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APPENDICES

Summary of joint survey results
Location of core specimens in laboratory tests

Input data form of Geomechanics Classification

Computer program for point-load test

Computer program for Schmidt rebound hardness test
Computer program for pulse velocity test

Computer program for uniaxial compression test
Computer program for fitting linear regression

(least square)



Table A-1 Summary of joint survey results.

361

Orientation of Joint (strike & dip)

Type of Outcrop and Location

A B C
Cut slope, First Aid Station 359/84,30/69 *1140/69
Cut slope, Carpenter workshop |38/74 285/69,325/56
Cut slope, EGAT labour camp 80/4 156/46,18079
Cut slope, Guest House 75/55 170/72 290/78
Cut slope, Engine workshop 360/69 180/90 284/69,288/50

300/84
Cut slope, Engineer house 95/55 170/69 290/60
Cut slope, EGAT temporary mess 96/46,112/50|166/74
Natural, Right dam axis 75/55 284/64
Natural, Left dam axis 62/64 284/64
Road cut, Inlet power tunnel 28/84 70/60 178/50
Natural, Khlong Seng river 70/76 | 320/84
Natural, Khlong Saeng meander 180/80 300/64,290/74
Cut slope, Right & Left of out
let Diversion tunnel channel 20/90 117/84 170/58,222/90
Road cut, Spillway channel to
borehole SW 1 28/86 125/76 300/64
Road cut, Access road to
borehole SW 2 and SW 3 286/84,298/69
Quarry, Road to new blasting 160/50,165/74
site 24/90 204/90 286/74
Top heading wall, ch. 35-85 25/84 90/44,119/44 261/74
Top heading wall, ch. 85-135 120/84 ‘260/69
Top heading wall, ch. 135-185 | 21/84 76/70,100/50 280/68
128/78

Top heading wall, ch. 185-=235 60/85,135/90|190/84 315/90
Top heading wall, ch. 235-285 68/50,114/41 284/67 —j




Table A-1 (cont.)

362

Type of Outcrop and Location

Orientation of Joint (strike & dip)

A B € D
Top heading wall, ch. 285-335 82/80 270/75
Top heading wall, ch..335-385 24/84 90/79,131/20
Top heading wall, ch. 385-435 | 20/74 50/9C,140/90 260/74,312/86
Top heading wall, ch. 435-485 76/74 280/79,291/25
Top heading wall, ch. 485-517 90/20,72/80 2900/68
Cut slope, Outlet portal
elev. 24-38 m 15/90 79/25,115/72 | 195/90
Cut slope, Outlet portal
elev. 38-47 m 20/90 86/74,130/80 | 200/90 | 290/74
Cut slope, Inlet portal
elev. 18-30 26/80 296/79
Cut slope, Inlet portal
elev. 30-41,50 22/90 202/90 | 265/82,315/74
Cut slope, Inlet portal
elev. 41.50-47.30 m 25/90 205/90 | 263/76
Cut slope, Inlet portal
elev. 47.30-60.00" (1) 22/90 202/90 | 263/76
Cut slope, Inlet portal
elev. 47.30-60.00 (2) 24/90 92/48 281/84
Cut slope, Inlet portal
elev. 60.00-80.00 (1) 25/76 125/90 173/71 | 305/90
Cut slope, Inlet portal
elev. 60.00-80.00 (2) 20/84 165/55 | 268/84
Cut slope, Inlet portal
elev. 60.00-80.00 (3) 173/40 | 282/70,315/50
Cut slope, Inlet portal
elev. 80.00-upper 185/69 286/41,279/50

297/59




Table A-2 Location of core specimens in laboratory tests.

