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Preface of my book

When I was a student (almost 40 years ago), my supervisor, Sakuro
Murayama, often told us that the most important challenge in the field of
soil mechanics was to establish the stress—strain—-time—temperature rela-
tion of soils. Since the beginning of his academic career, he had pursued
research on a constitutive model for soils, and he summarized his experi-
ence in a thick book of almost 800 pages (Murayama 1990) when he was
almost 80 years old. In his book, the elastoplasticity theory was not used
in a straightforward manner, but he discussed soil behavior, focusing his
attention not on the plane where shear stress is maximized, called the 7,
plane or 45° plane, but rather on the plane where the shear-normal stress
ratio is maximized, called the (t/G),,,, plane or mobilized plane, because the
soil behavior is essentially governed by a frictional law.

In retrospect, I realize how sharp was his vision to pay attention to the
mobilized plane at a time when most people looked at the 1,,,, plane. Now,
in three-dimensional (3D) conditions in which the intermediate principal
stress must be considered, the plane corresponding to the 1,,, plane in
two-dimensional (2D) conditions is the commonly used octahedral plane
because the shear stress on the octahedral plane is the quadratic mean of
maximum shear stresses between two respective principal stresses. For
3D constitutive modeling in this book, attention is paid to the so-called
spatially mobilized plane (SMP) on which the shear—normal stress ratio is
the quadratic mean of maximum shear-normal stress ratios between two
respective principal stresses.

CONSTITUTIVE
MODELING oF

TERUO NAKAI

Published from CRC
Press in 2012

25

1L (1964)

~
=

|
(z/oy )max i <:I 03
A B — 1
0 ~ 0 " - o o ¢m0 13
0-3 90" + mol3 O-Z O-l ]:[ O 45 +

10)))

oy =0, cos’ (45° +%) +0,sin® (450 + hons j _200;

2 o,+0,
7=(o, _0'3)005[450+—¢m°]3 sin| 45°+ fhons | (o ~o) o0,
2 2 o, +0,

de, =dg, cos’ (45o + %) +de,sin® (45" + %j

ar_ de, —de,;)cos 45°+—¢m013 sin 45°+—¢’“°13
1 3
2 2 2

Ur/o, [ de, /dy (stress —dilatancy=\)
Oz/oy O yREfR

(571 & O B3 7y O i)

[‘91 = f(o-l/63)
& =g(01/0_3)

26




FARE (1974)

,Z.
¢m013
mo23
I
¢m012
0 O - -—0 : O O
03 o, 0,

g ="1(o,/0y)+ f(0,/0,)
& =f(0,/0))+9(0,/0,)
&3 =g(0'1/0'3)+g(02/0'3)
eg., i
comp: ¢ =2f(o,/0;), &= 0(o,/0;)
ext.: g = f(o/0;), &=29(0/0,)
plane st.:g [0 f(o,/0;), &0 9(o, /o)

dgl = dgmajor(lS) + dgmajor(lZ) -
d82 = dgmajor(23) + dgminor(lZ) /ﬁ

= ° ¢m023 27
d83 - dgminor(l3) + dgminor(23) I o S 2

SEEE A gt”/\—ZEFEE] }EJ‘EJJE(SMP)

HfE - (1974)

T
¢mol 3
¢mn23
¢m012
o o o © o)
O3 o, 0

2 2 2
[GSMP — 0’ +0,a] +0,a

2A24/2 2A2A/2 2A2A/2
Tswp :\/(0'1_0'2) 3, +(0,—oy) way+(oy—o)yaa - - (a, a,, &, EISMP D J 14

| 1, I,
2 2 2 a = , &, = > & =
dege =dga, +de,a, +de,a; Lo, .0, .0,

3
—725MP =\/(ng ~de,)’a’a; +(de, —dg)’alal +(de, —deg)’ala’ (I, 1y IEAD 2R, 3ROAER)
28




5%@_-,@75\5%/\—;"2%5]5%‘@]@(SMP)

O]

] €@ o3
. b
L5 Y 3
o3~ 03 oy oill Oct. plane
Comp. Ext.
=BEH =Eh{hok

SMP

~ 1.0
[T Zoel
| Ooct, W
P P
I‘O?,.ziswfm?
[
o comp.
® ext B
L Om=392kN/m2 __|
7 0O comp,
om0 s ext.
[ [ 1
=04 -03 -02 -0 0 o 02 03 04
d€ oct.
dfoct.
T — T ‘c
m—— -
— Osmp T
T Om =196KN/m2 i
= © comp. 05 ] P
— ® ext. = I——l——I
— o+ — B m=J2kN/me
F— ¢+ —F O comp. —
I | ® ext. —I
l I D] I 1 1
-04 -03 -02 -01 1] 0 02 03 04 0S5 06
T dTsMP
29

