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Rock Bolt Integrity Assessment in Time-Frequency Domain
In-situ Application at Hard Rock Site

o] ol ®' Lee, In-Mo gk Al <]’  Han, Shin-in
2 7 Min, Bokki o] & A" Lee, Jong-Sub
Abstract

As rock bolts become one of the main support systems in tunnels and underground structures, the integrity of the
rock bolts affects the safety of these structures. The purpose of this study is the evaluation of rock bolt integrity using
wavelet transforms of the guided ultrasonic waves by using transmission test in the field. After several rock bolts with
various defect ratios are embedded into a large scale concrete block and rock mass, guided waves are generated by
a piezo disk element and measured by an acoustic emission (AE) sensor. The captured signals are analyzed in the
time-frequency domain using the wavelet transform based on a Gabor wavelet. Peak values in the time-frequency domain
represent the interval of travel time of each echo. The energy velocities of the guided waves increase with an increase
in the defect ratio. The suitable curing time for the evergy velocity analysis is proposed by the laboratory test, and
in-situ tests are performed in two tunnelling sites to verify the applicability of rock bolt integrity tests performed after
proposed curing time. This study proves that time-frequency domain analysis is an effective tool for the evaluation of

the rock bolt integrity.
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Probabilistic Stability Analysis of Slopes by the Limit Equilibium Method
Considering Spatial Variability of Soil Property

z A 2 Cho, Sung-Eun
oy F Park, Hyung-Choon

Abstract

In this paper, a numerical procedure of probabilistic slope stability analysis that considers the spatial variability of
soil properties is presented. The procedure extends the deterministic analysis based on the limit equilibrium method of
slices to a probabilistic approach that accounts for the uncertainties and spatial variation of the soil parameters. Making
no a priori assumptions about the critical failure surface like the Random Finite Element Method (RFEM), the approach
saves the amount of solution time required to perform the analysis. Two-dimensional random fields are generated based
on a Karhunen-Loéve expansion in a fashion consistent with a specified marginal distribution function and an
autocorrelation function. A Monte Carlo simulation is then used to determine the statistical response based on the random
fields. A series of analyses were performed to verify the application potential of the proposed method and to study
the effects of uncertainty caused by the spatial heterogeneity on the stability of slope. The results show that the proposed
method can efficiently consider the various failure mechanisms caused by the spatial variability of soil property in the

probabilistic slope stability assessment.
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TFAH=ol 28l =34 = 1A THAlonso, 1976;
Vanmarcke, 1977; Li®} Lumb, 1987; Mostyn®} Li, 1993;
Christian =, 1994; HassanX} Wolff, 1999; Low, 2003;
Griffiths@} Fenton, 2004; Cho, 2007; Cho, 2009; Griffiths
5> 2009), @R7IEAES] SEEO|E it o3l 7=
W A gof gt AARRE For st dAlz g
AGE A= Fokal Q= Aotk ol A= ApH e
s Aol et ohefet A7 3 Bl vk
Fuje} o]53, 2002; S 5, 2002; ZXI9E 2003; BF
7 5, 2005; 7719 242, 2006, 24023 HE
£, 2007).

(e}
= L= T )
FPel ke E APy S NS BedAh @
YRS ol g3 BB AueY Aol B4

5 e Saed JAv
2 A AYskn 23E shbe] sl ek B4
B WEWS TfstaE 240 F71E W o
o tharet

Mok wredsr) Rake w
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14 g=Xe3stel=Ed M25a Hi122

Ak BAS] B WEAS LSHAAE
2 v]2] 795k T S14S +9ak7] $18) Random
Finite Element Method(RFEM)o| Z-2-%|Q]t}. o] HH.S
Ao H it Qrgo] AEA 0w A4
73 &= 7F AW (strength reduction method)& T o]
I} 35t Monte Carlo Al&do]d-E

Apaghg lHel AgTtoma AurEael g7hael
= AT E8AdS A5 TH(Griffiths 2} Fenton,
2004; Hicks2} Onisiphorou, 2005). 12|t} RFEM 3t
HO] Pl Al AR ol vl X1 ALFAIZEO] 42%7] uf
ol 2 SllAE NS =33)oF Sk= Monte Carlo A
adjo|def A-8sh= -9 ALTATEO] wl- AoiA w}hy]
shE 9 HEY] SEREE Ao Ash] ofgar
wle] SA ol

