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SUMMARY

There are two main characteristics on soil behavior, the first one is deformation
characteristic and the second one 1s the strength characteristic. These
characteristics are often used for designing various Kkinds of structures, and
must be estimated for more effective design. The in-situ tests will be used
when estimating these characteristics. That method shows many advantages
that are useful to understand the strength characteristic. However, estimating
the deformation characteristic by the means of the in-situ test is too difficult to
use for practical purpose, furthermore the difficulties will be aggravated if they

are concerned with small strain.

Therefore, in this research on sand, the strength and deformation characteristics
affected by stress history and cementation will be examined. By using
Calibration chamber system, various in-situ tests will be performed in order to
observe the behavior of sand specimens those are prepared to simulate the
overconsolidated and cemented state. In addition with the experimental research,
the numerical analysis using PFC(Particle Flow Code) will be carried out and
both of the results are compared and analyzed to make the results more

accurate and reliable.
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Al ol H o] B2 carbonate sanddl] Z o] 2ol ti(Jewell et al. 1988;Airey
1993). w2 sixlEo] Huek A|RE o] 8319 cementation E¥E HI sl )
Ao MEF WA v EEA, wehtA 1gla X 9AA AAAF e EA A
59 SAA uite] A AFAHOFE cementation ENE FEL3E AEE ALES)
o AR5 Adste A3e 2AAsYt. 7]+ portland cement, gypsum % ©|
cementation A4S do7]= AE2ZHN AF mixing FHE AH AL o A
AT AMEA FHo EAZF At #AdEHo] HToe AJo 4% oS

=21 calcite(calcium carbonate)& mixing©| ¢}y flushing %
HE Fote Hrkgtez dAs AEE 7= Y29 lightly cemented samples
ZA &=, 9 CIPS(calcite in-situ precipitation system)< ©]-&3F 2& 4w}

B HM.A. Ismail, HA. Joer, M.F. Randolph 2000, 2002). &1} o]& A}

FAIA TSl cementationy & HLeld AR B WP EA ] ol
gk A= Sl H o R %27 A A oltl. 53] cementation @Al thdk =
Y A= off HuE vl glom oA o9} #Hd AUt Rud H$+=

glott Amazle @A 9 N84 §E Fo Anz o4 27 FUEAAL
I 4 9
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H (Standard Penetration Test)

7k EERdAE

(1) 744

=
=

| ™ (hammer)

9|

(Standard penetration test, SPT)e] & %% 63.5kg9]
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)3 71 (split spoon sampler)”F 30cm #YE = Fotol]l w7l E}AH 3|4-=(NA)E
= 3te] Aute] EAS RBAS= Aot xFAJATAA =AHH

o]-&3sto] AP EAINES] AAH, & A=Al WHF v (friction angle), G =

5SS AT £ A, AAHNESY A= AAZ2"HA(consistency), €E=U=4 %
55 AT & oy A EE Hste] HAE A3 AF RV v oz A A

Crown Sheave(s)
or Pulley(s)

Typically l-in. (25-mm)
Diameter Manila Rope

Rotating 5
Cathead

Donut Hammer

I (762-mm) Fall

Slip or Guide ————
Pipe

A
Drill Rod

Ground Surface

._-

.
g
@
=X
5
2

=Lio

18 in. (457mm)

=5
1]

Ol
ol
AV

o Az Ao

Ao ARES g4 sleaiy AT 2eu AA dlv gA | At ol

ExAAAFE s 4o YA 7} rodE E@ sampler &



(7h sl ez Al ¥l (Hammer drop system)

o] Qo= dukH o g 2 3x-Z g (rope-pulley)d, tripd, 71 HAEs2] (semiautomatic),
a8 a1 AE 2 (automatic)e] Ul 7HA F A W ELE A A®S AR&Etal QL

sUle] Afole ZE-F (rope-pulley) @ o] 7HE Wol A& QAT o] W

AN

S Wl Hste] g&o] W2 540l ot mx-Ed] AAE2 s =(cathead) ]

R

o

[€)

47, 229 F7), 229 ¢ A%, 2z A5, AR FURE Sof

Wepa ARdew ool JFe mAd

Cable to Raise
and Lower Weight

Jj 140-1b Sleeve

\—

Anvil il E J Hammer w
Dnill rod

Rod (Connects Rod (Conn .
1o Sampler) © S mnl ; Drill rod

pin weight old standard donut safety trip automatic

<28 1-1-2> v =5 2 v 5§24 Alx"He £

Trip 3lW Y A53) ¥ (automatic hammer)?] A-$ol&= alw e Yetus A3
T A 2Zol A BT e YA i

Jd= ATNE IS F Ak Kovacs(1979)% Dando dl™ e} AR Boros trip 3 # 2]
LroyA v e Ay 0998 g Bk vp il oy A] v 7F 0992
W, ajm o] Haf Alel o A]

Ae AfsiAe w0 A Adea & 5 Qo

Eao] Aol glrks AL emg,

() A4



FHANES A% 1 Hde Feol met Ngkol 2eHd £ vk w A

EQko WA= sludge”F sampler’F # == Aol JFS wHAYste] AA Nat

o
X

o A YetyA "o BAESEe] AS FUde Ao AT BEd dES
12~15 g, 1=+& 30~60 S =38t ok

(th) 7Fol= FE=(Guide rod)

7ol EE(guide rod)E dH7F el FTUS AHEEA e As A s 9T
gt} el ¢} Jlol= Z= Atolo] mpEe Zhzbe] Fw ol Ao wetA JEFS

etk 2Ea Sle] ol A= 2E 2 94 B¥(rotary wash boring)71E
ARESE7] wlEoll Thol= REo] mwo] Al o] WAt viEE ko= 497t

Wb ma A £ Bobe] shel= %Es} sl Fgsk wAEA Ho

(2}) s8] =(cathead)e] =7]

AN AFo] Frhekd vhERol Frhe] W] ZESh A= Aol o] vhol

Z7 sk @k wEka] dwkH o 150~250mm AEe A7) AlESEE FHEn
N, I AEEE 100rpm ©] G o= FAst =S F3ska ot

Trip hammer (Kovacs, 1979)
10 { Manual release (Shi-Ming, 1982) a1

Rope thrown olt cathead
] Small
T — — cathead
— — H12
o8k - e~ L
06k 16 o
o cathead =
w & Frydman (1970) =
oal 4 Douglas (1982) =] 2.5
* Yostumi & Tokimatsu (1983)
o Kovacs & Salamone (1982)
0 Kovacs ef al (1977)
Q2
1 L 1 L
e 0 1 2 3

MNominal number of wrns ol rope on cathead

<Z1¥ 1-1-3> Cathead ¥ ©E}AGA]2do] w2 SPTo|H A &8 (Skempton, 1986)
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SPT Overburden Correction Factor, Cy

SPT Overburden Correction Factor, Cy
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ed, 1979 (35):

=50%
-- Seed, 1979 (35):

ne

Skempton, 1986 (31):

1986 (33)
Coarse sonds
E
— - — Skempton, |986 (31):
Dy 70%

=+ Peck, et ol 1974(34)

— — Skempton, 1986 (31):
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0-15
15 - 35
35 - 65
65 - 85
85 - 100
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Al Al
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[e)
2]

Fo}. Terzaghi(1948)
13
Consistency
very loose
loose
medium
dense
very dense

[e)
A &= (Terzaghi, 1948)
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GHF v = 288
40 Dgg = 03 mm
= 1-44
204 072
| /o
0 20 40 80 80 100

r

<9 1-1-6> N#aty dude 9 dAstE3te] Z3##4 (Skempton, 1986)

-1-6& Skempton(1986)¢] Alg s S AuiE=e dAssel ©WE Nat

AT Mgl el AAE Aelty ¢kl Marcusons el Al A dot 2o

Az s Ngkdt A2 =+ exponential function®} FAFsH F e = EF

ur, FAstEel 2717 AR wel Ngko]l dizf Hl#HAow Frletes o=

vebskeh o]k A3 Michel(1981)e] A4+ Aol M= FASHA it

Michel(1981)> @2 AWl 5 @74 SPT 2A3E wEoz 37184S &3 s 23}
7} 0

B2 RS AT 2 2 a9 B, HE 206 Ao $eR N g2 g

4
jaic)

1

gh?
kel
it

offt
me
ol

ast bE Azuttt 24 e s, YA RdAE EHo]ge} 7]E
259 G osiA 2A verdoa gy

=q+ bav’ 2 1-1-6



a/b+1 _ 2

~ab+ o, 1+o, fine and medium dense sand 2 1-1-7
3
= 2+, dense coarse sand A 1-1-8

FAJAE Y] AL =F7] 2 ydd=o A slE Dutchcone penetration

test®2, &2 FYS S3 cone tipoll Al A HEQ] resistanceE A= Ao HA oAU

b
2

<, FHnEE S 4T ¢ Q& friction sleeveZb 7T E G, o] o]E A
=

ol
e}

=)

=243t 4 9= electric cone®] AEE WA AukslE 7] A|ZE G 1
s 548+ U= piezoconed| VTR ]ls] A wke] ARk <l

qebel AL FAL  db AwsE g AgEd

(7h Zn 274

A A HEE S (ISSMGE) ol A Al A8 20l whel 2 Al £9] 7% 60°9] #9
G A 10cm?, 2 9o X8 friction sleeved WAL 150cm’E AL 9tk
Nt oz A 15ecm’e % wo] AlgE I glon, A 2em’

—

4

Bl
L (miniature cone) X%k o] A% 31 Tt} piezoconed A5 T Y FAS
st e 9 A= HTsEEO] A gov, dutd oz Fo 2 FH F(behind

cone tip, uz type)oll $1A|38] UJ= o] AFEHM ol HAS T Auh 19 1-1-75

e

HH & ulE S5 Qo= o] FIHX(u; type), friction sleeve?] SH-i-(us type)
=

Zol #YPT F U= dole AFES olF= ANtY FFet olo wEt Fo] %9

sed AeEE AFgEd o8 A4, NbH o 20 ton trucke F& Z#<Y

A< AAE o, JEE 70~80m, medium densedt 2o ¢ 30mAE o]

7heetth AAlz ANte] AFgHow Q] Z& dsk= Hol7kA #dskA e



WA SHE whES A A7) friction reducerE & 3st= A olth friction reducers
ZHPAH Y SAHoHEYN TS FA FEF conedlA 03~1.0mAE FH el
AAstH, 19 1-1-88 3 e 9 friction reducerE9 FeE Yela

friction reducer®joll= 2 &% o2 AAH L9 drilling mudEs FAFSIY F =9
T WHlHol Ao, o] WHE Fal vhEHo] 50%

WA Y oA 9.0
!

7]—/\5].‘5.

T o

pou)
o
fru
(4
At
N

U.——— Derived Test Parameters
) q, = corrected tip resistance
Lo =qc+ Uyl -a)
Friction Sleeve
(150 cm? Area) R, = friction ratio
=(fy/q,) x 100
local side friction = f
Bq = pore pressure ratio
=(U, - Up)(q, - o)

60° Apex / v

(10 cm? Area) [ I l I qc =tip resistance

<aY 1-1-7> HF5 24 2 9K

s
1N
N

(mm) 3.82 3.51 4.08 3.45
Total resistance
force on cone

3

644

4

644
Hﬁ ]
394

<9 1-1-8> thekst & e 9 friction reducer
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FHAA o] ALEEH= dFEAQ ZO2E mechanical cone, electric cone % ©]

L
Ao, &&= me Fh=%ke] A 2AA P ol 7He 3k piezo cone, B3 IHE

o
ri

43 4 9+ seismic cone, A|F9o HVAEES FAH}E AHHAEE =

(D Mechanical cone

mechanical cone ZHbo]l 7RE Delft friction cone(Dutch cone)¥ Begeman

friction Cone©] ¥wr# o]t} mechanical coned 7+eral FH|Z GAE AJS =4

] AFgEy £ vtEE S SAY ¢ Ao 29y 9AE dYgS HE EEE e
olF e FEjA wAYPAT 7] QA7 BHAY ThsAdo]l dom, AEHHQ
ARE 45 F a3, A% A7t HAFHE ddEe] Ao

0 ©

| /

I i

|

\V4

(a) Delft friction cone (b) Begeman friction cone

<1¥ 1-1-9> Mechanical cone

@ Electrical cone

Mechanical cone®] wAHS B3 A 7MY Wol ALEH &= 29 HE=Z, AgdH

el

d

2= a8 =548 52 load celloly sensorE<S %3 dHolgHE9 o

N

Al H B Sl 7hsd Aul o)t electric cone> Tlo|E 9] A& A g

7Feakz] witol zlolol whE A&HHQl FAo] ThedtH, AHA e ddes

o

N
-
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tel g A

A2ks

6 Waterproof bushing

5 Adjustment ring
7 Cable

1 Conical point (10 cm2)

2 Load cell
3 Strain gauges

4 Friction sleeve

8 Connection with rods

—

_70
‘mo
o
il
il

N

=K

wAO
o

<Y 1-1-10> L ukA ¢l electric cone 9

@ Seismic cone

71% CPTY CPTU9

A

=
=

(geophone)Y} 7} %= A (accelerometer)

il

o2 FAHY. SCPTU® #Zo] A i

S =]
o]:g‘q}: /KJTE

g Al

=]
-

3
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Classification Chart (Adapted from Robertson and Campanella, 1983)
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Classification Chart (Adapted from Campanella and Robertson, 1985)

¥ 1-1-2> CPT %9 #7F 7|+=3%(Robertson & Campanella, 1983)

Zone Number Soil Classification

Sensitive, Fine-grained Material
Organic Material
Clay
Silty Clay to Clay
Clayey Silt to Silty Clay
Sandy Silt to Clayey Silt
Silty Sand to Sandy Silt
Sand to Silty Sand
Sand
10 Gravelly Sand to Sand
11 Very Stiff Fine-grained Material
12 Sand to Clayey Sand
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<& 1-1-3> F9o &7 7+

Zone Number Soil Classification

Sensitive, Fine-grained Material
Organic Material -Peats
Clays — Clay to Silty Clay

Silt Mixtures — Clayey Silt to Silty Clay
Sand Mixtures — Silty Sand to Sandy Silt
Gravelly Sand to Sand

Silty Sand to Sandy Silt

Very Stiff Sand to Clayey Sand*
Very Stiff, Fine-grained*

oo~k WwMN-=-

* - Heavily overconsolidated or cemented
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Soil classification index parameter :

I =1/3—1log(Q(1— By))* + 1.5+ 1.3(log (Fy)))? A 1-1-15

C

<E 1-1-4> I W& FHo] 7 7|+% (Adapted from Jefferies & Davies, 1993)

CPTu Index (Ic) Chart Zone Soil Classification
lc<1.25 7 Gravelly Sands
1.25<1<1.90 6 Sands - clean sand to silty sand
19<lc <254 5 Sand mixtures — silty sand to sandy silt
254 <|;<2.82 4 Silt Mixtures — Clayey Silt to Silty Clay
282<1<3.22 3 Clays
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for OC sand

M, = 5q. for q. < 50Mpa

21 1-1-28
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penetrometer or drill
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1. Dilatometer blade 4. Control box
2. Push rods (eg.: CPT) 5. Pneumatic cable
3. Pneumatic - electric cable 6. (zas tank

7. Expansion of the membrane

<79 1-1-27> DMT® HdA 718
(2) N4

A4 ASTM standardoll Al #| A1 s+ DMT AlgHHe gloy dutdg oz D 19.02
on sampling and related field testing in soil investigationol A A Al ¥

Schmertmann(1986)2] W ol 7] %3k}
(7} Calibration

Alge] <kA] bladeo] WA¥H membrane I+

membraneS 9FS stainless steel® o] 917] W] Aure] 3 o] I QI
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gk B o] F st

A-reading(AA)> Membrane©] sensing disk feeler®} HZ3sH7| 3l YHo=E <
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N
=

Layout of the connections during the
calibration procedure (AA & AB).

