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Studies on the Planar Fracturing Structures Developed
in the Surficial Part of Granite Mass

By

Kunitake Hasuikawa

ABSTRACT : In this paper are dealt the planar fracturing structures in the surficial part of
granites at the several localities in the Hiroshima Pref. with special reference to the significance
of the sheeting joint (nearly horizontal joint) in the processes of weathering. The sheeting joint
seems not only to affect the weathering process but also to give rise to the anisotropy in physical
properties such as P-wave velocity and elastic moduli of the weathered granites.

Important result of this study are summarized as follows :

1. Horizontal or nearly horizontal fracture surfaces are characteristic in the weathered
granites examined here, irrespective of the grade of weathering. They have about the same
orientation as that of the sheeting joint in comparatively unweathered rocks which are
subparallel to the land surface. This suggests that they in question are mostly derived from the
" fracture structure in the rocks prior to the weathering. The sheeting joints may have been
formed as shear and/or extension fractures as a result of release in lithologic burden in the
vertical direction by removal of rocks by erosion. That at least some of the sheeting joint
represent shear fracture stems from the fact that the so-called rib-structure, wedge splitting, or
conjugate set of joints are observed relating to some of the sheeting joint.

2. Another type of horizontal fracture, here termed the “lamination” in the purely
descriptive sense, is frequently observed in weathered granites. Characteristic features of the
lamination are that (a) it develops at an interval of the millimeter order, (b) it is nearly parallel
to the sheeting joint, (c) it develops on a regional scale, (d) it is most conspicuous just prior to
" complete disintegration of constituent mineral grains, (e) it cuts through mineral grains such as
quartz and feldspars, (f) it formes the surface most readily split off in the weathered granites.
The lamination may have emerged during the weathering from the sheeting joint and the latent
fracture, e.g., horizontal microfractures or incompletely developed fracture.

3. Laboratory and in situ measurements of the P-wave velocity in weathered granites of
various degrees of weathering reveal an anisotropy of the granites as high as up to 50 percents
with respect to the P-wave velocity and the elastic moduli. The anisotropy is charactelized by
the vertical axial symmetry ; that is, the P-wave velocity in the horizontal direction is 0.4 to 4.
0 km/sec, and the velocity in the vertical direction is always smaller than this by up to 50
percents. Likewise the elastic moduli in the vertical direction is 0.2 to 0.5 times lower than those
in the horizontal direction.

4, The internal structures of the weathered granites can be classified into three types,
each of which corresponds to the topography of the region; i.e., (a) the erosional surface with
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low relief, (b) the piedmont gentle slope, or (c) the slope of the V-shaped valley. - The degree of
weathering decreases in this order. The weathered granite under the piedmont gentle slope
consists of two nearly horizontal layers with different rates of increase in the P-wave velocity
with depth. The structure of the weathered granite under the erosional surface with low relief
is similar to that of the above type, but the lower weathered zone is thinner in this type owing
to the progressive weathering from the upper zone into the lower in the above type. The
weathered granite under the erosional slope of the V-shaped vally is composed of a single mirage
layer.

From the fact described above, the author has concluded that (a) differences of the
weathering structure of granites reflect the history of topographic development and the
development of the horizontal fractures (b) the fracture-like sheeting joint and lamination were
formed primarily during various stages of offloading pressure release resulted from denudation,
and have been emerged finally in conformable situation to the present topography, and (c) the
character of dynamical anisotropy in the weathered granites is important on the stand point of
fundmental design of civil engineering and stability of slopes.
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A. sheeting joint DEEHL
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FiG. 2. Topographical map of the Takiyama canyon.
lN
)

@ ® ® s
Contours : 15-10-5-2-1%
225 points.

Fi. 3. z-diagram of joints of each domain in Fig.2 (D~®) and synoptic
diagram(®). Solid circles ; z-pole of joints. Open circles ; z-pole of
aplite vein surface. Broken line ; z-circle. Double-open circles ; z-axis.
Crosses ; z-pole of biotite schlieren.
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~HFES BRI T R TR TH D, sheeting joints HBITDMA & & XD & 513G
TEHERNT 2 DIHEDOR OIS TH 5, WROTEANCIIMEE L CEBESH Y, —8T
BESAAM L LTIV HEhTWw 3,

FIG. 2 IZRT 0 L BT A1 ARNA R ERHERACRE Th 2, MR R FITIC 3R
10 emBA b OBREH % b DWRESEET 5,

W% 5 RIBICHT TREL-MED » 54777 L% FIc. 3IRT, T oDHET,
2w b OHRATICAIE T 2 [i#IE 3~ T sheeting joint TH 3, 5D z—pole kit
Bic—ELLETEEL, BEOKALZDA2HAEZRLTWS, ZOARMDE (- axis)
i3 FIG. 3-Q 2B it Fh b )15, T72b b RHEOERIIZIZ—HL Tw 3, KR,
@, ®D 7B\ T sheeting joints i) D FLL~, FHH LR CHEIZ RS - T 20°
UTF @M 2T, L Lis®, @0k > %@/ Eik&{TETid, sheeting joints D
FEFRANEFTT20DLHELIBRTI2 D LOMENTD SN 5,

