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Study of the Cone Penetration into Cohesive Soil
Based on the Theory of Plasticity

Tatsuya Koumoro

(Laboratory of Construction Engineering)
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Summary

The penetration problems of a wedge and a cone into soil were investigated theoretically
and experimentally. The penetration mechanism of the wedge was analyzed two-
dimensionally under the condition of plane strain, and that of the cone was done three-
dimensionally under the condition of axial-symmetry. The soil was assumed as the
ideal one which is a rigid, perfectly plastic body and obeys the Coulomb’s yield criterion
and the associated flow rule.

The dimensions of the slip line fields around wedges and cones, and the values of the
contact pressures on their surfaces were calculated by the slip-line method. The slip line
field around a cone which was penetrated deeply into soil, was analyzed by introducing
the Meyerhof’s slip line field for a deep strip foundation. The values of bearing capacity
factor of wedges (N,,) and these of cones (N,,, and N,,,,) were calculated using the
average values of contact pressures (N,,,, was the value for deep penetration).

The penetration resistances of wedges (¢) and cones (/,: cone index) were obtained
from the experiment using remoulded clay. The ratio g/c, (c,: the undrained shear
strength of the clay) coincided well with the calculated values (N,,) under the assumption
that the angle of internal friction ¢ was equal to zero and the wedge surface was rough.
The ratio 1,/c,, also, coincided well with the calculated values (N.,q and N,,,,) under the
assumption that ¢ was equal to zero, the cone surface was rough and the intermediate
principal stress (g;) was the value between the minor principal stress (03) and the mean
principal stress (a,,).

Furthermore, the penetration mechanism of a falling cone into remoulded clay was
analyzed statically. As a result, the coefficient K of the Hansbo’s equation was expressed
as
cot’a
”Ncra ’
in which a was the semi-angle of the cone tip.

When the cones with a=15° and 30° were used, the experimental values (K) obtained
from the fall-cone test coincided well with the calculated values (Kz) under the assump-
tion that ¢ was equal to zero, g, was equal to g, and the cone surface was relatively rough.

K=
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Table 2-1 Physical properties of clays

9 I
Clay G (Ls)iﬁéu)) wp (%) (Ippg**)
Bentonite 2.65 334.2 43.3 290.9
(290.0) (246.7)
clay mixture* 2.65 190.5 35.6 154.9
(162.0) (126.4)
Ariake clay 2.62 130.9 51.2 79.7
(120.0) ( 68.8)
Yagusa clay 2.65 66.3 28.6 37.7
( 63.8) ( 35.2)
* Bentonite/Yagusa clay...2: |
**  wrp: Liquid Limit by Fall-cone Test
il IpF:wLF_wp
1.0 4 X10
0.8 O Bentonite
0.7 h A clay mixture \
0.6 O Ariake clay 107
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Fig. 2-2. Characteristics of undrained shear 2
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for each clay. 10 1y 1
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L DRDI cu & w. EOWFERLE S 2
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Table 2-2 Experimental values of a and b

Clay Bentonite clay mixture Ariake clay Yagusa clay
(kga/cmz) 7.5458 x 10? 5.5481 % 103 1.4207 x 108 7.6192 x 108
b 1.9036 2.4713 3.8309 4.8399
Pl —0.996 —0.998 —0.998 —1.000

*  Correlation coefficient

%7z Table 2¢2 @ a, b Dffix Table 2¢1 ® I, 1T L TR L bD At Fig. 23 ThH3. Th
ik hid log a,logd iZFh d log L iT0t UTHEBMICENA LT RRTEDLIN S,
a=1.0169x1015xI;,§-1247}
b=29.6007 x I;§-5007
R C6) R& 27 REXD, HEUMED ¢, 3 Lr BEMOES w. dEHNIE—EN
CRETEBC &ICIL5.

UEoz & XY Rutledge’™ o5, loge, & w, EDOMDOEBEZRIT w, OPENFEHIC B
TOBEILL, WBIED w, GEPERR~WIERR) OZICH LT loge, i logw, it LTH
BENCEALT B N ohENE STz,
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Fig. 2.4 3% 34+
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05 TH2 (FFICHH 2 — v (a=15°) KW TI3 ca/cu209 THB) LEXTIUW.
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B 5> D BT 3R D& H R AL T 5 .

00, , O0t,, __ .
o + Dy =7rsin 8 .
be Go‘y ........ ( . )

Ity —
s T oy 7 oeb

X SIS & LT Mohr-Coulomb o fi#idk #2% fi vz, Mohr-Coulomb o fif 3 3 %8 |3 5E 1
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Fig. 3-1. Mohr-Coulomb diagram. Fig. 3-2. Stress components and slip lines.
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p 4

T,y =(0,sin ¢+ ccos @) cos (20 — @)
1272 U on=C(01+03)/2 ThH 5.
—Ft e X L &, &y, Foy BREERSE 05,0, £T B L,

s 6vx = av}' ° avx aUy ......... .
$x-——5;/j‘; Ey—Wy Txy= <ay 0x ) (3 4)

Zx}:o'm{l Fsin ¢ sin (20 — ¢)} F ¢ cos ¢ sin (20 -¢)]

TEHEIN, 3:2) RO fEMUREF vy o & T3 ERANTEDLINS.
&, =A— af ——/1( —0y sm¢>

00, 2T

I y—0s . ‘

&, 00‘ =3 J.(*ﬁi—sm ¢> ........ (3+5)
E‘;_f T

772U T=\/%(a,—a,,)2+r37 ThH5.