1
= —
stof AA| Ao 28 A2 gler o84 ME §
a1 o

o &

[e:

o
RO e or

H
=
S

eI in}

g5

R

o

sto] 72 249 Hapt SHEEA] AMEPl wA)=
FEF= A5kl sl AREE A

2 AtollA= AR O] BT s WEA
= 1Y 5 s FAFFES St vlE] dA
T HE 7P| oA ALArhE T o 9l
= SEEA APCHY slA7IHE skl ol 24 A7)
£ Foto] A A Ws/do] SEEA] ARt
7 Aol |2 Y Akt AFE Y SE
Fz 50} 21714~ (autocorrelation function) S w2
= 22k g =E A4S fiste] Karhunen-Logve
RS Agstelon] A4E AFLES o] §aio
SEEH 3H= ¥7] 918l Monte Carlo Al&do] <&
Y3121t} Monte-Carlo Simulation®] 12 x]2] AHE5]

(sampling)&- AlALe] §8-S =0]7] Q& Latin Hypercube

WEY 8L AT

2. AJHOFY 5ifAd

21 BHIESAT 215 AT ZEY

sABFA NS S et w7t Aofibels
S2b] gl 2Ale] HYEAoRNE YL A
Sho o AbRo] QPAS RS TAR Stol
ekt QPSS Foll Sl e Sof Aug
=2 @) she o] fuE AES O Ui glol
o SAT R o] ofat Abwield sHe 2R B
A2 mlx)5e] 57} ale] Smct dek webd g



A7) I HlA40] 2o} g Ale] 420 HjolE B
R 4= Qi Aol 7Pgo] Maolu], ojof Ze
71Ao] wer ole] sjalol Aokw 3l
AAFBEL A3l QAR AN ok
%j%i e AT 2 whe] dislA oz
@ QEel AP Aok & A7OE UFE

2, 1998)

Az ALY ATEAS 37 A3 HHst 549
et ket o] b 4 gt
S{J.Ii}j(l? F@ (x(ﬂ y(:? R) (1)

29 104 B vk} o] U A
el Gassel ot
AgHoE ATFRLS He AR
Asn wdss 45 AW FAEG. 9
7Ytk A3 A (D 2 =3
AshEAel siE e 7M=L Simplexti, DFP
(Davidon-Fletcher-Powell) 5] % BFGS(Broyden-Fletcher-
Goldfarb-Shanno)HHﬁ ol Atk 2 AtollA= A3t

Fof gk FAek=o] nlEgkel =S a+sh=
W S L aaAdo] de o BFGS‘%*HJ%
o} A3} AR ZAIRE U8
ofsfl Al 71&E ATk

H

F8(1998)°]

22 BBEN A0 A

fu

=2

Aol oFt ZFredalS ARt HdeS AXkRIth
2719 SEEA AFEM sidollME EHAE S
o] WFH4E AFRSL] HEsH= PSS F2 ALg3)
o, %EHOH% %*éiﬂ %7&751% HE/go] AbEe] Al

o] E?J 511 S{lE]-(EI—Ramly = 2002, Griffiths
2004; Cho, 2007).

AP sS4 o] A5 E HAjubHol A5t
b2 APY] & g5 7t AAA ) Hol| o
5t A3SHE(joint probability) 2 E & E| X|TF o] & —L}JJ
HES AT AHEAE Adoke 71 off iR
SHEEA AP dA] B9 dAZEHol stk
2= o] It (Mostyn}t Li, 1993). 224 si4 2] 4
- ol AR thshe] F 4 QHES =
Hol dAZFHo] HAT e 4] Hfol=
0] SeAE nHPe o o BygES
= SFHo] YAZ-EHo| Hu o] = mryjHo]
Or =t Hassan1} Wolff, 1999). &2 ¢
Al o] AA o] ¥slod= Li?k Lumb(1987), Hassan
I} Wolff(1999) %! Bhattacharya 5(2003)of 2J3] 7]&5]

i3

Fenton,

4

% )
Saely) Aol BAY AYBUES olaksisle] Zak
49l A BAgkol 2 ofedt FHLE o

vl tste] whuetEe 741 ot
A}sls}oq QITHEl-Ramly 5, 2002; Cho, 2007).

