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C 20.4 8.0 P 9.1 156.0 | 88.2

@) #FP F nEBEmR. -
(36)



‘§420. Weathering test F1{REE

e e e —— — =5
A H |17E 1§ 19 ] 20 ) 21 | 22 23124]25’26 27 | 28 | 29 | 30 | 31 |2 2 3
EIRMEITIORAE ('C) | 7.0 3.5| 45| 9.0] 7.0| 3.0| 30| 1.0 30| 3.0| 70| 40| 60| 7.5 40| 40| 50/ 6.0
Hb 3% T 95k WS MR BE (°C) | 24,0 22.0 | 16.0 | 20.0 { 18.0 | 10.0 | 4:0 | 15.0 | 12,2 14.0 | 18.0 | 15.0 | 19.0 | 22.0 | 23.0 ! 17.0 | 19.0 | 25.5
; R W IERCC) |=5.5 |—4.5 |+1.5 |+1.5 |+8.5 +1.0| 0 |—0.5 —6.0 |~5.5 |—6.0 |=4.0 |~7.0 |—6.0 |—4.5 |—2.5 |—7.0 |~5.0
# b &/ | - -1 l 551
b A 4‘5“678[9’10 |12 18|15 161wl |1w]wla
i EIRNANONREE (°C) | 1.0 4.3 6.5| 4.0| 7.0| 65| 40| 7.0| 80]1L.0| 7.0| 7.5]|13.0| 45| 75| 6.0| 50 9.0
: b 2 T SR M L HE ("C) | 20.5 ] 28.5 | 28.5 | 23.5 | 22.0 | 16.5 | 17.0 | 26.0 | 18.0 | 32.0 | 28.0 | 26.5 | 26.0 | 18.5 | 23.5 | 29.5 | 30.5 | 33.0
i WRMBEMBECC) [-1.0 |~2.0 |~2.5 |~5.0 |~4.5 |=5.5 [~5.5 =75 |~7.0 |—4.0 | 0 |—3.5 [+4.5 [~4.0 |—=2.0 [=4.0 |~4.5 |-5.0 L
1 | W i 8
$ —— — T T o
; A B 222324252627282931HEZS45678910%
g EIERENLOMREE (°C) | 6.5] 5.0! 7.5 5.0{ 7.5/ 35| 15| 7.5/10.0| 9.0} 9.5/10.0| 75| 9.0 7.5| 9.0| 6.5| 5.5 f&"
; - MR TRFEEE('C) | 29.5{32.0]29.525.5(27.5{13.0 | 14.5 | 16.5 | 22.5 | 20,0 | 28.5 | 25.0 | 27.5 | 29.0 | 29.0 | 21.0 | 24.5 [ 21.0 &
' 3, 25 B 9 46 38 BE (°C) |—1.5 {—4.0 |~8.5 [—=1.0 |—3,0 |~3.5 |—0.5| 0 |—2.0 |~1.0 [~3.5 [—~2.0|=3.5 [-3.5 |=4.0 |~3.5 |~1.5 [~2.0 %
i " foicy . .
: i E S | -2t o &
B B 1 12|13'14l15 16|17 | 18|19 2 |20 |2 ]28|20 2526|272 E
B SEHFIIORHRARE ('C) | 10,0 | 4.0] 8.0 14.0 | 12,0 14.0{ 15.0 | 18.0 [ 12.5] 4.5)11.0]15.0 | 15.5 18.0|10.0| 7.5 8.510.0
Hiy 3R 5 7 IR B¥ ("C) | 18.5 | 20.5 | 32.0 | 41,0 | 44.0 | 81.5 | 30.0 | 29.5 | 17.0 | 28.0 | 81.5 | 31.5 | 82.0 | 33.0 | 37.5 | 13.5 | 20.5 | 27.5
3o 38 T 95 AR YR BE (CC) |—4.0 |+0.5 |~4.0 [~3.0 |+2.0 |+1.5 [+4.5 |+7.0 [+9.0 [+4,0 |+3.0 |+1.0 [+0.5 {+6.5 |+6.0 [+7.5 |+4.0 |+2.5
A H ]29‘30 31{41’5‘32’3 a5 |6l 78] olw]lu|w|s]ulis
| IR0 ( C) | 9.0 11,0 ] 13.0 [ 10.0 | 6.0 | 80 10.5]12,0|13.5|13.0|13.5 | 12.0 | 15.0 | 13.5 | 16.0 | 18.5 | 21.0 | 22.0
| 4, 34 T J5% 75 R B (°C) | 19.5 | 28.0 | 25.0 | 28.0 | 31.5 | 30,0 | 34,0 | 37.0 | 41,0 36.0 | 31.5 | 37.5 | 36,0 | 29.0 | 38.3 | 36.0 | 40.5 | 435
{ W m R MEECC) [+7.0 (+7.0 (+6.5 |+3.5 [~0.5 |42.0 |+1.5 |+1.0 [+0.5 {+4.0 [+2.8 |+3.0 |+1.5 |-+9.0 [+9.0 |+7.0 |+8.0 |-+8.5
' i W 3
t
b
E
;

A TR L
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Weathering test HHOBRES T, BIHm ~ADLEL X0 % Ay Vi 5% OHREO LTER, SEE0REL
ST Te2203% 0k, 7.6% LLED¥ Ay RO S L2 2 BB 5 0O I BT o
720 weathering 2%, JKieol e\ CIT ol GBI CE, RUSKILLE EREEL b ofRKkr 08
T TEY Ty FATY —V Lic FOBE (F—15 B]) L0 DTSRI KTHSBo FifL €Ay FEA
0% o CEREETRRATH S0 COEIE, 2y MEIS - EEETCH B,

AUz 90 HE weathering rhod $IERERDOZIRC X 5 HEEORIN (GBSO HRED S7kHE 21 bR
Fo) &, WAMECHT S €A+ OFPEL XU DRRED weathering Gl Y A7 » £ Ay T DERSC K L
t%%%%&&émt&mla%okﬂbhéo%%%moébaéﬁétmm,%h}yfﬁ&ﬁ?%&ﬁ@
B (o.m.c. T Yamas) HEHELC, WM 31 4848 17 Ha b 7H, 14 Hi Lot 28 HHSRcdegsggs Lt

D, ERFRTITOLBREYE—22 Rt

]R—22.  SPCERREE Uik ¥ O—BIEEHEE L 3 B 0BG
£ % H % (")
[} 7 1w 3
0 68.0 5.1 40.0 8.7 38.0 9.3 24.0 10.5
5 64.0 6.4 43.0 13.1 35.0 14.2 24.0 15.2
7.5 61.0 7.1 46.0 17.8 23.0 19.3 25.0 22.7
10 59.0 7.7 36.0 20.0 22.0 25.3 24.0 26.0
15 57.5 7.9 27.0 21.8 25.0 26.0 19.5 27.0
20 56.0 9.1 | 28.9 24.8 24.0 27.2 22.0 " 20.5

ZOEE - BFE L b 045 3HDOFGY £ tro FE—22 © 28 HEERR: LA R o &k,

TREHET B %A 150 #21 © 90§ weathering 4 JKBORIECOMEIKD AL I b s
REL, FRERABMPRERR T COMMSARASA, (28 HE 90 B)—ISHEORECAS LB 5 o B2l s
LUER—22 O qu-fH THBELTEB L, ShofBREkcsi Lch 28 HEafgu: Lic: EOHHKRTHBo
OB EORED weathering Th % 3 BEREKCHE Y522 T 5 & L Aibinbo

i weathering B3Rk 24 KB SR B81E O TTH B M, 2 Vi %3‘;7‘;\: kB
KEBAV—I/REEEC LTHB LI 5% M ED €AY t 2 S TRKDR 1 Th AV — 2 25 r Li-
3DPH 0N, CTHIEROX CHEHRBICIE LE L A GEFORL 4 0Th T, R oS krses
Thotoo K21 KABBOESKEE il LERULTHA O qufli #FE—15 o 90 HEE LR X
D il CHOLEFEY B2l ORBOMICE Lo & OBESTN 24 FHABED qu-fi BEBET
LTe5d, 2y PEIETEORTCERETFEEH PR moTHh, AV DEFIMC £>Th wea-
thering ISR B EHABEAHAST 5 & L5 bt bo K21 DRBEOWMOBESRE, YAN + £ 4y t OFALEC
35 Index rHx52, B—¥Ay FEOEREMKCOLTIE BIEREEKEIC X 5 B 0E BB Ciiict o
L LR LR ORKE (?%719) % Index 2EZHUE, AV P ECH U CEEEREEL D 5%

v (38)
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THEBRCET B BB (1) 75

S\ BT CRIED I A RARC T 5 BIUES A S W BN S 5o FC v AV v 5% DRRETEICO
Z EAURECHCLB, .

UL Lesitiee k, oIk liedbociril, dorEEaKEL hoThekE 2iul Foral
+10% BEC), HEDROSKILA A F2 s BEYUIRCED - B o TR THOREFRORR
& OTHAERBROER L 2EALTAES &, Bir — AR SWTEE L AV FER OV TEBES K TRITT
BONB—FREL ) Thho KETIREC Y A « 2V + DIFARIESESKIL L D RS VKB CeRHE
DAL LT3, .

LRk, M EOEBEEE LHER, weathering test 35 X UKBIBIEDRBES O, AV fﬁﬂm:_;:‘o’c
B — 2 DAEIEZE LBAL, 2 10% B EDEAY P RCGIEHECLS Z 2 2hh %0 .

(5] =BEHERBERICOLT

PRI 7o 2 v b 2 GRERAO PR S X ORI OBMR R BIET B 2obie, SIS YU Lico
ERFENLERIKE (Consolidated—drained tost) OHIET, HLRES e-RREDD D2 L, 7HMs 7
1Y sV I ATy —NEFBREF R otce S LAHIE 0.5, 1.0, 1.5 HX¥ 2.0kg/em® 0 4EHTH
Bo HE AV P EEXT HERKCOBELER 25 wiRiTo

B—25 X9 10% Toeiy PR Lo CHEMIZE LIEAT S, v Ay VB8 15% bl
BEPZOTEYT 5o SHEREMIEL fooicZ 2R T IEEEAR AV MR 10 % Gl EMcH
T, FREEDEAY P HEMUTCHRLUTHEM UK. 2Dz LRFRCHFOLEIHB A, —H810 % 5
ko 2y rEO CHFMED 7 HIMEES 2.0kg/em® ZOFIEOREY > T VEBEORIIC I TRELLD Y
RYLDLEIODNDe TOZ LEATHERFERCH £ A v FRICHTS A% X0 BEEKL fe8l L CEERY
FFoldChBH, 0 T HEENSA S X 0 BERED
X irkEv-domn (315 21), B iv-A8E
POEIETE, L hREGHEL» e L hhS ;//*"‘

VRIED 2 ¥ 0 EFERAL D b/ < feote b LTHE / /"\c\
P

HENEH o0&, WEEEAS XOREILRDEicr>

50 - - 30

¢ (degree)
8

Tz b biERERS, e §
Lo CERCSEHFRRAIT )ik, o2 k&7 <~
FEZMLS N EThHOMM YHOABRE G 2.0ke Y : 0
Jem® LLEOREZ N 5 O TH O, '—/ o WBERA (4
Lo, & UREEE RS £, Z0H o & W@ i
BROHH IS bir Libloriud, EEO+ AV IR 2 ‘1 ‘
DY TR NS HIHUN  CORER T TR RV

BreAT/e o1 e OFEEIE ST, PRERACHN @ 2 weswes wayim p -
NEOVREL RS LAY rEEELDS BA (B SXUHEH (C) L oBR ({ERKC)

(39)
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Uy SOV SO

76

£ KB % B # B

? VAW e Ay P RBEE AV P REFO—HETH D 5 o FREAOHNC S LBHMORIETIA 2. 0kg/em®
: LFMERBLOW, €—25 MbbrsLik 10% Loty MR LToR MBI K 2 —6E
2F 5 TChho B—20 CAEENDEINGHRTH 10 % O AV YEMNEHELRAE 5 ChBo Tennessee D

Gravel 3s XUt Chert Bases ®¥25% ¢ Whitehurst & @iE/c & & 2RO T 53,

(6] WEHIREILEL LIBHE

EEaEaivsta;, BHEie— A0k 5 CFDOHERKREKILA 100 % BLE (S4 LT 180 % © HFlT -~ »
— I bo) ORETE, iiBVRED=Fr¥—2FE2Th, BEOHEHTRIFZ LIRSS,
SpEr sEELA ML A I S, £ LCHERERLT, oK BERHEC THTHET T2 58n8s

%0 L LBELOBERIRE I, BHR

23 f#t K &K o &

- . w— AL 5 iii-Eo &7KikE 100 % M
vAv rE &K Ta Te HERR
%) (%) (g/cm?) | (g/em®) = LOREENS 60 % R CITITS 2 ki,

: 0 80.0 0.800 1.440 D SR SRR HE L 5. FRCEKIA
A I
10 72.0 0.800 1.375 D 10, 15, BV W % HFEMTsz iz ko
15 68.0 0.800 1.344 D T, BEBOSRIEAE23 DL 5 HEIR
20 64.0 0.800 1.311 D ,

BHLize L (22 v 2L E0%
-2 HEEADOLHERBRESR
C. B.R. E& — Et E i R B
AV PR ¥ E B (H) 7}4{ i% F* & H 3
4 8 .
5 o | x g 7  _14 28 @(E’%)»t 0 7 14 28
0 73| 102] 84| 86| 91| 0153| 0.82] 093] 1.03. 103
5 7.5 8.5 8.7 87| 100] 0.155! 0.98| '1.10]| 1.15: 1.20
7.5 7.5 7.9 8.9 89| 109| 0160 1.10| 125 1.27] 1.30
10 . 7.5 98| 102{:11.2| 125| 0.168] 1.03! 1.25| 1.27] 1.50}
15 73| 55| 13.2| 14.1| 16.0| 0.09%| 1.08{ 1.20| 125| 1.63
20 7.0 5.8{ 13.0] 13.8| 15.8] 0.100| 1.05] 1.20] 1.28| 1.60
: i) A ic3 A B&

. T EEE . ‘Weatherin B .
R S ErnEE | unsonked soaked
Frleae EERE| SAU |HEAL| K Yo B | e %)
Eimg | Ge/em?) | (%) | Ggremd| (%) | %R 77| o
.0 1.58 | 16.8 F — 153 —

) 6 165 | 17.0 0.41 76.6 . 137 34.2
""" 3 1.89 | 17.0 0.64 76.0 , 136 46.0
7 2.4 16.0 0.93 75.0 142 62.0

6 1.93 l 15,2 0.49 70.0 118 30.1

6 1.90: ¢ "15.5 0.63 69.5 119 39.4
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THB R BT AR (D ”

BEEOEKIE, &K 80 % Dhic,. Gk 0% D2y r#BETS L LTHE LR BHTEe-
MERLHR LAES W BELTRLC, F-23 CRTSRHLEREELE TS C.B.R. BXU ol
ARl UGB, AR, BERR Y ORBREYT oM. S E-23 WRT L5 EEEE TS oRER
D LT o #FH-23 Cx 2V rEIETR O TEEAO REGEE (7) S8 LTCw 50 Zhite Ay
YEOZWHELRE SRS =20 X~ 2Dl LT, HIEEEN EIC 0.800 g/em® K65 X 5 EREF Lk
BTHBo WO CE AV TEMETE, FRHORTREBCERLFLIC tiiins. FROHABRBELFE 2
CRRE LR o # C.B.R -l (5 2, qu-{l 345 354, MHANRBROEEIE 2 ROFEEY
Fotee

(1) BEIDOWT

HIHBECET% C.B.R. I qu-fH OBMRBLHS L OBERR—26 (1) + (2 BERT.

(1) CBR-Bo¥MF-HR (D) qu-EnicE—34

Ny
~ Py
S 1w / - 100
& 4 2
a S
& 4 2
& /, g
P / 2
N // Ry S
r ; &
F= e g o
o 50 Vi s"I‘o = S0 ’I\—/
& =8 S
[} 4 sk L /?
il / . 0%, = 7 0%
g | — B 7
Iz /s > -
] -
10 20 30 10 20 30
#IBER @ %18 5@
E—26.  HEMRD otk HE 2 BEE ORI > OEBLR
C.B.R.-{# 13845 d HMLTE ' F—25. AR D ot BRI X AR
b, TOEMEL €2V P EREGIZ TR - 2 (D)
oL srer e # H 3 H
ChBo CHICL BT qufli BHG: - 7Y TE %ﬁg ;
- 0 7 14 29
ELEHMI LTG5, AV P ERS (%)

. 0 D 60 100 110 115
 THEDEMFTST LEAE L, 5 D 85 115 150 170
FAEOx 2y 2WMLEEo C.B.R. 7.5 D 95 150 190 250

" 10 D 100 135 210 270
~{E EIEIE < B
{ DEMOEIE K BB LE LM X 15 b 140 290 235 290
Vo TOZ LIERADOL 515, &K 20 D 135 180 195 260
WS OREDBEOE- L DI, X GF FhomsBEERE (B) (kg/em?) #H 7o

(41)



78 + KR BF % B #t &

Y P REMUCEE LT LB EENS L, 0k C.B.R. HBOL Ikt —1 FL Lo TREREEH
HWORHE 5 0286 L —BEEHRD X 5 CRARNORIEZL SUiuila L ©, 21 HEsiEng
BDDTRILHD 5 o FK—25 KHREDORERE (E) OHEFRTH, 28 BRE LS TLiFx 300ky/
em® BETEHDT, FHk LAHERKA, BH IV CIL bR% L MACHEEENE S hibmbe S kg
HEA, BB IOCoMBESMENITR LA L 5t C.B.R. B X0 ¢ RBRECEADI Ol oLk
FRREGED S Do M—27 Ity ML L L OBMRESR Lcht, SMERROMMIC & 2 MErikota < 52
BRTB X5 ThBo 27 L), +A¥ 1 2EECEMLCH SEDREARG L BESAM Lity-c &
Mirbo ZDEIT ¢ DIEEGE L Kb Ty
. CBREFVQu-E~tsy i@ Bo

* 4 HkE C.B.R i i3, +Av¥ r@EMHEITicoh<
- o 7HEBE . 4 " -

°© BEBRE CBR INCTe B BN S D ThUT-E Ay rEpSETIEORT
"I C.B.R SR N

b —— %;1 - e HAED 70 LERL LN BT E Bbhvsith

/ Edh, REBRBHANFRBR CIHOFECSLD DT,

X2 b LEBEEI D e Irkshiis ofeskfko
4 HkB® C.B.R.-# #%, JERBOBEL b A</
DT BH, TORBRIEKEOS - BRREDEK =
—AEFR LT 1 8a8ed I Ebha - L Tho

b 0 i R T, BT DR TR % 2 D= L 5 E S
trRB (%)
hf«:a

B—21. Ay bR (7THH XU 28 H)
& DR (2) REEEOLT

BIEEH 2 = 2 ¥ P 2 DBIRSR—28 it

H& DBIRES, £Av v 10 % ¢S 3
L, TRHEDRD €AY P 2T 5 L Kcid L
—N\ TBo CHIREBEEDO & 5 K HEDBEOME B
hE, Ay F oY T oTHERKRDE K 25 5D
J L, ZOADREDT Iy a vEHLTEAY + DR
EHRETIDTHH 50 15% B ED® Ay v CEEMN
Diclien o, EREOBIC LoTH sy 2
¥a vORML Y S €2y Okt 52 2 SR 0K
. BPREVIHLBbNS,
5 10 15 Fd (3) mAfgiowT

wrve B (%) IR LMD BRI, 12 54 2 OB
B—28. DoAY PRLBIRL: OBIR 25T LAEA BT ok B2 LD xRy
(42)

o

C.BR (%)

@
N

\
\
\i
&

— VW TE B L (gl

0.20

015

Q.10 — R

B B Lt (%)

a0




P S

F

THE R s R (1) &

PEARISIBEIS, B — AT OB LY 2 DEREELRIL T B & 2 AmBe Ay LR 7.5 %
DEAfEN AEIH D wetting cycle AU Li-BIAbcit, &€ 2y b BOHERKIC O TR X 5 e B
RLTB, Ll COREOMALOHMCEH RSO L 3EL LY, SROvAY T EEMLTh T
CRED IR ) B EMNEL I 2 LA < oo

90 AP weathering test L& 0SS JURKEREL, $—20 LRLTHB. LA, BRI Co
BELFABC, weathering 2 24 FiikBSs LOTEAB ORI CIESHBR ST o1,

TRRBOBETI, WU Ak & BRI 3 5 Bk 28 HoN5 74 v e Ty 7 ATor e LT
BELRLED o 30 DBINL T35 KBLIBECEZEL CRIL T D, 28 HIHE DBEOHRE
D 1/3 BETH Do 1272 10% Dk 2y RO HERK BCEFERL T B HAKED Index %3
U ORBEOWMOESECELINBDDLTHE, Ay b EAML THE 5 A LI e 5 T
T 109 DE Ry T EOENEDRGEBEYEX ThBo SHITEREE LHBROBADEE AL ChH 5o
IR L, SR A, B LU C OB BB LHAENZL < By,

Blbgre 2 v P EeSi T A SR D ORI S LOTHAISL HEE L 75, €Ay | FRIERRL T, R
TTHCHBBRTOHENE L QBB SRTEE Ch 5 & L 2B

PEEA, BRIV CORRBRELEMEDOLIL 2 HEEL TAS L, s LOMHARE R ¥+ <TDET
FELVEDR D Bo Ior X Eh 5% D2y rBOERKA, BB XCOHD, 209% 2y rBoftst
HD LD T RTOHERCTELS FTRTCBo LESDTU L BEEOEAY T ML CHSRAEE T
oTh, HIBOLOSKEOEEETHT>T, TOMBEDHRL BRI CES L5 L & b ¥
Y, AV TS EHREOWENERINS = L Do

RV AN w2y PR IREEEH O pumping #BE, HESMRAERLEICH, 215 X hbrd
L5 C.B.RAH £703 qufE MELSHML T Do 2K LAY MEERTS A B IO BH#ERED 7
HIEEHED C.B.R. -l iBNAS KD T Do CIUTESEE 3511 BRIROEFRIAMER L7 Z icic
Dy LEAPOTHBER DS BT L TEDDI Th o & DHERTE, MELEY 44« 22y b ot
TFRBHEBR AT le 0l DT, % OREZTRNRE (Kis8) AVRBICEH B, —ii K- ¥ C.B.
R.AE > ORRERS S C.B.R. =70 &5 Krofil K03 & 18kg/em® inigde = \LE 5 Kre-fii
LRBAHROEES T6em O S COEBEOLHFIRR (kg/em®) HFHRT Do FITY 4 » LRy rEEE
THEE Kro-fl 2MET52, B IR D, BRI Ko abay sy — TR RS
SR LHAL T v 7 Y — BT S 2 R IR S 5T 5 5 o Z7h< P.C.A, ©
EFRIIEES D, b U L2 Keoff 75 13.8kg/em® %272 S22, 2w 20—t DEEEE O,
CEL T Ky=13.8kg/em® 12 10Ty, L Kro-ffl #% 13.8kg/em? HTFoggrailiEtic K o
REOELERENC AT 519,

L7131 ®BXY FFEIICE S Consistency Limit oz{kic ot

B e — a0 P.I BFEREE . SRR — 20X L TR S —~ A TCLE 5 CThBo — R HARDK
(43)




80

+ KB R B #E

WRFRFEOE, & P.L 8- Bhbits, P.I. 2kFLT 213, —BWECHL active clays soil i@
BlRT 53D THD T, less-active clays, silt FXBZBHEDED P.L 33 v, Th T, Zoffir— a0
F LR ZBR T 500K, Y PEHH Y 5 h RIS O nic Consistency Limit ¥ FEDBE
DV THRER L oo '

(1) Xy FEME#HD Consistency Limit I2DULT .

CoFEE, BRe—s% JLS. B0k, BREE (SKHE=37%) S®TxAY r 2EMNLLE
FB XV 85 % DEKHOBEH e~ Alc v Ay P RBMLLBEO “HicowT, L.L. X P.L. ofisE

£-26. B R & & R O m®
(1) & KkE ©=37.0%
AV R
(%5 0 5 7.5 10 15 20
L.L. 97.0 93.0 91.5 88.5 85.0 84.0
P.L. 71.0 67.0 67.5 66.0 64.0 64.0
P.I. 26.0 26.0 24.0 22.5 21.0 20.0
(2) PHEIGKE 0=85.0%
AT TE 0 3 6 9 12 5 20
(%)
L.L 135.0 116.0 113.0 111.5 106.0 103.5 101.5
P.L 86.0 73.0 72.0 7.5 69.0 68.0 68.0
P.1 49.0 43.0 41.0 0.0 37.0 35.5 33.5
B0 BEYE26 (1) (2) ks IUR—29 R,
140
M—3 o — a0 ZLRICLS KR, Ay
130
AN PRARHIL IS b £y b RAGIOTIEK &
0 \‘\\ 2T L.L. &X0¢ P.L. &8 %s, WThoBac
- W=859 ;
. AL 29 mbbomB X5, LL. BRAILA Ay b
»\(\ L
90\ ~ T BY BN T B, P.L. 3Ry 3~5 9% BER
- :
o 801 - GBI AR o€ Ry ek L
- — W=85% .
§n e = WEBE NP Lisvee LishioCREOETHS P.I bkfivry
I 1] .
3 50 P L HREDTHERCS B LR X, B
S~ v ASEREIRRREO L FRIE, 20% DAV IR
“ e} F=85%
2 Ha— ko Tk PL XD 6% WL, BEe
: — PRI .
) Wo37% — AD 85 % DEKED & FIIL 16 % BERDT 5.
1 L LEZEOBED P.1. oM, AV MESK X
| ] e .
0 7510 5 20 DT B e — 5D GHIEKILAS 87 % 7B 70 % B

vrveE (%)
H—29. BE&EHD A Y +H L Consistency limit
DR

BTHErwELHL, B3 XY 0o=70% s
P.I 3344 % win h, FHERKIT 10 % BEORD

(44)




N ——

e L R I s

EBRIC BT s BB (1) 8t

THBH EBbhse

HIHIULEKIEH 85 % ORILEHEr — &k, ARE754 « 7o v ORAEEY 1:8, 1:6, 1:4,
1:235X0°2:1 0 sHHCEY, ZOSERADHEEEDER » 79 47 » v - ORAYE-D 8~20 % (55
BRERC) offlchioo T, RABELKERRRRYT o1, OBRCITEAYD P.1 X 30~
45 oFHic D, WD TLOFRE, €AY + ORELBEEELRDOTHS LELLNRD, WWIhICE X,
i@ﬁiz‘iﬁ%m‘ﬁofcﬁﬁ'@i)éﬂ%, X Ay VIR hydration 12 LCuwiswWo G, Zo0Hgo P.I. ©
B EL LTRERRIC IS3DTHS 5,
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ASRERC R U793 Epoxy RIS, Araldite Casting Type D X\ 5 BRA CESE SN CTES D
Thbo ABlRX T/ <~ BYLH (BEHT 8~10%) #MA 5z ric LV FRBE 100°C O THAREE
4&'&%5 ERIFEEHL T D, Araldite I EEORIN S Y, TERESERARCESTROEEHE » LR
IR B HDTHHA, Casting Type D RHFRFCTRLAB OUREAEHRO S O HRCHETH = b
TEHo COBEIRIS ITAGER O TR S, BUIERE, NS, MTTOMHERC X8 HER
A<, UEHERC X 0k U S B (19 120°) 1o X VRS E 5. o CRER ST HER
VESSERME CHBC BT 5 REREE ¢/1=0.88kg mm, 2=5461A) » L CRH{HACE B, IIBRE
U oEREE G TA0C, SROHL LT3 2 120 CE 5, HETES @A 10% &
m e XAAREROBBCRT BB S X v Vi LIUTRDO X 5 € b,

)= = 1.15~1.2 gr/em?
HED 9~1 kg/mm?
T 9~10 i

T R 300~350 ”
SRR 270~280  °C

BRI 90~95 x10~5 mm/mm °C
RLBYER% 8% ML TEESEL IS o, FEISPhs QB - TR T 50, Bigo
BRI X0 CORBENLT 2. IECEHEREO HicownTh 7 ~— L EH L 0FHc L Y5 L0
HEAET o & DEERNERIEL RS 3B ECRERTREKT, 0T L RIEREME ROl

2

b

TEAB L L ThD, UTABROEE NHERECT s BREOEE L fiaticov TRy ic—fr R T,
BLERED & 5 OB TR X 0 S/ 0L Thsshim .

