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Theory of Orthotropic Elasto-plasticity with Volume Chang and its Applications
' ( October 1968 )
by Ryuichi Tida

Synopsis:

This report presents the new theory of orthotropic plasticity, especially about the relations between
the increments of plastic strains and stresses and the criterion of yielding on the orthotropic elasto—
plastic bodies with volume changes. Based on these theories, this paper presents the solutions by
finite element method, and the applications to sands, rockfill materials, soft rocks, and foundation
rocks.
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Bearing Capacity Calculation Diagrams for Shallow Foundations with
Inclined Load in the Two Dimensional Ground

(February 1969)

by Keiiti Komada

Synopsis:

The bearing capacity of surface foundations under inclined loads in the two dimensional weightless
soil is calculated and the bearing capacity factors in term of g/c are shown in figures for practice.

The resultant bearing capacity is obtained from the sum of the following analytical solution based
on Kétter’s equation and the minimum passive carth resistance due to the soil weight, derived from
Sokolovski’s numerical solution.

E B

TWTEAHIRIC B B AR O FEMIC MU HITLLME A § 5 A ORBREHE A MR b L SWTEIE L, LIRHE
EHMEORE IR~ F 4 - 5 & LT NRER Mol & 5 icBRELI,

R PDROFINIOR O AL L AR, O BT E WIBHEA LT X - TR B A s o

& LTk, Wi Kotter OJFEROMNIMA G, Hkiz Sokolovski affitf#AFifl Lic,

F4 7~ K GRUWERE, BHEE, BB

|

1 i i])‘;g- ............................................. ( i )

2. {FIFER AT A REREE ST e (2>
(1] WEoHTEBRLERD

BIRE R e ererevmremmemsenncnsnnnne (2)

1. $AMNE

Pt O ILRRICTITA HIRANC (S B IWH, JDRRC
REOE B i 5. FSRPHliE R LTI, HRCEs
WL EOHAHEOIRIBR LoD, TOLEDN
A, PORMEREICH-T AL Db, Lic
Mo THME RS B RO 2B, MOBR
WRINBIC A LT 5 oTiediug, faiaiiofsts
BAZLERIS,

MOHEOL BB LGy, FECRLECE L
CHERSE A IEM, LA (RO EHT (C o HsReiE e
Bt s) sl iie LT+ s
G. G. Meyerhof? o Jighhi—Biiiv-bBh T,

© IR AT A AT, LRSI
T B ATE ISR £

R
(2] JGEO M L 5 RS oeereeees (3
[3) AEIHE e ereeraereenemnemrinnesssanans 4)

TR I S A i i e B LT,

G. G. Meyerhof?®, Brinch Hansen®, E, De (Beer‘J i
FOPRANH - Ty CRENRCHEABRSHE IR T
%, botsEicE, Terzaghi OO EFLORER
LCRBIEAD Okl L O MR bimske @A L
THRBIIHD OHR ERDB S,

KICIE, HENROFERZ SV LTR, Bk
S RO IR KT B LR, WEOBTRYE
BLCHO HWEM L, WO BT NS L
Yo TAEFH NN EOME LT, XEHEEFL
1o BHERNL, TATHMEEROMTER T h 5 Kotter
DI BDORVTH HIRWY, FHINEFE I Sokolovski
OO FIN LI,

FEWIT I 2 R T, SHEfE
T BEHM LR - C, WRIEEINFET 584K

1)




98 £ Ok B O®

13, PIEOMGMmCHT ook, RO
RERRRL 5 THEB D, HEMITHT 53 NAT
BB LS, —FMEFI, BT XU
ME GEEEEE) © 3 ooTioie LTEHFEI5 &t
TEICV, FOCARNTCHE, RIRGT SO0
Wkt 4 — 2 - VTR, Sk s AR
FREAREL, FRfTsewEE L, Chbo
FfEry, HROAMAERTA DT TOMENT
Hh, ThIRX 5 ToAWAlicilhfl O RHT &
BN T H R B IR &g s o
BURamD & LMNTED, icBICTcoRlomiE
%, WEEFISEARLUCBRAOEGORBNEE LT,
WD EALES® ) ORI LTV 2 &M
T&5,

2. ERWECHTSERIEN

(1) HBOHBEZEHLBAOERZERS
HBOBAMER Y c kL0 d, EREEY &L,
FEEORANERD LR L OB EBIFE LRV D
&5, ERHBIEEO W IEEMEACH B LE

T 5o
Hifteod HEAVRV B4, Kétter-Massau 0528011
®O L OATHEI D,

1 1 doy , O
Feotd g g5, a5, =0

1 1 8oy 3P
zeot 5 3s, — 75, 0

CECtR-le AT RS,

St
/ (%1 3940

)
t\‘;/{ &

=5,
("EZJ"{'J%’?)

y
(o =

Q) MEE.

7

(b) JEHH
-1

7o Ik SERTRIR RIS 3 B 3R D 3 B — L DIET)
Riw it = -0 iHoRL L BBRE
FEOZEM & DU, gg=c-cot $+1/2(ay+09)
(t/m?)
¢ L RIBIIOI M EARPEE D TH (5
7%
Sy Spi LB ICHI 29RO ) BE (m)
c: Jiks (t/m?)
¢ NIEBEEIRA (1)
q: ERAE (t/m?)
BT S 51 508k s X O LRI T O3iks h
TR S D & &, H-2TRTL 57220
EAGOBLEEN IR SR D,

Y

[T
-5 180(7:@,)&' . e
i =-2

HSRH RO AL BB L T 0C, ERHHETO
SISO DAO ¥ X ORI T 0= A O ik
1% OBC HOIGHRIBZ A EhE LY, LichiaT,
BOBODFRADIEIREL S A BLOK BO%h
CRESE B, ThOO[UDIEIRBERLTE -~ 10
IS HE O & RBEEHER 04 M L OiEEY R Eh
Oga BLU ggn &T5,

BAPDLEB 2 TTR SR EEL S,
(DRXD

1, aa,,

+2 tan ¢ BS —0
DG, L‘tilﬁ%ﬁi’bf}n& A b BECHRATS

k’
" B
LULOd,,‘F —~2tan ¢Ld¢ ..................... €2)
. g-on=goA.e2(z-¢3)tan¢ ..................... (3)

= ADIEHF L DB BT

qu=_c'1Ci’gi—i';q. ................................. )
CHHEPH(IE(LIXLEND

q05=% UEmGEIAR S wererereererinn 5)
LR S,

ERRSTRC RN T BIE0E, WiloBEIfY 0 &3
& é’l [Z‘So—);'.“j\ SP 0)[‘5&’2'@%%)[50

WEDIMES LOKERG L Ch p/B XU pr' &
Thg, B-3mbBLae L oie, ROMEAELR S,

c2)

R A i

S i




SRTEHEAR IR B RN O ARE 29

pS=0,6(1+sin gecos 2(pp—n/2)] —cecot ¢
1+sin gecos 2(¢gr—n/2)

=E'C°t¢[ I—sing
X g(z-$pdtan s’—l]

. 1+sin ¢1'i°:ir21§;bn—n/2) «giz=gpltan $

+q

=ee Nyt qe Ngy «rvrerrsereracnnens srevsearees (6)
14-sin ¢+cos 2(Pp—n/2)

w=cot g T—sing

X ¢Xa-gpltan é—l]

_ Lltsing-cos2(dp—n/2)

= 2~ pdt
1—sin g rgpitand

Np

Il
br'=0qnesin ¢rsin 2(¢z—1/2)
sin g-sin 2(;!13——71-/2).