363

|

Rock | Designation Locality Elevation Total Depth Testing
Type Hole No. Colar | Bottom m Boring Depth
m.
Sark DH 1 River +10,482-13.468 23,95 23.40-23,70
Gwke Channel | 42,20-42.40
Sark DH 2 River +13.401-56.599 70.00 1.10- 1,30
Gwke Channel 54.20-54.50
Gwke DH 3 River +12.814-57.816 70,00 15,05-15.33
Sark Channel 30.30-30.40
Gwke 59.00-59. 30
Gwke DH 4 Right +43,516-35.484 70.00 21,71-22,13
% Abutment 66.00-66.40
Gwke DH 5 Left +21.554-48.446 70.00 14,90-15.40
Sark Abutment 39.00-39.20
Gwke 58.40-58,60
Sark DH 6 Right +84,287+14,087 70.20 1.50- 1.90
Gwke Abutment 35.40~35.80
¥ 40,00-40.40
Gwke DH 7 Left +31.892-38,608 70.50 42,00-42,34
1 Abutment 43,50-44,00
ey 46.50-46,70
Sark 66.00-~70,50
Gwke DH 8 Right +80.567+9.46 71.10 42,80~42,90
& Saddle 43,00-43,35
Gwke DH 9 Left +45,087-25,363 70.45 25.50~52,.88
s Abutment 49, 70-49,80
& 55,30-55,40
5 57.60-58.00
Gwke DH 11 Left +57.250-12,850 70,10 40,70-40,90

Abutment

60.65-61.05
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Table A-2 (cont.)
Rock | Designation| Locality Elevation Total Depth Testing
Colar | Bottom m Boring Depth
m
Gwke DH 13 Left +75.280+4,780 70.50 51.20-51.40
" 59.05-59,53
Gwke NSP 1 Diversion |+100,73+50,434 50.30 45.,40-45.80
Tunnel
Gwke NSP 2 Diversion (+96.250+53, 350 42,90 25,00-25, 30
" Tunnel 28.80-29.00
u 30.27-30.61
Gwke NSP 3 Diversion |+87,544+37,494 50.05 25,40-25.70
Tunnel
Gwke DD 2 Power +14,289, — - 32,00~32,20
House
Gwke DD 3 Power +20.412 ~— e 34,00-34,30
House
a
Gwke DD 4 Left +27,730-42,270 70,00 51.00~51.30
Abutment ‘
Gwke DD 5 Left +91,080+49,.65 50,00 33.00-33,.30
Abutment
Sark DD 25 Diversion|+87.200+22,200 65,00 7.00 -7.20
8 Tunnel 14.00-14, 30
= 15.43-15.73
Gwke 59.20-59.45
" 61.00-61,30
e 61.80-62,00
" 64,00-64.30




Table A-3 1Input data form of Geomechanics Classification of jointed rock masses (revised)

(after Bieniawski,, 1979).

Name of project:
Site of survey:
Conducled by: STRUCTURAL ROCK TYPE AND ORIGIN CONDITION OF DISCONTINUITIES
" Date: REGION 3
PERSISTENCE (CONTINUITY) Set 1 Set 2 Setd Set 4
DRILL CORE QUALITY RQ.D" WALL ROCK OF DISOONTMmEs Very low: <Im o ¥ e Y e R, |, e
Low: g i LR SRR Rl o -t ol RN SIS o Se ) o ol
Excelient quality: Medium: IO T i WA T i - T R NN o ST
Good quauty: High: S R - R i L e LR
Fair quatity: Moderately weathered ........................... Very high: >20m
Poor quality: : Highly weathered ... SEPARATION (APERTURE)
Very poor quality: Completely weathersd .......................... Very light joints: <0,1 mm
*RQ.D. = Rock Quality Designation Residual ool .....7°7 7.0 L AL, Tight joints: 01- ods__"!"_‘ ---------
M AP DI EDE S RO IR Loiiciiils aeesirisess o mpssesvenens «  raredsnsaned
GRQUND WATER STRENGTH OF INTACT ROCK MATERIAL Open [oints: 25-10 mm
' Poini-i
INFLOW per 10m o nute D pressive OR st o Very wide aperture > 10 mm :
u mw ". ............. - mm. “P. hd.l. P.
leng ROUGHNESS (state also If surfaces are stepped, undulating or planar)
or Very high: Over250 ... ....... >10. ... .. Very rough surfaces:
WATER ::\ESSURE | BOORRS - SR R High: 100-250.......... P N Mough sufiieg: oS e s i o el ool b
. Medium high: =900 2. S B raeses S ARG 1 B W i A Sl BT ek S
GENERAL CONDITIONS (completely dry, T L :“'::: s
damp, wel, dripping or flowing under| Moderale: 25-80......... YRz Moo sUrsORE NS | < T SR S, aidensd S veemennnity
[ lum or high p Low: 8= 88 o APV PNEhOnelded BIIEORE: . T v Peesssindes 4 sersecesans
...................................................... Very low: 1o 8. FILLING (GOUGE)
SPACING OF DISCONTINUITIES T R R B S (R Ch
INRUUTRAINR" 1252 xRt i, 3 oy, 1% castevubilan ™ ISR aloons] wifs imtmatess
- Set 1 Set 2 Uniaxial pressiy NP 1 itaheness | vesassiiie b SEsbssaendn et roes
Very wide: D2 L T TR o R ¢ | R RERE. 4 S e
Wide: as-2m " MAJOR FAULTS OR FOLDS
Moderate: 200 - 600 mm
Close: 60 - 200 mm
Very close: COPII Lo T S el T saeieesasnestt Tadbesasveans: ' ESUSR L L .