(3+5) RO 1 RERBMANICHNTIZ A0 THRFIEE S, (35) RILBWT o, 0y,
Toy % (343) RTEDLU, 1 2METEEWBEREMERE LT B:6a) RS, FrHHHEAHR
ELT (36b) AN oh 3.

27,y 8in ¢
cos (20 —¢) @ (3+6)

&, —8&,=27,,tan (20—¢) (b)
(3+62) RD ¢=0 BN HDFRBE—EDEMRNEITD, —KIT >0 TREBHLERITIZL
FHRAVE VY —BHELBCEERTRENS.
XT (3:3) R%E (31 RIKRAT B &

8, 48,=—

{1 —sin ¢ sin (20 — $)} —%%"— —2(0,, sin ¢+ ¢ cos ¢) cos (20 — ¢)gq—

060‘;, —2(0,sin ¢+ ccos @) sin (20—¢)g—§,=r sin 8

+{1+sin ¢ sin (20 — @)} 660‘3:,, +2(0,, sin ¢+ ¢ cos @) cos (20—¢)g—§,=rcos B

(3+7) Rid 1 HE#L ORI EREH S H B THY, Ftkilife UT A~ ) RIC—H9 5 RAH
5Nh5.

dy_ T
%——tane or tan<7+0—¢) --------- (3-8)

s1, 52 A X ) BUT B9 B T 4 O B4R
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ZH, 2~y ﬁt@ﬁﬁﬂimﬁ’)< * /ﬂﬂf?ﬂiﬁ'ﬁ’b‘fhﬁ ) ZWRTAL LI DD w(=p/c= (0./
c) cosg—sing) ZRINE ERARD LS BEBFBERINEON S,

————2<wtan¢+coi¢> - %—sin(ﬂ—l—ﬁ—qﬁ)
......... (3-10)
gs +2<wtan¢+Coi¢>£ii:%cos(6+6)

(3+10) KT r=p=¢=0 LB bDi2 Hencky ORK &M iTh, MIszLWMEADFEREE < 3 [
BICBD 2 HEARTHSZ. T/ (3:10) RTHIC =0 EBUIdbDid Kotter DR EFRMETH
B,

(3+8) RBLU (3:10) RAEXME UTHEMSS T3 &=~ 1) sl & RGN DBRETE S,
RICAN) B EFRF 77 70BBERDTEL.

3-3 ZNVEHLEAR TS 7 DB

W RPER MR ((B+6a) R) B UHEH LMK ((B+6b) R) ZHERS v, v, ZHNTED
g &,

v, sing  Ov, sing  Ov,  0Ov,
0x * cos (20—¢) 0x i cos (20— QS) 0y + oy . (3-11)
011 —tan (20— ¢)————tan (20—¢)T;— 31;3/’ =0
551 %ﬁﬂ@ﬂﬁﬁiﬂﬁﬁﬁﬁﬁﬁ%fé%. T DRSS
dy  sing sin ¢ .dy_l
dx  cos(20—¢@)’ cos(20—¢) dx
dy dy
gy ttan(20—4), —tan (20— ¢)d +1
__sing+sin(20—¢) / dy Yy ol
== gy (g o G+ cot 0 B} =0
Lizh, chky
%=tan0 S AN B
......... (3-12)

d
Gr=—cot(B—¢) s A<y HE

BROND, o> THEORKEIMMOIENDBEMBICELL, 2~V RIC—KT B Licit 3,
RIS > TOMAS BRI

dy _ sing _dv,  sing  dv,
dx  cos(20—¢)° dx cos (20—¢) dx
dy dv, dvy
P +tan (20 - ¢)9 - d +tan (20 ¢)

_ sin @ +sin (20 —¢) ( dy  dvy n dvx> 0

~ cos(20—¢) dx dx ' dx
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dy ) dvy
7;—tan0 [t AP Ty cot O
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TRbb, (dy/dx)(dv,/dv,)=—1,I8DARYVBMERF T 5 7
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—F s, 2 AN ERFMOEEE KL vy, 02 &£F 5 & Fig. 3-3
&V 0, BRARDKDITIES.
v, =v, cos 0 —v,sin (0 — @)
v,=v; sin 6+ v, cos (0 —¢) }
(3+14) X% (B-11) RIKRAL, HEFERNDP S =~ ) HBITHS Fig. 3:3. Velocity field.
BN ERDID ERMKICLTRRNEHS.
1 ANY BRI T !

dv,+ dv,sin g —v,d0 cos p=0

s2 ANYFUTIH T -
dvy+ dvysin g+v,d0 cos =0

(3+15) RITBWNT ¢=0 Bz bDIiZ Geiringer ORIT—T 5. T B EREEEITH -
TOHERMEERIT 1 RN ) S RERELRRENE LI EARRNTEZ 50529,

v = v1oe"’ tan ¢ }

......... (3.16) X - 0
,Uz:,uzoe([; tan ¢
722U ¢ BEBFIHOKEIZED LU, v, v20
i3 ¢=0DED v, v DIEZEEDT.
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G, J) HiEBI B z Vi D81 RIED o Fig. 3-4. Determination of point (i, j) from
e ’ ints (i—1, ) and (i, j—1).
1 12 (3:8) REZMELEKRREL VKRB SIS, ERESE
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......... (3:17)
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