<% 1-1-28> Calibration of Membrane
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(1}) Index parameter

Marchetti(1980)= DMTA @A %258 ths 3719] index parameterE Al <ts}3d

Dilatometer index E,=34.7(p;, —py) 2 1-1-34
) —u
Horizontal stress index Ky= % 2l 1-1-35
v0
material index L=21"P 2 1-1-36
Po— U

@D Dilatometer modulus (£),)

DMT A& A] membrane® o] ths]A Gravesen(1960)¢] A9} #o] Elastic
Half spaceol A 9 AAjsteo]l 7Fel A rigid wall o] that x| wre] A 3Ly s}

2 g bedt ol $3 4 glvk

g(r)=—2L] 1 —tan ' —— | 2 1-1-37
™ (/R -1 V(r/R)?—1 B

)
wir) =40 pg, 1 (L y 4 1-1-38

o] DMTA & o] AukHEo]l r=0, w(r)=1.1mme] Ha membrane?]
BgogRE R,=30mm, p=(p,—py)°l Hal 3 E¥, membrane 1.Imm
BAA] A Hke] M A= e o]l YEd 5 9

F 4 30

ED: 1—V2 = Tx1.1 (pl_po) %34.7(]91—290) &l 1-1-39




DMT Alg Al Zyte] o= WAsks SN M=k Tmmeo|thblade #
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ABGC; penetration of DMT
N CD; expansion of membrane
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@ Material index (7))
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@ Pore-pressure index
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FAY F e poatHt AT ud vluE Fd 7Hssith flat dilatometers g
Marchetti(1980)= ol2] @4 DMTA@4A#4E EA=E ¢ & A 2/E o

F 1-1-59F #Zo] Yellth

<E 1-1-5> Lol m& Auk 25

Soil Type Material Index, 7,

Peat/Sensitive Clays < 0.10

Clay Clay 0.10 - 0.35

Silty Clay 0.35 - 0.60

Clayey Silt 0.60 - 0.90

Silt Silt 090 - 1.20

Sandy Silt 1.20 - 1.80

Sand Silty Sand 1.80 - 3.30
Sand > 3.30

(19 1-1-34). & F579 AWM= g7t 4% 2507 2o 243 545



Dilatometer moduls, E, (MPa)
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<19 1-1-34> Soil Identification (Marchetti & Crapps, 1981)

Material index, ID

<219 1-1-35> Soil Identification from DMT (Lacasse & Lunne, 1988)



Davidson®} Boghrati= piezobladeE ©]-&3 DMTAIE S T3 #¢Y & 1&<H
2AEE RYDF5UE SA-S AMS EFete YRS ¥ 1-1-363 2o
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4% 4 Avk. Schmertmann (1988)> 137 1-1-373 #o] ofg] X|yke] tjf 3|
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<19 1-1-36> Soil Identification from Piezo DMT (Davidson & Baghrat, 1983)
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(W) AAESAF (K

Marchetti(1980)&= #H219] <I7+ol Al K,E Horizontal stress index(K,)ZFE F4

s o Ae AN

K
K,= (Tg )47 —0.6 2 1-1-42

el A HE el AR 23S Holu, AMEAE el = A FekA gt
Schmertman(1983)- Calibration Chamber test®] ZI}=Z5¥ K7l K, ¢ ¥k
P 7HHS ¥ Durgunoglu & Marchetti(1975)9] AF2%E ¢, — K, — ¢<]
gRHAE ol gl K —Kp—o¢°o Wt FadAS vs 2" 1-1-38% 2ol
eIt 18] jaki's equations B3 KyneE . = UERNY, Kol il

¢am,9/]— KDoﬂ rﬂ—(ﬂ' /l}‘g-i 1’4»%34_ ZE]‘O] Xﬂ/\]é‘]-(};\q

40+ 23K, — 86K, (1 — sing,, ) + 152 (1 — sing,, ) — 717 (1 — sinqﬁm')Q
B 192 — 717 (1 — sing,, )

Ky

21 1-1-43
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_ K’(]ac 0.8sine,, 2] 1_-1_
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PROPOSED
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FOR DMT
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<79 1-1-38> DMT Algel w2 Kj— Kp—¢ 337
(Schmertmann, 1988)
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Baldi(1986)%5 2 Marchettie] A4 ZA23}=5S 4 HAA F=HEH JAAAE
A oM, 19996l Marchettis Zale] Fiol we K,— K, —q 4AAAZ

e} ol A

4.
K, =0.37640.005% K, — G*—— 2 1-1-45
0

o] 714, ¢;=2x10"% for artificial, freshly placed sands

c;=5>10"" for natural, seasoned sands

Jamiolkowski¥ natural Ticino sandE DMT¢} SBPTE o] &3l +3 KpE

o]-§3le] Kog A4 sttt
K, = 0.376+0.095K —0.0048¢,/0", 21 1-1-46
(th) W mkz2H o)
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<a¥ 1-1-40> Ky— Kp— ¢, q.— Ky— ¢ *F3 34 (Schmertmann, 1983)



Marchetti(1985)+ aging®| 4 cementation®©] §l= A|Hbo]gli= 7}A )9 schmertmann
o W& ol&slo] Ap— Ky—q, BAE A1, D&ME o] &35lo] q.— K)— ¢ &
AE do] 29 1-1-41% 2L chart® YEFHSI T
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¥ f///

T 30

10001 =TT TTI

T— IX
\ A
o,
.&ﬁ\
£
+
° 3

“00\\

A% R

.8 — / / . ¢ \ / =

L e .10 7] o e CO 1 X

Ko [c-10 ,/ o | S &/ e aecumine 1o | = 40/ 15 =
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<9 1-1-41> Kp— Ky—q., q.— K, — ¢ 7337 (Marchetti, 1985)

3 Marchetti(1996)+= Campanella & Robertson®] A7+ZA#E o] &3l ¢ F34
st 4 Qe A4S AASEE T AR o] A2 oE thA BHA HUFsE T
¢ = 28+14.61logk,,—2.1log* K, 2 1-1-47

(e FoE=
AdREsl TEe Ea) AAEe dilatancyE TFebE 4 Ak AL ol gl

DMTZ 25 dides gfigez 4T 5 v Baldi198D)e2 L%

Foid oA F-&ete] F7hg kel dilation angleo] &St A& CPTe f.4



8
2
S , | Baldietal (1981)
§ Normarly consolidated Ticino sand
=
; 6 @ medium dense Dr= 46%
3 . W dense Dr=70%
E¥ 5 _
g3 A very dense Dr=90%
<
2 g
EE 4
% g
2L
5
== 2 r
g
)
= 1
=
=
O

0

0 5 10 15 20

Maximum Dilation Angle, V,,,, (@cv=34" assumed)

<19 1-1-42> CPT A &S %3 dilatancy =74 (Baldi et al.,, 1981)
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CPTAI Gl A f.o] AZ7F DMTAA #Pe=z <l
FAYRIT 3 2= glth weba] DMTolA #5)e] ol uhe index 279l K, (-2 —0)&

23] AWk dilatancyE FA3T F dom, AAsFo] W3 nyE Zs A yke]

_%«
FUEEE F8T 5 vk Marchetti(1982)= K¢ Auid®= Do Z4#AAE

@ chamber feat (Marchetti 1982)
lDommon site (Marchetti 1980)
A Torre Pglio site (Marchetti 1980)

6 [ ¢ Ticino Sand - BC1 Chamber test
(Baldi et al. 1986)

Horizontal Stress Index, Kd
D

O Hokksund Sand - BC1 Chamber o *
test (Baldi et al, 1986) °
Ko =0.45
*
2 |
0 1 1 1 1
0 20 40 60 80 100

Relative Density, Dr(%)

<19 1-1-43> DMTA @ A 35 o] &3t Jldx 4 (Renya & Chameau, 1991)



(m}) WM A S (Deformation Modulus)

@ Constrained Modulus(A/)

Agke]l WP EAHL dutHor Awte] ¥ gl WP F ] AH, gl & $H
AR SHolaE So o& AAFrE Marchetti(1980)+= ageing®]Y cementation &3}
7F 1= NC #ite] di3] Dilatometer modulus, E,E ‘&3l constrained modulus,
ME F3ate As AAstden, b5 #AAE S AR mE ME F4
st A 1-1-48~505 AlQTstA ).

E= 1—;’1% A 1-1-48
—_— (l_lt’l/) )\] _1_
M=Ea5 00 20 4 1-1-49
M= 2(11 —2u) Ep= Iy Ep 21 1-1-50

if 1, < 0.6 R,, = 0.14 + 2.36log K,

lf 06 < ‘[D< 30 RM:RM,O+(2'5_RM,0)ZOQKD
R,,=0.14+0.15(1,—0.6)

if K> 10 R,, = 0.32 + 2.18log K,

RM2 34} 0.850]4fo]ofof sht}

Baldi= sandE ©| &3l chamber testE A A3+ tE. Baldis= MaechettiZ7} #l| A] gt
Mzko] sl Zva Hristda o3 22 3k AAISH T

1.3M for N.C sands
2.4M for O.C sands

Mt
Mt

2 1-1-51

@ Young’'s modulus

Young's modulus HE3F g/ o] &l wel DMTe| AldZddziy 4T 5 vk



Schmertmann(1988) A& A1} 5& nlero
BAAF E/Y 5% AL °d Aow FA
&

hokksund sand <

sttt Bellotti(1989)5 <

ANAdAdIES ©]

TF 1-1-449F 4 1-1-52, 1-1-53% o] FAs it 18y Eps DMT7F 39 5
i, TA] membrane®] FFol| 3] WAE= WL FHAE T IR
reloading modulus©]”] wWi=o] NC soilell thsf A &37] ¢sid= HAo] Has
o},
E A 1-1-
= 1.05+0.25 for N.C sand A 1-1-52
D
=3.66+0.80 for O.C sand 2] 1-1-53
D
"FOR NC TICIN(E).SAND SARD och vy
(37 TESTS): —> =1.05 = 0,25 1 .
Ep TICINO
1.5t08.5 ©
FOR OC TICINO SAND 1 ™
(22 TESTS): Ei: =3.66 = 0.80 HOKKSUNO [amtoea o
EI, & 1T T T T T T T 77T
%o 5| ‘ON ° .
. -]
41 o ? -
° o o °
3 o ¢ °D° o 005\63 ]
2+ ° -
L] .... o
b ol F- —-!'—.}—.i:‘—.'—q—'— e g i
o L1 1 1 1 1 1.4 1t
1.0 10
Ko
<9 1-1-44> E,=4H Young's modulus 57 (Belloti et al., 1989)
Ep9 recompression mode® ¢13%+ BAL t}h&x o},
E=0.9Ep (N.C. sand), E=35Ep (O.C. sand)
Ep(OC) / Ep(NC) = 1.2 2l 1-1-54

E(NC) = 0.9En(NC) = 0.9Ep(OC) / 1.2 = 0.7Ep(OC)

2 dilatometer modulus, £,7} e A
ticino sand®}

sto] E,24%-E Young's modulus® Th
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(1) er4 3} (Seismic wave)
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B4 s}
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b 92 WA ALY =l 5o A2 <E(geophone) &2 EE= A7

4r

1
-

—

0

Nfo

—_
fi%e)

2

P-wave$ S-waveel] o

1

kel
hEA

A el ' kel o

0

&+

B

)A
e

1-1-55
1-1-56

A
e
Al
>

o%u,

ox?

2
98 u,

p X2

o%u,
ot?
2
0 u,
atZ

P-wave :
S-wave :

el

A el A

g 2

L
u—

2 3l (wave propagation)® ™,
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(7h) P Wave

<¥ 1-1-6> P3o EA

« 4] A (particle motion)o] 3] @ H-3H(wave propagation)}
Bea Al 154 WS o] B wWale] el AH Al
ol A

cowlE AREE [/ He 27

= 5 |. aAG AA 0 E

* Compresion wave

* Primary Wave

* Longitudinal Wave

o A, AAN A As

M
V, = /—
o’u, M du P Wave velocit
g A L= P y

ot p ox? P-mode (plane wave)
uy3=u,=0

« 29 (sound), &5Ho AFL&

\r—compresslonsw
WL FREEE L E R T DR F L

1 dnations —

Direction of wave propagation >




J|m

21 (particle motion)©] 3}2] F8¥dKwave propagation )2}

[e)
™

FHOR ABFe] FUUE doA WA
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<3 1-1-8> A §kA Ao
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%, Poh, S5 £% 9 Fopgu

Material p [kg/m3] Vp [m/sec] Vs [m/sec] v
Fluids
Air (20C, latm) 1.204 343~345 0
Pure water 998 1480 0 0.5
seawater 1025 1531 0 0.5
Claster oil 969 1540 0 0.5
Petroleum = 1300~1400 0 05
Ice 917 3500~ 3800 1800~2000 0.33~0.36
Gas Hydrate 912 3200~ 3600 1600~1700 0.33
Minerals
Salt 2160 4400~5000 2100~2700 0.25~0.27
K-Feldspar 2560 5600 ~6400 3100~ 3200 0.35
Quartz 2650 5700~7000 3300~4100 0.31
Calcite 2710 6600~6700 3300~ 3500 0.30~0.33
Dolomite 2870 7300 ~7400 3900 ~ 4000 0.24~0.30
Pyrite 4950~5200 8100~8400 5200 0.14
Silica glass 2600 5600 3500 0.17
Steel 8000 6100 3500 -
Rocks
Limestone 2000~2900 4000~7000 2800~ 4100 0.27~0.30
Sandstone 1950~2600 2000 ~5500 700~3300 0.18~0.24
Granite 2500~ 2800 4000~6000 2100~5000 0.23~0.27
Gneiss 2400~ 3000 4300~7600 2600~5300 0.20~0.29
Hematite 4200~5300 4100~8000 2300~4300 0.3
Magnetite 4900 ~5200 5800 ~ 8000 3000~ 4200 0.32~0.35
Basalt 2700~ 3100 3500~9000 1000~3000 0.25~0.35
Shale 2400~ 2900 2200~7000 1500~4000 0.12~0.34
Gypsum 2350 5800 ~5900 3300~3400 0.26
Granular salt(dry) 1300~1500 230 = -=
Concrete 2350~2450 3600 2000 -
Soils (at 100 kPa)
Gravel (dry) 1400~2000 550~850 150~500 —=
Gravel (saturated) 1800~ 2450 1500~ 2200 150 ~500 -
Gravel (unsaturated) 1500~2350 600~ 1200 150~700 -
Sand (dry) 1300~ 1850 300~500 200~300 0.3~04
Sand (saturated) 1500~2150 1450~1900 150~300 0.3~04
Sand (unsaturated) 1300~2050 200~1000 150~400 -
Silt (saturated) 1600~ 2100 - 130~180 -
Clay (saturated) 1400~2100 1450~2000 60~250 0.5
Clay (unsaturated) 800~ 2000 - 100~1200 -
Glacial till (saturated) 2100~ 2400 1500 ~2500 600~ 1000 -
Glacial till (unsaturated)) 1700~ 2300 400~1000 - -
Glacial till (compacted) - 1200~ 2100 - -
Loess at natural 1640~1750 400~800 200~500 0.44
Lightly cemented soils 1300~ 2000 400~1000 250~700 -

References: Barkan(1962), CRC HandBook(1998), Davidson(1983), Hardin and
Drnevich(1972), Holtz and Kovacs(1981), Jumikis(1966), Prakash(1981), Richart et

al.(1970), Santamaria et al.(2001).
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¥ (Modified Interval method)
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(t}) SASW 7| (Spectral analysis of surface waves)
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Ak (Inversion)
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(7b) @Y AlE (Penetration test)
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@ Dilatometer test (DMT)
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(2) Control Panel ¥} Data Acquisition System
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AEE Ante] vag Alg AHE fa AREHE sehA AW R (chemical
impregnation method)e]lY & Z W ¥ (freezing method)& 714 & of |
Hlgo] AA LASEE, chamber testet & Wy AdS 919 v
A= Ao B7bssith webd gt d8 233U E, &

TZ% E)% X_i;(%*“] ylod 3k 2= 9}\% ZH/Kc—)]ﬁg /\]JEJ_P.

il
BN
o,
ol
20
£
O
—
O
S
A
°
i)
>

o] (sand raining, SAHel 93 ANmxAS A% AdEe ARE A&
A= W oty HA o % Y F x4 I8 HBE FASHA BEAE
A7 wizel d7 AFEE3 Atk (Mori & 1977, Rad and Clough 1982; Rad and
Tumay 1987).

