.3"

X 3.15.6b DSST Result on the Con'c block 200Xx200x 130

Residual
On, Peak Strength Ul . on Push
MPa u | <cn rus
er, % T, MPa er, % T Tr2
1.157 1.53 2.43 3.06 160 |  1.15
2.373 1.55 | 3.84 3.73 2.92 \ 2.21
3.561 112 | 478 | 273 | 397 1 3.42
4.810 13 | 626 | 456 | 492 |  4.35
Strength | c=1.28 MPa | ¢ =0.66 MPa ' ¢,=0.14 MPa
Parameter o=457° ] o =42.2° }[ o =416°
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Shear Stress (1, MPa)

Shear Stress (t, MPa)

— L L A ISR B T T 7 T 17
30 - Peak's : 77 = 0.18 + 0 tan(35.1°) -
[ | Residual's = 0.17 + o, tan(33.3°) _-® ]
25 [ 7 ]
20 3
}. -
)_ -
i ]
15 [ N
0 i [ Residual ]
T On, Mik@| €1, % “T.MPaE er, % {r. MPa| -
: 039 | 165 039 [ 1.96 [ 037 | |
05 [ 111 | 230 ' 097 | 376 | 091 | ]
i 171 [ 201 | 149 | 293 [ 136 | ]
- 385 | 302 | 285 | 225 | 267 | 1
0.0 L N B B T T T
00 05 10 15 20 25 30 35 40
Normal Stress (o, , MPa)
1% 3.15.20a ¥ E & %< Con'c block® DSST 2z
18 b vl_ﬁ T L 1 1 — 1 ' T l T l T I
6.5 | on Peak _ Residual | Pull
| MPa e, % - Tt MPa €1, %I Tr1 ' Tr2 i
6.0 -s7 [ 153 2.43 306 160 1.15 | ]
5.5 [2373[ 155 384 37312021 221 | i
| [3561] 1121 478 1273 397 342 ]
50 [-[4.810]1.34 | 6.26 456 | 4.92 | 4.35 .
45 | -
40 -
- B
35 -
3.0+ -
b 4
25 + -
- .
20 ¢ Solid con'c block} o
“ 200%200%130 1
15 ]
i T
10 i
| L i s | X 1 1 | i | " | . | s 1

1.5 2.0 2.5 3.0

3.5 40 4.5

Normal Stress (o , MPa)

3% 3.15.20b Solid con'c blocke] DSST &3}
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Shear Stress (1, MPa)

Shear Stress (1, MPa)

. T 7 7 T T T T 7
3T :ﬂ‘k 7
- (3.02, 2.85) ]
2 - J
1L // .
N/ /| ]
0L / ]
: oA
[ \te / ]
-1 F - 3.76 ]
i 4- _ / ]
L Y3 e 293 ]
_2 — —
[ , ]
3L @67} 225 b
H 1 1 i 1 i n 1 | 1 3 i | 1 A | e
0 1 2 3 4 5
Shear Strain (¢, , %)
29 3.15.21a & &9] Con'c block 8 Alo]e] Ak - 28 7
8 pryrrrryryrry Ty yryy vy T T T T e e v
}. -
[ 4.81,6.26) ]
6 -
a4l ]
[ 2.37,3.84) 1
s L ]
i (1.16, 2.43) 1
- 1
0
- .
2L i
4l ]
_6 [ Loeaooa by oy by g by b e by b s .-
0.0 0.5 1.0 1.5 2.0 2.5 3.0 35 4.0

Shear Strain (¢, , %)
1% 3.15.21b Solid con'c block® Mgy - &3 7
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(2) Ny
Con'c blocke& AT Azlell Yol nAHAI7|= BYPL AH}L 4317} Consistency
U SIA, A F AA M Foh. owt, AR - FAIA Atolo] Fol H
o Hquga FAAZRe] EAoltt, metA, A AR FAA F7) wet o
HE Fuldol 3. Aq7|A = AUAIFEE 02 200<200%65 3EE FH|Fc},

® Strength parameters of a solid con'c and separated blocks
(Results in 2nd year's R&D)
(@ Separated blocks : 200x200X65 + 200 200X<65
Peak : T ¢(MPa)

0.1841 + 0.703 0,(c=0.18Mpa, $=35.1")
0.167 + 0.658 0,(c,=0.17Mpa, ¢.=33.3")
@ Solid blocks : 200 200X 130(upper shear box 65mm+ lower S. box 65mm)
Peak ;: t(¢(MPa) = 1.281 + 1.023 0,(c=1.281Mpa, ¢=45.7")
Residual(pulling) : T.(MPa) = 0.656 + 0.906 o .(c,=0.66 Mpa, o.=42.2°)
Residual (pushing) ; t.(MPa) = 0.136 + 0.889 o .(c, =0.14 Mpa, o,=41.6")

"

Residual(pulling) ; 1.(MPa)

¥ 3.15.7a Separated con'c blockd] AHAGAY Az}

Peak l Residual
on. MPa f % | en% | tMPa !l g% | 1. MPa
0.39 079 | 165 | 039 | 196 | 037
1.11 093 | 230 | 097 376 | 091
1.71 1.05 | 201 | 149 | 293 | 136
3.85 117 0 302 ! 285 ' 225 | 267
AT A c=0.18 MPa, $=35.1° | ¢,=0.17 MPa, ¢, =33.3°
3 3.15.7b DSST Result on the Con'c block 200x200X130
. ! Residual
o Peak Strength f
ne | Pull 2nd Push
MPa
er. % ] T, MPa ] er. % ' Tr T2
1.157 1.53 | 2.43 | 3.06 | 1.60 1.15
2.373 155 | 384 | 373 | 292 2.21
3.561 112 1 478 | 273 | 3.97 3.42
4.810 134 | 626 | 456 | 4.92 4.35
Strength c=1.28 MPa ’ c. =0.66 MPa c.=0.14 MPa
Parameter ¢ =45.7° o= 42.2° o-=41.6°
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Shear Stress (1, MPa)

Shear Stress (1, MPa)

L L) | T 17T 7T T [ T L] T L) I T T T T r T T T T ’ T T T T I T T T T | I
30 - Peak's : 7; = 0.18 + 0 tan(35.19) -
r Residual's : 7. = 0.17 + g, tan(33.3°) - i
o P 4
25 ~ ’/ —
20 F ]
- .
15 | .
10 I Residual ]
" on,MRa[ &, % |1,MPa €, % |T,MPa| -
I 039 | 165 | 039 | 1.96 , 0.37 | 1
05 [ 111 | 230 097 | 376 | 091 | ]
i 171 | 201 | 149 | 293 | 136 | ]
i 385 | 3.02 | 2.85 | 225 | 2.67 | -
2 Yo ) I B B B S S T N
0.0 0.5 1.0 1.5 2.0 25 3.0 35 4.0
Normal Stress (o, , MPa)
Fig.3.15.24a ¥ € & 49 Con'c block® DSST Z 3%
I 1 ) & I ; 1 L V‘ 1 4 T ‘ Ll | l T '
6.5 | on Peak | Residual | Pull —
r | MPa | g, %itf. MPaiEt, Y| T | T2 T
6.0 "[1757[ 153 243 [3.061.60 | 1.15 ]
5.5 [ |2.373[ 166 | 384 |3.73 | 292 | 2.21 2
L [3.561]1.12 ] 478 [2.73[3.97 | 342 1
5.0 -{4.810] 1.34 | 6.26 | 4.56 | 4.92 | 4.35 =
L ]
45 | -
b E
40 | .
3.5 | A
30 |- -
25 | -
F -
20 F Solid con'c block —
- 200x200x130 .
15 |
1.0 | -
| i ] | L 1 i 1 " Il " 1 i |
1.0 15 2.0 25 3.0 35 4.0 45 5.0

Normal Stress (¢ , MPa)

Fig. 3.15.24b Solid con'c block® DSST A =}
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Shear Stress (t, MPa)

Shear Stress (t, MPa)

