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Effect of Duration of Confinement and Its Affecting Factors
on the Low-Amplitude Shear Modulus (Gmax) of Soils
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Dynamic Shear modulus (G) is one of the imfortant dynamic soil properties to estimate the response
of soil to dynamic loading. Problems in engineering geology practice that require the knowledge of soil
properties subjected to dynamic loadings include soil-structure interaction during earthquakes, bomb
blasts, construction operations, and mining. Although the dynamic shear modulus (G) is a
time-dependent property, G change with time is often neglected. In this study, the effect of duration of
confinement and its affecting factors (previous stress and strain, particle size and sustained pressure,
and plasticity index) on the low-amplitude shear modulus (Gmax) of soils are reviewed, and some
empirical correlations based on mean particle diameter and plasticity index are proposed.

Key Words : Low-amplitude shear modulus, duration of confinement, previous stress, strain, particle
size, plasticity index, soils
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Increasing Factor G

Confining Pressure, G

increases with G

Void Ratio, e

decreases with e

Geologic Age, t

increases with t

Cementation, ¢

increases with ¢

Overconsolidation Ratio, OCR

increases with OCR

Plasticity Index, PI

increases with PI if OCR>1;
stays about constant if OCR=1

Strain Rate, (dy/ot)
(Frequency of cyclic loading)

increases with(dy/ot) for plastic soils up to ~10%
increase per log cycle increase in (Jy/ot)

Number of Loading Cycles, N

decreases after N cycles of large strain, but may recover
with time for clays;
Increases with N for sand

FCHEEHER A Ut AHE A
95g0] 95 F Azte] AAHW TLgko] U

136

T =
—i

Aot 237t Fojmid, 3w i
g8 AdAvBAAS 2o ool E ge

7HEol ¥EE EAFY. olgd A=Frte g

o 2

*=



Ed Hoda

o] mol| Aa] U Hd FE&Ho Wz
b A7lE 4R e AE7E AR ojgd A}
Ae 23 A FAAFIE A T F e
vz dFA 433 F4E F Uk G ¥
glo] "l Al7te &= Afifi and Woods
(1971), Marcuson and Wahls (1972), Afifi and
Richart (1973), Anderson and Woods (1976), L&

2 Kokusho 9J(1982)8 T3 EE Aol o3l
2R At
AURAES A AEEA mAe AtER

AR 3
sagc. 23 A%

124 12 AFH 24 Ao

12 AF F, AEse o
et d Al —.% A £x9 Frtg EF
Aojzch dutH oz HAHER AP 24X+ ¢
Alge % ‘&—ﬂr £z} dAoA Y SAH
&EAfolof= At Ael7b givh. vt
AA FEQFA EAIZEe] FIEIH
atolE FolErh A el duiAE S 7128 &
2 Adn £ 3% B NTREHE A4
3l ZFA|A Fojof g

24 AL A FUHEd,
logarithm of time)el] w& dhehA]
22 AYHE F/MER GEdA
o deadAe 2 Agd —'—5—4 a7}
Zrgre] Fgolny, IR
gepzich v HAAY EF —?— a
T 22 AYEESE JSEYE
DAFEF 17%9 F7hgo] HAE
and Richart, 1973).

AWNAZ Alget wHEHE AAAR 7|xsd
Agerd Ao 78S 45 F e AYHE
o] 7Het=lo gt Humphries and Wahls (1968)&

g

ol

A ZFd 4= (the
AFe w3
e

A7

A ‘:H Afifi

Agoz NRETe Fa4L w$em, 27 ol
ol 198 249 4§ 7 EdE He AR
AeAn. WEho] E(bentonite) ABAT 2%

YEA FERAA AFE & AdeFAF FoF
7} @R k. Marcuson and Wahls (1972)%
FHQ Atadg A 95 3AF A
(resonant column test)& ©|&% JI&EUolE
(kaolinite) 2} WELIO|E AlFL £3) T2 4&
At F4de] T0kPasl A 550kPag) H¢ol
A ARHNGEG AT Grx(kPa)E AT A2 7]