RFEMS A13to] SEE4 Pgalalg Sasl] 9
A theo) AgEES Adstn Aus dgus
Z12t0] Hitel mgtae] ofgt QPgalA S 4
1 46} A2 31 AT

KD



Ho] - E WAE 12T 5 gle HoE B
skal Al4E AJ7ke] ol Monte Carlo AlEd|o] S 3
sl7lof| Asht ¢lojo] x|HolA olikstE 4%k
T = =S AEEST 5342 AP E of4lkst
7|He] Algo] @FEh B Ao A= AARAZRO] &
o} Monte Carlo Al&Ed o] ol Agst SHAHEHS A
BotAA T s Aol AT HS AT 4= QL
T2 Karhunen-Loéve A7|HE AFg3lo] dEgdesS
oj4lslstal e HFIEF ol 8ot FEEA &
22 97| 918l Monte Carlo Al&d|o]d& 4=333}+3ich

[N

3.8y &

ool

3.1 K|ge| S2HY #isd

Aure] x4 AR, BN, &
upgel] Aue] BRUHE s}
o]tiLacasse?} Nadim, 1996; Elkateb 5, 2002).

ko] F7HAQl MEAL LAH B4S 7127

= 2on Fro A9l F|of ofs AujE . ol
At S sl gher FojAe SAA AR ANt
o] A HEEAS yehd 4= glok 2y ARkE
39] 37H4 MEAEE dEEE 2dlo] o224 SoflA
A Z(correlation structure)o]] )3 avpA o2 Ay
2 4 QIti(Vanmarcke, 1983).

)
=

o Exjo] 7 AAS ekl B7H42
[e)

Ao =y ko] Aude Yzl ffste

Kl

g8
-5 Z(scale of fluctuation, Vanmarcke, 1983)2} x}7]4¢
7 2(autocorrelation distance, DeGroot} Baecher, 1993)

o) £ 71A] Ams} AHEOIA gt
AN ARARE A FRRERL0] 1/e R 2o

Aelz Helee wEA st et 2ol Yelert
5= pludn @

A71M p(n) = A7VEIToIH e T3] F
1ol AE vl

T W] AV Rl AREY E/d0] W2 534
Hefoll AAA ARt dede yEhdo ASUiolA A
AR HekE Kol AL ou|eit vi=, 2h2 %}

16 g=XetE8stsl=Ed M25a Mi122

718 A = AREe] ®EEo] 2A Yehde e 9
n|gtch

RHE kol BAIglo] B WRFo R FUI A
AE YetY+= 5 A Z(isotropic correlation)”}
o] AREEo]A FAHF thHE] ApdA o2 AAHE A
Ho] 739 HE A EsHy g4 WAoo w Qlste] AR
F AR e gt ol Histe] "R
2k o] Jlem o] kel v} oF 10u) o]4to]
= AL &3dlth(Baecher?} Christian, 2003). A}7| A
Al g2 FAR AHHEA e X REE SAH

[
>.

ol A& Edle] T+ 4~ thi(Baecher?} Christian,
2003; Hsu?} Nelson, 2006).

Gaussian HHZE= HA 4(z), BAF o2 (x) W 2]
R pla,a’) ol i ebds] Fojd 4= St A
§HEs} HopolA] Wel AMEE ArATRE L
Lumb(1987) 2! Rackwitz(2000)0]] o] Z=o]#lch. =
FolAE 4] ()i & A4Fee] ATTS A18e
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o g, AYWES o4} shiy] mrh mEH9
KLE(Karhunen-Loéve expansion), OSE(orthogonal series
expansion), EOLE(Expansion Optimal Linear Estimation)
e FRAANER] ALY BE T
W WSS AYP ] gHTad] gFehs
0] F7ke] TS0 ol5) T Gaussian 2
F A€ ol g =0 FASk= JF
=2 S F9f o] Fodth gl
de= Al Yo s ARgEE 5 Y F
Fob ZetE = '*94 ol whet 7“@1‘% 015 ol4ts}
el |

oF
£

i o

1

ll'f[?l m?'j Iz
N oL
it rlo

Al

flo mii
2 %

o
[e)

4

] Sudretﬂr Der K1uregh1an(2000)0ﬂ 93 —r01 ok

B QoA A 240 1S AYES ol
stal7] JaiA e wES vjme) 24e] HaEs
o17] 98l 2E= &o] 47} 71 & Karhunen-Loéve