T | T T I
1 ]
+M -
(3.02, 2.85) — J
7
/ R
/
tq _________
; Y — /j ]
L tr?
g +— — / ]
: 13,_ 293 j
2 .
E 114 j
3L 267 ~— 225 ]
:I n i L | | 1 N L | N " i 1 1 1 N 1 L i N
0 1 2 3 4 5
Shear Strain (g , %)
Fig. 3.15.25a % &2] Con'c block @ 7]g] ALY - 38 FAA
8_]‘"I""l""l""l""l""I""I""l'-
i 4.81, 6.26) ]
6 _
al i
[ 2.37,3.84) 1
2 - ]
- (1.16, 2.43) 4
i ]
0
L 4
oL h
i ]
-4 :
F 4
F -
- 4
_6 l i 'l 1 A 1 s 1 1 L l L 1 1 I_Ll 1 1 L l 'l 1 1 1 l 1 1 1 L ' L 1 j l 1 ' 1 1 l 1 1
0.0 0.5 1.0 1.5 20 2.5 3.0 3.5 4.0

Shear Strain (g, , %)
Fig. 3.15.25b Solid con'c block® Agw¥d -3 7
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Uniaxtial Stress (o, MPa)

[

in Situ Unixial Stress (c_, MPa)

2.0

1.5

1.0

0.5

2.0

1.5

1.0

0.5

0.0

T T T | T T T L) ' T T L] L [ T T L T ' ¥ T T Ll l T T L] T I T L
207 MPa .
=195 MPa o
i /
- 350 x 350 x 490
r s Oc = 2.07 MPa
i : & =24%
i 8 E = 0.74 GPa
i 0.91%

PSS S W (T SR SR TR S (NN SUT ST ST SUUH (N SN VN SN S B S

Opﬁk

1 2 3 4 5 6 7
Axial Strain (e, %)
(a) O ENA HAEXS EE 15 AR AE Z1H(2007.06.)
T T T T T T T T
Failure Point F B90X290X42g
oc = 1.82 MPa ]
Sf = 0.7%
E = 1.10 GPa -
" : | L 1 L
0 2 4 6 8 10

Axial Displacement (AL, mm )
(b) H2& W Pier No.5 J|=XE8t2l UCST(2006. 05.)

Fig. 3.15.30 In situ UCSTY W &-SHAFAA(EZH guh)
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R 3.15.8 Test data of In situ UCST of weak rocks test block

Axial deform.(L, mm)

R. Bolt(mm)

t P L £ Ac 0
min kgf L, ‘ L, L [ Ls v, ‘ V, mm % cm? | MPa
0 0 0 0 0 0 0 0 0 0 0 0
0.5 520 10.1260.115]0.105| 0.075] 0.000 | 0.000 | 0.105 ] 0.021 | 901.0 | 0.059
1.0 822 ]0.21810.2290.21010.161 | 0.000 | 0.000 | 0.205 ] 0.042 | 901.8 | 0.093
1.6 1942 1 0.577 | 0.627 | 0.693 | 0.565 | 0.000 | 0.000 | 0.615|0.126 | 905.6 | 0.219
2.1 2876 [0.87910.973 | 1.108 | 0.935 | 0.000 | 0.000 | 0.974 { 0.199 | 908.9 | 0.323
2.6 4436 | 1.462]1.630| 1.897 | 1.619 | 0.000 | 0.000 | 1.652 1 0.337 | 915.1 | 0.494
3.5 5549 | 1.817|2.077 | 2.433 | 2.055| 0.000 | 0.000 | 2.095|0.428 | 919.3 | 0.616
4.0 6444 | 2.169 ] 2.508 | 2.957 | 2.501 { 0.000 | 0.000 | 2.534 | 0.517 | 923.4 | 0.712
4.5 7590 | 2.572|3.010 | 3.544 | 3.010{ 0.000 | 0.000 | 3.034 | 0.619 | 928.2 | 0.834
5.0 8308 | 2.819]3.299 | 3.895 | 3.321 | 0.002 | 0.002 | 3.332 | 0.680 | 931.0 { 0.910
5.5 9012 | 3.114 | 3.639]4.302 | 3.685] 0.002 | 0.002 | 3.683 | 0.752 ] 934.4 | 0.984
6.0 9880 | 3.433|4.010|4.773 | 4.093 | 0.002] 0.002 | 4.075|0.832 | 938.2 | 1.074
6.5 |[10296| 3.717|4.332|5.186 | 4.4531 0.002 | 0.002 | 4.420 | 0.902 | 941.6 | 1.115
7.0 [11068]3.974 | 4.648 | 5.613]4.741 | 0.004 | 0.003 | 4.74010.967 | 944.8 | 1.195
7.6 |11592]4.29315.002|6.068|5.14910.004 | 0.003 | 5.125| 1.046 { 948.6 | 1.246
8.1 124611 4.61715.405|6.619|5.537 ] 0.004 | 0.002 | 5.542{1.131 | 952.8 | 1.334
8.6 [13373]4.95815.834]7.176 | 5.985] 0.005 1 0.003 | 5.984 ] 1.221 | 957.3 | 1.425
9.1 13963 | 5.23916.165 | 7.685 | 6.329 1 0.007 | 0.009 | 6.34611.295! 961.0 | 1.482
9.6 |14669 ) 5.5506.536 |8.193|6.753 | 0.010| 0.013 [ 6.747 | 1.377 | 965.1 | 1.550
10.1 | 14973 5.796 | 6.789 | 8.569 { 7.069 1 0.016 | 0.020 | 7.038 | 1.436 | 968.1 | 1.578
10.6 | 15553 ] 6.075 1 7.086 | 9.007 | 7.449 ] 0.022 : 0.026 | 7.380 | 1.506 | 971.7 | 1.633
11.1 | 15924 6.285 | 7.339 | 9.437  7.597 | 0.029 | 0.031 | 7.635 1 1.558 | 974.4 | 1.667
11.6 | 16752 6.571 | 7.646 | 9.854 | 7.981 | 0.035 | 0.033 | 7.979 | 1.628 | 978.0 | 1.747
12.1 | 17664 | 6.928 | 8.066 [10.445) 8.322 1 0.040 | 0.036 | 8.40211.715{ 982.6 | 1.834
12.7 117940 7.256 | 8.438 |10.952] 8.675 1 0.042 | 0.036 | 8.791 | 1.794 | 986.8 | 1.854
13.2 | 18436 | 7.553 | 8.771 |11.364| 9.055 | 0.043 | 0.036 | 9.146 | 1.867 | 990.6 | 1.898
13.7 | 18656 | 7.821 19.042 [11.714| 9.397 | 0.043 | 0.036 { 9.454 [ 1.929 | 994.0 | 1.914
14.2 119236 | 8.169 (9.395(12.173| 9.843 | 0.043 | 0.036 | 9.855| 2.011 | 998.4 | 1.965
14.7 | 19568 | 8.453 1 9.706 {12.581{10.249] 0.043 | 0.036 |10.208| 2.083 [ 1002.3| 1.991
15.2 | 19972 | 8.729 [10.040(13.029}10.538} 0.047 | 0.034 [10.544| 2.152 [ 1006.1 | 2.025
15.7 120400 9.097 |10.390!13.497|11.027| 0.051 | 0.033 |10.961| 2.237 | 1010.8 ]| 2.059
16.3 | 20635 | 9.433 |10.709113.921{11.451} 0.052 | 0.033 {11.336} 2.313 |1015.11] 2.074
16.8 | 20803 | 9.777 |11.018(14.342|11.881| 0.052 | 0.033 {11.712] 2.390 [1019.4 | 2.082
17.3 120719)10.182|11.399!/14.906|12.358| 0.058 | 0.024 ]12.170| 2.484 | 1024.7 | 2.062
17.9 | 20500 ]10.489111.678]15.309|12.749] 0.061 | 0.022 |12.515| 2.554 | 1028.7| 2.033
18.4 ] 20332 [10.802|11.939115.697(13.146] 0.061 | 0.021 {12.855| 2.623 | 1032.8{ 2.008
18.9 120444 111.111112.188!16.078/13.545| 0.065 | 0.017 ]13.189] 2.692 | 1036.7 | 2.011
19.4 [20252]11.479112.447]16.49814.031] 0.068 | 0.013 {13.573] 2.770 1041.3] 1.984
19.9 | 19780)11.757(12.652/16.827/14.431] 0.073 | 0.009 |13.876| 2.832 {1045.0| 1.931
20.4 119752 ]12.022/12.850({17.113|14.777] 0.076 | 0.007 |14.149| 2.888 | 1048.3| 1.922
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Continued from the table 3.15.8

t
min

P
kgf

Axial deform.(L, mm)

R. Bolt{mm)

L, L.

