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Fig. 2-2. Grain size distributions for soils tested.
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Table 2-1. Physical properties of soils.
Soil Specific Consistency Compaction Test
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~d.76mm CL 2.673 41.6 27.3 14.3 1.640 18.0
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Fig. 2-3. Compaction Curves of Soils tested.
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Fig. 2-7. Variation of axial displacement along the

length of the specimen.
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Fig. 2-9, Stress-Strain curves for sandy soils.
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Fig. 2-10, Stress-strain curves for cohesive soils.
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Fig. 2-12. Secant modulus and poisson’s ratio versus average axial strain.
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AU AWy dews pe Al=d) g Avde
= dea, Sp = ey, G =0 02.30) dE= 2 g, = T8 (2.32)

EBT, (2.28)~(2.30) A& (2.21) KA 5 & BRShs, EoitThbd (2.20) K& LY M &K

4 R Wi/ (OB R R TIY I
in ~—(1+v)+«/v“—-20+5 (2 33)

(2.22) KA T B L ) 2(1—v)

Table 2-2. Comparison with approximate and exact solutions.
o,=1.0 kg/em?, ( ): exact solution

deyy degy v dq (kgfem?) dy 4E (kg/em?)
3.72% 107 0.357x 102 10.420 0.5558 0099 a7
4.35 1.63 26667 0.6610 0320 (1292
4.18 2.49 1.6787 0.4657 0415 e
4.62 3.89 1.1877 0.1802 ‘8;27,3) %I?)
4.46 471 0.9469 0.0751 Q.30 @0
429 4.86 0.8827 0.0300 G369 Go>
433 432 1.0023 0.0150 0309 SR

,=3.0 kg/em?, ( ): exact solution

dey; deay v dg (kgfem?) dv AE (kgfem?)
3.52% 10 0.436 x 102 9.8324 11183 @.101) 2572
3.95 1.43 27622 11636 0313 (232.9
3.98 1.94 2.0515 0.8614 0378 (168.9
401 2.13 1.8826 0.5289 0399 Gr)
4.24 2.32 1.8276 0.2720 401 s
4.34 2.62 1.6568 0.2116 <8;j§3) %’%;S)
an 2.80 1.5429 0.2116 Q439 20
4.57 3.13 1.4601 0.1057 (Qa40) 13
4.61 3.04 1.5164 0.0756 043D 195
4.65 3.44 1.3517 0.0302 ©.457) G-

0.456 4.01
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o T 2RO U (2.33) KA S & HIRNZ
B dvk, DWWTILLE, 40, 25T 3 0 & BT 5,
e LT BHE A RO B O os=10 (kg/cm?),
3.0 (kg/cm?) KDWT R & MO LK & Table
221 B, COHBEMATEEMEEEN~S DI
ATV TN 34 T, ERRBT/NEEE 142
SLETRDCHIBER LRehEN 14 - X~ K&
WMLETTHRATHA D, I ETHECORL DIWH
O EEE REUHEIEL, 2.3)~2.33) R0 i
PRAERCCHEMN LEMES NSO EER ST ENT
ERN

2-5-6. HROFHRICKDERRE, K7V kED
fxrld

PEA DTSR AN E M AR R BN OERL
T EWIHRO T ORI TH B, T DG 2-29
HC do,=doy EBTHDT

AEde, = do, — dv+(do, - do.)
} -+ {2.36)

AE de == do,— 2+ dv+do,
S WERDEINS, LY JE, 4 2R B &
JE= (do.+2: 4o, Xdo.—da,)

do, (de,—~2-de )+ do. de, - {2.37)
— doode.—dedo.
dy= do(de,—2-de, )+ do, de. (2.38)
&5, o,=0y=const. THBM5 do,=0
L= @i = - _Aij
4E= de,’ dv A, 2.39

Lig h—ER (or 51k &REETCov v rE, #ry
VIDOERRNEDED &S,

O ZHE BRI T OIS ~ OF B R R
st E 2y so NI (2.39) RNofsiso
W& U MR O RO 1/2+(o,~a)max/2)
T BMOTHE 012 T 5 & COWHOWAELD Y
VI, THbLBERERE LT E, LhLZD)

Table 2-3, Comparison of 4E values (Sandy Soil)

\\\\\‘43\ 1.0 kefem? 2.0 kgfem? 3.0 kg/em? 4.0 kgfem?
EXACT EXACT EXACT EXACT
6o | SQLUTION|EQ. (239)SOLUTION EQ. (239)SOLUTION| EQ. (2:39)SOLUTION [EQ. (239)
Q.2.22) EQ. (2.22) EQ. (2.22) EQ. (2.22)
0.368 1477 | 1514 | 2110 | 2289 | 2581 | 2787 | 3056 | 3282
0.763 422 | 1st2 | 1983 | 2256 | 2543 | 2710 | 2907 | 3237
1.160 1382 | 1477 1734 | 2175 | 2506 | 2659 | 2808 | 3025
1.558 1123 | 1304 | 1621 | 2075 | 2315 | 2502 | 269.8 | 2895
1.958 776 | 100.1 1437 | 1878 | 1672 | 2000 | 2305 | 2375
2.361 48.0 72.5 90.1 1000 | 1253 | 1650 | 1562 | 161.0
2.774 21.9 35.0 48.2 93.0 84.4 90.5 914 | 1220
3.196 10.3 22.2 319 23.2 68.5 78.1 750 | 1023
3.631 8.0 1.9 216 18.2 54.1 48.9 58.8 69.0
4.070 3.1 4.7 18.1 9.1 36.7 31.8 47.3 58.1
4511 3.1 22 12.4 6.7 312 29.5 39.2 51.2
4.957 1.7 0 1.0 6.7 24.6 22.7 30.0 477
5.405 1.6 0 9.9 6.7 20.8 20.0 24.5 34.1
5.859 8.7 0 19.6 17.4 20.4 311
6.349 7.0 0 16.5 174 19.5 30.4
6.813 4.3 0 127 149 5.1 28.3
7.279 1.6 0 102 10.4 3.7 217
7.745 5.1 5.7 9.6 17.0
8.223 35 0 2.0 0
8.756
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SANDY SOIL
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o 04
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s 6i-63)= 6458
€ 0.3 L Yl
w
Z0.2 6':'4‘0"’/69,31,:0.0‘16,)315'&4?4 o Danicl and Glson
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T AE 2l o T Ch TSR 2180,
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Daniel and Olson B&EEHRI & & &K RO A
WEAEFTIE - THT Y Y HERD TS, 2L THRX
DR ERARCET Y vk SAolmE LbikE
OFDEE LT % & S A TRRNERE LT B,