4

A A (Gl BRI E A ZEX

137

&8 I 9o @I AF
LUl EY ZF3- A 2}
[ 2.973_e 2 ]—6' 0.5 OCRO.S
l+e 0
a8]2 PEUOIES G A(Q2)9) Ze] At
Eigide g
Goax = 449(1.04+0.242%0gT)) )
2 9_
[_(4_.l4+;eeL]68.5 OCR %

714, Tr& 12 tEAE BERAIZHE 1
2 LA M) R e gheld, ew

[e]

L

Z_}_-—IE‘, ?10

B F4&9 22l OCR(overconsolidation
ratio)& TerRw|E Z+zh vhebdth (D)3 (2)
9std FteEUolEst WEUCE BT AIZHEYL
of utzl HHAeA ALzt FoEe digk A7k
+3 FheEtolEY AS oF 10%, WELO]ES
BF o 40%9] F7HeE B

Afifi and Woods (1971)2] A8 2 T4 € Fig.
& Az w2 Ede HuddgdAs ®IE
Uerdch ©hed 2] Ziao] o Adidwek

AAS wsge A JadardAs dsEs
E oolzt gk AwHoz HEL Fe Aol
200 tm, AL A S e -
180 [ M __1
greo :
3 E ]
g140 - e 5 (kPa) OCR| ~
3 —— Ottawa Sand 049 207 111
8120 E —0— Crushed Quartz Sand  1.06 69 1|4
= ~v— Crushed Quartz Silt ~ 0.87 138 117
— t — Kaolmnite 1.28 207 1 1
S100 L - Kaolnite 127 278 1]
& [ o Kaolinite 1.27 139 2 |
S8 J
=3 I -
E=] [ D.,..—-—-——___s____—'—_ ; a 4
£ 60| :
< N m " ' ;._.o ]
3 [ ]
Ser ]
20[F J
E h
(o} YV ST wl o vl ol vl il

100 10! 10? 10% 104 105 108

Consolidation Time (min.)

Fig. 1. Time dependent increase of Gmax for
various soils (data from Afifi and
Woods, 1971).



g FHoddegAdAs WileE o8 FReRd
Fig. 2= CfEZo)E(Detroit) HEQ Al7to] ma
U AGeg AT W3E o FHLAAN ehd

70

T LR EaLY | T T

LRAAM §

sample depth=3.3m

60 S =100%
I L
% 3 4
Tso 4
1] L P
2 L d
3
3, f ]
= 40 .
s | ]
o [ ]
5 I ]
030 -
o F 4
g -
- ]
E20 | -
< - J
;! :
- F —eo— Tg= 35kPa 1

10 - —g— T = 69KkPa ]

-7y = 138 kPa
0 Ll sl sl ol |
100 10° 102 10° 104

Consolidation Time (min.)

Fig. 2. Time dependent increase of Gmax for
undisturbed Detroit Clay (data from

Anderson and Woods, 1976).

120

20

60

~—e-— measured
—o— calculated*®
—vy— measured
—o— calculated*

G =69kPa

Low-Amplitude Shear Modulus (MPa)

2.973- h
* Gy = A(‘)%z.ag.s |

0wl s aanal T B wul
100 10! 102 10%
Consolidation Time (min.)

Lol
104

Fig. 3. Comparison of measured and calcul-

ated Gmax with time for saturated
Kaolinite (data from Afifi and Richart,
1973).

Einy
rd

138

o}k o8 2Ye HEZA AFH HoHdg
AAF-AE BAE  JEPIHAnderson  and
Woods, 1976). Fig. 3 zZ717l tt& 5 4549
A gAY HoHdedAS WweEe JE
ok &0 3 713 3 Auxdaedds @
, %ol ¥l 713 & Fig. 30 vehd By ez 4

HAdHgdE AT e 247 dehdoh o ¥
< 2509 FE s 23 gdel o
8] W3l oln] med AHoloh Ao
1008 A=AAE F3F3 Algle] vy 2 o
Azt ok ok 100%°] Aud FAu% AL
Atel9) Zpolzh uehitam, o] Aol S| FAR
AR EAgE AaTog. Azt WE AR