LB

La

Vi

Ve

AL
mm

e
%

Ac
cm?

o
MPa

20.9

19672

12.382|13.114

17.480

15.238

0.078

0.006

14.512

2.962

1052.8

1.906

21.4

19560

12.722|13.395

17.861

15.667

0.081

0.004

14.869

3.034

1057.2

1.887

21.9

19424

12.972|13.619

18.145

15.986

0.084

0.003

15.137

3.089

1060.5

1.868

22.4

19368

13.196|13.834

18.413

16.290

0.088

0.001

15.389

3.141

1063.7

1.857

23.0

20196

13.653(14.218

18.949

16.845

0.088

0.001

15.872

3.239

1069.8

1.926

23.5

20580

14.166/14.666

19.549

17.439

0.088

0.001

16.410

3.349

1076.7

1.950

24.0

20580

14.606|15.094

20.120

17.983

0.100

0.002

16.900

3.449

1083.0

1.938

24.5

20856

15.103(15.606

20.741

18.563

0.102

0.003

17.451

3.561

1090.3

1.951

25.0

20360

15.597/16.186

21.491

19.340

0.102

0.003

18.101

3.694

1098.9

1.890

25.5

20444

16.025|16.587

22.0563

19.962

0.102

0.003

18.604

3.797

1105.7

1.886

26.0

19920

16.577|17.067

22.650

20.656

0.105

0.005

19.183

3.915

1113.6

1.825

26.5

20140

16.903|17.327

22.963

21.001

0.105

0.010

19.491

3.978

1117.9

1.838

27.0

19340

17.549(17.910

23.685

21.711

0.105

0.011

20.156

4.113

1127.2

1.750

27.6

19256

18.166/18.469

24.358

22.433

0.105

0.011

20.798

4.245

1136.3

1.728

28.1

18540

18.735{18.987

24.970

23.122

0.105

0.012

21.395

4.366

1145.0

1.652

28.6

17960

19.321{19.511

25.599

23.822

0.105

0.014

22.004

4.491

1153.9

1.588

29.1

17656

19.934{20.042

26.242

24.549

0.105

0.016

22.631

4.619

1163.3

1.548

29.6

16716

20.395|20.454

26.733

25.083

0.105

0.016

23.106

4.715

1170.4

1.457

30.1

16332

20.984{20.998

27.384

25.769

0.105

0.016

23.723

4.841

1179.9

1.412

30.6

15668

21.622|21.568

28.058

26.497

0.105

0.017

24.375

4.975

1190.1

1.343

31.1

15364

22.253|22.117

28.707

27.187

0.105

0.020

25.003

5.103

1200.1

1.306

31.6

14316

22.933|22.679

29.406

27.949

0.105

0.020

25.679

5.241

1211.0

1.206

32.1

13600

23.857|23.437

30.282

28.958

0.114

0.031

26.561

5.421

1225.5

1.132

32.7

13212

24.522|124.011

30.913

29.730

0.114

0.031

27.221

5.555

1236.6

1.090

33.2

12992

25.361|24.677

31.658

30.614

0.114

0.031

28.005

5.715

1250.1

1.060

33.7

12440

26.137|25.183

32.166

31.336

0.117

0.035

28.630

5.843

1261.0

1.006

34.2

12024

26.991|25.812

32.771

32.231

0.119

0.037

29.373

5.995

1274.3

0.962

34.7

10840

27.909|26.415

33.335

33.173

0.122

0.047

30.124

6.148

1288.0

0.858

35.2

9652

28.915/27.078

34.033

34.035

0.114

0.055

30.931

6.312

1303.0

0.756

R. Bolttmm) : Upward displacement of head
Ac{cm?) : Corrected or engineering sectional area(=Ao/(1-¢))

e(%) : AL/Lo(490, mm), Ac(%)
0.(MPa) : Uniaxial stress(= 0.102xP/Ac)
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3.15.3 H¥ A3} A F(PBT)

AAZM(Z2FA, XY 7leD)E Fustd, AHHAT @3 17 Aty
(Soil reaction) 0.56 MPaol™, ZEBFTE c =0, ¢ = 40°2 FH3H I&%
Ado] FE3] AAFE AoZ Bk, I FFEZFALY HAVNES F L9
AR = 50%8 7tk 275 A7) SE4AAEL 0.75WPa2 AA S Ut

71X Fig. 3.15.439] o2 EF gt AF 5704k s FEAs A
& 2AEY. 2 A F7HE AuEe g Zo] BHIEHJAT. o)A,
271 318 AWEL Aot 20mE 7IEsh. AEAFAs 3 (AR 7| EF
38 AAEL: 28 AsFNAE 1S F7] & AUEe] BF HAAEAMY 3
¢t EE AWHrE (Contact pressure or soil reaction)o]golch. watx, &
3.2609014 ARt BF HAF7E Aoz B,

dPrHos gyt AW EFF gyoidsiz AXE AEE AP ¥ 3
T 2300, AR BAF A dEolgtng sted, 38 AL Awzt o
= 238 zHdtn G700, Jud, oleid AEE 7] AT AgUIne F

& 7 1000 WY AEol. o] A7 FUIE Y AFAE

ANA A L Rolth. &F, AFAF AT Y AR EH7]g dFgo] £
° go] FEattn A/|XT HAFHoT HYiiEg F
IFO2RE HELE V%] AFHE MRE Tis AT

mebd, 2384 dEol FEE Aoz EFse ¥ dde st g 2R

-

v

|

FA3% 2ol E B}, Pier No.5-2 Pier No. 5-18.t} 2|3}57 28 € Ugg &
Jd= AsF 20mmE 71E3E  No.5-1 2 5-2¢] A7)5¢ ANHEL 1.6MPa 2
3.6 MPag2A] 2uf o]} o]z} i, A&F 2.5mmE 71EF AW (Soil react
ion) Al&= 712t 80 kPa/mm Z 640 MPa/mmZA] 88 L] xto]& BT},
714, o] Aol AlFFQ ARz A7) FHEAUHL 5if/mE AAE
A ol FolAtt. 28, @F IEUF ZFEZE 1.8 WPaz2A & 3§ A
A9 A Y-S U &, EF Gt BEAFE AFHoT FIEHA|
*x

g EUA wEo AtdAE Aog BEA,
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Ze dyon tE EF G AF(EAFHA 245 oA, 4 Al A
AZ)9 4lacld A A, BF e EFoleg ddar FrFE A
2 dAE 0.9~1.2 MPa A=olt}. o] Al ZAAESE Fig. 3.15.31~339 AA
t}, o] A9 3z Axo] A FAAONA In-situ DSSTF UCSTE A AIE & Test
block® Zoulz 2 ztejo] FRAs AFE F o A R F st A
7} 3% 3.14.320]t}. o] Ay #EFE FE 7| 2ANE oluy, HETF 10mm
E 7128 A7) ¢ AANFGL 2.6 MPa2A thEdw wzt 7| 2A6kRcisE R
3A Jebdrt. Load farmeo AEAdT BAZ HUsFE 71t{74A A=,
Ho FsFL 18 mmoldtoltt. o] EFME, AFFAI B 3m Hoj %<
b, 5 XA AAYL 1.75 MPa/3.5MPaZA ¢k 21)e] Aol7l i, AP Ho
A8rHFE 5mm/18mm=A ¢ 31ue] ol E HUTh

o] AT F7lolA ALE FHA F9| stfolnt,
A 2717 1579, AP 8 71dd dokstsn BEFHAS ¢ FAE &

o

Qe dAE ENE urtel ok &, HAS AA, HAH AT E 7
£ A% /Mg mEa F4F $H2 dF Ades &dsts Aot diAzE ot
o] EFslrigt=e, AAH AP A9 AHsE= Z¢rF Bo. I-dd, BRAs
Al AollA 71 2AAA S B onte] AEE iy @A BriHL AeE &

A3
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E3.15.9 €% W @79 H& A3 A (PBT)

