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Effect of Stress History on the Shear Strength and

Compressional Deformation of Sands
by

Hidetoshi OCHIAI

(Civil Engineering)

Characteristics of the shear strength and compressional deformation of sand having the same
compaction method and the same initial density are studied by using oedometer and direct shear
appratus, wheﬁ sand is subjected to various stress history on shear stress and normal stress on the
shear plane.

In the compressional deformation characteristics, by initial compressive stress ¢, is repeated
loading sand structure change to the stabilized particle arrengement corresponding to ¢,, as the
results stress history effect on the compressional deformation characteristics of sand. And the comp-
ressional deformation of sand is approximately elastic in the range 6=¢,"

On the other hand, shear strength of sand not increase by repeated loading of normal stress on the
shear plane (=initial compressive stress ¢,), but increase by repeated loading of shear displacement

or shear stress on the shear plane. And optimum repetitional shear displacement or shear stress on

the shear plane, which effect on increase in shear strength of sand are exist.
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2. BHE&LTHAREE

SENIEBHEED TH H, EREEERBRTER
B 6.0cm, &I 2.0cm OEEOFEHARELSY H
VBB I VR ERE 6.0cm, X 2.0cm O
B = R A . BRI KIT B
ERLMEIIROBY TH 5. :

EfER IR ER

SERBEO BIREED 2 IR 7+t e0=0.7131C
AL OEF Y v rEES, Fig.l ©iT Lo,
WHBEREIST] o0 % NERG AN R LB %, BER)
AT B (step-loading test) & MM+ 5
J5# -(loading —unloading test) TfT7g 7.
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Fig. 1 Test procedure
(Compressional deformation characteristics)
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TEST I : e0=0.692, FHEILS 0=1.924kg/cm?2
TEBEE L vEiilk%h Table 1 i3 X 5 fedklt
T—EDAFESL £Sr (Sr const. test) 3 L U—E
D VG £ TR (Tr const. test) TNEFEED
R L vtk BERBICVETA Ik,
Table 1 I\~ T, 7r,N=1 (¥ e0=0.692, 6=1.924
kg/cm2 O L TORVIFIEIIOE— 2 {HrEH L,

Table 1 Test Conditions and Results
(Strength Characteristics).

TEST I (Sgyconst.test )

*=S T S, n=1 Tin=2s|T rn=23
(mm)R Tf.on=1 N (kg/ci) | T n=1 e
0.5 0. 802 23 2.757 1.196 0. 662
0.6 0. 852 ” 2.841 1.232 0. 663
0.7 0.897 ” 2.991 1.297 0.661
0.8 0. 926 B 3.059 1.327 0.652
0.9 0. 955 ” 2. 950 1.279 0.656
1.0 0.983 K 2.601 1.128 0. 655
4.0 — 11 1.751 0.762 0. 683
TEST 1 (T g const. test)
+T g Tr N Tin=2s | TiN=25 e
(kg/cm) | Toon=1 (kg/cm) | Trn=1 N
1.160 0.503 25 2.474 1.073 0.674
1.445 0.627 z 2.566 1.113 0.670
1.734 0.752 z 2.740 1.188 0. 660
1.879 0.815 ” 2.824 1.225 0. 665
2.023 0.877 ” 2. 847 1.235 0. 656
2.168 0. 940 ” 3.088 1.339 0. 651
2.254 0.978 7o 2.991 1.297 0. 660
peak 1. 000 - 1.821 0.790 0. 660
TEST 1II
o) o T
keveid) | &o/em) | %o /% | agrem |F/001 Ce

1.415 1,415 1.00 1.549 1. 095 0.749

2.123 ” 1.50 1.556 1.107 0. 746

2. 830 ” 2.00 1.560 1.103 0.745

4.245 ” 3.00 1.562 1.104 0.742

5.660 ” 4.00 1.569 1.109 0.741

7.429 ” 5.25 1.548 1. 094 0.741
TEST I

(o3 (o) T
woden | sy | N | gl |F/O| S
2.830 | 1.415 1 1.560 | 1.108 | 0.745
‘3
5

” 2

1.563 1. 105 0.745
1.565 1.106 0.744

” K3

” » 10 1.560 1.103 0.743
B ” 15 1.574 1.112 0.743
P z 20 1. 585 1

-120 0.743

5 EOMBIC & 5 EHET Tr, N=1=2.306kg/cm?2
TH%B. Fiz, sr const.test TITEEE LAEENL
tsp MO VEIGT £%sr IELEHR N &3
CEALTHDT, N=1DLEDL VG Tsr,N=1
& TE,N=1 LDHHEESTWA,

TEST 1 : e0=0.714 O BN EFEEILT] 60 T
ERatE, + vl OEHEIGS) ¢=1.415kg/cm2 ¥ T
BT LERRIRAEE T vilid 5 (Table 1 2R).

TEST I : e0=0.754 DN 0¢/0=2+—1 DI
EIG D% N EEB IR LB, 0=1.415kg/cm?
TEEREE T E+5 (Table 1 21).
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Fig. 2 Relationship between stress and strain
(Mixtures of clay and glass spheres)
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Fig. 3 Relationship between strain changes
and glass spheres mixture rate
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% 1 EEHOCERE LS T, 20 o0 IKXHE LA
+HREH TR ) 27 EEZ DRB,
1 BOBHERC S Th, —BCHIERIGT oo
BREVEEe R P EL D, BRSBTS

TREPBRELT D EE L DI 5.
0 (kg/ciD) €0=0.713
y ol 128 N=1
: T,
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=0 T
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Fig. 4 Relationship between strain ane initial
compressive stress
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b=0 THh 2.