v~4+@”—w)é§%§§

-+ (2.40)

LT, v,
HAOTHARSBEEDP LRSS

v, = — g,/ 0e.

BTy v HEWABbOTHRLT
o RTCEbd &

Sl A Ulelio Ty RO T Y vk, v, BB
BRI B AR AT T Vb, (o 0s), WIS O 2

Comparison of values obtained from eq. (2.24) with Daniel and Olson’s

EHThb, (2.40) REMEOHRI HTHDBT H 3
& Fig. 2-13 O kS b, 728U, HERKHI- T
v & LTSRS T v v o R0 i g gy v
VIERNT S,

Rk DS e &S W OB S B N0
FTHOMITIE U I RT v VY HOE(RFIHEk L { ~
BLUThs, SREZNETHRET Y v EHEH VLTS
Daniel and Olson O EHHTH BT &hbir s

2-6. #H & HE

7 4 A A, TTERES & QRS © SR E
BETARE TR A —2OHERE LT LS, Bh
PEBIEER S PIT B HENRE SN BHNRH B, il
Fetkicx g 2 B o BRI FE OB A~ BICH & S
HERKETEDING

a””' im0 G j=1,2,3) - (2.41)

ccm,pmﬂﬂwﬁﬁ,wMﬁﬁ%%%&ab»x
D J ISy, oy BISTF vy eish, L BHEERSD
DOYETIRS TH B

bmb,cnﬁwﬁwmﬁ®%%&®%#%%Abt
KLTHHBEROEBTRT 5, TOEEEEUD S
iMMMﬁ@N&ﬁ#ﬁiénawmimémmom%
WMWK TRy v IRE E, B v ik v T B &
o ks

Ey
“J(lym %)

THEbE¥NWE, CTIC, &
B7wiryh—-DFi,

VRl ITe o - (2.42)

E
T4y Y
BOTdhT sy, 6y
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Fig. 3-1. Comparison of the experimental results with
calculated results in stress difference versus

time,
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Fig. 3-2. Comparison of the experimental results with
calculated results in radial displacement versus
time.
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Fig. 3-3. Comparison of the experimental results with DT
calculated results in pore pressure versus time. .
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Table 3~1. Coeflicients of Polynomial
Y=oy X A Xt A aaxP - auxt - agx® - agxs
Confining
Pressure Gy ay as as
(kg/em?)
1.0 —0.0175816547 1.540532497 —0.2325813610 0.0182648510
Stress 2.0 0.0321731225 2.007021937 -0.2741487113 0.0195265549
Difference 3.0 0.0402820544 2.314391349 —{0.2896940691 0.0198817385
(kgfcm?) 4.0 ~0.0017031597 3.498101498 —0.5675833965 0.0508591896
1.0 0.0001567730 0.0003151162 0.0013184971 —0.0000319957
Radial 2.0 —0.0002844839 0.0005676888 0.0010019343 -0.0000258318
Displacement 3.0 0.0000179936 0.0001792116 0.0007770882  —0.0000278197
(cm) 4.0 -0.0004967893 —0.0002121511 0.0006993981 -0,0000217977
1.0 —0.0029712474 0.1460312949 —0.0646872353 0.0101832034
Pore 2.0 --0.0097476419 0.1505978241 —0.0314764501 0.0021780584
Pressure 3.0 -0.0011642140 0.1418598190  —0.0173581176 0.0003051823
(kgfem?) 4.0 -0.0016015055 0.1388442093 —0.0163109811 0.0011519090
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r+: Probable Error
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Confining
Pressure a, as g [7:

(kg/em®)
1.0 —0.0007238818 0.0000113323 e 0.1043768475
Stress 2.0 —0.0006930836 0.0000096665 —— 0.1532021254
Difference 3.0 —0.0006497166 0.0000086377 e 0.1799331325
(kgfem?®) 4.0 —0.0025120698 0.0000642327  -—0.0000006650 0.3184524988
1.0 — — — 0.0031390137
Radial 2.0 e B — 0.0006787204
Displacement 3.0 —_— —— —— 0.0005048904
(cm) 4.0 0.0000002427 R - 0.0005311045
1.0 —0.0008084555 0.0000321680  —0.0000005072 0.0195323267
Pore 2.0 —0.0000349941 ~0.0000020956 0.0000000680 0.0216551668
Pressure 3.0 -0.0000132079 — R — 0.0142929033
(kgfem?) 4.0 -0.0000395720 0.0000005608 — 0.0092680139
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Table 4-1. Prhysical poperties of soils.
Specific Gravity Gs 2.696
Clay Fraction 5%
Silt Fraction 14%
Sand Fraction 649,
Gravel Fraction 16%
Wopt 12.8%
Td max 1.810 g/cm3
Mean Permeability 7.01 % 107 cmjs

kg
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Fig. 4-1. Grain Size Curve.
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Fig. 4-2. Compaction Curve.
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X, BB (4.12),
F, ¢ RHRD &S #3520

