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d R h2 e FE R A R 0 R "”Fﬁﬁ””‘(’*‘ FHRE)2 3+ 1 Fi(e Rk~ %
AERE )R AR X R 2Y 2 BEHTI 7. % + 81 A% R E. Goodman
KA ELREFS EM AR 5 ”Lr#"‘ ® 2. 2 4 “Introduction to Rock
Mechanics”(Second Edition) ¥ 7> & B £ % (IntaCt Rock) & # % (Rock Mass) 2. 3% I
ZF (Porosity) = 5 4 %+ 0~43%2. F'&(z\ 5.1-1)>-k 4 & % % #c(Hydraulic Conductivity)
+ 5 43t 1x10-3~1x10-11 2. R (£ 5.1-2) » H & 3% & (Unconfined Compressive
Strength) + % 4 > 11.3~355 MPa 2. [ (% 5.1-3) ; @ & & 4£2. T 4 35 & S 8ch]4o
% 5.1-4 #7571 » £ B 4 (Cohesion) + ¥ 4 »+ 0~70.6 MPa 2 ¥ » B #x 4 (Friction Angle)
+ %) 4 3t 7.5~48°2_ F (Goodman, 1989) -

R NSRS ST E R LR RN RS SR S A
—REHR(FI51) R HET S RE T o R LA LJ@%% @1
%35 B A 2 1x10-3~1x10-11 2 FF (% 5.1-5) » = A 3§ & 1 4 e b e g 3 4 2

A A /f@_g_}'%‘
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#1234 K & (Goodman, 1989)

Rock Age Depth Porosity (%)
Mount Simon sandstone Cambrian 13,000 ft 0.7
Nugget sandstone (Utah) Jurassic 1.9
Potsdam sandstone Cambrian Surface 11.0
Pottsville sandstone Pennsylvanian 2.9
Berea sandstone Mississippian 0-2000 ft 14.0
Keuper sandstone (England) Triassic Surface 22.0
Navajo sandstone Jurassic Surface 15.5
Sandstone, Montana Cretaceous Surface 34.0
Beekmantown dolomite Ordovician 10,500 ft 0.4
Black River limestone Ordovician Surface 0.46
Niagara dolomite Silurian Surface 2.9
Limestone, Great Britain Carboniferous Surface 5.7
Chalk, Great Britain Cretaceous Surface 28.8
Solenhofen limestone Surface 4.8
Salem limestone Mississippian Surface 13.2
Bedford limestone Mississippian Surface 12.0
Bermuda limestone Recent Surface 43.0
Shale Pre-Cambrian Surface 1.6
Shale, Oklahoma Pennsylvanian 1000 ft 17.0
Shale, Oklahoma Pennsylvanian 3000 ft 7.0
Shale, Oklahoma Pennsylvanian 5000 ft 4.0
Shale Cretaceous 600 ft 33.5
Shale Cretaceous 2500 ft 25.4
Shale Cretaceous 3500 ft 21.1
Shale Cretaceous 6100 ft 7.6
Mudstone, Japan Upper Tertiary Near surface 22-32
Granite, fresh Surface 0tol
Granite, weathered 1-5
Decomposed granite (Sapro- 20.0
lyte)
Marble 0.3
Marble 1.1
Bedded tuff 40.0
Welded tuff 14.0
Cedar City tonalite 7.0
Frederick diabase 0.1
San Marcos gabbro 0.2

a Data selected from Clark (1966) and Brace and Riley (1972).
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7 51-2 & E 2 k4 @ E % #c(Goodman, 1989)

k (cm/s) for Rock with
Water (20°C) as Permeant

Rock Lab Field

Sandstone 3x 107308 x 1078 I X 1073103 x 1078

Navajo sandstone 2 x 1073

Berea sandstone 4 x 1073

Greywacke 3.2 X 1078
Shale 10%to5 x 10-13 1078 1o 10~

Pierre shale 5% 10712 2x 107t 5 x 107!
Limestone, dolomite 1075 to 1013 1073 to 1077

Salem limestone 2 % 1070
Basalt 10712 1072 to 1077
Granite 107 to 107! 1074 to 1070
Schist 108 2 x 1077
Fissured schist I x107*t0 3 x 10

* Data from Brace (1978), Davis and De Wiest (1966), and Serafim (1968).