FiG. 3-®13, £Holia%#237:HDIcO~ODEHEEZ L LD bDTH S, RARCHIR
BEPBWIhEST 774 MR, BEEY2) -V >0 z-pole 2L LTH D, BAER
Ya)—VUYRTTIL bRRITIA MiEE S %o TR (LFHM) ~ 15~55" EH L T
Wb, 7754 MRIZY 2V =V Y ICFITT 25D L HAETHER T2 b 0»HY, ZOK
f: NE-SW %8 L U'NW-SE FATH 5, hoDFERE LRAROBEERIZZNIE
PRI REATORL, SREAAOHMEICETOHEFMRE S h 5, NIZE, NACE LD
A 3ROV T 5 = L BBE» SRS TW 3 (Plate 1-B), ZOBIMAIZLT
Lb—FLERLABEB & Z 30~40° T, NNE-SSW SADKAEZIG s E»N S,

BRS¢ AR L OB RS /NG O RSB B ERTE S TH B,
FIG. 4 12773 13455 400~500 m QIR AR/INEREH &, 155 100 m B O /NS RAK %
T#7 300~400 m DFEVWVERE 2 TIRBTH 5,

HFOEERBHOEBL TW A ERARE S CRIMELD 6 ~7 m BB TT o7,

|

Ose river

Q 250m

Fi16. 4. Topographical map of the Yasaka
canyon,
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{EE i, My 2V — vV RBIR SN TR HABCHRET 2 7754 MRt 2~ 3
RIFIET %, sheeting joint (X 2N & b THHRHCIEE L, Z O 10 Bembh > 1~2
mopFA—%—TH3 (Plate 1-A),

FiG. 5. =-diagram of joints along the Yasaka
canyon,
Open circle ; aplite vein surface
Cross : Axes of the rib structure
Broken line ; z-circle
Double open circles ; z-axis
Contours ; 17-10-4-3~1-0.5%
164 points

WD 7 4775 L% FIG. 5 1ZRT, sheeting joint I3 2RICTEIIAYIRIT 2 b D%
S HIBDOBIREF IR & BT LT, HEHIIC 5°~10 fBEIHIP L TW 2, L L 15~20° &%
PAFIL TV b ORTNEAAERIT 2. 7774 MRCOHBLTFAOMENL, Wlbko
Bi& &L —B L e AR ZHA LTS, — A0 &HE & 7 6803 N75°E

 (69'N), N 9°E (55" E) TZDbIWifiix 33, AKEHIENE S30°W (37°SW) AL iz
%,

I A4 BT 2 IR TIOEER D B R TIET~HE AV 2 /\BE) et i MUkr IV RHE 1 2
oD, FRAMODESEZEKT 2 WHHLCET Y A& hTh s, S04 b izft
IR 40" O VRO 297 L, WIKRHEOMHIR BT TH 3,

¥ LY A PERICIRERIED ALY EWE-WSW AHICE T3 (FIG. 6), & &R
5 & U NNW-SSE A D=4 DA X v O/NIFASERT 2, ARUUBIC I IZIZKRFERH
D7 774 W2~ 3KFERT 2, HHROMEBDOFHR L~V & D b m 1HWALi i BRI
[EaFEET 5,

MERDHER, F L% 4 b & D TFHOETL TH2AEIIOEATT> 72, FIc. 6 DO~G)
DERIFIC 7 47 77 L %2R L T Fic. 9 0O~®iz, #DLEHEE L T Fi. 9-G
R Uz 72 A9 4 Mo 9 RO BHBR 2 EE& L T, % D sheeting joint D




BRI e T TG T 2% 1

Fic. 6. Geological map and the locations surveyed around the Uokiri dam site.
tr : Terrace gravel. Po : Meta-quartz porphyrite.
Ap . Aplite. blank ; Granites.

R AR % FIic. 7 OREWTTIC, ZORKHWRA T v F% Fi. 8 12/ L7,

FIGs 6-9 #° &, sheeting joint X Z W ZHHHE & IR CETE2HEL T3, BRIHRY
Ri@#%r»Tid, fHIEE—HRTH 2501l SR 2 I LRk E < 2 51
AEHT 2, KEQIRIBAKRBOHERIL T AT I OBETIRIE L A EKTFIIE VM Z
LY LPPHEB RO AE LT TH S, sheeting joint DLEEDHAIE Fi6. 9-©i
BWT, #D z—pole BFHILARMDOKEIZD 2, 2D Z L xFNI DR R FETH 5 HRESH
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F1G. 7. Relation between the inclination of sheeting joints and that of the slope
in gallelies at Uokiri dam site.
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Fi6. 8, Sketch of joints in gallelies at the Uokiri dam site.
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. []iZ sheeting joint DFEMMMAL TWLB 2 ZRL T3,

LR & 9 % sheeting joint DYIFIE Y 294 bRz LT HIHER SN2, Fics 7,
8 T sheeting joint 1& VERIOMIZIZ B W TR, ¥ 512 2O VERZ L I TRERIC 6%
-J‘ 50

—RLAAOEHEE =AW (FIG. 9-G),®) {HiEi#ih¥ 3, L&D BT 41X 30° i
HT, ZAHAOWINE E FNFNBMIE TR 2 Z /O NAKEGS S HEE 2 13,



TERBERRITERICFEE 3 5 MRBUIGE I3 2 B 13

Contours ; 20-10-5-2-19%
200 points.