=gscot P+ T—sing eXs-gpdtan $
sin ¢rsin 2(Pp—a/2) -

g «gXa-¢pdtan $

=Co Nt e Nap wooeerrermersreremmmemnecneees (€&P)

Nen=cot ¢ S gt ¢'§T52i$1¢;—ﬂ/2)

Nan =M§_——Llleg¢;_ﬂ 2).gi(x-¢u)tan [

FERSIETT & 30A% & DOMOR ANER R B D% h &
U ¢ Bkt ¢ Ldnl, HPEETCRELiVid
OEROEE 3581 300 LKFER & 0T
ail, = ~ADIEHFDESN G, @/Dr+6/2 Lish,
LT, (6), (TIROFINL, 7/2=¢ds<(3/Dx
+¢/2 TR L v,

T eH0 Ok E, (6), (7)NEMEHRITROE
BYELT,

«gs-9altan ¢

[3:/=C' [N;v"l"'g—'qu]

P ( 8)
Palel cet
Nu—N,,_,+——Z—Nq,, ................................. (9)
BIO
ﬁnl=c-[Nm+%th]
Z@eNp wreversemerorsserssenentessissnsonsassses (10)
folel:o)
Nn =N,;.+%th .............................. an

Eie c=0 DHPAI
Pl=qelNy woreve
DA'=tan el ceccrnsnnsnsnsneiiniinia.

N, i1, c+0 o & &Hish L LRWMICBIT5 A

HBIRRT, ofc #2Ex TER LR R-4~8icR T,
#1 ¢=0 OBA/RYL No=Nyg L7z, ZOEED
N, OftiaR-9md,

£ DIFERIZEVT, o0 OBSITIHHEOEAA
0 L RIS HONE LASER £ Ol A fr L OB
A ESRVLDT, ¢ REEL s & o' OFHERT
fev, TEOHANT,

: .
tan o=—pp':—,=%’: ererereeerreeenensnnsterees ad

1B X o TRd B, H-4~8IRCDX I RHET
fER L b O TCH 5D, inssElbo 1 SR
CHRITARARRTLOTHH, F RO
F-1RT,

(2] iSO EECXSEHNEEN

HWROBEE b EDLTRTHIFNOLERL, Kotter
DFFERROFAER ¥ IR il hudin biru,
DLy AEtSE DIE LI ERARTH DY, —i
RO AE YR LG A ORERE AE X B4
I E ORI L LT, SMMCERNEETS,
DA IEHE IO, RO AERER LSS
AOEMARRT BTNV B EEBRO T REA
U, oY RN & LTS %S E T 50
H—fCdh D, Terzaghi % Meyerhof 3 [ U 25
Uicd’ T, [N EREL, FHFIRE Ny &k
Wi,

Z &%, Sokolovski ORHDHB 7 4 EORBRE
SR bR TRo YL, B-4~0 L&
HlaAbe TN T I e T 5,

BT & B REM IR % oM ETH L,

p,”=%rB’N7 .................................... 15

Ph”=%ﬂ,” AN G oooeerermnnrsininninnanscnann(16)

3>




30 4 oK B W O#OE

/

if

-
\

0 04 02 03 04 05 06 07 08 08 10 N1 12

tan 8
-4 Ny(cH0, g=0 p & &) &5 /77

1,000
800

600
400

200
150

100

0
The

25 heton ¢ =tand

i
-

| E7\i

6 04 02 03 04 05 08 07 OB 08 10 11 12

tan 8
B-5 Nlg/e=1 oz &) Rkw5s757

TEbEh3,
o rt RO B R (t/m®)
B = RO ATEHETE (m)
Ny OFH5IEER-10 2R T,
[3) Akxih .
[ CHIRHeR LG, (8)REAS)AE A EHET
BRI RSB,

(

Flebb el 0L ¥
gr=q'+q,"

(17

Qh=go taN O scoreremiec i (18)
EiD, i e=0 DL EL, ADREUS)RERHL
LZEHET,

4)




e ey

RETHAA N T 5

LT DT 31

1,000

800

600

400

200

150 Sg50

100

80 <0°

357

S0

< NN

tand =tano

\X" LY \ ) _

(R

—
Ny =] Sl
—
"l

\%

0 o 02 03 04 05 0§

tan 6
H-6 No(g/c=2 ok ¥)

07T 08 03 10 11 12

ZRDB ST 7

1,000

800

800

400

200 1 o

150

100 —
30 0

dong=tan g

IS AN

0 01 02 03 04 05 08
tan 6

B-7 No(g/e=3 0 L&)

¢&=aq'+q"
—ch+';_TB’Nr .............................. [61)]
qr={y EAN ) cererernrcriinritcineieseeniivetiinenee (2())

ieh, T
¢ BRI H HNEER ) (t/m?)
gt EOWINED & 2 0AFS (t/m?)

(5)

07 08 09 10 4.0 12
ERDB VT 7

B : EBEOHEE (m) 2L, B'=B-2e
Z i ByrdLEiE, e WIEO ROk
7o OB ARIE (t/m®)
0: HmotfA 0F)
3. &M

AL, BT 5 R R A IO MG




32 oA B o OBTOW

1,000
800

600 1

400

A \
150| ~]| : <

100 M
80

60

1]
VI/T
‘\

}

\

\
2

I}
]

M o: S
— N LS

0 o1 02 03 04 Q5 DB 07 08 09 1.0. 11 12

tan @
H-8 N.(gfc=4 DL &) #RDB/F7

1,000
800

600
400

200
160

f00 |

6 s Y
') N \

75.

O R N e i

—o- ™N_\IM

ton ¢ =tano

5

ST

oot

3

P

0 o

4 02 03 04 05 06 07 08 08

tan 6
B-9 No(=Ngo, 127:L ¢c=0 0L &) ¥k 77

HObOREYFR LSO CH 5. SRHEILYTS
Huf i ot iy, Bl d REINC LTI
& R, Tkl RARFORSIRONR b Ry,
SREHFEHCHT HHRERONE, Houwd, Wik
B L BT X B g OmREL eSS Kotter
DHBAOBERCK L EOBIEORELH T 50 DH

MW Ths,

10 11 42

fesANOTRE, AMUEESSEEOREIE N
D EA Lz ERNRL, S THMEI
Wik ATIERTREMERK, MERERSBRGIT

BifloTrERT 5,

6)

A




ZRITEHIARH R T B AR S D R ST S 33

200
160
100 ™
a0
AN
60
40
I \\
20 &,
15 g
h
10 T+ \\
8 5 \\
N AN
¢ 5 AN
a4 \\ \ AN
O
. ENFRNEAN N\
Ny JISTTRTN AN
1 e \ \ \ \\
93‘_ a \ \\ X \ \
- = \\ \\L == —] tan§ =tan @
- an ¢ =ian
04| ZRANEDE -
),1
02— \>
015 N
s/
o1 \