4. 5.1-3 % 44 1+ 2 5 &5 A (Goodman, 1989)

q{4
Description? MPa psi G/ To® Reference®

Berea sandstone 73.8 10,700 63.0 5
Navajo sandstone 214.0 31,030 26.3 5
Tensleep sandstone 72.4 10,500 1
Hackensack siltstone 122.7 17,800 41.5 5
Monticello Dam s.s. (greywacke) 79.3 11,500 4
Solenhofen limestone 245.0 35,500 61.3 5
Bedford limestone 51.0 7,400 32.3 5
Tavernalle limestone 97.9 14,200 25.0 5
Oneota dolomite 86.9 12,600 19.7 5
Lockport dolomite 90.3 13,100 29.8 5
Flaming Gorge shale 35.2 5,100 167.6 3
Micaceous shale 75.2 10,900 36.3 2
Dworshak Dam gneiss

45° to foliation 162.0 23,500 23.5 5
Quartz mica schist | schistocity 55.2 8,000 100.4 5
Baraboo quartzite 320.0 46,400 29.1 5
Taconic marble 62.0 8,990 53.0 5
Cherokee marble 66.9 9,700 37.4 5
Nevada Test Site granite 141.1 20,500 12.1 7
Pikes Peak granite 226.0 32,800 19.0 5
Cedar City tonalite 101.5 14,700 15.9 6
Palisades diabase 241.0 34,950 21.1 5
Nevada Test Site basalt 148.0 21,500 11.3 7
John Day basalt 355.0 51,500 24.5 5
Nevada Test Site tuff 11.3 1,650 10.0 7
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% 5.1-4 24 £ B2 %4 5 & % #(Goodman, 1989)

Range of
Confining
Porosity S Pressure
Description (%) (MPa) ¢ (MPa) Reference?
Berea sandstone 18.2 27.2 27.8 0--200 4
Bartlesville sandstone 8.0 37.2 0--203 3
Pottsville sandstone 14,0 14.9 45.2 0-68.9 8
Repetto siltstone 5.6 347 321 0--200 4
Muddy shale 4.7 38.4 14.4 0--200 4
Stockton shale 0.34 220 0.8-4.1 2
Edmonton bentonitic shale 44.0 0.3 7.5 0.1-3.1 9
(water content 30%)
Sioux quartzite 70.6 48.0 0-203 3
Texas slate; loaded
30° to cleavage 26.2 21.0  34.5-276 6
90° to cleavage 70.3 26.9 34.5-276 6
Georgia marble 0.3 21.2 25.3 5.6-68.9 8
Wolf Camp limestone 23.6 34.8 0-203 3
Indiana limestone 19.4 6.72 420 0-9.6 8
Hasmark dolomite 3.5 22.8 35.5 0.8-5.9 4
Chalk 40.0 0 31.5 10-90 1
Blaine anhydrite 43.4 29.4 0-203 3
Inada biotite granite 0.4 55.2 47.7 0.1-98 7
Stone Mountain granite 0.2 55.1 51.0 0-68.9 8
Nevada Test Site basalt 4.6 66.2 31.0 3.4-34.5 10
Schistose gneiss
90° to schistocity 0.5 46.9 28.0 069 2
30° to schistocity 1.9 14.8 27.6 0-69 2

a Data from Kulhawy (1975) (Ref. §).

b 1, Dayre, M., Dessene, J. L., and Wack, B. (1970) Proc. 2nd Congress of ISRM, Belgrade, Vol.

1, pp. 373-381. ‘

2. DeKlotz, E., Heck, W. J., and Neff, T. L. (1964) First Interim Report, MRD Lab Report
64/493, U. S. Army Corps of Engineers, Missouri River Division.

3. Handin, J. and Hager, R. V. (1957) Bull. A.A.P.G. 41: 1-50.

4. Handin, J., Hager, R. V., Friedman, M., and Feather, J. N. (1963) Bull. A.A.P.G. 47: 717~
755.

5. Kulhawy, F. (1975) Eng. Geol. 9; 327-350.

6. McLamore, R. T. (1966) Strength-deformation characteristics of anisotropic sedimentary
rocks, Ph.D. Thesis, University of Texas, Austin.