FRC BTSRRI NEE S th b TREREC BT R EL RS B, FHTHlliRo
A BT T~ b,

BUROISIIBHEIEC D Ta Hetenyi® Q2 HiBRAUEL <2 ORG+ R <HBEL Tvbo FiH
B3z 0B S BRAC REIL, SRS LYo TV %,

(1) Araldite Casting Type D DEEGEE SEERECRIT SRR oIR

TSR OHRIROHIEC L5,

L1 1RT L3 ICBEKPoh BEEERIRMT, B h=3mm, EX r=14mm, FHHE 245mm
755 EHEROMBA O Iuc EITHE R AT L, FERECH L CATWETOES 6 % 1/100 HEHEOFL 1 v
7 —FellET 5, BEUBSIFROXE 23D 1200 mm 1000 mm, HifT7 800mm CIER KU BRI
BETLRAT TRBRECENL X 5L, MFROBRESH— T 2 it BEEY L., MENLES X
Y, ERARCEAENRUTEBhREREEE Y V-1

1) Frocht : Photoelasticity Vol. T, page 339~340.
2) FIMEE= - FBERE, 26 (7 25) 263 H&o 28 (1 28) 1 H.
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el /RS
U a
N
E TN (
g B
Y =]
1
00 FE BB ey~
1200
jsl_ 700
. - -
T T8 o B
l » 22 lasf g
v
W 2p

B—1 E4 R HER

B% 0 2HRT 258 FRs EIRREC D Th b 15 FHIEE L THAIC b e B S @R L A b ity
BEC T o ez, BHEORIESTS ¢ OBboRELHETS - tic Ui, Z0BaR—1

e
W=0 D&, 2P=1.152kg
- F=—1 RBEfMbeafiSEosmciTs 6 OEEE (1072 mm)
EERe°C
B
25 40 60 80 90 100 110 120 130
B [ .
157 5.2 6.5 7.4 14.7 208.3 236.1 237.8 229.4 227.4

307 ” ” ” 17.4 | 222.2 | 237.8 | 238.1 | 229.6 ”
17 ” ” 7.8 21.7 229.1 240.4 239.4 ” 14
2/ ” ” " 29.5 235.5 242.2 240.3 229.8 ”
3. ” ” 8.0 37.0 238.7 243.9 241.1 ” 14
5/ ” 14 ” 52.9 243.0 244.8 243.2 ” ”
10/ ” ” ” 96.0 245.2 ” 243.9 ” ”
157 ” ” 8.7 135.9 247.4 ” ” ” ”
~ 20/ ” V4 174 164.1 248.2 ” " 4 ”
25/ ” ” 9.1 182.9 249.9 ” ” ” ”
30/ ” ” ” 195.3 ” ” ” ” ”

(3)



130 = S -

£—2 HEBRECRDAY Y7 EHH E (kg/mm?)

B
25 40 60 80 %0 100 110 120
L]

130
10/ 117.61 | 94.09 76.66 5.93 2.50 2.50 2.50 2.66 2.69 x
157 7 4 70.56 4.51 2.48 ” " ” ”
30/ ” ” 67.23 3.14 2.45 ” ” ” "
5 (mm) i )
I I :
y (‘fgg%i%%gg = =
\ AY A [ Y
I V3w Nz o' | Yiowe|  Jeoe
20 g — g
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e
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L
80|~
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Pamies e —— :
0 10 20 30 t Cminute) .
B—2 rRoERfE ke T A EAEEM L 8% 6 » OFERR
£ (kg/mm®)
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100 -
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0
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X 2P=1kg T 2RAMHDEL 6 LYY/ G E » BRI, —0Bs
E=6.125/3; kg/mm® .

FRECKTS 0 OWEEREL LRSS T M FRE2 51 0 SHIRERCK T 2555 0TS IR
DI DTH B HHEEEE L BERMICKT B8R 6 L OBEERIhEE—1 ROR—2 0 X5 itk se
o TR T % ¥ ¥ VEROBENERTE—2 ROR-3 O X5 iKib,

I8BR Hetenyi iz I 15 B CBISC KT 5 HE 2 Bic T 5o Olfin bR D, S B
X E DO DD S DATICH L TECIERT 523, SUREL EOERIC TS — ORI R L <L
B oo T, BROMORK XI5 THERF oL DL BS s, BEEL Tu iy Dok =0
DBHDORHAD LHHHEAT, EoTERTIANEEL L CE—DICHEINAE L icith. & O
PS> 525 50 Bbhs, FoOMeREMER Y5250 & OFE—OHOMRL RS CREY S
T, COHEEONNEED, ZOHCERET S, & OREECHR 2 I AHT TS — O EIRE
BAEL CE-OHOBRHHET 5 S i), CORBEHELRE VR COE-OHOBRE 0T \Bbo =
DOEBREFHA L L OASIIER TH D, §RK—2 RO 3 ouWTRSI, EBTHES & AT
THRELILLIV25, BEAE B onT & BEYEAL, 100°C withid 8 &<
73, 120°C, 130°C KIAUEBRESEL, B 6 WRY —EThb, SIULF—OHAZE LI REL 27
ENBHDOTHDo D 120°C~130°C DEFRISHTISCE D ELLBFECLHS = L2 RLTES. 5T
COREXFIGRELHRTE LT b, 4 125°C TR B LIS EEL RT3 Ok 5 i,
BHROFAONBERE TN TN EIlRE L T 50 BRCHT S RESHEPEE SN D OThs
7 ISR X3 TEABS T OHOBRESY R T 2 BT E e M e Aiuil—2 RO X Dbmsd k5 il
ZOHDY Y FRBERIC B 5 YV VREOK /50 BECHB b, SHEEC 58— 0~0EEE
ERLELEECLI PO THS, L HANKBHEEIREFSO L0 L REE0L0 L 555 (G123 Fos-
terite (X RFSTHB) REIRIARS CFE—3 i ounTEEL <Biug,

HECORE 5 =0.88kglemm

120°C CORJE 5 = 63.0kglomm

B USRS B0 5 EERE DG HHC L VS PoliEnd 5. EOETIEHEO—MC, SRS
F1% R BB EICI ERFC RIFHE R TIT L Uirbiuiic b, )

(2) Araldite Casting Type D OEAFEICHS 512, BRI, NMTOYBEESI- L5HE
FH31 wRALRD L5, AR L CRENOBERRE V. BT OBIEM oS L TH

RIS DBEFBHNTL o Tiebb 60 B L4258 TS PRISHIELh TL 5o o CHET

60 BRI & ShE S PR Rk LA MBS L 3 SRIGLEHESESR cr B FiE 0B R 85 L

W T B BERSBAY T OMTABEISHC - i s e 52 54T TESK, BE-32 hbh

5 X3 MTHEACHZRINTK & DHEIRII A, FRB-3~4 KALRS X 5 TS 4S B 13
(5)
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132 + R B % B & #

BTG YMIOPBEFEN TS 505, ZESTALREX X VEETH S, RDRECIIRINTER
BEECHEAT DT, MLEOEEIRRA L2 RL D, & OMAUMIBEERRCR LB ChS, BoD
BRARRTFECRERALARG LS Ho b DTH D, EHEOPEIFHEIKRALIS L IRBALERVLER

= 3 XBo —ERICBIIRITEEARE 7 vy Zities &, BHLOE
BUSBOREC X YT XHE LS COENIEHc X hE

#esy | /2 (kglemm) 0.88
B E (kgemm-2) 110~350 Behss rins,

osmEE (°C) | 120~130 LLEg5M X D, Araldite Casting Type D = RKICH ORI

s | 92 (kgpemm) | 40~65 BF, SIS L L CHARBEAE L ChB T
BIoMHE | E (kgomm) 2.66

E (mm) | 133173 ABWOIH, CRERECTIME—3 O X5 Kitb.

(2) BHEREERICLBERTHHETRE

SRR U CaHAESHEE, T8O, BELEBROZAEASEL b TW 505, B—0iH
TR BIRE ORE I X VB2 DR L CHEMESCERTE 5, & OHECHMEEBRHMETER
T BRI EEL, ThARERe R bAai L, HEORED X \BRFREHHTE, 0%
GRTEA T D Zofc B S ERNICE U T3 BROFRICAE ) BEPRN T O s BE TS C b efHLL O
Thbo JEHEHEMBNE ED X 5 AECSREMLISHZERENIC LT3 &, *ORBI SIS
% do ik A URMEET LR T O C, 5L SBRRBREERE OIS C LA CE Do SIETIRE
FESNCESE | AAOAECERY AR LaldEs, EFTARECETAHRE 6 mRoR TR b
3, Thbb

B=%'ﬁ((f1—‘0'g)i
n=JtHE Hr
(or—a2)e=i HINCD\TOTRMIISHE
o USHZ R SN B, LERDHRCE— SRS e Tius, TRTO%NE L RS EREeE
X DRBEHOTHIREFERID & LT E Do RLSRILAISTIREES BB BT R® 5 & 2 3 MSE
BT, BEZ T, Z0AED BEREINTCIPCTROIEHEDFE LT 5o Hxix Drucker SEE LA
BEBRARED 2R 5 e Lic, AAER o Th 12 HOHZB CERC AR TRD 3 & LI3ES Tt
WOT, BRETREECEI - Z OER QIS o TRD B & e Uiz, ThebbBRRDEIST o1, 0n
(B 24, TR Secondary Principal Stress) OFj: R0 0 /o =, vy BT 58S
4

1) {fix¢f M.M.Frocht and R. Guernsey : Proc. 1st Nat. Congr. Appl. Mech. U.S.A. 1952,
p. 301~307.

2) D.C. Drucker : Photoelastic Seperation of Principal Stresses by Oblique Incidence, J. Appl.
Mech., Trans. ASME, Vol. 10, No. 3, 1943, p. 156~160.
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0, =01c0s? 0} 0oz sin2 0 =—21‘((71+o‘2)+%(tf1—dz) cos 20
- - 1 1
Gy=0y sin® §-} o2 cos? 0=—2"(l71+0'2)—_2‘(t71’—t0'2) cos 2¢

Tay = —%Cm—az) sin 20

3\ 3,% v
\(S’ ]8
6} = 61
/o?\ ’ 7
7 N .
/ AN
(G.) (b)
. H—4 ERAS 2 2 RER

GE—4 (2) DL & BREEER: LB Y o LEFCOERE RN TS (®-4 (b) SR ek
REHY o7y MeHWT z BiIHBOE s TChD, ¥ Bif o ML T o 2hedh, 20 oy Eicts
VB IS

Gd=0;, Oyl=0ycos¢,

Tyly! = T4y COS @
Li8Do G o5, oy, Ty DEFGPHLRDLND

(o, o’ =%C¢7;+0'y)i%1/ (0:—0y )3 +4r,°
%C@%ﬁ@:ﬁr‘ﬁﬁk?‘hkf, 2y WX T 5 REBHDE )/ 0 13

Oy —as' =V (0,0, ot Ar i P

=%1/{a,+az) sin? @ +(o1—7z) cos20(1+ cos? @I +4(o1—02)% sin? 20 cos® @

Licho TN LBEBET HRBEIER ¢ LT V=t/coso CHB ML, BERAMNE X BEHETERI
ey 1 ) ‘

4 14
=g g Yo e —E
73=(01/— 02 )' A cose

= EC—I(EE«\/{(nH—hz) sin? @--(7—n2) cos 26(1 - cos? @Y HGu+n) sin® 20 cosF @
B EE AR OZEBR LD

A

C7)
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. ¢
no= (a,——o‘g)T- L= 1y—71g

AL, ERAROELRC LD apo ERUNEERC LD mtny 2HEMTH 2 LB TELOT, n, m
T o, 62 ZHEL, 6z, oy ERUBILNTE D,
BRI HCo T

o':n/%-t

X hEBIRDOR S,
Il 7—F -« FLCHITIEBHFEHTCRBIER

C1) Emale
ST R R AR U O— T BTE® Epoxy AR Araldite Casting Type D (BiiRge 120°C

Epec=2.7kg/mm? # v, LBOFFF i Epoxy 580 Epon (HiESEEE 120°C, Ecc=1.0kg/mm?)
EHAL, 7y PHERR—-5D X5
CRBEUIR-6 L5, HEy—T
* X AD1/450 DR EF STHEE LI,

T DT —F o X AR TH
B, FUEHDEZEZRD 2L

B—S 7% PHEECH 5P R
KF, BEFHRCTEIL THRELAduskbnin, 54 2 b 2 HOEIL ST 75,

(2) rsdviss ' o o ‘
© T FAOFERY R R TIEABEERESFRTN-S, FE-4-1 42 015 HBERCREL
FKED 68 fFEOES % ¥ 20 EREFICEE L LT« 57 s vEERHR (BE-5 i X hEHE Lk, 0
BSBHB L TR /AR 2 Lo 5 L BRI R ERS 2 T 5 700, HIjE At Araldite Oy 1/10
AR Rigollac 50F % ~» v 7 UTERISHXENST S LIt Lk, BHROBIR, JHEROHER
PUIE—T7 DX 57bDTh%B,

BRI OEN S RE B KECIEL <

(8)



, Gem

14:20m

KM X BT -5 X AOEHEEC oW T 135

gBLm

goem

5em

NME RO TK

PN o.-‘ IS
ﬁﬁﬁ/-,,'_ %27 (Rigeflae 50F ¥ EE)
H—7

| m-8 GERRESE

9>



136 B S A

p=rh
B,
{HL r: 68x10-3kg/cm?
B KX DDOEE em i
x4
h(cm) plkg/em?) h(cm)‘ plkg/em?®) h(cm) pg/em? h(cm) pkg/cm?) )
0 0 4.2 0.00286 9.2 0.00626 14.2 0. 00961
0.35 0.00020 5.2 0.00354 10.2 0.00694 15.2 0.01034
1.2 0. 00082 6.2 0.00422 1.2 0. 00762 16.2 0.01102
2.2 0.00150 7.2 0.00489 12.2 0.00830 16.7 0.01142
3.2 0.00217 8.2 0.00557 13.2 0.00898
E-S ] #z—4 X b A, B, C OB T2EE Pa, Pp Po BU°
ik com)|  P(kg) V“;‘(*kgé)iﬁ VA SERORE WixHE—5 DX kih. MESEL O
A 30%65 4.3 2.3 W OBGHIERIC S5 X 5 n=AROBRE (FE—1 318 »
B | 30x50 | 9.2 6.7  ZWFL, RERERREEE LD, T
Cc | 30x50 14.3 13.4 . : N
ISHEEROESERC AR L7 X 5 7c BffiREED X 4 ERa
AN CRERSNUEERRE 125°C ¥ CLA e, R3NHABECE T 0BR B s, & AEm
WEREK X3 ISEHE SRS, C OBEGEENATORD &, BEENE BRI bl TRED L
5, BHERFDIE, B RSANA D EREC SR NIV 0 TL Bo & DEFIOISHBEENCITRD X 5 7eilpE
REECfFoic, ®
=8
1 ml o [ 8 16 24 32 3 | 40 48 56 64
" E e a ‘ 60° | 80 | 100° | 125° | 1250 { 10° | 90° } 60° | % m| :
140 p \ -
120 N\
210 AN
g 100 <
< 80 i
o 60
10
S - AN
0 8 16 28 32 40 48 56 6f
5 ® _
(3] BROYHBLEVICERCE 82, TEESTEEY .
BKER & 5 IR B Lo B B E—6 RO 7 £ X5 KK AR ES 10mm, SEAMCE
& 156mm L, ThEAOERER oW GEE ORTERREREERC X D aE OB 82D & - :

1) HEHEOBBICIBRIEC Kol HLBEIIEIFE #6=1.64 ® Cynnamic Aldehyde % i\
7oo 18 Araldite DJRIHFE pa=1.65 Thbo

(10)
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FEH—6 R T X5, thZEX DR KU 10 O X 5 ISl ORI hERERD B & LT
g ¥, CRENLRARSORTI OB b, CREOHEMELID LIETILRD B & LA TE S,

(4] BHoHMNEUERER

SERMAGFER X VLSRR RO X S eRDdbN S,

: LIS o r=m_1: ~p=dom,v—p.

THESS  omv=py
HL o v FEIKEROEEISS kg/mm?
n: SEEHEEEARR
e="/2: FERERE kg lomm
t: BIFERES mm
p: THEIREE kg/mm?®
I X DR TP RCEEFOIE O RER oL TRD A O RI—9 Bt 10 vt & 5 IR con, v

B om v ChDo

PRS2 BB OFEEC oL TR R 5 & LS FEAET 5 OC, HAUCLEHRE No. I &v° No.14
COWTDERD T, TD--HERT T e Lico EHARIFBOENABMERC X5 & ric Lz, T OB
BCEBIEFDIS T, HRROESS MREERRSS ORI L Ol Lt 2 ORRE REER
—11 BoF 12 @ kS winh, 7—FH, AFSG-ShoBar b - ORI R hud, E@Sﬁé}ﬂm
‘ﬁﬁ%ﬁaﬂﬁ‘é@on‘% Z 2 hibibo

Bl kic X v@%ﬁh‘%7~+ . B AEHOISHERDD Z LHCEDH, %%ﬂ’—’»@[ﬁjﬂi}kb X5
FThzBV. Tiehb

Wp

. op=S8 W o
(49 ap s BT ~F X ADIET
S B0 B eivllag: Shikdi) oA
Wi, Wn: 582 BRIONE

am 1 EF DS
COBAEIRIET —F « FAD 1/450 THBHHb, S=450, Wy EKIEE L, We ZIKED 68 {£%

Biotce {E0THET —F « X ADOEKECT BI5IN:

op =4‘6ié)o'm=6. 6180,, kg/mm?*

rLTRDOND, B HER X557 MET i

(@)




138 e
fo‘m' =0pn+Th
7o
10'1'1' =dpy +;7lh
HL 7t =¥ 7 Y-t OHE kg/em?
h: FAREX DS om
m: poison’s ratio

W X o CHGORIKIE L HEC X3 ISTHREBEY KD 5 & 253 CE B,
IV PRECICHEE

DB X 07~ F 2205 L LTKEC TS 7 —F « X ADIBIHREY—ERD5 & 2 CEL, A
BB R ISME RO 2 A L AR & D HEREI L CRAEE, CoRESAH kW QrRERB OB
HERL TSN, ZOFEC S TSP OHERL D, ThulEs U CHEEBOEE HEc X530 LB
bivho (Eo THEBWILEREDL 2 BEARISTIEL KD 5y, & 2K L HE L Ol 3t L TR0
BEHIET 5 &5 e ERREET 5 08NS B,

AR L )T —F « £ ADIETR—IERDBE L AT E 10, SEHRETEEN D5 RUAHERE
PHECBAICHEIT 52 LIc X D7 —F « £ AOSYTAISTRE, 73> FIEERC B0 5 oIErIREE,
BT RO = A DERRRC Lo TRD B Z M TERGESIRD 2 & L TE S, RUBKEROSHZ
FC oo TR 5 & LS OFELTET 5. KRLEERO X5 AL, ZEIRZ RS 2ic
LY, BEADOLELTRBEAOEBLE vHr LicoTE i, X7~ 7 » X 2DEIEIECREIHROIR
TR = Bl L TR B, ASIERIC X ) FHESNC o\ il L BRI O R DR 5
RSN S0 B TR CRRAEOMFICR L TR Curved beam & L TOERALE : Bih
o fHITIRREEL L TR HEBRAS 5 OHE No.14 Thh, AERACRERIR,bhnd & 5 ki
mmEEK%ﬁﬁﬁﬁermaxﬁmkorméc:nm:ﬁi%tﬁﬁ%rwﬁﬂaﬁign&m:afz
RICHe T —F effect OFEF X 5L DL Bbhs,

(i2)
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 Eir
3 022 i 0 calksfant)

NOD. 18

r En @ s

No. 14 R »&ENERE, FEI8, BoHRCRSISTE
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R OB OB R O#@oE

NO, 13

EE DK@

E—10-5 No.24 iR 5EEER, IR, BRSNS

B oE I Mmoo & I
(t=g5gmm) < (t=67mm) (t =p5nm)
—.7 00056 ——— I 3 8) / 00318 00036
00085 * 0010 00020

00020 /x/ 00029

00015 H 00018

00028

00080

TN
/

00030 —~o00ff x_ 00160

X \
\x 00055 x/ — 00027 <0271

0 002 00
B—11 KEETE No. Vil ki3t 5 o, D (kg/mm®) (Compression % - P

— 00031 ogatt
0 002 008 0 002 02

(16)
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Kk X5 7 — 7 4 A DSl oWT

L O]
(t=6amn)

ma ©

(t=63mm)

M—12 SEEET No. 14 ki35 L FAHRISH oo D5454G (kg/mm?) (Compression % + 237

{17)




A h iR R 13 5 IS AR T
FEWE 1=140mm, HIFRE t=6mm, & h=20mm
4 2p=0.631kg
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gl

+iEan 4 FIBETAUIE (E—#)
SEERRENL M D £ B 4 F ORI o T

wwpE B R B -
(FR#0 31 46 H)

=N B

I # =

EHENDT O RFRREIIHEC R DIV TS Uiso Az o atie i BdT
H1E= v 4 FORERMBEO—B L UG HEALMHELER v 4 FOREcoy TS LR Th U,

COHEEBIREL LTAwAYA L, 2V EY B A rRCHD D L RENT B

Tk LB O AT 2N A RR T 2 b BHEA Y DRI S 5 Rk~ S b E S it
DEFZEAHARTHEBT L BEN S D, IBRE NIRRT 5 & & v RS EBR T B bk, LEx
= 4 ¥ OERE)C o 2 Ml s DRREEE, BRECE S BRAER ONE, 5 XoUkOS TGS < 8
R L B0 BRGFOREHIRGE, Kook & h & OEH s  Fik— KR OL R T o\ ST 5o,

I ZOIFHEEEHIEYcONT

(1) :F|IAAT FoBRSHER & L0 TSR

PEA R 270 b HEER A < 7B ic Licato T, T OYHE O iEtr i, Bt s uhss
ERELBRELHORES. Tibb 0.1x LT ORTF GBI EEY R L, 0.1~1.0 2 Of-Fc i
B Lo TR B EEL D 1r Y OB P cR S0 EIRRe Lot 0L BmEE e fie o e &
BHEETSH Do S DERERIER T OSRIY &5 T 5 AR T 5 M v 4 Fit, 2r LCHES 25
Fh SARERERGIO—FTH ), TORGEEICES < BEFIOMECERE L CREEEL Y, 2o
BF e CRBERBHIEY R T, 2= v 4 ¥ OREHENE Lk 0SFcE S  SUE-F5E%(Dipole Mome-
nt) rpitiEa w4 FOREELHE L, HEOT MR ZENE R RIE LT 5

EEOEHI A ERSERDERK L DEES L Sh T B,

(1) HEEgBoEE, &8, R

(2) HteHUADEST OEE, S8, P

(1)
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(3) BEREOER, kA v XOUKHR OB L &)

(1) HEBOWHL &R R '

(5) SRS
uEE@W%%Vﬁﬁﬁ,ﬁ%/xxwﬁﬁbﬁﬁﬁmn%ﬂtﬂ%o%ﬁﬁﬁa%ﬁm%%&ﬁa,i
BOWHG BN v 4 FhogEgloREEE WS 2 TH 0 LI VBT A 2 2 TEB L ERT

R

i

“Bo

LS DBEIEOREI R L U CERTYSTFOMB e ST &N, ToRMGEERE 5P ST
FHHENS LB S TS B O L hiEH S, ;1:7}<3:§:@5}$;{:c%u Ch ke v A FORLEHO
PERE, RDERTUEWETDMEAFESN, TRETCME L Tholg 2 ESET 2 2 2 2584 bh,
SRS T OEBRARNER S IBRD T 5o Db DRI W TR SROBTERE S DA 2l
R.E. Grim®, E.F. PreeceV, A.L. Johnson®, H. Winterkorn® #:c X IS ST 5 DTS
[ife3-S B N

Hi LS OBENE £ Lo TR OB o COBEE, &< OERS OSSR sHOMETLY, —5
BB b5 T LIRS aRRE 5 5 2 r RBEORgEOC 2 Thio S, WEe, b, HETH
5 LR L BT AR OISR B L, s OG54 X 2 1F “Geotechnies™ & U -CHIsS
Ui E e 82 5 Ao ) )

[2) HEEMOERESSE &2 OREOREIC DT
Chga w4 i HLOB. Hendricks™ HEAkSisiiA L5 ¥ QR eV FAEEHE D 5 & B
L TLTey St T W.D. Kelleyd, G.E. Ross S0 XEEEC kb, LMz v 4 Fic HEeimne
ETH PR, %ﬁiéﬁu v 4 F OBESmnAk i IS S htS BRES T 5o —HEEERIENE
SIS LHARME L 7D, SRR o L T OEA R IREE S,

F--BK 2 1R DL DA ic e U AR Ch b, N ik TR U S vk i B
Ui —BOZIE B, LR 8K T 3 7, lBEEThL 54, LA Al-O AfRK: Si-O Wi
ROKEHEEHRTCH D, Fe Zio1x Mg SRR BRI EEL T-% Hila@oiaskE <
R LB D RS FINC T 2 0T & STV B ARSI TI oy B8 79 4 T (Gibbsite)
g £9-4 + (Limonite) &D7 & £, EHLEREDOHKEHNLT # 77 ¥ (Allophane) 20 ¥ MR S 115
a vl VOXEFG LD '

Hi kST DERIE T O X VB SIS SRS FIEZRC oL T L URARED OBER S S
#, oo e kEdue —c e T s A B oS L BRI B A R A TR T

HAVFMA R
HAVFAT (Kaolinite}  .Aly-Sis O3 (OH);
AEAFA T (Halloysite)  Alg Sis O5 (OH),

Jik~w 4% 4+ (Hydrated Halloysite) Al; Siz Os (OH)+. 2H:0
(2

L e ep—

|

s hat S



i v 4 FicBT 5B G5 13D 147

FZIAY © (Nacrite) Al Si; 05 (OH)4
FL A4 {Dickite) Aly Sis Os (OH),

EYEYRFM B
RAw72 74k (Pyrophyllite) Al Siy Oy (OH),
rry (Tale) Mg Siy Opp (OH)q
=VYEIVRIFIA4L (Montmorillonite) (Al%/;, Mg1/s) Sigy Oy (OH): W13 nl,O

2¥irweFrit (Nontronite) Fes; (All/;, Sill/z) Oy (OH)2 W13 nH,O
RAFF4 (Beidellite) Al (Al1/;, Sil/g) Oy (OH): W1y nHLO
FHIAL b (Saponite) Mg; (Allj;, Silt/;) Op (OH): W17 nHO

Wit Na, K & %R 75

Z2-# B

AATNL T (Muscovite) KAl (SizAD) Oy (OH)»

sE2n (Sericite) . ’

}Kx (Al, Mg); (Si, ADy Oy (OHD2 nH:0

A4 (llite)- : A
20354 LB

Ry =Y (Pennine) (Mgs AD (Al, Siy) Oy (OH)s

T AY¥ 4 (Amesite) (Mgs Aly) (AL Six) Oy (OH)s

A—5%. 54+ (Vermiculite) (Mg, Fe); (Al, .Si)s Og (OHDs. 4H:0

Fe s D RSEFOEREEC oV THBRCHIEE%, FMEHEIEOBK oL Tox22, ZOf]
TEEERR XU v 3 3 ORI SR T L.