4.17) REMR T 5K
F=A, cos (kz)oJo(kr)+Cy(r* 21213 - (4.21)
=B, cos (kz)-Jo(ikr)
+ B, cos (k2)-ikrJ (ikr)+ Crt+ Cyl 2]
4+ Ddone e+ D, sin (u]z]e~e - (4.22)

cc C-C ’ AH Bh BZ, Ch CZ! CS, Dnu Dns ks ’?7 14 ‘i?ﬁﬁ}
SERL, oo i HENZTNE—FO 0 R, 1%k Bessel B

B, i=d=1,

(4.21), 4.22) K& -TBd, OFH, ER%E
BoHEPALBLLUTDLI TN S,

0,=—2G :Al cos (kz) {— ikrT, (ikr)
- 2ir1€ T (k) = 202 T(ik)} + B, cos (kz) (k2T oikr)
+ 3K 7, @t} + By cos (k) T i)+ 130T (i)}
~2C,+ Cy=2C) + DA, (z,»)e—cﬂx]
+ D,p? cos (yz)e"‘”z‘]

0= =2G] A, cos (ke) (k7 k)~ KT (i)}
— By k? cos (kz)-Jikry + B, cos (k2){ — ik3rJ (ikr)
+ 2T (ikr)} — 4(C,+ C7) '%-D,,,-Azlo(lr)e*”z‘]

e, = —2G| —A, sin Ge2) I, (ikr)
+ kT oikr)} + By sin (kz)«ik®J (ikr)
+B, sin (kz).ksrfo(fkr)]

< (4.23)
u=2G (A, — 2Bk +cos (kz)Jolikr)
+2(27Cy +5Cy+2C)
— DI (et — D, opuPecos (pz)e™e 1)
- (4.24)

U=cos Gez) A, YTk + 20k 1k}
= ByeikT k)= Bk (i) |
+ 201~ D, () e

W=l sin (ez) (A« ikr (ikr) — B ~Jo(ikr)
— Byeikrd (ikr)}

-+ (4.25)

+2C, 2] — Dy sin (pz)eo#*

e=B, cos (kz)2k*J (ikr)—2(2C, + C,)
+ D, BT One it Dy? cos (pz)eo#*

e (4.26)
WK RGN o LROWMMERLRET S, FE20
TRIGHHECER VW, CCTREMMELSHTEL
T 5D SRR LT 5 S8BT RENSO

WK SBLRID LT HMH B,
) SO RS CHEMEE Fig. 43 KRT LI K
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EHT 2R OERIBREZMMBCENT 5, 34k
MEEE a, WUNEMBRE 4t &9 5 &
t=At, r==a T

U=C+Ecoshz) € &) &8,

4
o X PN
“r ¥ =T [
; r Displaecement
H { | curve
2 :’/ ‘(/
1
| |
I ; :
Y ¥ T r
I
i 1]
H : N
2 /
i
g4
g L,

Fig. 4-3. Very small displacements at end platen and

a displacement curve in a circumference of a
test specimen.

Jolikry=1Io, ikJ(ika)==1, &L (4.25) o 1 XL/
A&
{A(ak?Iy+21)— B, -1, — Byrak?* I} cos (kz)

+2Ca— D AT Qa)e 24 =L cos (kz)+L

L 2 )ENARICR D SL o) i
Aak?Iy+21,)— B, I,— Byak® Iy={ - (4.28)
2Cia=¢ o (4.29)

i J.0a)=0 - (4.30)

ot (4.30) REWRTS 24k L (n=1,2-) &B
<o

i) Rk Z Sh AW MR EE w, MRS
&% H TtEbi &

r=dt, |z1=E < wew
(4.25) o 23:8ERNT
k sin (l‘.{!) (A ikt (iler)— By T oikr) — By ikrJ (ikr)}
+2C;+ —12{~ =D, -p sin (_/fzf_f.) ety
s r BRI AR D Lo it i

sin(l%i):o ook=2T =012,

TR OEIBIBIRA Fig. 4-3 Ok 575 e
FhoF DI EREBNT =1 THFRIEEE S0,

= 2T
k=% 4.31)
HCy=w o (4.32)
AW
sin (~~2~—)-0
COREWRT S pkhu &B &
,1,,=%'_—;£ (1=0,1,2,..) - (4.33)

i) EUAMTE O 6 755 MR B UL TR
BERD DI Do 165 WRIEIBERT S EEZD
(Fig. 4.3 818)

4t A
3
27rag S
o JH 5
3

2L, o5 BALE
(4.23) OHE—RERAL

G, veadzedt =2nab Do+ 03) 41

. . - i—sin kd
S cos( C) zedz==

s n 1 .