Z 7l ¥ (GhiocelZ} Ghanem, 2002)2 AR&-3}%Th

3.3 Karhunen-Loéve M7l

= H(z,0) @] Karhunen-Loéve Z7]+= A7) A4¢
W plea’) o) FAE B4 7|20} WY W=
A H(z0,) 5 AN 8 Bast 71A s
th2-9] 18X FA|(eigenvalue problem)o] &Js) % 2]
=

g d=
=)

M orlo Lo rJ

S rlea)oaan, =xe,@) @

AZIA N, o= A @] S]] ALfA] B aE ok,
H(z,0) ] A7l= Z ul(orthogonal) FE A4 ()
(FBato] 00]aL FAto] 181 v HEHFH)E AR

slof Rk ol F42 249 o 71485l 4

ﬂJ

= b
Zﬂ' Cd(rand()m) 7]—24 B:]E—O] §]—Xé 3| O] —7—7]—%-{[\—9,] ‘5‘]—.{[\_

1 1= O = =
S5} 0|5 WS HYYel WY ASSE Raju)
Aot} Karthunen-Loéve A4S A}7]A S0l

Ao 2 23t 7|7 B TAadl=
H s A7) ol vkl geich
A () ME7IANE ZTses sh HEE =]

ol M2 A7 FHERet @ E = G| uhet
ZAAw|ojo} B}

AR-e] WelgTt A olele) 2
Gaussian AHL =7} Z7H= 0] HEAL L3lel=

A BRI 915t AF ALLE A
PAF ko] g2 M ol ARSE S gl AT B
P HG=7} A f 5 (lognormal distribution) S
‘I}%‘:P% et HHEEE tah o] Gaussian
ey 37 4 o

_EL

M

H(z,0) = exp TEDNOACHACH (7

Karhunen-Loéve 7] ©]3}o] non-Gaussian =HE =
=5 A4 A 9 g7 e agEss &
= A 37 }(standardized normal distribution) .
wastel 47143 FAE B Qegen A
o ghe}. 12Ut TheF @l F7Horiginal space)o A1 €]
A7)k ) n ol aick Ugfe] A7l Al
£ Gaussian 27Fo 2 #3317 95Fo] Nataf model 2
TAT7E e MY A7V dAgel tiske] -8
Zok St RA2-1} vl 2, 2008). ©]+= Karhunen-Loéve
WS Sigh AT 20] AR 2al7) Gaussian 5
Zrol A 433w 7] wiolth
A (D= ZE AR A7) gekeet siA g ool o
AT Ao 7 E 4 Qlom A7 (triangular) H
A el A7)l et Lakel odele]
Zl9] &l|7} Spanos2} Ghanem(1989) X Ghanem} Spanos
(191)e]] Jsff F=oiFiet. o] A5 AlQlskale A (4] 1L
2] BAl A3 ol ofs) Eolok 5} Galerkin
vl ol o3t dfj4] A 2}7} Ghanem®} Spanos(1991)0] 2]

|

i}

B o
SN

op
-r‘—rr‘rﬁ

3 AIAIE ST
A Q) A2 XA e o] A7)l B
T 2= [—aa] 9 DA EA O] AFAEAE TS
Zo] & 4 ot
o le=al
f e ' ¢,(a)da’ = \o,(x) (®)



71, 1& A7)dIA ot

4 @9 AEAL viRgaoR Hagte R & 4
1THGhanem} Spanos, 1991; Sudreti} Der Kiureghian,
2000; 2403} vk 2, 2008). 23+ 19257 9] 3
= ot ol 149 ajel oz vehd % 9tk

A=A ND o) = ola, y) =9, (2) - 4,

ol71 4 FAF 1DE= 121Y & oJu|dic)

LRAZA Jee la% %%%594 3]

NGLES Y] Aol A 2 AY e ¢

E MEFofoF gtk & Atolxl= ¢ B S5t
o] Latin hypercube 4= 713 A3} Random A4
Zele wpSol B AR AL Aok o
9 4 QRS Fojzl JBRERNE DAYR e
= wpgolck. Random 4155 7] MEo] e o
& 790 47 M8 4 Y AW AT ot
2Ele Bohshet] W Az vlgo] saEl A
A Aol £ ik