FEZE (SD-28E (0) OREE: EWEKDRLICERE 0.38A (T OB BFOXSE Fheh HEx
ThB) O Si FEFHMEL, EHoOEMCEE 1.32A © O FTa BT s BomEAEEL L v, ¥
Bregimg (S0 2ieh, T4 OERIETH 2 oBRcfSh, LORBRERFE TN ER 1M
DEFIZRL TR D, ThoOFENDONPRAENERALZOBEGOT L), ZhOMEASEIEL <&
Ryl U BRI P s . MFIoNSI X ) S OERORMEN B btk ik 4 HOBHEF<
AFRIEEICITEE 0.30 A DRIEELS 3D THS A, FEEETOER 0.39A Th% 5 bBREFE
HCHH LU '

TH & =0 s (AD—BHOESIEATGHROHLICEE 0.57A o Al FFifEFEL, 6 HAUCERE 1.324
DEFETFA R T A S A5, LR S TRRTIUE (A0S 27ch, EFH3 O Al BEIEFE2 »
BHRETEMCHFET 5. HROBE L Rkic 2 ONEKI RS OB FHa i s LA L G@id 5., A
THRABRCIES Y FEMOBE I KEE F eI N OAF 7 ¥ 4 t (Gibbsite) Th5. = DARK
By THBERFAEE TSR 0.55A oBaEE T, Al BFus oﬁ?i YREGDT
EHETLETE L TR,

(3)




148 b= NP5 - -

fos Al BERaEmEAho Si 2FERLLY, Fe %
7otk Mg E0AERD Al Lt BBRATH i 5B &
D X ARSI oo CHR L
b, BEFREERECE Y T5.

(1) AHFYF4M FROEE

B A Y I A ik EEBRHE A TPEER A 20T
R, T 3=. Y AEHEATERICEECE S
ST FA FEAEE LR 1 RT &5 ki
HEYRL, HEhs B dSRmc I mEgOO &
ARk OHAEEE L, BEOMCKERETINHE
L& OJI CRAESARARE D T Bo LA T

1 a4 974 rolgE = DRI IBEFIEBATSZ LI TE, DAY

74 P BrESEC P Th s LERER XX IV 4 rERERr e, LrladF 4 P EOE
B, & OEcETeiow B E ol Tl L BenBET s Sh Tuin Ol 3 4 4 v 3k o
ErRT . Lichto THERRA/N W 2 I BRESTS Clev s L R FBHEESEAT 5,

Tk~ v A4 PRERB LTV A P EECKSEE L s HEE TS BE T Sh0(0H): = Al
(OH)s HOE Y B-oifETh v, TOFESE 10A ThBo Mk v A9 1iz 100°C BFEH Bk LT
AAVFA L LRACEETCHE R4 T4 T 2B, FREPROKYEL I ESEEREEYB LT\,
FIFAY, F4 HALEHY A4 VEEE LA U CH S SEETOER Y ARSPHET AT TH 5.

= Df Si0:/ALO; 532 X DAEZEERENIC L OLFET TR L OB X AL Ty, Eiodd
V54 rEL LT7 w77 ¥ (Allophane) %5735 FARAHTH VERECRKL, ~ed ¥4 v E0lk
BECETHHEPE L ELOR T B, SRS DAY F 4 P ESMON TR 1A Y 74 T LA EEC>
W HRIBR TV A IRIBE oy
LmL—ﬁmiﬁmmﬁﬁ%6ﬁ*u+4bﬁg%mﬁiu+4r,mmnv4v4r,»F4%4bﬁlw
TRV TCHBo

(2) EVEYOFS FROBE

v ey w4 rEREREENEABTCY 79 4 VESRR T -2 R X ) AESEEEE o,
Z ORFE T ERASSEIC T TN EERNE G OBRENIFE L, B Y 34 vk s X5 IokBEEER
fofsve Lizaio THIBBh 3o BAEESEICIE 2 A YA e, Sncis FEmak OB FAEE
LCVv-BIBERVe &ORGHIESIEGTE LS b, AHORFER X D EDOEELHEL 5 DO THTFHOE
BRSO 9.6 A 20 20A g5, ThbbV 4+ OREESChHS. bAEOSERSEC
XoTi 30A KETHHELH B,

Fic Eohs X5 EBEEEER A w71 SAvRTOTHY, BTFORSBSWTEFERERENT

(4)




I e FrBET202 GE1$D 149

BRI Th D, L LAY F 4+ LR
b2 iR - Jh Ei e e

RAw 74 54 OFBNEERIO Sig Al
LRBERTB L, TAFEMKBO Al i1 Fe, Mg
BT 5, KRR T O X5 BRe B LA
DS BT Do v eV 4 TBRZOER
AR5 LEF ISR SR OCcTh
SPNIHERT 5 E S, W LARPRETF o Bl
EEFEESET, HlcET BRI RES e
o, EAREHREA A VERSILOT kD,
COEMCER T HFYED. ThbbEHEEY
EeRT.

zveYer{tEhDeve Y ed 1 PFS
BFOHEECLE X794 t DATKRND Al A3
—& Mg CTEBIN, Tibh ARtteMgtt
BEATLNSE &L VTR L CE VA
WHEE T %o Y E Y 4 VX LREOBEREISD
Sl EERIEmEA O Sio a5 Al TEBRXhD,
Al 23 Fe 7y Ti CEBERSHEDLD, Th
5 ORI Lo THE ORI IES S B A 1F
T4 PEEE LT SitH it LT AR+ oFEs
FhhiBaThson, & O Fertt, Fert, Ti
Mg 5% Al &, Z7c Al 7% Si LB L CRIEHE
L, ‘=OREOHRC XD FRHIE thoRprRBic
Do 7V PRI A ML AlYT X LT Fettt
BT h i SEThD, TOF FCREE LA
o —iBe Al ¢ S oFHIr Al &
Fett, Mg OEETHR T BIDICHET 5.
FHIA bz LT 2AI XL T 3Mgtt @
BESITHLRTE D, e~ Si & Al OFER
F7at3 Mg & Fe OB bc#BT 5. B
EVEY v 4 VETRERSOERS XUT0
I OHR X0 TR & Ao BRI K

7
4042001 -10

A0+2(0H) -10 | ¥

e

+e2 !
I

i
N-

asi 8
60 -12
TH0 B— - —— - ——— - ——— - .8
o l“) 7y ,-) ~
5% AR A
® Si O 0H
o Al OO0
H—2 ®=rzywidrofid
tK B
60
3Si 412
TAL +3
30+20H -10
BAL 412 104

$0+2C01) -10

381
141

60

ik

+12
+ 3

-12

-GN

® St O oH
oAl O 0
O«

B3 474 1rolEs

i B




150 R B % R E
F LT Do

—BredBpcEShsevEIr A YV EREYEIRFAL L, NAFIA VB I IV RF LT
b, fiitd 12 & Dixsi/hSwicEERER L LGERD BT %,

(3) ERERoOBEE

SEEOBBEROMEEE A A2 ] PR DRERD. 2RO K 2K H CBEh ey 7 4
b, 454 M E—HOSEFEREL bo T ORMBERR3 RTE Y= U w34 T AR RRERE R
BElc® 7% 4 P X ERRARIEEA L, SFHT iy LT AT ofuc X s AtfEe BT
EAET 5 K cfnsn, L BEHHEFLTREN KT 2308 LU S LEBRCERE A>T 5. L
t%oT%%ﬁﬁﬁﬁ%ﬁﬁ?&fﬁﬂéﬂ%ﬁ%ﬁﬁ%%LTV&M#,¥7ﬁ4PE®AHi—ﬁFquf
BRSA TS50 & OBETH Mg IS AT OB L 2AP )i LT 3Mg* © B R T OTH
BRREC AR S fovo = OERDBHFISOBEE S L 0WE OREEOMNC X D HER REHLT 5. =D
5 Ry LOws0TA 94 M EOHENEE ), BARAOBAT HBHERE TS bR THIET
@ﬁmmmﬁxﬁa:aﬁf%mvoLtﬁof%v*uu%&rmk*hﬁ@ﬁ%f,Eﬁ%k%ﬁﬁﬂ?%
k%<,4##%&%%%Dk%<k<,%ﬁﬁﬁﬁ%¢é<ikﬁﬁﬁ%%ﬁémkébo

454 R ORRS THS T LB Ea, Lifin v FOEERGELRTHEDS LT LAEbIVTE
y, ¥4+ b dERc RHER T %0

A asig BT AR R LT Fettt o fihbhid i e 2 A v EL, w2V AT BIT AT
4 T e ESReRE TN ER T FF A4 b BIU Y IV a4 P ekl s

(4) Zuz4LROHE
ﬂnaarm&%tﬁﬁéﬁb,ﬁﬁ%&%?é&fvo&ﬁ%ﬁgmoyw94b®%ﬁugwy@$@1
pExHiEhs 2 E2bB. Si-0 PE I 35T St LT AR (Fetd) OFHATLR, B
Mg+zﬂL1Aw+@@H)o%ﬁ%ﬁbnr%ﬁ%m*ﬁ%%z,ﬂ4v7454b%@5@%%ﬁm¥
7?4b%ikd7ﬂ%4bgﬁﬁ§§otﬁﬁ%ﬁooi%ﬂFJFWK%LdLKﬁELTbbﬁ,%nb
OB X ADILTHTEV .
Lmiﬁ:n4F%ﬁﬁ?gigmﬁi%%@%ﬂ&ﬂdk@f&éﬁ,:naow:ﬁoﬂﬁﬁ%oﬁﬁ@
Ea e LTV ELCER L5 anhs. ChbEMIBAREEM:Rbh (V5. BEESHNY
nﬁ—ﬁmﬁELrwa#mﬁbwmsnfmﬁwL,it%nbm%ﬁ%%%&nfutmo
ﬁﬁiﬁﬂﬂ4F*Kﬁiﬁﬁiﬁ%ﬂﬂK¥7*4b,D%T%b,f~ﬂ4b,ﬁﬁ,ﬁvx¥ﬂ54¥
ﬁ%ﬁ%@%ﬁ%%#&L,itTWinﬂ,?Uﬁfﬂ#ﬁ&?%%&ﬁ%ﬂﬁ4F%ﬁETEQL#LC
oy et A R A
E&lﬁiﬁ%—*%wﬁﬁ£lUﬁiﬁ%ﬁmﬁm?%ﬁﬁour
B Lo SRR e T Tk MoK TR R » Wi B
R SEOERC B B ROEMRIE T L, SSRRTHe

(86)

LS oHEEFEEL KO FHE,
%Dbét&m?f&@ﬂf%vﬁOCC



hHEm v 4 VT BB G 1D 151

FERT B Ao T E R %R B, e . :

i H:O & Xha iz ofFisaiflicii . A F—HoXicow TR R 73807/
BOEM T EHOKIBELHE < (BT SRS R Y, T 104°3) b b, Bk kERo JlEs: 0:957 A

LieoTw B BRI ACHE L, AGERIECHE T 2 O CIEAREOHE L, TiohbEKATE
TRERA D, FOfT 1.83X10 8 escu. Chhbo & DRDICTEELLOKS FhEot & &k HigEof 2
FOBREKEETERESIHEL, - OREHEAIIC X VRS T3h RE R oA &5 MREEL
FoRiF, A vERCRE U Ch K TR o -

s T ety 2y e A PO X KT OB LT TR L B 0bEB L, 4740
O & 5 CEERECK 4 4 Y 2RIL T3 4 D35 5. B fboBEmMc SO i & LHET 50
i D, = DESEEHHECIES O TRV AT B, HoBRORERErAE <, o DEREEFA
TCBAE I ho THLLHLEHANES 5 Ot Ot E S KBELRROME L picd o IBEN
Bho HLEHOFTEI N EERENE R OBET BN LUk L, T oEGRRRIT 15K
STREFSES 2 L Oloic, FtEPoFEckEs FOBr RSN D, Th b DR ThE—IGRD
A BRI D O BEOB B =y &R T

TE LI ko e T 5 b, B L AR 4 v RN IGE L, BEA A
EiEy, KRR AETAEE S A 3 v e OB BE %5, —HOBTHIEA A VBT
A AV ERUENR UK R T ORGE L B2 b, FOBEIRA A4 Vic X ) ZLEE ORI L Bigs fHD
R ERE L SO E A H oo C OEREMICISEEASE (CEMLRS) PHET 5. BEEhA
AV EBRERTED, FE 2Nare=Catt D J 5 KIS Shicd A YENTAF Y OFE% B 52 L AVCE
Be AFVIRTOEEICOKYERIES, ThbbA4FYIAHMERTEY, 44y OFE LoTIGEA4v
BOEINED, CEARMNRTS, SERELEEIK LTS LPCHEET S EFEOEE, kB IuoRiEs
BOFFE ORI X0 T DEMOKEHIF->RENRIc S, & Oz LiXHEebo Joril: © Rigs c 2 th
Do LIt TA A VESREENAZ <, WEA 4 ¥ ORMPEOAE SIS PO OB K E V.
= OSBRI AW T RSO BEIREIE S OTh Y, TYE Y w4 P ERKH
B, B Y4 EESRKREA R . SRR oBoKE, IR BE SRl etk 1T
FAEY T e {EELEERCBIR L, BRIk RO vy A vy BEERCBRT 2.

Fc R FRC AR T S Jion T Lambe!® DFBT4 HHIC D~ 5,

H B LB RET-RB XURDOHTCI E 0k 3 AlIaE Lye- 5 D THS 5 o BIFRHICERIT 55200
THALEE A LSSl S © e 8C ¥, AN 50~200keal/g 53 FRETH D, TOHDERT
BEEEET 1~2A L Snbo Lo LERARORBTFHIRAMT IO TE s BHE S FROA TR
LB FHRCRT B CHh D T BB LTk Van der Waals 273k FEREETIChH B, AiFn 0.5
~Skeal/g FFREETS D SALLLOJEECAL, L 5~10keal/g HTHATHY 2~3A BFOHE
YT %

7))



152 + R B o®m OB #® %

Van der Waals Ji3 BSERDTEDIDICHE L o 5 AN G b B 5 ISHOTHIC 780, IR
B L BHEOPLE BT~ L, Lt TESIET L0, WEFERLH -, T ek~
KGFEHLE DEFGITH b, AARBT 200 KEFO X 5 CKARNB T2 H o5 FAEEcErh 8 8,
& DEFET Ol FHICBKKIS A LE 5 TSN RICERT 50 — AR AR T 2357700 S0
CHEBCB NPT TR CEAOSHC R EL, ThbbEE L CHRE TR XS,
ERGFERRT 5 EF OB RCREIL TS ), 2DMBEAEL T -5 0 — Bl RBE 255 5
B DT, X OIDE SHFHEIILEL 5 B0 AFFHIOH LI L REKATEFC X5 b OHEBOL 80 %
TREL, —HRNETIC L% 50540 20 % BEE X ShT 5,

SFHCERT B0 (F) We o () %ERTh D, 11 vEoblHoBat F=fQ1/r) ©b b,

A4 ¥ LITEFROBING F=fQ/rD ©bh, —BRIEFHOBIRL F=(1/7) Thbo

EEBRT BHT 5 LK ORI CHERAAT 3 B I0a el RAVEET 2. & o crdokics
TR TEATRES. TOREARA L 5 OB TS AEE LT Do LI o TED
BECHEGEHD, TORTF L VBRI —EDRT Vs YAND S, +0=5 ¥ —(EDGTTRE
FrLOMER () OERTHY, Er ik e clfiTs. R—ESoWER oM Br WAL D —
TRFHCR.7 — vyl (Ba) #eRL, 2D () OEETSHY, Ea ik 1/r% i WiiT5. BEkE
& DERCHE LI L L OFET 5 » 3R, BFabs r O CENET Vo ¥ =z —%
FHORET Do Lin L& ORI FHOI 0 bER L, FERE LoTh FrRBD 4 + Vil Lo
THER L, BT L b ¥ BHBH E Lo T B0 Beb s HERERO X 5 88t Fa B
DREF RO ERELE T TXCOBEFHD Bo 2B LTS ), EMCE L =BT D Ea 5 ro
BN eI g DT HEE L D 5B TERD T B & EAb I SR T B,

LRI T B IR o TR IR DC 5 DA%, KicHid, 7k E DB dicou TR S Ol fE
JHT BT CTENLCR S,

Van der Waals I FHIDHEENS NS KB LECKE LD, = OINEHBEOICHLTLHE—DD
DTCHB,

KERANMTRTFREO HY, OH- Blofosh ), BNETEcRCeflT s, fizdnr 94+ JEH
DIFEHECHD,

B4 & VS PR LR PRIL & 5 2 584 4 v 2dbl U, B34 4 v DifaiE 5880
ThD, fek TR 74 BESEcEET S,

BEF A Y —REFHOB NS VAT WG AEREN AR e b A L, 72 LR TOER
CROBBTHFEL, ShDOT>ORFMEA & v $IE L OB T3 B8 Ch 5.

AFBEIHRFREDBE L Fch Y, L usBAonH, B L cRlEns Al Si SoET
PRI U CHEC BE T 558 Th 5, .

KBEFRETKRUETHHE Lo o mF LT - 5358 Th Bo

(8)



iz v A VT2 G511 153

S ECENREINIRETHOBINCH o RH O EFET 5. FHORERR S DT CrBL RS s
B LR FHORRKER I T 5o & DINCIEEA F v %35 oM T A L ORI A 4 v ieffordiz,
THhOMPEET 5 L HFHOMCESWERASE TS, L L OB + v HRETFORHE L BRSO h
FMLTCBDT, ORI TRIEBRE DT,

BlEDRf: &) hofFilicx @2 OA0FEET 3 O Ch 54, R HIOHEENBEH L BELBE LD
COEEEEL TH L LR X VAT I LT CH D, LR EHT A L XV DEEVNTE
LTCEDH L, HEC IR Lo TIBENE T L b ed s L, $ICERB0oRBI AR 3 57
BEBPICELE LD TR D,

C4) Bk OREHLLHEE S+ o THFREAC DT

O DEELRRET AHI Ui, Lol PR oRNBE 2 BHZMC- BT 5 02 B
DUTRT

F L OBER T AT O — o Ch 5 BIHER Y B — KR ORE ORI £ LCHIAT 5o GrimD 13
vt PO BERG : LTER DG, BEXEL VS TERNEKRS X3 CEL TS, &0
BDEHED LR ERC B L TEM o BIRL LIRS R L b Is LAEROEE 2R T, SFBER
B e die Lo THMIDKG FREROEE 2RI wE D RETFAEM X2 ML 8MoRER S
WIEF{DTHBND, FE LD HHEFEND LEMT 535 /b HilSiEm LoRE 4 + v 25T
GERLKG FREORELIIT 5 0C, L Db AEREY S KS TR TRk Th 5o B LickaT T
CRERE X DB LT ORiE O EOEKIGERBICET 5o < OERKBI RSB 0BRSS ©hH s BP0%
H2HaIe5. Lo LECKENS K fnd LROBNEEEL b, oo FIEfiTshmhsl
7 DRI 25501 B ), BEAEHOBRERLRT X5 kits. oo Lhid, Bil—ICRc
ROhB B BRI 2R TRED S »  PEROTERKSEREHCEET 2HRThH ), sl
KABET SRR R T o Lihio TR DREEIIE L RIS D RO K ORI Gl 5o WiE 2T 1C
ET%&%&D&%@*F&E&%%@f,Qﬁom%mifﬁﬁ%ﬁ?%ﬁf%%90%%2%%&@ﬁ%ﬁ
Thbo TN LILKGFOERMRCHHAET5 - LT < L 3R T3,

HiksBio Atterberg AR EARRD L5 wEL bR, ZRHDT LIXKRINCH B0 SR T v b, Tieb
BIFVFA B ITAT At OEEPARERERECH Y Lad/hSWETH D, L.L. 138K Pty ©
YEY RIS NIFICRE G, TEVETIRFA LD PL. B AAY A4 P BIOATA o3 fECHD, =
Y& Y eF 4 MIEHCREA A VBT Y, Hii Nat #5T5300 L L. it Ca** 2 HT5 4D
D 5~6 fETH D, A Y F 4 TEEORI20 L, BIERIEE ThB. FLRNSBOEY RV RIA T
BAIBBA V74 MEP.L. AR 0EEYFET vt hmnbby L L nEs LEELY 5, P L aisis
KETH LS5,

Baver'?) i JIUINEOE L BilBHS XOJEEko o P. L. 2352 hif, MHOHNATF VT LER
L, P.L o T WENAKE—EZRTZ L 2FRL w5, ERRENMehIUS P L 2 BT 5,

C9)




o

154 4+ R BF E R R
Fee DT X 5 T S RN 55 = 21, HFORMAHENE I T s At BRI
B DRSS AT T B OB TIRRE E U, BT L M aRgER o BRI REER O R Tl
L, WK FEORESFILHITH T L %RL T2,

Winterkorn'™® (3284 4 ¥ OEEOHBIC oL TORT B Tibb AT 74 bk TWHEEH LT
% Putnam 883 H, Na, K, Mg, Ca, Al &2k 4 3 v L To8ds, PL aAx v o Eilicid
FaA YA DAL L L S ULSEHL, Na 23553021 L L. 2RI AREVZ L RRL T 5o

Hogentogler!™ @ Hi--85 2 BORAEICoWT P. L #W5ELTH D, Fi Atterberg i3 RGE#H T
Fb S TS R T ORI L, FE T BEAZoRANI L REL L LT Do

SRRSO k. D EEIS NS, Petersor™ sk ¥ oA MRHUREEERED, =V EY RIA
MESREEE RIS D £ T 5o Russel'® (2boliss Fh o Ei, R4 & v ofl, 41 vZEag, s I
T B HHRDSFIEC L VBED T bR LT bo

= DHADT RN L 24 4 v DEfic o i3 Baver!D Sullivan'® OBYENSH D, Fochd THAY
B TS T oL ¢ Winterkorn!® OBEE S 5 D, IBEIES® & XUTERME » Hitak
eovTHSBDUGEN b Do ' k

HHiz GradwellY 37 v 7 » ¥ HHEEIES LA <, SROBHERLH L, BRcOBgr »Lis
HEREH> rae@n, CORLLHTIERERShST L, ZRaRE <, LL. dREL, ERELK
EFVWZEERL T 5, .

hoyzEE oV TOREDIEE Th BHEC BT 5 Grim™ OERULFOEER 2 A il OX5o #
L ORI RRE KBS, N = w A VR T e B R —E O s OB e &
Bk L7e D, TRk DB Th F2< THNE < T oS B £ D—GEDJESE 7w 4 ¥ ORECZHIIEIC X

DESEDETS D, OFFEEAKREVEREILAE U iehio TR S S h o LR T Eiide
L, e O R L, b b S L TRARIEE 5 BRE . TV T
- A PR TIuE Ca—fi-tix 124, Na—fs 9A oA IS, KA + v ORI LoTHER
PR B2 B AKEIR T 5 SRR EAE T L) CHRbEn S, SRERP R DEESPE
<Ten e, B HKE I bAE <TI0t AASHO DS < b, 100 % % CRiblEhy, Jouk
1B UiniFhiaie bicv. ‘

Toi 2w Fo RS LR R VERESIICT ST 3 DT EDERD 5 3%, CREOML
BN HERTF R Lo B fes citisy £ b,

SRR E S R SRS o\ T OB S L ORI IS < HEE S, BHERL RGN Bl KRS
R OFIEFSERE IR TG, Sh bR Fd ek e OREHSO &AM BROBEEEY R T OT
BH Do

b AR TR b TS, Hik--ACROUBrEAEE AR 1 X OBESh Ty 5,

(10>

//




s w4 FRBT 5 G 13D 155

I & % & #

B F PR DRSO\ TERET A, ChENS X DRRREE 0% T1cou T, Hid#$)
5 L Co 5 H B 200 BRI E o T, 270 L BUFOREFC oV CHET Bl BiA 575, = @
4 FRGChH B LS a N T 520 il 2 LC 1 UTORNF B IVEND D, KRB CIISES
ica w4 Foow CHid-Sise OB I Licliue, fluEs-— 9 v 7 BREESSBoR o O
200 FEFBBSICOV TOTIEETH OZ 2P H Lo
AL DHIE o\ U/ NEFREDE, FIPH DS D, i licob TR D Ofiks b 5o
T DA OHTEIIIER U S ChANRERAEREHEE Ch 238 LNIEFFE L, o hcgdin
REEPEETS X ) g 3hd, BECHT D LBRL2/MNIETh: ), LHpEE, EERE T
AR LOFBHRE X V5. NS oEBREIIEGEORES L OFE R JiudR—1 RT
< Thh, FELSETAVE LEHIETANC S—1~19 ORISR % Lic. /T 23 448

A LI 3 & =

B
feeR
it
as]

BERKDE

S~19 | H AT #
I s-18 |[mxs @R
S-i7T{EH-NESOLB

S-16 @R s RBEFIEEEERE A
$S-16 |BRAERH
S-BIBRKAEBERES ERE—RKE
“Y oot | RES-BADEIER FER A

o O B B A m—— I D S B o b O PR M S T e O 0 S G

S-tt [SEHWES FBREE
gopp |BMEE—hBERE BERRRABE, RuEal
0 BE ABBEARES A5 2 LE
Fr-t EHE EBLRE
Js-9 |mubmme BRNF: WAL
=1 5— 8 B R 5 TR E & (U
ds-7 BREGREFFTRES
| s-8 HEEKE
S- 5
s~ |HHMES % #E (D)
s-3lERmwes HHBE &
TAIAAZAAA] s~ 2 | anmaaeRs |F B &
VoV Y ls—1 anpmsanrs | arne (BRNTBED)
v v v
- B4 Hb LHEEPDEEE BRI

()



156 . S N S

MU e REHES X vHlESh, BRI UTRR X DRES R,
FESEHA -5 R,

= L N S o NV T 7T

00 10 200 300

N
&(D~1~2)
S\ §o-w &_

1619 _4{D-4-5) i~

(e S) ((1;—5;,;)7{97\'55 !‘
X 025,
(C-5: Osi\ o ey - N

& =
o \
/ u ‘(c-m’) R 9, e Qi—gi‘? z
AN GCANRIN
. Pt S _ABRPE
x 0 }
=R td/ ity 5° /'
= Z7) No<15-16)
° Yass) ~

BI-5 BB A

(13 an4 Fzs@LERE

No—1

M B RN 50 VECH b, THRERE (S—4) RET3 v 54 VERBATS Y, £k
THES D OFEELRL “REALS<Y v 74 17 L3RR T3, BEEFRI—EHC L - 28ihDe

No—2
HISTHEER T YN 0 Y v = lDF-LCH b, PFANLFRLE? 5, EEIRIGEEE L IE

FBREERTRG 5 5.
No—3
HECHEBESI A o, B S 5 pieEtipkis 2 v eh ), “REUFHL” L3R5, ST
C ERThEEET 5.
No—4

ZAAV — Z B ORIFBAABOTHRM T, KABEZEYEG ool Licsiie X D oL L
SRCENEL WG TR LIBRO “<v bt 4 M7 HiEE T 5. “FEUBERY P F1 7 1R

L %o

No—5
MIETHBED (—12) B L, BREEERBECI S Thic “<v b4 v 7 BHERBE TS, Jb

(12)




.

e w4 VT EE GE1HD 157

5 ICBESH THCHERL BRI LBR2Z AL T3,

No—6

No—1 OFHSHBHE “~v v o4 b7 BNEE ChH )V FRESE (S—2) kBT5.