Yabe] o]k AlmzA W o]l Kolbuszewski(1948a, b)oll 3] AASH o],
Jacobsen(1976), Kildalen and Stenhamar(1977), Tumay % (1979), Gilbert(1984),
72]3 Rad and Tumay(1986) ol starel 7M#&o] mE Fdidx=e Wl
the AFstdth =3 Rad and Tumay(1987)= F 93 4 &gt /HHE
olol, detA, /AT F3d, 2 BAA A B AT 5o 9 2]l
w3 ATE TR

gojy Azl BEefo] dstarl WehA FeE AAlsts o] FastH, o &
?3] Rad and Tumay(1987), Brandon and Clough(1991), Puppala 5(1995)2] @]y
Al gl A= EAkA 9 storage tubed] EHEMNE Wl W] £2 AAdste WY

0w ool AAHoiw meje datist A FAHEE ATk 2y
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T R Ex
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LA T = ale] H7 = Sk

weba] E Ao A= Rad and Tumay(1987), Brandon and Clough(1991), 18] il
Puppala 5(1995)¢] 47lgk 7] doly A|x®le] ZA-dS Adra /e Ay
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Tumay(1987)= 7H# &3 Hshal 5 ofyel F 2-3-13 22 thdst aclo] wish
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(Rad and Tumay, 1987)

FaEFal 715 el ¥
7R # & (Shutter porosity) SP % A
A A % (Deposition intensity) DI g/cm/s A
W+ 53 (Shutter-hole pattern) SHP - B
M F 28 A (Vertical stress on shutter) VSS kPa C
43l 7 2 (Falling distance) FD cm C
431l (Falling height) FH cm A
B2 A %4 (Diffuser—sieve opening) DSO mm B
Al 4= (No. diffuser-sieves) NDS - C
A 74 (Distance between diffuser—sieves) DD cm C
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7}. Miniature Cone

(1) Chamber size effect
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<719 2-4-4> Screw plate ¥ 2 FLFH
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Ag 7kA o] {A Fojof gt} Schmertmann (1970) ZF Algdzlole 4%
olE A7l 38 oo m FAFEE Ao o™, Janbu and Senneset (1973)%
0.771.0m¢] HAE FASAT - AFNAsE F=E IAAA 40cmZ7HA FHYA
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7ko] AA = oo} st} Janbu and Senneset (1973)+= 90% 4 A|ZF o] o7 &%

AspAIzEo] A Holof sttt FAEY L, WA Schwab and Broms (1977)%
Brown (1987)2 59| 3tz AtAIHS Astth Eg Ismael (1996)2 33 3] 3}
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7102 AAFY o}, Schwab and Broms (1977), Brown (1987)3 5 Y3}A 54
o] & stFAlstAIZ o] AL HATHTH 2-4-6).
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100cm
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t}. Bender element test

(1) Bender Element?] 7l £

Bender element+= Shirley®t Hampton(1978)0 23] Hx= EZ A3 o]g&% o]

EAd A¥dg Sy H@7IE FF£3 o]f%H i Urt. Bender element:™ FHA

P,

(piezoelectricity) & 7} AAE o]& Z7|H ASE 7|AA ANE2 e I 99
wako 2 WMIAIAFE W3] (transducer) 2] AF o2 5 (vibration) ¥ s (wave)
T AN F2 ol &H HTddE olgd g4 &80 A FAl
7171, LCD 59 7FHAZFAAMEY 28 IT, v7steEzYx 975717 5 HAHG
L vk AREE S Fopo| M= gtEs o] &3 AW
2 ol gHe=, FAA 5o E Qs F= ddT

(shear wave)?] WA = A AFEHUL
(2) Bender Element?] #&<dd

Bender elementt™= %9 ZA(conductive shim) %Z ol F 719 o zdAET]

Ale (A &4, poezoelectric ceramic)e 2 AEHI 2 A EH o] UK 2-4-7).
AT A71A ol |qA 7 7 A o] ARG Zr HstE A ZeF Wy,
= 71AA Ay AZE sk, iR o R-Sd, E W9 55 FH A E

A= 2AE Eeu A AHOAA ddAES A= A Rs 4 (quartz)

Bender elementoll Z<to] 7FsiA|W o W W HFS s WS U 55
stA =™ olo] ulg}l Bender elementt w3 W3d %S 7 ®rl Bender
element®] & £& 1AAA AU FHE UEWH 7
2-4-89} o] HWFor HAI(S-wave)E WAL Fuome ¢HI

(P-wave)E WA A 71T}
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Piezoelectric material
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PARALLEL TYPE

EXTERNAL PLATES
PIEZO CERAMIC

SERIES TYPE

EXTERNAL PLATES

PIEZO CERAMIC
PLATES
INTERNAL PLATE

/" PLATES
INTERNAL PLATE

= = INTERMAL PLATE
POLARIZATION POLARIZATION  SOLDING SITE
DIRECTION DIRECTION
(@) Outside electrode
Piezoelectric material
Metal shim

Outside electrode

(b)

¢ Direction of
? polarization

<9

<

¢ Direction  of

l nolarization

© — 1
N e

v
<2E 2-4-9> SAATEA (a) HE 9= (b) A

(3) Bender Element®] A2}

Bender element= Z°] 20mm, &% 10mm, 77 0.6mme Ho = FH|s FTA4AE

- 133 —



Aol &5 Ael=e Fo(core)E Ll F FH dox Ao &5 AolE
(coaxial cable)®] &A1& 27/H& yro] Zbzp gddgh oju] i =A<k o
oz Algteie] ol HA FxEE g Fogith 1

(multimeter)& ©]-&3te] 44 AelE &<lgth Bender element B sFA ol &5
W B WS E fste] A FAIE ol&ste] I®W F cross-talkE WAIEH7] 95k
conductive paintZ ©]-&3}4] electric shieldingS 3ttl. HE 4 © & heating tubeZ
o]§3st] FFANES BAT F UYUdE ~AF(Nylone screw)ell st ¢4

shoh (1Y 2-4-10).

D — Conductive paint
<+«— Polyurethane

epoxXy

Thin coaxial cable

<19 2-4-10> 94 3E Bender element® ©H =
Bender element= W W] <} otF 83 A&7 8 I (cross talk)E WA
2 S g 5 AZ rodg olgste] AW A oF SH| AXg} Aty
S7bell mek - ek5- Bender elementE  ©lEdkel e FHsH W
Bender elementE ©l&3kl y net v (e SHEIT
(4) Adgnie] 4
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WAz HE Agilent 33220A 20MHz Function/Arbitrary Wave Form Generator,
Filter/Signal Conditioner 18] 11, Agilent 54621 2. A 2~ 53 o]t} Bender element
= a9 2-4-11¢}F 7o) Az @A4 7] (signal generator)?} Filter/Signal Amplifiers %

3 @A & 33 (oscilloscope)ol] A A 71t}

Signal G

E Sensor|
(Source)
Digital Dscilloscope

BE Sensor . BE Ser{sor
(%fum} Specimen (Receifer) EE— /‘A/\,

BE Sensor
(Receiver)

HP/LP Filter

Siganl Amplifier

st =49 A5 E Filter/AmplifierE £3to] wo]|=2Z A Aste] 12 25 A
<}

MathCAD X =Z13-& o] 83} signal matching?td& &3 5
(5) e Fuje] A AL
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N
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(t}) Pluviation test

AHEES] HY AT AP ASTMoA AAS s HeolE Wy oly g4
T oaAE Qe AHEES Af4HstE il HAAAdxdATES Tske
Pluviation test”} 1T} Pluviation testi™ Miura and Toki(1982)°] <]sf 7}

multiple seive pluviation method’} ¥RbA o2 ALg¥=d], Eao 52 43
BRI AHHE AEE A A& BT E AT Miura(1982)s o8 7de
MSP ®¥®& 913 pluviation &A= ZLH3 Zo] Ayt AlE AEAEES A48k
A A B a8 AFEE sHdde AHEEVE dAES dFom dalete s
opening nozzleo] $1o™, A|F7} EAbE o] X RIHe] getEL s ASHA 1A &
oo #AEA YeltHEE e AR o] Fo]x ¢ multiple sieve, 18] ©

Aoz Yoty AAFETL AYH BERZ o]Fojx it}

K

-

pe—PVC TOP
=

nnnnnn

|
==y T

INTERCHANGEABLE
0Z.

i
NozzLE ~{{ L i 1]
PENING SYSTEM

we-VACUUM

DIFFUSERS

STEEL - TUBE

WINDDH\E . i . ;‘ FMQLD
,—ﬂ f-

= ﬁ,/STEEL BASE PLATE
<219 3-1-2> Multiple Sieve Pluviation Tester (Miura and Toki, 1982)

Miura(1982)¢] Al@dZd ze] =9, MSPUHH S Sal el AMEES] Fiides
nozzle®] opening size®} H3dlirol]l S WO opening size’} A o] A i HEfal
AR wet st 2A ARS dollidnt olyd 54S F&, i AHHE
3l Y9321 &S nozzle?l opening sizeo}

At He "ot de AAPe W, ane] AxdfsHds AddxzdTEen
B Atk MSP % e Al@wHol tdstar, wHEA g wE QA7 thE A3 o
Hla] AolA ®Hoh el wRieolgt & 5 dow, & Al Hs] AH|u A]F

el A Al =]l Helth

)

- 139 -



@ HAEe Ax AzVATE A9

ASTM D42540 A= AMEAES HAAAZGFHS Fat= WHoR tsap 7ho
37FA 2 A A 8 T}

Method A - &4toly Zwj7|2 2= A
Method B - AHAEE A& S8 E /jus}

Method C - A&l AR5 A& F, AddE Ao ==d AF= Wy

i
rlo
Jm
N
e
o
o
-3
=<
5}
o
o

(o
vs)
i
(@)
lo
>,
o
ftlo
oft
:?1:1'
-4
o
k1
I
rot
v

ANE A2AXDHTH AFEL 7Aooz 200 A(0.075mm) E3FFe] 15%0] 842
AHEEES APk A s, 2F Azt Ad A S Ve e 2k
Method A - 75mm A &35 100%, 37.5mm A 3= 30% oA

Method B - 19.0mm A &3} 100%

Method C - 95mm A 3% 100%, 101 A 2mm) E3%F 10% o)A

(3) Pluviation Method$} 7] o] ik vl A

AHEES] B gt o] Agy AFE fEiA TP Vel HE FUEEE
ARzt A, AXAxEFTHFS Fobe AL FFeH, FEl A $HE F3
T oF gt 58] HAAdxdTE

zF i e geEjgdoly, el Aol digh Bd A, el W ERre] vudatrt
Fo] o] Fol Rt

Vaid and Neguessy(1984)%= Pluivationg S ZAE A5 Addxo] sk
ATE 98, dstete AHHES SHA R dYstste 74 dAE Rddte] 37
Aey FHo) o3 AR EE TEHHE S5F HobEolo dis) WEbAT 1 A3

17 olabe] ool tial datE: gAY deisms AAen], dabizold me

o
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pluviation test& AAIPES W FAHEH AR U=HE F3& 2y, v

3-1-33} o] Z7)oll&= zhFu|o A Aas}, delart AR wek Aol A

Pouring rate

4 min./kg
o.el ® Leighton Buzzard Sand 0.50
1 » Ottawa Sand 0.45
o 0.7
g
[
.'g 061
>
os}
0.4 L ' . L.
0 30 100 150 200

height of drop, cm

<9 3-1-3> 75 935kA] Yot wE F=1] (Vaid and Negussey, 1984)

ASTMol A Al A8t drbA o g ALEE= FHolEd o3 AP A A
Aoz & St YA HdAZ2GTH g 9FS 5 Ae=
a4 ATH(Rossi 1983; Peisino 1987; Poet Aglietto 1989). £3] Rossi(1983)+=

Asdols Algds AAskle o, Ald oy} o] 5o el = &4 Azt 2000 A

N

Lo Presti et al.(1992)= WxA < AHEEE dd] dsHol &S o83 Wiz
Miura and Toki¢| Pluvitation testE %3 Zoj

FHA =S S F 3-1-13 o] ekl

g JEHolES o &3 WY Be, EEUFAAN Wsom Qg Aol Fow
ANz EE7F dAEE Aoz AFE A}t Lo Presti et al.(1992)&= 2 Ego] & A& u}
Pluviation test®] == Wl $x|o] W& Q=i 23 93 o] AsHolE9
A9 YA wet d=Adr 2 A JErk o™ pluviation teste] A 2 EH 9]
Lol &) Aoz o]zt AA YER:
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<} 3-1-1> 2t Algel w2 23} vlal

2 Axu &3 (Lo Presti et al., 1992)

Pluviometer type

Miura and Toki ASTM D 4253
Soil type
vd, | No. COV,| yd, | Crushing, | No. | COV,
kg/m’ | tests % | ke/m’ 9% tests | 9%
TS4 1700 4 0.22 | 1700 2.50 6 0.88
1669 1.64 3 0.59
TS9 1672 7 0.17 | 1669 1.98 2 0.78
Ticino Sand
1648 1.55 2 068
TS10 1683 7 0.09 | 1669 2.10 3 0.61
1653 1.80 3 0.77
Hokksund Sand HS 1759 4 0.08 | 1751 1.90 6 0.34
Glauconitic Sand GS 1712 7 0.32 | 1698 1.63 5 0.54
MSG5H3| 2004 4 0.32 | 1977 2.10 3 1.10
MSG76| 1992 0.34 | 1950 2.70 2 0.67
Messina Strait Gravel
1998 1.50 2 0.51
2038 1.50 2 0.90
M4A 1775 6 0.37 | 1741 1.78 4 0.46
TS4 + Adda Silt M4B 1823 6 0.37 | 1764 0.97 4 0.57
M4C 1866 6 0.37 | 1850 2.44 4 0.38
MIOA | 1739 17 0.37 | 1740 2.00 2 1.70
TS10 + Adda Silt MI10B | 1794 17 0.37 | 1748 151 2 0.85
MI10C | 1844 17 0.37 | 1845 1.90 2 0.90
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2. FESEM (Field Emission Scanning Electron Microscope) =44

7}. FESEM 9] €&

FESEM (Field EmissionScannng Electron Microscope)< electron beam®| sample]
EHo| FAFSEHA sample®}o] o ztgof o3 WA E SE(Secondary Electron)E
o] &34 sampled] FTHES #A 2= Anjolt}. Electron gunol A 7HEo] A electron
beam< A 7H9] electro magnetic lensol 2]3] <% o] specimeni®eol| =23kt
Specimen3 ol A= t}okdl signale] WA sl=dH] SEMS secondary electrons ©] &
gt 8% secondary electron® scintillatorel]l A Light® W3kE a1 o] Light®
photomultiplierll A electric signal® W¥3lEty. Z18]3 9] signal preamplifierol] A
ZF25 o] CRToIA wgalth CRToIA 9 electron beam scanning®} specimen®l] 4]
9] beam scanning<> syncronized %] 17] uwl&el] specimen®lA] scanning ¥

image”’} CRT/ ol FdstA #3e] €.

<71% 3-2-1> FESEM #H]
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3. XRF &4
7}, XRF 24 72
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(2) 54 X-A

B4 X-He AA X-A 34, B oUA bt 94E we Wy ARe] e
AR Foha, 94 Wiol AzAFol Lot vlolYE A AmS wpE wol

Qe ARE AGAEA T AR Aelol AgUA el AP XA FAES

Aol WEshE A dojity

& primary x-ray source

<1y 3-3-3> XA Fxrpe] A A

(3) X-A+

BE Coolidge #& 7f#&Fdte] Algdled 52 g8 dgueER dAE W&
Al7)aL F=el Y EF 2= W, Cr, Cu, Mo, Pt, Ag, Fe, CoE Al&3ta Lo+
= A3 7|7}

RhE o] A}&3ta Aty W2 870 =1 dA=E7 A Wz
2~HEHS d 8 oozl Aol

bz
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e doE 7 olA dA HETt
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NEEERS

4.
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7

B A} 24
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= el A
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50km A F ol A 2] # ¥
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TR

A% Hol

il
Hr

A=<}
T HH(USCS) spell sidett. & 3-4-29

Do

(XRF) A3 SiO.°] 3t

Aoz yEryka, AlOs7h

A1
ax

1= =]
a} /K(S]'ETL‘

7h 2(76.06%) A7+ 2 (silica sand)$!

8.28%, KoO7} 3.06%, 1¥]il CaO7} 3.02% <=

Fapol

X

g, o=

-
.