R ki Hedm A | g1
PBT Test No. Pier-5a | Pier-5b| No.1 No.2 -1 E-2
A & B(cm) 50x50 | 50x50 | 50%50 | 33%33 | D40 D40
& Q. tf) 55.0 80.0 73.1 30.5 15.0 20.0
Al 9
Aozt AR 9Hq, tf/md) 220.0 | 320.0 | 292 280.1 | 119.4 | 159.2
2 8l%, mm 17.4 9.74 18.07 | 4.29 4.75 3.92
4 H(qy, tf/m?%) 180.0 | 320.0 | 220 179 119.4 | 159.2
A A & ' - -
O G tf/m*) |250(3%) 450(F8)] - i i s
o Iy
8 (q.. tf/m? 90.0 160.0 110 90 59.7 79.6
¥ T2E R | 27 | xR | FAL| A& | TR | CAC
rai rai
AW | A2 (. t/m2) 75 75 - - 40 40
B [ q-he st mm) | 6.72 | 5.38 - - 213 | 1.26
271(20 mm) 192 480 331 350 320 360
35 LR AR BN B RLRLEN B T T T T LIRS T )
- q,=3.30MPa No.1 No.2 ]
30 L Plate(cm) 5050 5050 ]
L K(MPa/mm) 0.15 0.38 4
i q,(MPa) 132 330 ]
= 25k ]
a - ]
s i ;
o 20k .
p—y - -
> o 4
g : :
g 151 32 MPa, _J
/
o B .
£ I b
o Y — ]
05 3
i | ]
i | ]
|
00 r. PR R A | PR PR Y (0 W T T (WA YT W G WY W O T | [ BT U Y |-
082 4 6 8 10 12 14 16 18 20 22 24 26 28

Deformation (s, mm)

1% 3.15.31 ti¥d u wZte] 7AWk PBTOA As@F-x28 @A
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12
11

10

Bearing capacity (q, MPa)

10

q(MPa) and y(mm)

T{yryrrr[rrrrr|rrrryrryjyrrrr|yr1rrr[ryrrr Iy rr s T T

Pier No. 5a
Plate : 500*500

K=1.75 MPa/mm
q,= 3.23 MPa
q, = 1.62 MPa

AR EREE/ N RRERE| lvllll|||||1‘r1TTTY]ﬁTl|l‘11]ll||||||lrﬁll_

N YT FYETI FEYTI FUUNI FUSTE FUURI FRUTY FUSUE SRR FUR WS SUNE )

|IRLERA SRR RARAN RAR

LA RARREREERERERRERRRRERREE

Ml BN U B ST E R B " ) I
0 1 4 5 6 7 8 9 10
Settlement (s, mm)
(a) &5t2(s) - XIXIZ(q) 2 PBT No. 5a
F T T T T T T T T T T T K T
i (H2& 1 Pier No.5a

i

TS AT AN ENE SNV TRV AUNNE SN EE SR N T USRI R NYE FH

a

30 60 90 120
Testing time (t, min)
(b) A& AlZHY) - XIXIE 2 PBT No. 5a

2 3.15.32 & o 27Zre) 712X ute] F A3t AIY A=
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0.0

0.5

1.0

Seftlement (s, mm)
w w N N -
o o «w o o

>
o

»
o
o

2.5

q( MPa ) & Settiement (s, mm)
o b @ &

o
<)

1.59 7]
1.79

PBT - 2

7\ Plate : 320*320
K=1.59 MPa/mm

Running time (t, min)
(b) AIBAIZHOI & XX Aote Bt

1% 3.15.33 H¥As APGAT o(Fe FA A PBT No. 2)

- 479 -

a,= 1.79 MPa -

q, = 0.90 MPa 3
- -l ]
L 1 2 n N 1 i I S Y 1 N i . L PREY 1 | N ) ) PR Y 1 N 1 ':
.0 05 1.0 1.5 2.0 2.5 3.0

Bearing Capacity (q, MPa)
(@) X XI&(g) - 2otS(s) HaHECH EH A PBT No.2)
- T T T T A | V —
- ]
:_ 3
: ]
: ;
)_ -t
b= —
C ]
Z_ B. capacity(MPa) _:
- :
L 3
= N S -
60 120 180 240



- 08y -

-
- —~
1L
4 =2
Jd o
] Bearing Capacity (g, MPa)
I 1 [ 1 l [l )] [l [ I ) [ L I J ) 034 1 2 3 4
{ L v 1 v ' ' Y ' 1 ! v v ' 1 T v "'_ ' M M v i M v M ! LI 1 v v M v ! !
200 150 100 50
Running Time (t, min ) 129

—

T’eslfeu'?’ue?ew?sl!?’lufr“,

-

Fig. 3.15.34 General view of time - load - settlement of Pier No.ba
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X 3.15.10a Data on the PBT sited at Pier No. 5a

Reaction Settlements(s, mm)

Ptf | att/m2| D1 | D2 | D3 | D4 Ave.
0 0.0 0.0 0.0 0.0 0.0 0.0
10 40.0 2.79 2.34 5.57 5.03 3.93
20 80.0 6.99 6.17 9.80 9.07 8.01
0 0.0 2.19 1.22 2.55 2.27 2.06
10 40.0 5.03 4.35 7.96 7.24 6.15
20 80.0 7.84 6.95 10.70 9.87 8.84
30 120.0 15.68 15.04 18.58 17.73 16.75
20 80.0 14.25 13.53 17.16 16.35 15.32
10 40.0 13.00 12.21 15.91 15.17 14.08
0 0.0 9.74 8.77 11.53 11.17 10.30
10 40.0 6.17 6.03 8.30 8.17 7.17
30 120.0 13.03 12.63 14.66 14.15 13.62
50 200.0 26.66 30.90 32.29 31.86 30.43
30 120.0 26.66 28.70 30.09 29.71 28.79
0 0.0 23.6 18.60 19.58 19.51 20.32

# 3.15.10b Data on the PBT sited at Pier No. 5b
Reaction | Settlements(s, mm)
Cycle i
Ptf | qtf/m*! D1 | D2 D3 | D4 - Ave.
0 0 0 0 o ! 0 ! 0
50 | 20 T o059 0.81 070 | o078 | o072 |
1st 100 [ 40 | 0094 1.26 119 | 128 | 116
15.0 60 1.17 1.56 1.50 160 | 145
20.0 80 1.52 1.98 1.98 207 | 188
0.0 0 0.39 0.41 0.53 053 | 046
10.0 40 1.30 1.65 1.66 1.75 1.59
2nd 20.0 80 1.7 2.17 2.23 2.32 2.1
25.0 100 2.10 2.64 2.79 2.87 2.60
75 | 30 2.12 2.53 2.81 2.89 2.58
0.0 | 0 0.88 0.99 1.31 1.24 1.11
10.0 40 1.93 2.30 2.52 2.58 2.34
3rd 200 | 80 2.31 2.78 3.02 311 | 280
275 1 110 2.61 3.18 348 | 354 | 320
15.0 60 261 | 312 347 | 354 | 319
00 I o 124 T 127 ' 166 | 168 = 146
150 | 60 241 1 279 ' 309 | 320 | 287 |
288 | 115 2.95 3.52 3.90 399 | 359
31.3 125 | 310 3.68 4.10 419 | 377
35.0 140 | 3.28 3.91 438 | 446 | a0
400 | 160 | 392 4.67 533 | 541 | 483 |
4 th 500 | 200 | 499 5.91 6.94 700 | 6.21
563 | 225 | 564 | 666 793 | 799 [ 705
675 | 270 | 631 | 746 894 [ 900 ' 793
80.0 320 7.73 9.04 11.01 11.14 9.73
35.0 140 [ 7.74 8.81 1093 | 1113 [ 965
150 | 60 | 7.44 829 | 1053 | 1073 | 925
00 | 0o | 486 561 | 791 | 738 | 644
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¥ 3.15.11a PBT Data(o]Z& No.1)

¥ 3.15.11b PBT Data(o]2l2] No.2)