No—17

—EEIVMARIR Y ¥ TSR Do BB 11.25~11.30m OPpR 5L AEEHETLH D, BETHA
—5 BN T 50

No—8

No—7 FEOTFH CEEEFE 16.05~16.15m DFRNERCH Y, BEH-LTHS, A—10 e 3515,
No—3

No—8 FEIOTH CHEE 16.15~17.75m ORERIH-LcL Y, THESECE TS & IBESh S R
EHCHB. A—10 BRI T 5,

No—10

No—9 REOFHCH D, BEE 19.60~19.65m ORLETH Do

No—11

No—10 FHE DT Hich b, T 21.30~22.65m DREAFELTHD. THERBCETS LEEING. A
—13 HEFEE L, SHOM I LEL SR Tv5,

No—12

No--11 BB O THh b, WEE 26.95~27.00m OFGBELELChHB. A—15 REHC T %0

No—13

KEUEH R SRR C OREEEEICh U IR 35.24~37.40 ThB, FHERE (S—6) KETH. £
#7%B—7 X0 B—8 REHCE & TR T 50 '
Ne—14

No—13 Hit - {57300 R BRI c g 2 Bl LicB A S v v €5 5o HE XL D 1.50~
4.45m KPEB XCHLEBOEE LD, TOTHCH Scm OHEEBEHLAL D, FOTHCHA Bem
DEBFRN LY, oLV LTEHDLAT TS5,

No—15

I O DEEK 200m ORI 1947 £HE X VMO AR D “FRUOTFS” L iFEbh
Tbo ZOHIZD DTV RLh A RAGREBHTS Y, £2V0BEELRT. FRERECE TS 1%

% (W9
No—16
No—15 B X b THY 2 m BB OBBREH G5 5,
No—17

iz D RIS OERIORC RO s OB L b 0¢h b, £P0BEEYRL, HEEOES
(13)




158 4+ R OB OE OB &R OH

EEL T 5o
No—18
BREH R A h 5 TR ORI RO s ST R T 5 BT Do
No—18
No—7 BBHD L/ OBHLETE D, FHHL D OWENE 10.5m Thkb,
No--20

EREEREK Y ¥ 3 PRiicsi— ) v 7 LCAHERBE G ), B-15 R Rificazsg L, Bl
FeET5. BN 2mBFETHS,

No—21
No—20 OTHOURERERBHE CH D, BIIN8 mTH B,
No—22

No—20, 21 »[EHLECEEE 29m CoF— I Y VRAETChH D, FEEEEOMERERE th%,

No—23

No—20, 21 HE— V¥ ZIL X b+ vEMEITTRARCH 100m B CF— 9 ¥ 7 L CL BB RAa MBS T
Y, BASEL, LEERBCE TS LIEEIhD, EEUsSmTH B B—21 BERCEH T 50

No—24

No—23 » FHIECHEE 20m COE— Y ¥ 7 RETH D, BEDLWHLHIP TS b, HIFRESE Tth5

No—25

PR TER L coX— Y v 7Bl Y, D—7RBHCEAT B TBEKFEBRT 5L EOHL
T D, RIGHEEOEBEEL V-5,

No—26

SERANTESEIE AR 2km CHERT S TG B/MRESY 4 1 Ch D, AIE TECAET 5 EI NI
DRALC X DERENIZE Ehb, .

23 A® #&-»

FEF 22 42 10 H4 B (1947) iR o SEFEERI 300 m /NG U ¥ Ml OFHR B T O 7o 3
FLEESERE Ch Do A LAHE G 16~17m F, 21~23m EH XT¥ 26~30m FBrBEHLE LY
SEDOHT IT 21~23m B VLo 2R Sh T b, FHOBT5HHE, HEScovTrR—1
RLThDo WHTHE S SN OMS 2 AR EERNCTER Ui

ARBHIER OREC X 5 Bo—3 BN TH S,

£33 B #H &2

BEREHIATH b b M PE L O C b B o KENUFTRESEE OMERES TR 686m ORI TOR
$EERE, Tiob LR X5 Bo—6 RERMNYI L T57% & OHSGEHONIREAMLMHR O Bo—5
Bl T OFRIALACRE Lic VEREE 5 o ThODOREORE, RIEIR T/ MIFOHERIR

(14)




= w4 VT 505 15D

% 1 AF\’H (~H§ﬂud\$‘\§(ﬂ. v v HIRHERED

159

TTTE

A1) 165~ 3100 mEESE | TRBEES—10!  mius se
21 640~ 6.5 | W | THEBEWS—I0 | RS | B BHetyso
3 | 875~ 9.30, MDA | TRBAES—0  REER | ARMEEEs s
4 | 9.30~10.60 riﬁiiif‘vé“‘ CTHBEES—Y | WELER | we
5 110.95~11.25 B THEEES—9 | Himm He
6 | 12.60~12.65 THEAES—7 Hid Hn
7 |12.65~13.90 | THEHES—T | b FHf, AREERNNTE ST
8 113.95~15.45 !i‘?ﬁffi‘@ﬁ THERES—6 | FHLHD FHh, AEREYs<T
9 | 16.05~16.15 | HIKEINBE | THERES—6 | MERKL <V r 4 rR
10 1 16.15~17.75 | FERGRIERE | FAERIE S —6 | EREEEL | FAfl
11 | 18.25~19.25 | EERBY | THERES—6 | WLHED | HE BlBreb
12 21.30~22.65 | AEiRIBE | TARIEGERG S - BEhth =1
13 | 22.65~23.15 rlxhv}jﬁfaﬁ TIRERES—6 | FELER i, WHECHEDLD
14 | 25.50~26.95 FEHERES—6 | BHERE HEO, FHRE/NEEE 5T
15 | 26.95~.27.00 THmSGES—6 | BEHE Hea
16 | 30.15~30.20 ﬁE.f\_vdiﬁz/uﬁ TG S — 4 | PR B, RUHOMER 5.1
K2 BEE & Emmﬁ?ﬁ’ﬁﬁéﬁﬁﬁ
— —5— —
%f’ BB (m) wEEF | W f i
B—1| 7.55~ 8.75 | JORHEWER | TapmEs—ws (5L BB nTAIRERAS @
2 | 19.20~20.78 [BH—MRETN, THRBEE S—12 [HRE L 5 < s
3§ 20.78~21.43 MR THEAE S—11 [EREReE
4.1 24.94~27.38 | HDE—IPROREE | THABEES—9 HBEAE, HHL
5 | 27.88~28.13 ks Srey o TEEEHES—8 [ CEIAHIE
6| 28.13~29.45 | . HIRELMBE TEHBRES—7 SIS
7 | 30.64~32.04 HRERBE THERES—6 |—
8 | 39.12~40.89 FRLRIER FBERE S—3
10| 13.20~13.60 T TFHEREBS—5 ;§E‘“45ﬂﬁ%§;&?§‘gﬁ%’“ﬁfﬁﬂ (Bo
11| 14.97~15.32 bt Sy THERES—4 Ak BEELREGYRLUAEEYST
121 17.56~18.18 HRIRER THEFES—3 WL AENmEEES
Y oo - Bo— G DG CHRIL (4m) HcBAIL
15 #5- HEERIREREH LIRS AR s UHERS Bo—14" Co—2
16| 6.6~ HREIREBIRRS E@meE  |[ERRE%.5<{tr Bo—1l4 Co—3
17 12 TSR EAREE RipERE ERA%s<Tr Bo—l4  Co—4
18 #4922 HRLR YRR LEEpE  AEOZGHELEBBo—14  Co—5
19| 28.85~ RGBS TR '@’&T H Bo—14 Co—6
20 2 HREFEL EEERE RERE Bo—13 Co—2
al  ws WEREIEE | LAWSNE S Bes<ts Bo13  Co-d
2| g2 SR ppmpgg  ERAES WARLRD
23 #9320 FRIRTEE ARG E}‘E@yb TS:EEEL”BO —13  Co—5
24 — R LIBERE — Bo--13 Co—7

(15)



160 + R B R K & F

PEHD & LATED, Bo—5 FEFREGIHN 13m HERBNSD, TOTHE 1.2m OEI0 RECRH
HilErby, BetoThe 1.4moBESORER LD & OTATEIHEAN ORI TL Y, BB
D TCBo &
BREhCE 2 OAMEIRE ESK T v 20 FE LicROERET H » — AR SR EIc R Sh e B Ss
{FNTBe TihbEDOHEFI L% Bo—14 & X1t Bo—13 REch b, BLFEAAS 5D T
) 175m (25 654m) KUF 80m (EE5 637m) ThBo FEE 13m i 10m OEIOHLZ U HAHE
A LT T LCh DEPRIER 7 LT3, /NIB SSEREGO BT T3 2 HLLh TS
(43 C&® H &
HEHEEHK Y v 2 PEBRICEEEHTC P Y 2V BT L BEE RS Lo s N CRBEN AR ©
5D, BEPOOMEC LB Bo—8~12 ThHo BIHLD No—1, 2,5, 3, 4 DJTH h, BT L b Ok
Th¥h T0m, 150m 176m, 207m, 263m Gl b No—3, 413H bR 3 %o Hik b HIHA cLsidRTE I
KEEPHNELI I3 n S b, TOTCHBOSZV-HFAEPH, SLKZOTHCHENLE IUCEBEOREN |
bBo TOTHRIIFOBHEN DS, No—3 OZTERFE 25em)atdh b, Mg D AREAA CHIGRER T -
v Ciimic XBEHAE AR Cu 5 LB b MIBESEREOTHCET % B2 bR T 5o

F—3 CHE Gkt v x4 EESERED a

HEES | BE (m # H" % #* i 2 |
c—1 80~2.35 | HOEEEHE (F8EL D) Bo—8 Co—1 |
2 3.35~3.90 WERERE Bo—8  Co—2
3 #6.0 HWHRERE @R iicad) Bo—8  Co—4 ‘
4 #19.0 HERKEWYE (FERLECET) Bo—8 Co—6 =
5 3.30 HBIEIRE RIS Bo—9 Co—1
6 5.60 HEHEREPRNES Bo—9 Co—2
7 #16 BRI Apb Bo—9 Co—3
8 #7 e Bo—9  Co—4 |
9 R HERE Bo—9 Co—5 j
.10 | 15.50~17.00 | fphE j)(%)é L67m CxDLTRBHMEY By g  Co—s :
11 17.22~17.82 HEREHL Bo—9 Co—7
12 7.30~10.73 BT ARI Bo—11 Co—1~Co—2
13 ? ~20.08 EEERERORE Bo—11 Co—3~Co—4
14 25.50 HWE R Bo—11 Co—5
15 28.93 R AR Bo—11  Co—6
16 #18 BB Bo—10 Co—1 :
17 8.60 HOEKEEE Bo—10 Co—2 ;
18 10.25 EOEREIE Bo—10 Co—3
19 1—12 HEEEEE Bo—10 Co—4
20 # 21 HERRERNEE Bo—10  Co—-5 ~
21 32.10 HEKEHLEY Bo—10 Co—6
22 —_— HLE Bo—12 Co—1

(16) |




= el FeBETEE O 1 8 161
(51 DX H &—»
t PR KABLRSTK P v 3B O A HRCRY TRERIT 018 540m OFE T v 2Rv
T DA L AABYESH B, MO X )RTEECERER 52m, 93m, 139m, 177m OHi& No-1, No-
' 2, No-3, No-4 DRXHEH Lize No-1, 2 OHii- b S Co KIS kA B OBIRE: » TR
DS IFCH LB LT O TH D, M bR O No-4 Gk 3.40m = CHEBEEMNEHLcTOTEE
PP, REREHY, BEAHEHEITET S, 7.73~8.03m HIOBEE L EABEITG L TAHTR
BTG OERE E feo T \Z;B U<, T®TFH 26.80m BIER % ol B TR LB SRR REKE L e
Tebo & OB AISHAHOBBEZEL TV 5. . - :
£—4 D, E F LT EHIMREERE ROz ofhE )

HEERS | BE @) H OH B OB O = e
i D—1 | 7.05~10.60 ﬁ‘%ﬁﬁf‘% (EIIRS Y 5 By 169 Joskomizs 20 5 5
2 | 13.41 LRSS Bo—16
3 8.00~ 9.33 [REAICHEE Bo-—-17
. 4 8.23 L ERETE) Bo—18 (IR DHBEE L T-3)
5 10.48 FHEiE (EROSEE <) | Bo—18
6 13.78~14.68 [Hffid E&E<H5) Bo—19 (RFHHEE DHEBLELT-5)
7 18.13~21.13 |HEH+L EFTH2) Bo—19 (AZEHER OHBLEL C-5)
E—1 16.10~17.90 [FRECERIRI Bo—7
2 19.90~20.95 B & Bo—7
3 0~2 i =EHESEILRERE Y
4 2~4 R ”
5 4~4.45 HEE ”
i 6 — ell&ses) Hi AR EEE AR R Sl
7 — B EERE PP%LHLEB;%% (B 7oy)
s . S HEOMEREE L, <YFFYEIERRTAW
| Py YHEERD
i 9 e #= + FEE/NEEAE ’

(6] ER H &9
ERBRROLRE TS <iro
EARAAV—Z—HTChS 5 7 XEEORIERREC, B 0m X eRETER L EBCaERTE
Teolce
=HEILREEAHFHE
R IEVEERES
Hi D MRS B S h s EAMER % 5 < TR
BR/VPES R, _
- TV e, 147 SREE, BERBECONT
(1) =%
N and Fosk:
€17)

T D e et

i
ot




162 + R B % B #t &

CEBE D 1 R ORECHS 2 v A OB Kelleyd SoHEa it Uiz, $isbs BEREICH 5
fREROER LA, PROT V== 7RkE M CBROBERL -, 225 siiies. e 25.0°C
DEBEPCHFE L, 24 B Scm DRI COBBIYHR S, CORULSERO ERBBLIBET
CDETe At —27 ADEAC LhuE T OB ARERE 1 1 LTFORTFAET 5,

R EPRR Y I CRA S BB 05, BEPRKCHIHEA 4 v OFELTD - L T3
BELKEkE M 80°C TSk L, HBMEEESET 5, BN 2BHcis b 0, HiZEEs 0.2 %L
TH%E ik Schollenberger™ ¥k CREM I, ERLO¥-Te = v 4 FILhEOBEER ¢2c Ca—Rit s L,
BROBBAREAED A FA 74 2 — G Ca ORENSERCHS & L vFED Do K CRE S CHER
HBE LT3,

IRGEIhicdEa v A FREET A2 v Fo—Hch), FRBCEE2 w4 F2{FE L kVOCh
%7% Robinson®™ &05ZE » WEHT LT, ZOFRCRERENELR S & 2% Kelley™ 13 Bibhie L
T b ZOGEERE X VELARFIIAR S Ca—HihTh 3.

D MR

HF= v 4 ¥ OlRS R ORERBEOFET 5 7 2+ 7 U ERIERIC Lot

—HORBHC O THIHROSRE B Lics’, FoHk Truog® HThbo TihboREriiie EEs
B TENREREKEL B L7 v = =¥ Bl T huSE OB LML AT 1B bS8 L e 5. KT 01N
EERCEAME & LBRILSR L R Y, 0. OSNERE O, IR LS B cER T 5, COHRTawlF,
HDY 54 T 7P~ ZA T, ~< 24 v LTHFETIRAERT S 2 LWL : &h, RS HBR
{gotce Ele—EDRENCOWTESED SiOs, ALO; ¥ OfilE A ic. FEE LD 5 FERiunas,
SEHOMEE 52 5/ L LT Drosdoffs) nFgc kotze TichbilEi% 2 %HREEY — X 7C 16 FeH,
70°C ML, WEMEE 0.05 N HR-CRSHL, FhD SiOp & k¢ AlLO; A BETERT 5.

D 4G EBRRBOBEX

4 F vEFHEaS Kelley OFHuc & VilE Lice TichbREw BT v & = 7 HEc —eHiHEEEa
L, WEHGC Ca &4 Linivsd T CRIETCH, KW TER7 v =YD A Fr 70 a2 Tk, Bl
e 7 v & =Y EEDL X5 kieoTrb, RETeFE TS 7 vE= 753y — A BV L TEET %0

9 EBERR®RE

SHEESFERCIT—BOFB LT, 882 e ER Lich DX R, FEEON 5D 6 NHEE 2T
50°C ¢ 2HEMIE L, KCHEHA A v 2idint ¥ THH o 105°C CEIFBIE OMFERRE L TRET %,

Y FIVEERAEEY R L, RIERE S RSB L TREIL, Y752 YR XY T 4 v
hi=trexvvy-pu@gRse oL, PR 2 oo seiET5,.

(2] #HEEHediUHEIRL FoeEpRiERIcoL T

RO ZERI SR UCRIERER CERENSS, & OBERZhD OBSREIARLRL T
e Lo GHRORR 5 HE BY DRENDHTC Ch LEGZHIT B feniik, {LEHHisE

(18)

PR

;
i



A

= w4 VBT e G130 163

HiEOLBFERY e L LILOHERCE SRR L B U CE A iR 5X. %0

= v 4 FEOBESCR IS OHET TR D ORISR B MM T8 Z L MBI TR D, s
RGHE, R ORUH T A BRI OREN fThh b ‘

AXVFA PEORTH IAV VL AlgO;+25i0:« 2H0 ThH Y, ~uf T4 +H AkOz « 2S5i0; » 2H0 ¢
BB HO 43 —RIC 2 Ciie 2Y4~2%,4 THBo MK ~w A5 A Mk AbO;« 28i0;« 4 H:0 T 554
—HRiTit 3Y/e~4 H,0 Thbo =V EYwF A FEIR Si, Al,, Fe, Mg ZOMcRBFROBARESL Y,
HO %25 OREES X ORI X U5 Lisu-DC, 21 5 O AL R IR e+ 5 s e gd
BRCERENBEE—E Lo Lo L Si0y/Re0; (ALOs+Fe:0y) b 2~6 O TH Y, Mg X XU Fe %
SH L, EREEOLDICERERYS <A THOT 100°C LIFTRIAEIEL TS . 474 &b eve
Y mr4 b R ERE R — B ORI Lt SIO/R05 134 7 4 P oAn—fRichEL, KO %%
SEAL, HBERKE LoRizhakESDG, E-5 WEBOBLSMOHRES2RL, hboGHffico
L CRBUC AT Bo

Na {39 =3 4 P85~ RoHLSH0ESH e SE Shicw s, ZaEd v e LTETS C
BB DT, B F vEREOAE V2V E Y v 4 P ERBEB OIS Lo T b A EESE SN
%o :

Kitd 74 PECOBFREHEEL CoBRIIAS4 v 4B%EECcE3 L 3h5, KitEi Na LIRE
CHHMEA A v 2 LCAHFETBH, 2 A V54 P ECRE-EL 0.2 UBFEch 5,

Ca MEFSG DR FEEER L ARD Z L ~— ¥ 7 4 VEVBRGTIHB TLAMN, TEA Y2 LT3 —
BRIACH D, REMEHARC I > TOLhBEEEYEY vi 4 VHREE TS LA LIA Y F4 PERIEBA
YE&EFIhigv.

Mg (35794 B0 Al LEBERET, ®vEVeift, Zu54 v BI04 54 rRiFET 5,
R BEMEANC Mg 3 EBDH LS OTEHREG Ch 5. L Lad U 74 PERIIFRA FEF SN,

Fe i3 2B LT 3MDA A v & LTEF T4 v @D Al ¢ BEERYTV, 454, S4F54, 7¥
e A PERERTAS A Y F 4 P B —BRCEE Lt L LB v 4 Nz iReEcinie
WY B4 VEOEKEBIE : LTEET BT LRS-,

Aliz Si LSRR OEEBHTh S B4 V54 BSOSz Si i Al CREER
BENDZ LHEV-DOT, Si0y/ALO; RSP TH—%E Lt o SI0/ALO; ZEYEY RF+ 4 bARDIKRE
{AF4%, #FVFA4 NIRRT D, 2z v d Ffc 74 4 r B X0RES ey v REGE
MEBINBEE LS

H:O 3857k 2 BOE KA T TEX Do HEKE A Y -4 v O BEBE 13.9% ¢ 5D SiOyH0 (=
B 11,0, ALO/HO (E/H) 0.5 THBo TYEY w4 bHEIVA 74 + OFRHEAORI P
£ho BEKEE A V54 v BRI DI, RT AT 4 153D IR 24 ¥4 PidiBER X )Rl
e~ n A F A YEED, OBZSTOKCHEITEIN 12% OokeRk ) OCREOR Vi ERE R

(19)

f
§
§
i
!



164 + K B o OB #HEH

-5 5}%&[1:: w A4 ¥ ol{bpfRis

. s B A N S
BB E T ] SN s0, | Feos | Ao, | R0; | TiO; | MnO | o0 -
No— 1 27.39 |16.07 | 11.32 |39.42 | 1.52 |29.10 « | 098 | &« | o082
No—2 18.90 {11.03 | 7.87 |44.51 |11.60 |19.44 | 0.15 | 0.40 | 0.05 | 1.99
No—3 21.90 |12.62 | 9.28 |44.65 | 3.91' [21.40 | 0.24 | 0.39 | 0.01 | 2.00
No—6 24.84 |14.10 |10.74 |34.17 | 12.85 | 26.49 — | o.78 — | o.80
No—7 16.98 |10.04 | 6.94 |51.69 | 2.04 |19.01 — | 0.8 — | 2.28
No—8§ 17.98 |10.26 | 7.72 | 49.83 | 5.37 |20.01 — | 14 — | 3.9
No—9 16.31 | 191 (298N 4566 | 445 |22.45 — | o.54 — | 9.08
No—10 |18.54 |10.57 | 7.97 |50.18 | 5.29 |18.72 — | 1 — | 314
No—11 |21.39 | 1.36 — |32.43 | 3.93 |15.55 — 1 0.5 — |23.32
No—12 — {500 — |36.31] 331 |16.88 — | o2 — |wa
No—13 | 13.99 | 7.18 | 6.81 |52.65 | 5.50 |=21.69 — ] 113 — | s
No—14 |22.58 |14.27 | 8.31 |44.70 | 3.81 |23.45 — | 105 — | 2.48
No—15 16.44 | 5.38 |11.06 [46.11 | 7.38 | 26.16 — | 1.03 — | 185
. SRR (E—8) | 5.68 — | 5.68 |69.87 | 2.21 |19.80 — — — | 13 -
Hok~wATA | 9760 |14.42 |13.27 |30.42 | 0.39 |35.38 — — — | 016
raan & (Mo il pe il | osod
" ® |17.87 | 3.77 |14.10 |44.25 | 0.26 |37.02 0.45
AFIFAT @ — PO S e o el — - — %
” ® |14.33 | 1.07 |13.26 |45.65 | 0.60 | 37.37 0.58
evEyarAr| . [3.97~ |5.44~ 5544~ 0.06~ [16.60~ | _ . _ oz
® 18.261  12.05 44.020  8.68 31.30
» & |21.01 |15.23 | 7.68 |50.84 | 1.81 |18.03 .2.35
474+ @ - 6.82~9.10 (M-I b U PLI — - — "0
» ® | s.28 - l 8.28 |49.66 | 7.00 | 22.49 | (FeO: 2.28) 0.42

O : FBRE  HLSH CENERT 178 195%)
® : R.E. Grim Clay Mineralogy (Mc Graw-Hill 1953) 365 EE5fH
® : R.E. Grim Clay Mineralogy ( ” 129 F/ -

febitve YT Y v 4 EZRlEA 4 Y O/ BIESIE X ) —BLAVAEEKES- L, Fhthbo
BIKBEOINA e 4154 +OBEKTETYE I w4 b EDDRS, AFTF4 b X xS Lo Ligs
bLiBEa v d FORFTIA b, ¥4 MEQSKRILNE 23V A RGHE X DFBEND C LEARRR
B b ’

(3) PHEROKE

RERFES OFFRIOL TR RS 5.

