AT E R =EF A2 83 20069 8¥ pp. 129 ~ 136

Engineered Soils2| &4

Characteristics of Engineered Soils

o] & A' Lee, Jong-Sub o] # ¥' Lee, Chang-Ho
°o] % A’ Lee, Woo-Jin Aelule) Y’ Santamarina, J. Carlos
Abstract

Engineered mixtures, which consist of rigid sand particles and soft fine-grained rubber particles, are tested to characterize
their small and large-strain responses. Engineered soils are prepared with different volumetric sand fraction, sf, to identify the
transition from a rigid to a soft granular skeleton using wave propagation, K,-loading, and triaxial testing. Deformation moduli
at small, middle and large-strain do not change linearly with the volume fraction of rigid particles; instead, deformation moduli
increase dramatically when the sand fraction exceeds a threshold value between sf=0.6 to 0.8 that marks the formation of
a percolating network of stiff particles. The friction angle increases with the volume fraction of rigid particles. Conversely,
the axial strain at peak strength increases with the content of soft particles, and no apparent peak strength is observed in specimens
when sand fraction is less than 60%. The presence of soft particles alters the formation of force chains. While soft particles
are not part of high-load carrying chains, they play the important role of preventing the buckling of stiff particle chains.
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Eaf glojo] Bak 7189} Round Particle Sand (Ottawa
Sand)E ©]-§-slo] Hefjo} 1159 £3A 2l Engineered
Soilg FH|SHATE ARGE 1R Bt 2o a3

= 1. 2Mejojo] 22t 129 Sand2| MEX S4(Beatty 1980; Masad et al. 1996; Santamarina et al. 2001)

Used material properties

Quartz Sand (Ottawa 50/70 sand)

Specific gravity” 1.08~1.15 2.65

Shear modulus [MPa]’ 1 29xE?
Poisson's ratio” 0.49 0.31
Dso [mm] 0.09 0.35
Sphericity ~0.25 0.9
Roundness ~0.60 0.5

€max = 0.85

Emin - 0.50

Mass density [g/cm?] 1.68

Photograph

Note: * values relevant to the material that makes the particles.
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(a) Signais for sf=0.8
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(b) Signals for sf=0.6

I3 2. 3423 mE tHEX S-wave signal. ZE(Amplitude)= 2} signal®| ZICHZCE normalize 8F AY. (Hl%)
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(c) Signals for sf=0.4
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(d) Signals for sf=0.2
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b sf =0.0 (rubber)
0.6 } |
1 10 100 1000 10000
Vertical Effective Stress [kPa] :
3% 5 2NRESA0N W2 4% HYE 22 ) 2AH= 2|
2 ccst
=2 AR
100
o8
—_ ,d/ L.
[ - .
S .
= T
2 10+
" - A
2 (sand)sf=1.0 g osf=06
B st=0.9 » sf=04
= X st =02
= .2 sf = 0.0 (rubber)
g 41 sf=08
2
8 st=0.7
sf=0.6

10 100 1000
Average Vertical Effective Stress [kPa]

I 6. $UKESU WS FHEIAM). FEEHLE 515
S7lf Wt BE 22 SN WHER LiR0| AME, 1
B U KR BHRIHIE £,

(sf=0)9] $-HEP A5 A9 2dHo]r(quasi-linear),
sf7} &2 Engineered Soilol|A] A% =7} YEPJTHsf =
0.8). it 7= A1) HYPEL Hv|(sand fraction)2]
ol wet S7hstm, w2 2ol A= ZefH|(sand
fraction)®} ZrAof wha) LA} sf=0.60|519] A&
)| 2-9]8] 9] Engineered Soilof| A= o] Z=7t HE
sh7l e gt olelat S8 A ke

2 QA= A 2ot FAITHLee et al. 1999;
Youwai and Bergado 2003). Z|tf] Y& =}ttt 1} e, = 15%
Ale] theg mlaFzk(large-strain friction angle)2 1%
7(b)oll =AIBH T At WR mhakzt ) oA d bkt
H5 R Rujd|(sand fraction)F7to] wet S71eE &

% ek

350

300 | { = 1.0 (sand)
| e
& Q8 T
m | 0.7
§ zm } 0' ........
sl o TN
i ,,,0.4.,,
: e
| [—
Sl S e "

N

0

0 2 4 6 8 10 2 - 4
Axial Strain [%]

(a) SYWHHEN WE {33 I8 U =Xk= 222 Engi-
neered Soil2| ZefRujHIE =gt

50
g 40 Bpoaic
o
[=4
< s
[~
£ 301
2
= %

g : friction angle determined at e, = 15%
20 + t } t
0.0 0.2 04 0.6 0.8 1.0
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(b) 5T LHR0EZHdpear) H CHEIY OFEIZH(large-strain s friction
angle{e;=15% axial strain))
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3.2 Y E9

A A7 7} Diage/Dsman = 491 ©ebsla 52 &
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= YRS =4 Z¥(coating)S FA5H| Hol, 2
AR 2 U Aolo] 1 Q= Aol Heh Ze 9]
Aol & YA =& TR AeA 2 i 21 2
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Large-particle skeleton
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{b} Z=H((porosity of a binary mixture of spherical particles after
Guyon et al. 1987)
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(b) B2 HEE FAEM A 4(middle-strain constraint modulus)
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s | 0 A
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Sand Fraction, sf

(c) D|AHS MOIEM A (small-strain shear modulus)
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A& #A(semi-empirical power relation)o)] 21T}

4714 oy A7} o Bk kel §3
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F-3AAE Engineered Soil®| 749 22 A 3F& 7HAH
2 E)-3-AbA§ Engineered Soil®] 7-¢- 1% 9(d)et 2ol
AR og 2 A 7S 7}AT

b A4 & W3tol] whE Gmax 2| WP =E o
Hith dutd o g o)AbdQl 1A W uAsIE o] 7
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R mAfo] A% b = 033040, =esAL 2 B
o] A b = 05 T2 ARt JES B¢ b =
0602 eiA glewt b A4t P AFEY okl
T2 HE oA H}@EFE}(Santamarma et al. 2001).
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T Sand Fraction, sf T
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4. 4 E

Bju] Zolo] 2 FAT TS G WR BT
(Dsand/Dmbber ~ 4) TgA ] Engmeered Soil9] -1
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