2 — =8I0 p,d

n

&(4.30) KOPFREHNS &
2G %;sin (ka)~{-—A,(a/c2.1, + g— s zkwo)

+ By (Klo+ 712 1)

+Bz-(k2-1,,+ak2-11)} At +4G(Cy+ Cy+2Cy)-At

—2G6- L D, sin (uode 4 —1)
Cﬂn nw=0

= (5 Po+as)-0-di

LROWAE 6 THY

in (ko) . sin (z,0)
(kd)n-}o (k5) =1, (ﬂ}isl;[-loo (pad) 1

DYWHRER AT S &
{~ A (@®k> I, + 21, + 2ak?* 1)+ B(ak*-Is+1,)
+ Bylak? I, +a*k*-1,)} - 4t
+2a(Cy 4 Cy+2C5) 41— £ 3 Dys(eert—1)

= e (Do o)At

pTe] ~{(4.34)
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&R

41
i) re=alzl=0 T ("o, di=oydr

{A (@2 T 420+ 2ak* Io) — Blak? I+ 1)
— Bylak® Io-+a?k? 1))}« dt+4-2a(C, + Cy+ 2C5) - At

. _i_. io D".(eﬂ‘a%dr 1= ”M‘G"US'AI v (4.35)

4.34) K+ 4.35) KXY
CiHCrt2Cy= b (@320 (4.36)
4.34) *,~4.35 KLkh
(=A@, -+ 21, + 2ak? I) + By(ak? Iy + 1)
+ Byak? To+a*k 1))} 4t

- %f Dyleeds — D= A dpedt -+ (4.37)

n=g 4G
v) t=dt, r=a T 7,,=0

—Afal? Io+1)+ Byl + Byak?ly=0
-+ (4.38)

vi) r=dt, |z1=E ol 43D 0RMIEY o=
OAMIE LTINS
Vil =4t |z|= »1—2{— T g:az'rdra é—‘a"a,

R U, oy RIBTEIRIA 50 5 M RIES
2G-a{— Adak* Iy-+1,)+ B, I, + Byeak* I}
+4G-a(C, + Cy)— 2Ga? i, Do (2na)e-Cih

— 1o,

2
Eic (4.30) Bdr (4.38) KRE@HTH L

C+Cy= < (4.39)

- §§ Ul
43
i) r=0, T |z]=07T go eodt=0

(207 By =4C,=2Cy)- At~ k& 32 Dyelemeibor—1)

)

- Jé_ 2 Dn' —.c”"‘“-‘l) 0
k2B, ~(Q2C,+Cy)=0 -+ {4.40)

S Dufemtb 1)+ 5 D (et —1)=0 - (4.41)

a ¥ THIT S

ERCBWTHROME L n=1 28HL, D,~D,

tap EBENLS &

Di== b B Do) @)

e—cui-n -1

ix) lzl= -I;—“C' S:‘ S; urdrdt= é-a’-u,,-dt

R L,y RTS8 B BRI
(A, = 29Ba-1,At-+(29C,y +5Cy+2Cs ) d? At

2, —cu2edr __:_1m 2e1) 0
50 ¢ D,(e 1 ag @ n Ar -+ (4.43)

© lzi= < S KLAp—
2G(A,— 2B ik (ikr)+dt
= 200 5 Dy due T e R = 1) =0
e (4.44)
EROTEE L) (=1, 2,3) 2B T r=0 5
o (Dini ©REHEH)

L i (AR ACRRY
]

= kA, — 27B,)- SO et (GkrV Q)

LDEE I=mT
S:rJl(lxr)-Jl(lmr)dm—%a’(Jo(lma)}z

% 9 SO T iler) T (o) = — Toa)J (ika)

P

ERBWR, B D, BRROL I CRES,

o 4GKNA—20-B)LAtK
i SR X G FTIy W X SR

(4.42), (4.43), 4.45 XePHTsE

bl 1
2RIy

L(1—k*P)A, — 2 B:)+a(29Cy +9Cy+2C5)

=¢ BT

= ety 00 (4.46)

16
B, VE,
LO-BA 27 B)= Eauy - (4.47)
a2y Co+ 2C3) = %— aty - (4.48)
EBL,
_— P % o (4.49)
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(4.36), (4.39), (4.48) &b C, G, C % Fi
(4.42), (4.45) XAEMNT @4.37), 4.38), @4.47) K
£ AL B, B ERD B LRADK DI B (K, X2 1
BICED B)

Cy = 8(1+ )GN{ (A=) P+ 205)+ 200,
A+ 8(1—2v) yzetty}
C’z..':' -g(—i—:{_—'—)—c {22) (q) -+ 20'3) 20';
+ 8(1—20) Xaouy}
Cy= e 8(1+ e {1 =) (Do +203)+(1~v)a,
—8(1=2w)Xaetiy}
A= 20 7 (P00 8= )1,k 132,
+2(1=2u)0 %+ B2, )
B, = {=rnoe- L go
= GGal; Ty
41~ 2) Bk T2,
=U=20a |_pg 8y 4oy
B, iCal, { =10, }7/1 PR,
+4'Zl‘({9“1%)9n} .