Reaction Settlements(s, mm) Reaction | Settlements(s, mm)
o e | D | D2 | Ave. i bl D1 D2 | Ave.
0 | 0 0 | 0 0 0 | 0 0 L 0 | O
1.5 1 11.9 | 0.88 | 0.82 | 0.85 20 | 159 | 079 | 046 | 0.62
30 | 239 | 164 | 1.50 | 1.57 40 | 318 | 147 | 087 | 117
45 | 358 | 2.25 | 2.02 | 2.13 6.0 | 478 | 1.97 | 1.16 | 1.56
6.0 | 47.8 | 278 | 2.46 | 2.62 80 | 637 | 2.38 | 1.38 | 1.88
75 | 59.7 | 3.31 | 2.89 | 3.10 40 | 318 | 231 | 1.37 | 1.84
9.0 | 71.6 | 3.76 | 3.26 | 3.51 00 | 00 | 1.58 | 098 | 1.28
105 | 836 | 4.32 | 3.73 | 4.02 40 | 318 | 229 | 1.30 | 1.79
120 ' 955 | 4.57 | 3.92 | 4.24 80 | 637 | 270 | 149 | 2.09
13.5 | 107.5| 4.96 | 4.24 | 4.60 100 , 79.6 | 3.08 ' 1.66 | 2.37
150 | 119.4 | 4.56 | 4.94 | 4.75 12.0 ] 95.5 | 3.44 | 1.82 | 2.63
9.5 | 756 | 532 | 4.55 | 4.93 14.0 | 111.5| 3.73 | 1.96 | 2.84
55 | 43.8 | 513 | 4.38 | 4.75 16.0 | 127.4 | 5.14 | 213 | 3.13
20 | 159 | 4.69 | 4.01 | 4.35 115 | 916 | 413 | 213 | 3.3
00 | 00 | 3.85 | 3.31 | 3.58 7.0 | 55.7 | 4.00 | 2.09 | 3.04
| 00 | 00 | 299 | 155 | 2.27

| 40 | 318 | 375 | 192 283

| 80 | 637 | 405 | 2.06 | 3.05
120 | 955 | 43 | 216 | 3.23

16.0 | 127.4 | 4.44 | 2.30 | 3.48

| 180 | 1433 | 511 | 2.37 | 3.74

| 200 | 159.2 | 546 | 2.38 | 3.92

| 150 | 119.4 | 541 | 2.38 | 3.89

| 00 | 00 | 409 | 1.76 | 2.92
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¥ 3.15.11c PBT Data(o]® &} No.3)

¥.3.15.11d PBT Data(©]22] No.4)

Reaction | Settlements(s, mm) Reaction | Settlements(s, mm)
folyl,| D1 | D2 |Ave || E gh. ] DI | D2 | Ave.
0 0 0 0 0 0 0 0 0 0
1.5 11.9 | 0.74 | 0.80 | 0.77 2.0 15.9 1.64 1.71 1.67
3.0 23.9 1.33 1.47 1.40 4.0 31.8 2.83 3.03 2.93
4.5 35.8 2.07 2.27 2.17 6.0 47.8 3.56 3.94 3.75
6.0 47.8 2.80 3.01 2.90 8.0 63.7 4.20 4.71 4.45
7.5 99.7 | 3.66 | 3.88 | 3.77 4.0 31.8 | 408 | 458 | 4.33
9.0 71.6 4.50 4.79 4.64 0.0 0.0 3.04 3.45 3.24
10.5 83.6 5.56 5.73 5.64 4.0 31.8 3.93 4.41 4.17
12.0 95.5 6.50 6.68 6.59 8.0 63.7 4.52 4.99 4.75
13.5 | 107.5 | 7.45 7.72 7.58 10.0 79.6 4.99 5.43 5.21
15.0 | 1194 | 8.34 8.63 8.48 12.0 95.5 5.58 6.00 5.79
7.0 95.7 8.21 8.55 8.38 14.0 | 111.5 | 6.07 6.46 6.26
4.0 31.8 8.09 8.35 8.22 16.0 | 1274 | 6.60 | 7.01 6.80
0.0 0.0 7.09 7.02 7.05 11.0 87.6 6.52 6.86 6.69
5.0 39.8 6.13 6.48 6.30
2.0 15.9 | 5.68 6.00 5.84
0.0 0.0 4.50 | 4.89 4.69
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A4 dTFEE GAL 2 #AHEk V|9 x
4.1 AT+ A5

4.1.1 AFFEH AtFste] 35 243 #A

FFSe ALFHS ANFE Fopld AR FHHE B Brh AAF
ABME NAFY, 2H Ex vaY TR AFS QNI § ALsA o
o]

£t 53], Ao ¢4 A8 EH F, FEAT] AFE whEd A
AFEox e Bdddiet iR AW se] FAETE o] AT FFHA B
2 EF vy BA=AFE Bo ARAQR, AFAow FaiA AA/AT/AE/E
g T AHAE AFeAE d® Uk
o] AT FRATFVITAMN BF ol A Test blockE FAsA AR Z=E
FE TR, AFAFIBAN 2 AR ARE AFFH SN FI) H
EARgd #¥d EAE ARSI Hugd AL v AR A, &, o] AT
AM A otle AEArEL F AETTA $RHT drsSolrh
(1) = AYPARERE FHT FEZT4 ASHY v
- Hoek-Brown(H-B) =&
Hedn % : ¢ = 2.013Ma, ¢ = 30.1°(0, = 58 MPa)
FAFALANAZ] d) ¢ = 1307 Mpa, ¢ = 28.2°(0,, = 45 MPa)

—
O
w
1l
—
o
=
o
Q
(@]
Il

0.28 Mpa, ¢ = 47.4°
JCS = 15 MPa : ¢ = 0.34 Mpa, ¢ = 50.7°

 Hoek-Brown &< AFHL A5 3u) o] 3, HFvtZEZALE 1/2 BE BA
FAH A

* Barton TtElAE, AFAYHS AS5AY 1/2, HFvHEAE A5X9% AY FAL

AU 24 FAEHAT

o 3] A3folA, H-B #&F 3 Barton #&9 ZEAFE A2 4wtdr. Barton
T2 FFFHo] ¥ U FerdZol ot ¥, H-B #&& Aol 1
Fubdzre @A BrtE e B Eolth

ol A3 ditolr}

il
i
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Heok-Brown2 Ad¢e 3% 45418 402 =53 F¥ 2ot} mepA, 5
IFAY dEHF Fol| A E(0,,)7F TFE FHAT gAol7] WEdd AFHol
%7l ol o] AL FFHFH(e, =09 A9 Eeltt, Mohr-Coulomb
M-O)Y BEdEL HEdez fxd AYH, Folxe AZHo] YA LE
kel A58 AQ A (attraction)oll BAHEH HIEA G AEH o A4
olu} A3 (Cementation or bonding stress)olt}. walr, 828 FFo] A9
AE e, =~ 0)ME H-B #F& M-C 7522 i3 AFdEe 32 F=d
Aol B3 A7 tr27) W o Barton 7E9 3] ZFRFoZ =t}

WA ol, Barton TE2 8 478 MM HEI W72 vp@AF Fte}
23 AgHoltt oln MR WHe| F& FEAFo] AEsE wEkA, Barton
TES F&Eo] 0ort. @A ARFAEANA A= M-C &2 B44e 7
d ¥, G Hae/d /R 24 (bonding/cohesion/adhesion)e] ot}
a# A, o]l& £3tdFH(Instantaneous cohesion) £+ #@XR7] A& (Apparent

cohesion)2.2 &g Ed3t.

ol
tlo

£

I
i

A

(2) A=A vuZds}

- AT EAAR 7 e A EAA, S vigy Aa2A dAed o
A oz FAHY ALY @] Test blockd FAAMA A5 AY F
Fus FHYsd

Hoek - Brown (estimated) ¢ 1.5 MPa, ¢ 30°
Barton (estimated) ¢ 0.3 MPa, ¢ 48°
This R & D(@34A%) ¢ 0.5 MPa, ¢ 48°

- AV FALHY FERFo|BRE, FHugY dF oY FREA FLde=
T35 A7t Fosith. q7IME, @A A5 533 W7 04~
1.66 MPa©] t}.

- @FAM AE A=A HHE H-B ZETELE F3Y A5
FT 4~6 MPaoldtollA @A S 0.3~0.59 sH3Et.

=

rie

449

=
T
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4.1.2 A¢E 77 E

A7 g TS V71ES ASHEA A S 9 492 AFA

(1) Data logger
Analog 16 ch., Digital 16 ch. % 32 chanel®] 2% AEE ZA9 4287153
o 53 Ed(E9W3E 10-2006-0050770, HHE 1-1-2006-0398501-40)%
B8] 4 AT oIt AFEI 7Hed AFoE MLHAY.