Fig.5 ZHEMIGS o0=3.2kg/cm? CEMBY
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Fig. 5 Relationship between stress and strain
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IS U REBINTFREE L1370 23, mELEREL
BRfT2 20X oT, MUDTREREECS D
DEEZBNDB. ZRUL oo DERLEMERNE &
R 3 € DB/ Fig.6 wWiRdTroic (2) XTEH
ShERHHTEUT 22 LB TE, NOHMEED
CENDBLIECHET S ENnBLBELNTHESS,
E=N/A+B+*N @
Fig.7 @iFE T o0 % 17~18EEE LHTT X ¢
FoBUEHC D T 0 RS AT R & BRI R 351
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12 o 1.6
B e 32

Fig. 6 Relationship between strain and
loading number
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Fig. 7 Relationship between stress and strain
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4. B OE B K

RABERA Table 1 KR, —EDKFERL +Sr
TESR L V3% Sr const. test TILER LB
N & EBIT, BREUKFENMRD € BIGTT £7se ik
LIRS T3, £LTERLOMEIIRRD
BitRY 560,

(r/e)sr=a’+b’*(Ah/ho)sr 1Y)
Z 2 Ab/ho XERZEE BEE—ETHHDTHR
SO LI L) THY, a’, b WEET D D
HERATHDH. —H, —EDE VLS £ T
ELEVEiT5 TR const. test TIY, #ELEHN
LRI £TR KFET B EFTONREENM £srp X
PL, FELBDTS. TOKE, e X o
E— TR L > THENAERIEELEHN L &b

CNEL D, Fhegr— FRRF—E T DO O
D X5 Te-e VIFEICHE 5 25025 5 \ ST % B LIF
B3 &, e VHEBRTCOM 7 FHEH I hEr b
CREFEIRE D BRI & B Boe i Linhi D), R
Fixe VEICEILT 5 A (e v EJTECR3 2 DR
FOFEEN B F A7) EESI S hic
B, —MRICFEOMEIXEEMT S, LrLoD Lkl
BT OBEFIINA b BEMD 5\ KGR
BHDOTHY, HHKRE I EOEEMND B IEIT
BOEZLIID L2 VHFRTOBEIHELCY, B
KF ke vIICE - THRSI X R, Tibbe vl
FH A3 5 R F- OB e B Mo SR /N &
{7, =vBHesHT 2R L LA ik
TH 5, Thpz(4)RDOBIGRIEEE LKFER £ S:
DGR D ARG D € — 2R Tr, N3 EXIET S
ALY D REWEE TR L inh, & IERE
BECHIETS £5:=4.0mm TEEL -« vE%F
35 &, ERARFCh2H BT, PERY—271EN=
10L& T, N=2[HBURIEREREMTCE
HEE, TRUEKRE {iabiol,

SR const. test TIIN =25, 7r const. test TiX
N=23TEEREE T VLTV, FOBDOY
— 7B (7/0)1,N=25, (7/0):,N=23 DHELLYV
BaEz i WBEOE— 7E (t/0) £,N=1 KX L
TEORERINT B0k R LD Fig. 8 THa.
Wik & LR D RAEED €~ 2 BE 75, N=1 Ll
TOEMDHNIENTEEL vIliERZT 5 &, &
TR~ X 5 v BT O BRI O B
B IOESAHOEINA o Tehd D (75 F O %
BT 3), vIEFECRH BRI ORISR
FIFHmA T o & SRR LT OB ST %
2, BRERINC RIS REOME LEN S 5\ LGN

1.4+
o 7Tjconst. test
1.3 ® Sjconst. test o7 %o
// \\
- S “
212k NG \
= \
o / !
w L1f © /
N o (T /0‘);‘;\-:23‘25/(1/0-) fin=1
< 1.0k ¢
! _ 0.68
©.
S | — 4
9 0.9 \ P 0.67
> ey oI 0.66
O N
0.8} ° -j0.65
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Fig. 8 Relationship between repetitional shear
stress and shear strength
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Fig.9 i1 e0=0.754 ORFhT, v KEOEER
S0 L0 ARECEEILS oo HECERL, BE
BREEIC LT Vi35 TEST | R ThHS. B
FEBEH oo/o HNAE DL, VKoM Yy FH e
X BPINEL I DD, BEOHINIEEA LR, &

= 5 i
Lok 0 q=1.415kg/cii
| e0=0.754
1.1 o——e L4 R,
B (T /0 )¢
Lo e
—, o 40.75
f T o o 0.74
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1 1 1 ) 1 1
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Fig. 9 Relationship between shear strength and
overconsolidated ratio
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Fig. 10 Relationship between shear strength
and loading number
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i =
oo =HHIEMIST (kg/cm?)

o =BHIGS, & vEEORERS (kg/cm?2)
T = VIE LD VEEH (kg/cm?2)



96 RERETHHMAREE 45 FEAM8FIZH

€ =FEfge X (%)

N=%HEMRISH, «vEin, |ESD, vk
ZERL DR LA

TiNoi=N=i DL EFDV— 7HE (kg/cm?2)

+TR=FE L VG (kg/cm?2)

+Sr={E LAKEER (VIR (mm)

+Tsp=+Sr D VL (kg/cm?)

+S7TRr=£Tr BEDKPEEL (mm)

ex= KFIEMLD 5\ iE VB G FT & NEER Lk
D (B D VA 7

ec=0¢ Wb o TR Lic e & (v IBAED ©
&7+

eo=FJHAZE DAL EOM 7 I

7 =Rttt A S A - X0EEREL (%)

a, a’, A, b, b/, B, a, B=EREHK

& E X #
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