Describe major faults and folds specifying their locality, nature and orientations.

GENERAL REMARKS AND ADDITIONAL DATA

Set 1

NOTE: Refer all directions 10 magnetic north.

(dlv ,.A)H
& SRS SO T RO R W o | Cnunireeee . S
Y BT T T I G idies ey DIDE iiieeecienih  amseasbiRaveNibes
Set 4 W ... AT B0 ssssonin sefndIIB. scosoinvessihl o MEOSREARASAS

NOTE:
(1) Fordelinitions and
.in rock masses.’

it ISAM

(2) The data on this form constitute the mini quired for engineering desig
logist should, h supply any further inl lon which he

‘Quantitative description ol-discontinuities

G9o¢
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100 3K 3K K3 0K 3K KKK K K KK OKOK K KK KOK 30K K 3K 0K KK KK KK KK KKK KKK KK KK 0K K OKKOKOK KR KRR KKK

!
110 ' % Thesis Title On: Geomechanical Aspects and Their Applica-X
120 ' % tion to the Diversion Tunnel Stability at Chiew Larn Dam X
130 ! x 8ite, Changwat Suwrathani X
140 ' % Fursued By: Danupon Tonnayopas, BSc. (Eng. Geol.) X
150 ' ¥ Name of Frogram: Fpint-Load Test Based on Greminger (1982) X
160 ' X Used Ry: Hewlett-Fackard HF-83 computer ¥
170 8 RRKKKORR K KOK K OK K KK 5K K KK 3K OK KK KK 3K 5K 3K 3K 3K 2K K 3K 3K 3K 30K K 30K 3K K 3K KK KK KK kKoK kok koK X

180 OFTION BASE 1& CLEAR

199 DIM A(SO)Y;B{50),C (50) ,D(50) 4L (50),54(50) ,X1{1),P(30)

200 DISF "FOR CORRECT DATA INFUT X, %"

210 DISF "No. OF DATA";® INFUT N

220 FOR I=1 TO N

230.DISP “"P("3I5")4D("3I3")Y,L("3Is")="}

240 INFUT A$,R%,L%$

250 IF UPC${A$)="%" AND UPCs(R$)="X" THEN I=I-1 @ GOTO 230
260 P(I)=VAL(A%) @ D(I)=VAL(R$) & L(I)=VAL (L%)

270 ! Calculation of Foint-Load Strength Index

280 A(I)=.834%F (1)

290 B(I)=80R(SO) X (D(I) XL {(I))".75

300 ! S=Foint-load Strength Index (Is)

J10 S(I)=A(1)/B(I) %1000

320 ! Relationship between UCS & Is

IT0 C(I)=24%S(I)