7. Mogi, K. (1964) Bull, Earthquake Res. Inst., Tokyo, Vol. 42, Part 3, pp. 491-514.

8. Schwartz, A. E. (1964) Proc. 6th Symp. on Rock Mech., Rolla, Missouri, pp. 109-151.

9. Sinclair, S. R. and Brooker, E. W. (1967) Proc. Geotech. Conf. on Shear Strength Properties
of Natural Soils and Rocks, Oslo, Vol. 1, pp. 295-299.

10. Stowe, R. L, (1969) U. S. Army Corps of Engineers Waterways Experiment Station. Vicks-
burg, Misc. Paper C-69-1.
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Hydrogeaological Units

Weser Mountain = Weser Mountain Queetzen Schaumburg-Lippe Rehburg
Flexure Margin Syncline Anticline Main Syncline Anticline

Bl 5.1-1 2% Frt2 ¥ 3o B (Genty et al., 2002)

7 5.1-5 #ekFht & £ A 2 -k 4 B E % (Genty et al., 2002)

Hydrogeological Unit Hydraulic conductivity K [m/s].
6 Lower cretaceous (Valangin/Hauterive) 1E-10
5 Blckeberg Sequence (Wealden) 1E-8
4 Minder Marl (Upper Tithon) 1E-10
3 Malm (Upper Jurassic) 1E-7
2 Dogger (Middle Jurassic) 1E-8
1 Lias (Lower Jurassic) 1E-10
Faults 1E-10

51.2 FP % AHLAEZ B 1 H 1

BN 2% W ﬁa%Qm%aﬁvsz%MEMf%*%?*
R R B YA HRB A A QA 0.76~39.92 MPa 2. (4 5.1-6) ;
B2 HRRE SN 3.32~174.44 MPa 2. fF (4 5.1-7) -

Mok E R A (1994) R W B BT AR SRR RO B 2 FE (S
B ) 0 H B+ K43 249.9~30141.5 MPa z_ & (% 5.1-8) »

61



TSR A B b

B Ha D A2 R

81

22

R FHBIFERUE X RIREEL AR
FFF 2 et A FEE

e}

SR

\\

%516 S BT L E R R A (P RE&E 0 1994)
WwE| g E=2.4 WEMES | HE qu(kg/cm®)

AN BAME | BAME | FHEQR) | Ato | Ao |EEE(0)
EEMERE GRS 46 3| 126.62] 68.76 98.11] 121.74| 74.48 23.63
BlE = 23,42,45 25/28| 196.87 1.18 33.67/ 80.05 0 46.38

- BEE RS 29,45 10/11] 110.00 1.39 27.63| 57.51 0 29.88

wEALE BE 5,9,23,34 92| 154.73] 2.92 30.591 60.56] 0.63 29.96

Eﬁﬁﬁmfg " 23,37 4] 61.22] 7.09 39.05] 62.23]15.87 23.18
EESLE RBE 23,37 7/9] 54.62) 2.12 26.41] 45.09] 7.74 18.68
ﬁéﬁﬁmg WHEARE 37 20 14.71 5.56 10.14] 14.71] 5.56 4.58
CEALE BERE 37 1 - - 44.07 - - -
_BEEE HE 30 31 157.16] 69.76 100.98] 140.79{61.17 39.81
CEEE RBE 30 13 11.77) 4.71 7.721  9.89] 5.56 2.17
ES e B 12,23,27,35,37, | 112 209.93|  0.83 36.54| 78.90 0 42.36
. 44

%Fr EHE HE 19,44 12/13] 275.44]  1.83 65.12] 147.24 0 $2.12

i |E B e 14,23,27,37 24 44.94] 2.42 14.69] 26.14] 3.24 11.45
=B WHAERE 37 31 21.97 2.81 13.26] 21.17] 5.34 7.92
EHWE WHIRE 37 8| 22.797 2.70 13.07] 20.81] 5.33 7.74

wHE| WE s | ERET B qu(kg/cm?)