-+ (4.50)

7L, a=201—-WIt~p, B=dak*li—a*PlE,

y=aki - 200—vl,, Q=1-k%p, OuzlgL
- N S
- mle (A2 k*pJy(Ana)
B, LROBSEREROT, 4.20 KoMKk
EAIC T AR AR ETELTE (o

= k Uy {%‘Z‘}L:g..
H

G ccos (kz) < Jo(ikr)

o 5 AN ArTdur)e” modeds
mat 20024 k) (e st — 1) o Jo(Amat)

. A drge cos (pz)eemor }

z(e-'cul’ndt '“1)
4%y - (4.51)
4-4. U B O

-3 WO THD I T B MR E RSN S
SEY B M SN S RBABURGTICE & B

fir, fhJFEUES, BIBURIE &gy 2 MM
42CH B, DTN S NMMCIHBRNTELEEIVE,
Lot AR U S RN 4r WToZgit
BHA D, THY D LEBT RIS RS ER L
TENEN AWy, doy, dity, AU o DX S5 ICEbT T &5
T& b, ChSIMELTET v »ibk Ay, Y TRE
AE (ChEDBERREEIES) b0tk /ﬂfrwfﬁ
WA 4G Tbd, iU, 4G & 4E a@tw:z;t
2:4G = AE/(1+ dv}

THbo

Fh, HEBBRMICEY 3R KOES, BRICHT

BEAIIIRE ] 2T,
) r=a, lzIl=0 OHTUlE

THAMPD

BYITEE A8 AU

W= 4U,,
4.29) &b
4C a;= AU,
A LTS B &

-+ (4,52)
4.50) X C,
(1= ) dD o420 Ay doy -+ 8(1 — 240 Ay ity
=2(1 4+ ) 4G A e (4.53)
2L, ERT AUlay=de, & Bk, i
doy=0T&H b,

2 iz1= 2 e s by ~ A<

HoHhpo (4.32) K&b

2C, Hy=— AW, e (4.58)
(4.50) Ko C; BRALTHEIMT S &
24vdP o2+ dg y -+ 8(1 =2+ dv)- %+ duiy
= — 41+ ) G dey - (4.55)
72750, LRT AWy/H,=4dey; LB,
3) (4.28), (4.29) KXY
Aayk3do;+2:1, )~ Byl ;— Bya,k3 Iy —2Cyoa, =0
- (4.56)

o, k,—— Ioy=Jlik;a;), I;=ikJ(ik;a;)

:Ij[’“a
D, 2,3 DE>0%M8k0 4G(or 4E), 49, 4v %
Kb, 9, 4.5 X2+ 455 x(A—-4b) kb

— (1 —2e AV)(AO';“‘A“ Ao Au")
Ca e § iy 5 o Py o Py

Ee, (4.53) R X2 dey )+ (4.55) 50X dey) L B

-~ (4.57)
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1
A0y =
O TA=dvy den;~dvde,,

Aul+4'(lw2'dy)(2'de,”+ Ae,,_,)'k'z'du,,-}

(2 dudey;— de )

(4. 58)

CoLEdieLTHonh: 4G, 49, % (4.56) R
ATHETDREIR b iWlT s 20 EEbehly
dy RSB EWTED, b DB

pldvy - g(dy)+5=0 < (4.59)
TTT p=—~2:I3(deyy— de,y) 4o,
162513, dey ity
207 (@hF T3 p— Bl dey s+ de, )2,
= 2-(dey, — deay) T2 o, — 2473013, dey - ity

— 8u(3e ey + e ) 2y KL o D, + 24(B ey
e deg)) Ty pr Qo+ B(doy — Aoty duy)-de,
5= 815013 deg Aty + 20y (I T3 o p— B) ey D,

- %. B(doy — 4ty dity)- de,,

XT, @4.47), (4.48) RKicBIF A 1, L O
I —BINTED B & &I TE R ODI NS
MEaT &Itk EHBHAEMRTLE EBTES, N
E (4.49) RIKBWTC, L=LL= Mat &R P
UK IE S A DS I T IE, !F:u%ﬂsrfx (4 ‘3{5'(’1{1@@’5’?}
BB TE) &b, k459 KNTHE SIS
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Bo 3FBE, Lty B Lk ) U0 DY
i (4.51) RoWE 2 EHH 0 iE-3L —J, % 1LEDHo
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LB SHR Ly T OE LT, L= oo, 1=
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03=21.0,2.0, 3.0, 40 (kg/cm?) T &ic, UL Wi Ss

LMBFOTH ey W2WTRPFHWOSTH LN
BIEEABOTHAHBELER) LT Fay b LK %)
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Fig. 4-4. Pore pressure versus axial strain at end platen.



BOELE & T K B L O SR R OIS & LRI B3 2 F5E 81

o3=10(kg/cm?) O & &%
eny=0.9%T63.1%,
oy=2.0(kg/cm?) O &
eny=1.8%T63.0%,
o3=3.0(kg/cm?) O L &
eny=329%T62.8%,
o3=4.0(kg/cm?) O & &
eny=1.8%762.9%,

ey =1.3%T60.4%

en;=8.3% T61.3%

ey =9.3% C63.5%

eny =849 T62.3%

(B g S HE R BOKER vy 2 100& U7cHi4E)
LY, 03=30(kg/cm?) OHPBAERNTIE WFhbE
EOHMIT & & S HPIEHSHPOLEEWPIEL T
W KD TH D, Fh, WRANOKEMTIRR AP~
B 7o 4T MWIE 0,=2.0, 40 (kg/cm?) @ B&%E RA
T, ENTNRILBERRERT 4, B, C Hicsy 54k
RN OEKEREMN b O M Fig. 4-5, Fig. 4-6 T
B (L, Bk #Eho EmkEsE RY), Fig 4-5