340 ! C=UCS=Uniaxial Compressive Strength

350 NEXT I

360 REDIM S(N) ,C(N)E® X=AMIN(S) & XO=AMAX(S)

370 MAT X1=CSUM(S)&® X2=X1(1)7N

I80 MAT X1=CSUM(C)® X3=X1(1)/N

320 MAT A=S5.8E MAT X1=(SUM(A) /)@ X4=50R(X1(1)-X2"2)

400 PRINT " P D = Is )

410 PRINT " D c" @ PRINT

420 FOR J=1 TO N

470 PRINT USING "3D.2D,1X,3D.1D,1X,3D,3X,1D.2D,2X,3D.2D" ; P{J),D{J)
sl 1) 16 (J7 , €40T)

440 FPRINT USING "3D.2D,1X,3D.1D,1X,3D,3X,1D.2D,2X,3D.2D" ; P(J),D{J)
6T XSS (J) 5 E (3D

4530 PRINT "Max. Is ="3;INT(XO0X1000)/1000;"MFa"

4460 PRINT "Min. Is ="3;INT(XX1000) /10003 "MFa"

470 FRINT "Mean Is ="j;INT(X2%1000)/1000; "MFa"

480 FPRINT "Mean ="3;INT(X3IXx1000)/1000;"MPa"

490 PRINT "Std. Is =";INT(X4%1000)/1000;"MFa"

S00 PRINT "S5td. of mean Is ="; INT(X4/50R{(N)X1000) /100035 "MFa"
S10 MAT A=(0)® MAT B=(0)& MAT C=(0)@ MAT D=(0)® MAT L=(0)&® MAT F=(0)
& MAT 8=(0)

S20 END
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333K 0K 3K KKK KKK KKK OK KK K K KKK KKK KK 30KOK KKK 3K KKK K KK KK K kK KKk kK K koK ok K K Kok

5 Title On: Geomechanical Aspects and Their Applica-—X
to the Diversion Tunnel Stability at Chiew Larn Dam X
Changwat Surathani X
Fursued By: Danupon Tonnayopas, BSc. (Eng. Geol.) X
of Frogram: Schmidt Rebound Hardness Test X
Used By: Hewlett-Fackard HF-83 computer X

X

KKK KKK K 3K KKK KK KK KK K KK K KKK KKOKOK KKK KRR OKR KK KK KKK KR KRR KKK KK
OFTION BASE 1& CLEAR

DIM A(S00),R(300),C(500),D(500)

DISF "FOR CORRECT DATA INPUT X,x"

DISF "No.

OF DATA"3;@ INFPUT N

FOR I=1 TO N
REM " d=density; R=Schmidt rebound reading value"
DISP "d(“3I:;"),R(";1I;'Xx=Ys

INFUT A%,

R$

IF UFPCH (A%)="%" AND UFPC${(R$)="%" THEN I=I-1 & GOTO 240
A(D) =VAL(A%) @ R(I)=VAL(R%)

! Calculation of UCS % Tangent Modulus
AD=1+.008B74%XA(I)XR(I)

!' C=Uniaxial Compressive Strength {(qu)

C(I)=10"A0

! D=Tangent Modulus Et(lin)j; E=Tangent Modulus Et (sq)
D(I)=600X%A(I)XR(I)-20300 -
E(I)=187%{(A(I)"2%R (1)) -78&60

NEXT I

FPRINT @ FPRINT " lin. sq. "
PRINT TAB(4);"q";TAB(11)3"Et"; TAB(28);""Et"

FRINT "

u" @ PRINT

FOR J=1 TO N
FRINT USING "4D.2D,3X,2(5D.2D,3X)" 3 C(J),D(J),E(I)

NEXT J
END



100

110
120
130
140
150
160
170

180
190
200
210
220
230
240
250
260
270
*ll

280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450

460

470
X10
480
490
S00
910
S52

5930
5S40
S50
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Appendix B—3

B KOKOK KKK KK K KKK HOKOK KKKCKOKCK K OK KK KK KK K IR KK K KK KKK K K K O KoR KK Kk R kK

! ¥ Thesis Title On: Heomechanical Aspects and Their Applica-X
! ¥ tion to the Diversion Tunnel Stability at Chiew Larn Dam X
! ¥ 8ite, Changwat Surathani X

VX Fursued By: Danupon Tonnayopas, BSc. (Eng. Geol.) X
! X Name of Frogram: Fulse Velocity Test X
By ! Used By: Hewlett-Fackard HP-85 computer X
PORORRRKOKR KKK KKK KK KK KOK KKK K KKK KKK KRR KKK K KKK KKK KKK RK R KKK KKK KKK KX

OFTION BASE 1& CLEAR

DIM AC100),B(100),C(100),D(100) ,P(100),8(100),6(100)