0 01 02 03 04 05 06 07 08 09 10 11 12

tan O

EB-10 N, #k®5 ¥ 5 7 (Sckolovski X 3)

& £ L W

G. G. Meyerhof: “The Bearing Capacity of Fo-
undations under Eccentric and Inclined Loa-
ds” Proc. 3rd Int. Conf. Soil Mech. & Found.
Eng. (1953)

[

J.Brinch Hansen: “A General Formula for Bear-
ing Capacity” Bulletin No. 11, The Danish
Geotechnical Institute (1961)

E. De Beer: “Grundbruchberechnungen schrig
und ausmittig belasteter Flachgriindungen”
VDI-Z. 105 Nr. 9, Nr.11 & Nr. 15 (1963)

72

FIAF=: (RN s 5 030N ELET
WCH & ATE 20 (IF32)
LB 0 THEHRLE A 303 5o
SF AT BPRR) PR, 12-1 (1962)
G. de Josselin de Jong: “Statics and Kinematics
in the Failable Zone of a Granular Material”

- Waltwan, Delft (1959)

v aw7 A%, BE, EEI: TLOoX ok
Rk 2 | A~ sk (IH39)

SRS, AIHUBARRIGRTRNEERS : TN
VU AT AR SR | (FB429E 7 BD




(8)

ve

¢fe=0 gfe=1 a/c=2 g/c /=4 gfe=5
%) | a(%)
Ny Nn | tan¢ Ny Nn | tan@ Ny Nn | tanf N, Nu | tand Ny Nu | tand Ny N: | tan@

0 90 5.1421  0.000] 0.0001 6.142 0.000|. 0.000] 7.142| 0.000{ “0.000| 8.142) 0.000; 0.000, 9.142] 0.000| 0.000/ 10.143 0.000] 0.000
100 4.732) 0.342) 0.072} 5.732) 0.342) 0.060f 6.732 0.342 0.051] 7.732| 0.342] ©0.044] 8.732 0.342 0.039 9.732| 0.342 0.035
110 4.209 0.643 0.153 5.209) 0.643 0.123% 6.209 0.643 0.104] 7.209 0.643 0.089 8.209] 0.643 0.073| 9.200| 0.643 0.070
120 3.594] 0.866) 0.241 4.594| 0.866 0.1890 5.594| 0.866| 0.155| 6.594| 0.866| 0.131 7.594 0.866 0.114] 8 594 0.866] 0.101
130 2.919 0.985 0.337| 3.919 0.985 0.251 4,919 0.935 0,201 5.919 0.985 ©.167] 6.919] 0.985 0.142] 7.919} 0.985| 0.124
135 2.571) 1.000) 0.383 3.571] 1.000, 0.280] 4.571) 1.000| 0.219 5.571] 1.000| ©0.180| 6.571) 1.000] 0.152] 7.5711 1.000| 0.132

5 90 6.489 0.000) 0.000f 8.057 0.000 0.000] 9.624] 0.000| 0.000] 11.192] 0.000| 0.000; 12.760| 0.000] 0.000| 14.327] 0.000! 0.000
100 5.866) 0.477] 0.081 7.379) 0.518 0.070, 8.892 0.560| 0.063| 10.405] 0,602 0,058 11.919] 0.643] 0.054| 13.432] 0.685] 0.051 .
110 5.111) 0.869| 0.170; 6.558/ 0.9450 0.144] 3.005( 1.021] 0.128 9.452] 1.097 0.116! 10.900| 1.173] 0.108 12.347] 1 2490 0.101
120 4.265 1.135 0.266/ 5.633 1.234) 0.219% 7.011 1.334] 0.190| 8.348] 1.433 0.171 9.757 1.532 0.157 11.130) 1.632] 0.147 ,
130 3,378 1.252 0.37L 4.673 1.362) 0.291 5,969 1.471f 0.246| 7.264| 1.581 0.218 8.560r 1.690| 0.197| 9.855 1,800| 0.183 >
137.5) 2.718) 1.238) 0.455] 3.956| 1.346] 0.340| 5.194] 1.456 0.280] 6.432] 1.563| 0.243 7.670] 1.671 0.218] 8.905 1.778| 0 200 -

10 90 8.375 0.000/ 0.000( 10.816 0.000 0.000] 13.288/ 0.000| 0.000| 15.759| 0.000, 0.000, 18.231| 0.000| 0.000| 20.702] 0.000| 0.000 w
100 7.391 0.667| 0.090| 9.694/ 0.785] 0.081) 11.997[ 0.902 0.075/ 14.300] 1.020] 0.071 16.603] 1.137] 0.069 18.2071 1.225| 0.066 *
110 6.293 1.179 0.187 8.402| 1.386] 0.165( 10.512| 1.594] 0.152| 12.621 1.802 0.143| 14.731 2.010| 0.136| 16.340 2.218] 0.132 L
120 5.120 1.493| 0.292( 7.022| 1.756] 0.250( 8.925| 2.020] 0.226{ 10.828 2.283 0.211] 12.731] 2.546| 0.200| 14.633 2.810] 0.192 =
130 3,946/ 1.597| 0.405| 5.642 1.878) 0.333 7.338| 2.160] 0.294| 9.034| 2.441] 0.270/ 10.730| 2.723] 0.254| 12.425( 3.004] 0.245 "
140 2.843 1.501] 0.528 4.344| 1.766| 0.407] 5.845 2.031] 0.347) 7.347| 2.205| 0.312] 8.848| 2.560| 0.289 10.349 2.895 273 =

®

15 20 10.977| 0.000 0.000| 14.918 0.000, 0.000| 18.859)

20 90 14.835] 0.000; 0.000} 21.234| 0.000] 0.000] 27.634
100 12,4990 1.350, 0.108 18,048 1.841 0.102 23.598)
110 10.076 2.234 0.222 14.744| 3.047 0.207 19.412
120 7.732] 2.651 0.343( 11.546| 3.616] 0.313 15.361

000 0.0001 34.033 0.000: 0.000| 40.433 0.000 0.000| 46.832] 0.000
.3321 0.099) 29.147| 2.823 0.097| 34.696] 3.315 0.096| 40.246 2.806
. . . 4.673  0.1941 28.747| 5.486 0.191 23.414] 6.300
5800 0.298 19.175 g 545 0.289 22.989| 6.510| 0.233 26.803] 7.475

4

0
1
2
3
5
142.5| 2.940 1.788| 0.608| 4.727 2.267] 0.479 6.515 2.746| 0.421| 8.303 3.295 0,388 10.090| 3.740| 0.367 1L.873 4,183
0
2
3
1
4