IN THE CASE OF 0,=2.0kg/ond

0,08
000} |
|
k]
r 0 r ¥
Axial strain
at end platen 1.8% 5.0% 8.5%
Fig. 4-5. Contours of pore pressure in kg. per sq. cm.
IN THE CASE OF 6y=4,0kg/cnf
2
A =1 C
0'55\\
\“\‘_‘ ..««..._.._\
e ——— I ———
———— =
/ :_M”,J %“‘v
_’m/ % T
’/
/ //
) {6;30] [0.35)
-y 0 > r 0 r
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at end platen

Fig. 4-6. Contours of pore pressure in kg. per sq. cm.
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D 03=2.0(kg/cm*) OB4, B HTCE MHE M BUREM

BEOFHZEELD OMEDHTH 5 O TRk 4-5-2. BMUKEOFEICKDERRY, K7y
bl THNTH— RS AHR EE > T BH, 4 4, LEOBERBCDNT
C Gei RO 13 & il & Lcofilis /ha | Fig. 4-7 WTHN 09" % S 4IEH 8, Fig. 4-8 Wit

BoThl, g2, C HOSEDOHD 4 siclh~rkb Mods &8y L ILOMRERbT, BIBUKEESZR
W BPPIE AT &I - T B THBIRHHEBUKE uy LA 0K~ OB 2Tl L AL hE
Ao —WKERLTOS L SRR L TS0 TRE WEDC Ly RRIBOIEE, BRAEs I
WHEBEL LML, ChEEHBIIC Fig. 46 ® o= R RBEPIIL - T B BIBURES BB L7 8%
4.0(kg/cm?) OBEI wy DIRTIOS B & B BIEDWTHE L TH S LB B> TIEE I D
MUTHB Ledhidiikilid A=B->C OEMIKHLT B ey BILRAHUNILIEOWM, 2% 3L LY AT
N SEEE AR A SN0 BRUO TS B ey #2.0%) KBWT, HEUL OB THETM
hid A4 B b C HOFMETHMEKEDEMNRE N BN LIS - TOBME S ER DD & H O
TEMRRLDEAWNETHEA S, ChHDHK D BLALH LN S, BMMICIEBRBOMAE
T BORED )71 & D QA N QAR RS A R s 73 HRE e4;=045%T

DEISAT EpEENL S,
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Fig. 4-7. Modulus of deformation versus axial strain at end platen.
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Fig. 4-8. Poisson’s ratio versus axial strain at end platen.



HOELE = T T K B L O ZMIER IR A OIS & RIEEIRIC BT S 5T 83

MBUKEE  BIEKEA
FEULE BB ULWM
o3=4.0(kg/cm?) 643 (kg/cm?) 664 (kg/cm?)
3.0 436 455
20 369 384
1.0 281 293

THBHP ST LTI - RF BT S R O BIFURE
DOEBRBICE A LRI A 1B SO TH B WY
BLEWTED, WRIBRBCE T wy B - &K
ERMERLELHAIMN 4.57) Abobbdbsk
I duy DETCHPINBL &A#HZ DL Fig. 4-7T1
RohsMid b 5sBE—BEZH LTS LA L
Jo

Fie, BY Y VHIDOVTS ey BN OFERAN TR
BHOKEE BB LG GO PP I B oA S L
WoTW5h, Lbd, TOBFBERREONLE-T
o3 WREOHEDOHBMI VA XD FHRMKIRINK
<, HMBURKEORERA SN ILBRRADL o MK
FLMBIRIE - TR - T i Fig. 4-8 kb
MWMACENTES, COX3INRCLENLSRT Y VIO
J5 B BUKE QBB EZ LT OTRE VML
#rohb, 127, 7V HOHEOLO HONS
0.5 COMME MO oN TN A5,
MKEEERT ZHALLEWEA L OMB bR KRT
N 2 DA — 8 —THD, LbTDEUBONICE
ENTLENEINMNTEH S, CORICPELTE
b o LWEDTERAEIT 550, HORER TR
THEY LT OMNSMOITH QT 55305 3
DTEEVHERDNS, BB, 0,=10ke/cm?) O}
& e =4.0% D S MUK 2SR U il B TN
BB o TBHMD o5 LRI HBHERL TN S,
R DNy FIE O, BRMNEREOREME O PR
EURVOTZDHRR DT AP LIRH OB S A
s EEbhs,

4-6. &H & &

LSO SRR AT B854, KDRENTE
Tk DB BRA T BHYENORETH %, 20T L
EEET D& LT & MERED SRIEHMEE FE Ui
Terzaghi OFFIEIRO —BWERIT RED & I ki
5o

o) =0yy— by -+ (4.60)

TTiC, o BB AT I, oy BRI B 5
VYN, By BRI BFRy D —DFAE,

Fith bt T L MBEkO 2HTHBRENhTH 3
EHZ B R LIRS OO0 SR (2.41)
DY i

doiy \ Bu_ o, r
ox, T aw, TA=0

(4. 61)
TELENDE™ & OB AT & & Bk
B EBIT B 54 DM & B0k & DR
A LT IR M Z S5 5550

do,

Wb Si-aD=0 4.6
TN PP

z T v, of 3% & R B L CHIBUKOEL
b= "0E, ni WERE, o KOWALBRIIE,

K: Bk, & WA

IhoERMcREEcE s BRBREERTOM
WK A% 2 53540 CE CEBCHF 20T D
RONERB RO E S PRMBERE L ATHD, W
Chite k5 e OO RIZTER, MEHHE
DD THMETH 5O THBEITRRE S E D MHIILT
THIH L T EMATRE L - TEEIRMIE, &THT
YT (4.62), 4.63) KT vi=0 OPFEH - T,
ZFRIE » TH SN B HBUKE R ORI T A &~
B LTET BT LRI B, RO EBURES O
gt (4.51) B2 LEWMICED LTS,