[e)
gt EEAoR 1/}—1*—1— 7} kAol A ghE ¥ 4(random
variable) S F-219] F=3= A=} W (stratified-random)
Mza) 7|Ho|ch weka] Ko}l 2R 4=o] I o7 B}
SRzl Yo ooy rakel 2 9l g8 0]

AN i

solot. arfel HERa €60 thsl 78 2t
=]

ESRAILEHE N, W19 MZ9L Latin hypercube
Mz 7o g 285l] QJste] B Ao dHy
HEE Aolo] A aEe MEHS AT S+ 9

rr
I
F

$H(Stein, 1987)S 283t

N

RRNEIS S
AN BAE £5 712 APASER o] Rof
ZA =

A e X=[X,X, ....X]E Y215} Hok g HSE
o3| AN EE YEtd = SHAEIES 9(X) 7F F 9]

18 g=Xeta8stsl=Ed M25a Hi122

2ol ekt sl
ur. oluﬂ ofagtEe e
oz Aolg}.

o
& /\]%EﬂO] A 7|®H oL} FORM(First Order Rehablhty
Method) &2 SORM(Second Order Reliability Method)
22 et o] ARg-F o %It Monte Carlo A2

ol 4 (10)0& Axtslr] flste] gEeEe] e
RS0l Mg EEATS G & A EA
= AAtskaL o] IS Swt kg vHESte] ohaet
e Tt et

AHke] F7Ha WE4dS 112 3h= Monte Carlo A&
dolde w337l fsiMe ARt 54& YEtdl=
SAA FER FERLE} JHTRE WEShe dd
o] HHA=S At ZH7he] A HEd=of o
sto] side e RN AHTrREo e ALt
SHA Hr ol HHEsto] 4 (100

3 g olel Wy
AN 2R THUSEL T

Apie] Az elA e sre At o] ZAfstn
2 A|~E {\lﬂl*éﬁﬂ@.(system reliability) 2] EA|7} E]w,
o o] SHAAEHE HE AA|Z el 1}

sltol oheh QAR Hekg ] g Ho) A
7] vl Hagre] SR HojgtewH oE 4 9)
CHHong} Roh, 2008). ¢12]¢] w2 sof thgh AFH O



9,(Xls)=F,—1 (11)

9(X) = oy 95(Xs) (12)

o7 H, Bz A ()3 2ol TAHY
AbEls ok ol

%) 2% Agkel APPES Teje FEEA
3 A7 AR dehs Ao Aokt
3} k.

ol olsto] A

D Foi4l 91 sHRame} A7|ARst w2
wrEo] BebAI B0 RES e @
ghes Aag

A (4)9 1]X| Latin hypercube
28 A M=z £
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& A= e si47 e 84S HE

49 At
Slstol, 17 33} 2ol Wl A|FOR o]Folxl A}

H
o].xqg—].]/d_o_ Aaﬂs}oﬂg , H]HH E}%PE .5 E

_E_
a

_4

H] 3 X—ILO} @@%Xﬂuﬂi %‘4%6]15 alj & A o]
JX A A == 2 (Alonso, 1976), 3E3} T

o145 gho 2 uEknh F 1L ARRE
7} HEA G Vi(coefficient of variation) =
et Wl E Aol whet 2712 73-9-of tisto] siA<
Tkt AEEALE SEEAoR Hy X9 Bt
px @t FEHAL 02 0% = L (lognormal
distribution)& whEthal 7Hg stk ko] HMEA

T Vi=od/n)E Aolshd W] Hlegh gt

=

[e]
Og‘a

9l

ol

o
oM, ﬂlr
d

4 b

Wi

2ol rlu

£
=]
gl

o,

22 G=A v P xFHAE o 2ol A
Ak,
oy = VIn{1+ 12} (13)
Hmx = IHHX_0-5U§1X (14)

10m

. i

1 5m
10m
A 4

10m

T 3. ALRIOHY B That

E 1. AjHo| EMX|(lognormal&3E)

A+
T B AT
Case 1 Case 2
RS
; 20 - -
Yo (KN/M)
HE= ) o (kPa) 23 0.2 0.3

HESdS et SHHEER0 2lgt AEER AHAE o4 19
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(4 B)el Hhstol
30m x 10me] A}7Hg

d
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~
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e xo

th % pA

o A7l el dfaiAe &
7t Bagk 4ol
amly 5(2003)°] 443 B@ATe] Afol wp
BYEFe] A7) el 10~40me] ¥$lo]
o A7) AR 1~3m HEQ R0 U
#7142 2] 10~40me}
31492 100,0003]