AN BAME | RANE | THEQA) | Ate | Ac | BEE()
g TR B 7,10,23,43 17] 339.43]  3.33 102.02! 186.78 17.26 84.76
HIEHME [HE 7,23 2| 198.41 88.27 143.34] 198.41 88.27 55.07
HEnnE BE 28 16| 354.00] 44.02 194.19{ 278.11] 110.27 83.92
%rﬁ‘ﬁ@ i 22 13] 820.16] 66.61 407.37| 635.74] 179.00 228.37

BEE HE 22 1 - - 182.70 - - -
MEE & 4 51 231.52]  6.49 107.72] 181.95 33.49 74.23
MR & 11 26| 206.88] 18.00 66.61| 116.63 16.59 50.02
HEE e 13 2| 116.67] 47.23 81.95| 116.67 47.23 34.72
HEE = 20 58] 167.53] 17.55 94.51| 127.63 61.40 33.11
o [EHE e 22 29| 327.38] 5.02 72.59| 158.40 0 85.81

o EEE 2 36 15] 323.68] 12.89 120.41] 208.90 31.91 88.49

Hluge e 38 85| 755.00] 17.00 322.39] 479.80] 164.97 157.41

g}ﬁ:‘%)@ = 33 3] 119.27] 25.71 83.53| 124.80 42.27 41.27
MEE EE) 22,36,38 8| 31.00{ 13.72 23.06] 28.88 17.24 5.82
HEE WEKE 22,36,38 4] 21.06{ 8.83 15.07] 19.74 10.40 4.67
ER i 8,13,31,32 21! 226.96] 10.94 88.75| 146.27 31.24 57.52
LER B 13 1 - - 57.59 - - -
AEE WHAE |13,31,39 6| 161.84] 11.19 61.62] 115.63 7.61 54.01

WE| g = Hﬂ*f@@* i B qu(kg/cm?)

i L BAE | B/ME | THEQA) | Atc | Ao |HE¥EE(0)
REB " & 17,23,24,26,41 | 44| 735.71] 14.56 275.44 458.55| 92.34 183.10
AEE Eg= 3,8,24 10| 391.09] 15.00 127.79] 249.29 i 121.50

b (KBEE WELE |15 1 - - 209.60 - - -
HIKNEF WERE |6 1 - 557.63 - - -
# R E = 16,18,21,40 21} 761.07| 101.44 269.80] 428.08{111.52 158.28
%mm% g 40 11] 284.91| 52.65 163.35| 234.44| 92.26 71.09
Kl g WEAEE |40 6| 416.00] 66.13 228.42| 364.79| 92.05 136.37
RiELE [BE 38,40 80| 755.00] 55.00 29.62| 436.31]148.93 143.69
niglE |[HE 38 1 - - 227.00 - - -

3 RERESRE
1 AN FF 2 AN 3 43k 4 K% 5 X E 6 KRS 7K 8 & Fo

STH % 0FE 11AH 1234 %  13AM 14I W LT 16 HEE

17 B 18 % 74 19 % 4 20 & #% 21 & 22 % 2k 23 MAG~1E R

24 420 25 & 26 1% & 27 i %~ 28 £ & 29 B B 30 &L 5B

31 A 32 R 33IR A 3¢ F 35 %1% 36 & £ 37 H AT~

38 ¥ JE 39 3% % 40 3 2 41 % # 42 §£ B 43 HEE 44 A& 45 F 4

46 B
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% 5.1-7 ‘_—»/‘?f‘ Fv%?#ﬁ@”f{"f%

2 (5 M 4c&% B > 1994)