TR X 5 e B CER S H SR o Ch R T B LIt <
TR E OSSR ATl LR T BRI L S ABERITSEAST, XBBKE
BEYDEARATAL, 2VEIRI L FEED, FOMCT VAL RT AL, el BIRELEATLHE

(20)



‘\\

o e FeBT B GE18D 165

YO A v

5 i EX G I%OHS) ST EREIRRER AFVRR
Si0,/ 510y Si0s7 _ |ALOy/ 1ALOS/ - & ‘mea/
MgO | NayO | K.O 04 R0 (0 (L e, SiO: | ALOs | Fe:Os [y
074 { 0.16 | 0.35 | 230 | 2.23 | 1.00 | 0.45 | 3.00 | 0.23 | 0.27 | 0.43 22
261 | 0.56 | 0.72 | 3.90 | 2.82 | 1.70 | 0.44 | 2.63 | 1.41 | 0.43 | 6.9 43
077 | 0.62 | 0.67 | 3.15 | 2.85 | 1.45 | 0.46 | 9.64 | 0.93 | 0.30 | 1.10 38
0.38 — — | 219 | 1.67 | 0.95 | 0.44 | 3.25 — — — 20
2.27 — — | 439 | 4.00 | 2.22 | 0.51 | 10.8 — — — —
1.77 — — | 423 | 360 | 1.93 | 0.46 | 5.76 — - — —
1.36 — — | 346 | 307 | 1.54 | 0.44 | 7.85 — - — —
1.77 — — | 460 | 388 | 1.87 | 0.41 | 5.55 — — — —
1.78 — — | 3514 | 3.05 — — | 6.08 — — — —
1.03 — — | 365 | 3.23 — — | 7.90 — - — —
0.98 — — | 410 | 3.45 | 2.27 | 0.56 | 6.05 — — — -
0.83 T — — 3.23 2.92 1.62 0.50 9.60 - — — —
1.03 - — 1 300 | 254 | 125 | 0.42 | 5.50 — — — —
0.87 — — | 6.00 | 5.62 — — 15.0 —_ — — —
tr 0.32 | 010 | 1.92 | 1.90 | 0.90 | 0.47 — — — — l40~50®
0.03~ (0.17~ 0.04~ o - - _ _ _ B B
0.26/ 0.19 0.14
0.18 | 0.07 | 0.50 | 2.02 | 2.01 | 0.93 | 0.46 — — — — l40~50®
0.06~ [0.62~ [0.11~ - _ - _ _ B _ _
0.26 1.1680 0.14
0.34 { 025 | 0.78 | 2.08 | 2.06 | 1.04 | 0.50 — — — — | 3~15
0.1~ | 0~3.80 0~2.25 — — — — — — — -
365 { 009 | 014 | 4.8 | 450 | 199 | 0.42 — — - — 80”15‘(’@
2.43~ [0.05~ |4.78~ _ - _ _ _ _ _ _
3.93  0.33] 6.93
3.67 | 0.51 | 551 | 3.75 | 3.12 | 1.80 | 0.48 — — - —  110~40®

ELHY, 474 o TRERAFECERNS . Thd OERELIRE L LT oS B LIE
ETBI LBV L S5, BOFBRBESIEF LA VIEELI A b ownTEL
THbBo a
£0C CRRENIGHHOMC I HEBEEN FET B 2 b % <% K6 1 (H00% Si0:, 5 k¢
AlOy DPHEDRE 100 X LCEAEBECR LicbDTh Y, Hiz w4 ¥4 rOFHEERL, M Grim
39 oI REBIhAEEDE Y2 I v P OEBRERL, S X 25% D Si0: xEHTH AwATA LD
Sp 1% 50% @ SiO: #E&HTB R AV 4+ OHERERT. Si0:/ALO; #:5.3 DEv Y w4 t OHEEER
TM; 2 H¥ AR, SI0°H & S AR X Ths Rk BRI KBS O3 T tE s FE
Fhe B PRAART 4 74 T 2RT. AEDLZ 113 SIO/ALO; & SiO/(H0)* OBtRER LIE—T
(21)




166 + R BF®E Bt B &

D HNB, ThabLEFREIAE () kBH
BME2AEL ZoOEST H > S;2iEs (b) #
BIOH:EVEY vH4 r OEEECHLLMYE

£ (c) BOTRREET 5o -
-8 2 MgO & & SiOs/ALO; o BifRE R L
MgO &ENHVEE SI0/ALO; Dffinihs ¥ < i
é:xeﬂm..”'a&'em B IR
A (H0)~ &R Si0/ALO; » il BiRNS
b, NI BEABR—9 KEBRB I3 ERLHOD
HIC BRI R R b B, & OJNC Mg0 of »,
Betig & < foqud Si0y/(H:00* DI AE <75
2 GFERL, ALO; S BT 5 Hs Bbh
vAt‘;:t'f'%};?f;f%'f;‘%i :é;%}:%:é %o Jo¥ Si0s/ALO; O » (3R ALOs/(H: ;
A A . o -
A#Xé"x%‘ﬂ:g%fée:“'i}‘ii"exvﬂ vv%xezﬁfzgﬁﬁf O)* DA L A X —ELTE Y, Fic Si0x/ALO;
Ak rfohud TiO: SRME  sHNsbhs,
%""ﬁ&%ﬂa“';vm R
151600’\/‘(/\()’\' \’N\ A VTAAV YAV AVATAAATAY - oo FrEEI A Ste A
[ %0 35 ¥4+ OB OERIL AlO; - 25105+ nH0 T
H—6 sloA%t:Oll 0,-(H,0)*+ 3 B4R BA%, FRCFLETDH 0Tk =24 ¥ 4 r G
n=3a~4 Ch D, v A ¥4 b T #=21/4,~23/, Chbo SiO:/ALO; ¥ EHEIZIT 2 Th %A% Ross
EDBIHESIC I THE5 X S 1ckfk 1.90 BEFTh D, Lichi>T Si0/(H:0)*+ B k¥ AlLOs;/(FLOX* ix
Fi 0.86 B3I 00 0.43 BETHD. —~HIVEY B4 Mok Tt Si0y/ALOs 13 6.3~1.9 & b, ‘
Si, Al, Mg, Fe &DMDOFEBITC L VEETS, Tve UV ud4 D (H.0)* gsaikd v XoT -
Bl %535, Grim® OEREHCEB S B SHTE X 0 BHM g ALO;/(H0)* 13 0.37~0.44 3535 0.41, SO,/
(H0)*131.92~2.12 ¥ 2.03 TH B, 7k SiOs/ALO; 1 5.3~4.4 T 4.8 Chbe LENO>TEVEY
w4t ALOy/(H0)F e A %4 + & D{Eiaic/hx <, Si0s/(HO)F Aine /H‘/f} I saicks
{s Si0/AlLO; S w4 F4 FEDIEBIREKE S
oo r #baEE L TREOSIEY Zuhud, Bfafind ~vwA34r t 2veyei [ rDRE
B, BEkTRIEZ VAT A PEDORELLLOL—BHEET2C 2L A BREEEMLEL OIS,
Fe,O3 DFERENRTIATH Y. KO OFFHHLTRELTCEY, 7w 77 VEDEED BTELALG-D Th
B, ERIBNICERIBCERSBEGT, XESFEORE»LHHSh5,
.

K fHz DEF OLSPTEER oW THEN B,
No—1 iz (H:0)~ DEMNEL, HEHRIECHEETS Si0;, ALO; FesOs B THD, Si0:/ALO; 11 2
(22)

S a7



= w4 FRBTBEE GE15D 167

7.0
Sz
N //’
' 60
Rs
)
/
/
50 >
- ] (c)
= 1.0/{% ol
=
3 %k
S Vot 7~
i (C)/ 7/ »i3
20 o
‘\7
s,/A
//'1{3'
1B 3
30 ///
7
- / Y
1/ 7
SH v
20 -A i}

10 12 14 16 18 20 22 28 26 28 30 a2

‘8;02/CHgU)+
-1 SiO/ALO; & SiO./(H.0)* DR
Wilin <, Si0z/(HO)* 12 1.0 ThH D, ALOs/(HO)* i 0.5 10V Sk~ 0 4 ¥ 4 riiifife £,
K:0, MgO ¥ LUYEs FexO3 BDDinw & i3k~ = 4 3 4 v+ EIA D Hidatns FhiBs Bl Lis
VLI EERLT Do XEGHORECRIMK ~ mAF A L LI B LA v AV 4 P DFEELRLTCGS 0T,
(HeO)™ 2 ®2 vz Y 234 PR XD EEXLDDHRTYTHSL B ANV Lo LXESH ks v ey vd 4

PRIZ LA EREDR- DT, L2 FE LTI PETS ), BEOBEB G HCNEED o TRk~ e 4
FA i w454 PiRERL, TORBIC O TXESTEEREB LI L E230NEE LB 5, LicsisT
FBIAR A= A5 4 bl LIk~ w A9 4 b aERG L L AROE Y2 Y w4 v 28415 LB Sh 5.

No—2 {3 SiOs/ALO: 3 415EL, ALOG/(H.O)* 3 0.44 T D, SiOx/(HO)* 110k XL, FesO
EED 60 % FEEHEORECHET 55, LAIRED FeO; LEBHEONS BELTEH D, Lid MgO

B I KO SEIBELU TS v Lo THIEEHR SIEEED Si0; AP ETCHDAELULZ VA
N4 VEREYFE LiswEExNE, ~vdAT i rofliceveyea Ay, 454 VEOFEYELCD
v XS kiudesv 23w 5 4, ~uAd¥ A4 B ICHERYED 2, KO DEBELIA54
PERIEE LD D XESITCHERET B C L MATER G,

No—3.1% Si0z/ALO; #3313k <, SiO./(H0)* (3 1.45 G, DEIEITK & AR R4, ALOy/(HLO)* 13
0.5 iiv e (H:0)™ 5\ FerOz SR {EBIRED S DI 2.8% BEETH D, KO SR RS
7 MgO SEisEG I e, EBEHRED S0, %'quafﬁi-‘ééhz;; Uieddo T ARSI A4V 4
(23)




168 = KR B o BoHoH

50
o10
5 105 ’l/__/.“ " ki \
M )
N 13 8 o . 0 >' {
= o 2 : e 2 S 12 2
‘:’: 3 15 3 .
E 5,/01 S 3\ |+t
= 2 o 16 .
«@ 30
|
L,
0 | 2 3 [ 54 1
M 8
9 Gk 86 8 10 12 1 15 18
(H0) o

E—8 SiO:/ALO; » MgO D&% H—8 Si0s/ALO; & (H.0)~ D8R

PEOHcEVE Y v gt ERPROA S 4 v EAEET S LR END, XESMc eV e er
AP R4 OEENTED LN T D,

No—6 11 Fex0; DEEANS o SRiISHERI T /R : LCHEL, TRHKRES S H0)Y 3hETsh
BoFe05 DFELF AL DFENL No—1 B 23 2 A PHUEREET5 LB b5 . No—1 REDTF
HeHFETHHECH D, ~m A4 PRGLIK S 45 4 v &R0 e LEHRER SHT 5 L EL bR D,

. No—T7x MgO &Ehig e ALOs/(H0)* Hik& <, Si0./(H:0)™ Bax Si0s/ALO; sk, (H.0)"
YHBCS Ve TYTY R4 P OERMRCH LRSS BOHOBECREYE Y " T4 rrg iR
FEL, #FV34 P BRR IS LRSI,

No—81x ALOy/(Hy0)* 534 <, SiOx/(H0)* 13 1.9 Ch b, SiO/ALO; dAF e TV ey ms 4
PEEREESE TS LRSS, BOFOBRETCREY Y v A t OFEMEE S BA, AT A E
OEMRIVSGECHFETS LHEEShD. XBHTCRZ VAT A5 4 t OFEIER DD, RBREERD
VEEET 5o
- No—9, 11 %5 1TF 12 RRREK DHFEL RS Bo Si0:/(H0)* 13 No—9 Gi% 1.54 CHBI/ X1, SiO./
ALO; 12 3.4~3.7 Th Y, No—12 #Bn Tl (H:0)” AERE L HBEChHBe #AVFL B 2 2v= Y
B4 AT LR SRS,

No—10 t SiO»/(H.0)* A% 1.9, Alzos/(Hng+ A3 0.41 TH h BBV E L, Si0/ALO; Bt 4.6 CEL
KREve AXIF A EDHERDEY I v d b HFETS 2SN D, BHTISc iz v ey na
A T OFEMEESH, XBOHCcuUificeYy Y v 4 v 25D 5,

No—13 i1 ALO;/(H:00* »¥Fick& < 0.56 1H7 5, SiOy/(FL0)* % 2.3 Lk S W flidR+, Mg
O WL T v ALOs/(FEO)* A I F 4 PBIDVAE L, —FROEVEVBFA T L) AZL0DT,
YR I VIERBORSH OBER L VERSRB X5, A4T7 4 P RIEGSDONRIF Y+ 4 P E AT

(24)

/

PRY—"



\

+Ha w4 FreBIT a5 1D 169

% LEEEIN S,

No—14 3 ALO;/(H0)* A3k <, SiOx/(H0)* $/hEvs, MgO DERIHR VS, Si0/ALO; iz
3.0 BETLHS, COBENLRETYEY vI 4 bl BF VA P LODRCHY, (H0)- o%iic il
KreA¥ At LBERL AN XBOPC XIS, TYEIud A, ~ud54 i 2B 5,

No—15 i No—M XD %34V 34 P EESRCEE TS LRSS, XBOH CREND I5EZ VA
PR T DFEEEXEINEI AV 4 VEoSMEDE Y EY v + OFESHERLS %o

C4) 4FZTRBELLOLT

HESBaREshSvicd r, BEFiir BT3B rHcEBRROBSs S5 R L, FOoEEe
A AV ERBL 5, —Ric 100g OFEOH T DA 7 v D 3 VGBS Lo Trofd-o 4+
VI Y LT B,

AAVREERI A A V54 P BT 10~15meq/100g TH D, FFOAT B L BBIh5,
A 54 b Tk 30~40 meq/100g T Y, ARCHTOAE SBEBENG, TV T Y rrq E Ci3 90~100
meq/100g Ch b, WFOKRE s K. .

ChbEEEH LSRN OTR L LTSN, R ThbofERT ST BB a5, BE
BIOBE TR RAIORE R H R ORE T BB A IRTE L3 bt MR RREROAS
7 IVBEOEEBHEI AT v v T VEDORETS L &3, chOBHEREIE T bty v

A F VISR UcS e No—1, No—2, No—3 ¥ kf No—6 ©h b, fid Ca—fitCchae
Lichio TRBER L HiE D Ca0 SR OE L B E» 3 ?;:ﬂz;.a ¥7 SiOyALO, 3 ZEAR
DR SERBERRS S, No—1 OTREER 2meq/10g Th D, TOTTFEIES No—6 D 20meq
/100g r R AHRECERRL, ZEAROREGEYE ) #r4 FESELTOTHHRTHB 2 2 mL T
o No—2 z 48 mea/100g T b 54 954 1B L b bIMEROKE R EH 5 2 25T, XE
PCLIUETY 2V 54 b, ~ed 54 P OFELRL, 474+ OFERBIRE Gl . o CAIEROA
FOZrREVEY PRI A OFECHES LHHHEEL b0 ARESATAF 4L L2V E I no4 b DXk
LD L, ThODZYRERTTNTR 20 I L0100 2 FHuE, ~mA¥ 4 + OSEI 609 L 31E s
Ho No—3 3. No~2 kD Ev 2V w4 rDFENPETHY, ~v{ ¥4 ORI 0% r3fEsh
o )

(53 Z2BRRIICDWT

HIgPIAROARC LV RBINZREATS LIS OBERHC X D ERSh T, Weil-Malhe-
1be’®), Hendricks'™), Hausen™ #53 = L HEISICHWTHE LTV 5, Weil-Malherbe RS 3
EAREEEY U7 VEFRFCH T L, BSOS BRI EE T 5 S L aBEOmE L L
THFCeDo Y F IV, FHERT 2 VEDBEARISIBURTRISCHET L Sh v b, = DiEEE+:
PEE TV AR EDEELRTC 285 HDIC L D IR SR TS 557 DB T o &R bORIE
tz%%ﬁ%%‘zé@?&iﬁéﬁ%%ﬁ%, L ORNCHM UTEDCHE M, BT DR O bl 35 DTk

(25)



170 £ A& B & OB OO
LI ENR T,

RYFIVENFVFALE, »eAF [ P TREELEVA, TVEYeddr, ~f{F54F, 7 ruys
A PEDTY Y FA PSP CRERAL LEESY AT, 4 24 v RERETe SHo% 8HT 5
PRV FIVIEBERERT NS e TONPEDEY T Y w4 P2 ST BETRERT S,

V77 =Y YRBREREIT o A A ¥ 74 Y CREFIN, EIoHBeRiT. ~r4 4 rinEaEEe
o LBFREBCIEIND, =Y Ywrd PiEFO LAY, 454 Vit ihs,

<Z A VERIAA Y A VICRFEENFREE YL, S n A4 s LEESERAY Er s, T
EYvI A4 MCREREL TR S,

eRRE, BRE BES BES SEE ZI9Rv A4, KUF TR, REESEET R bEHRR

EOEBLVEAE SR Ltk BBREILSHE—6 &R T.

ZOFRERC UL BERe a4 74 T ER IO Y 2 Y v A4 EENREL L5588, v
FIRFATERELAEGE LACEELNHB LELDRD, WVFIVCHERLFETIDN I I4 v
THHRO IR LRTI 2B A0S L, CoMprEsvyeIurd r 2 fESN5, ¥y79=vY
LT A4 PERCORBEEER TR IF Y I 4 A m AT 4 DGR TE C LA CERIDT,

2 v FImoun TEE LR CR No—1 MRy F IV eHEBLERL, ~HXESoERcrevyeEe

®£-6 ¥ B KN

VrF=vY <5 ud <VFIYV
Eisis] )
e PO RO LELasnD
EL H, FrRcEsTS
Ht IS L
emen ??’ B R BE L WEraids
s, ﬂ%ﬁﬁ B R IR EDHSH D 5
o WOTRRCEE Mg, FaicHEhs o B
e 5 S
FRREFGREDH Y |—HEE N
7 - %{4@*;@&}\, B <
CEESFREH S D , FrRcHERL D 8, HEDBLD
B—1 Z6, RcEREDSLD BT R HHRTBS D D‘Lﬁv)xof\_ =)
2 }ﬁ,%”KQﬁﬁﬁ$D Wéﬁmo
3 '%,?naéfﬁ:wb mmuL
4
10 Bokin g7 < B
11 556 i
B i F T R
RCEEDRS D
WHEES D B, W)
HREAE D ey
b—uﬁf& L
ZERE HEDL Y B
2 HEETRE [ ST L
MYBEOTRAETEL D Hﬁ%, Eaakis e
. Bi R niZigRE mﬁﬁomfé%%b B, BiREASED

(26)

b 1 g



ffin v FRBTAESE (B11 71

74 PRSI T OREI LTS5 HEEY R U, BTFSERRC TR - S
ROEOFEEY R T Lo XS cilicshvBFoe vy v erd b2 RBALTVS LIERTE
Bo No—2, No—3 @ d X#shc thuiev 2y w4 v 8H L, Y F YV CeHOERT, No—6i%
No—1 DFBTCHBMNRYFEYRIRIREAL, ZOREN Fe.O; #HARREE T2 & 1 BRL5 1 E»
1531 L2V R AR

2 v f FENORBTRERS L2 RE L CHA 0T, TOFERLEHTL T A—13, B—11, C—17
Sep B CREFISORR L BGITHRROTARG R F - 282 TH v

(6 2 8

FEEE - 0 B 0L M E BT s icdic, o v 4 FrhoBLga iR Lic. XEEETT, RERDH,
BT S YOS IO AHRC X DBEET Bicb D= v FEROEFEE L. & & Ti-—-HoRhco
CTEESHRER L, 44 vASREEREE L, BERSTRR BRI OWTIENT 5,

(1) GHTEREEE L CROBHL DI

SI0./ALO; > SiOy (Ha0)* DRSS LTF SiOr—ALO;—(H.0)* =& ReErhed, #5Ehs
o QR e S L

Si02/ALOs 75 2~4.5 OFFTHS DXL, ALO;/(H0)* % 0.4~0.5 ¢ 0.45 {iEL 4 D

MgO D&EKE fmhug SO/ (HL0)* ke h, ALO; &EEI T 53R L S,

Si0:/ALO; & (H0)~ oflc dEHCIE BRA B S,

(2) ZReDEBEERIVEFHCEGEA—>DRFINLD Z 2 E2WALME Lz, TiabbawA Fik
w4%4ra vEY B4 OEGERTEHY, SOOEE Y YV iR EE TS L ELE, Z ORFIOEES
BT AT E D,

(3) 4 #VEEfEoimEs URGEHISFRRORER D FROEEAZITHD I Ly
(4) REresEs s XBENT, REfoSc IsMEfRr bR A wAv4Ar, =
FHY, 2V AT RT4 0, BRAES IUHBSSEOFAELPECL S,

(OB 27 4£4 FRKPRAFELTHERLD

Ao
vE

Y4+ DFE

FIEAHEET D, YEEREEY QR OEEY 5 1, HIEE» L BERAR L EoRE 54
Too BHBTRTRC Mo B HIBSEF RGNS X D EE 5 . FogEENEE L CASOHBEE DI X 5.
FRCELS BROTZET 5o

RBREEEBEL» bERELIEE SO0, »olERE AT EHEHLE T,

€27)



172

Y
2)
3
9
5)
6
D
8)
)
10)
11)

12)
13)

14)
15)

16)

17)
18)
19)
20)
21)

22)
23)

24)
25)

26)
270
28)
29)
30)

R B o R R

% B

HR, B -EBER No 85 IF 28 ZREILsbMiREk DIL22A0BIE

R.E. Grim. J. Geol. 50 225 1942 Modem Concepts of Clay Minerals

E.F. Preece. Proc. Highway. Res. Bor. 27 384 1947 Geotechnics and Geotechnical Research

A.L. Johnson. Proc. Highway. Res. Bor. 27 418 1947 Clay Technology and its Application
to Soil Stabilization

H. Winterkorn. Proc. 2nd Intern. Conf. Soil Mech. 1 23 1948 (Rotterdam) Physicochemical
Properties of Soils.

H.B. Hendricks. Soil Sci. 29 457 1930 The Results of Xray and Microscopical Examination of
Soil Colloid

W.D. Kelley & Soil. Sci 31 25 1931 Nature of Base Exchange Materials of Bentonites, Soils as
Revealed by Chemical Investigation and Xray Study.

G.E. Ross & Colloid Symp. Monog 4 348 1931

JHEERE  J. Geology. Geography 21 29 1949 A Classification of the Principal Clay Minerals

T.W. Lambe. Proc. A.S.C.E. 78. No 315 1953 The Structure ef Inorganic Soil.

R.E. Grim. Proc. 2nd Intern Conf. Soil Mech. Section I-C-4 1948 Some Fundermental Factors
Influencing the Properties of Soil Materials

L.D. Baver. “‘Soil Physics * 118 1948

H. Winterkorn. Proc Highway. Res. Bor. 21 415 1941 A Study of Changes in Physical Prope-
rties of Putnam Soil Induced by Ionic Substitution.

C.A. Hogentogler. “Engineering Properties of Soil”” 233 1937

J.B. Peterson. Proc. Soil. Sci. Soc. Am. 9 37 1944 The Effect of Montmorillonitic and Koalinitic
Clays on the Formation of Platy Structure.

E.W. Russell. Phil. Trans. Royal. Soc. London 23 361 1943 The Interaction of Clay with Water
and Organic Liquids as Measured by Specifc Volume Changes and Its Relation to the Phenom-
ena of Crumb Formation in Soils.

L.D. Baver. J. Am. Soc. Agron. 20 921 1928 The Relation of Exchangeable Action to the
Physical Properties of Soils.

J.D. Sullivan. J. Am. Ceram. Soc. 23 39 1941 Effect of Exchangeable Bases in Torsion
Properties of Clays. -

H. Winterkorn. Proc. Highway. Res. Bor. 16 293 1936 Surface Chemical Factors Influencing
the Engineering Properties of Soils.

K. Endell. Bautech. 18 201 1941 Die Quellfahigkeit der Tone in Baugrund und ihre Bautechnishe
Bedeutung.

M. Gradwell 4 New Zealand. J. Sci. Tech. Section B 36 No 2 108, 1954 Physical Properties
of Certain Volcanic Clays.

R.E. Grim & Univ. Ill. Eng. Exp. Sta. Bul. No 357 1945 The Bonding Action of Clays.

H.F. Winterkorn. Alexander *‘Colloid Chemistry’> Vol V. 459 1946 Principles and Practice of

Soil Stabilizalion.

Proc. Conf. on Soil Stabilization. M.I.T. 1952

T.W. Lambe. E.N.R. July 21 1955 Chemical Stabilization Can Make Constraction Materials
of Weak Soils. ’ ‘
HAE— CEEERR 24 86 1 24 kiEFBuCoLT

/NEFERTESE RBEE No 10 M 24 EERFENHNEOHE BT 5592

FESE PR No 81 HE 26 EBEAAKAIUMSEHTBET 585 (1D

BHEER 5D & 2 OMHFcEE T 5% 1954

BREIEE BB HEPHAES No 4 Fg 22. No 7 F 23 ZRAUBHIIEEHy

(28)




31D
32)
33)
34)
35)
36)
37
38)
39)
40)
41)

42)
43)

EfEa w4 VBT aEE G 173

fBFIEE -LEi$ No 86 93 IF 28 ZREWUTEHE Gkt ¥R HERE ¥4 7 YRXSBO
KOHK, BED

W.P. Kelley 8 Soil Sci. 48 201 1939 Thke Colloidal Constituents of California Soils.

C.G. Schollenberger Soil Sci. 31 483 1931 The Determination of Soil Organic Matter.

W.O. Robinson £ U.S. Dept. Agr. Bull 1311. 1924 The Chemical Composition of Soil Colloids
E. Truog &5 J. Am. Soc. Agron. 27 312 1935A Method for Removing and Determing the
Free Iron Oxide in Soil Colloids.

M. Drosdoff Soil Sci. 39 463 1935 The Seperation and Identification of the Mineral Constituents
of Colloidal Clays.

W.P. Kelley & Soil Sci, 30 391 1930 The Determination of the Replaceable Bases and its Base~
Exchange Capacity of Soils. i

G.E. Ross. U.S. Geol. Survey Prof. Paper 185G, 135, 1934 Halioysite anid Allophane.
R.E. Grim “Clay Mineralogy®’ 365 1953

H. Weilherbe £ J. Chem. Soc. 67 2164 1948 Color Reaction and Adsorpton of Some
Aluminosilicates.

S.B.Hendricks 4 J. Am. Soc. Agron. 32 455 1940 A Qualitative Color Test for the Mont-
morillonite-Type Clay Minerals.