A7} g ghot o

¢

el
=

3

1
e
3

o X rE
(o>

(3

EREER
A7) 4w71e) 1~4m

RSP = 1 T o= W O 1 A R
*

i

8 4. H|uj MERIEZO| Fagiol e ZYEX siMZ K £, =1.30)

Eigenvalue

Number of eigenmode

20| /R ME(, =10m)

K252 M12=

=
9 6(a), 1 6(b) ¥ 13 6(c)= Monte Carlo A&
o1, = 10m, 1, =2m, V,=0291 H9)e] A5

of w2 ohigel W ERUA U Rl g

= ES
212y Uehdl R T gheo] AR ge s sHsia
Ve & A FuEE A2 ' 6ol YERd
uRe} o] A= o] 3hAQl Misde e AlE
glo] e} atgho] wtdgt Autof st AR EA L
2 Akt PdE R Arhs Aloltk 11 6(d)e A

distribution)ol] ©13] QFA&C] SEHES T Lekd 4
U o 4 ek 1Y 6oy h g FHTEEE
2 Uehe o] 2R E ebagol AUk B A
2RE 75 242 gt 2L BEo] oF 62%

H
[\]
fr
iz}
i)
5e)
tlo
;
ol
P‘L
fr
i)
r'l
1o
A
4>
N
%
X
i
i)
=2

HES Uehe Tl ofFe REe Adgust
2 GO e Y HEL AR} 2 o
& ekl Qo qapel AuAet U
o] A E} -2 o] ARS-E|S1 7] wiiEell AR
o] Mg Aol o A Yeha 9188 o 4= ek v)
W AES] A Bl whet ARGES 28
Gelg Baketo] muiwo] YHEmE FAT Aol
£ 2, B0 4400 12 SISl 22K, = 10m, 1, = 2m, V,=02)
HEHL Py K 9F, Vi,
30 0.00493 1.2674 0.11541 0.091060
35 0.00474 1.2684 0.11522 0.090839
40 0.00468 1.2692 0.11514 0.090719
45 0.00463 1.2696 0.11501 0.090588




Mean Fs

0.14

0.13 —
0.12

|

0.11 —

Standard deviation Fs

146 +—T———T—— T

0 20000 40000 60000 80000
Number of simulation

100000

0.10 — T T T T
0 20000 40000 60000 80000
Number of simulation

100000

Probability of failure

0.03

0.02

0.01 —

20000 40000 60000 80000
Number of simulation

0 100000

(a) Al 3l0f [ME QME9 BT (b) Al BI0f W2 CHMES| EEHAL (c) Al 3i==0fl W2 mfnEE
4 1
3 0.8 /
g 0.62
- Q
206
s g /Dm rministic value
£ 2 e / Fe=1.30
k]
S 04
T €
3
(8}
1 —
0.2 /
0— 0
0.8 1.2 1.6 2
08 Factor of safety

Factor of safety

(d) UHZ29 HERE

(e) QHMES| FHEERE

TaEE0r

T8 6. Monte-Carlo Simulation2| ZaK1, =10m, 1, =2m, V,=0.2)

(a) #,=0.99

() £,=1.07

J8 7. 53 WyEc

(b) #,=1.08

(d) 7,=1.07

of & L Olof W AIHOHS SHMZTHL, = 10m, I, =2m, V,=02)

N st Eahs A o salde] A4ET o5& wad & Uehn Qo 2y slsjsthen 2
o olo] wie} QLASE ThE S UERT A8 o geln ATRE o)l £ Badd Awst Zvle
2 9. A = Qoo ok v s oIl ojs) 73]
B arle] AFHol AL uEl MedES] F7H B We w2 Uehd 4 gloma 2% ofo] gt g1
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A Study on Correlation Analysis between Inventory Data and Danger Grade
of Cut Slopes: Cut Slopes in Kangwondo and Chungcheongdo.