DIM H(100) ,M(100),0(100),K(100),E(100),X(100),Y(100)

DISF "FOR CORRECT DATA INFUT %, %, %, %"

DISF "No. OF DATA";&® INPUT N

FOR I=1 TO N

REM "d=density; Tp=F-wave time; Ts=S-wave time; h=height"

DISP "d("3I;"),Tp(";Is™)Tel ;T3 Y,h(";I3")=";

INFUT A$,B$,C%,D%

IF UFC$(A$)="%" AND UFPC%(E$)="%" AND UFPC$(C%)="%" AND UFC$(D$)="

THEN I=I-1 @ GOTO 250

A(DI=VAL (A%) & B(I)=VAL(B$) & C(I)=VAL(C$) @ D(I)=VAL (D%)
! P=F-wave velocity (Vp); S=8-wave velocity (Vs)
F(I)=D(I)/RB(I)

S(I)=D(I)/C(I)

! G=modulus of rigidity (6)3; H=stiffness modulus (Y)
G(I)=A(I)XS(I)"2/10.19716212%100

H{D=A{I) XFP(I)™2/10.19716212%100
X(I)=P(I)"™2-2%S(I)"2

Y{I)=P(I)"2-5(1)"2

! M=Foisson®s ratio (Pd); O=Lame’s constant (L)
MOI)=X(I)/(2%XY(I))

O(D)=A(I) XX (1) /10.197146212%100
Z(D)=3%P(I)"2-4%S(I)"2

! K=bulk modulus

K(D=A(I)X¥Z(I)/3/10.19716212%100

ECI)=A(I)XS(I)“2XZ (1) /Y(1)/10.19716212

NEXT I :

PRINT & PRINT " Vp Vs Pd Ed Y c
L K-

PRINT * 9 e 4 4 4 4
4"

PRINT "  X10 X10 - X10 X10 X10 X10

PRINT TAB(2);"cm/sec";TAB(11); "cm/sec"; TAR(28) ; "MPa";

FRINT TAB(S&);”MPa";TAB(44);"MPa";TAB(EB);"MPa";TAB(bO);"MPa"
FRINT

FOR J=1 TO N .

FRINT USING 540 ; FI) .83 MID) ,E(WT) ,HJ) ,G(I),00T) ,K(T)
NEXT J

IMAGE 2(1D.4D,3X), 1D.3D,3X,5(1D.3D.3X)

END
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TOO T ROK KR OKKROK K KOKOKIOKKOK KKK KKK OKOK KKK 0K 00K KKK 30K K0K0K0K 3K 0K 30K 3K 0K X0K0K 0k X0k
110 ! X Thesis Title On: Geomechanical Aspects and Their Applica-—X
120 ' % tion to the Diversion Tunnel Stability at Chiew Larn Dam X
130 ! % Site, Changwat Surathani X

140 ' X Fursued RBy: Danupon Tonnayopas, BSc. (Eng. Geol.) X
130 ! % Name of Program: Uniaxial Compression Test X
160 ' X Used By: Hewlett-Fackard HP-85 computer X
170 8 XXKEKKKKA KKK K KKKK KK KKK KK KKK KKK AR K KKK KKK KK KKK KKK KKK KK

180 OFTION BASE 1& CLEAR

190 DIM F(150),RB(150),E1(150) ,E2(150) ,E3(150),C(150),D(150)

200 DISP "FOR CORRECT DATA INFPUT x“

210 ! B=0riginal cross—section area in mm

220 DISF "No. OF DATA";&® INPUT N

230 DISF "HOW MANY CROSS—-SECTION AREA";® INFPUT R

240 FOR I=1 TO N

230 REM "P=compressive load; El=axial strain; E2=lateral srain

260 DISP "P("3I3"),El1(";EPleE2[(" s gty

270 INFUT P$,A%,F$

280 IF UFPC$(P$)="x%" AND UFC$(A$)="X" AND UPC$(F$)="X" THEN I=I-1 @ G

0TO 260

290 F(D)=VAL(P$) & E1(I)=VAL(A$) & EZ2(I)=VAL(F%)

300 ! Calculation of Uniaxial Compressive Strength @ Poisson’s Ratio
@ Volumetric Strain