(2) A% PLST
Astd e At A% FAHHEZ, Bl Point7l BYH Holg A 5
Ar}. Load cell typel 2 33FS A3}t 2007. 04.9) A AANA] 29
¢35,

(3) A3 9F AE7)
43 g oz AAFS MEck 53], Female cone typed 721& FAA
ARALE AHE F de AMEFolt. AAYNE YA dF9 (A=
(2006. 08. 20.~08. 19)°] Hydraulic jack 17§& Al&3t: wWalog 7)Msld
AeAA AT} HEE weih o] A& 2007, 10. 239 E3EES 98,

(4) Tilt/Pull test
1782l Al Z7] 300x300x 158 3 #oxd gEHA 7]&0]7]/E7] AYo]
Jbssith Avle 8 d3AE o= et

(5) % & @3 Test block ¥A4H
45 gAY A AT AFE AT Test block 400%400X500 =& ¥
Aol Know-How7F £AHSth Open-cut @FolM AT ¢ e AL =2
W Hxz=2 vpddk dolth o] WhEE 2007, 08.0 3 £ ¢4=8.

6) % itel F=EAE FRHLE 78 F e 718 WA
Data logger® 7|8 22 3} PLST, AAAA A&7], Tilt test, Pull test, &
F AdE 7HsA s DSSTY Load frame $& B3 ¢ule] A5EH L 2§
oz g £ Qe E7oH, olAES o ATNA AL

Ean
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42 AT ERY AT

Hydraulic jack®] AH5A0] Al28g Agstns A g4sgom,
22 A% RgsAY ARFoly eoted ¥ 413 2oh

F4.1 ATFES 4 5(2007. 06. 16 @A)

)
)
o
-

LR

W&

i
(%)

2o Aol B
44 EY2A 2 3=
Ao oy B

ot d4 gAl 2 AlgAlF
AZ3EH AUA g
#}ER4 2F(RMR, JRC, JCS, ¢ & ¢)

100

12 A= 749 A
71719 » ¢t

Hyd. Jack(Duralumin, 1.2/0.8 MN)
Sinker Drill Bit ¢522 B &
Rock sawe] HE wA 2 H7AA

- AdGA A=A +5%
- AMEL 42 FX 0.1 mm/min &%

100

Load frame®] 7B

W& #-& Honey comb Wajoz MA/A|2 5%
A AA A ERto] FAAM AAF

VB nAw A A/ A 2

Lab. DSST system B &

100

Shear box/PBT & lJigs

Alumec 892 Plate A& YR
A 2 dF AE S A/EE dd A AR

2 45 3

100

MZFR PLST Mg

Point-to~Point A& A&5&%3 75

Conical Platen®ll Load cell 3% &

Linear bearing®. & Point 42 #H42 # 0.1 mm
oli2 A2+, 2007. 049 E5 &4

100

NX-cored] AH AF
ANg7 A

7] 83 o}y Foz AZUgs
243 NX Core 20cmo)Ato} Ba g
Center—holed or Toe jacke 2 WHE3S &)

100

Data Logger2} 7t

E3 £9¢8(2006.06.07); 29Wz
10-2006-0050770(H 4-1-2006-0398501-40)
Analog 16 ch + Digital 16ch A &7}
UCST, DSST, TCST E% A147}5¢ HE{Y

95

it @32 AHAT

2006.05.01¢] ALAATHR(F-& I&5F= 14
A 537 AT FAhN E4A 1074, HaHE 2
N, Astw 27 WA &8 H A% ASTF
A&HA AFG~43)/d

In Situ UCST Z# 0. = 1.6 MPa

AW (q.) 1.6 MPa(zttt BAIGE &<D)

90

B3 ot A9 Rock bolt
A 2 AdAdg

AT @A 670 d4(F 257 47)
Astr7h de B G FAEEE 0.2 MPa¢dl

100
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4.3 BdEof 7| =

=2 9 HH A G
el st Ag g A8 AF7E B/bssith wEbs, AR EE A
1 77 F8HE AAHAMNE EF gwtolA Test blocke] 4,
UCST, PBT, DSST 59 Aldo] 7bssinh. Fale] A@7] vgs Ag F=4
o AFH FHo) Bresd Aol sAHBR HA dA 74T oo,
(2) 8FAHY &4
A7t AeHes v, EFdvte] A=Ay 0] Bo gA FoE
F doez FAFAFo] i wHd Aol
(3) /AL 7]71e] o] o2 Hr} A Datadl FE
MeE Data logger, NFY PLST, AAJAY Alg7], @3/2H A& 4%
UTM 52 Au3ste A&7 Agda, AFEzre] Hel, Age A AT
o] L Aoz FHlY VAFHRH HeAFET ¢ AFF DatagE ¥

A

S
)
o
o3
=
©

o

e
ot
(o3
4
314
tlo
> g

o
2

[
)
s
i

O

o ATAY FHNEL JYANFEE AAR & BEAFE SHE AE7 AL,
AgaFr|ge 2 A8 vy AHEE Ad9E AR Bustd e BF
o] FErgd A7t 2esd Ao

- 491 -



A5 A7 4% € E€84¥
5.1 d74% 7]«3 59
(1) Data logger®] E3&9 £45(2006. 06. 07 AFHo] &4 A9F)
- gE/EF/do] FA4E AT ANPVds EF AT HEY
- AlgA 9F 2 MEBROER Test Data®] /28, HY So] HIYF F, 4
%< Sensor #T Al W EAS AR(FA, wol, do], ¥, @HF F)
M7t Jbest 22 UserZt 2@ Programmingo] 7hHs &,
- AP 7HE4(1g 2 8009HY AE)olER AAHo] d1 FYHAS 7HF
(2) W=Zd AAs AG7I(PLST device) AH&2 3
- Point-to-point A&7} A% £AF 22, Blocky samples®l] o}F g 3}c},
- Ao FFAZ7NA, 71719 upEE #4AA]7) Load cell® Hand pumpel
Zae AHAZ X BEH L )/ Lpr.gagey s 1.091(8BAIT, 0.983) 22
A Z1ESR Y dtFol B A YRt
- Point-to-point?] %3t VAL 0.2mmojdl. B7E A89 It Azg g
Ale] #gel Do AFEHA, &Y FZ 4EHAG AAANA AVl vEFATY
< A7 NFE PLST= "¢ #8381t
AR F()e 7IELHREYG /WFe PLST-#tol o £9gsith. §3|, HAY
oA HM YL 2.93/2.13(=1.38), FH AL 4.00/2.56(=1.56)24 &
A3 zpo)& M} o]&, Diametral loadinge 3}dAd] Point Y #ol7t ©
a7] W&o, ol& AF SAHAHA MNFF PLSTE A3 54,
(3) AAAA} A]E7)
ARAZA Ag7ie EFEYo] g7l "W 7jA AL AFe AFHAE F
% A|E 2 Brazilian test®} 15 ¢EFAE S I 274 43T vusdld.
- AHAF AGolA Ao e 1 AYFL 0.2mm o|HE ofF FHoh
- %M g,/0 5 HH 1.22, ¥E5AFE 02424 AHAAAEZF 20% © %4
Ueld, o714, 6, 2L o, &7 Brazilian test 3 NEE AFAF AF7I
E AEE A=
- Z%H g /oHe HF - BEAF(c.ov)E 21-0.1, g/ozE 20-0.38U.8F
ALz B o, q714 A AHAF AE71e] HA7t o Ao Mk, fesdl
AHAZ AF7IE e FETE & 7 dTh

T
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(3) 71&ol71/E7] A ¥
2R A= AT AU AFAG AlE oo, A E B3 200 x200x 1309 F

odHg Aoste 22 2EE A& A-T 329 200x200x 60" 2748 T

A A ANBE 3 FoE UEY AS B-T 4712 7]1L0l7/EV] AEE Y
3t A o 2o

- A8 A/B-9 Ho) wpEz}e Tilt testollA 51.2°/42.1°, Pull testol]l= 53.4°
/45.0°24 Pull test® T& Aol Tilt test®tt 43t © ¥A Yebd.ol:=
Tilt teste Aoz @F=E=d ®H#lA, Pull testsE AIE7F £Xojdets
Zg wo] 83¥7Ho] Fro|2 & Asperity component A o] i A7) wWE.

(4) % 1% 4FAFUCST)

FAY dA9 3o AHI EVreE @ FAHE Test block 350 x 350 x
490 9 350 x 350 x500 270l thetd AP st

- RS HA - A4 A (brittle - ductile)?] FLHAEo|H, 1F ¢EFPE
2.07MPa, g ¥EE 24% 2 HIASF(E) 0.74 GPaE UELE.