B g i R E FEE qu(kg/em?)
BER SAE | RANME D THEE | Atc | Ac |R¥EE
(&) (c)
= ElE EEA FEL~R B E 31 757 105| 335.35| 538 133] 202.7
5 EILE HEWS A5 L~ K B 14] 2606 337| 1142.36] 1954 331 811.4
YRl e e HEERER 2 146 56 100.96 146/ 56.2] 44.8
wou BREE BEDA T ~TE 7 851 277 432.71] 618] 247 185.4
# @ BEE WERRE  EAR-EK 6 669 276! 388.33] 528 249] 139.2
t= BER iR e I R ~BE I 19 648 193] 449.84] 567 332| 117.6
AELg BEVE AR ~TE Ik 10| 2250 544| 1453.40] 2013 894| 5595
KEILE DEIERE FHR~ER 14 795 306/ 518.791 673 364 154.7
KELE WA TEAA~TE B 221 1749 212]  625.00] 980 270! 355.0
ER RS =R ER 9 654 202| 419.49] 546 293] 126.3
- EER EEE HEHEE 2 484 360] 422.26| 484 360/ 61.8
%%-§Z§§E§ g2EDS &5 3 794 232 530.25| 761 300/ 230.7
wEER WERRE  FMA-TERK 1 1170] 1170f 1170.00) 1170/ 1170 0.0
EmEE &= PR ~BE i8 823 74! 345.28) 560 130 215.1
Ejfﬁﬁizs EEE HHER” 4 334 63| 177.75| 284F 71.7] 106.1
BWE BEWE =i 3] 1582 359 843.00] 1374 312| 530.8
EE@kﬁﬂﬁé BEWSE SR & 2] 2176] 1391] 1780.07, 2170 1391 389.5
WS |HEE IE R ~5E Ik 10| 1685 876{ 1342.10] 16421 1042 300.1
e g = B A% & #H qu(kg/cm?)
e (X BAE | R/AE| 28HE | Ac | Ac |[EEE
A) (c)
o B Hn g EEES = laak; . 16|  624] 118| 321.89] 481] 163 159.4
%ﬂ? FiEnE LERE EEE i 12] 1955 308 1215.25] 1761 669| 545.9
# Elmnm e AN 47| 2199]  266| 1408.12] 1908]  909| 499.6
LY WESIEES P RER 5 710 116/ 330.17 549 112 218.4
AMEBEAEE |ARE BRI 3 475 280! 381.67 461 3020 79.8
AKEERE |AEE SE~FTE 3 369 176] 297.69 384 211]  86.3
AEERE F#E LENT 1 940 940{  940.05 940 949 0.0
TIREEEE I BRS SE~F 30f 1012 214 583.39 797 370] 213.8
REENE |FWE EHE T 4 522 219) 392.50 502 283 109.5
mI ABEEESE KEE ToE X 33; 1152 236]  541.51 747 3361 205.2
AEEFE KHEH EERT 16 911 3221 674.34 811 538 136.4
_ I KEEAE KEH SE~FIF 34 998 5191 720.72 839 602| 118.6
TREEBES REE EREE 1 259 259]  259.00 259 259 0.0
AEHEE BEBL HEE® 3 915 389 638.25 818 459) 179.5
Chpmps paps TEERTF 4 511 333  405.88 472 340{ 65.9
ABEBEESE BEDE EFEE 12| 1899 357]  905.17] 1312 498! 406.9
REEEES BE& J—#% FEHER T 2 49 19 33.85 49 18.7 15.2
7\??/@%% 2%@3!? LEMT 10 455 320 176.93 335 18.6] 158.3
HE g E‘"fx{: mEHEE (A qu(kg/em?)
LS BAME | BB | FHE{E | Ao | Ao |BEE
(A) (c)
KEEEE BREasS SE~E 51 1074 636| 922.72| 1074 771] 151.4
AEERE BERFE HEEE 7 814 192f 443.57 647 240| 203.8
EIARBEEES GXES HEEH 9 497 94| 316.85 436 198] 119.2
% FE .
— KEEFE OEES HEERT 2 320 281} 300.34 320 281  19.5
%E 1. &L
k=i
KEBERFE AREE HEEE 3 567 115) 311.33 501 122] 189.2
A
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% 5.1-8 Si#E R EAEEM R L (K2 E L > 1994)

T

£Hw R mERE 5 om 8 )55 T B (eg/ond)
FRO ¥ kG| B0 | BREWL | BREG) Ats | Ao
i Y W F L ® & 1 — — 524500  — — | =
% E B BER 45 % e % & 4 8930 5754  7457.50]  1137.72]  8595.22] 631978
i % |BAALE B~ BRI R % 1 4260.00 — —
 #HEHLE BE~-HRE P 2] 4000 3600 3800.00 200.00 4000.00 3600.00
e (2R B~ EREL R B2 2800 2300 2550.00 250.00 2800.00 2300.00
A T ® 2| 3 469 3877|  4166.00 37528] 454128  3790.72
TR HERA Ak iR % #8 3509 9567|  22655.13 8517.15 31172.27 14137.98
FH#E BB R & ibkiE ) B — — 5600.00 — — -
v hRE LiAM~EE % & 22 15300 2975|  780491]  3577.70] 1138261 422721
XER 4% . |®  #| 5| 46180] 1413| 2228660 1754131 3982791] 474529
¢ [x#R ek A » 3| 9 50323] 8170 3043711 1173420 4217131 1870292
w  kEE s WEEA 7| 47670 32773 41386.14] 520205 46588.19] 36184.10
# KB CLET %W R 2| 2| 18000 13390 1569500  2305.00|  18000.00|  13390.00
7 ALAR GH%E sm |» % 9| 700000 15780] 3692078] 1845636  55377.13]  18464.42]
B ALE 54 B HEB| 4 53328 37015 44389.00|  5837.25| 5022625 3855175
BER R AR~ HA 5 = 3| 196900| 71900] 115400.06| 57672.93| 17307293 57727.07
¥ RRLE [Ty B @] 6| 497500] 122600] 307566.67) 12332792 430894.59| 18423875
% AR Py B & 3] 105400] 8900, 64966.67| 40917.51] 105884.17|  24049.16
¥ %AA Wk~ UK % m| 20| 579600  5800] 5913500 120829.07| 17996407 -61694.07
R #ik S HEA 6| 68000 10600 3683333| 2058897] 5742230] 1624437