FREYORE, REEEBE S 50, HBUKESE
B RMA R T C L BEECRERICE TS, L
Fohto THHTIAET B, HWinid (4.61)~ @4.63) Kip
KHlbnd u OfENE—E LTI B UL B
Wi 2 0 ¥ FHF £ 75 & OMBRIEM G O HEE S
L#B LEL TS,

LT AT, COBETHEE UTEHIERERAKNIICT
H9 B BRKE QSR IC DN TIRRT & 1, ThE
T AR (4.51) 1Tl %y, 1 B BRBHRBHMA -
Tk

x,+zzs%— -+ {4.49)

DEMEANT S B —D REBE MRS 5 WA
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S B—~EMCED ohiE 0 & RBHCR~ B Y T
HBe Fiz, ZIBUARN O BBESAE B9 5 BEH:
DFEFHIFILIC DT & PO Ar BT & D IRNEERT
Wk & T OHORMED M H B T &b T TRIBAAI
DTHDB, CORTRTHEOBINIKHHED XD IHH
1Ay o BRATHEN Z2RS T OTH NIRRT S &
Lo NEEbNhE, ULk L, BEOZM
YRtk WRER £« OTA» B UH S BEO S
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Fig. 5-6. Comparison of static and dynamic stress~
strain relationships.
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Fig. 5-7. Dynamic elastic modulus and dynamic

Poisson’s ratio versus average axial strain (for
sandy soils).

Table 5-1. Comparison of static and dynamic strength at failure.
Sandy Soils Cohesive Soils

Confining Pressure o

(kg/cm?) 3 1.0 2.0 3.0 4.0 1.0 2.0 3.0 4.0
Static Strength at Failure

(6,—03), (kglem?) 3.52 5.59 7.18 8.69 3.37 4.29 5.34 5.70
Dynamic Strength at Failure / 2
(01— 03)ay (kgem?) 2.42 4,02 5.87 7.12 1.95 2.81 2.92 3.78

Loy =a3)sy %100 (%) 68.8 71.8 81.7 81.9 57.9 65.5 54.7 66.3

(o,— (’3)f
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Fig. 5-8. Dynamic elastic modulus and dynamic

Poisson's ratio versus average axial strain (for
cohesive soils).
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Bivizis
a o R0 AE (em)
a; 1 BB S CoEARE (cm)
Ay, 1,2, 'j-tgu
Ao ¢ BirEM (kg-cm)
Ay o BEE (
b T EH
By 1 BUMER (kg/em?)
B, FisiEd (B2 kg/em?, 1435 cm?)
B, 1 BiSARH (em?)
¢ TR U7 SE AL (cm?/see, = 2GK/7.)
Cm): EH

9523 kgeem, 5 4 3 cm?)

Co ¢ BASNEH (cm?)

Co 0 BisER G433 Mk, 5% om?)
C, ¢ BUSEK

Cs P

C.  EREWEIES

D, ¢ BSE (em?)

D, #  (cm?)

E i v 2K (kefom®)

AE : E O or LR (kg/cm?)
E, o Wi v ¥ (keg/om?)

Ey ¢+ EBER 7 TOWMY Y > 73 (kg/om?)
f DO U7 B (em®)

S ERR Y oMy

Fooo AR (em?)

Fyooo ISJIBA% (kg vcm)

g v I (em/sec?)

g, ¢ BEWES ¢=0,1,2,.

G . FAWEERE (kg/em?)

4G 1 G o4 (kg/em?)

G, MERS

Gs : THETOLE

Go @ R UABIEES (1/em?)

G, ” (1/cm?)

Gr()
Grl
GUO

40Q; ¢

” (1/em?)
” (1/em®)
” (1/em®)
” (1/cm?)
” (1/cm?)
” (1/em?)

PR S (em)
LB B T ek & (em)
BHI (==
=Jo(ika)
={kJ (tka) (1/cm)
LB TD I,

” I, (1/cm)
BB ERDTRE (/=1L 2..)
%0 0 k> Bessel BRI
B3 1 k> Bessel PIREL S
Bigroes (23 Vem (=2=/H), 3% Ik

DEEHD)

Biar iz (=2nz/H, 1/cm)
EILER ] Dk
Ry (1/om)
#  (1/em)
BIREREL (em/sec)
e Lo i (43 kg/em®y, IRIIK
553w H)
PRI AT D IR (ke)
IR f o P (kg)

PEBUR BRI By B IES (23 ke/
sz), i U7ceiic s (43 keg/em®)
PEEURSTNT B 1 BT WIS S5 (kg/em?)
Py
PEIF RO EHITIE) (kg/cm?)
LBl J T ORI > (kg/ocm?)
ARSI AR X (em)

i U7 it s (kg/om?)
B (sec)
MBORIE (kg/cm?)
BEEAR T I 35 1 B ORI (kg/em?)
” BB R ER 23 (kg/om?)
AER T IZERY (em)
YEEUA D sy THIE & h B M 4 AL s