130 5.602 2.655 0.474 3.641 3.621 0.419 11.680 4. . 4. .553 0.3771° 17.758 6.520 0.367| 20.797| 7.486 0.360
140 3.78l1 2.338 0.618 6.158 3.139 0.518 8.534] 4.040| 0.473 10.910| 4.891 0.448 13.287| 5.742) 0.432| 15.663 6.598] 0. 421
145 3.004| 2.094) 0.697 5.098 2.856 0.560) 7.191] 3.617| 0.503 9.285| 4.379) 0.472) 11.379| 5.414] 0.452 13.479 5.903 0.433
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gfc= g/c=1 afc=2 g9/c=3 afe=4 afe=5
#(°) [d8(*)
No N | tan@ Ny Npn | tané Ny Nn | tand Ny Np | tan@ Ny Nw | tan@ Ny ‘ Np | tand
25 90 20.721f 0.000] 0.000[ 31.383 0.000] 0.000[ 42.045 0.000] 0.000( 52.707| 0.000] 0.000| 63.370 0.000| 0.000| 74.032] 0.000] 0.000
100 16.938] 1.974; 0.117) 25.836f 2.895] 0.112| 24.734] 3.8150 0.110] 43.633] 4.736/ 0.109| 52.531] 5.657] 0.108 61.429 6.577] 0.107
110 13.2200 3.153] 0.239) 20.384| 4.623 0.227) 27.548 6.094| 0.221 34,713 7.564) 0.218 41.877] 9.034] 0.216] 49.042| 10.504] 0.214
120 9.803[ 3.610] 0.368 15.374] 5.203| 0.344] 20.945 6.977| 0.333] 26.516| 8.660] 0.327] 32.087| 10.343] 0.322| 37.658] 12.026] 0.319
130 6.852) 3.483 0.509) 11.047) 5.115 0.463 15.242| 6.742{ 0.442] 19.438 8.368| 0.431; 23.633| 9.995 0.423 27.828 11.6220 0.418
140 4.455 2.964| 0.665| 7.533 4.347] 0.577) 10.610] 5.729| 0.540 13.688) 7.111| 0.520| 16.765 8.494] 0.507 19.843/ 9.876 0.498
147.5| 38.083 2.415] 0.796| 5.448) 3.540( 0.650| 7.863| 4.666/ 0.593| 10.277| 5.792] 0.564| 12.692| 6.918 0.545 15.106] 8.044| 0.533
30 920 30.140] 0.000; 0.000{ 48.541f 0.000] 0.000| 66.943| 0.000| 0.000; 85.344| 0.000] 0.000| 103.745] 0.000] 0.000) 122.147] 0.000| 0.000
100 23.799] 2.970, 0.125 38.539] 4.685 0.122] 53.279| 6.400( 0.120] 68.020| 8.115{ 0.119] 82.760f 9.830 0.119 97.500} 11.545 0.118
110 17.906] 4.564] 0.255 29.244f 7.198 0©.246! 40.582| 9.833] 0.242] 51.920] 12.468 0.240| 63.258 15.103] 0.239 74.506{ 17.738] 0.238
120 12.777f 5.026] 0.393] 21.154f 7.928 0.375 29.532 10.830| 0.367| 37.909| 13.732| 0.362| 46.286 16.634] 0.359] 54.663t 19.536] 0.357
130 8.581 4.6721 0.545 14.535 7.370] 0.507] 20.489 10.068| 0.491 26.443| 12.765 0.483| 32.397| 15.463] 0.477| 38.351] 18.160! 0.474
140 5.3561 3.820| 0.714] 9.441 6.025 0.638 13.531 8.230] 0.608] 17.620| 10.435 0.592| 21.710| 12.840 0.582 25.800| 14.846] 0.575
150 3.024) 2.746] 0.908/ 5.770{ 4.331) 0.751] 8.515 5.916; 0.695 11.261] 7.502 0.666| 14.007| 9.087| 0.649 16.753| 10.672] 0.637
~ 35 90 46,124 0.000( 0.000] 79.421; 0.000| 0.000] 112.717; 0.000{ 0.000| 146.014] 0.000{ 0.000| 179.311; 0.000! 0.000| 212.607] 0.000] 0.000
© 100 34.9941 4.6431 0.133] 60.498| 7.894| 0.130] 86.001| 11.145] 0.130 111.504| 14.396/ 0.129| 137.007{ 17.645| 0.129] 162.511| 20.807] 0.129
110 25.250 6.834] 0.271f 43.931) 11.618 0.264] 62,611 16.403] 0.262| 81.292 21.188 0.261| 99.972| 25.973| 0.260| 118.653 30.758 0.259
~ 120 17.2501 7.210] 0.418| 30.329 12.259 0.404| 43.408| 17.308; 0.399 56.487| 22.357 0.396| 69.565 27.405 0.394| 82.644] 32.454] 0.393
130 11.072} 6.421) 0.580[ 19.825 10.918| 0.551 28.578) 15.414] 0.539 37.330| 19.910 0.533| 46.083| 24.407| 0.530| 54.836/ 28.903| 0.527
. 140 6.588 5.029 0.763| 12.201; 8.550| 0.701 17.814| 12.072| 0.678 23.427| 15.593] 0.666| 29.040| 19.114| 0.665 34.653) 22.635 0.653
d 150 3.545 3.463] 0.977| 7.027, 5.889 0.838 10.509, 8.314| 0.791 13.991] 10.739] 0.768| 17.473| 13.164| 0.753 20.955} 15.593] 0.744
; 152.5] 2.973] 3.082] 1.037| 6.055 5.240{ 0.865] 9¢.137] 7.308 0.810] 12.218| 9.555 0.782| 15.300| 11.713[ 0.766| "18.382 13.871] 0.755
: 40 90 75.314] 0.000j 0.000 139.511] 0.000| 0.000{ 203.707| 0.000| 0.000| 267.904] 0.000{ 0.000| 332.100{ 0.000] 0.000] 396.297| 0.000| 0.000
100 54.642| 7.639 0.140 101.308( 14.049] 0.1309! 148.075 20.458| 0.128] 194.841| 26.868 0.138| 241.608] 33.278] 0.138] 288.374| 39.688 0.138
110 37.4971 10.711) 0.286] 69.961| 19.699| 0.282f 102.426] 28.687] 0.280| 134.890| 37.675 0.279| 167.354] 46.662| 0.279) 199.818| 55.650| 0.279
120 24.366 10.7671 0.442 45.812 19.802 0.432} 67.258 28.836! 0.429| 88.704| 37.871] 0.427| 110.150; 46.906] 0.426| 131.596] 55.940{ 0.425
130 14.850) 9.135| 0.615 28.310f 16.800) 0.593 41.771| 24.465| 0.58G| 55.231| 32.131| 0.582| 68.692) 39.796| 0.579| 82.152 47.461} 0.578
140 8.3731 6.816] 0.814| 16.399 12.535| 0.764| 24.425| 18.254| 0.747| 32.451| 23.973) 0.739| 40.477| 29.692| 0.734| 48.503| 35.410] 0.730
150 4.259) 4.472( 1.050{ 8.834f 8.224] 0.931| 13.408| 11.976| 0.803| 17.982| 15.728 0.875 22.556} 19.481| 0.864| 27.130] 23.233| 0.856
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Studies of Skidding Resistance on Road Surfaces (1)
—0Ordinary Road Surfaces—
(February 1969)
by Kaoru Ichihara

Synopsis :

This paper reports about variation of skidding resistance coefficient between automobile tire and
road surface, concerned with various kinds of pavement and running conditions, using mainly market
rubber tire.