KeX
=

A=A 7 (SEM, Scanning Elect —ron Microscopy)

kel sz (=70 A E 7))ol

A7 w2 o] vt

E g o

1 K-6, K-7

B

—

;.Ow_
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o2 et 2% 3-4-19]

A
ax

_H_

0.39mm, K-9

3-4-2¢] A (XRF) 23 SiOz7F 98% o]
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AG7E Aol sk oS #ES Rt FARFUAE SPol ARHW, AFAAL
0.52mmeolt}. 3 3-4-29 AEEA(XRF) 23, SiO, &0l 86%= =2 494

3_
mez dekon, 2EE FRHRU~FHEDT L9 22 e

S 169019, ARBe #5AFE 16302 47t il wEaden, 59
EHUY SPel AgEth B 3-4-29) YEEA(XRF) A3, Si0, Ffr&ol b o
T AR FHYES Hgdel YREe AAse oE degon, xR:

<E 3-4-1> A FRFYe 7E B4
B
?‘E‘ Gs Dl()(HlHl) D5()(H1H]) Cc Cu TE €max €min = 2 USCS
=70

wax | 262 | 0162 | 0310 0808|2346 A€W © 1 063 0,658 |quartz|  SP

subangular

K-6 |2645| 027 | 039 |0938|1503] StPAeWar 0}y 15l 0715 | quartz|  SP

angular

K7 |2647] 009 | 017 |0988|2.111] StPaneular o}y ooil 0684 |quartz|  SP

angular

subangular to

FEZAF2632] 0395 | 0520 |1.045]1.462
subround

097710613 |quartz| SP

TAAHA) | 2,644 0.07 0.11 10.941| 1.63 subangular |1.231|0.821 [quartz| SP

TAHAHB)| 2.648| 0.13 0.21 10.953| 1.69 subangular |[1.108|0.673 |quartz| SP
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3E 3-4-2> AdRg e 744 (XRF)

?‘T't} }B]'E‘ Ales CaO F6203 KQO MgO MnO Nazo P205 SiOg Ti02

HAA 828 | 3.02 | 099 | 3.06 | 029 | 0.01 | 1.62 | 0.02 | 76.06 | 0.16
K-6 0.73 | 012 | 055 | 0.17 | 0.10 | 0.01 | 0.01 | 0.01 |97.12| 0.07
K-7 o9 0.68 | 010 | 0.50 | 0.17 | 0.07 | 0.01 | 0.01 | 0.01 | 9847 | 0.05

FERIAL (%) 047 | 012 | 015 | 358 | 0.04 | nd | 054 | 0.01 |86.04 | 0.04

T AHAHA) 6.24 | 036 | 200 | 262 | 041 | 0.01 | 0.79 | 0.02 | 82.64 | 0.38
T AHAHB) 6.42 | 033 | 1.98 | 260 | 0.40 | 0.01 | 0.82 | 0.02 |82.11 | 0.39
100
—K-TZ Al
—-- AN
80 | M
- - FRAA
=2
=] =
- — K-65 Al
@
£ %0 -== 24 AKB)
= —— 2AAHA)
S 40
T
@
o
20
0

10 1 0.1 0.01 0.001
Particle size(mm)

X

ha

<O 3-4-1> A dEHY JEd

Fl
4
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<a¥ 3-4-2> AR SEMAH
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o]
o]l A AZYAF (air pluviation method)
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Holl wpe} 2 Asol A Gt 7] u&el, #A
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<E 4-1-1> Stust A sl nAe 3P
BIFA= AT & = A
® D5p=0.4mm<e] AHFAEE oz Yetil 0~100cm .
_ Kolbuszewski
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<3E 4-2-4> vt 2R 54 2 AN E A S
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QA/xHBE ageing/
cementation

<Y 4-3-1> ZAUYAE dFEFecl

Jamiolkowski & (1985)< 1% 4-3-29} o] HUE: TeHoE A3

o = 1

L
rot

Jo

ZRYAGA ()] BAT B5EF FolA AFHS dehilE AL o g3tel A

drEol Al wE Ayrste SAZAE AAsk e, Kulhawy and Mayne(1990)<

gt 7 ] Eo] OCR¥} ageings 117

i

T = BAAS At

T T T TTTT] 1

©
(63}

1D, = - 98 + 66 log e

-~ 0]
;] [#)]

r

[o23
(8]

i
(8]

Ticino sand
Oftawa sand

Edﬁr sand
Hokksund sand
Hitton mine sand

Relative density D_ (%)
5 & 8
|

N
(53]

-—
%]
}—

Lt trrrul !
100 q, 1000

<Y 4-3-2> AgAAFES A thit o 3 (Jamiolkowski 5, 1985)
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gy olelg ARES dFE X 4-3-13% 2ol HTF YA (Dso) 0.3mm ©] &<
A

%7&37] }H o:] 21 A].xl;g]

Ageolgher. 28y Aldd AHEES] A
2] wZell FA7AAE ofds] nxgk et

<3} 4-3-1> AFZEE 9] chamber test A&

(modified after Mayne and Kulhawy, 1992)

A s Dy(m) p,m) c emax  €min Angularity ~ Mineralogy

[0)
Ticino 050 041 158 0915 0568 Subangular to 30% quartz,

angular 5% mica
Ottawa 0.28 0.26 1.10 0.868 0.562 rounded quartz
Edgar 0.45 0.29 1.79 0919 0543  subangular quartz

(o)
Hokksund 039 021 220 0878 0535 Supangular to 35% quartz,
angular 10% mica

Olsen and Malone(1988)2 ZA&X& A 3} 3t o] &= 3k exponent(a)E
HES] A5 1.0004 =2 A 052 BN A A&ete zlo] gdsivta +4
3FSith 53 Robertson and Wride(1998)-2 soil behavior type index(Ic)E ©]-&3}¢]
AfE AHEANAN AEAD HES A& Ied wEt 889 =075 A &3t
%!

H

ALS ActstAdtt. 1822 Jamiolkowski 5(1985)0] A ¢tgt a=05Z

i o

i)

=

AMAE AL ZAVE e, dFad 245 T FPER e A4t
i g g odn 2 AT
doll mE AR g

il
ko
o

o,
=l
hines
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angularity 7} FFAFSE H# YA 0.1~02m¢l A B2 ALE3te] A3t

L

Ticino sand ¥ Hokksund sand®} H] &2 ste] H o] wrE A
A W 9ktt

[e3

o}, KUCCSE o]&3 AW Z34A3

(1) Calibration chamber Al &ZA % ZAJA &

T2} A, BE Raining System= T3 YAste] A ¥ AR E  calibration

chamber system®. 2 A s}7] €3}e] chamber top plateE Y1 A& 35 tube

2 AANE AL} EE 3 2Zkg A7l & S tubeE A AT AFHE Al R0l

2
filo

chamber tubeE #$%-1 FHF

ON

Aoz AR top idE ZH3}o] calibration chamber

a9

ZH8S dadt. YA YUY E calibration chamber®] top plateo] AXA171 & =1
=1

Y 4-3-33 o] ZHJAAE JdZs AAHTYEEC2en/sec)Z TAAES A
Alste] A = ZA(40%, 60%, 80%)3F A58 Z7(100kPa, 200kPa, 400kPa)

o e = 97 AR AdS AA s
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2) N2 d 2 24

7 BHAAS 183 D =) ¢/ (0,)" FBaA 24
Jamiolkowski 5 (1985)2 A& E| ol calibration chamber test 2¥& #23}9
AR AU 2ARAE dAgagdoz 4irae e 2l qolon) st
AYAAE FAPHD FARGon, dEAe me RTPE U =
AA A S Akttt 22 Y Jamiolkowski 5(1985)e) o8] F2 AFw oz A4
B WEUA 03molde]l Hdd wejolu g, 2 dyd] ALgE HBEUZ 0.1~02m
Agol 7)€ AFARE 4§ ANAE 9 2 weld 4T Pol vhEA
agda & 4= g} olg gk WA AJF A, Bel|l thdl calibration chamber test
A3 % Baldi (1981, 1986)¢] Ticino sand ¥ Hokksund sand A @24 3E =%
o] JEEANS nod AuBAS B4 AdaE 19 4-3-49 2
95.0 F A= A ob
Dr = 103.68log(x) - 162.31 %
85.0 F R?=0.9595 .
Jhas 5
75.0 L.Dr = 82.37log(x) - .§ %
R? = 0.9856
65.0 F A%K Hokksund sand
R r = 76.23log(x) - 124.88
< i R?=0.9751
a 55.0 Ticino Sand
| 74K Dr = 69.911log(x) - 106.96
45.0 'f R%=0.8496
35.0 | eAIZ A
HAIZ B
250 Fr X Hokksund Sand
A Ticino Sand
15.0 L i
10.0 100.0 1000.0 10000.0
ac/(6v0)°°
<39 4-3-4> F 4l wE p-q./(0,)" BAFA
AE =t q/(0v)"Y] AFBAE Aoz YepH oo 2] 4-3-13 o}
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Drza-loggqc* — b 2l 4-3-1

A& A, Bol didl ¢/(0,,/)2 AEBAZS Jamiolkowski 5(1985)°] #A|oF3t a=0.5

A2} 5 (Hokksund sand, Ticino sand)¢} A& A, Be] Hrd G tist FAd <]
|75 Ao HH ¥ 4-3-29F 2

N

Sand D 5, (mm) C, a b
A 0.11 1.63 103.68 162.31
B 0.21 1.69 82.37 129.85
Hokksun sand 0.39 2.20 77.26 130.39
Ticino sand 0.50 1.58 69.91 106.96

Jamiolkowski =(1985)0] #|¢tat euzel AbAE e Aiulrel AAGF Lo Bt

FAEg R BAAL Dr=66logla./ (0w )] — bl TAZE 7}A

wel AG(b)e] "7 2A AT S Alebh)e o=
A

/\g o] 7}

k]
N
=
©
2,
A
A
o
2

O oas)e BEAAel HATES FsE Ao dekt A%b) 3 7187
(s FAA BEYFol AAaF W Frhse 42 dehim gon 53

[e]
o
B dd 02~04me FHUNE AHEES Hdd 01me] AHAE AHES VS
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i

dE A= F=24 3 AR

FEF BAZ wolt v Aol ¢4
AP worz 787l @el Mstel BAYEL E AS % 5 Ark

180

AJ|E7I(a)
vy = 93.302x°°242 @ Alx=(b)
R?=0.9143

160 [

140

120

71271(a) & EE(b)

R2=0.9589

>

80 [

60

<% 4-3-5> FAEAAEH Al a, b A

(th H# Yo 2 exponent a

off

F AT a/loy)* el BAONA exponent af] 42 ABAES A8t =l
mE AeS vebd Ay a9 4-3-63 2t} Olsen and Malone(1988)2] AJ 2+
FAEAl FE Aol g wel AARAS Rl AUAU HE arb F7heba,

0.2~0.4mm<Q] Hokksund sand % A& B¢} Hlaste] 3537 0.11mm<!
A& A9 Wstao] AA yEtwew AlgdE AHEA HER o] wet
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4
95.0 | A2 A(2=0.61) %
Dr = 109.79lo0g(x) - 161.
85.0 | R2?=0.9893 5.'/
75.0 | A2 B(2=0.56) .
Dr = 84.85l0g(x) . Ticino sand
65.0 F RZ? = 0.9897 ¢ Dr = 68.68log(x) - 103.07
9 ) o, R? = 0.8534
& 550 | » j Hokksund sand(a =0.53)
Dr = 76.76log(x) - 123.06
45.0 223 R?=0.9759
A2 A
35.0 F
HAIE B
250 F XHokksund Sand
/ ATicino Sand
15-0 L T M M Ll
10.0 100.0 1000.0 10000.0
ac/ (6 w')*

<219 4-3-6> exponent a°l W p-q./(0,)" FA=A

FERAel WE 7187, AFb) 2 a8 BAZ EAF A3 1Y 43732
Aol gaddl we Frhs: 3% ©

0
A7) AAAE wste] AgA AAdEe] 9 1 wstgo] AAsA Frleke

i
=
=)
o,
=t
o
o,

=Y
s
o,
10
ol\
)
=
=
L)
R
23
a
lo
fru
ol

>
ol
rlr

180 0.8
A7|271(a)
y = 89.503x7%%' | @ A%(b)

160 2

3 R* = 0.9078 exponent(a)
1 0.7
=]
§ 140
Al
Rl 120 + 106
s
~ 100 r
. y =0.5085x % {05
™ 2
B R? = 0.791
80 y = 56.513x70:2909 0.79
R2=0.9682
60 0.4
0 0.2 0.4 0.6
A (mm)

<a¥ 4-3-7> FedAdel wE 7E7), 28bh) # «
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0] 0.79174

& R

of o

=
T

oA e

3
R

AnAAe] 718 4AEe Ay

i3

M
T

ﬁo

] § 5}
%=(40%, 60%, 80%)= =

KeX
=

KUCCS(Korea Univ. Calibration Chamber System)

’

ko3
T

43t

A

tel 271740

5]

A& A, BYl raining methodES % -&

0.11mm~0.21mm¢! A5 A, B9

Hokksund sand®l|

ﬂnﬂo

Ticino sand %

Fel

132 AdaAed v X =

X
IH

ﬁo
~
o

il

ofp

boubsl ol

5|
pul

=
=

)b 524 qd/low)'e #AZE o

ot

IH

[e)
e

el

ki3

s

2lom  Jamiolkowski 5(1985)0] Al

Aol

0

)

=
=

= oA

3

of ®kH| ¥

273

A

F(b) 44 3

7FstH A

71(a)7t <

AAE Aoz e

o

0.91~0.96

8724 A3} R’

ki3

(b) #Al o

2 A%

LS
oy
o
oF

=K

el

W
)

AFRHE

g

A%

bl A59]

a/(0vw)*e] a2 Wats AHR7] 95

=
pu—

7ol ut

CQ

iy

ﬁo

®

378 Al

ki3

] 9]

=
=

A3} Ticino sand

ki3

S|
~
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=

7
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=

Eal
RO

K+

—
100
—

1l
d
w4

7 AT

Al

Att= AR demol, A AT

Al E O
T2 =2

Al

KeN
=

=t

H(fs)

Faooh 25w

<

]

)tk AR A A el 29l

S 3l

it

(1986)¢] A g =

p=2
[}

Douglas and Olsen (1981)¢]1} Robertson

ol

AR BA

=
.

w02 AR E )

o] & (bearing capacity theory)°e]4 &5 7go]E(cavity expansion theory)&

R

9

_OH

<

rvzel

N

o

olo

A

A7 ek wEkA A

ki3

e

]
S

X

SECERIOBE

)
R

b,

7hEl o of

g ol gd ATl WaHol 3

23t

e

s

14

o= WSellA 2

9]

‘(H

!
xr
il

_1_wo

™
X

N

m

(1) A1 A8 o] Z(Bearing capacity theory)

N

e, ol =9

_Lnﬂ

o
o))

<

0

X
-
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AL FAH FAAe TABATE FausteE A

R4

OEL'

o] 2t} (Robertson and
Campanella 1983). 53] 23] 2 X & (carbonate sand)9} Zo] 4=Alo] & E o

AgE A WHoE4s 4ol
(7}) Janbu and Senneset (1974)

AnbA el SR Fo dddEs dFer x@E F vk 7HEA 7%

3lof, Janbu and Senneset (1974)= A GA &S 2] 4-4-13 o] FAH S
Q(1+a:M< Uo +a/) }'\_1 47471

7], a=c/tano’©l L, o' FHE WHWERZ o = FELAGOIH, N FHO
R A& A=)t} gk NqZNfeXp[(wf26)tand)']9«§ xdymH, Nfztan2(45+(])'/2)°]r/}.
p aAsERe] Zown maqd o tehbs £ $Hgge Jee &

EAd #AEL &, dFA o] F =& Ry AFEEAE] 45 0~30°9]

:ir'_
HAE 7HAH, A7 ge] 2 dsk AeEe Ry FdAESR]D FF -40~0°9)
(1) Durgunoglu and Mitchell(1975)
Durgunoglu and Mitchell(1975)2 <] #d3y FA4S Aty (general
shear failure) F+3 & 7}ASaL, Terzaghi(1943)¢] A A HFAS FAHste] 71%
()9 F33 ARA7], ada oS a8s =424 24 4-4-25 At

q. = cNL.+yBN, L, 2] 4-4-2

A71A, e Fol AR, N9 N, = 27 AR AAe e BAE AR A5,

27,

rlr
oy
{0
AV
o
of\
ol
o,
H
’L\f\
o
ke
e
ofl
o
4
o,
N
¥
o,
IS
O,
R=)
N
ﬁ,
é
F
o
(o]
k)
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A ¥t} Durgunoglu and Mitchell(1975)2] Wi g3t #4185 93] 2o A

719k Akl F9 32 S ugsor st W

do
=
b
ot
i}

(2) &5 3Ao] 2 (Cavity expansion theory)

Vesic(1972)e] AIA & Fegeled Z#Y =5 TASE Fo vy vds
9L, el 271

H A
S EH e ZAEAA BASstE SHEE A A
=

nelg
S otk Aolq AAHoBel Hal F o @AHQ o

1HE
A THYu and Mitchell 1998). 18y} F&5 o2 Fo AE5AHY AGHEE
sl Y3 we AHHESEE o

k.

et

fru
ol
ok
N
R=)
Sl
=2
31:1
4
o
I
i)
r
5
julo)
filo
=
b
ot
ol
k]

Q
= 1L

(7} Vesic (1972, 1977)

FEIgolR e Fo URrhEt 24 A B 4FHS MW 5 Aom (Vesic 1977),
A

A7, I, =1/(1+AL)< reduced rigidity indexZ% 2| 4=AS W3ty

r

ARG L 1L 59 BAA S (rigidity index) RN Z7] AGAIS9F vluj¢ A

Aol welty, Lejuh Ao AdEe] AdAFe AUGEE 24T 1w

sk @7] wfitoll i Fo)E AR E A&3he vff- Wo]3tth(Chen and Juang 1996).