HEGEHIEN T DL DR LE

FARE - H (1974)

t, =ta +t,a, +t,a,

|3

_ 2 2 2 _ _
=0,a, +0,a, +0,a; —3|——0‘SMP
2

tg = \/(tlaZ -t,a)" +(4,a, ~-t,a,)’ +(ta - t,a,)’

2,22 2,22 2,22
:\/(0'1_0'2) aa, +(o,—0;) a8, +(0;—0)) a4

(comp.)

—SMP (X=0.2, 0.63)
— - —(Extended) Mises ( 77=0.45, 1.36)
—-—Mohr-Coulomb ( ¢=12.0°, 33.8°)

2
B LI, =91, B
=T T Tsw
|2 (2]
(comp.) SO
— -
|
2 2 2 (ext.)
X _ b Tow :g\/(ol —0,) N (0, -0y) 4 (0,-0))
ty oswp 3 40,0, 40,0, 40,0,
2 2 2 2
= E\/tan ¢m012 + tan ¢m023 +tan ¢mol3
I1 |2
= |[—=—1 =const.
91,
¢m013
or Boors
11, ol
= const.
|3
0 > b o

30




BEIE COFHEEHMEAMFEFDEL

o, j&E)HE(mobilized plane)
R dy/2

A 7/o) : max.

0 153 oy n [ de dq,wgl
BA fii& AR (simple shear)

T

A d]//Z

r——I:_)__ T > < d72
: I ey w
| P o
0= L >0 >de
o, oy o, de, 0 de, dg
7
de, =0 2l

JEENE A ot ~N—HhR L 7= 2E [ 78 E) E (SMP*)

iR 3 - ¥R (1980, 1983)

O]

de

27242 27242 27242

Cop = 0,8] +0,& +0,a;
Toup :\/(0'1 -0, aa, +(o,—-0;) a8 +(o,—0,) a4,

(dg:, =d¢ a +deg,a, +dg,a,
32

dé'; - \/(d&'laz —dé'zal)z +(dé,a, —d€3a2)2 +(dea - dgla?)z




SEENE A bty ~N—Hlkak L 7= ZE 6 /8 ENE (SMP*)

[ - T T — 1.0 T
B8 PR Z_§ME _I__l = I_ b ]V_
. Cayp S 7]
b On= 196kN/m2
-0 comp. — —1 - —fmﬁu -
— e ext, 05 ‘-'?CE
i - T-__ S N B
— Om=392kN/m2 —
Comp Ext — {~ o0 comp. 4—
_imj_ _ﬂl‘f*ﬂ& D_ 1 5 0 m ext. —l» |
-04 -03 -02 -01 0 01 02 03 04 05 06
dey
daé

o
|

az‘l 4_

True triaxial
E=#h

- *
Toup 7 dés

EEE A ot ~—1EE o) ¢ DB

- =R (1984)
t=ao0,t,=a0, t,=a,0,7T D&
t, dg,

A

ty = o =13 +1,a, +t;a,
ts =Tswp = \/(t1a2 —'[28.1)2 + (tzaz _t3a2)2 + (t3a1 _t1a3)2

34

de, =dg a +dsg,a, +de,a,
deg = \/(d813-2 ~de,a)’ +(dg,a, —de,a,)’ +(de,a —dga,)’




SEEE D o, ~— B Nz, DB

oE PR 5~ D 1 A

f=F(t, X =t, /t,)—H =0

dg§::/\§§i
ot..

ij
(IEDAZBAIZAF=00 D FD)

HREFDIEEEEE (e.g., Cam clay model)
f=F(p,n=q/p)-H=0

dQF:AEﬁ—

8qj

RAREEEBHVTAHER A

o ZRETIIAGERTRNBIEEZEDT, 0> 0>
o DHELDIEB AT CTEERVTHES ELES
RERRBEICEESROROAREITES

IR R DR AR AE L E— )L -/ — O B DOSMPE 8
DENEYLREDITHD

[¢5]

R SRAK BE(CSL)

np.)