Fi6. 9, =-diagrams of joints ovserved at each point in Fig. 6 (D~®) and the
synoptic diagram ® around the Uokiri dam site.
Solid circles ; joints. Double open circles ; z-axis.
Bloken lines ; #-circle of joints.
f: z of faults.

B. sheeting joint DR

WTHTE & DI, BT EMEORE T2 VEROFRKS & 2 D:EHTO
sheeting joint i, ZDFEMMBIDOFADFFNTIZIF—T 2 L & bz, i 3t ouR
A E—HL Tw3 (FI6. 10-a), L2 LIRREL ATIO—0 & 5 CBEOHINVERD
Lk D ZNTEETRD EL ML TV HiEE, IBRIEER T ORISR & )
WL CIBA I L # 2 58 5 (LA sheeting  joint DMIRIDOZEALE, T bBAEASHRD
sheeting joint ® crest £ %> Tw5 (FIG. 10-b),

L 7z 435 T sheeting joint IZ B & 12 IBIBICTIMINTH 3 L E 2 5,

RiZ sheeting joint ICHEL TH SN B ERIBEIC DL TAhR~NE, Thi3KE L 2T TR
D 2FMFD Y 4 THTBH BB,
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FI1G. 10, Schematic relation between the inclination of sheeting joints and that
of the slope.

O Bl 10 B m L Lizhic 2023 o al& THIRKGE Dl Ic—E L v (F1
¥ Plate 1-A),

@ WA 10em» SHm BTy v — 7Rl %5 854 (#1213 Plate 1-C),

sheeting joint DR EFH T 2D IDZHEHD Y 4 7ORMEITHTE L TH IV,

Z DB DFZARIE, PRICE (1966) O rib structure # % \>id rib mark (4L L
T 5o SFIMIC L TEARMGGE 2R 2O & 5 LW OM A D, () AT 2 BKOW
Wil 2 7y 2 DURITE b>TELDES LIS LD, (b) 27T v 7 480h5 A S
DHRRTHE RN THEET 2 & D BLWETHLLELD 2, 2O & D 2T 2 DTk
MMETRI S ZenFsh T3 (B, 1975), L L FIc. 11 DR 4 v 540 Plate 11
SATTRY &, BIRRBED MM DK TR, R ZODWAS Z DA E T B L TS
MIZFEUTE Y, —RIHEA 2 DIREHm 2 AR s ¢ 5, :

Sheet. joine plane S60E (7%5)

Fi1G. 11, Sketch showing the relation of sheeting joint and rib structure. The
latter appears to ralate to conjugate failure set by shearing, at Uokiri.
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FIG. 11 i, 15 24 4 N FHAROTRD» 5#5 m BESVEASICEsN2 DT, R .
DAMCFETLEmEATWS, LD S60°E(7°SE) Dl 23 % /X WLhipRkE I3 i b
NIe 75w 7 RIBOFZMEC L > TE L BERRHEEch 3 tf&bn%o_ AR Z 2
ﬁ?ﬁ&ﬁﬁ@@@ﬁ%ﬁﬁﬂi% 15° Tlid b 598, SAMNDL S O ULAABRERITHRINTE v,
D& D% < SUVRBDER A sheeting joint iCZH & b >TH SN2 T & ik TWIDALE
(1973) bMEL THBY, KD ELEMC L I2UWBIBIC L > TELCLBDTH L EEZLTY
%, PRICE (1966) 1Z X 2 LibaHD rib structure I BWT, WEHDRXAD D b/AhZWLHI
FIZ 30" TH BT Lo, —HOMIFBWRIETE T, thd—7713 % DB R IME» H 5 W
B IRERT O ESEMH 5 Ll T3, .

Z ZTHEILE, BRoRE, MEIFICHB VT I O rib structure £ Bbh 2 HREGEICOWTH

IBDLEHLLATHB LT B,

T~ T

—— el

rib-angle
(shear angle 260)

FiG. 12, Relation of sheeting joints with rib structure to the principal stress axes -
under horizontal compression. Fractures parallel to the maximum
compressional axis (o,) are sheeting joints formed as extension fracture.
Fracture with an acute angle to the maximum compressional axis are
sheeting joints formed as conjugate shear fracture.