Main contents, 1st general discussion of skidding between road surface and tire. 2nd theoretical
analysis between skidding resistance and vehicle movement when vehicle was braked. 3rd measur-
ing methods for skidding resistance and details used for our measurement. 4 th analysis of various
skidding resistance coefficients measured in our research, 5th correlation between temperature,
vehicle speed and skidding resistance. 6th minimum requirement value of skidding resistance
coefficient of road surfaces, 7th countermeasure for skid on road surfaces.
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) No. E~V RFAKMRETD 1LDXIH],
TEME TR b BESEOTL D EHRRETHD
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(4) HMBREREROT~YEREHOTLR
=-4.1 HEOT D EEEAHIEM
WS N, EHIER JBRETTEE
MEAE S 42. 3. 4~6
WA WREAORRTE
B®OBH ARGERAEE EEER
bl E BB EE S I B o RO GEE B ECC) " v
B bl H 4
55 4 | 20km/h | 40km/h | 60km/h | B B 4 & y
1| As FpiEn s 40 (50 o8 12.3.4
o Co s 36| o0.601 | 0.469 14.5 | 15.0
(0)
3 ” s 40| o724 | o.616 [$0) 00 | 185 | 15.0
4 P s 31| 0.633 | 0.498 15.5 | 15.0
5 w S 35 0.480 | 0.442 | 14.5 | 13.0
6 | As mrigET A=y s 39| o0.83 | o621 | 0.5 | 14.5 | 13.5
(55)
a P S 39 0.675 [ oo, | 14.5 | 13.0
7 | As Fpien sao| os2 | o6ez (O, | 135 | 135
8 | As mRIE7 A=YV S 34| 0.933 0.690 14.5 | 14.0
9 » S 40| 0.843 | 0.638 | 0.497 | 14.5 | 15.0
G0
10 » s 38 0.603 [0 oo | 145 | 15.0
' (50)
b P S 32 0.631 09 o | 15.0 | 15.0
1 v s 32 0.613 | 0.551 | 14.5 | 14.0
GOy ,
12 " S 39 0.625 |9 g2y | 145 | 14.0
13 ” S 32 0.777 0.641 0.523 14.5 1510
14 v s 32| o072 | o059 | 0532 | 16.2 | 17.0
15 v S 40 0.709 | 0.473 | 16.0 | 14.0
16 | As F~pifw S 40 0.59 | o0.570 | 14.0 | 13.0
¢ | As mEgET Ay s36| 0810 | 0641 | 0.498 | 145 | 14.0
17 » s3] o901 | o701 | 0.557 | 15.0 | 14.0
18 P S 40 0.743 | 0.641 | 15.0 | 14.0
19 P s 4| o2 | o7e0 | o0.616 | 150 | 150
20 Co s 33 0.582 | 0.5%2 | 15.0 | 15.0
d | As BEET A=Y s 37 0.751 | 0.641 | 14.8 | 155
@ 0.878 | 0.667 15.0 | 15.5
e | As T A=y s 37| 0912 | 0.768 | 0.650 | 15.5 | 15.0
21 P s 36 0.667 | 0.616 | 14.5 | 14.0
22 » S 36 0.641 | 0.582 | 14.0 | 15.0
23 | As mruE7 A3y s 37| 0785 | 0.641 | 0506 | 14.5 | 15.0 | 42. 3. 5
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WED T ERICHTAHE (1) 169
®d i (o)
we| M IT| mmEEGD | B ECO -
P T DY) iy ey vy ey praey
24 Co s34| 0726 | 0633 | 0557 | 115 | 13.0 [42. 3. 5
% | As mEETAaY S3| 0733 | 00608 | 0532 | 1.0 | 13.0
9% P sa| o798 | o679 | o500 | 120 | 120
27 Co s4| o079 | o070 | o612 | 100 | 13.0
28 P s 4| o8z | o676 | o052 | 125 | 13.0
29 | As ®RiEF Ay s 41| o.821 | 0.703 13.5 | 14.0
30 Co S 20| 0.702 | 0.559 18.5 | 13.5
31 | BE r sa| osa | o067 |09 o | 145 | 150
32 | As bk sda| o772 | os8 | o586 | 14.2 | 140
33 " s41] 0782 | 0621 | 055 | 13.5 | 12.0
34 | As BRET A=Y s 35| o076 | o595 | o.453 | 14.0 | 13.0
35 ” s3| o730 | o059 | o438 | 150 | 12.0
36 Co sa| o7ss | o657 | o511 | 155 | 140
37 » s3a| orer | o698 |. 05e8 | 15.0 | 13.0
38 | As BRETATY sdo| o794 | 0630 | 0493 | 170 | 125
39 ” s 4| 0774 | o596 | o0.508 | 16.0 | 13.0
0 | As $bE® s 4] o.800 | 058 | 0.534 | 145 | 12.0
M ” sa| 0819 | o622 | o053 | 5.0 | 120
2 | As mEEET A=Y s 4| o801 | 0.5 | o542 | 125 | 128
3 | As F~hik® s 40| 0.809 | 0.676 155 | 13.2
4 ” S 40| 0.819 | 0.676 155 | 13.0
5 Co s30| 082 | 0668 | 063 | 9.0 7.0 |423 6
16 P s3] o088 | o067 | o60s | 90| 70
a7 ” s3%| o7 | o062 | oeos | 00| 7.0
2 P S35~36 0.691 | 0.659 | 0.558 | &5 | 7.0
@ ” sl 089 | o668 | 0583 | 1.5 | 8.0
19 " s3] 073 | o066 | o616 | 138 ] 85
50 | As Fbik® s 41 0.690 12.0 | 9.0
51 | As HpE7 A=Y S 40| 0.899 0.765 0.578 | 18.2 | 10.0
52 ” sd0| o.827 | 0.68 | 0.560 | 18.5 | 10.3
= ” s38~39 0.837 | 0.712 18.0 | 11.5
51 ” sar| oss2 | o722 | o620 [ 180 | 120
55 ” s3r~38l 0.740 | o.e30 | o0.557 | 19.0 | 12.0
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170 EF N A
£-4.1 (0o5%)
T T B & GRED B ECO
ks A H MR RS 48 [ | 20km/h | 40km/h | 60km/h | B8 W | b & {’% *
56 | As BHETA= Y $37| 0740 | 0.612 | 0.493 | 19.5 | 12.5 | 42. 3. 6
57 » S$33~34 0.657 | 0.516 | 0.440 | 19.5 | 12.6
‘ 58 | As FTRbIED S 41 0.715 19.5 | 13.3
59 Co s31| 075 | ose | o524 | 215 | 135

60 | As BRIETR=2¥ 831~35 0.698 | 0.649 | 0.499 | 21.0 | 13.5

61 z S34~35 0.682 | 0.557 20.5 | 12.5

62 ” S 40| 0.806 | 0.649 | 0.475 | 20.2 | 13.0

63 | As FXOIk® $ 33| 0.698 [ 052 | 0.512 | 20.0 | 13.0

E () ARAY-FThB.