H. Hauser & J. Am. Chem. Soc. 52 1811 1940 Color Reactions between Clays and Amines.
ANFATE TG 27 937 1060 FREEHER Y 1 ¥ < v ARt A a0 RE RIS

(29)




s s R e ST B R g et Lt e L A A



s e
I T

MERANT A 7 70+ BB

wupE £ R 000B
rEmE N BOR E R
(R 31 428 )

B EAd
I o D e m e (1)
T BB U ERERTR et e (2)
B BRI R oo (3)
L e 5 S T C9)

I £ 2 H» =

TAZ7 M MEEAY b LA CEERGEEAN Ch %, 7 A7 7 M P RAFITIETFRT A7 7 » + AT
TARZ 7P, BERECEASRSIORAMWT A7y # ETHY, FHEHE L TR IDIHLDAL
Vb T R7 7 v bAELERIRS. B ¥ GBI ARSI NHACKE L TR Y, TOHAKLD
FBE—BL T3 L3 RLAGIRETHS. SELFEHSALEHIIIF 77 vEDEHY LT, 7 Yxn
=T a2~ YV F-[El, =-—X=7Er/7e/FEch, BAERRL LOhEY 5~ 75 £v
B, #0245+ FEIECLS, R EITS T A7 7 & P EEEROAMAREEIE 274 130,000¢,
28 48 135,000t HZ 29 4 160,000, K3 30 4 175,000t BEThHL, HERONIII I v—YT 277 1}
IETNCBH, LOREREKO—HEE LRSS,

R, foREEROERTHRIC & D AR LESRARY, IABEREERLBE SRERT L8
DTVBDTC, TAZ 7 v+ EEIHCARE LICBETO 7 A7 7 4 F LI T ORENAGRicokdd t Bbh
Do BREHEDT A7 7 )V F OEHCOWTUL, T CIChUHEEES 87 2 (1 29 4) iy L. oy
F57 A7 70 T OFEREERY, PR 30 LrBARN L VBB CEEINCEERHA YWV T AV 2D
— R IO U ieolc b DTCHh B,

I 88X 8%
AR LARBELH L CELNEAZEE GEBA) Dbor, ARSI HE-TE
&N EEELE (BB B) t0bDhb. BE 39 HThHY, SHOERTEA T3, ZOREMEEH
LOREORAD 0N 21 e, BEEEN0LD 18 HThs, RFAXAGHKKE JUHIEREKK X hR
BofElatierot. CREDHEXERFABRCIDSELTSFEE L. 05T T 1S K 2207 Al

3

T AZ 7 /ot OEECHEGETAR 40—60 (7)), 60—80 (12 {E), 80—100 (11 {&), 100—120 ( 5{&), 150—

(1)




176

200 (4f&) x3 5,

& K B B o#®

—BREFERS JIS K 2530~4 T X 5, Mt REOEALE METHEYH—1 R,
B TAZ, 0 VEREHRHE WEAH

REES | R M O£ M % BWEEAHTH A PO I
A—1 = R B £ X B FR 0 75 Th SE IR 220 B B34 8 R
A—2 L N N N =2 A e R ”
A—3 #MoEME KB HR A T R S B ”
A—4 | B B £ K #| — ”
A—5 KEHEESEETER — 304 9 A
A—6 ” BOEFE A W ”
A—7 HWORE 4 K OB OE B — ”
A—38 ” W f &\ 1 ”
A—9 o8 £ K B ¥ B —_— ”
A—10 = B B £+ kK & W 0 7 3 ¥ P SR B FR 304 8 HA
A—11 KREBEESETER H = B bl B34 9 A
A--12 o)’k R® FR 0 75 I S 3R S B ”
A—13 i o B’ 2 K B HAGMES REMmET HE 30 210 A
A—14 g B B + & B® — "
A--15 g om B £ R ® SEAHNERER W30 4 <
A—16 B ¥ OB £ K &8 K
A—17 \| O OB O+ KW —_ x
A—18 E R OB £ K B —_— ”
A—19 = H = jxn =B A T )T S B B B34 8 A
A-—20 ” ” ”
A—21 ” ” ir
B—1 H X & # KK ;o s/ W B B304 9 R
B—2 B f A #Wm KK Jib & 8 B ”

B3—3 = # A ¥ KK ” ”
3—4 B & & W KK ” ”
B—5 " T OR OB OMOB "
B—6 " e BR300 4 9 R
B—7 H OE A W KK WOE 5 OB MW v
B—8 V4 ” ”
B—9 ” ” ”
B—10 X B B ® KX mOE WO Wb "
B—11 ” ” ”
B—12 ” . ” ”
B—13 = % F W KK DI "
B—14 ” ” B34 8 H
B—15 | ” ” "
B—16 ” ” ”
B—17 . X # A #W KK — ”
B—18 | Xk . E B W — WE 304 9 A




SEERIRMT A 7 » &~ + HERARET 177

B = B O
(1) —mkenms
T ISR X5 —BRBMEE 2 WiitT, FRsARK X D HEIL B oW TEEARE, BUbE. R,
HFRBOLAR, MRS, WE BIK e Cl/ME, ok, SEEliie ReEE—38 oml T
Do KEESAETE T S THREREBE LT 5,
$tARE 40—60 :
COZABEEEICAD O THTH D0 B—14, B—2 33REH AR X Siliet AR R 5o A—17, B—

®-2. H B B % #  (JIS#zIB

StApE o5 I mnlr
Polst ol & m | opc Wk | mom | mmm | BEER KRS | g | ke
s |F 5 HAE | BC 5 | Ay o
_ 1 5 °C 256°C % % | %
B-—16 43 47.8 1 > 100 0.25 40 93.0 99.4 1 1.034 285
40 B—14 | 60—80 49 46.4 | > 100 0.07 42 85.7 99.8 ] 1.035 322
A—17 50 48.7 | > 100 — — — 99.4 1.020 318
| B-—18 51 48.0 § > 100 0.34 46 90.2 99.6 | 1.039 299
60 B—10; 30-60 53 54.3 | > 100 | +0.003 35 66.0 99.7 | 1.023 330
B—9 60—80 54 48.8 ; > 100 0.29 44 80.1 99.6 | 1.019 321
B—2 60—80 55 46.3 | > 100 0.07 40 72.7 99.6 1.021 318
A—19 | 40—60 62 48.2 1 > 100 0.07 53 85.4 99.6 | 1.022 280
A—12j 60—80 62 46.5 | > 100 0.03 42 67.7 99.5{ 1.026 274
A—5 60—80 64 49.9 | > 100 0.06 63 98.7 99.4 1.023 288
60 A—201| 60—80 67 47.11 > 100 0.07 64 95.5 99.7 | 1.018 275
A—10 67 46.9 | > 100 0.08 60 89.5 99. 4 1.012 317
H A—15 69 47.9 | > 100 0.02 58 84.0 99.8 1.032 282
B—11 60~-100 70 48.1 > 100 | +0.004 46 65.7 99.9 1.024 330
80 B—17 { 60—100 71 45.4 | > 100 0.04 65 91.5 99.8 1.036 339
B—1 60100 72 49.6 | > 100 0.03 64 89.5 99.8 | 1.007| - 273
B-—4 | 100120 74 45.7 | > 100 0.07 72 97.2 99.6 | 1.016 303
A—16 76 47.5{ > 100 0.02 68 89.5 99.5 1 1.021 273
A—14 7 45.4 1 > 100 0.27 71 92.2 99.7 1.035 288
A-—18 81 41.2 1 > 100 0.04 67 83.2 99.5 1.023 298
A—7 60—100 82 40.4 | > 100 0.02 72 87.8 99.9 1 1.019 273
A—13 86 48.6 | > 100 0.12 66 76.7 99.4 1.618 301
80 B—6 60—80 87 46.1 | > 100 0.12 65 74.7 99.6 1.027 274
A—3 60—80 89 46.7 | > 100 0.04 77 86.5 99.8 | 1.025 268
A—2 80—100 89 47.5 | > 100 0.12 71 79.4 99.5 1.031 362
100 | A—4 90 47.5 ] > 100 0.16 76 84.4 99.6 | 1.020 298
B-—8 i 100—120 92 44.51 > 100 0.01 66 71.7 99.6 1 1.016 313
B—156 97 40.2 1 > 100 0.36 81 83.5 99.6 1.020 254 ;
B~—13 | 120—150 99 43.6 § > 100 0.26. 89 89.9| 99.6 1.034 274 ,‘
B—3 | 120150 99 44.4 | > 100 0.60 91 91.9 99.5 ] 1.024 231 }
B—5 | 100--120 103 42.8 i > 100 0.07 95 92.2 99.6 | 1.016 264 ]w
100 { A—8 i 150—200 105 40.8 { > 100 0.07 94 89.5 93.9 | 1.019 254 ;
i A—11 | 100—200 105 43.51 > 100 0.12 74 70.4 99.6 | 1.019 268 1
120 | A—9 ; 100—110 107 42.0 | > 100 0.42 93 86.9 99.9 | 1.020 274 ;
A—1 60-—100 108 43.5 1 > 100 0.05 80 74.0 99.6 | 1.019 272 .‘
150 B— 7 | 160—200 152 40.8 | > 100 | . 0.12 114 75.0 98.5 1.015 308 ‘
1 A—21; 120—190 154 38.6 | > 100 0.11 150 ;  97.4 99.5 1.011 252
200 B—12 | 100—200 158 43.4 1 > 100 0. 0§ 112 70.9 99.9 1.026 310
A—6 | 60-—-100 181 36.7{ > 100 0.35 149 82.3 99.8 1 1.011 254

(3)




178 £ R B % OB o7
=3, J 1 SHFAEEM OERS XUCSEaH

i 10—60 I eo—g0 T s0—100 | 100—120 150—200

e k! “rm;wb K| E s%d\!m%x,swiﬁfb!%ﬁ}:?ﬁ |k | P
£EATE 23°C, 100¢, 51| 43.0, 5.0 50.7 62.0) 77. 0l 69.2! 81. 0] 99.0/ 90.11103.0108.0106.0.152. 0181.0161.2
B}t K °C | 46. 3 54.3 48.6 45.4, 49. 9, 47.4 40.2. 48.6, 44.6, 40.8 43.5 42.5 36.7 43.4! 30.8
# % R % 0.07, 0.34! 0.20] 0021027 0.07 0.01} 0.60, 0.17; 0.05, 0.42 0.15, 0.03 0.35 0.15

BB O AR 35.0 46. o 41. 1 42.0, 72.0, 60.3 66.0 91.0 74. 5, 74. 0 95.0, 87. 2112 0150.0131.2
ALEE A e 5 %l 66.0; 93. o 81. 4. 84. 0' 98.7; 87.2 71. 7 91. 9: 82. 7| 70.4 92. 2 83. 6' 70.9, 97. 41 81.4
VIR IR R TR /, 97. 7‘ 99. 8 99. 3 99, 4' 99. 9! 99.6! 99. 4 99. Si 99.6; 99.6 99.9 99. 7| 99.5 99. 9* 99.6
H & 1 019i1. 0391 027:1, 007]1. 036!1. 023 1. 016‘1 0341. 0231 0161.0201.019.1. 0111 0'76|1 017

|

Bl KK °CE 285‘ 330, 313 273 339 292 231‘ 313 280 254 274 266 259 333 287

S B P i R
9 kSR A UMBRBAENENRRET 5, 8ic A—17 3L, KO5HY 0.75 % B UERROH
LIk, B—16 I VEIRRRIESA T 1 SEBCA Loy B—10 BRI HLTHERL THD,
BB fc S L CEBV AT . S ORBOERBOBRFhck SEAEES RS, Hlcaikhl
febve B—I10 3 DD B—11 ik SRS AR L SSA e LT 28GR, ZomcEEL

T IER STV,

¢t AHE 60—8D :

Z DSFABERECAS b 12 ThD. B—4 (RFEREANE & JHIBIAREMS RS, A—19, A—5 3
AERSPROORBEL RO B, A—12 FEBEOHAFKTAE S, FEIARCHT 2855 67.7% TF

BB Lt A—5, A—I10 IEc MR RTIRGAEH L. B—11 OEBEET LT 2SR,
= DEBOERE DL AF TR  FEAECH T 5 B R CRERCEHE LV,

SHARE 80—100 : ‘

B—6, A—3, B8, B 13, B—3 OIEHIFREIANL L U ATEA R B0 A—d, BB 12X AR
B NSGE DS E AR D, A—13 BRSNS 99.41% CREWTH Do = DEPANEGEH OREHIT
11 [{C&H%,

$FARE 100—120 :

A—8, A—]1 REDFERHARGIEHEAR L Bics, - oSPARSHORENL 5T v BiEc /%
T3, Lol A—9 DEREIMC HIE LU TEYv. A—8, 9 DRI MEERS/PRIBDREL D %,

st AR 150—200 : ’

B—7, A—6 % %aémﬁfxﬁaﬁzﬁﬁ]\}tb iBish. B—7, B—I12 3 CoHAEEHOLH L LU
BIKAEE . ¥l B—T7 mm,%&i’é%md\ﬁiﬂ@%&:é?gabéo

Bl LA AR o THIR T o7 7 ;i;ﬁ%jfiﬁllol;"cﬂ)'\'Bo R—1 TEPARE LEE A B XOBIK
BOBRERLIL D ThB. HAELRILADOMICE, SAROMMAT I BILATRS T 5 HAS S
SR TE I s SEARE L BIK SO S FE IR 35 % p BB G AL, BRIBA 2 BIK oM

C4)

o/

e g



SEEHANT ~ 7 > 2 + HERRE 179

450 55¢ e

(oc)
(oc)
<
T——
<
=l
=<

51
L}

~J
pY

5’0 78 30 10 130 150 170 190

B—2. HAE—BMEA BIKE: 0B

WIS LR X5 Th oo HEE 1.007~1.039 DI ® ) —fRic L s A d\ HAELHE
& DI BB RED B FREHAH 39 (D 5 BEARAERS N D 28 {§h D, TOEFREA
EFSRIE : Bic s o0 13 HEETS. ik 28 kL 46 % gL, YR B e Bo T
FIRERREDS 5 BFEA S D FAHARBRORRBEC T | SERYERT L, BB DEAEDEEA
BECHT A ESF G B—10, A—12, B—1l 5RAKTH D, MHIRRERES G B—16, B—10, A—
3 A0, A3 HREHLIE B SOV TRORBIC A LIEVEEGE 10 H2 7 ) 2380 25 9% i«
5,

(2] {REIIUSAEDRERKFE

FlT A7 7 & P A FROREEEA PR EOREH L Vissd—o0= v d FHHECHD 252 S5hT
L Bo BT A7 > v b AR P T O LR L BB ET B L BTV 55, B
CRATSERSRECHRET B AR LS STT AT 7 2t OWE R HE T 5 i34 B T AR
EHORECE 5 Find o

N AT OTRTREECIT HEEARE, MEDQEKY, A7 74 1 DEFHMBERC IV H UL L Bixs
TEEHEL, IHHOHECISECADLOLEL LIS,

R MEOHIEE T IS K 2582 X b, #imiEpas 25°, 15°, 10°, 5°C % Lok, POEMEOEER
13 25°C BV TORIFIHN T AR 31 FBGETE NI T 1S BHT 15° 1°C Wi ThEn)
L 5icieot FREECHT B MIEELEE 4 RT. BEOKTIC &5 HEO ETREAEO- 4 D35

(5)

U st nmotrnsg i s 1 o



180 + R oBFogE B O# OB

WTH BN TE D, K DEEtD 25°, 15°C ki B{hERY 100 Bl EZRT, $tAE 97 Eod o 10°
C st Th 100 Blinkmde ZAMEEFC X3 MEOK TSR Feins & SRS T5 15k
HXBo B—2, B—1 BHEMMECIKTIAAS VA, “hl JIS o—RFBRE & ORIz X ) Thso

EBETC X5 MEEORINY, 7 A7 7 2 PSR CERIVVE LB OIE %571 b OMEEOKTIC
X OEROHHICIESE, HESHIT B 2232 b5 ZOZLRELT A7 7 4  OFFHERHETE b

BEME U CE L Ao e H gL

SEARE @ PABSHIEEN JIS K 2530 B Lice FIEAML 25°, 20°, 15°C ik TIIfiiE 100g T
5%, 10°, 5°, 0°. —5°C k- TWHHE 200g © 60 Hile Lic, MR —4 wi¥o. TAEAME
OEFHAEY HIB f o BEE 25°, 20°, 157, 10°, 5°, 0°C i\ CfiE 2005, SO ARY L
too T DFTEREES 2 12557 T, Pheiffer 3 fix D7 A 7 » 2 + OELAE LBERC oW CHOBE s EET

R—4. KEBEECBTAEARS LU

J : !
U s & A B i i B2
fé g 100gm, Ssec. | 300 gm, 60 sec. ‘ Sem/min
Tl e e T e
j 100 e o |5 e | 1 | w00 | s
o33 119 1 a2 6 [ > 100> 100 : 14 0
40 32 | 18 9 5 151000 100! 20 0
| 31 i 21 12 6 100 ; 100 ¢ 29 8
60 33 18| 11 9 g 100 { S 100 ‘ 14 5
¢ 31017710 [ 7 100 | 75 | 3 0
30 | 17 8 5 | > 100 100 22 0
38 |2 |1 5 |5 100 § 100 57 0
47 | 23 | 13 7 1S 100 100 36 0
60 41 | 19 | 10 5 | 100 100 22 0
42 | 26 | 15 9 i 100 100 18 6
56 | 30 | 15 9 100 100 98 9
80 40 | 23 | 14 8 100 58 12 4
56 | 30 | 17 | 10 100 | > 100 | > 100 7
53 | 23 | 15 7 100 ; 100 | S 100 8
63 | 3¢ | 17 | 10 |[S 100 100 | < 100 14
59 | 32 | 17 | 11 |> 100> 100 22 0
47 | 21 | 10 5 | 100 ]S 100 100 0
A—13 86 45 31 65 | 34 | 22 | 14 |S 100 81 14 0
so | B—6 87 39 18 55 | 23 | 12 7 | S 100> 100 67 0
A—3 89 32 20 45 | 22 | 12 6 S 100 100 45 0
A—2 89 42 23 47 1 27 | 14 7 15100 100 37 6
100 | A—4 90 43 22 55 | 3¢ | 18 | 13 [S 100> 100 40 8
B—8 92 49 27 57 | 28 | 15 9 | 100 (S 100 57 6
B—15 97 50 24 69 | 31 | 16 7 |5 10005 100 [ > 100 0
B—13 99 55 32 77 | 46 | 24 | 12 | S 100 | 100 | S 100 25
B—3 99 55 30 72 | 456 | 23 | 10 1S 100|S 100 S 100 21
' B—5 ., 103 54 25 71 | 35 1 18 9 !> 100 | > 100 | > 100 24
100 { A—8 | 105 50 22 65 | 35 | 17 9 151005 100 S 100 | > 100
] | A—11{ 105 56 31 73 | 33 | 23 | 10 {S100]S 100 S 100 21
120 | A—9 | 107 55 | 27 63 | 31 | 17 9 {5100 ]S 100 g 100 29
A—1 | 108 5 22 54 | 31 | 17 7 15100 100 100 9
150 | B—7 | 152 75 37 81 | 43 | 25 | 14 | > 100 100 | > 100 74
| | A—21] 154 83 37 110 | 57 | 25 | 13 | S 100 i 100 | S 100 | > 100
200 | A—6 | 181 91 49 135 | 64 | 30 § 11 [S 100151001 100 | S 100




N

SHEHAIRT A 7 » 1+ - FRERES

300
250 2009/55e¢
B-18 —o0——
A=12 oo
A=15  ~—eopeem
A=} et
| A-13 —=-ee—e
Ll o T S
4 B~ 3 —
A— 8 e
A2l et
A A— 6 —rbme—
150 -
i3
25
2 g (0
B—2. #EABEOBERFE
Do XD D,
log Pen=F+at k, o (3{8%%

181

K—2 OS$tAEEL B EHEY LR LB T 2R3 ol /o b, @ v ERBELRb 2 - L TES,
FEER X 0ERE O & X0 o #R/PETERC X hRD B LFE-5 Ol ebe FEh « BREEAEEYR

T3oT, ok E ERFC X sgtAEOE iKY
ie5, 10 EOREHORERE « 13 0.0426~0.0558 T 9
FRhc L 0BG R s, WA ¢ B ok BT
HEELRAL, BRIEROHAELZEMNTS L85 RL
7o 908~1526 kg h, 25°C AT HETARE, BEEHRR
o BEAR L BBy bH T v —EoEEic AS,
EHIF4 R LR X B eEAE LR BT
X—4, 5 oI,
7

R—5. BEHEE JUBILSC T A8 AR

= 2 “HRAC s
[l * *  ratiAmE
B—18 0.702 0. 0500 1264
A—12 0.759 0.0473 908
A—15 0.900 0.0471 1434
A—14 0.905 0. 0470 1093
A —13 1.028 0. 0426 1256
B—13 1.043 0.0472 1263
B—3 0.972 0.0498 1526
A—8 0.828 0.0558 1272
A—21 1.043 0.0536 1294
A—6 1.122 0.0523 1101




182 £ R B oE R B W

200
a00]-  2009/5%ec
B-18 ~——o— | 4‘ i
200~ A-~12
A-15 -
A-1 7
A-13
1%3 |- B-13
- B-3
st Ba-s
B0 A-2
2 B ATS
a0
& a0
20
P
L
i a /
! =
[a fog Pen=k+ ot
i
5¢ l
2l !
0 5 10 i5 20 25
2 B (%)
BE—3. logPen—i{BH: L D&
100 - T
30 <
80 > ; -
. /\:1,% (]
2w S 1
= W Qe
= 60 -
1 e e
w50 Lk . |
0 ; + o5
< L. iy L ,
30 i of_ g o | 3—5rnee !
< '." e« "l o o/{Cr ;
23 e o0) ol °| 0o
™ [
i0

(050 60 70 80 90 100 M0 120 130 110 150 160 170 180 190
it A i 4 (25°c)

E—4. GFARE (25°C)—gPARE (20°, 15°C) r PSR (100g. 555

(8)

ey o 1 - * e



SREINRIMT A 7 » v+ REARSR 183

70 - |

oo
e .
~~ B0 'Libs )
54 o
9 “p,‘\
] 8z
o e @ /
S ow e, 08 =
en
e 1257 1% «\—“Jﬁ?"/
B3 =% 2 =022 o
o 2 5o .
- st | o °°°/|/]/‘F
& | A LIS |y ooomny e8Pt
o & x — M
19— -2 5 oS ey
_ xxx =g ik l

20 30 &0 50 600 70 80 90 100 10 120 130 120
5 A K (aore)
5. 2PARE (Q0°C)—ETARE (5°, 0°, —5°C) x DBJ{R (200g + 60 73)

[X—4 Tt 25°C 100 g« 5EHOFIAREE 20°C, 15°C D& ARFDBRY, R—5 T3 10°C, 200 g « 60 50
&AL 5°C, 0°C, —5°C DEtARE: DERA R T o by ricin < BEDIT T 5 1 oh et ARG O
FRZ 8% < feho 7ok 2IE 25°C OB DELARRS 50~180 OB/ LT\ %A% BEE 16°C TigtA
B 15~50 ofiffic T ¥ 2. LMo TEHAFEORE i ORBEREC L5 AEORERTHS.

vV = El (63

EA 30 EEFEEMSHATRT A7 > v P Oo—f ] 1 SEEEE X S XU AF BT
<z PEARROER M FIETRIIROUL Thbo

(1) - BBHC IR SIS ARE L HHESIAEN S 5 D2 % C 0 & L EBEEHH L vREE SRR
whR5hs, .

(2) KEZESHLLHLOLHEEL, MEAGRHSKIEOREM L <, EEOFACXEE Lk 005—H
L _ -

(3) FHBHAZH 39 HOKT I SEHTAHED L0 10 HEETS. ThiEREo 25 % ST 5.
O L IFETEAR SR ARE IO L Bz b b o, KGR EH Licd OofFEs o BEfi
L TS RSB Ch b AN TR R T 58 5 5 & L 2R T, IEEEREM LTI
%z Eolse X EREND T L HHs, '

(4) MUrIgcslEshic B—10, 11, 12, 17 OFRFRIMBOFE & HEL CTHEMSP L REL, BIARR
&L, BRBEOHAFEOFLEABCK T EFHLIS Y, ILEFRRIHLTHHEETS L0855, BT, 8,
9 FBERC oW THBIKAEC, RENR s /hEL, EREOSAEREIAECX T 5 HEFEIM I ERL 72D
Bo

(5) {HEES JUSFAEOREEFE ROV CETORBETicol, MFRIRABEH TS & Aol
T3H & EATENTZ, EREABEONE L BEE Ol EREENFE L, AFREORTEROA RGN

9)



184 4 K B % B #t W

#rRis s BiLAC BT 3 BRBOHARELHMT 5 &+ Toffing « —EOHBICAS, BEC X2EAED
A3, STAEOE LD EFE LY,
BEDL DI JISK 2207 (1956) HilMT A P ORERELHEL LTRT. e
TeB ) e AERBROER P EY LM BT HeBMloEy#4 %,
B &R AHTAZ,»TTISHEHE

i
& A B @ | % mEemE oms|owl
I | s8R |,
T N v il o e e ol 1« {8 |
g > g ? g 2, X3 o, un EE A i
60 5 51| cc | MCIICIBC T Rl | e :
: - ; \
- 0~10., — l OLlE 10 LT — 45.0 — — — i {
:‘ 10~20 1 — |10 %@z 20HF | — 5 — | — |suH ; 230
vo{20~a0 ) — J2ozmzonr] — 0 B T — 1 sl os | w0 |oos "
! I 140 2ekb s X _ — |50
. 40~60 1 | 40 38 60 BIF 10.0 BE | 100
60~80 | — | 60 %Rz 80 L — ) — ok -
- i | iz 80 LI Ju: 1‘& B b 5 .
7| 80~100 — |80 %z 100BITF | — - 1E| 5 j
| ; T - i Y
, 100~120§ — E 100%#k% 12081 F | — 5.0 00 L~ . e 210
;: 120~150; — ! 1202 B2 1508 F | — H w0 . 5
1s0~200 — [sommrzoonE | — | B — o i +
| { i P I ! 200
200~300, — | 200%ELX300BF | — [30.0Llk - = i B r
7 lo~5] — | obesMMF | — jmoonr] — | — | o 1
w ! | (U S Y | :
}J 5~10 |4BlE 5%tz 10 BUF 2SMUF[10.08E| — | — | k| 0.5 60 |99.0{ 200 \
7| 10~20 | 730 kf 10 0z 20 BT s 9000k | — | — ik B0 BB B '
Z 20~30 {10L] J:‘ 20 %2 30LIF [ R 800 k] — | — lepip FOOER O OE -
¥ | 3040 {141 B} 30 %22 40 LI [95BI 65,08 E | — | — [3blk
2 (1) AV VP TRATTAL 40~60 SO O 16°C R B HEE 100 DL EAEE Ly,
#E 1. 7A77AHAERE LCEBTA7 A7 74 Y iCowCHHEREF D & L 2 E T 5,
HALRBR I LSSk o R X 50
2. HEHATVIT AT PEOGCTIERAS 7 4 Y EERODIG D EMREE L H
5 7 A v EHROBGRFHEIEE L AEHHOWEC X 5,
AN

(10)

oo



e 7 BB 3 5 pEs (7D

—— WO & B I BT 5 KBRIITIE
R by

rEEE O OR OB OX RS
(e 31 42 9 F)

=] R
1 E‘ %‘- ................................................................................................ ( 1)
I % o & # (1)
B A R (2)
B R (3)
(33 WPOEL-- {3)
L o s (5)
(1) BESROMGR L RHEE : DR eeeees 7)
- (2] BESRSRCHPARSNSCBEORTH-- ~(8)
(3] BESEIF S CEBARNRE GO (12)
v B L T PP S PP PP PP PR P PEEPP R (12)
I # El

EREELEOBE, 55 CINBRBSDORE ST BaC BEYONEcE T s HEOWYE, Butikio
HErafifie e T s REFRS.

EDiebERRERbC L o BB o oL, MBI I AWROBH, 5 -ilIBa LoTlEEL 35
DEFILESEET HBEN DD TOMBE S XonBBicou CIEERE Y Tl

TREEZEE X 2 HEROEH 2 (L EEE NEMERC IE S CEE S s A0KEIVM & e S/ LI

e BASERT B RO M5 O CRUMRMBR ISR A S { A DI Th 5,

FRAC G ST HERRNC R e X B BEROME % Ub ~ B MRS < FREME » Wi L, BT« [
LB NRDERTHR S 25, AXOFERFERI D 0BG IBT->CHA T,

PR IROMEE % T~Uco FHIBTRBVMNEID & LCOREAFF Ity o AR EToSEiomSn L
EREEHEE %M Lico

FEREEN Lhud, PR O OFRGRIR CRARIRIER Tt ) OREF S I OE 0B Le Sl L
BFhEd, BECHEOBECHE L COBE»S oSO EEE LS L5 Thh,

I %# © & %

F ZETKIE & BRI & HAF0 0 5 BB EyMRIIER Xhus () 51505,

R i N P ——
1956.