¥
A

% ox i tlo

s
ha

BAAS 27k AEQY A3 ¥R 2%
4 %Y 37k, 292 294 EAd 3% 9
A A59A F7hel 7198 Ao Ardd

MUSH} MAHESO| HE

Anderson and Woods (1976)% A]7hell
GRAAEsE A8 go] oW JFS P
st Fig. 45 2 A3E Jehded, d99
go] T AT Al wE AGSFAF G
W3yl BEHch 4719 AdEgdA Jehde
AlZboll W Go) ¥sle A9 HsA JEhdT)
o|RAL Azt WE GO ®WIELE BRE HUWHY
ol dAsidE A& Uit a8BEg, 2%
AFA Ueie Azt 2 aRgE ddad
o) H3lge, Azt w2 HAgHddedAsT F
7tgel 718718 olgsld FE 4 Yr Relrh
o] A2 L ®AAS ZAFM(modulus reduction
curve)2EF 9Al 55T Ro] ofyi AFEFHe
o2} H3lgke ojudich

AZrol wE G2l #3laFe OCRo| d3s ¥
] AG/Guo? HIZ BE FEAEY. AGE Al
Fol g AdeEdAFe] BaFE el G
B 100089 tdxgE 24y AdedAgeld
(Afifi and Woods, 1971; Afifi and Richart, 1973;
Anderson and Woods, 1976). ¥£3}¢ 7}& ol
9} AG/Gioo®t OCRAFol e}l #A7} Fig. 59 ueldt
o} H|E wlmHe] 27)e|ARt OCRe] F7hstH
AG/Giowd] BI7F ZAade AT e dd

=
T



EQ ANAGHEAF Gl PIAE AR SE R 2 JF8L B AT

30 A B
Zample depth=3.3m 1
L 186 % ]
255 pl=a 7
r Tg=45kPa
[ e;=228
‘woo L .
0‘ 4
g [ ]
S T 7= 0.008% ]
350 Y =0.02% h
8l ¥=0.04% ]
= 7=0.1%
]
[
£
(2]

-
o
LD B A A

Obwl il sl il

100 10 102 103 104
Consolidate Time (min.)

Fig. 4. Variation in high amplitude shear

modulus with time for Santa Barbara
Clay (data from Anderson and Woods,

1976).
7
14 |- saturated kaolinite -1
e=0.84~096
G =10~ 60 psi
2L 2 Dy = 0.0016mm n

AG/G1oag(%)
)
i

2} S S U B S

0 1 2 3
Overconsolidation Ratio
Fig. 5. AG/Gge versus OCR for saturated
Kaolinite (data from Afifi and Richart,
1973).

ohoThA) L, 10002 ol THAS LRE 3
$ BYYARY GE BFPYARS Guo A
28 AYYARY GootAE ATFLRARY

G th ZA R Agetd Ao H3HG) L& 23]
g FolAch dwHog OCRY AG/Gowol e
4 MYPE ZF$ ds dASA dEua,
D5>0.04mme) Eeigd A9 2 &34 A9 fith
ol#d 2¢d EA A$ OCRY 92 7|EHo
2 243w 22 Yehdoh 4xazie] 4l o
A 3-8 =9t

AXIZ719 XIESHo| Hek

dAF7NV7t FHEFE AT B2 AuadAs
= Z718tHASifi and Richart, 1973). B UAH3]
A0 ADNFEF Frbsts Ady Sxeel
AL A3l el Anderson and Woods,
1976).

AV
Vo = exp(—0.35logDg+1.10) 3

A71A, MR F7hste A9 SR(VoE
100089 Y PF A AdFEE(Vaw) B
Aitsl HJ3 D2 mmTEHE AHEE4Y. 88
HAeH HIEYAAARE o] Ay, FETH
ol a4u HASY, AEY Fx, U35y IdF
¢ AR 388 & e AL oplG, W, AHAd
FEE(Vyer AdadA(Gle @808 93
A4 2 Al enz AYPAFPA V&
Z45E GE g3 Aatgoh

G=pV? @)