FIG. 12 IR T & D KHHEORAD ) b/hSwhH %45 ribangle E it 22 Licd 3, Hi&
BRDEuEoswizHsd, SiEOrib angle L G L AEAOHFTHOBINE 26 %
TABLE 1IC ¥ LTz, '

CORER»SHIN 2 6 L rib angle i21ZIZEL: & S 2R ERL, brittle 2 TERS DY
WA & L TR YA TH S, LrL ZDHD ribangle DIFSD &3k E <, Blok &
WAED S DIMLDFRETECTREESTETE R,

sheeting joint M REEIC D W Tk, HIEOHIZIC & 3 IR0 e L2 b D T 2# 2
BRLEHNTH B, ZOBTIIHI L sheeting joint DREHIIFRIZLE STIHTHRIRT 3 b
DTH5H, TWIDAL(1973) X CD LI BEZRBTENTDH %, FOMENIHIE & RO
sheeting joint BSEET 2 Z £, ERD K S TROBHIRE D S2 b1, LS EFOHL
SRR EEC 2 e ERRT WS, HIZHORHHIE, FHLWRL T3, ULk
MW & D sheeting joints DRHH & LU THIMMBRm A FRICE b2 D I L BHSHTH B,
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TABLE 1. RELATION OF THE RIB ANGLE TO THE SHEAR ANGLE 24

angle .
) shear angle 26 (aberage) rib angle (aberage)

locations

Yasaka 33° (33) || 33", 31, 297, 31", 227, 34°, (30°)
canyon

Uokiri 15', 35', 167, 267, 20,

0‘2' " 23, 30°, 50° (31°) |l 34, 30°, 23", 27", 31°, (29%)
am site 39", 40°,

Takiyama 30°~40° (35 | 45°, 52", 20°, 43, 15", 33', (35"
canyon

BILLING (1954) X sheeting joint Id extension fracture T#H % L RT3, D
extension fracture & GRIGGS & HANDINE (1960) 2 & % &, HEH/INE WIS D brittle %
BT, TeRIERIS/IMNEAT (/M ERIINCTR) 3%, WHBETIE 5| X EURIN”
E—UCiRENT WS,

LEON (1934) = & 3 & BIBREHMIE, & — N DEHEH o ML TIRT AT 2 0= 0 O
WicRIETH %,

NUEHELBLERGER (1961) i extension fracture ®FHXTd 5 IREAS: (plum structure)
BT BWERC 10~30° (E#19) LS BIEQIEYIINTAEIET 2 2 L 2HELT
W,

GRIGGS & HANDINE (1960) i & 3 & ffat:4%T Tid, extension fracture & shear fracture
MERHICTEET B, [EHIGST T extension fracture 235843 5 D, BMEdc k- T
&5 SUMBRITNRIEIRT L DRI EFES XIS TH 2 LBRTWV S,

VLD X b sheeting joints i rib-structure 40 { X R F B 2 W ik SEE YIRS 4 &
M % DI & extension fracture DWFICHY T 5, 2 405 OUIMI I3 BIAE I AES L
HoT, e L THIBIC TR BINR R L TW» 5,

FIG. 12 X Z DRF 2 EIE I E OINFTRLUE LD TH S, RS OIME, HOLT
Wiy latent joints ZRL, HAED L DL D 2V EPHTID 7 ) — S TS ORI
{I:> T sheeting joints & U CTHHII T 2 AlfiEtEAS b 2 o DIWBSHMTIZ 49 L & LT ASHITEL
LTWwd Z i<, Rl T FREERMMD AL open crack L LTASNB T L
bhHY Db,

ZIZ sheeting joints ZFE4: & & B IEHEITIZ DWW TH X TH 2, sheeting joints DFEF|Hs
WIS TPAT £ 2 I HOPATIITH B LD Z ki3, IWKERIS A0 AT & 72 13 Y071 T
PR snI E 2L TWS,

b A VEOHILAZEF THY O 2480 FFilAS» o T B4, IEEZIL/ N2 (rock
bursting) SFEET 2 Z b B, ZONEE, URED LT HENCELEI NS, BIGH%EEE
Lvd, ZORDMERMOMILLID AAMELSERADT RO ELEL, { SUVRDE
FWRUH T (KASNER, 1971), ZODEFMMUHBLLH LDOFRIE “” OFHEZEL,
b EDMEICERZ2EO I I ENTELVL SWZHIFREREILTWE ) (T
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Afth, 1977) 2D & 5% " OFRIDTFRIE rib structure 12 & S BLTH D, sheeting joint
DOFEDIGIENL L FETH 5,

BEROHILIE, EECHYT 2HEE2ZITVRIOT, ERIIEZNICHE L THIInF
ELTVS, HEBEMN2E X 20HE, Vo ARBRAREICIM e 3AKFICHZ LA
ha, REOHIFIC LY FIREFESBE NS &, FLAONTHAEIAINF I NAEGR
BEREL &S L35, MEARACIRIERAIAET, 0ROHREFAORIRKY T3, Ly
LEIF IS RRE LTHR SN TV 205, ORI n, TORDEGHHDOAN
M OBEL, oK FIZ o) RHEIC RS EEZOND, FRIM TR T CIx@EEDO—
HEFREREA S ORI AR TV 0T, BASNBBEIANFY —3 TR T
A N3 CREA IR T 2 B3t T 2+ d s, LrLER
B OV AERIRRS T CREEL TO 3 HEICE, 0L RPMTHS TR0 i
TR TH L BEIRSELRVTHS I, ‘