{cm)
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U, ZETBBERS J T ORI AL (om) Coa ” (1/cm?)
4U; ” AL J7 HILEAL S (em) Lus o (1/cm)
AU : BRSNS (cm) 7 =(1-)/(1—2)
v v o=deyy/dey, Na 4 L 7o G5 (1/cm™)
[vo] @ HHOFHM s ” (1/cm®)
Wape I8 ERIL (%) Y] BeshsEgy (43 1/em), Lamé o g3 OF
w WA 28 4L (cm) 53 kg/cm?)
W, o BB ] O NEEL (cm) A BsrsE g (1/em, m=0, 1, 2,...)
AW, ,, T 2 B30 43 (em) 7 B (G543 1/em), Lamé OE (455
AW o BT RS (em) #  kg/em?)
AWy o BRRIRTE T B U B o IS A4y (cm) Hn oy (1/em, n=0,1, 2,...)
Xy A~y b x O j S v M Aty ok 23, #4753,
z W5 r R & (cm) ZENOEH W3 =0,1,2,3)
« MR Ulog il s (23 1/em?, #5431/ vy W7y b
em?, i 53 1/em*) v, o R BTy vl
o BIERE [ £TO o 23 em?, 5% v, BHATY ol
1/cm*) Ver BRc B 28R T v 1k
& BHKR DK (1=0,1,2,... k) v AT v v sy
B it U 3 S (1/em?) Yy LICBH ] COWNAET v Ik
7 ik Lol (43 1em) Lo iififk 3 gL RS B2% Vem®, 5% 1/
WA GBS kg/em?) cm)
Tw RO WA IR (kg/cm?) o L% (kgesec®/om?)
Tes HAMOTH oy BB I A SN B WF IS (kg/cm?)
7 Mg doy 1 oy QLY (kg/om?)
Tamax © RKEHEIE (8/cm?) o, RS EIS S (kg/em?)
g ARSI B 1 B BNERL (em) Zz FLE 5 s 7 (kg/em?)
iy VAE R ROV : 7 IS (ke/cm?)
Ak, k17 7 PO REFATH oy W7 v v vy (kg/cm?)
P2 0 3757w (=04or*+0/ror+0*/62%) o1 HEES 5 v v ks (kg/em?)
e WEDES o3+ DUIE (kg/cm?)
€ (1) Wil Rod s doy 1 o, DRy (kg/om?)
e, AR5 O s HAWGS (kg/cm?)
€ PR o3 A @ ZALEBERE (cm?)
e W5 O3 A Do B (kg/em?)
Cu; EIC RS [ T O R T B W FO$ A APy 1 O, DKL (kg/cm?)
&y OFBF vy VRS (G, 5=1,2,3) D, Wt 73 3 A oD U T R W B 4 B 4R (kg/em?)
dey; 1 =dUg/ay D, Wiy ” ” (kg/cm?)
dey; @ =4AWy/H; AP, @, oE14 (kg/cm?)
¢ R (cm) Doy o EREBR TOD 9, (kg/om?)
&y i LB RS (/em?) %1 AR L 7o se 5
Cua iR U 2 BIBGE S (1/em®) xz X AWt R
Cus ” (1/cm?) ¢ 4R U2 B (cm?)
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Summary

One of the main criticisms of the triaxial test is the nonuniformity of stress and deformation at all but extremely
small strains. The main cause of this nonuniformity is friction at end platens, which cause both the barreling effect
and the concentration of dilation in local zones. Nothing the mechnaical properties of the triaxial compression
specimens, the author conceived of treating the assumed lateral stress as one of the boundary conditions, in place of
the frictional force applied to the end surfaces. Results obtained with this procedure are as follows.

This paper is divided into four major sections. The first section, which is the second chapter, contains research on
the stress and deformation behavior of the triaxial specimens, included is suggestion of a method of calculating the
49, constant (equation 2.21), the secant modulus 4E (equation 2.22) and Poisson’s ratio 4v (equation 2,20) by
expressing equation 2.16 by the incremental procedure and substituting the measured values for the stress difference,
axial displacement and lateral displacement in the resulting equation (equation 2.17).

The deformation behavior and stress distribution of triaxial test specimens are shown in Fig. 2-7~Fig. 2-10 and
the secant modulus and Poisson’s ratio versus the average axial strain in Fig. 2-11 and Fig. 212,

In the second section, the third chapter, a polynominal approximation method is treated for the nonlinear relations
between observed values, namely stress difference, radial displacement and pore pressure in the triaxial compression
tests, and time by means of a least squares method.

The third section, the fourth chapter, describes a mathematical analysis of pore pressure distribution in cylindrical
soil specimens under the triaxial testing. The distribution is given by equation 4.51.  Fig. 4-4, Fig, 4-5 and Fig. 4-6
present distributive characteristics of the pore pressure in the specimen. The results indicate that values of the pore
pressure in the central portion of specimens are lower than those of end platens of the specimens by neary 60%;, and the
deformation modulus and Poisson’s ratio do not vary remarkably in both cases of reckoning with or without the
pore pressure.

Dynamic behavior of soils is discussed in the fifth chapter. Equations concerning the dynamic stress and strain
are obtained from the wave equations on the cylindrical soil specimen which is under repeated axial loads (equation
5.21~5.26). ‘Then, using the incremental method for nonlinearity of stress~strain relationships of soil properties,
the dynamic Poisson’s ratio v, can be expressed by equation 5.38 and dynamic elastic modulus £, by equation 5.39,
As a result, dynamic stress~strain relationships are shown in Fig. 5-6(a), (b) and the relation v, and E, to the average
axial strain are shown in Fig. 5-7 and Fig. 5-8.