5.2 Wi A HHE L B RELE 2

52.1 i K3 S lm

e ST TR 2 B R AR 0 R R AR H AR
PR BH BRI FE o wF R LR (I WL e R 0 B
5.2-1)& ¥ T #E (40 1 FfF ch Orimattila # 7 ¥e3 - B 5.2-2 5 Olkiluoto 3« %
Rk ¥ B 5.2-3; 2% ¢ 2. ONKALO % %A A Bk 30 B 5.2-4) B s
A EEP LA PR BRp 2 A LI RN FEALE BRI EE e
FTTREFI AP LAH B2 TR
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TSR R B R R EEN A RS RPF AR MR E T AREL DR TR
3'?!3!;]_,_ *ﬂ‘pi‘J L;\§F%

@5Zl“ﬁ/4ﬁﬁP%€ B 5.2-2 %jF Orimattila & 7 3%

BEE R R L
(keyblock)ﬁ A os szs‘g'sz aw# '}'?xs'!f%h? FELNE T2 B HRG
B B I S Fe R A S TR AL

%IV ’ﬁrﬁ*@(squeezmg)iﬂ,?{ Fp s BB AFERFREAES (B

LB FMAERRZ FiK o £ ”“F’“E’/}i* & pE %TPM e R AR G RUE
4 (4 x:;:g—l Gotthard Base 4#ife"%ig > B 52-5) #F £ B B+ %2 BHLT
(spalling) 2 # *&(rock burst)si % o ¥ $R 4 4 id F o 0 H T30 B TR
A 1E R 0 TR R D R RIS PPRI0R B b LR (ke 0 R
Olkiluoto Mz A e ¥ 3 > B 5.2-6) -

65



Moaast B AP B R FED A2 RS RPFALEAERE L ARBEDRUFLY
FFF 28573, 2R

8l 5.2-5 55 L Gotthard Base 4 i "% i ] 5.2-6 %@ Olkiluoto i3z A A R B
B2 i E pug

%_{gl #2.p 1970 & & #7# 1 ;% (New Austrian Tunneling Method - NATM) 22
ARG ko Ebrp BAEY GEAFAERES EROLE B S
PRI e g i A e 3D A ki BEEE ol S AR LY
g 2= AR TRE TR BRI RE 20 L2 BIL L e b o g
FEAHF AT AR i S FRATR L R B LR o chd e
*9\-""?3{4 NEECE R B /EJ‘];F%}_E IR AT R P EE it A
) Yk /g_\:}?&ti N ek A QAR oI ,L\?\.o\‘ M2 & EE SN H's&;; °o 1%
ghﬁﬁﬁua?UmgémA%Pﬁ»g¢%ww KNS SR

E‘f’l';*i— B o
5.2.2 paEr

RRE (U )M AR F R RPN ET U 2 % 2 o F R i
NH B FARL R e F I RE R TR RAL - IR EL 2 F
Fo X HBHEBPF PgE o 2 F %?—:‘;Qg‘;,L.-ﬂkg — AR L R T A
LSRR - XA FAE I REF S s - % R %
B A r 1 A e iR 0 A R C AR R R R ERE ]
- XA FRRDREME T MR R g o YRR SR
FRRMT - A A SR BERDL 2 gt thd 20— A R R R RN
5O SRR D Z ARRP OB > ok SRR C SOV R PR R BOR
;N ,’7%1{—‘?1? 1§gnh§_f' el 2 mﬁiﬁ& » b lﬁ-r}:”'“’ rﬂ‘é‘-&*f‘_ y — A