#®-4.2 BEOTD EEAREE
FEHFT i, EEI0SR e
: MEAR S 42. 8. 29~31
WESRME HWREROFERRE

REBE ARERIGE EFHER  IBEERAR ‘
HiE OB oMW B T B ] RO GBED B ECO “ -
Y= o 28 P | 20km/h | 40km/h | 60km/b | B | A K

1| As gHET A=Y S 40] 0.580 | 0.419 | 0.388 | 34.5 | 33.5

2 Co $34~36) 0.476 | 0.425 | 0.387 | 34.5 | 34.5

3| As BRETA=Y S 23| 0.525 | 0.459 | 0.400 | 36.5 | 33.0

4 Co S 28| 0.609 0.502 | 0.409 | 36.5 | 33.5

5 ” ” 0.557 | 0.450 | 0.375 | 38.0 | 35.0

6 | As BHUET A2V 5 31 0.533 | 0.287 | 39.0 | 33.5

7 v ” 0.599 | 0.496 | 0.393 | 42.0 | 340

8 ” S 41| 0.612 0.478 | 0.387 | 41.5 | 35.0

9 v S 34| 0.648 | 0.486 | 0.401 | 40.0 | 34.0

10 ” S 3 0.486 | 44.0 | 35.5

11 v ” 0.560 | ©0.421 | 41.0 | 33.5

12 » S 38 0.427 | 42.0 | 35.0

13 # ” 0.631 0.485 43.5 | 36.0

14 v ” 0.441 | 0.355 | 43.5 | 34.5

15 o v 0.625 | 0.413 | 48.0 | 37.5

16 | As TDED ” 0.460 | 0.351 | 44,0 | 39.0

17 | As g7 A2y ” 0.682 | 0.568 43.5 | 3.0
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we - L] BB & RGEH | B ECO
s | B BB ) 4 1 | 2okmyn | aokmyh | sokm/h | 8 W | 4 & =
18 | As Fepk» S 40 GOk | 460 | 37.5
19 P s 41 Gokm/W ] 40,0 | 3.5
20 | As BRET A=Y S 39 0.398 | 40.0 | 35.0
91 | As mzy- S 40 0.329 | 410 | 35.0
9 | As A—7v s 41 0.419 | 39.5 | 35.0
23 " S 42 0.388 | 40.0 | 34.5
24 | As gHET A=Y s %7 0.460 | 0.359 | 30.0 | 34.5
25 ” S 3 0.565 || 10 | 3.5
9% Co s 35| 0714 | 0527 | 0425 | 40.0 | 37.0
27 ” s 34| 0552 | 0.440 | 0.3%8 | 3.5 | 345
2 " s 39| o604 | 0506 | o0.08 | 415 | 30.5
29 | As Fpik» S 40 0.476 | 0.430 | 39.5 | 34.0
20 Co s 38 0.427 | 28.2 | 30.0
31 As HRE7 A2V S 36 0.576 0.428 41.5 33.5
32 " s 36 0.364 | 0.320 | 205 | 345
33 ” s 37 GoEm/ | 400 | 3.5
34 ” S 40 0.418 | 43.0 | 35.5
- ” ” 0.5%9 | 0.456 | 42.5 | 35.5
36 " " 0.404 | 2.5 | 36.0
v “ ” 0.520 | 0.456 | 39.5 | 33.0
a8 ” ” 0.383 | 3.0 | 3¢.0
39 " » | o | oss2| o464 | 505 | 375
0 ” s 37 0.434 | 46.5 | 3.5
i ” ” 0.527 | 0.229 | 46.5 | 33.5
2 Co ” 0.789 | 0.603 | 0.501 | 43.5 | 36.0
13 | As gRET A=Y S 29 0.604 [SK™/M 4y 0 | 3.0
14 o ” 0.561 | 0.462 | 43.5 | 35.0
5 ” S 40 0.57 | 0.500 | 46.0 | 35.0
6 " s 39| o0.723 | o0.561 | 0.475 | 45.0 | 33.0
a7 " sd0| o734 | o.srs [SOKMI] 50 | a0
8 ” ” 0.684 | 0.5 | 0.331 | 46.0 | 34.0
49 " s 41 0.381 | 0.322 | 4.5 | 345
%0 " ” 0.5% | o0.421 | 45.0 | 33.0
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172 + R W % O oW
#-4.2 (038
e B T BSR4 cEmD B ECC)
gg| T H M %8 i | ok d0km/h | sokm/k | W 4 & i
51 | As mrgE7 A=y s 40| o7z | o055 | o463 | 43.5 | 335
52 P s 41| o.669 | o567 | 0426 | 425 | 335
5 " $ 40| o0.601 | 0548 | 0440 | 30.5 | 32.0
54 » ” 0.675 0.520 | 41.5 | 33.0
55 Co s34 0583 | o051 37.0 | 32.5
56 // " 0.650 | 0.491 37.5 | 32.5
57 ” S'36 | 0.637 | 0.469 36.0 | 33.0
58 ” s 97| o614 | 0530 | o403 | 370 | 335
59 | As BEIEET A=Y s40| 0716 | o539 | o.a20 | 410 | 300
60 ” S 4 0.566 0.522 42.5 34.5
o1 P ” 0.602 [SFM| 315 | 3.0
62 o s 40| 0.788 | 0.5% 43.0 | 345
63 ” S 40 0.584 | 43.5 | 34.5 .
64 | As AFY—v—n S 41 0.620 | o0.518 | 445 | 3.0
65 | As g7 <= s 3 GSEmM 3.5 | 360
56 Co s 33| o681 | 0561 | o0.471 | 420 | 3500
(60km/h)
67 | As BRIET R v S 40| 0.514 | 0.403 mgﬁﬁ) 4.0 | 35.5
0.334
o8 " s 39| 0.5 | 0518 39.5 | 34.5
59 P S 41 0.429 | 0.373 | 45.0 | 36.0
70 " s 40| o790 | o0.620 | 0504 | 40.5 | 360
n T " 0.718 | o.m9 [CRWE] 75 | 555
7 P s3| 0740 | o529 | o4 | 5.5 | 365
73 " s4| 0748 | 0633 | o548 | 9.0 | 375
74 P " 0.769 | 0583 | o513 | 475 | 355
75 P " 0.721 | o0.573 | o0 | 9.0 | 300
76 P " 0.686 | 0.52 | o0.470 | 45.0 | 32.0°
77 ” P 0.718 | 0.505 | o0.474 | 50.0 | 245
7 P P 0.757 | o0.604 | 0.480 | 30.0 | 320
79 Co 0.664 | 0.518 | 0.458 | 36.5 | 34.0
80 | As gHET A=Y s40| 0739 | 0.543 | 0,424 | 510 | 36.0
81 v P 0.770 | 0.483 | 0.461 | 41.5 | 3.5
82 ” s3| 074 | o6 | o602 | 400 | 340
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173