J1IZ4t (1968) 12 RHF B DG FTRIBIZ DWW T FEM 2 & 2 iR 21TV, Z0RER, #im
KIZEATFIC 01, THEIC oD T 30 o3RI AED - T, MRS D 23HE
DHRTOTE O LHERTE R E UTERAT 348, —BICBEMTH S, LichoTHT
DHHBEDES H S RIFITFE 2 ¥ T sheeting joints ZFEHE LD 3B NEEIIE
FIEL D %, BreH ABEOEFES THKEMIREIEL THE, Bit—REIE %5,

C. lamination D&

BALTE A A R R OME L RO KEMS & T 5, Z OKIBEHE IImn
A= —DlBrEL, BEEREOPFT—RIHEISHELLTVEHEEHEL T3S

sheeting joint IZ DV T i3 Z NASLLERMIFTEE R BRICE X OWMBEE TH 2 7: 01, HETH
EHEATEY, ZOMBLBEZOVTORRIZ LY, FERBPETE ZRZLN
Xk &< Rb7z o700,

4 ZO&IPEE % TWIDALE(1973) & [AIfkC, SEIRAYTER TV & %3 “lamination” &IFESE
Z LT3, lamination I TWIDALE W I NIERD L I R E L DEAMTIFEEINTWS &
w3, T4 b, flaking, spalling, pseudobedding rebound joints, liftseam, exfoliation,

lamination 13512 LR TE R EARD BILHHIC & < FaZE L T 3, Z OfiDMK OTERE I
LIBEDEZ ZHNIE LA EFIN R LD 5N 5, RIC lamination D FEDERR 2 & F)
THEAT %,

LEBTILE LB O 200 m (UL i, HEZEHH 20~30 m 1 T 5 /N
BA/NEREMNIEN B, & OB OMRL L L BTERES L, TS 40~50 m B kick X SEEREJA
L e oTWw3, ZOBA/NERID LEHH 10 md» S 2~ 3 m BHREALIEREH >
T, ‘

Plate I1-C % & Plate iz Z 0RO —ERD A v b A TH %, H v FEIOHIF L IZIZIEIT
KRFEHFENCHT 20~30 cmPAT D7 77 4 MROTED, ZD AL BREROPET 572V —V

% LtEIHbo MG Tk - DMK D lamination it sheeting joint & L TIRRML ThH 345, ZFDHDRETIC

EOWHERFLTHZDLENHD LD RECEL
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YERTTY A POPMRBTFATLT WS, SREAFENS &, E8onBLT O ek LIRS EAk D
Bl b 3NES L UEEmD7 77 4 Pk 1 ZEDH N B,

HLRLL I RTE I S D BUEREE AT O L B TH B i LF 1 ~ 2 m idpokEHE L 72
Faiit-TH 5, ZAMUERPLPHOTY LT, FRECHEOTERERD R IR
REw s, SRARIZVEHLTED, FIBIIDESITHRTE 345, BRI
FAAEL Tokw, 7y FMHOMER, $2bbiidsr s 7~10m OFE TR, FETRER:
LI WIBEED (T, R) =¥ tekoTns,

lamination &, KFEDERELD 7 77 1 b, #okIk, N2 TXTOIHMTHEET
398, Ik oM GEIEHF TR TIE R v, & 212, Plate I-CTa o3 & S i, HE
DL T, [ 2 TEMA 5°~10° OFEEIR % 2 U, TEREE OFIENE & L TOATF
D774 b, val—vy, IS4 MrLIZHRT %, lamination i Plate llI-B T#
ST 3 LD KIEEDRI « RAEEUE IZIZVMMCYIN L, SHORMCB D 2Hm Tk
V3, Plate lI-C T, SR AMCIEET 57 75 4 bIk% b lamination i2YI 2, Z DI
HOFFTIEETILRE LD bHIRBIAS B3N E S, R—0AAaEE2RL TV 5,

BB 2 DR - & DA DWW TEAGIME (1974) WCALFR, BURHRE & U5 L9
4 M OKWIEZHF L THRLTHEDTI Z T DB 2R,

WIS AR TIOAL R 30 kmiZfZil§ 20 A4 MEARGH 350 m O LTS S
#9200 m 127z o THT S NI PR BHI DLW VES T, MRHTOMIRHIEE 40" 123 5,
HI AR LRGN T, = HIREVEAF DS, 10~15m I5% T 5, AN IERAD
LRSI L A LB S g, BRAEIREFTHOE»EEL Twa a8, FET
TR LT { Vg