(1} Collins % (1992), Yu and Mitchell(1998)

of

do

SgFol ol A% Fo A EdERE Collins 5(1992) 9 5%

ro

Al-&-2 (spherical cavity expansion limit pressure, ¢, )3 %7] A HF2-52(p, )2

H S 2] 4-4-49} o] AT
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,l/}S, ’ ms m U
= A=y (p,)" T exp(— myvg) 2 4-4-4

AZIA, vy =14¢€,°1 3L, my, my, my, my= SAGHAA F SA4S Hedl= A
olt}. Ticino sand®] 7%, m, =2.012x107, m, =—0.875, my = 0.326, m, = 6.481 &
AR Hrt

Yu and Mitchell(1998)& Collins 5(1992)°] A A|g 21 4-4-49} ILadanyi and
Johnston(1974), Yasufuku and Hyde(1995)¢] &% &3olZ3 zZgtslo] 2] 4-4-5
2l 4-4-63 Zo] AAHAFTE FAsIAT AVIA A= Zo ARV AFEMN,

smooth surface?l 7% 0, rough surface¢! 7% 19 #<S 712t}

1+2K )A
Ladanyi and Johnston (1974) : N, = %[H— V3 tan(\o")] 2l 4-4-5
(1+2K,)A
Yasufuku and Hyde (1995) : qu m /ﬂ' 4-4-6

Janbu and Senneset(1974) ®H (J&S )3} Durgunoglu and Mitchell(1975)
(D&M i) o] &ste] F BEHo tist SAIAE F4s & A9} vlustH

a9 4-4-13 2}

40 — 80
(a) K-7 (b) Monterey no.0/30

w
o

Estimated qc (MPa)
N
o
Estimated qc (MPa)
H
o

10 * J&5S(1974) * J&S(1974)
© D &M(1975) © D &M (1975)
0 L 1 0 = L
0 10 20 30 40 0 20 40 60 80
Measured q. (MPa) Measured q. (MPa)

<IE 4-4-1> AAE o] el o3 FAIAY F4
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of e ZHE ZARAGHE Aol ro] 93] F
By 2E &S Wl D&M HHET o 2 24

=
3 9tk Monterey 1no.0/30 sand®] 749, D&M WHS J&S %
%]

J&S MR 249 gl el Fo d554S adsrl= SR, gl A27)=

SZAGZA FAEgke ZA FFE VAA BF= Aem ddHn

<E 441> AAY o8] AHAY PE

/\]@EEH —7;;23 HC]"?Q Q(:(f:sthnutﬁd) RZ
QC(measured)
Janbu and Senneset(1974) 1.6548 0.9253
K-7
Durgunoglu and Mitchell(1975) 1.5433 0.8862
Janbu and Senneset(1974) 1.6138 0.8818
Monterey no.0/30
Durgunoglu and Mitchell(1975) 1.1589 0.9073

(2) FEHGeE 47

b

=

Ladanyi and Johnston(1974) W (L&J ®H)¥ Yasufuku and Hyde(1995) ®#
(Y&H ®H)S ol&ste] F+ Ead digt 24 A& F4¢ 5 AS5A 9 vustA

% 4-4-29F 2o 7 Rl did yEdolEd o FAY FAIGATA =

M= dg], K-73AE Y Monterey 1n0.0/30
sand®] FAFkol A7 o A dEwtow, oak EI ¥ AA YERT o
22 AR, L&J WHI Y&RH Wl A8¥ AfE  Collins 5(1992)°] Ticino
sandoll thal] AAE A 4-4-42 ALgEPgow, K-73A¢ 79 Monterey no.0/30

sandell ¥]3] Ticino sand® A%3} & v FAlsH7] wWlEo = FAdE)
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(ed) °b pajewns3

20 30 40 50

Measured qc (MPa)

10

15 20 25

10
Measured qc (MPa)

A

ToR

qc(estimated)

s
fui

jruge]

-

o

o

Q(z(mr%usu,rcd)

0.9677
0.9721

1.0225
1.0912

Ladanyi and Johnston(1974)
Yasufuku and Hyde(1995)
Ladanyi and Johnston(1974)

K-7

0.6414
0.7014

1.1365
Yasufuku and Hyde(1995) 1.2810

Monterey no.0/30
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5. AR E9| N et}

1

S(H MEEMAS) SMelP

7). QA E A

2 A7l A+= Bender elementE ©]-&3sto] it AMHES Ada £w 543
Ho AdeddAF(G,..)E Tttt Bender element Al 8-S tid AFEES] 1
AWPE o EAS AFgd] BT F A HA AFem, AR F3] A2
WONES MAA I EE AFuH ToR A3 FAVE EAEA LA =Y, WFA
T 2 o] B AFE vud Jge] AT & dvkes el Ak

Lk AT A

Bender element Al&-S 98] ta % 4-5-13 22 AdsS A
AeE AlgsE FAkAbe K-7 F 579 Al 59°]9 raining methodE ©] &3l Q-+
A XE(40%, 60%, 80%) 71 +#3% o] Al8E ZAATH Als =44 & A

>~
off
o
2
>
ki)
=

T AguE QAR AFIE o] &3] agrrival time =A 33 200071¢] Hlo|EH &

Hirdel Al st A AsE A7) fste] A" AZE

Lo

-

Filter/Amplifier& &3le] o]=& AAsI 13 AE&AeE 392w, MathCAD

Z 23S o]&3}e] signal matching?tgd S 3 HF A3= Atk

#F 4-5-1> AdaEe A[FA 2

T ANEHS Dr (%) Ovo'
Busan-40 40
AR Busan-60 60
Busan-80 30 50 ~ 400kPa
K7-40 40 (50kPa 7+4)
K-7 K7-60 60
K7-80 80
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L
L

&

4-5-29} 7o
Agae 2

Zpe] Zk=ml(e) Eut
Hlsko] Vil dehsl &7t

ol Al

A
=

-

H

gt Vynet Vive AY fAbsE Aoz F3std o, & Alg B oW
J Fge FAY 5 Y Ao BerH
d
iy 2l 4-5-1
oA714, g = 7z daste] Ash wakn Qe o $ua
<HE 4-5-2> HEdUE Ao A Hdetste] o] 5 A
Akt oA e I
Bet
. © Ween Fam and
mid-heights of ) No test
Santamarina (1995)
the free end
Dyvik and RCT Aol 42 Ho daetd A<

Madshus (1985)

H| 1l

Viggiani and
Atkinson (1995)
Tip to Tip

Aol dolsf ool o] EAZEE 3719
sz mdd A, o] o] EA e

tip to tip A g

=

[€)

Lohani (1999)

&

Viggiani and Atkinson (1995)¢] A3} o]

Fernandez (2000)

Exrds] BAe gelA tip to tp &
8% A A AR FAH FH

=

Kawaguchi

(2001)

Dyvik and Madshus (1985)2} Viggiani and
Atkinson (1995)¢] A3} o] &
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ofsff A= 7] el ol2H o2 RO Fe AT

<E 4-5-3> 5 o oi@

T ATGE 4-5-3).

o] (Santamarina et al. 2001; Lee et al. 2005)

#x o
B =0 [o]A A B
0 A4 9] Z(cemented soil)d] 7
ﬁ ~
(2 FEZF AAA 2= HAHAA)
B =1/6 [Herzian HZF¢ 4A-5-(F8% 73 4=H
Zoh FHo] et JE9 AT(AD AL A4 G4
g =1/4 o ] o )
=385 (contact yield)o] MEsl= 18 YA 45
g =3/4 |ZF%&(Coulomb)e] & o] 5= HFY FF-HE)
' A714<1 DLVO el os) #-5-5v HFolAe JARE Aol wet
B = variable|
H 3}
2.95 R
2.9] .
g 9 851 Plastlc",
> 2.87 ‘,’ B=1/4
£ 275
S 2.7] -
£ 2.65] Elastic_.-®
o 2.6 ‘-"’ _
S 5551 o pB=1/6
2.5] ¢
2.45
0 0.5 1 1.5 2 2.5 3
log (stress/kPa)
2.75
i O . K4
2.7 Unloading K=}
E B=1/G,¢¢" x
~ 2.657 o y;
= | oeé ¢ i
5 26 D/'“‘:
% 2557 $=0.10 Constant Fabri
3 B £
% 251 o * p=0.31
- %
0 945 ‘
— —_—
2.4 B=(’).‘Oz_1. .e Re-crystallization
2.35 " '
0 0.5 1 1.5 2

log (x-stress/kPa)
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@ o ARl H4

a®l 7= regular packingoll W HoRRE F5T 4 Sk AdaEE Aol A
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$HS A9ty tE factorEe BF oF TASH wEbA o QAAE packing 9

(e, 7++E7} coordination number), YAS T=E= AR EA ALY HE

A&, T2 Wkl BAEY

Q@ 71E ANd A3

HolFErh dybxog QixEe]l ¢ dusiAl ol AEvt AdsE, 143
(cemented)7} B5% ool g2 71AW g g2 Zopxlth, B3 LA F7F S7F
G5, A7 FAAT] ASTE pY @S AAL oY %S FAEH dYstE

(preloading) ] Y} aging= o] &3 = 714 2t}

0.4
~ C)- ﬂ
- ¢}
a V. =«
. f=036——— s ( j
03 | ﬂ 700 kPa
£ A
)
8 0.2
g © %l
3 .
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0.0
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n -factor [m/sec]

(a) Typical values for and coefficients of Nevada sand
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<a¥ 4-5-4> T3t o 9 g9 A3 AFF (Santamarina 5 2001; Lee 2005)
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Avhe 2AR Ak K79 o B8 289 4563 2ol vehlh 1)
| % Am wRelA o-pUAE T AUt FUsl 5L A4

0.29 [ wap
0.27 }
0.25 |
“0.23 |
B =-0.001a + 0.337
0.21 | R2=0.963 *40%
0.19 | mo0%
A 80%
0.17
50 70 90 110
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0.28 }
«0.26 |} .
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0za | R2=(.879
+40%
0.22 | = 60%
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0.2 . '
40 50 60 70
a
(b) K-7

<I1¥ 4-5-6> FkAbeE K-79 - @A
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(resonant column test)©]t}
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(4) AdaA g date] &E

(b Pkt o] mHE pabAbek K-79) Ao AuaA s

navgE A (9 10°% Bk 2AE ADolA ARAGEHAFGr)E T T

AsA Ao} AwZ Ha= M 29 Qrolth od HAYADEAASFE

B2 AgAaEe] &e st st A ALEES] §-H(stress)- ¥ & & (strain) {+e]
HAESE AFsfgkeh old Ao Z7|d A= Seed & Idriss (1970), Hardin &
Drnevich (1972a, 1972b), Sherif & Ishibashi(1976), Seed et al. (1986) %ol <23l
AFEo] gkry. H o] E9]M = cyclic triaxial, cyclic shear, cyclic torsional

s

n
o

shear, resonant column test 5 &% 984 AHe& & = e A
%3l Ishibashi & Zhang (1993), Lo Presti et al. (1997), Wichtmann & Triantafyllidis
(2004) ¢ A+7F AP =o| A

ol e = WA E AdE T3 HAddEdAFE 24

ol

Flew,

AA A Aze} 7]E Ak E3te] BAAS W wEFazt s
D 71 A+

1960 -8, B AFAEd 9d] AMEES AdedAs+E AAste YHE]
ATHAT. AHEES AdedAse 7HE 2 d¥s vAE dAERE 7ESY
HEEe] A7), 151 seol Advtar & A lal(Hardin

& Drnevich,1972a), ®3%, 4x=27], +334

dH A ti(Hardin & Drnevich, 1972a). 7|& A& UHE FAFA oy

S A E S ol &3t AAAGRZATE Tk, 7€ AL a3 2k

a. Hardin & Drnevich (1972)

’

max (297 6)2 M. 4 MmN
= X2 T M (—— Al A-F—
PRI X OCRY () 4 4-5-8
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o] 7141, e : void ratio (<2.0)
M : Pl & X4 (0 ~ 05)
N : 05 (HF29 A ES HEZF A8)

0'm: HHFESH

Pa : ti7]%F (100kPa)

b. Hardin & Blandford (1989)

— S 1—m 4 r \m/2 Al =
Grax = Fle)<2(+0) P, ><(0'1><0'3) A 4-5-9

m : 05 MHEES] 45 48)
S A8Ad FAde A= & (BF 1200~ 1400)

c. Iwasaki et al. (1978)

2
Gmx=225xi<2'17 e) X (o, )"? 2] 4-5-10
1+e m

A7|M, o'y ¢ BEFESY

o

@9 MPa

d. Lo Presti et al.(1997)

Gmax = CX*F(G) X (pa)lim (p/)m /l} 475711

o714, p' - W AAFESH (isotropic effective confinement pressure)

Pa : t17]¢t (100kPa)
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— | Toyoura sand 724 0.45 1.3
Quiou sand 708 0.62 1.3

e. S.Altun & A.B.Goktepe (2006)

G =567xe 128 xplol g4 A 4-5-12

a m
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=~
o
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=
0
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re
»
olo
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[
(e}

{
N
o
S
~
v,
&
o
ol
=
o

u}
oAM= FEgte] FUM wel Guas S7FEATH U FESE dellA Ao Add

B AFE e g wde] shsstdch

180
& 160 +50kPa
= Ginay= 87.43€215
g 140 2=(.972 ¢ 100kPa
5120 A 200kPa
3 Gox= 60.28623
= 100 2=0.974 = 400kPa
g 80 x
fg 60 Gu= :12.79e- :
2 40 .\‘\HH\‘
E G,ax= 30.6567
= 20 2=0.973
=

0

0.75 0.8 0.85 0.9 0.95 1
Void Ration, e

(a) F-AHAF
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100

o | Gmax= 57.14e1.89 + 50kPa
80 | R?=0.999  100kPa
70 |

oo b G...=40.58¢50 A200KPa
50 | kapa
40 } W
30 | \\
20 | Gmax=19.023'2'07

Maximum Shear Modulus (MPa)

R2=0.999
10
0
0.75 0.8 0.85 0.9 0.95
Void Ration, e
(b) K-7

<Y 45975 A o] WE HNAGEAAS 05

A ¥ (torsional shear test) . ZH-E] Toyoura sand® Hu| HGedAFES 2
4-5-103} o] FAsY o, =3 Lo Presti 5(1997)2 FAFAE I} v F A A
< &3 Toyoura sand®] Hu AGEdAFE 2 4-5-117 o] FH3A}
a9 4-5-10 iU E 80%¢1 FARALSE K-79] AAFESH wE Ho Ao
SAATFEA, A o] AdE @k A 4-5-107 119 o3 FAH FS v
AFEH, AFA o] o3t %]

=
QAL WARGAT K79 A% 0% 2 oAt B £d A A gol

)

gal B 2714 AGAE 7] e e AAsAsd o BEdN AUE
o Al AvEAASTE AHEH AFAGFNEE 5 KdLaE), 1e)n
Ng 2AA Het Tz Jeny] sEew dear

Bablel K-79) g%} el e Hu) AvedAsE Ags setals] 9,
2% 45-113 2o BIue FE(FE)w AFHE G
JEPNT, A RES] BE Gt sEde] BAE AU FaaAl s

i
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o2 FdE 7 JEF IAEA stden, 1 Ay k519 FgaR Aqfst AL
T, 2 4-5-132 22 FABATE AHEAJAT E3 Lo Presti 5(1997)0] A<+t
4-5-113 FAFsEAl 2] 4-5-142 Edo| 7FsslA
G =5-59xe M x40 (AR MPa ©H9])
2l 4-5-13
G =3.136xe " x " (K-7, MPa ©$])
Grnax :4671 ><e*1.95 ><P{5)539><0_(I,:4()1 (“‘?“/1\_]:/\]‘, kPa %%)
2 4-5-14
G =328.38xe M9 x PI9%x o (K-7, kPa ©$])
180
c 160 |
£
» 140 |
E
3120 }
Q
= 100
S 80| o
cg 60 | -+G=p*Vs"2
g 40 } #|wasaki et al. (1978)
% 20 | Lo Presti et al.(1997)
=
0 L 1 1 1
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Vertical Effective Stress (kPa)
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& 160 |
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» 140 |
3
3120
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= 100 }
3 80}
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[77]
g 60 -+G=p*VsA2
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g 40 -wIwasaki etal. (1978)
= 20 «lwasaki etal. (1978)
0 L L
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Vertical Effective Stress (kPa)
(b) K-7
<% 4-5-10> Gmax®l 71E ASHA T HA Al A3 vl (80% 4 -9)
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G,.../F(e) = 5.5900,0461
R?=0.98

P S I - T
o O o
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(b) K-7
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AR oF ot WM Wobxd 2 A8Ad slolAe FAV S Ao
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Gl =4:312 07" e 30 (324} MPa ©+9])