e O M %M B I OB OF AR m ECC " -
f: 33 4 g | 20km/h | 40km/h | 60km/h | B W |4 =
83 | As gRugT A=Y s35| o784 | o0.643 3.0 | 350
84 v s3] o598 | 0384 | 035 | 4.5 | 34.5
85 Co s 33 0.580 | 0.465 | 43.0 | 32.5
86 ” y 0.460 | 0.337 | 42.5 | 36.0
(60km/h)
87 ” ” 0.672 | 0.400 | 030 | 415 | 35.0
0.412
88 ” u 0.597 | 0.502 | 0.303 | 40.5 | 35.0
89 ” s3] o651 | 0489 | o0.433 | 40 | 350
90 Co s 2| o482 | o052 | 0440 | 40.5 | 35.0
o1 As 0.58 | 0.493 | o0.479 | 42.5 | 35.0
92 Co S 29 0.450 | 0.397 | 40.0 | 35.0
9 As 0.608 0.345 | 42.3 | 33.5
WA A, EEunm o PO T O RRRIEEE TS
MERE S 42, 9. 4
MEHRS: HBERORRTAE
il ' . B T 23 S g €1 310)) 7 CC)
5 LA P 20km/h | 40km/h | 60km/h | B @ |4 & wZ
o | As mpiET A=Y s 35| 0582 | 0464 | 0.429 | 35.0 | 325
% » " 0.587 | 0.497 35.5 | 33.5
% Co S 3 0.511 | 0.433 | 345 | 33.0
97 » // 0.521 | 0.428 | s6.0 | 4.0
98 w ” 0.679 | o0.581 | 0.467 | 35.5 | 33.0
- 99 As 0.55 | 0.489 | 0.305 | 36.5 | 34.0
100 As 0.513 | o0.446 | 0.367 | 37.5 | 3d.0
101 | As FHRE7 A=Y 0.604 0.456 0.383 | 37.5 | 35.0
102 " s27| o525 | o0.419 | o0.410 | 37.5 | 33.5
103 w sa| 0.470 | 0.360 36.5 | 34.0
104 Co s3] o058 | o479 | 0.2 | 385 | 3.0
105 " s33| o607 | 0.5 [ 0.392 | 37.5 | 36.0
106 ” s32| 0597 | 0461 | 0.414 | 37.5 | 3.0
107 " $33| 0613 0474 | 0.414 | 37.5 | 5.0
108 As 0.552 | 0.427 36.5 | 35.0
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174 + K WO W O®R B

#-4.3 (o5%)

TE % W% o B I BB ¥ R ¥ GEED B ECC " -
=] % [ | 20km/h | 40km/h | 60km/h | B4 @ | 4 &
109 Co S 33| 0.5 0.477 0.412 | 39.5 | 34.0
110 ” S 341 0.642 0.529 0.458 | 39.0 | 35.0
11 7 v 0.655 0.506 0.458 | 38.0 | 36.0
12 ” : ” 0.722 0.539 0.492 | 35.0 | 33.5
113 ¥ S 35| 0.68 0.575 0.447 | 37.0 | 35.0
113 " " o.68 | o0.548 [BEBW] 385 | 345
114 | As BREET A2 S 38 0.401 | 40.0 | 33.0
115 ” S 41| 0.72% 0.593 0.492 | 40.5 | 32.5
116 Co s 32| 074 0.562 0.470 | 39.0 | 33.0
17 » s 33| 0.65 0.547 36.5 | 34.0
118 ” S 39 0.580 0.453 | 37.0 | 34.0
119 v s 31| 0.708 0.505 0.468 | 39.5 | 340 |7
120 | As HHET A=V S 36| 0.754 0.615 0.561 | 37.5 | 34.0
121 Co S 31| 0.672 0.553 0.488 | 38.0 | 34.0
122 | As FRbDED S 40 0.499 34.5 | 33.0
123 | As v-Es b S 34 0.335 | 35.5 | 32.0
124 | As HHET A=Y S 40 0.628 0.423 | 37.5 | 33.0
125 ” S 37 0.565 0.437 | 37.5 | 33.0
126 ” s 38| 0.652 0.566 0.428 | 35.5 | 32.0
127 ” S 35 0.544 0.400 | 36.0 | 32.5
128 ” S 34| 0.877 0.525 36.0 | 32.0
129 ” S 31 0.498 0.391 | 35.0 | 33.0
130 v S 34| 0.602 0.466 37.5 | 32.0
131 | As FXDED s 41| 0.691 0.557 36.0 | 32.0
132 | As FHIET A=V S 33| 0.630 0.437 33.0 | 32.0

#-4.4  HEOTS D BERREEE

WEBHT S, EEISFHR . HHAPTTEE
WEAE S 42. 9.5

WELHE WATPIOERHFE

BB I KBERRETE " TERE BERERRE
TR W m A B T B BB EE & EE(°C) " -
ige) 4 [ | 20km/h | d0km/h | G0km/h | Bt W | K
133 Co S 3| 058 | 0480 | 0.405 [ 37.0 | 39.0
134 | As BRE7A= Y s 40| o867 | 0.515 | 0.386 | 37.5 | 37.0
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HifioT~ v IREclTaBFE (1) 175

844 (038)
BIzE - B T BB RO GERD i} ’IE ¢e " -
=3 SE 5 | 20km/h | 40km/h | 60km/h | B | 4 & )
185 | As @HIET A=Y s o6s1 | o552 | 0453 | a5 | 6.5
136 Co s 37 0.400 | 33.5 | 36.0
137 g ssa| o614 | o470 | 0358 | a0 | 360
138 | As ERET A=Y s 41 Com | 3.0 | 36.0
139 ” s 37| 0.510 | 0.351 4.0 | 36.5
B9 | aewsn Sdl~42 GSkmM | 440 | 36.5
10 | As BHE7 A=Y 0.51 | 0.33% 4.0 | 36.0
62 | Fvikn 0.641 8.5 | 3.0
A As 0.515 8.5 | 3.0
A D AkD 0.713 v ”
B! As 0.546 37.5 3L.0
c P 0.539 3.5 | 31.0

(5) HEBEOT~YEROHTEHER
) £-5.1 BHo+T ) BEERERIEHE
FESAT B R HERTTRE
WEARA S 38. 12,
TEAtE B, TFRIROWE

RAVE URVF TEEE BERCIIBEEENIEL RS
BRI 520kg
o om oo | R® @ A® HEEAEDD T
& B M2 il
HE | £ H || E H |y | B
15 0.57 0.18 | 0.10
P | 40 0.59 0.19 | 0.08
60 0.49 0.19| —
% o # 15 0.80 0.24 | 0.17
1.6mm DOFE 40 0.61 0.19 | 0,15
37.5mm x 3.5mm 60" 0.51 0.21 -
R I
15 0.37 0.19 | 0.03
T @ ® | g 041 0.21 | 0,04
60 0.67 017 | —
15 0.47 0.36 | 0.10
% ) ® | 1 0.64 0.33 | 0.08
60 0.62 0.32| —
B+ < b 20° .
15 0.49 0.15 | 0.04
F e B | 4 0.31 0.34 | 0.00
60 0.43 0.08| —
15 0.62 0.29 | 0.10
& i 77 40 0.42 0.25 | 0.04
60 0.66 0.22| —
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WERFH UL RBvER, RHEHE GO