- 8ot #aEZ Test block EWo| el Fissure/Crack® EAl 57 0.1~
0.5mmeojgith. o] Axel AEo] A= Test blocke UCSTE A9 F2ju|dlx|
Tt 0.5 PBTS 3HE XA ™E(q,), E & A¥rE Al4(K, MPa/mm) 3 Zo)t}.

(5) B3 Ast A E(PBT)

- Aorez] AFXNE 40 MPaolstdllAd: AL SR 937+ 3%0d HlsiA 40
MPa o] 4ol HE + 5%olick. o= 38 Accumulator(40 MP2)sl #7491 2
o3 Atz €t

- A5+HE 330x330 ¥ 490x490 2702 ARt HsE vz, XX E A
A T3 FENAH(q)S 242 1.75MPa 2 1.79 MPa, A ¥HHA&(K)E 3.23
MPa/mm % 1.79 MPa/mm2z YERRT)

(6) A3 test blocks, 7MF A T4 L A A Wy

- Test block(350 x 350 x 500) 5 /W& B3t DSST 2 /N4, UCST 2704 3.

- One test block® 4719 7P} Addoz FAEE 13 AF 42 Z& 70mm
2 HAPed AEEH tdd ¢E %8t 75mm=E A A8

- /3R Addate] ojdAgE, & Aw 4 E(FADE 0.034 Lo(12mm)=
AZRed, (<) AW HW3F -3.7mmel HHAH YFE & Roz AgHH, o
A& 0.025Lo AR AUzt
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Z—-lo]% 5mm(0.13 Lo)& AF&=d 0.1 Lo(35 mm)old F&3o]

T AW Mg W do2A A7[AE 350 mmeoltt,

(7) B4HA %']91 AA3, FAAZL 70~120 ®ANA AAHY A LA = 2~5

S AT olE SR, AAY 271 MpadlA 109 £k HA 268.5~
273.9 MPaZ2 fx =it

(8) A¥IFF 7A FAY HA

-DC motord] HALEE HETTLE st I= FZ 2oio] AZ2F FHEH
F A AR ADEFE HEAI AH AL E HYFS A9 4 &
A 4E AHAFGBAFT 0.965).

- Hyd. jack® ©9¥3 143 cm?, Motor A AEHE HAAX 1/2~1rpmolA4 Rame]
o] 5] 0.2~0.36 mm/mino2 #3 5 3ct.

(9) XA et AdA i AHD

- ZAA dEelA Adg Fof, dud AR AAE A d9XE AN Ads
A8 4718 /& 2Fo] 59T FHI}FLE AADEAH.

- 22494959 EZIANEL Load framed A EAMATN Add WY AAD
(Re-shear on the sheared surface)2 AT AL FHEHOE 71T AF
olER, YAHY AHTAY HE|d WEo] M2 WA wmrl 23 A
gE AL g AAFHoE X FAA ADsAT

(10) Dilatation %4 3&F

- 3 $8(0,) 0.42, 0.83, 1.25 & 1.67 MPa2 2 AlgdZ A, Dilatancy ¥}
F2 dAdd Hol AADE Ad4dH AgET A9, 0.0 $EFF Sk

- Moty Wa 0.2~0.36 mmel 3 Dilatation HEHFOE HE 9 HWH
9] W3} ZtZ(asperity)= Test block No.29] 93 AEE #3$E-HF2Z
A= 043 MPa-21.0°, 0.88MPa-18.0°, 1.23MPa-16.4°, 1.66 MPa-15.0°,
AHAA&E=0.48 MPa-18.3°,0.88 MPa~16.0°,1.22 MPa-14.5°,1.61
MPa-13.6°0]1tt. olt U3H AEE dY3 A9HoeE TR g dddd
He] Q/oldE Haso] g8We FF s AAT, o Hol #HE 3o Ad
dEtd B Atolo] 74 HHEO] FEAY BV HELRE JAIH.

(11) A=A

- WRuEds @rr) YL Test No.19 AANEE 49.7°- 0.72 MPa, A
Av A 8E 42.0°-0.65 MPa, Test No.29] 948 2 AdD Z=FFE 744

R
a8
lo
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45°-0.55 MPa % 40° - 0.52 MPaZ uEelstr}
- Peak pointdl] ol2= Aw HYEEL YAH AEE 3~4%(10~14 mm), AA
HAEE 3.5~6.0%(12~21.0 mmEA AAG A87 4 o Ho

5.2 &4A4%

(1) 7W&¢3 Data Logger
- Z9714 ()T FAA GAFol 2AE B THIAE HT
- AN ARE AF AYHe T2aHES AR AFsE dHAd 9Tt e

(2) e AFd FAAs ZFEAFD7
~ Point-to—Point A&7} AE FAHEZ, B3 A|E(Blocky lump)el H&.

- Conical Platen®] Load cell& Z#ste #HaFS FZFoEZHN 7|&9 &
Aol A ¢} AR HAHAEZAH? dEAZ & Rol Load cell2 53
g ZEY 95% ol B 8E I

(3) AtalAT @& 2SN AS
- B out @3N, HaAs AE, dF5UYF BE ANEE T3
- AdFUE TEREY 7z ol EGAY JEAE wWdstd AEHo0E AS
- RN HE APt FEARATE AFHE AATER BgdAo] sAH,
- AE3 g 71Ee AAAY vust HAH o AA/AF/AE Y 2AE AlF

(4) 4A Core & AFHJAF A1E7]
- QAR R Ag Axd AlAEY
- AP olFPo R JNEF AAF HeHA AH, nAF] o] F%
2. HA7H 9 nRAF-SHL 2 MPa o}3 89 HF3HL 2.5 Mpa°lA 2.
- Toe jackol\} Center-holed jacking typel22 8Z% Q3 W¥ZFEL A7}
A NLEE A7 &

(5) &4 Core9t Con'c FAIA thaiA AL§ 77|82 &9 Al o] &t
@ Rock core(NX) : A3}, AFAJE, 1 £ LS, AT L 3245 AN 5
@ Con'c FA14 : D35, D50, D75, D100 52 &M3td 9 DF 2& A3
® 7]&49] Lab. UTME oAl A &3 7ts
@ ANFFS o] 8T AZA A AF=E LR
- AFExd WE ZFEAFY J38(Strain rate effect)

- FEAANERIFANR)Y Z7E FEA](Scale effect)
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- 9AH AES ARG AR FEAT Hlu F4
- ¥ 339 AH9 AdAx
(6) 7o o2 EF ANt dFd A FolAY Turkey base FHZ FHPHE=
AA AL Heoldtd AFAE A3t 8_HE FHEET.
@ ¥ AF Test blocke] A
@ @l 3§43 Test block & AUAIZoz dA4 ANFFdls) v
- AAs AP PLST)
- AAAG AF(DSST)
- B&As A (PBT)
- 1% 53 = AFUCST)
@ Lab. test
- A A 1 Al¥(Uniaxial tension strength test)
- 718 v}&Z4 A (Tilt/Pull test)
- Slake durability
- AAs A D(PLST)
- ARADG AFDSST)
- Tilt/Pull test
- 15 453= A4UCSD
- 3% &EAE AF(TCST)
(7) A QT @7 EGAS A AEAHA ASATAAN 7|&9 AAXY
Hlaste AA/AlE/AE Y] HAHs A8E S5, #UEE 9 dFI
8) AdF FA 1.5~60MPa ¥ Hyd. pumpe ¥59 2 AAs Ay P
A gl &R_7t5
(9) 783 Data logger®] %3}
(10) A& ABY AAsH A7 AT NF719 3535
(11) /W&3g CNL type® DSST 7171& CNS type A&7H54d 247,
(12) AA o] &A=
- B¢ AYUEE 2 FA EF
~ ©AK2007.08.03), A1 @%41(2007.08.09~11) 2 @A H(2007. 08. 22~24)
(13) A7g T5F A3 AY
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A6F ATHANA 3% A SRR

bl F; BRoIH, gute ZEFES 3T A8 AN, 7)o 2o

6.1 Lab. DSST #Xx& CNLE Y CNS7} Rt}

- Johnston, I.LW., & Lam, T.S.K.(1989), Shear behaviour of regular triangular
concrete/rock joints analysis. Engr., ASCE, 115(5) @ 711-727.

~ Indraratna, B.(1990), Development and application of a synthetic material
to simulate soft sedimentary rocks, Geotecknique, 40(2) : 189-200.

- Indraratna, B., Haque, A. & Aziz, N.(1999), Shear behaviour of idealised
in filled joints under CNS, Geotechnique, 49(3) : 331-355.