G, =2153x0' " xe 2P (K-7, MPa ©%])

o714 f(n)< F=Em=e/(1+e)9] TFFEZA n'S ekt 7]E9 Ald A3
(Toyoura sand, Quiou sand, Ottawa sand)E HI® o2 o] #AA A4S H-&3 Ay

= " h 84

sl a= YA SAGEEA, 94 Sl wE 0.7~1.09 #e AEsde A5

FEE BAZ deron], Pl AE 10, K-79 A9E 0859 g2 483
Atk
12
A
10
g | Ginaxl 07N = 4.3123:65
= R?=0.986
‘% 6
£
(&)
4| e40%
2 m60%
A 80%
0 L
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Void Ratio, e
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4 G,., /0T =2.153e299
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o2t
0 40%
1} m60%
4 80%
0 L
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Void Ratio, e
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3l A8¥ Graxs Pl Aiolth 2 4-5-15% Hol 45%9 HAloly
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- 214 -



AkA}e] State Parameter +4

=]
-

ol

bt

(1995)ll ¢

[€)

=2

2% AFE-# T} Robertson

Ay A
it

b A

S

o

W

T
el
ﬂﬁ

Bo

o
hin

N
ﬂyl
wr

olo

;On#

A

0 AR AFAEe

Al
=2

il

22

ol

o
hin

N
j

dr

bo apape]

fie}

AZGEle] Aol 7%

ki3

-
T

T-oll A

B
o

afo o

=

™, o]

il

4r
B

L

X

o
[}

3

Hardin & Richart(1963)7} -

ott. o

o

R

2l 4-5-16

o

=

o}

m/s ©elelth Al

-
1

= o
S ™

3

CER

—

;.Ow_
B
B

il

il

A AA

=
=]

ol &

kPa ©9lo]H, Vs
dojzl Azjolrt,

i 7 el ofl A

9

o 7}

)

—~
file)

™

N
fite)

i)

ofy

-
T

Rosler(1979)

2 4-5-16
4 4-5-17

, 1985)

p==
[}

bo The A 4-5-18% 2ol ®
— 215 -

)mb

°

b

At
)ma, X (

a

!
mb=0.125 (Yu & Richart, 1984; Stokoe

°

)}t

[e)

7] 4, ma

4-5-17
V, = (m; —mye) < (p' )"

V, =(A—Be)x(

Rosler(1979)2] A st2lof 7] %

|
Al



to] Rosler?] Al

S

AL

KeX
=

o, +20, )
3

’

(p

463.3, B=269.9¢]

oA A=

Al
2

LR

’

2 4-5-18

)0.571

a

p
P

V, = (A= Be) <

=

4-5-18 A

= Al
= =

4-5-14

a4

Al 093924 H| AL

g

A*

g eban

A

v o} o]

hin

)OIm) 9]_ Z_]'

Pa

(Vsl:VsX<

270

*
«
o
4
+ &
v
MO
o I
Y
n
@
>
S ESE
S O O
<+ ©
¢+ H «
Il Il Il Il Il
o o o o o o
e ] - -3 ~ n
(3] o™ (3] - - -

(s;w) *A pazijewioN

0.8 0.85 0.9 0.95

0.75

Void Ratio

<% 4-5-14> FAEAEE

el

s

Az

Fol Zr=Hlel o

3 ©

2 4-5-175 W

o2 4-5-19).

-c:;l_

s o)

Aol

- 216 —



1 2 4-5-903
3 o] A

LZH OLEHQ/] Z—]——%H]7]_ 1:,,]]:]—

vk webA A
oEHXOJ

IS

il

MoK BE X
EE ﬂ o iy O#E
G- oo ojp o 50 o
"9 < ) Mﬂ i o
= o R° a E_u o —
~ 0 . !
<0 weom MY <+ Lo o N
v = | o XK _ < Te N o &
T o~ o R T T < P TE L ’
T % o B < o ~ — 5 " So™
%%ﬂ%mo_# X - WQﬁcm_ F oo
Pk W T T 55 T ¥ =
o T ~ O T = &
o ~ < iy a 4 S <}~
Mo T = N o= P g >
4 < 2 M 1 =T  E g X . T o
o N m« 2 = T T = 4 = Ar
AW TR = T ay o) R , R ool
s ~0 X <0 < ol
ﬂAl‘_ =y o0 < ,A_! onwo E 3 BR . :‘L
ol —_ U AR S o ofy
% N =~ o i M- o A [
T ' Y I+ U - X 8
Nl o Af _1@ B ™ <0 3 ﬁm_ S £
) 5 = ©
ﬂadoa%@ ~ DTG T
R - o o) Sy D o o W L
o\ =X .._mly — ~ ) : it iy ay
| X o0 0 Jo e Qo
LO IS O_ = ‘m/wl Of b ‘UI oo ﬂA_.o W
& o ox N o HH X TG N . RS
__ § = YT g T < 2 x T L i O 5
T3 v E = mw n N Wo By il % G 2
op & = Nr %o N7 - = e 3 5 dlo 3
g ~ < 2 0 X i Eg}%%lﬂ N
‘UI Q GT_ ~ — o + UP — 0 o
R i . S o
o & w M IS - = oy ol B T2
oy o MR RS = (2 2 |5 = W NI N do =
& db o RS < |° 3 NF NN =
_ F = 4 0 : X SRS o A D
s N 0 | & o X = K AT o 4 v
T R o N wR CHES A X | X Z T = Lo P Ho
NN do = e L B % X -
"T R acg | S T T rAefiq_%
o = A X o < & = _ ; S A
i W T N o= W | _ = o ST o o o) Lu 14
_ e o R ) _ - Ho & Nr o A 1
o o < ®eIr < |9 < = |
LW R ! =% | ﬂiﬂromﬂg
~ = I — = | — ny X S
© I — W 4 o oy o ¥ I~
> W o o o ¥ bo " Ex
w0 —~ N M o o
F S i TR T =
B <
— )AO ,UI X ,Nr.._
BT H;I

- 217 —



100 150 200 250 300 350

Shear Wave Velocity (m/s)

50

T O T\ IS B
iy WM T odo B D 5
0 'y < Mo Z Lo W
el ﬂﬂ o%_ o o e A_1 ﬂ,l
T T 2 e = T T
) -~ m .OM q Lol g
A o9 o g B = o
<0 3 2 B N8 . —
= S A 0
) = T 5 o wr
=3 _ o T R B 9o
R - -
= - P e = o o X
r HR Q ~ &.o I— B4
ﬂw \m_.wo m o ox mﬂ Z.*O X
oo {l o I & W oy o T+
N & @ = P & T < -
I n P og oo P - = T
ﬁo = - ‘Mu.l Hui ‘OI y
- Pos E 4 T W ol
o o~ ©ooe e B g i
o ! e § o ¥ R
VA = 8Ly e E 0 &
— X
) WW o an ° i ,Dl o o)
py < e A 1)
T =) w3 = o8 M ™
N g R =
A & = K Kool .
0 ol TR Mﬁ oF E [1e) N -
1S dlo s X 3 7 =
o ©o ©o ©o ©o o o o - o M n | = = g o_m
& © 6 6 o o o T~ wr o T T i~ o)
- N ® ¥ 1 © K ol i do @ P omm o g b
(edy) ssang jedidulid ueapy N M ~a W ® o .S 2 3
Y dr E e w N A < o
= pEs wZ e ° X g +
P e U R o e = - of
gy ° A4 oo oo X 5 o
e - AL R = 3
o~ - Woo @ o P o W I o
o G) R X B X OT B

of ket

T

kel
=

7}3

=

o

- 218 —



FrhEE, A9 4 45259 AASH) W LAE FAGOEA o e 4

2oz WHAA =

y= 0701 X ( V; )0.277/ (O_/UU )0.057 Z\_]l 4_5_24

@ @9zY #4

o) 2 4-5-23~24% ApgSte] ALY K79 ©9FFS 24 A g
% 4-5-167 2ol AA weFFT A4S AEF Sl 2 Aolsk WAl
kAl 9]o] A 4-5-240 7] F3le] FAMALSE K-79] @9l HS SHEA A5E
T UAEE A 4-5-25~26S Aerstglon, olE nigoR 1y 4-5-174 1 AE
U ER AT

mlo
o

g

1.42
= A 60%
£
S
2
>1.415 |
£
[=2]
G
=
1.4 }
=
S Al 5.2.25
g A 5.2.26
1.405 : : :
1.7 1.75 1.8 1.85 1.9

Predicted Unit Weight, y (g/cm?)
(a) F-2kAL

- 219 —



1.44
— K-7 60%
5
51.435
>
=
3 1.43
=
E
‘;" 1.425 }| + 41 5.2.25
E WAl 5.2.26
1.42 1 1 1 1
1.6 1.65 1.7 1.75 1.8 1.85
Predicted Unit Weight, y (g/cm3)

(b) K-7

<Y 4-5-16> HFF AWkt )26 o g FAge

y=0.229< (V)42 / (0" )9 (21} yig/em?) 21 4-5-25

y=0.106 % (1,)"5%/ (o', "1™ (K-7, y:g/cm?) 2 4-5-26

- 220 —



Actual UnitWeight, y (g/cm3)

Actual UnitWeight, y (g/cm3)

1.5

1.45

1.4

1.35

1.3

1.5

1.45

1.4

1.35

1.3

B 50kPa

¢ 100kPa
A 150kPa
® 200kPa
0 250kPa
< 300kPa
A 350kPa
© 400kPa

1.3

1.35

1.4

(a) FAHAF

1.45
Predicted Unit Weight, y (g/cm?3)

1.5

B 50kPa

* 100kPa
A 150kPa
® 200kPa
00 250kPa
© 300kPa
A 350kPa
O 400kPa

1.3

1.35

1.4

(b) K-7

<aY 4-5-17> d5F Al

- 221 -

1
s

3} &

1.45
Predicted Unit Weight, y (g/cm?3)

gk

94

]

2l

1.5



A& el AdebdAlT= 59 5984 Asy AdsE7HYoud and Idriss, 2001),
A stF AsHBurland, 1989) 52 o8 ®okolA 7x7F He To% EAAGS
ojth, dAolA HAddEEE gy ZAAAY, BT dEtErHAY, g

A, ARsE AW, EU9 A9 5 B 249 & gow, o ARE Fa]

’ ) TR =
Be 2 AnAgA el AdsEr(AdegAs) kel A8 A Auase] ATEol
T} Baldi 5(1989)2 o|2#|¢t sand®] AdatEes ZAGA Ao 4483749

A= bl om Rix & Stoke(1991)S Baldi 5(1989)9] A5 B 9h - 2 A A A
G/ Qe E q/(0'0)" 22 F&@3ATE. ] ¥ Mayne & Rix(1995)E HE|A] 9
AanEes Z AaAgHe bsveke] #AR gHEslow, Hagazy &
Mayne(199%9)+= 71 AFAES] AFARE THet] AHHES} HES 747t A8
T dE S Aotath HEE0], Suzuki 5(1998)2 UE A uto] AvviELEEE 2

M2 Atst A7 F S soil behavior type index(Ic)¢F A#EATtar 3FA

G FE VS)9F & AVAGA q7re] Be @A 0] At o] ek A G}
a7t ZAFE WIE Aot o T EAAF 1 AuuAL APl dof 2

TAZF Av (L 4-6-1).

— 222 —



Region for

A Range for __ Bearing Capacity
Qasolilia) De!ormahon"{ and Stability
Tew Analyses Calculations
S
o ests \‘\
2 \‘1\
= Unload-Reload PM \ Flat DMT
o
§ 1&0’ 0“,
D,
5 RN . 47;9 »
«© ‘l N o%
(5] Initial Loading PMT "~y Penetration
= ™~ ~ Tests
(75 ] T _
1 1 L 1 1 1 [

10 10° 10" 10 10% 10"
Shear Strain, v,
<Y 4-6-1> WP Eo] e AddaA
(Mayne & Schneider, 2001)

Y

(1) #Hdl A dAFE

it
iy
o
ol
rlr
o
[

At RS AU AddedAsE 8" A WelA el A A EARHA, =
H 7} ZastAY FEge] Srhetd e o oA o] fApzte] HEHS
7Fste] Ay Lol AdeAdASFE S718HA ¥ tH(Santamarina &  Aloufi,
1999). Ageinge] WAt A, dALE A7 AFea A= 3 A (surface
area)ol A creepe] WAt HEWAH o] FZIIEHA HER, o] ES ATUEAAATE
S7HAZIAL vk dAZRe] ofdk Aol s H L, AR A Aol Arle T

el A ZA (structual re—arrangement)o] WA= AS IA, A AST)

o|N

BN

=718 A @t (Bowman, 2002). 174 (cementation)S &¥H o & AApzEe] HEA
T/HA A ATE S7RAZIT ey nde] A SH Gl (stress
level), 3t=9 A8k & Ao 9&&FS W=t (Rinaldi & Santamarina, 2003).
olof we] Ay geF Axe] FEdF, HSW FH ] TEH, B dATE

o] HlT WA HAegE£EE JS A Fh(Fioravante., 1998).

o

- 223 —



AA7F HEH 3 Aderd Al #Al+= Hertzian contact model 258 A F ).
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Gm : Shear modulus of material
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3. Screw Plate Test
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<HE 531> Auzxd A

AEHZE  Dr(%) OCR ov’ (kPa) AldHE Dr(%)| OCR|ov,’ (kPa)
NC-SPLT-40-1| 40 1 100 OC-SPLT-40-1| 40 2 200
NC-SPLT-40-2| 40 1 200 OC-SPLT-40-2| 40 4 100
NC-SPLT-40-3| 40 1 400 OC-SPLT-40-3| 40 8 50
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NC-SPLT-80-1| 80 1 100 OC-SPLT-80-1| &0 2 200
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NC-SPLT-80-3| &0 1 400 OC-SPLT-80-3| &0 38 50
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4. Bender Element Test

Hgdeme Alge A} AFAE small strain SAS A3 g = =
#HA Agoln, Alge] F3] AL HS TN EZ Agud ToF
FA7y 2254 EA FH, M & A 9= (shear modulus:G, elastic modulus:E)E H] 34|
Ass FAT = de= FHo] vt B AFo A= Bender Element testE o] &
AhEE AgaErel SHold wE Wsldy tuo] 7E A E 41 (CPT,

Screw plate test) 2 AWAF(CKC)e] A3} correlations A A|ste] A#AAAE
1} o}5} § o,

AddemE A9 98 E 5-4-13 2 A8 ASAL AuRsEE A%

ol

5% 50kPa F7FAImbtt w3 S48k, SR 1% WMol 2R H olF AR
b S 93k A 7S FE3] 583513t Wave propagation distance”} Hlul% A=
2 Signal Generatoroll 4] WA == 5VppY sine wavegd Amplifiers &3l Hul o]
A FEZAA ALEEY o™ lowpass filter 2 highpass filterS 7% 3 10243] ¢

stacking % averizingS 2 Al 3 receiver signalS * &3}t

<E 54-1> AN3AE

AEHE D.(%) OCR Ovo’ (kPa)
BET-40-1 40 1 to 8 o0 to 400
BET-60-1 60 1to8 50 to 400
BET-80-1 80 1to8 50 to 400
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Shear Wave Velocity (m/s)
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Shear Wave Velocity (m/s) Shear Wave Velocity (m/s)
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100 200
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obgfle] 19 5-4-30 ot HAduEweet S AT o Be WY AR
71 EAC wE #AASRE ZAHW loading Ao ALl S
(Fernandez(2000) &)&< A& 4 ot 2 ZA unloading A1 #A A
loading Alel @A FARE Ao = Yetu=dlA, o B #AAS &8 2 A

5o #AAGe] A3 Aoz T 7tsss g2 4+ 9t}

0.3
025 |
02 }
(o
0.15 |
01 f B =-0/633 +0.361
R2=0.927
005 4 A 2
0 50 100 150 200
o

<3¥ 5-4-3> ol &% o WA =4
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5. Flat Dilatometer Test

IR EE

=
ol wEbA e daEd =Y wpEts S F4E ¢ o 183 Young's
modulust} constrained moudulus¢} 22 X|¥ke] A5 dls|iAE F4 7Fs3sh
2 Ao A& calibration chamberol] thafFst Joid el F&9F AHY AlEE =
4t & DMTE Fdqste] &8, JuidE, &9 ez 4