A B KEERRBE

+ A B O B R H
5.2 BEOT ARG HIER

JEAR S 30 10, 15~22
TS FRBEMAORS X MEDO B I & 415 fobicfilE L

12 HHLwvio,

EFGR B RRRER A E RS,

HHRWRE

. w5 | & " P B g
" W | # i % | AR | mERE | 21 viEE
RpEBE CRFOmmEZ4 | 15 | 058 0.32
# 10° ) 0.48 0.38
B 20° 0.57 0.33
40 0.50 0.27
£ 107 0.46 0.33
B 20° 0.59 0.26
60 0.49 0.27
¥} 10° 0.47 0.32
# 20° 0.58 0.22
5.3 KEOT ) BEEEENE
ey A MRS
flEAR S 39. 10, 15~22
MBAM: R 2T = DB D720 TR L,
BB AIEBRERT
B oo w2 | % m | & ¥ & i
2 8 |
wo= Tl m | ® | m | & | ssm| wmEE | 21 vEE
ER R RY 15 0.50 0.54
¥ 10° 0.47 0.49
B 20° 0.33 0.40
40 0.50 0.40
B 10° 0.44 0.48
B 20° 0.51 ) 0.40
60 0.41 0.32
g 10° 0.46 0.46
20° 0.55 0.39
5.4 BAEOTA D ERRR I
WEET LB, BBk, Kb G MBI

v o)
MR 3 RELERRERE

BEAB S 39. 10 15~22
WERYE: RPEFROBUAR D= » FLdmmD LD 7 54
VE = 2. 5~3.0mmicie b DERIE LI,

T SRR E

e an o RL® W i B
B ’ ' e | g | w | @ | s |seE| smge | ecovme
K 7 ¢ 16 mE
RBEIL RGYmm B | 15 | o055 0.29
® 107 0.40 0.35
5T 20° . 0.45 0.33
40 0.50 0.21
o107 0.40 0.32
#20° 0,46 0.30
60 0.48 0.20
# 100 0.40 0.30
B 20° 0.44 0.29

€140)




HEOTADIRGRET AR (1) 177
%-5.5 KD b EBEREREE
PIESET 4B Bk HHFRE
FIEAR S 39. 10. 15~22
TERE ROEHWREOUBOIDITE o1z,
B R AEEHRARE

EfT| % BB b i} ) iy
¥ OB oM % @ o -
HE | B B HE | iR BERE | 21 viRE
=/(gﬁ%—ﬁ§;jz 15 | 0.52 0.54
(g vi—kmirtcbo | 40 ] 0-50 0.40
& DHED 6_0 0.33
Bk GRlE B 15 | 0.46
(254 78— hltcdo
& DRED 40 | 0.45

#-5.6 BEOTN D FIEHRERIEE
BESN BEEITSHE=AE RBRE WHTIEE
WEAR S 39. 6. 19
WSl PREOMELT -1,

R B ATEHARE AR, ERFS D
EERE
2| B om@ | B W@ = g
OB os oBo® o3 |
ae| 2 | & e & | B | vy e e | 2qvEe
7 . # b=} 10 | 0.44 ] 0.41 | 0.43

30 |0.44]0.4110.43

F-5.7 REOTY EREASIIENE
TIEERT 37, HEREN 80 EERIITEE
HsEAB S 41 12. 22 .
PESl SR o T~ b LDREDIE
R B o ARERRRE

(560—13—6D ¥ 7% 4 ) HEER MOMER X D LB E L,
T, ET| B B @® 8@ i -3
& i
= ax| 2 | & |ws] & | & |9 s woes | s1vEE
SRR 20 0.5%6] 0.661
9.0 14.0
(ABESET) 40 0.658 0.5%7 -
60 0.661 0.448f 11.5 16.3
70 0.660 0.441

Rr2BAL, TOLERBKLIZLO

20 0.581
9.0
40 0.553 ..
7.5
60 0.385) 10.0
70 0.396
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178 £ A OB R OB G
#-5.8 REOTL D ERFHINEE

FIERSET LB REhEd (MBS EHBIRE
MEAA S 41, 12. 22
st @Ry o, T EdMAELUTHELELO

OB CRENEMAERE DRBEFIE
(560—13—6P ¥ 7214 ¥) EEEE B OBRREAEADE -,
O, FET| B B ED #7 #eE i &
2 & il
# gl 2 | A [Py £ | A | B SR BEEBE | 21 vERE
PR 20 0.601 0.397) :
0 0.642 0.314 0 | 4.0
[N %)) : ' ~ ~
50 0.694 0.269 114 163
70 0.695 0.250)
RBAERBAL, TOLEBARLISO,
20 0.383
) 0.342] 99
~ 7.5
60 0.257] 10.0
70 0.237]

#-5.9 BREO3 D) BEERETEE

WS LA RIS
HWERB S 42, 6
MESN ERMAEOTX ) ER
R B E KEERRBRE . EEHR SHchEMREFTHS.
% M % M ET| B @ B e i E
i % % & 3 :
WE | K A | EH| £ A | 5 YR BERE | 24 vIRE
s W % 20 0.812 o.codix
27.00 30.0
FupH—TU— b 0 0.744 0.6l
60 0.698 _ 0.428) 28.0]  28.0
s & =W ‘20 0.868 0.7778: &
Ter.0 - 30,0
oD # % 40 0.824 0.746]
60 0.846 0.706| 28.0 28.0
s @ = 20 0.917) 0.6  |%
28.0  35.0
® B W T 40 0.852 0.5l
60 - .83 0.433 30.0f  30.0
I 0 20 0.817 0.7250% &
8.0 36.0
: TyATy bk 40 0.766 0.606
J (22 )~ 8D B 2
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Report of The Public Works Research Institute Ministry
of Construction  Vol. 135, August 1969
Theory of Orthotropic Elasto-plasticity with Volume Chang and
its Applications
Ryuichi Iida

Synopsis ¢

This report presents the new theory of orthotropic plasticity, especially about
the relations between the increments of plastic strains and stresses and the
criterion of yielding on the orthotropic elastoplastic bodies with volume changes.

Based on these theories, this paper presents the solutions by finite element method, °

and the applications to sands, rockfill materials, soft rocks, and foundation rocks.

Report of The Public Works Research Institute Ministry
of Construction  Vol. 135, August 1969

Bearing Capacity Calculation Diagrams for Shallow Foundations
with Inclined Load in the I'wo Dimensional Ground
Keiiti Komada

Synopsis:
The bearing capacity of surface foundations under inclined loads in the two
dimensional weightless soil is calculated and the bearing capacity factors in term

of g/c are shown in figures for practice.

The resultant bearing capacity is obtained from the sum of the following
analytical solution based on kétter’s equation and the minimum passive earth
resistance due to the soil weight, derived from Sokolovski’s numerical solution.

Report of The Public Works Research Institute Ministry
of Construction  Vol. 135, August 1969
Studies of Skidding Resistance on Road Surfaces (1)
~——Ordinary Road Surfaces—
Kaoru Ichihara

Synopsis :

This paper reports about variation of skidding resistance coefficient between
automobile tire and road surface, concerned with various kinds of pavement and
running conditions, using mainly market rubber tire.

Main contents, 1 st general discussion of skidding between road surface and tire.
2nd theoretical analysis between skidding resistance and vehicle movement when
vehicle was braked. 3 rd measuring methods for skidding resistance and details
used for our measurement. 4th analysis of various skidding resistance coefficients
measured in our research. 5th correlation between temperature, vehicle speed
and skidding resistance. 6th minimum requirement value of skidding resistance
coefficient of road surfaces. 7th countermeasure for skid on road surfaces.
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