(1)



186 4 Kk B o B #H OB
a,%=q?tanh 2'7;]1 (1+ Ath osech 4Tk )
(2‘1 ) ( ) hszﬂh (1+ 4zh cosech%ﬁ_) ........................ (1)

Zp=2coth 2’;’ Le

fotiL
a: W, RikEE AR
suffix 0 XK H &5 HT

R.L.Wiegel (19501 ® (L PFLAES 0-03~0.01 DL TEEEAATL h/2>0.15 Thiur (1) {XSmE
LI —HL, BROBHLRALZEDLRA T L8R L,

S LPIPAR 0.039 ~ 0.054 Dx FlVHIIEN O & LT o WEAHTE LT SEREiT oo AHLKE
Boem TEO—EE 1/17 OEFAHIL, BuadBkiaEl 0.054, HEER 1.0sec; ZFLKML/ARED 0.037 3N 1.1
sec, TEARIEAIED 0.042, FHL. 2 sec D 3T THS,

FHE B CRBLE D IRAGH T & o7z 6 & DRl v CHIIEE OIS, S, R L,

C1) % & = 4
BESZORIHE : (U @ ka5 L 2 i L TR

2a(en)

; R | | | R UTco KEROATR BB CRISHIEE (1) DFIEHE 215 % < —

L (Do 7 e BF BAVKERVINE < IS BB B X A 2 v B

5 ) BDHLND,

T T ey TEESOOPEH & RIS 2 DR R A IR B NRIE
e " e DERDBICHES D THIULR—1 o35\ TR
i % % n0z | BIASE DA E VT2 No. 1 ic b TR bR E RIS RATED b
: LN T b v, STIIOREOEE T 0 X 5 7l

N I A BHBII e Lo T b bR keSSl » SHEf
e i o g BT e LR, Mkt oR
raon B VIR OB OEEC I 5 DEEI LN,

¢ H—1 bbb HREEY S 5 2,

I e D AR 0.06 M OB CHKTRC & 5 BEA
: ' x % Y /2 2 0.13 DT NRTEENCIES < (D ORI
' G 7o rX—BT B,
arss " oors o s o ot zshh/;(nm) 2) KEEASLD B 0.133>h/27>>0.10 DT

=1 Peries (D RS bk s A EAH S, £ DR 10 %

2) R.L.Wiegel : Experimental study of surface waves in shoaling water. Trans. A.G.U Vol 31,
No 3., June 1950.

(2)

~
S

|
i
|
%




N

TR EI s a5 (D 187
BETHS, 2 Gy KR N3
o P T=12sec (2(1)_ 0042
(2) mREA m ] (FREma BRG]
6 7 DM CHADFEAELFD, TRCEILROCE W P

—

NEORKMCkT 5 WHHEL Ui, KH Q95 offfic | | I |
8 10 12 12 16 18 20 22 22 26nE)

IhEBRERROER A 12 (D) TEXLND, 0078 5038 2533 D107 QM5 0123 Q131 Q133 Q187 OJ55°h/A
= 5 1
) VSN I 1 FSUS 2) lc“)" fR %02 _
00 = Mseo C{l)az 6033
e =3 {} A
et Iy =BoKEHW TR ‘ R E N 0 IHR
2 i . 150 —T—
=TRSO R *gﬁ/ﬂ* o
) 100 B EMEE
Lo TR L g BIcoh TR (D OFfRfE»s e
112 1016 16 20 21 28 23h()
@) DERE-IL © LAEENS, 0835 2037 0105 QNG D128 0337 Q136 0155 QJGY nffsh/x
B2 Y L A R L b oCliEss 2 i M@ RRY -
Toosee (3D~ 00ss |

- " =3 TR - 5 2ol 0
SRCBED @) I X ST & L ROBEROEH - | amEtomma
2 (D) OFEFNSEFR DS b/ ol TiEEe - . H%
18 NEDES
KEIYE ERE S LIROBNDe TOPDTIEIED g o
10 12 18 16 15 T 2& 28 h )

SR (D wEoHEHEE 0ETE : LCHloBRIBDNE nu § B8 L2132 O3 QUSE GJ65 0175 DI&7 Q137 h/A

ZIRETCED X5 Th B, =—2
TEEERN BT 10}% v NRINER S HE DY, BHELRTL () i@ b i 10 % #/MNEhmeEs 185
25 WP AR AEB AV IEREOT ik (D oBUMNENESE Y Ay RS HBEMELRATHS D o

£3) it & oIZHUE
f25% (19529 OFHEc Kius, —RAEOBEOHERDHONY 1

7= —; ka? cnth kh-+a cos k (:z:—ct)—!—é ka® coth kh cos 2k (x—ct)
i 243 2 ..L_]:, o e
+ 1 Ka (coth kh- 2) cos 3k (z—ct)+

h:H——-—%—ka’-’ coth &h, H=K2E
CHEXBND, Lichio CTHEED Hic st KM DR ki

p= ;lea‘-’ coth kh-+-a cos gt -+ %—Iea2 coth kh cos 2 6t

+; B2as (coth2 Eh+t é ) COS B GLlvveeenseneneaamrerraeessaresseeneeeeens (3)

3) T.Hamada : Breakers and Beach Erosions, Transportation Technical Research Institute, Report
No. 1, Dec. 1951. '
O - EPCHT A (), SRRV, SRBRANEE, 825, Mach 1952.

(3)



188 B R OB R OHH

felfed tal

o QL
o : omke=B%, T3 rishe
o L. — — —F= —

90 ) 6 r ORI ORHMZEELEEL, &
& s P FRSRLCERSEORIY D X5
70 XEE BRE e )
o ~ LEXARN o © i 8T HUER—3 D Th b, Mk ai
0 ¢EBER e o BRAHDEINE, « RRANE 2 b b T
; 3EARY 2 .
40 ST HRSEOBNOEAEC k>R,
30 S -3 @317 2 EBHEOE S XL DI T
20 i) —_— -
‘ ~Z T4 Bhe Lo LTOECH, BRAmRICHES
10 S

o T e TS, BRSBTS S0 B, e

o8 663 G5 on a2 013 AL n5A
NS DT I ARDHRRCRE R,
Bg—3 H—3 i LA oS g o

ELlgbic, SRAIE X BEEME X OIS HCERENFD LMD b bRRDEBOEA RS DR
() ORFMEL D DS —H 2 FHELL 3 B Y OBETHRSE D ORTHE VRS, o
3 h/2<0.13 DEFCERIC B 5T B, 7ot LEHEIE I T h/2 <0.10 2 iphuddE A ERRES oD
PHOHEOERNCEL, STENRSOREI BRI OERCE L TV 5%, - oA IRONERES XoER
T ROF SRS S BIRT 5 o CIIER BRI TRt .

h/i<(0.13 DEF I CEANRS RN ) ORTMH I VAL & LRI R L v il
LY ERPBECTHS Z L% R LT D, W LT Ticht WAE LD BHOHE o LEE 2¢ Lok
a)/2¢ DEIHFAE O CRITHEHETBOF 2 BRURT OREBCBERT 555, B3 Oy b 2 iulis:
Enc AV EBEOH I, WS SN EREE R IRE LIS a0FEM X ) 10 % BERE kLo rEr
5B,

F 3 TRERG I ORIEO R M OBRAEIC X5 Th T VL LTty Tinh bl sHE
b, BT X BEHREOELG 2R D,
H—4 BEEONBEOREY Lb~cd o

4 5= 000
1y % B, LW CONM « 2 W D BAE
a8 CORH B L OHEEKE h/1 23 LTRER
%o M—4 1@ ISR
i e im o082 LThs @ LA B E HEIKEE
asof- ° o T =1lsec $=0039 BEEAEE LS b, HEAEIPI
| x T =10sec 3.=005%
- RN RE 2 LR 2RETEB, =D
020 f-
i -l' . HERCIRETEAE 0.054 s XUt 0.042 o
022 Lt 1 RO T S B | —X'—I WHIEDIE M B X h/1=0.13 T3 b

i) i3 1 ]
008 we 012 o1 a1g 018 023

"4 FHAES 0.039 oL h/2=0.16 i

S



T e Xt . AP

i+ e

Y

R a0 (D 189

DD BOFIEL0.054 DR Bl & FiuL, fBo 2> EIAE 0.042
£ 0.037 TH D T OEIBRD TR E Y, LndH—4 wHRDLNBINS B 007

20,

008 |5 Y
DRI DEESWD X5 hbNb, SHUIREICER<LEHTIED s A //"
2 SO Tt 45 & WM & FHAIRERTE & EERTER RIS L e ;jfﬁ?
BELERLTUDOTIISD 5 2v0 H W, Iversen (195219 35 L0 guuz T [menma
ki (195519 EEAIRIR 42 AUSRED 2T SEERE A o 1]

BERD R J®

ARECE, 2 BELE OSSR oRI I SR FREL 5, D 1 2 3 & 5 & 7
ZhuC LR (19550 D (RBE FE oM < BRI E P am 2 Ry K—5

RELDOIIFELIE-LRH>T 5,

HEOYERCE, WA TENGR LICHEORRSHORE SIT4H 2 biz v/, EBANC XA
b hieotest, R—4 KADHRSHHOE CR TR 0.04 HhEFBERE 1/17 oBaoiiois
BT 1 DOBERETL B Y EL D ONREY X ) Th B, dUki Liut, IHEAR X BERINYAE & ok
X—5 O HF2bR T b

HFEHOFERIMIESGE 1/17 (3°20) ThH 1D K—5 2554 e 2 & BERHHFAEN: 0.038 ¢, EHmaA
0.04 DR CHECREREEC HS >ic iR

EREBMCE LT, BN & 5 UM R OB LR S o - 2 0RLR T B, B
4 BT AUEIRED 2 EOERAINEOETIC LB bIvCE ), ChrROBMNE LR 25

bhibhs o L —H LT3

1 oDFRTEAS ) LELDLNRD,

il BEo®H

ST S KBS R OBBWIHT LR R, Tiobb—BKEOKRZ BAERE T EET s & LT

OEE Vs BREY RO, Lo LITE CH7E b IHRIc S 5 B i SR < el iiiEasE IRIRIBEER X
350 L UM EAY, RSB TEC 5 TR b, LorbBoiiEn#D b haBicio T 5 FICHiFE
V) DEEHLAL-CIEE Lol 0 P AR TR D o HHE0E & L) $illbs & LA Tl & s oGl
OWH&KoVTmﬁmﬁéﬁbﬁﬁﬁtﬁ%%¥ﬁDkLT%%%m%&xLo CEFR € L AE T B

F i< b BRDEEC Lo T HITIE 2 o DWRE D 2 LAMLI TV, D 103 fERE (spilli-
ng breaker) Ci b, {15335 E (plunging breaker) Thbo BEBUTTFAE I\ 40)&%,-;
255 BRI Th FRBRINRC R T H —RIERbID . BRE TR OTRAEN A S Vi
BRI OFH VNS CEB TR S BEoB R L DS

BT o COE S ORI E O T HEf D A%, BEEE ORI CBITEEERE
U bEET s BHCHEAES T 518 E s, S0 L) Bl LoEErpiionEicEdcmflicEE 15 L

5) H.W.Iversen : Waves ‘and breakers in shoaling water, Proc. Third Conf. on Coastal Eng., 1952.
6) OKEE—IR ¢ BRoikosH (1), RPARETYERS HBIUE 195.
7 M, %5, BA - B X AREENOEE, LARABRTEHNS I 1055,

(s5)




(G-I

#—1 ~
(sec) a (em) | a (o) Cm) | (emy | 2 | 4 4 2a
1 y9 0.9 8.4 6.0 | 2.4 | 10.0 90.0 | 119 | o111 | 0.003 : 0.714
2w 1.4 9.7 6.5 | 3.2 8.8 |  130.0 0.92 ;0063 i  0.070 ; 0.670
3 1.7 10.6 | 7.2 } 3.4 100 18L.0 0.94 | 0055 | 0.059 | 0.680
4. 2.0 7.0 | 4.8 | 2.2 7.9 1910 113 | o041 | 0.037 | 0.774
5 1/17: 0.65 5.0 35 ! 15 | 6.5 50.9 .80 0.128 0.098 0.700
6 ' n 0.70 6.1 4.2 L9 8.8 62.8 1.44 0.140 0.097 0.689
7w 0.70 6.0 4.3 1.7 7.9 60.5 1.32 0.131 0.099 0.717
8 0.72 7.4 5.2 2.2 | .7 69.5 1.58 0,168 0,106 ; 0,703
9 . 0.74 | 7.1 | 4.8 | 2.3 9.4 69.1 132 0 0.136 0.103 | 0.676
10 . # | 0.80 6.2 4.5 17 8.2 72.1 | L3 | o1u 0.086 | o126
1o 0.90 | 6.8 | 4.8 2.0 7.6 | 80.2 ! 112 0.095 0.085 | 0.706 S
120 n 0.90 “ 9.8 i 6.9 | 2.9 ! 13.3 | 100.4 1.36 0.182 | 0.098 0,704 2
LR 0.95 9.9 | 7.0 | 2.9 w7 L 1022 1.18 0114 0.007 0.707
u o Lo 10.8 7.5 33 1 185 ¢ 1150 125 | om7 | 0.094 | 0.694  H
15 ¢ v | 10 10.5 7.5 . 3.0 123 1 1109 | 117 0 o111 ¢ 0.095 | 0.4 ]
A Lo | 9.7 6.5 3.2 | 12.9 13.0 ! L3 | 0l1M . 0.086 | 0610
17§ 1.0 | 9.8 7.0 2.8 1.7 108.6 | 1.19 0.108 = 0.090 | 6.714
18 | Lo 7.2 5.0 1 22 * 7.0 8.8 | 097 008 | 0083 i o.694 I
19 0 » 1.0 | 10.7 7.5 | 3.2 4.1 ] 116.9 | 1.32 i 0.121 ; 0.092 ! 0.701
20 | i 108 | 11.5 8.0 3.5 ! 4.7 . 1302 | 128 | o113 | 0.088 0.696
21 | L2 8.5 6.5 2.0 | 9.1 120.0 107 . 0076 |  0.071 0.764
2 | n L4 | 8.8 6.5 2.3 . 8.0 133.0 0.9 | 0060 |  0.066 ° 0.738
2| # L7 | 8.6 6.2 2.4 | 8.6 i  168.0 | .00 ' 0051 |  0.051 0.721
24 » L7 1.3 7.9 3.4 | L5 | 189.0 1.02 0.061 |  0.060 0.699
25 | v | 2.0 | 8.0 5.8 2.2 8.0 194.0 | LO0 © 0,041 ! 0,041 0.725
26 0w 2.0 ‘ 10.3 7.5 2.8 9.8 | 2120 0.95 | 0.048 0,049 0.728
27 j v 2.0 | 12.5 9.5 3.0 | 182 | 2450 ¢ 1.06 0,054 0,051 0.760
mL z;~..1.1-§Tsznth
s ! A

g

S |




TSR BT B B (D 191
CoHETORZ E L HBEELHE LS,
01] BRESHOBHEENEE DS
FENIAAL 1/9 3 KU 117 @ 2HOHECHL - CiFbitic LS OMBARNE v 0.04~0.10 OFhc
Holenb, HEOBRCALNLHEORA CRWHEY BESTHS LEL b5,
TSR IR LD T, 2D B0 I OBIBAIE 23K & OBIR4 RoR—6 R Lis, Y5t

HRES R OB

2 1 1
ak coth kh-+a%2 (coths /eh+5) +dawe (cothe kT cothkh) 21 e (3

fex U e h—gg=IT. 2=

L BFEECE D,
0125 -
gt e L
/‘&n .
aes o 18 i
: LB
N 00 Vs i a2 J
i= I € s ma
oot & ° i= 12 DS =l
NE R A i=T ok . L -
002 / | | i [ KR T =T oy
2 a8 . x
0" 002 008 006 008010 012 QN 016 QI8 01 002 203 06u 005 006 G07 Q08 003 W0 01
—8 1

MROMTE T, BEARSEETS LTS, K—6 bbb HR g 1/9 054 L &
1/17 D6 WIEHRATERI AL NTTH L SESHOBBE 1 —H/LTw-5 2R 2 %,

PG B OMRIKEE H/2a T bMBukE : B <5 L oK aEI XoT E OBt 0%
B—7 wR Uiz B—7 OSSR ESHOERE TS 2 BRIV S  lool & ORI KEEOERER

e BRENTIX 1 270578, SENH SRR OBIRIIFL To 5 BIRS 2 5, Bio, BECI S/h0iboxits

DTHERE LTHRE ISE2TWB 2 TRx B, LOSEEIEEART X5EBaRbbhiky,

R—8 BB DB LA (a1/2a) rEKEE H/L x DR
55 RHOHMIET X IR KESHOBBRE T (@ »bRkoic

[
28
LD ThHBo 00 ]
a 1 ka 070 -~ i i
1 = I PRASEEN'{5) 1§ ¥ 4 73 R R TR TP
o= (105 coth ) (4> - —
fow U ay=#KE Lofilion s

)5 A
¢ 002 002 nos 008 010 032 Qif 016 018
2a=E =—8
FEOE EFANSERE H/2 /S kB o TERMT 5 BRI : T ss, ToOEIEE
L HYKREC, K-8 ORGCFRIEAEOFELRT D CH5,

8) PIEAERENICET AEE (O, ETHONEEAE (13 i) 235 50 CAROM FET 5,
C7)



192 + K B # Br # &

CDZ -3 WABNDHHE D, FRIEA S
za{%m)_ BOB BRI L V8 2 SRR ORENAE <
Teh & b BECTHIShi o 2 ChoC, BAKERT

DOEROL CRBROP T B At LR 2 2

8
RBUMRDIZER EETHDTHD,
5}~ P =
iois BLERA BT, S8 1/9~1/17 BEEDTHR O
2 : I e e s s oo
&E~0008 Bz, B RS RO REIE OB TS Tk

3 1 1 ! ! 1 L] H U . - ol wrs v vl
53 83 12 81 91 53 108 fi7 H{m {ELHNALOTHD, BTHOFOLTCALRLENE
123 155 186 176 185 181 202 210 A (o)

2035 0021 O3 DS 0039 Q05T 0053 0855 £ 2 55 XU DERI L L HIT v, FHIHOH

=9 | TE ROMER S YRR TER DS T B iedicis
—IEI TR DIEHAC % O A THEA b B BT B ’
T B AEL ) B OB EH 0T < B OEETKE b/l <0.13 ORI B % o FUSTRIE RO
CRWTEERE L5 L b2 LS 7D, —offoloPe il LT o REEMmN L TF<
P oBREE RN 2B FEAHECLA I,

O RS AR O SRR T Fe B CiFoic X DISHICHL X TR X 5o

(2] BEASRSRCHEBAESM B0

X—9 iBEAE 1/9, Bl 2.0sec, THIITHRE (2a/2),=0.008 7e 58 /e IER B niliac kg
HI R AR OBRICITEE I8 oM FOEF OIS EIL 2R LIt b D ThH B,

M oSRI B/ NRINEE (D) wES<HEETLS, HnbabhaiEmd (1) OFFSMEEHE 1 B Tik i
D T AR o Cu B, TR B AU 3 1> DL 5 > CHL LT % & 2 2iin s
b,

J.J. Healy (195309 1= Lichi-o TR A5 DB 2 EE L <ES
DAFHECHHE DL T EH OWE 26 ORSHMNEI o 2352 5 » ST

p=asin (gt —kz)+b sin (at-+kz)

DR

=(a—b) sin (at—kx)+2b Sin 62 COS R +--nnevemeemmeeoeerenennn (52
L7 DI 2(a—b) OEFIE I 46 CEBHE LIRS & b B.
(5) EFFTHUL

y=(a~+b) cos kx sin t—(a—b) sin kx €O GF +++--+eerrvoreeereenenas (6)
LigBHDT, v ZEELTHLEE x=w%‘ 3 x=a’5'+~i— DEOWEERLTRER 2(a+b) BXU 2(a—b) T

55 Ehbhhbe LIEMNOTH—9 B THGTEHBOREN L L H TG i I HE OSSN £ 8248
£ 2 DFFET A/4 ClRlFAuEle b ity KEEECRE—8 RRALTH A D TOMHEET 40cm T—HoD

9) J.J.Healy : Wave damping effect of beaches, Proc. Minesota Int. Hyd. Conv., 1953.
(8)




B —

Doe

\

MR T B (D 193

MDA 1T0cm o TE VBRI A>T %,

BAEBE : UCABS 22 LA 20 R0 5 L,

2a=6.60cm, 2b=0.90cm

rich (5) CAUA LTRSS T % » Mowom< /o b RAME LB T X { —H T 5. AHBEKTS
Eaisott (b/e) ¥*EHRLEHTIUE, SOBESEHE (b/a)=13.6 % Thb,

Healy O¥EAC X AISHEARLER LSS BERMAEAIVINE < ies & BHENE L HMKT3. B
ERE 10° (K 1/5.5) OBEROWTHB L, BOARETCIRLE KEOX 5T, BKELE 0.2 %
Erltzhk Df%k\ﬁi%ﬁjﬁkli‘x]‘l,fki&%ﬂ‘%ﬁ‘?ék YL L TN,

TERAE | 0.0027 | 0.0057 | 0.0093 0.017 0.026
BB £ (%) 67 44 25 16 15

¥ 1A OBETAENCK LT BEEEH M KR /KT 5 C nix BRTHESh G, BKEEE
0.01 O UTHHERTA L T REORE CHIEAR 10 x 20° L oI CEH% H LT3 10°
BF e HEOR NI KBRS T %,

#OE A B 57 10° 15° 20° 25° 30°
B gt = (%)
G s 5 sey 7.5 15 55 73 82 85

H—9 OFERTAE 1/9, THKIAE 0.008 e p a1 % b0 CHB TN E D, FEEOHEROKER. 1/50
~1/100 AFEECITEOE s\ TE 2 1/10 X v &ie s Y 3FETh Y, BERITIKIAENS 0.01 BTl
5 R DieDT, B9 OER»LHETHEEEOBREC B A MO ML 14 % 2 = 2 3L
FaA E7e<, TEo CRUMNRDERCHE -5 Bl A S0 fEBIEA 14 % BENM BofEr 52, IBIEX—
1 iR LSRR e T UE 10 % BB OB Ao B CETS LERLTIV TS 5,

Ui o3 b IEAR SR T, KRB/ DS Il E B ES R OE L CHE SHNEOB A% H
5 DRE D ABHTH B, OB, OB RONNAHRRERCED, BE L TRRSHEOmA
B 5KETH 0D, HHEA—>DOBE» L M CAHRE  THTAHE42L5 b L 8) RPREEL L { &>
TVBH5Thbo

FEHERRHE D> DBFEPLFET S & Lic B) DEBIIST 5 EHEELROM K LT LLAT,

O) CHIETAHERT v+ v 6 ik

=—8a coshk(hty) —hz)—.8b  _coshk(hty) ;
¢ g cosh &R cos (a2 kx) P cosh Zh cos (dt—!—lex) J

&, g~y coshk(htly) _ _ g cosh 2 (h+y) i
9= et = cos (AR = () g cos otwcoskz,

or

ThHLHMD, TRHLIEEE XS TFEELRD S &
9>



194 + KR B % Bt ¥ %

_ gk . 3~ cosh kChty) N gk cosh k(Ch+y) . CCOS B
u=-E (a—b) == cosh 7L sin (ot —kz) (2b)- roshi sin kxscos ot (8D

v=—%k—(a—b)s—inh—k(h—+y)~- cos(at—k;t)—l———g!e—(zb)«§m-h~k%£%_::y) cos bz cOS gt 9D

cosh kR 4 cosh
e (ot COsh R(h1y) N coshk (hty) oo g o
(a--b)- nh TR cos (at—kx)—(2b)-= <ioh iR sin kz-sin ot ao
gy Sinh 2 (bt . _ ‘ sinh & (h+3) ST AE e
T=(a b)‘sinh T sin (ot —kx)+ (2b)- ~sinh 2% - cos kx-sin ot (1)

Lic2ioT (10), (A1) 25 (0.0) ik FoREE
X=—(a—b) cothkhcosst, Y=(a+b)sinot
CEED 2(a—b) coth kb, HEA 2(a+b) TeAHEMIENETEH B, b=0 705 FUHEA eV A < DN TR
AEEE SNSRI HR LT 5 2 2 8 b,
T 0, 44) wix
X=—(at-b)cothkhsinot, Y= (a—>b) sin st
LisBhmb, FHORVEET -k FHIEO B R LESNEES NS 2 224k,
Zh D 2 KOS FRIEORBMIOE 1 BB T Ch 2 ASHHO R CO BB E - M icic s, #lx
W (A/8, 0) T

X= —3/5‘% coth kR {(a—b) cos st-}- (a-+b) sin ot}

——3/;{— (a—b) cos ot+ (a-+b) sin st}

ricn DT, TOHHEOIL

2(a?+b%) tanhgkh s, 2(a?+b%) ra_ 2(a2+b2) tanh kA
Ty ST T @y St

righ, BEi: =z B DEFB 01

tan 20= - LI -
THEILNBHHETCHS = LMD,
H—9 0T, FlEE v=0 L LETh»SHHic c=1/8 BI = =1/4 Je5 HofFHEL A0, (1)
KCEHET S L—10 a~c DTS,
RCcHBbichrBHE Y, =0 ks ERHEEoMEtl (B—10a) o SFE5HE KHoRV- e b
(R BA TR BYEEWDPE L >TREY, o=2/4 It AREESHOHHTc (M—100) FHBFESH L
T, Shul, BREEOMETHHESTRHL, REESoME CRER R LA i s,
BNRDER TR, Y ORSTEHOMMIO B L i 2 DAL cothkh THB b, BHEHHOK
FEHUE» LRETRL R % L BESEEONE «=0 T
(10)

i



BEEHICET 55158 (D 195

Fl-2
2a=63¢7
2b=08¢cn
h=750m

B3
20.=59¢cm
2b=0gcm

- - h =g95em

T=20%8¢

BE-—10 ¢
_ (a—b) coth kh
coth &h= —aih

Th D, BIREEONE x=4/4 it

_ (a+b) coth’kh
coth Ah= e

Ligho M—102 (z=0) DHEICITHLEEL 124cm CRHEH L BEDOEM 150 cm 1< 63 20 %,
ERIFE DT Do FRE—10¢ (z=4/4) DEICIHLERD. 260em CREOKRHEDH 198cm
< B30 % WEHNEIe0oTebe Lo TEBOGBEEI RSN E O MR cREM B8 LIS &0t
HHEX D 20 % AELJeh, BEXKSOMETI0 % KELLoTBH1FThs,

Morison s X 0¥ Crooke (1953)19 %% 33K, AEH X OUEE (1953 1) MEKRAEO PR BT
CRKFHDBRPEDE L DETHC S5 bR BBEN LD 2 LEBRH LTV 52, Chb o EER oMY

10) J.R.Morison and R.C.Crooke : The mechanics of deep water, shallow water, and breaking wa-
ves, Tech. Memo. No. 40, Beach Erosion Boad, 1953. .

11) S.Hayami, T.Ishihara and Y.Iwagaki : Some studies on beach erosions, Dis. Prev. Res. Inst. »
Bull. No. 5, 1953.