S L4 PRI~ HIREERSIC B S 5 lamination 1X X H ) THHIEL < F8EL, B8O
BAWORIR & B R0 H B, T4 B, lamination DERNE, FIZBRERHT AN —3KL,
Mg, WBGEHTRMTOURHC—BT 202N L D b/hE W, ks s —EHEER
R HUT A D LIRBIR L 2 D, KFEHEIEH 30 m BIETH 10" &4 5, BT —TBizid,
lamination & 34T & BonD MEHFORM T 2LV — Vb 0, LBIUATEICH LT
10 emiiiffL ¥ L TV A IR b D S t,

PRSIk DIiRR A v B 4BiC sheeting joint 2 JTiIE L 2e/MHNIFIER & 0 89 1L km ES T, &
FED IS BT S N FRDRE A v MHTH B, < ORGSR SHITE R0 S TR
b, T RTOH v T sheeting joint 4° lamination »% % 28 TN FET T 5, Plate 11
-B ISR U oA TR VB A 8 L < RS IEE ¥ % chIMBUEBERS % R ¥ o KT A
774 b, RIT=IA4 b, YaU—LrRELENE, THODPIEM L KT R
Wiliig, BEAE—RBLTWwAE LD iIka SRS, lamination DFEETHIA L L 72 = REYL
N¥1x, sheeting joint TXY] S #7- AR EEAE & PR 2B ¥, sheeting joint & lamination
1349 5°~10° OHIRHA TR L R (89 357) wiivTwna,

T ¢ Bt L IZIRB U TH B, I 2T sheeting joint i2# > T lamination
HIFEET %, lamination DFEHET 3 V' — > OILE X 10~30 emfRIE T, 1E L A EVLIER 22
17 TR WLEB D S lamination 25864 L Tvs %, lamination OFET % V' — > DL
1R, 2ESPPBIEEINT, bFLIIEREL TWw3 2, RIRNICATZERIEEL
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FIZALEZIT T2 &SRS Wi, lamination DFEET % V' — > OFLHOE T H &
S SR AR, BemPIFIT, $em» S8 10 cmDfEPHIzH 72 D, lamination (% D13
RICEITT3) LFTEMNE 7 Ty o nSEdE+ 3, ZOHAE TIL, sheeting joint,
lamination, # X Uf lamination DF&FE TR TII 62 V' — Y DEIR, 5Eﬂ1baﬁ¢®fr‘ﬂd\
77w 7 BWTRTETRRICH 3,

D. lamination M#EiE

P ED &K D lamination DFEFEH» S, ZORHIEIRO LS CE o 5N 3,

(@) mnA—F—TRILTERIE (Rric<¥) o s 3,

(b) ?&f@%ﬁﬁ%é%%bf?ﬁ%’ﬁvao

() TEREDFIETIMGE L 13— T 3 2 L hHn,

@) HMBICHAFL T, Ebd TLMEICHEEE2ER > THET 3,

(e) sheeting joint IZIZITFATT 3,

(f) REACEBH» SHERET S,

uﬂ%@ugq’?fﬁﬁ“‘o %@i’f’.ﬂfk?hffgﬁﬁ'éo

HAROYFNRLBRRTObLY 3 R i & 2, BiER (exfoliation) &MFA TV

DHH LD 2, A, ERFOREECLAFNERC X 2 hEIEDOZEI L -
T, ZBEERIROEL»ORBNE L 2BRT, WEPKEETLIL A5N5, ERHEDE
fLic=dddicy, BoEMCZD LI ZBBERTHEREAN: EBDODNAEESRS TS
N3 ebdHdn, lammatlon IR THIOm ORAEIC b FEL, 2D LI R T EFD
BRATEHY ARV LRENTH S, BHSHIBICTHML TABICSET 2B SR 0z
LEEXFTAEEZ LN, v i, lamination ZTEEEEOBLEICB I 2 en
masse DHFGED—Fi & F 2 R 54\, '

fFs (1965) X FEILZICIEL ZMEB DL BIEREAROIMMOPTARIZ BT, open crack
& LT D sheeting joint DIz, FFEDFALT VL " £k VAR IKOWLTIREL TW
%, BT X B EAKFERD “B” 1T sheeting joints ICIEIFTITT 252 —F LW, 2
DT H LT VATRD V7 i sheeting joint & [FERIZ F — AR BSEDHCIZIZH
FNCRET V), SO TCRAEBIUVRARICIO " OABIC—HL T
7 v 7 BEECE S FEEL, Eﬁ¢®7az7mﬁﬂfmgé’ab%5ﬁ RIS % 4 2
TREHETEVTVWRbDLHZ NI, DD BHGIE, RALIZ L T 394,
lamination B HEERLREHEVIN U TROMICET 2 550 b) Dt —FH L Tw 3,

PFUFTIRR & D18, BALK (1937) i EAD#AENGE & U T artificial parting plane %
KL, ThEHAOAHLLTSORECED, b, s, [T (F<SS1) ST,
ky s, 1ixZhZhQ, S, LMIZ—HTIZMNEZ0BUTLI—HTAZ Lizhne
W, '