310 C(I)=P(I) /B

320 D(I)=E1(I1)/E2(I)

J30 ES(I)=E1(I)-2XE2(ID)

340 NEXT I

330 FRINT TAB(2);"Uniaxial Compressive Strength";TAR(35);"Foisson Ra

tio"s

360 FRINT TAEB(54);"Volumetric Strain";

370 PRINT TAB(13);"MPa" & PRINT

380 FOR J=1 TO N .

390 PRINT USING 380 3 C(J),D(J),.EZ(J)

400 NEXT J

410 IMAGE 10X,3D.3D,22X,1D.4D,25X,1D.4D

420 END
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20
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
200
310
220
230
240
230
260
370
280
390
400
410
420
30
440
4350
460
470
480
490
S00
510
520
930
S40
S50
S60
570
580
S90
600
610
620
&30
&40
X "
630
H60
G670
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3K K OKOKOK KK KK KK KK KK KKK KK 3K 0K KK KOK KK K K KK KK K KK KK 0K K 30K KK KK KK KK K OKK K
| XThesis Title On: Gomechanical Aspects and Their Applica- X
! ¥tion to the Diversion Tunnel Stability at Chiew Larn Dam X
! ¥8ite Suwrathani X
I | " Fersued Ry: Danupon Tonnayopas, BSc. (Eng Geol) ¥
' ¥ Name of Program: General Linear Regression X
L ¢ Used Ry: Hewlett—-Fackard HF-85 computer X
PR KKK KK KK KKK KK K KK KK K KKK KK 30K 30K K0OKOK K K0OK K KKK KK 0K KKK 0K KKK KKK KKK X
OFTION EBASE 1& CLEAR & GCLEAR

DIM X1(50,2),X2(2,50),Y(50),C(2),X3(2,2),X4(50),Y1(30)

MAT X1=(1)& GO=0 @ Fl1=15 ® P2=92

DISF "FOR CORRECT DATA INFUT x"

ALFHA & DISF "No. OF DATA";® INFUT N

REDIM X1(N,2),X2(2,M),Y(N),X4(N),Y1(N)

FOR I=1 TO N

DISF "FOR CORRECT DATA INFUT x"

DISF "X"3Iz",Y"3Iz"="3& INFUT A%,R$

IF UFC$ (A%)="%" AND UPC$(B$)="X" THEN I=I-1 @ GOTO 260
Y{I)=VAL{R$) @ X1(I,2)=VAL{A%)

NEXT I

MAT X2=TRN(X1)

MAT X3=X2xX1

MAT C=X2%Y

MAT C=8YS(XZ,0)

MAT Y1=X1%C

MAT X4=X1(,2)

IF GO=1 THEN 480

ZO=AMAX (X4) & ZO=Z0+Z0%.1 & Zi=AMIN(X4)

Z3=AMAX(Y1) ® Z3=Z3+.1%XZ3 @ Z4=AMIN{Y1)

IF 2150 THEN Z1=0

IF 2430 THEN Z4=0

Z3=IP (. 1% (Z0-2Z1)) ® Z&=IP(.1X(Z3-24))

IF Z5=0 THEN Z3=1

IF Z6=0 THEN Zé&=1

LIMIT 0,97.155,0,72.771

LOCATE 15,124,15,%0

SCALE Z1,20,24,723

LAXES -715,26,721,24,2,2,4

SETUU

MOVE 0,C(1)

FOR J=1 TO N

MOVE X1(J,2),Y ()

IMOVE -(.1%Z3),0

IDRAW .2%Z5,0

IMOVE —(.1%Z5),-(.1X2Z4)

IDRAW O, Z26%.2

IMOVE 0,Zé6%.2 @ IMOVE —(Z95%.2),0 @ LAREL GO

NEXT J :

MOVE ©,C(1)

FOR J=1 TO N

DRAW X1(J,2),Y (D)

NEXT J

SETGU

MOVE F1,F2 )
LABEL GO;"IS";" F(X)="3INT(C1)X10™3)/10°33 "+ " 3 INT(C(2) ¥1023) /10033 "~

IF GO=0 THEN GO=1 @ P2=85 @ GOTO 22
FRINT @ PRINT @ FRINT
END
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