7Fet7) = g

AT E 55-1% Pol AUAE THY 21 delstel Herrv|y

>,

<3 5-5-1> A EAE

AdAE  Dr(%) OCR oy’ (kPa) Ald¥WE  Dr(%)|OCR oy, (kPa)
NC-SPLT-40-1| 40 1 100 OC-SPLT-40-1| 40 2 200
NC-SPLT-40-2| 40 1 200 OC-SPLT-40-2| 40 4 100
NC-SPLT-40-3| 40 1 400 OC-SPLT-40-3| 40 3 50
NC-SPLT-60-1| 60 1 100 OC-SPLT-60-1| 60 2 200
NC-SPLT-60-2| 60 1 200 OC-SPLT-60-2| 60 4 100
NC-SPLT-60-3| 60 1 400 OC-SPLT-60-3| 60 3 50
NC-SPLT-80-1| &0 1 100 OC-SPLT-80-1| 80 2 200
NC-SPLT-80-2| &0 1 200 OC-SPLT-80-2| 80 4 100
NC-SPLT-80-3| &0 1 400 OC-SPLT-80-3| 80 3 50
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(1) @9 =Evy Al A4
2~ 2~ 2= o
St EvE FAHATA P, P9 4E AleE dudEdE SEdE Oy 5-5-12
AR e
Corrected Py, P4 (Bar) Horizontal Stress Index, Kp
0 5 10 15 20 25 1.00 1.50 2.00 2.50 3.00
0 ‘ ‘ : : 0
z O o m40% NC = O o A O
o 0, o
X 100 | o mao eno 040% OC X100 @ Ao Dee A O
@ A 60% NC @
g 4 60% OC £
ﬁ 200 | wWW® HIIAAGO® © 80% NC % 200 | B @A M®e O
= >
‘S:i 080% OC ‘g W40% NC
£ ES
w 300 f w 300 | 040% OC
3 5 A60% NC
£ £ A 60% OC
> 400 | HA® [ ] A o O > 400 IO A @00 ©80% NC
Y Y 080% OC
Po P4
500 500
(a) corrected reading Py, P (b) Horizontal Stress Index Kp
Material Index, Ip Dilatometer Modulus, Ep
1.50 2.00 250 3.00 1.50 21.50 41.50 61.50 81.50
0 0
E h O o) E o m40% NC
=< 100 | M0 AG © < 100 | BAO@O 040% OC
8 @ A60% NC
@ & A 60% OC
[ 200 | m MO AO® e} 2 200 | B AAGDO ©80% NC
& m40% NC 8 080% OC
w 300 I 040% OC w 300 [
_'g A60% NC é
0, 0
5,4007A6°/"0c O m A® @ O > 400 | m A © @
@80% NC
080% OC
500 500

(c) Material Index Ip

(d) Dilatometer Modulus Ep

<71¥9 5-5-1> Index Profile according to Dr and oy,
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AW EJATES FA457] Yl Schmertmann(1983)0] A|et® A& 2] 5-5-13}
2tk o] A& material index7} 1282t & A 9|5 A &o] 7F5sirH(E AT

e RE A4S Ip>20).

— 40 (1 — Kyne ) R
DNC = “86Kne — 23 for NC state A 5-5-1(a)
Kpoc —K
Kooc = Kong + —22%5 Bt for OC state 2] 5-5-2(b)

8.33

Marchetti (1985)+= DMT KD<¢} CPT9| ¢ 5 ZE3ste] v gy xo=z 3wk &
A BAAES oe o] AEAF o, o]F o] &35}
Baldi et al. (1986)& calibration chamber test ZA¥}E #A138lo] natural,

uncemented quartz sandsol] W3t #A A S vpS3 o] A - A<ttt

0.00461 < q,

v

K, =0.367 4+ 0.095K — Marchetti (1985) 21 55.2(a)

0.0017 X q,

v

K,=0.367 + 0.095K — Baldi et al. (1986) 21 55.2(b)

2 AF-9] calibration chamber test 23} 7]& A SHAl & o] &3te] EASE Ay 1
2] 5-5-29} Zo] AyrdE g Ao = Schmertmann(1983)3} Baldi(1986)2] =4 4

.
of MY FEH Ao Hehgort AYUILNNE K, ¢ BF FHEFSY
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o 9L GRHOR welsA RHEE AHAFAS vdte] KOH 35S
W

5 06 2,0 .
X W Schmertmann(1983) PR
g .
; 05 | E A Marchetti (1985) I
4
8 g - ] 15 | @Baldi(1986) e
a ., |  © %" =a.. 4
Coaf T TTTesPBlll L. | -
b4 A 5 JRe
3 A A ﬁ PR
s 03 | A £ 10 | ’
:‘:’ A A k) ’,’
s A > v
< 02 | .
o B Schmertmann(1983) A ,’. ) 2 o g
2 I o]
5 A Marchetti (1985) 0.5 .," g e m g
% 01 [ @ Baldi(1986) A 7
3 - - -KO (TX) ol
0.0 ‘ ‘ ‘ ‘ 0.0
30 40 50 60 70 80 90 0.0 0.5 1.0 15 2.0
Relative Density, Dg (%) Ko (%)
(a) AFgEdyg (NC) (b) #¢E3d< (OC)

<9 5-5-2> W EdAS(KO)

(th) &A=

S ATE F437] 9@l Bellotti et al(1989)2] #|9t2] AF-&-3t3l om ofgfjo] 2o

E]? —1.05+0.25 for NC sand 2] 5-5-3(a)

D

E 366 +080 for OC sand 2 5-5-3(b)
D

o] Aog dojd BAATE F 5-5-2 B 19 5-5-3°] FASA T DMTol A
T AT AFAIFAMY B0 AR e Bola sloy, dtA
=

el A= OCR=2%
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<E 552> AEd wgAF
B 715 (MPa) ( Eyoy TX)
A = 7
) NCAHE] %<t (KPa) OCdH <<t (o, =400KPa)
’ 100 200 400 200 100 50
40 8.8(13.5) 18.4(21.3) 37.9(27.0) 72.0(44.8) 44.0(39.6) 24.0(33.5)
60 10.71(16.8) | 24.5(26.9) 49.4(33.2) 92.0(55.9) 60.9(48.0) 34.7(41.4)
80 16.1(21.5) 29.1(34.2) 56.2(42.8) | 106.7(69.2) | 68.0(57.3) 41.3(51.7)

120 | —+—40%DMT —0—60%DMT —A—80%DMT
—M@— 40%NC TX —¢— 60%NC TX —A— 80%NC TX

100 |

80 |

60 |

E0.5%TX and EDMT

40

20 |

0 100 200 300 400
Vertical Confining Stress (KPa)

<a¥ 5-5-3> FEStY Ao el wE dAAs

CIRVER S IR E

Ko9} Kpoll 71%3] Durgunoglu & Mitchell (1975)7} =414 o2 ¥ &3 Az
g ezt OCRE F48kith Wiwkaze ¢oDMT7F ¢ TXE T 273° 242
Aoz vehyth #dH] = OCRpur7F OCRrx Rt 2HA Ab=Eow, o= R
ANA SHolg e g7t HEHT A Yepde] 7]k

-z

<E 5-5-3> AU =¢t wetdn)o) wE W upRzt

A = (%) ¢ pvr (@ %) OCR pur (OCR 1x)
40 32.5° (34.9°)
1.15 1.40 1.75
60 34.0° (36.7°) - " ()
2 4 8
30 34.8° (38.2°)
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6. 2=0|Ho| wE 24T EXAMT A2EA "I}
7}F. Bender element test®] Vs& o] &3k Ky +4

(1) NC Sandgl K() '7—“;(6]

V 4/n
KO:(J) 714 n=05 2 5-6-1
3

AFAYN ne WFEN A5 A me & s 7HAW Aoz et 3
23tk 4FE5A1E 3} bender element testE Bl aEA 3 A3} n=0.39 (Dr=80%)~

0.41(Dr=40%)° MHE 7= Aoz YHeErs (2™ 5-6-1).

d

1.0
Dr=40% : KO(Vs)IKO(CKC)=1-027 +0.063
08 | Dr=60% : KO(Vs)IKO(CKC)=1-014 +0.087
Dr=80% : KO(Vs)IKO(CKC)=1-031 +0.044
06
2
< — H o = o 1__l—.
04 F ._.__._‘_.#
A
m Dr=40%
02 } ® Dr=60%
A Dr=80%
0-0 1 1 1 1
0 100 200 300 400 500

[

<¥ 5-6-1> A AEAHY Kyoney & Koy B

— 254 —



(2) OC sand® KO +4

3t Aol adtdolglg daHn AFAR K, ol Mayne(1990)¢] 7 &
Al e Ky, MOl Tha 2 UEhtom, OCRel wet B Frbaks

1.0
Dr=40% : KO(Vs)IKO(CKC)=1-027 +0.063
0.8 | Dr=60% : KO(Vs)IKO(CKC)=1-014 +0.087
Dr=80% : KO(Vs)IKO(CKC)=1-031 +0.044
06 |
g
v || | |
04| Ete—T a2
A
m Dr=40%
02 | ® Dr=60%
A Dr=80%
0.0 1 1 1 1
0 100 200 300 400 500

<2% 5_6_2> ‘T’/]‘OHLUE] }E}Eﬁoﬂ}\:’ KO(nmync) N
A

3

Ko(ve)

t}. Bender element test®] V,,# CPT g, 73387

(&
oty
i
<
rl
o
=
=}
k1
E
Loy
=
=
il
o2
o2
tlo
l
A%
ol
X

— 255 —



st A efo] 9l

Vol
qcl=( ;,) 4 5-6-2
]‘j—:’ qcqu— Vslv‘_(—j: Jv,‘g‘i Zgﬁ-il—?}j_— 7:”‘{;:
2 Aol AFEE FAbEAbe] thetol = vhee] 2] 5-6-33% 2 FAHAS AE
T Atk A7 v, H g, AR wet A s 7HHI s AEE
el o3t dFgs 1HT F onm TE WA H|ste] Aol &= o]
o]
AA
o, 02 Atstst A9 NC ddolAe FaaAE vudy sty o,/ 9T
aH ool = OC J9oll e 28 5-6-39 HAFEo| vephd ule} o] Ao
8 2 oAs WA= Aor BEAEIAY. AR5EAER dudx ®¥s agu
OC Sandoﬂj\ip/] O-h,,'o/] 036‘01:% 37_3316‘}7] -(HZ_SH}\:' Un” O-m"g‘i Xg%ﬂé‘—]—_ [/5713’/]— QNL%
o]-§sto] FAFeNALY] vV, —q, TAE AFESHATH
0 0 =0.041V,, 20 4 5763
105.00 —
100.00 | af & a, £
95.00 |
90.00 |
3 85.00 |
80.00 |
2l e Dr=40%(om’)
i K / m Dr= b(om'
75.00 / 5 Dreaovt ov.))
! o Dr= b(om’
70.00 |/ oBr=gg://o cv'))
/ L ADr= b(om’
65.00 |/ Eﬁlx*’? A Dr=80%(ov')
60.00 L—
200 400 600 800 1000 1200

<a¥ 5-6-3> At SHol W ¢,

Aen

& VS n

256 —



1400.0

1200.0 |

Qen = 0.0941V,200%

1000.0 R?=0.9734

800.0 |

Qcen

600.0 |

400.0 |

200.0

50 70 90 110
vsn

<a9 5-6-4> ¢, - V,, TAFA

sn

th V% ¢ 8 ol8¥ ARARRYAF(G,,) FH

(D) ¢.& o183 G
Jamiolkowski 5(1988)2 calibration chamber® ©]&3F ZH YA F2FA
°of AN}ERH ¢9% G, HAE A 5648 AL =3I Rix &

Stokoe(1992)+= ¢ 2FH G5 At #AAAE 2 5-6-59 o] Attt

G o’ —0.08
jlmz?)o.lpa(jf) exp(—1.84D,) # 5-6-4
G e =1.634(g ) "5(0 ., ) A 565

2 5-6-4= BEFESHORE G, 5 AR E IAgtd= QI3 JFS g -

ot JiimE JFS welstelol U oxprh WA Bk WH, 4 565

O I A S

ot

= =
max =

— 257 —



1200

ZA(NC sand)

=qclom’
qclov'
1000
-

mqgcn
o qgcn

800

qC_ Gmax

=

R

600
Yen

— 258 —

400

200

TOW R % T W ©
g ) E _ ©
oﬂ T M % CIGCS A
Moo T ~ ™ _
%g%a%%ﬂ <
Y = 0 S =0
& :M GRS A
. 0 m o] u.M ) oF
Y T 2 g R omo W
= N R w
NN g R o9 o
° R a 1T =L
78 Ho, e Mox P
oY Fow of & W
G Lt S o 1# Nro
R ol ) e S
< B T
o M % olo /Uq pooom %O
7o T o T N
,H_ArO “% @, EE ﬂ -
N L S R -
0
T TR S S S o
e o o = o <
of e o= I
o - T 5
o 3 oo X° mtﬂ w5 o s
=t q ,ﬂl‘._ + _)_” . 1” Rﬂw 1 1 1 1
3 O 1 Lo, By o
o X X & © ¥ N o ©
,OI ‘_lﬁw._ WE OT @ . WT_ WUnD © = A A 1oU xew
do T © E g B o M N e
oo s < — m ol i
N - < g O 5 P BN L
T 0 . ~
T i X g Ry © >
=) < T RE W m T % .
3 T X T T O o <
= cy Il R U I
O ﬂlL . )
™ = ¥ oo oo ol o :
T S WO A T ok R W ©

<29 5-6-5> Aarst &l w



16

Hm E N Lo B
wr g LN ~ oo
B g ! o B o H
~ [} Mﬂ \A.U:_.E ﬂm,._ o ]v_AI ™
n} ° o It
p RS LR LT
—~ \ul o] ! 8o o \ur‘._ <0 o
S of 5ol 8T o X
©) = 0 o ~+ o %
r = o
% e T E SR
. S z o S N B
- ~ ) T
5& 13 s S T SO
I - i N X
€ g % o mu < oF TR
W W & P 9 3 wmur‘_ iL ° = ﬂ_Al OM
= O o ] o ‘_Ir.yl N o= ;o
P o 0 — N ~ N o
Sy =K o o o] B o ™
N o 5 Y w_ﬂ [y Mﬁ 8 = g bl v o
- 4 S (o))
' 85 = > %0 N S T o Mo e ojy
s — - ~ > I
; T S S S -
Y ls w oo ww e R
< oo ! -
| o) o T n U o O oy oo
=y 7 T Z=y
o : < 2 % ) To
18 = 14 = ©° = <o o) )
0 ol = R I A s pl
" A E - < s
A E IR O
- ¢ 5 2 A I R
T N 2 © © ¢ & o a,u T mm,auﬂuo#dom,ﬁo ~
ap/xew Q0 X
— b7 8T e w04 P
™ @l c/T\U ™ oo T e du T
M < ol & T W = ¥ =
MVFL . — ‘_ur_.o M OL O:.c
vV 2 % Rl 2 X o
= m go wpo o U 63 %O
o T =
N = ® 6 oy W T AT
@ =T 8 )X oW T OB W K

— 259 —



Gmax(variable) (MPa)

Gmax(variable) (MPa)

200

Dr=40% (Jamiolkowski) A -
180 [ © Dr=60%(Jamiolkowski)
160 - Dr=80% (Jamiolkowski) © e
O Dr=40%(Rix) o o
140 | © Dr=60%(Rix)
A Dr=80%(Rix) 5 g
120 - mpr=40%(T&4) o -
| ®Dr=60%(=&4)) o0
100 s pregovp(+8al , Y
80 g oA
60 | i
40
20 7
0 < 1 1 1
0 50 100 150 200
Gmax(Vs) (M Pa)
<a¥g 5-6-7> NC sand® ¢-G,.. o7
200 >
Dr=40% (Jamiolkowski) N
180 [ © Dr=60%(Jamiolkowski)
160 - Dr=80% (Jamiolkowski) o o
0 Dr=40%(Rix) o g
| © Dr=60%(Rix) A
140 1, Dr=80%(Rix) .
120 - wDr=40% (T 4) o O
® Dr=60% (T 4])
100 F.pr=go%(+3a B 2
80 -y
o A
60 w °
40 |
20 | 7
0 < 1 1 1
0 50 100 150 200

Gmax(Vs) (M Pa)

<19 5-6-8> OC sand9 ¢,-G,, 7

— 260 —
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ut. Effect of Stress History on o,~D, & M-D,
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Y. E/E,-K, T4
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1}, Cementation @Adol dFS 712 += 29l

50| cementation® Aol &S m X 7] wFo] 1] w}E cementation®
gofsith 7 Fast e A5L e /B A S x2, 37 E(sediment)

ZpA) o] FA 5/ Z A (texture)/T-A (composition) 2 ¢4 A (stabilization) % ©] th.