2T/ @ bedding plane i2PF 2 EFH X H.CLOOSICE DRD IS cE 215N TWwaB, T

tr:bB KPR T 2 3L R TOWET, FReSZL L bbb, HEORRICLS
sheeting TR E b DH S, DO LLTERSTHERULELIZEFNLD b RIFTH
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5. &0 BIFTHBLEE, W rift planes LM S W% grain(FE) LMERT Li2T 2,

H: CLoOs % BALK DF 9 artificial parting planes ® 5 % [ X LHETE 5 KERDNL
bl TV O RIS T A THS D LR EDEL» S THEND, LicsioT,
IOV Tbb | MR BEZLTERERGOFN» ST 2 &, HAI latent joint & U THLE
¥ % brittle fracture TH 53, bLEITHB L ThiE, 2D/ % H. CLoos* K. BALK
DEDITYIEBIRARE LTS T 20 MEINe2 L T2 2,

L ORE, Seizib~7: lamination DRHE L LEARMIZ L CABL TV B, LizhioT
lamination &3 [ Il (T BAKFHRO ") BEMLIC L b % > THHAELL LD TH 2T
fEMEDS & Db TRV,

B, REULEBICBOLT IO LD % latent joint & LTO MW BEETZZ 1, 4
Tk b 5 AR THBIAINE R £ b BB, '

%7 F16. 137", open crack & L T® sheeting joint % & & e\ o— FLBIR D {it Az
BLTYH, PEHIEH 4.0~5.0kn/sec & 1F & A ERALDIEH RN > T W W TR M
DIFET B T & d, WMIEMIC/KTEROD fracture BIELET 2 L 2RLTW 3, KL
Doucrass, P.M. & Voicut, B (1969) (&, bk 7K~ 420D Barre # L U Stanstead 76
e (W3 b RO R BIBERR) 244 > 7Y 74O Laurentian 16154 (Hl~dkzitirs
SFRLAR) 133> T sheeting ITIEIZSEMA Y % F AN microfracture MSuUMICHEEL, Zh o
W& rift & 7cid grain (3ab b ) YT A 2SIz L,

KIZZ D& S % lamination DHIE &L & o7 "D MED & 512 U THIARICSEA:T 20k
W) RIS DWW TIVEZL DOflh S #4547 5,

BRI S Mz Lic kS, MELTO "0 BRLSROWBCIMLTwahs, 20
41 sheeting joint & [FHDOEWIRYT ThHB L# 16N D,

sheeting joint I3 18I 458 1 FE42 U 7o DM %2 ¢ 5 extension fracture Td 3 25,
“ob” b [ TERTFIIRE 2 45 L T W B T]EMEASE VO,

ILAEE T OBIGRERTIX, BN 578 > THUN R REETF AL ORI D L THRRII L
T MRS N, TOBIETEIEL TEBROLITHA 2 L 5 2 2% (acoustic
emission) M F { L EN TS, T T TEMIN%E sheeting joint 1T/ BETF % 1 S5 WHEN
UNBSRE [ TSIETE 20 TR AWM EHE R S5, EHREPOM/NEILTTHTEENFH
WG ISEATH (TabbEARMERIIT) KBELTHLILDTHIDL, HiWIET VS
LCFEL TS bOTH 2 0RUNCILES A TORY, b LEETHoELTY,
% & N2 D ZRBIEHRILCIEC T, I v Lk B e+ 2 SOMN 5 v 2
D) BIHBIRENPTOAAEICZ v 7 MBUHEL T e BTFAENE, LidioTn
FhicE &, MLk 2T "o MEHCHTELL T 3 L &I2id, ThoD 7 |3
ueimL tl s,

VI, ERBERDOHENRSE

KEfLEHE» & Bb L= Y110 E 2 § TOXRGOTERE AT, B{EOBBIELT
sheeting joint, lamination FDKFRENE (RN NEHEL THRB LB LME
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fotz, Lichto TIEMEMRIZ, EULOMEE IR U THEMCRAMEELRT I L0 SRTFE
ENd, LT, Witk & it msE ey 2 EEE0RGEIcOvw Tl 5,

A. PREERGH

¥ PR ORREDOPEEEORAHIC DV TGRR 2 R BRARHO S £ & DAL
R R TEEE» SERL, BEROBHARECHFTEILEIE 21T, ZORRE FIG.
13 (1611, 1978 a & D) IKFTo ‘
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Fic. 13, Anisotropy of P-wave velocity bf
granite specimens.
(after HASHIKAWA, K. 1978 a)

KEH M L BRBEAAOBEE S Vh, Vz b ThiE, $8LZROMORGEMTE 3,
Vh=4.15—¢/12.11— (Vh—0.84)2  coeeeee (6-1)
4,Vh & Vz D2 RAGRE . K T£T &, Vh 25 0.4~4.5km/sec iI2 BT K=1.0~2.0
Th5, , ‘ : .
RO P E#ER A DOWTIE, RSO, BIFEiEkEs, LREEIRE
Lo oG N R %E FIc. 14/, 1978a X D) IZRT. ZDLE b HtEE L Rk Vh>
Vz OMFEHH D, Vhid 0.5kn/sec L ETHE B E % k=1.0~2.0 L 8 >TWw3,Vz & Vhid
ROMPHFABRIIEPTE 2, , .
Vz=0.3eler7ve ( 6-2 )
Ao P R A, SEPOBLERN micro-fissure &, MO ZFHIZAL <
micro-fissure & sheeting joint DFEEICRET 2 b DTH 5,
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FIG. 14, Anisotropy of P-wave velocity of in situ

granite,
(after HASHIKAWA, K. 1978 a)