PLARERA R FIENT BRI - A A AR SR AR 2T S
%ﬁﬂ@’ﬁﬁ,::ﬁw#%#?é#ﬁﬁ$£%ﬁ#ﬁ%if’JEW@y%ﬁﬁ
A HIN S B3 T;f WL R =RAREF OJE T F #o (R & > 2000) °

Jr\;:ran FF 232 e, b éﬂxmyﬂﬂb@# AEYCES :F],z;g;‘q %
P RAcd 5.2-10 S E AP THT P Ry %’“F\WF&’ PZ R4 RGF
AR s B Al iy BE S XN I LA ’ﬁf“pxmn BReALAEE Y-8
AL PRI G R i ”mjar Geoconsult Consulting Engineer ~ Stephen J.
K-Lein % % 2 A g2. K35 > B K2 - IFrPL 8 P a2 ,@_%fﬁ.i%g )
MORIRRIE2Z R IRE C FEBAZ R AP IRR G X KERB M Y
— RERRRGE PR G A AF - 3R 3 R R RETZHF > bildel P A
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B 6.2-1 Fratl s Al 338 2 3 4 4 &6 2 7 i B 5% (Backblom et al.,
2004)

206.2-1 w AP B S AR B2 B A S

# | Conceptual idea with pro et con and code used

1| Aslipis imposed at the primary fault. The static response of the linear elastic rock mass with
inclusions of friction-less target fractures is calculated using the displacement-discontinuity method.
The target fractures populations are generated utilizing site-specific lengths, strikes and dips +: A
huge number of calculations possible with varying magnitudes, distances to target fractures and
target fracture statistics -: Static effects are calculated but not the dynamic effects. Fractures must
be friction-less. Code: POLY3D [10, 11]

2 | A slip is imposed at the primary fault. The dynamic response of the linear elastic rock mass with
inclusions of one target fracture with friction is calculated using a finite difference code FLAC3D for
the target volume. The WAVE finite-difference code is used to simulate the dynamic boundary
conditions for the FLAC3D calculations. WAVE provides a fair description of the processes at the
rupture of the primary fault +: The dynamic effects of a distant earthquake are studied. The target
fracture can have friction and other fracture properties like cohesion and stifiness. -: Static effects
are not calculated. Only one target fracture. Only a few numbers of calculations are practically
possible. Codes: WAVE [12] FLAC3D [13]

3 | Aslip is imposed at the primary fault. The combined static and dynamic response of the linear
elastic rock mass with inclusion of one target fracture with friction is computed. +: Static as well as
dynamic response -: Fractures must be aligned with the computational grid. Code: WAVE

4 | The rock mass includes the primary fault and slip on that fault takes place as a result of potential
instability +: Full static and dynamic response. -: Only one target fracture. Only a few computations
are practically possible. Code; FLAC3D
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Underground Structure Seismic Analysis and Design Procedure
[ I 1
I Step 1: Definition of Seismic Environment } I Step 2: Evaluation of Ground Response to Shaking | |Slep 3: Assessment of structure behavior due to seismic snakmgl
<| Seismic Harzard Analysis (Sec. 4.1-4.2) J ‘{ Ground Failure (Sec. 5.1) ‘ <| Seismic Design Loading Criteria (Sec. 6) ‘
t— Deterministic SHA +— Liquefaction E Loading Criteria for MDE
'~ Probabilistic SHA — Slope Instability Loading Criteria for ODE
Design of Earthquake Criteria (Sec. 4.3) — Fauit Displacement Underground Structure Response to
Ground Deformation (Sec. 7)
4{ Ground Shaking and Deformation (Sec. 5.2) ‘
— Maximum Design Earthquake E Free-Field Deformation Approach
— Operating Design Earthquake I Longitudinal Extension/Compression Soil-Structure Interaction Approach
<i Greund Motion Paramelers (Sec. 4.4) ‘ I~ Longitudinal Bending _I Special Seismic Design Issues (Sec. 8) |

— Racking/Ovaling

{— Acceleration, Velocity, Disp! Amplitude:

p

— Target Response Spectra, Motion Time History

- Spatial Incoherence of Ground Motion
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