(11)




196 + R OB & OB OWE

LTI LES X S eibhs, FXER—9 OflicovnT (8) CAEHEEEH TS &

z=0 OfIFE Y tmes = 37.2 cm/sec
=28 DT TCI tmec== 44.4 cm/fsec
z=2/4 OFFE L ttme: = 32.3 cm/sec

i h 2 OFITEIE B3 5 HHORASBHY VK Hbbha T X Xics,

(3] BERIARSECHEEAMmSAE MEAOFIR

R—11 (3¥EAR 1/17, 3 1.0sec, FHRHAE (2a/D0=0.066 DOBy& D Pl ibED Wisd kiR
TLOT, ERIENEDESRIES S HEMTHS. HEBRAE 19cm OfiFETitby b/10.16 OF3
CREPNEMERC X AHEHEE X —BL T30,
b AR E DTSR 98 10 ey

% KEWEZRLTC5, 12l

= DB A IR A X W O R B
CHTALEENTH S, L > THEELE—9 D
BEOWM BRI CHROEHE 2T ~&EH0L
% ThHhH5 . PHE—9 O /4 2~ETiado
¥ D LRGSR L BEMESS Lo bivievys, BEH
B O 2 DI b Ft B8 2 DRFH OB & ASt
& OYIRE TR TChS 1B bR B,

v #®

§01~ - _j~ o
KI?IL’F—E:E‘%

8 i=1tf17
T = 10sec

81" (3®)=0065

Al ] i I L 1 ] i

10 {2 14 16 18 20 22 28 H (e
923 986 1063 -11.7 1167 1215 1251 1288 A (om)
0169 0320 0132 0138 0154 085 BI76 0,185—';—'

=—11

&

298 1/17 DENE % HoKEEC SV OB BT B HBRITV RO L.

(1) EETAED 0.06 LIT O ClKEEC & 2 Bz ke b/2220.13 oA el B/NRIIERC
s (1) ROFEME X < —BT 5.

(2) KEMNX DEL- 0.0137>h/4> 0.10 oElicsCiEE: (1) OFHEEX Vi 10% Kefs,
L LESR AR OANG X BRI O T, B RROBGEHCE B OEBRRNEDAOERLBR LT
WhrEIBRS.

(3) HBEEEIBEIATS L L ACERRNE: UCoBRECEIET 5B A2 % TiabbRiiHoR
S CHBEAK Ll ooy, BERIHVNEDERC X5 EHEMX Y 10 % B35,

(1) WEOWEL Tk LAt (ISR & b It E/NRIDERC X 5 {EX 919 10 % K 2ics»bEREE
GIENEDESR LAV U YELWEPESNSE TE S 5,

(5) B BRI 6 7 ORI CHRISE LB 2 IR R U TR & B BRI 2 BRI oS B ok
e 2HE Uico Fhic X5 L ERR L b, EFBUEEG ORMavME { 2 olboERERES oRbARE
<, TolEHE h/2<0.13 OFE B oTL 52 Litbhivok, T 05, BRKROEE SR

(12)



BRI B85 (D 197
< HX D IGHEILAR D BB T 5 © L AR LTV B FTERFRORNOKBIPIRC L >TR
FEEERS T, WEHHT R YBERAERC X 5 TBREBOEIE LR Do
(6) BOIWCKT 5 WBAROEEIHROMEAOHTEARE O bits, WESE 1/17 Tffokcd
SREACI BT 0.054 35 X0t 0.042 O CRBIEORMAS h/1=0.13 ThH 5K LETAE 0.039 o ¢
12ERAE h/2=0.16 KBDTu iz, T IUTIBIEARE 1/17 OB IHAE 0.04 OFSERC ERO DR
BEIFET S 2 2R LT ETH B,
KEAER 1/9 X Y17, 2 BoRc sy TR oREE L i
(7) Tl oRR» kS OB L T 5 &, FALOHAN S X ORMEUKERIERE T 5,
Lo LR OBE FRIEEREL DAE {icse SIUIERC LA ORGERDC R CE 2 HREO
R HEBNEY DR Chok D EAbLPPINHE Th B ¥ AR X B ORE AR OHEH
TIRED Lot
(8) PNEDEHE AN BT CRBOKES S VI AR E RO BB AR, EE»D O
fj%fﬁé‘%wﬁ%é o EfimrD DR B SCEEOWS L/ NENERC X 5 X DI 10 % HREES,
(9) BFWHREET, KEREORAMHEL » A S b hivs WHGHE b ORI &2 fo B HE
P X >THETESL L5 Th%o

(13



—-~——




38 B O B R AR B3 B A DT
— 4 SEEBERE—

amyE T # R
(R 3L 4R 9 )

2] R»

o 1 < ST e (1 D)
I B+ (2
(1) FEHsuc B RAd Ok - -2 )
(2] EArZEh v — MR OBIKC LHEE e (3)
€3] 5+/29u—&§%ﬁi@ﬁékhﬁﬁkl»CE(&E%(BR ------------ (3D
C4) SEHHACIHT 5 HHEOHRHE OBSRZEFT)--- oo (4
(51 w— NELOFEL OB L (7))
T BREEDAR e (8
- (1) HREEPuRROBE--- (8
T =R - 9)
3] SR BB BRIE e (10D
(4] 2BoBEOREEE---- (11
(5] FREOPR oo (12)
(1) EEEEr LT Lok (12)
(2) BREERDR L BRI OFUELREL (15)
(3) BEOEF-- (17 )
(4D BRERERIEL-----vevsessssseessens s (19
G = o)y A R e 20)
(6) B ORGSR L SN L OB = 21)
(7) Fif XHHBIK HREOFRHHOEL - (21

F§ TG Ceerer e e e e 22)

¥ Z B &

TP KURAE DRI 255 <, Lo KIUKEE B O & UORER S DN Z 4o Eelnd

%, BRHLG DL

B ETT 5 B

d B e — a7, AR 397 BIO Yy 7 A7, B0 “RAT A, B

mmﬁﬁiaLrﬁ%f@éoLm%bﬁ@fﬁ,éﬁ%&@ﬂﬁﬁ%uﬁ,%@%ﬁotw

cm%#oﬁmiﬁmﬁ%ﬁmwﬂz@@&é@%imt,iﬁﬁwmlbﬁ%oﬁ%&m#ofxb,a<m

@ﬂED%E%ﬂELfiﬁﬁﬁﬁmé&lﬁa?a:anﬁf&éo:nméﬁ%mﬁﬁﬂévtﬁm,%i

Fhe X baamL i

S ORI SR Th D Do

@ﬂﬁm%ﬁ%mn%ﬁﬁﬁﬁéukﬁ%ﬁﬁ%&aof,ﬁ%ﬁ%m<5&1,ﬁ%b%ﬂn;a%%i@

SXBOTALLAE L, FRRONTEFAOELL FIRE,

a(mﬁiﬁﬁ@ﬁﬁﬁ%ﬁ@ﬁ%@%%ﬁm,vb@%%%kmm(%ﬁﬁ)ag&ﬁﬁ~Aﬁiuoou

1)



200 £ R B O% B o H

SREIHFELRL TERCS L, O RS Ch 5 b S BRI TRERRORSL R ZT 5 0T, Bk
DHEEE LOHEHFC R~ DRIEEBRL TUBo

A B L0V BB L T 1 BPR ORI C 5o, ALRH OB HNOME - oR e
XBEHNOLE L, BHEOHES IO TORBEBEAEC 0T B,

I 8 K =%

(1) Bl 3BEL0EE

L TTREDORR L LIS, El48Hoh, BREEOIA S DR OEASER &, Fuhil
HiPSicisy TR 29 PR X DR TR T o T MK G B,

?%iﬂﬁﬁﬁm:m VT R R I TRE S 2k B0 TR D, ZORELRE27E) O — AF o4
T C, Casagrande OFFEIC Xy MH KL Tk D, 2Ok 25~30cm DORRELr BBOENLS, &
BEPPH 2 3R L RIEE T D0 S0 b Kt o e Vo & ORI SEEIEIHR /< C, IO E A Tho D
T, BREOSKETEHICOPELTIC, 80~140% DEBHCE> CHEELTH D, BE»D 70om
COREIFC Lo TEREIHEEC T e T2, BELD Atterberg limit 12, LORF2H 55 Unigs
LieWCHEBT T2 &, WDO8kRc o TAS R D, F- 2 2EHE L ey CGLET5 &,

LL=114, PI=55
ThaH, ThEFETS

LL=154, PI=60
LieBo MIRT 2 L e #HBT 5 & 1 OARETERBRVASGRBCH B2, HTFKRMTEMEEE T bk
Erd 2m BTFed ), FERIE 30~40m Tha, & OHHL : < CEOBBIC - T, MEOXH
b, HEEOBOL XA 0w CREMNHEE S 2 L A%,

B B CrdlfEk & b, BRZERE: LB Ui s Lic LTk b, EHl: Lcohe
BRRL 0B BAEZZBBL LT OLUARIMG v — 2HDETHOT, SREIFLIC LD 40~80% DESER
WihBe =Dk Atterberg limit test O » & iid, WO EKE X L OEAELT 525, JIS BHicnT
Ik, BEEborUDERERL SRR Ts &,

LL=64, PI=31
Lieho WRNOHREIC 55 &, BMLPORAIHORKRT, BR2HMADTCIELF, kB b
Iso T Do RESHTORBC 15 LERIIDHATEIT X b LHLBERAF S b s b, S
Dige D, KUK THDERZ DBETHH S tEbR3,

TR 351 5 REA B IR L ORI ORI F—1 IR T L 5 D Chbo M1 Mic SR T 4, B
HRRIB LR R B ORED 2R T 0 Th 58, WHIK OREEMENHRNT » 4 R OBERI D 5,

1) BTER : “BREO¥ 7y a1 v LB B0 38MEEORPic oL T ARG 92 &
(2)

v



FEAES, DR RS e B4 5 S 201
LEdio T bl b2 B0+ ThH5 2 L tban o

100 5— ' — g
=
| L 1~ =
f" - 1
8
> 7
e 171 s e
& A A // g //
A
50 V4
L] - / //
. ety
= L B
34
// L -
ISP BRY 1
=7 g
2 ' Peg o
[ g AR b
i ! 1 i -
Yoor w7 W WE @ 0 [ 06 65 16 1
| B R (e
Bt P22 | By

BI—1 R E#ET 2\ OFH & ST B0 5 (LRI L ORI S TSR T

(2] BEI%YD—-LBERELOEKIC LB
TR A U O OFSEOEEC, BEia b1 30cm FOBKEEND, Al 7w BB PR L T, CBR
FEETT O, TOBBIN—2 CRT L5 ThBo &

DIRCE R BIRAKEDBED CBR %, SR 1 /
4 BRKBLIIEGD CBR AL Thbe Hic s ~ 8 S—
BIREAICIG S CBR pkfkS UL Eom AR, KB 2
BT L L DIHYLT CBR i 25% froT 3 O i
VB2, BT OB MAIKERC kBB A D inv. < Z% . ’
DEWC 50T CBR D/ S EiFEORRE], Ayl E o
BEEELL 0T, FORHOMKE Ao § ol
DREIHIE LI 0GB, ° 0
CHIE XD L, BREDHRGARNAS VL (272 2 B 12

cBRGELa = BN, BRAAKE)
BREEL TwvD) 2203 FCHnTix, CBR Offigk B—2 BRI Bk Lc3E o CBR oM
BEETIRIRPUIE L 2 HHo Tl Be % b (R
C DR BIRE DY 7 2 ¥ BT3P E L Ten T BDT, 4 HHI DR B Gl Fsiic k BB Liny Fod T
BAH3,

(3] BKIZY A—LEBERELOXBLRHICES CBR 2388 CBR
bR IEHED A E 5 O CBR #5355 2 213 X <HAIbh-Cu B FRESEEEIC BT X AR

2) DL EOich A Th S,

3)




202 + K BF

nTD, CBR #uc X AHR L LB L < —F(T 5

% B o# B

2L T BB EED (Shear Strength Method) 2\

3 BTN Bo W MY —ERRRC X VRO T, TOYEFRIEISAL LT Kok L

DRI PR T B AR TH B,

3az

Tmax= P Kty s
—BHEREERR L VLN AT (kg/om®

AR Tmax?
Pt XAvopspEs (kg/cm®
a AT OBEMEFE (cm)

2z : PRELEEESE (em)

W)

............................................. (1)

WXTEZSE (12,0001b. $BEE) wBT5 CBR oFFHliEss, H3ESvBHE 2% CBR », HU&EH
B L FicR CES 28 » T AEERED 215 (—HEREED Sl LTRRTE, B3 ERIR

20 ‘ —
i !
)
Ae-1s : Lt
L o
E3
s
= o R-Line
2 g
B o
] &7 x X
E (=]
! 6 e
o Flane B, GHEEKE
o x

xR BCBR

L ! '
4 6 & 10 12

car UGB

§—3 CBR » —EhHEAEORER

CBR kb 1.9£0.3 fEhFvlHicicoTv 5,

BEELNS D

Haf RELIERLC BR&KkE oo CBR
» —EEHEREE (¢u) 2RDC, @—8 Ok ®y b
Fhut, OHCRLAX 5 Bl b, HEhL<
R-BUz D> T Bo L L CBR » —EiHNEHE D
B I XEITREN TV 5 X 3 I8, RN H RS
EEh T2,

AR X B S, B8 CBR 2R LIBED
EX rHEHI—ETIievbhTuwb bl
BA®, BEIAD v MEHEEOBT, FEu
KE O ERESKECBITS CBR AR, D X
LT B, = OEICLy, B CBR il &y

CBR SREMCELL 7o G 5 Ak, ELS7Zoy A ofF 5 Jikds 1O CBR o 38E %575 BtExfr5
&5 ABETHONa, EESoLCH LR, FETIHREECRBETT > R&ETHDI A, B
B b ey T3 1 5 A awi, EROBEnc k), 3 CBR k) LELs TeERER IR L THARSK

BEOE » CHREBRET A HEY BGEhEEbite
£4) BAwHCE 3DREOHELOR

FXIFN

C EROBEHEC, TOMEEOSKEDTEL, Lichio THREOIIFNOEE B & 21T, SERRHEE, X

3)
4)
5)
6)

=3 Boussinesq DA TChbBo

H.M.S.0., Soil Mechanics for Road Engineers. (1952), p.416.

WFEL : SEEEEoREkcoL T LATARRES 92 5.
% ¥, Armstrong, C.F. : Soil Mechanics in Road Construction, (1950).

(4)

4



RHEIR ORI AR BT 5 AR 203

CHES LORFOBE S 2 RE 5 ek A BRI R B, MRS < W DR ERPET BTtk
HHES S HEREN TS5, KL TSR 2 RERBROBRC b 2 5< b0, Spnc LN
BERBRLTCTOBRC L 25D L D 2E) OHEA DD L LIBROWETY, ERESRIC 51 55
HEO&AROBEMc X ), ZRIPERT S 2\ ) WRLEL I ARVIED, BRADHERL 22 7

ZOBERC BT, BIREDOREY 4 AIRB S8 Tor bBIERRTT5 CBR ta, SHt-oRELi e
AD B —Bb oL LI HRCHD L) S LAVCE Do LinLEEE 4 HEIKE S22 24 5 HERIC oL T
BT E2 2050, TRELRIRVEGIFESLD, D BRESHFEIOINER L LS 0SH %\

RS I ABSEH OB OFEEKRE LT, 7 va ¥i5 0.1kg/em? DL 2O&KRL L5 2 224
LT, RALRANOEX H E UTHEBRSER . Lo LESHIONES, & < CBHEOS S S omR
Wicies &, BES ICHRROEHAPBCRS T3 L, BHECEE NS N EBEchs DT, SEES
TREDRRECL A Y 27, FHOEERC X 0iax THRELOSKETEIT 5.

R4 GHIRERC BT, R OREEE 2 0em ok

R L T K- 2 M LB eho©, AMMGEEs Y
- CEIRD - BiET 5 e, Bk » BT L < AW el
B RS RHRARL S K5 ChE, L LERORIINCE B |1y
b L BMCHINIBD LCE D, FrbUECr T hRRer S| | o \\, BT
AN LT < RIS S 1 CL B N | g
CBR DRABECR AL 4 HEVKB S5, & iutiii \ i/’;j :
FhOEET, BkIZEN 4 BT T 72 0 L Thuy, =5 12 12 3ﬂf{] 56 7

ST RBINY 79 3 ¥ =0.02kg/im® iic 3 £C, K2 RIL

B—4 ABliciilsE L Kay 8L
BEEEE3Z 22 RboTw5, 9 L LEFEIZE) Du— oK (EERf BT, Bz, RESEE)
BRI 4 B CRBORIZIRASET Uit ChEE—1 i HEEEEs b 550 S iedobiEE DFEEIED
CALE T ERRE 15 4 HHPKE OB & D CBR 3, H8 1 O848 2.3 Th 5% HRE7KE OB& o CBR

13.3Th5, THaEKBOWY DAL, BHIEEL DI 10% SKEIS . Lo LEDBRS KT

F—1 FEpZflhic k3 CBR offf

= @ " o ™ %
3 oa | WEmueE W o ALEEVE m EEAE

HErde it | " : ; =
CBR !E%%ﬂ(ﬁ; 4HKE | CBR |BMAR&/KA 4HKE | CBR |[HRE&AE 4HKAS
Wo&T | 109 | 49 | 40 7.2 l 3.3 2.3 3.2 1.5 1.4
H ORI [ f 8.0 | 3.8 3.2 4.3 2.0 2.2
- 7) Proc. 3td Int. Conf. S.M. and F.E. (1959 Vol.X, p.181 BF.

8) # B : “koVsva v LERE”, SREEATETSIENEEE S8 (1956,
9) #%# B : NS

(5)



204 4+ K BF %2 Bt @ 0W

XSIFENE D B 10% fEAAE < eoTk D, CBRIX 1.5 @io T %o 0¥ DEARELE o 3R 3ER
LT, i 4 BEKEB LT, BOBREKES CREESKEI MM LRV DThS,

DX 5 i KUREOREL T, 4 HEABOBEIERNC Lo T8, e >ds5
BHrEY, BERORREKED S WRREFHFNT CBR B k5 4 HEVKBOBE X ) RENADE .

LichinT, ok ifHin il s 7onw3Ec 4 HEKB Lic CBR FEredTy, Thic X hEEasiELE®R
Ui s g, BESEAY Shoow s s (RBBEREE LoliE) THBMY, BRIIck-TS,
o3 RoTHNR TS Sy biess, FERBROT LV, SEGHE LTRET
B LABTE S S,

Fidh Uis & 5 il X o B8 4 HDKE L7306, %hic X5 CBR il LA X b RGZEEms
B0, HRESKENIHTOBETE, ABCIBBENHE Vi, & CRBHcLoREY ATHR
K LR T B Loy BRI i o SIS A0TSR S s R E O GSIE OB SN AB 1
BHrEIXIDNRD, LMo TIDES fp‘%z‘ec{i, BRI X DL LD dH ORI BPIEDOWTEEL TR
X,

H—5 RISRAAKIE 3T, BEICS L ICE S - 0 BREKRE S5 CBR 2lE LicRER LT
VHe CORIC YD EHET, Ik, FHiKXoTEKEIFNT 5> T CBR oEn P L TED,
L e BB OHER /NS efflic e T Do

o, BEEI B ICTERTARELEDY 7y s ¥ L SREDPHIREIR 6 WRT LI o T %, Z0H
[RTIBH ORI WG, FY v A X5 XUELGE#RLHH L TER L O Ch S,

H—5 @6 #HAGHET, ¥7va ¥ 2T CBR oBffeodud, B—7 exTXiik
BEAEbND. & OREARSE, HAL B IO &b, & CERBRCAOT-2, HIRIcskds CBR

DEME 0.8 13, B XD ECOEEHER (F2va ¥=0) LEDBRA—EL T2, HE T BT,

\

YoV
&
»
}

08
6 1 B2

21 2 K-

® ~ #wrI|IwT -

@ 1 6 L5 - 06

B¢ S oo < R

- Y ow

& N

5 U o

= S

A\

2

o~

m

(9]

02
0
€ a0 flik} 126 1r
& x 350h) :
O &) 169 10 i}
s x % (%)
E-5 HRSKEX CBR oMiE GERID E—8 BELov sy s v ESKEOBE GERID

(6)

=®

[



et

SEIEE DM RSB s A 205

FHRDISEC X DBOD 2 HCET, EHELETIH @
REDTGTUL, CBR & il Ficlooi-flitis

U MR TERGTE, 2751 v=0 T3 (] ¢
CBR DFEiitiov 2%, LH - OfORAEMHA T & m “‘J

LBITe B & o B, EERREE UCi/ME

g

[

=

. X/
/; ORI 0 - -
/ x wan 24 ;t\>/
-

/_..___._ . V u5 00

K

\ :
RWERBE (gl
~

N

cBR% (A s nu BB, DA EKE)

% }RBIHA
l\fﬁ:,'\ BEm ' - ’7/0
- 0 0.9 0.4 06 8 0% : ] ‘
¥Iv3v (kg/cm’) o 1 12 |:a 5
RBERNEE (o)
B—1 BHHEDy 27y 2 v CBR oig E—8 ﬁq;mﬁi%@m%”z’&&ﬁﬁﬁﬁk
BRI & OB

WY ¥ =0 il 75 CBR=1.2 D5 b DLIEETED. LichioT, SEOREMuL, V7
¥a Vi 0 DfED CBR BRI L EL TEF LG X 5 cBbh519

(5) A—sHtOERLOBRTELRE

FEfn 29 4RFE X DIET L Oy B 3513 5 AT, £EOLTHRC X5 EhoO LbEDpE ks
Lico BERHERL » ~ 24 CcHhoT, JIS X 2 B FBRORT:, BRES KR 48.8%, BAEEEEL
1.68 #/em® Tl b, HARSKEIBIELI X 512 40~80% DEHEHNICHBo

FHEOMBTHRIC X 2 ZIFHE » BMNEEREOREIE 2 2T X 5 Ch5. BOOHC R ra/rmer

B2 BEHETHCY 5EED LbFEDE LB

® I ® ' : ) @ ) = ® %
Ty ! = B ra/rmaz EESiEs A

)3 T % BB L b oS (e/om®) % Ther/ o)
AFEEHL | 50cm 0.78 46.5 0.13
e | PRon: | v 101 60.0 0.23
FTrxxHl | ” 1.05 62.4 0.47
FrrElit I 30cm 1.02 60.8 0.42
FARUHL ] #) 5m 1.28 ‘7.6 0.76
BaibiT Fy YA -2 | < ) _
B ThodmEpE | #6m 1.39 2.8 1.25

100 ERSFHIIRRNCM i L 70, CBR ORFHlSE T UE, -9 it X5 chnn, &
Frofcdizi, BEBE LU, SyRDEISIPI Fﬁﬁiﬁﬁzﬁﬁi'f% rixlETCEA 5,
Lo €, MEnobdc X b, BTy EER T LABETCEH D,

7))




206 4 R B o% OB #® &

3, re RHET LB OFE (I I o< bhvtuisy) 25 30em TOFEEERYH 5 L, rmaz (3
RED OFRDEENDRO LB REEER LR LT 5, REBHIHEE A 3 EHLEG I Dz, b ecil
CTleka 7w F—F—CEEMLALDT, FEH UL BEFEEShS3D2ELbND, COEL VY
PR : BN OBRA R T K-8 wRT X5k b, BETInIBETIc X5 0n LHE
DELREL, BELILRTED, BLHRE LTHE LWHOTHLLZ LiH1 5o

I B2

(13 BEEREFROHESH

VIV PEEECL T AT 4 VR, KBAMEO LCEBRL TS - L3RR E T, KRR
PSR E U ) ORIRPRZIC LIHERS, BRIl TV Do 2 v 2 0 — LEEEL 7 27 7 2 D RERC
i, HRRIRELANE D TESTHBDTC, BEREIC W TOELFIERERHTED, BEDLIHa Y
Y 7 — OB G REBENR E RIS R S e B 5 JIS o TTUREBIR o e 72 & BTEL DR EY
FAORED B D TH ST, ED XS HHET, YR OREDEL LS, W HOEI T, ¥
DEFFHIMREANNT 52205 2 2 hbro T,

Liehio CHERC B G, BNAHBI L HERDEC, o4 YA E3e i CHBRELY 5 D, MR
BailE L Chd, BRI RRNEE DL NG ORBENRECL S, FRTORER VI V-~
FMROES R ENEGHECH S0 Z PR LTI e b ity BRAL S WVIHIE LIcAR L HH X 2 Dk
AV I Y- MROEECHOT, BEEFRETELHEIGTDE LHRGDTEH DD Lichio> T—IHEE
HHEEL XS LT a5 Eew, HROBEREYTRIRVERY, 72770 R (obiid) SZEoFsthky
HERT 5 LrFERIE .

T A7 7 A VEEEEGE, T A7 7 2 FREERAEEIT B DRI 3~7.50m ChoT,  DREHIEINC
REROBBAE D Lk, SEHEC XBBHCERTS L L EREREThHOT, 2V Z Y- RD LI
EEHECERT 5 BRI I Lo THEC XS T 2 Eiud 3 & L THREDBERCIE T3 b0 thoT,
BHEThh T 5 AMS ORFIHRGEE L REOREIBEERD L5 b T5L0ChD, TDLBIIND DRE

IEBOELNBERRC—ETHB D, BREOEI LR L 23D 2Er (EX L, Wkl 2
CITTAE S —EOLHAEREETH B DT, T ATy~ P REBEOBE IS T O MBS S,

TR GHELRET H AR OHENEBEIN T 585, KO 3E) DFECKTE S

(1) BEroTHRROERFHATIHO

= DRI b DR (G 1© Lk CH-T, FIFRRBRET by & & SIS 5o

(D BEEOIERBOBEENETS b0

1) ©—18 KETFORBME T T. 0L 5 e — X DERC LD, BEEORE R By ShsChs
Jo
12) HTFER ¢ “TR7 0 FREEEDE XDOFE, 4238 Vol 4, No.4.

(8) ’

i
:
!
i
,




are

e Bsnieind o

-
P ——— Y

SEHGE OIRRER N BT 5 TR 207
ZOREM DL Dy, BAFBROBEELHAT 5 CBR ki, BHCGRBOBRELHAT %L S
D, x<iz CBR S3BEHRC—HEHHBIh T, CBR #5577 4 LDz v ¥k, ¥
AFIVIE, IRV R ENDD. BAFERET ) Hkohe CBR ¥ watts, = —vEHllT5 4k
LEZINR T B,
(i) BUBFERRRIC L 35K
= DRERL S DL B F Ak Burmister OREROEELYHB TS D255,
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BRI BT 5 RETROEINC LU,
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Zbhse Tiebhs ’
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10 0.67 . 68 | 06% | 10 | 037 0.49 1.83
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FAREHEL S OEBIC OS5 TR Do L L, U CRROMITY ik &

WiilsE Lo (MDD 13, oY AT oihvTs b, BEOL

= Pz
. £ .
HPHEIRP LTG5 Z NI 55, BIRE (AED OB 3 2 it =
7 -t
o /2 2 —
BimE<ooTuBs, Wk B & A inkbis hak logoyx | 57
t

DEFE o g, TR IS & L BEREAER .
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@Y, WTEEAUNE <leoTh b, Fhucheo CHEE X BHEOTHEAROE I AE (leoTbo FlFIT K
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1 B9 31.5 18.5 0.589 | 328 2.6 853
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