B. HMFREFORSHE

TElE ORI 6 - 1P 6 - 2R TRENBRAMMNH 2 & hi, YAHER
BECORAUDBEET IR T T 505, DRINTLAYTRIID W,

PERT 2ot & R w1, P ot L HMERE  E ONCIX, BEE%E p, BV 7% v, TTHOD
INFEER & T2 LROBHFR D 5,

E=(1-é-;/)_'u()1'-;,2u) XVP: e (6-3)

SRS 1A L AT A MO TIRISERE % 22 Edh, Edz £ L, P BREEORAFK K

DYk URAFHE) 2AOTHEOMRERT L RORA0G SIS,
Edz=k*Edh e (6-4)

T2 b Edz i Edh QMR A RBOFH BT 5, RO BRIFR IR RE (—ic
THABEE R L D /NS V) KBWT ORI T3 TTH 3,

SERAFIM (1964) X Alto Rabago " A Dfitidik & BUIE D TE A & FIG. 15, 16 DO
WEREL TV, T2 LARFHME EATIARDFRMERE (Esh, Esd) Drbiz# 2
BThHs, THbLROMFEDS,

Esz=0.70%Esh

[ U £ SERAFIM X Virar 5" 2 QHEBERER» & Esh=147 X 10%kg/crf, Esz=33 X 10°kg/cm’

ZHTWS, COLIBBLZE5THS, 6-4RTRT L
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Fic. 15. Anisotropy of moduli of elasticity of granite specimens. Alto Rabago
dam site.
(after SERAFIM, J. L. 1964)
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Fi6. 16, Anisotropy of moduli of elasticity obtained in situ granite Alto Rabago
dam site.
(after SERAFIM, J. L. 1964)
Alteration index correspond to a rate of porocity.
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Esz=0.47*Esh

U EDOHITIE K=0.70~0.47 (K=1.4~2.1) &%) PEATEORAHHS LTHTR
LUfliTh 5, :

F Fo sz oAbk @ Barre, Stanstead, Laurentian #3716 1E TIXIIIE 743 67~584
bars DIEHBE T % ¥ D Esh/Esz #5 2.24~1.18, 1.42~1.16, 2.87~1.32 DI FHHHS
HERk» 515N T3 (DouGLASS, P. M. & VOIGHT, B. 1969), 3 L 7o SRS I D
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Fic. 17. Time distance curves of the mirage type in the western part of
Hiroshima city.
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FiG. 18, Time distance curves of the mirage type in Saijo basin corresponding

to the Setouchi surface II after OKaDA (1973).
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19, Time distance curves of the mirage type in the Sera plateau
corresponding to the Setouchi surface I after OKADA (1973).
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Fic. 20, Correlation between a change of N-value of the standard penetration
test and the increasing depth of testing point in the Saijyo basin.
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Fi1c. 21, Time distance curves of the single mirage type at slope of the Nabara
dam site showing V-shaped Valley.
(a) - parallel to the inclination of slope.
(b) : parallel to the contour lines of slope.
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FiG. 22, Weathering structure of granitic rocks.
1 : Upper weathering zone with lamination.
2 : Lower weathering zone with both sheeting joint and lamination.
3 : Unweathered bed rocks with sheeting joint.
(a) : Deep weathering structure of the piedmont gentle slope.
(b) : Deep weathering structure of the erosional surface with lower relief.
(c) : Weathering structure of slope of the V-shaped Valley.
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EXPLANATION OF PLATE 1

Sheeting joints showing comparatively large-scale undulation in the
coarse-grained biotite granite, Yasaka canyon.

Conjugate shear fracture with shear angle of about 30°, due to the
compression with the maximum principal axis of N-S direction, Takiyama
canyon.

“Rib structure” (after PRICE 1966) with “rib angle” of about 30°, Takiyama
canyon.

EXPLANATION OF PLATE II

Conjugate failure set with the horizontal intermediate principal stress
axis and with a low shear angle (26).

Such failure result in the wedge splitting and rib structure suggesting
brittle shearing, Takiyama canyon.

Lamination dwindles gradually towards the fresh bed rock in the left half
of photograph, Yasaka canyon,

Deeply weathered granite with primary flow structure, pegmatite, aplite
and biotite schlieren. The lamination runs discordantly with the primary

- flow structure, Yamada.

EXPLANATION OF PLATE IlI

Slightly inclined lamination developed in the deeply weathered granite,
Yamada.

Magnified view of the photo A, lamination develops penetrating each
mineral grain.

Lamination penetrating a vertical aplite vein, Yamada.
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