N
7
rlo
o

(o3

3

1:3

o2
rod

(1) Chemical conditions

L9l AR wt CaCOs2 #3323 9 |5 wS 2% cement precipitations A1
at7]el SEetth. 2y AxlgiAbg oy {7l B Ral® Qlste] CO.9 Fk=7t
Wstet7] wjiol] HEst G gk Wit w3 2 ey 2FEE] o5 7AIA]
o] =ghor Qs CaCOs9l &alms W3td 4 gt

(2) Permeability of the sediment
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(7) Variability of cementation
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A 1= In-situ FHIE YERN A Yo o]27] A7MA = F2420 A 9=
A3 BAAAETES UERUO] FAdol =54 2

2
Z2zte] g FAol FAsH FasHA #

doll 93kt dilate®t strain hardening®] A3, NCL ol A3t
contract®} strain softening©] WAt} o] g3} T o] ZL2 soilo] AA He= A A

34 Age AA AT QAT ohAE YA Aol a1 9
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A BSL
A SCL .
ICL or "NCL" NCL 1SCL
\
G ‘l Meta-.stable
\ domain
- stable /\ 5
2 ¥ ! =
2 5 5 e ‘\
= \ 8 Bond 'y
= Y - - \
.',55 F—b\I\d— In situ state ‘= strength A
i >
- H \\ @ - &~ A-—-———o—
1 \
i \ e
i . Frictional
B YI\‘: hNY stress stwess
1 ]
: | 0 \\\ ~ C
i Para-stable A B
| domain
: | »
Tl Gy Stress (g',) Stress (0',)
(a) Mechanisms causing the (b) Compression curve
development of structure in soils of a structured soil

<19 6-2-2> Structured soil®] 7E

t}. Cuccovillo and Coop (1999)

Cuccovillo®} Coop(1999)-& 23t (cementation) 22 9o %2 (fabric)¥ 34| 3}o
soil®] structureE AYstAT. FshA FAdH 222 dilatancyE WASIAY =2
vielding®l =493}7] A7}A| dilatancyS A A7 post-yield dilationoA] W] &4
Z Aol ghste Tt

A @A =] NCL¥ #&dste] AAdde] A5 F5&HA p/of A wt
Cuccovillos < structured soil= weakly structured soil?} strongly structured soil®=
Tt At. 18 6-2-394 ABD FAS wElrbe soilS weak soillZ 55 AL,
dbH ABCD

i

AE grteE soilS strong  soill®2 EHFITE weak  soil
structureless soil®] ¢EF=420 AD =4 919 NCL ofzdlA JA a1, strong
soil& NCL 9FeolA dAFE. = B'CD 49 <990 structure—permitted

spaceE UEIY structureless soilS ©] Jdd =ad& & it}
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Constant-p'

tests . Weakly structured soil
CSL NCL

- | a0
=z
o \\ .
= / Isotropic Boundary
7:,’ \ (IB) of strongly
= Structureless *, structured soil
= soil \
= \
5} N
.C- AY
w A
AY
ABD: Weak \
ABCD: Strong

A 4

Pes pl P plIB
Lonp'

<19 6-2-3> Classification and normalization scheme for natural soils according to

the location of yield stress with respect to the NCL of the uncemented condition

T 7}A structured soil®] AES AW3El7] 98] Cuccovillo 5 AA 3 A Foj A
UE}E CSL, 52 NCLS W43t isotropic boundary (IB)Z “g3F3FAA e}
Wtk (IBE structure soil®] $5=/delA YEbE yield point®t cementation©]
3 g o]Fo] NCL= FHdte S ddste AAdolvh). =3 weak structure®]
AEoE AAE ANBEe NCLET & AALS 714

4 glt}. strong structure$!
T A& 5o vpE fAYSS B Ao Ao d-aAz s

o,

19 6-2-49) 4 strongly structured soil®] outer state boundary surface(SBS)+=
weakly structured soilol A H.o]= Roscoe surface?t FAFe ZAS e
strongly structure soil®] SBS+ CSL¥} nlx}slr] ol dilation®] Y contraction©]
wAysl 7] Aol CSL 9ol &A1 4 9dth. o] A2 strongly structured soil9]
yielding< CSL #19 S=AH oA TAL F% &S Webdnh ofzff EdlofA
(p /P )7} critical ratio®! (p/p 15), 2tk 22 FEH=2 d5dvd A2 AYSS
53 vyield surfaced] =4g3sle] HAA S Holw, wbH  (p ' z) 7} critical ratio%]

PP )BT 2 27 $8HAA Aol WASTIHE contractionZ #HHH wpE
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Aot} weakly structured sand®] 49, 7+&5Uo] ofF

AGAES g5 vb# vfAYSFS W23 yield surface™ peak

AU Fe] ol
Ae-E A<std

envelope®} SBS surfaceE 949 3}A ESH3Hc}.

(a) Strong structure

(b) Weak structure CSL

(9'Pw) (@)

Hvorslev surface ~
Onuter Intact SBS P \\ Roscoe
-
\,’ Y surface

-
Dilation o 1
. - Contrac
ISBS | Gontractio

*

Yield surface (YS) Vs vs

» : L -
L > L

(Pp'm) (pp')

<19 6-2-4> Idealization of normalized behaviour of structured soils
showing cohesive and frictional mechanisms

AedeZ WA= cemented soil®] oA $H-¥PFE AFo] 1
ety 9lth (a):= strongly structured soiloll ©i3F $E-HEHE 750
weakly structured soilel] W3+ A&S Yept 3590 ofF =
3t soile] AT AEL peak envelopeZbA| dilatancy A& HItH( L
2a, 2b). &l W F A AR vt TASe] dilatancy 71E 0] A H o
vield point7} WEFYA] =th(=A 3). whH strong structure®] 74-%-, A2 7o
WAl Sl 31 peak envelope”’} WEFLUA] kol vield surface”’} CSL 9ol &A)s)+=
55 Al¢lst¥ stress ratio?} critical state ratios Z}shA] 2=t

of &2 ATAA= okHllet B2 Al 7HA el 5 st
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oM.
juic) o
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2
1o
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® Qwste wele] dYANe At AFS Bl



ey olgfef 22 HoA TAFe] W
@ weak structure?]! A% MY A5 GZF3HAHe oAS JAF 1 wpz
7FA sk, ol folA AAE EFoAAT HE Jhesit AAR oF
cementation®] WAS A9 F=4°] uncemented soil®] PEFFA HrO
Holy ezl shAgk o 48] NCL ol &A1 % St

@ strong structure?! 7-¢- Ao =7}

vke} 5-AFSHAl structureless$! soil @

NCLe] w2 837 ok 3o

LA

q - ) ’

Critical-state line q
Yield surface
of cement
1 2" 3
P’

|
aip e Yield point

r\ + Critical state

1 —

M o o M
[ 2 — — N
i
/

Y

(a) strongly cemented soil

=71l A EA BN BERFIA =
AS5AETS YERT. o
yielding®] A3k & limiting compression line®] <% -t}

owgtr}, whebA] structured soil?

[e)
A&

Qt=ar X o] structureless soil9

o] male] A go| golak &

Critical-state line

Peak
envelope . -
p

Yield surface

".of cement 2b 3
p’
! @ Yield poi
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A 0O Peak state
) + Critical state
1

2a
2b
3
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(b) weakly cemented soil

<719 6-2-5> Idealized shearing behavior of cemented soils
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3. Cementation X| 2ol CH gt In-situ test

=7t =2 AukS FEE = gly] o ofel tidk At & e sty
A E] 9] cementation A HFE Ao A 191X o2 FA % cementation A 5.9

th3st A3 A3} cementation A8 FHAE

rr

AFdzng vs A4 249s
& g vk wEA Ho] wte R Q18 cementation Aol HAl I H= Akl
AEAFH S FE ol AUiAE A= HAl cementation fEAIRES] A EE
A2 AHsA Zekth oo} 72 A cementation kA WFe] ARk EHA

54 A 9% @gAPel Do, @AAA old sl AR AT

O

7}F. Cementation©] ZH YA T Aol 71X+

(1) 2 A4 (qe)

olde] AFAFo o3H W& cementation FHAEREE 2 ATA o] =
7S ¢ 4 v (Rad and Tumay, 1986; Akili and Nabil, 1988; Puppala &,

1993). Puppala (1995)¢] ol °std TEHE AWE 1~2%2 udd A =9
A2 10~30kPad 22 A8 5 H, AAsts 100kPa olake] 22 559 el A
A Alge] & AaAIERY 2~4i e FUkstE A o2 UERST

Cementation AR 2 ATA3L cementation F'dAZ ALEH ZEAE

A E ] stf-&0o] =545 F78F tHAKkKIl and Nabil, 1988; Puppala 5, 1995).

(2) FHvEEH()

Cementation F2A 52 & FHupEHAL njud Alge & FHvzaaEHT ¢ =7

AA ¥ H(Rad and Tumay, 1986; Akili and Nabil, 198R). Puppala 5(1993)2 %9
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(2) Puppala 5 (1996)
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Puppala 5(1993)2 X E#W= AWEZ cementation®] ¥ Monterey no.0/30
sandol ™t 2 ATAAFgS XA o]Fo 7 FH3 A} 19 6-3-33 o] A=
A Aty 2 FwepzbaE o] u(vpzH]) 25 EH  cementation 22 &9
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(4) Schnaid 5 (2004)

ARkA o8 cementation &= FO & AGAIAEG HA A A gl o
A 2dyEy] wiol, G,../ ¢t cementationol < F7letE Aol Utk
Schnaid 5(2004)2 2tF A3 A dH AUHA A 2345 =sto] cementation 2
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G =800y/q.0,'p, - upper bound of cemented sediments

Goax =2803/q0,'p, * lower bound of cemented sediments
2l 6-3-6

upper bound of uncemented sediments

Goax = 110y/q.0,'p, * lower bound of uncemented sediments
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HA 2 ) H(Kuerbis®t Vaid, 1988)
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AAstF. AAE 7 dydgaES] Z2 1em, Zol& 2em©|™, cross-talkE
WA 35t7] 98kl electrical shield® st 1, WS 93] dZEAZ 3ZEEYTh
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high-pass filter f=1kl)¢} Digital OscilloscopeS A}&3td T ®3F 1334
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6. Cemented sande| MZAIAIH

9 <]
Afe nAYE, FUUE, $H2A, YAEY 5o P Wi Ao I

ATHOlFEF 5 2006; Asghari %, 2003; Haeri 5, 2005; Clough %, 1981; Clough
S, 1989; Consoli &, 2000; Huang¥} Airey, 1993; Huang¥} Airey, 1998; Ismael,
2000; Ismail &, 2002; Rotta &, 2003; Schnaid &, 2001; Zhu &, 1995).
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How nAALEY S5 nAdRY o FEFE HEAFI FrbskH (ol
5, 2006; Clough &, 1981; Consoli 5, 2000; Schnaid 5, 2001; Ismail &, 2002;
Rotta &, 2003; Haeri &, 2005), B X 7] A& -8 2 (apparent preconsoildation
stress)©] Z7}etH(Huang ¥ Airey, 1998; Rotta %, 2003). =3 U =7l %S
T5 AR HFHol Frkstr] Wil 14 fFEEde] Z&XoRE FAEH
2 & 37} F7}8 e (Christopher 5, 1989; Ismail 5, 2002b).

a2y oy d AF ey nAAEeY A AR SHAHA A
oty 7] uw&F(Clough & 1989; Huang and Airey 1998; Ismail 5 2002)
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WD17 .2mm 15 .0kV_x100 S500um
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(b) 5% gypsum cemented sand (iOOHH, 1504))
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A= 25% 40% 60%
FS ey J o1 SR
TEETE gl 510150205 10150105/ 10]15

O
Z 71711 10.966(0.962(0.963(0.971]0.969/0.9080.902/0.903|0.913|0.821|0.820(0.814|0.824
(1) |ay (kPa)| 184 | 204 | 441 | 737 |1443| 209 | 275 | 693 | 976 | 245 | 409 | 796 |1284
(2) ] &y (%) |1.32]0.62]0.40|0.51|0.61{0.79|0.62]0.58|0.57|0.74 | 0.66 | 0.62 | 0.67

(3) ggg/zlix 1.3211.03{0.71 [ 0.45|0.53{0.79]0.65|0.48 | 0.45|0.74 | 0.58 | 0.52 | 0.58

(4) g(u(;/m;n 24.25|20.03]10.61| 5.13 | 4.20 |18.99]15.66|10.31| 6.68 [14.85|13.09|11.52| 3.16

(0}
(5) | ewr (206) |24.77/19.95)9.42 | 4.36 | 0.61 |18.94|14.35| 8.52 | 4.17 |15.08/12.61|11.46| 0.67
(6) | Mpro" |1.24]1.49(1.72|2.13]2.38|1.23|1.57[1.95]2.21|1.23|1.59|2.04 | 2.42

(7)| Mp [139]1.44]1.63|1.81| - [1.43/151]1.65]1.85/1.42(1.56|1.63| -

(I\E/:I%Z) 33.8 1 40.5 |88.78(144.3|254.1| 38.4 | 59.5 |138.3(187.6| 43.2 | 76.4 |152.3|215.9

(1) ay @ FHA 434 (o, 0, Deviator stress in yielding)

(2) ey - &2 MY E (Axial strain in yielding)

(3) eumax @ HU FFUA ZWHE, S5 ddolde WY S (Axial strain in
phase transformation point)

(4) eymn - HA T=F59A 88 S (Axial strain in minimum pore water pressure)

(5) ewr : F3AE W8 (Axial strain in ultimate state)

6) Mpr.' @ FHolAdAel Fa-5=H  (Effective stress ratio in phase

transformation line)
(7) My’ @ F LMo A9 f&-32H| (Effective stress ratio in failure line)
®) Eos © WHE 05%2] 474 (Secanc modulus in 0.5% axial strain)
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(b) Uncemented sand

Phase Transformation
Line
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Yielding point
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FL of cemented sand

Deviator stress, ¢
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FL of uncemented sand

Mean Effective stress, p'
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K-73 ALl &1 5~10%°] dGst= s T3 F FAF59% 200kPacl A
Gt BAAEE ZASAY 2AAE ARE Yt TSGR EA7 #
Y ,

(1) CID A& 4=

AR AHAZ 3t AFE= Asghari 5(2003), Haeri %5(2005), Clough %
(1981), Clough %5(1989), Saxena®} Lastrico(1978), Huang¥} Airey(1993, 1998),
Ismael(2000), Ismail 5(2002), Christopher 5(1989), Schnaid 5(2001)e] <]3] &4t3]
o] Fol o I oi-F T (2006)0 ot AT}t HuH Ak B AT
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- s3] A . ZLELA -
gnuse| s | i) [wurse) e | 0 | SR Feee
Aads | Add= ; @ e o R
(Cg, %) o (pi, kPa) o S =
(Dr, %) (o', kPa) (ap, kPa) | (', kPa) | (Qu kPa)
K71-0-50 41.3 50 102 138 90 121
0 K71-0-100 39.6 100 187 257 178 234
K71-0-150 41.2 150 283 396 271 364
K71-0-200 38.3 200 371 518 357 470
K71-5-0 39.1 Unconfined - 86 -
K71-5-10 39.6 10 46 109 20 31
5 K71-5-50 40.4 50 107 176 94 133
K7I-5-100 41.7 100 194 273 182 247
K7I-5-150 40.1 150 284 399 266 349
K71-5-200 38.2 200 379 536 368 503
K71-7-0 42.3 Unconfined - 200 -
K71-7-10 40.4 10 91 242 26 49
7 K71-7-50 41.8 50 161 334 95 134
K71-7-100 39.0 100 223 368 201 302
K71-7-150 43.3 150 288 413 264 342
K71-7-200 41.0 200 374 521 363 489
K71-10-0 41.6 Unconfined - 394 -
K71-10-10 37.7 10 154 431 33 69
10 K71-10-50 40.5 50 217 500 112 185
K71-10-100 38.0 100 311 633 198 295
K7I-10-150 41.0 150 397 740 278 385
K71-10-200 42.1 200 450 749 377 530

(2) Cemented sand®] WA &A%
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bz

Y FEGNA nAAEY F5E By A9 Er

VAR Ty o]F SFEH(FHIEE 15~20%) A vd B2 As
FAFSFE o, 4:9F 50kPadl A= 4 2 vl d 2 2% 2 *(dilation) AF
S Hol= Wb, ESE 160kPacll A mudR = BFA TS Holu ud e
= Y= (contraction) 715 Ktk 549} 50kPa¥} 150kPacl Al WA =) ek 5%
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Ci(es) = 0.5C (pg) 2l 6-7-3
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¥ 6-9-1> Cemented sand®] K, — Dr¥A A+2%

Kp : measured
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10. Cemented sample2| 23 F Z&0|E Al
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Yielding stress (kPa)
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olty. wat g (cPTE WA R ZAUANFoRRE nuzd o] dHE

nE AFE FAI E,=263¢(Campanella and Robertson, 1991)e] <]3] ZAAw
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Gonx =8003/q.0,p, : upper bound of cemented sediments
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TM =3 (Contact constitutive models)
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