***** -Mohr-Coulomb( ¢=3
——SMP (X=0.63)

—-—CSL(dg’=0,4=1.1)
——CSL(dg =0,5-1.5)
- - —CSL(dgP=0,=2.0)

03

36




ENYI(Z

BREOCTOHEBREETILOSL, EREMREN—RICLORBFEEERI HFEICLY
RELTE . TOHRR. Htm O REMEM CHLLON DI N/I\FA—=F(p, q)&E->TE
TILHBMEON TS, BIEKPER TIXINODIEN/NSA—FEFES=ET LA — RIS
R NFHTOEPEHRATELLEIRAESNTLDA, T TIEZ DRIELLGHBE D
FRMTICEDN TS,

CCTIR EDIRTH AT DEHZEAIEME DS EMIERBATEDL ORI DONVTHE
LTz TDRAVMIUTDLIITEEDHOND,

« ERMHEOEAMFEL. octEm DAL A TRESND, —77. LOEABFIELZE
EEENE(SMP)DE AR - EEL AL THESNS, Shld. TOEABFENERAIIC
XEEINDIEITED,

« TREBAMORUNBHEERL. BICICNFEESENRET S, COFEETEL
SMP D75 RIFR3%(ay,ay,8,) & EDTBIE I Nty IS EICKYRETESD, TL T, Fin
(E3RED [EEDIEEINZERTHEYILD, COBIER DOMEFERIFAAREDO R
(DEMTIFZELY) DREMNEFRHATE S,

« BIRLI=&SIS, LIXERMICHSHMLED T BIERNDSMPIZEES SUFITEMS
(tN’ ts)éﬁﬁ\jjlﬁs)(_gtiﬁid—éo

* (p.O)RRDYIZ(ty, ts) THRRARBIRZ TR L JEEFEﬁ'G(iU<t” ZRETRNAIZRET NI
BEIMIC. IS HFEERAELPRERNOEEEE R TS D,

© HOBRICEDCET VTR ERIELRBALEERYIC AT FRELLZNIEIZES,

37

2% XEN1)

1) Maeda K. Hirabayashi H. and Ohmura A. (2006): Micromechanical influence of grain properties on
deformation — failure behaviors of granular media by DEM. Proc. of Geomechnics and Geotechnics of
Particulate Media, Yamaguchi, 173-179.

2) Matsuoka H. (1974): Stress-strain relationship of sand based on the mobilized plane, Soils and
Foundations, 14(2), 47-61.

3) Matsuoka H. and Nakai T. (1974): Stress-deformation and strength characteristics of soil under three
different principal stresses, Proc. of JSCE, 232, 59-70.

4) Murayama S. (1964): A theoretical consideration on a behavior of sand, Proc. of IUTAM Symposium on
Rheology and Soil Mechanics, Grenoble, 146-159.

5) HHEEX -REIT (1980): SEENTOLOEAMESICET M —MER, LAZLAXBEEE,
301, 65-77.

6) Nakai T. and Matsuoka H. (1983): Shear behavior of sand and clay under three-dimensional stress
condition, Soils and Foundations, 23(2), 26-42.

7) Nakai T. and Mihara Y. (1984): A new mechanical quantity for soils and its application to elastoplastic
constitutive models, Soils and Foundations, 24(2), 82-94.

8) Nakai T. (2012): Constitutive Modeling of Geomaterials: Principles and Applications, CRC Press.

9) Nakai T., Shahin H.M., Hinokio M. and Kyokawa H. (2014): Why do constitutive models using (p and q)
have problems?, Proc of Int. Symp. On Geomechanics from Micro to Macro (IS-Cambridge 2014), 683-
688.

10) Nakai T. (2018): Significance and usefulness of the tij concept, China-Euro Conference of Geotechnical
Engineering, Vienna, Desiderata Geotechnica, Springer, 125-131

11) FHEEX (2018): EMME IUVHMBRHIE R RI-tjOMEDER, #AET FL45E, 66(7). 18-21.

12) Oda M. (1972): The mechanism of fabric changes during compressional deformation of sand, Soils and

Foundations, 12(2), 1-18. 38




% XH(2)

13) Oda M. (1993): Inherent and induced anisotropy in plasticity theory of granular soils, Mechanics of
Materials, 16, (1-2), 35-45.

14) E X IEME(1973): FRREDFRREH (TR H1IRE, F28REIKREFSFRFAMAESR, F380,91-92.
15) Satake M. (1982): Fabric tensor in granular materials. Proc. of IUTAM Conference on Deformation and
Failure of Granular Materials, Delft, 63-68.

16){EEIEHE (1984): gL+ DE AN, £EEF 32(11), 5-12.

39