(1) AN@%=A

- A8 A7) &R0 F(LXHX t = 250Xx150%75),

aHE A (LXHX t = 250<100X75)

|
3
ok
o3l
1

[>
[
ot
ox

D ka = AN/AS, = 8.5 kN/mm(867 kgf/mm)
* hyd. jacking(Hth 180 kN, 18 tf) - CNL type
: hyd. jacking(Hd 120 kN, 12 tf)

Shear rate : 0.35~1.70 mm/min.
- ¥ 9 A FAAEEEeF 2 Dilatation -~ 0.5~5mm),
At MY (ALmax =0.08 Lo)

+

2
RV
L
ofN  ofN

(2) FAIA
m AF Joint AR
- Soft rock joints ; Gypsum plaster(CaSO4-H20, hemihydrate, 98 %)
- W/C=60%% &3 EF F 27 44 25 £
- D502 AZXR(LE 50°C)llA 2573t 44
- 0. = 11~13 MPa, E = 1.9~2.3 GPa
Ag, AA7] A 8N, AE A4, o1 T4 EAA A3 Indraratna(1990)
w QF Ay FAA
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- #3849 FYZ F¥] ; Indraratna(1998)

- Gypsum plaster® sH# 4% & 4§ 43

- asperities W=7 ; Type I (2} 9.5°) Typel (Z} 18.5°) Typelll(26.5°)
© A% de FAIA

- Brzilian test® A% FAHE 4F3E Plastibond® F3 F 24A7F A
- AdAA 2o A BDE - Aol o] Plaster® @3 14

— AZE2(50°C)oM 48 - 2 WA

@ AA da] FAIA

- 35 WAF AT rockslide FHoAA T4 ot AHGS AFH

- AMY4§F 5 dark-grey claystones, mid—-grey siltstone/fine sadstone laminates
- T ~xHE o] 68~70%

- Ag4d v 9 Cutting

FH- 3 AF(250x75%150)3% 3HF-4FAH8 250%75%100

- 0. = 20~33 MPa(ZL = 338 Al

- §F3% 93 A9 712 vhEZHen) 32°

(3) da-¢4 ¢ CNL Lab. Test A&

- dgid e FAZ (ko Wt AgAE7F et

- 3380 g A= FAZ=E CNLEG CNS7F f a0,
@D Shear rate®] 43

- 0, 0.62~2.78 MPa, shear displacement rate 0.05~500 mm/min

- Ay AAHYIESET METE ADAFH] FHA

- AY; AGHY &xo met ADAET S7HEY o= gHAl A EW
@ A" AdA= 9F

- CNS(ka = 8.5 kN/mm) and CNL(k,=0)

~ CNSE A Fol Normal stress’} $7t5E2 CNLET d@7=7F S7H€dt)
@ FHHA] FHLEY AFF| YT

~ peak point®] 3 AFHFL T4 CNS7I CNLEY ¢ o,
@ CNS9 #3459 4%

= 0no®] WEFF, asperity7} Wol] Fol2E AT T 0,0 A I

- Ao A-gute] ARG deWo] opd B¢E CNL teste st

- 498 -



® Dilatation®] 9% : CNL2 CNSEU ¢ 331 #3rsidd,

©® FATELY

- Saw-tooth(134d8]) Al5+& CNS= AgwsolA gk, CNLL bilinear ¥ 3}

- CNS& 3™ Bt} asperity’} 2 ZAo] s34 #HAJ o A

-CNLE Z=A4«7F JdRH7MHER, ST Hegwte] FaFAts
CNS-Z=As7 B A=go] Ut

(4) Unfilled/clean joint®] CNS AGA%

O AldzA

= Ono = 0.05~2.63 MPa

- Shear stiffness(ks) = 8.5 kN/mm(820 kgf/mm)

- shear rate 0.5 mm/min ; 0.35~1.67 mm/min

@ A g4

- peak point @ o7t FEFEF AhS Tt AEFY o, W EE A

- Dilatation ! on7F W&T& At}

- $YE onollA, 1=18.5°2 i=9.5°| wsjA dilatationo] At}
(spring A% ¥Adelth 0,2 0.7MPa A¥WH, 0, < 0.7 MPa B APHY,

Cartin Edelbro(2003), Rock Mass Strength - a Review, Technical Report,
Dept. of Civil, Div. of Rock Mechanic, Luled Univ. of Technology

6.2 FAT ¢ FEFEY YuA AP

- B4 dA 9 B=HdEL Lab. test 2F 9] H@PH o)

- RMR B9 & 233M diHrock mass) = AE3tels o] A&F

- Hoek - Brown tf&°l g2 o] §Hn, EF ¢utd HEA7]E d77 1YF

(1) Fairhurst(1964) : 2% 44 9] Brazilian test Z3E Griffith o] &4 &
<3 A (0,—03)° = a+ bloy + oy)

- oo/ oc gkl BAE gtol oyt

- Sheory(1997)2 3 & A|@Z#E dHAAYY, ot A7t solrizl

(2) Hobbs(1964, 1970)¢] #2% A/a4 e} Z=qtE
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~ Nehe) 3EAY 292 FAY Moz M

- 1970 B ohik 34(21) AT L nf$ )

(3) Bodonyi(1970) A% &2

- A NN FU4F AFEHAE 0 = 0, + aoy

(4) Franklin(1971) 348 AAFF : 0, — 03 = Al + 03)”

~ Griffith 343 AL 5 0, — 03 = Jo (o, + 03)

~ Curved criterion : o,— 03 = o3+ 0} 20, + 03)?

(5) Hoek - Brown 3 3+&

o os |*
(6) Ramamurthy(1985, 2001) ; > =a+ b

(4 UC
(7) Bieniawski(1974) & Yudhbir(1983)
- jointed plaster and sandstone specimens

(o}
& = —

Oy

(8) Johnston(1985) : +1

! !
O3 (M a3

s Y e _ M
B o, B

c

AFYLEB=1); M= LM—(Mohr—Coloumb 71€719 5Y)
1+ sing

(9) Sheorey(1989) ; Balmer 7€ Aoz 3% ¢ A|g 23

03

(10) Yoshida et al.(1990) ; 0, = g3 + Ao, -8

O

- & YA o| softening HEE o, 03, o, A, B, S 522 ¥&
A B, St 3% 4% A¥olu 4% AuAPOR 78
~05=0; A= 8P

A ASo

c
c = —

2+ 4° va+ 24

Hoek-Brown Criterione B =2, m = A%, s = A?S

Mohr-Coulomb Criterion& B = 1, sin¢ =
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Az AR A2}

o3 F4 Wl gk ot
(0,— 0, = a+blo, +0,) | Griffith 0128 HEXO2 YHsl | Fairhurst(1986)
0,= 0, + o, + Fo SzsAMo AHAM Hobbs(1964)
o, =0, +ad Ol Hole AKNUE o2 %S | Murrel(1965)
¢ s U4 AHAYUS IM
Tm —To _ p|%m X 83t HoekOl M ot3=0l & | Hoek(1968)
e e HUug d3as
o, =0,1tao, oFrst 24 IZAE 2 Bodonyi(1971)
0,= o3+ . B (o, + 0,)? |50000 AEOl BEA Franklin(1971)
1£F1 & HS AL
0,= g3+ /ma,o, +s0, grg'g/og'zé fg}"j%"g* Hoek & Brown(1980)
o o \* o =t &l Al Bieniawski(1974)
—— =a+ b((7 ) 700 MBS EBA Yudhbir et al.(1983)
[o4 [
b
O o 45 Al Ramamurthy et al.
M B
O (E%’ + 1) B LA AZO BEA Johnson(1985)
b
_ 93 oS OrA/T) = = of Balmer(1952)
0= ‘Tc(l + ?t) FEE TH/IE S Sheorey et al.(1989)
1
o= o,+ Ao (_f_ s|” |A B s= 25 B4 Yonshida(1990)
<
O3
o= %(01 )y Onm %(a1 +o3), a b F f C D B M5 4+
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6.3 ghitel B FE AY4

Put £ R o,
744 gl ol gse

B3 F29 o4,
g3 FE 0 F(5.1)

HE A&

ANgas, dF

Zx:

Hoek-Brown(1980, 1983, 1988, 1995, 1997, 2001, 2002) 7}¢ €& o] &
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