(gl o EFY Yxolt,

Afifi and Richart (1973), Anderson and Woods
(1976), 18] Kokusho?] (1982)7F EE& A 7o)
71238k, AG/Gio?t Dso®l B AIE Fig. 69 Y&t
Wk 28994 AG/GwE EZY Dot 57H8
F5 gxdte AEE JeEhdoh Zge AR
(r*=045)& & XA 347} & W 44
Ag, d& F &g etk AG/Gion®t Dxo9l
AL AHG)o) Jeldrh

G (%) = exp[ - 0.37log (D) +2.01]
1000

)
714, Do mmTHE AHRtodof st AG
/Gros %2 JERATEH



AG / G1ggg (%)

)
)
ru

- ! ' ' N T T "I e Bali kadinite '
[ | atter Anderson and Woods (1976) o Benlonio Siica® | 1 60 - o0 Dbentonite silica -
. **atter Kokusho, et al {1982) v Chevy Clay’ ] [ v gzsv_ytdlay 4
T . ] [ v oit clay
: ::xtgl:yy 4 5 = Eaton day ]
[ o Gulf of Mexico ] 50 o Ford day —
50 | Clay' ] I ¢ Gulf of Mexico clay 1
[ AG & LedaClay [ E [ o & liga c:ay :' 1
X _ 1 r 'S a cla
:Glooo(%)‘exP["0-371°g(D50)*2-01] 4 Osligha Clay” ] § 40 - o * 5 Ostigia é;ay R
40 - 2 =045 @ Teganuma Clay™ |] ‘6 [ o>
o fitting ] 3 L
C ] O30l S _’
30 |- - ~ s ]
I 4 % 8 ° o
! ] v ¥ .
Ag 4 L]
¢ 0 s 8 v i
L %2 .
10 + ] 10 - g v 3 v
] L ]
L ] A ‘a v ‘4 'S
0 R oanl e panl 0 R PR PSSO PRI R I
0.0001 0.001 0.01 0.1 1 0 100 200 300 400 500
Mean Grain Size, Dgg (mm) Effective Mean Principal Stress (kPa)
Fig. 6. Relationship between time dependent Fig. 7. Relationship between effective mean

shear modulus ratio and mean particle
size for clayey soils.

Table 2. Soil Properties for Fig. 6 and 7.

principal stress and normalized rate of
secondary increase in shear modulus
for various clays (data from Anderson
and Woods, 1976).

Name Void Ratio Ds,(mm) PI Saturation (%)
Ball kaolinite 1.09-1.11 0.00025 39 97
Bentonite silica 1.87-2.01 0.003 64 100
Chevy clay 0.39-0.70 0.004-0.01 10-20 81-100
Detroit clay 0.82-1.45 0.002-0.04 12-30 92-100
Eaton clay 0.75 0.0035 19 -
Ford clay 0.88 - - 94
Gulf of Mexico clay 1.98-2.13 0.0011 50-54 97-100
Leda clay I 2.04-2.18 0.0005 37-44 86-97
Leda clay II 1.12-1.13 0.0015 - 93-95
Ostiglia clay 0.69-0.77 0.024-0.04 - 98-99
Teganuma clay 1.90-2.50 0.002-0.007 44-82 -
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Table 3. Index for Fig. 8 and range for plasticity indices.

ID Reference Year Soil Type PI Range
A Marcuson and Wahls 1972 kaolinite and bentonite 35-60
B Anderson and Woods 1976 various clays 15-64
C Stokoe and Lodde* 1978 San Francisco Bay mud 30 — 50**
d Isenhower* 1979 San Francisco Bay mud 3050
€ Stokoe, et al. 1980 offshore clayey silt 0-18

f Kokusho, et al. 1982 Ifog;';‘gl‘i Ccl;yy 4;‘ _“.f;‘
g Puri 1984 loessial silty clay 10

h Zen and Higuchi 1984 various clays 9.4-46.5
[ Tawfiq 1986 Edger plastic kaolin 42

] Kim and Novak 1981 various plastic soils 12.0-30.3
K Guha 1995  San Francisco Old Bay clay ~ 17.8—-26.7

*give ranges for PI and AG/G1000, and five random points for each were generated for plotting.

**assumed values based on Isenhower (1979).
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