7 A g Kim, Jinhwan o] A 4" Lee, Jeong-Yeob
7 4 &' Kim, Seung-Hyun T % ¥ Koo, Ho-Bon
Abstract

KICT (Korea Institute of Construction and Technology) and KISTEC (Korea Infrastructure Safety and Technology Corporation)
have been carrying out inventory survey on cut slopes along national roads since 2006. Unlike precision safety check, cut slope
inventory survey is a simple check about cut slope’s characteristics with the naked eye to collect the data base of slope
maintenance. Inventory survey is classified into general status, cut slope characteristics and inspector opinions. The inventory
data are analyzed to identify dangerous slopes and decide a safety ranking. In this paper, we performed a correlation analysis
using SPSS (ver.15) about the 10,461 cut slope inventory data which are collected in Kangwondo and Chungcheongdo from
2006 to 2008. We calculated the correlation coefficient between cut slope inventory data and the danger score derived from
the data. And we evaluated cut slope inventory data which have the more influence on the danger degree of cut slope.
According to results of correlation analysis, we found that inventory data influencing cut slope danger degree are stuck and
fallen rock, orientation of discontinuity and angle of upper slope. And these data are slightly different by regionally. Later

on, if inventory research is finished, we will understand regional characteristics of cut slopes.
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Acceleration Effect of Self-Weight Consolidation
of Dredged and Reclaimed Ground with PBD

o] W &' Lee, Bum-Jun b wl A"’ Ppark, Min-Chul
A A A’ Jeon, Je-Sung o] %' Lee, Song
Abstract

Dredging and reclamation which have been conducted steadily for creation of new coastal area have the demerit of
taking a long time. Hence, a lot of researches on acceleration of self-weight consolidation have been proceeding
continuously. In this paper, 30 cases of laboratory self-weight consolidation tests were conducted to understand the
application of PDF method, one of the self-weight consolidation acceleration methods, to domestic dredged soils.
Acceleration effect of self-weight consolidation was confirmed through comparison and analysis of completion times
and settlements of self-weight consolidation for none installed case and 4 kinds of common used PBD installed cases.

As a result of the tests, installation of PBD before filling is effective for time reduction of self-weight consolidation.
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% Bouwer and Rice # 0188t LEMH(O|T7} ZRf5H=
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Modification of Bouwer and Rice Method to Evaluate Hydraulic Conductivity
of Cutoff Wall Considering Filter Cake Development

4 ®] ¥}2' The-Bao Nguyen o] d F' Lee, Chulho
Z g & Kwak, Tachoon % 3 A" Choi, Hangseok
Abstract

As a conventional line-fitting method, the Bouwer and Rice method has been popularly adopted to estimate the
hydraulic conductivity of an aquifer through a slug test. Because a vertical cutoff wall is usually very compressible
and features a small wall thickness, the Bouwer and Rice method should be carefully applied to analyzing slug test
results to estimate the hydraulic conductivity of vertical cutoff walls. In addition, a relatively impermeable layer, called
a filter cake, formed at the interface between the cutoff wall and the natural soil formation makes it difficult to use
the Bouwer and Rice method directly. In order to overcome such limitations, the original Bouwer and Rice method
has been modified by incorporating the concept of the flow net method. In this modification, the geometry condition
of cutoff walls including the filter cake is effectively considered in evaluating the hydraulic conductivity of a vertical

cutoff wall.
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Characteristics of Deformation and Shear Strength of Parallel Grading
Coarse-grained Materials Using Large Triaxial Test Equipment

2 % 4" Jin, Guang-Ri Al % ¥ Snin, Dong-Hoon
] & A  Im, Eun-Sang 7 7] 4" Kim, Ki-Young
Abstract

Along with the advanced construction technologies, the maximum size of coarse aggregate used for dam construction
ranges from several cm to Im. Testing the original gradation samples is not only expensive but also causes many technical
difficulties. Generally, indoor tests are performed on the samples with the parallel grading method after which the results
are applied to the design and interpretation of the actual geotechnical structure. In order to anticipate the exact behavior
characteristics for the geotechnical structure, it is necessary to understand the changes in the shear behavior. In this study,
the Large Triaxial Test was performed on the parallel grading method samples that were restructured with river bed
sand-gravel, with a different maximum size, which is the material that was used to construct Dam B in Korea. And
the Stress - Strain characteristics of the parallel grading method samples and the characteristics of the shear strength
were compared and analyzed. In the test results, the coarse-grained showed strain softening and expansion behavior of
the volume, which became more obvious as the maximum size increased. The internal angle of friction and the shear

strength appeared to increase as the maximum size of the parallel grading method sample increased.
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Keywords : Deformation, Fill dam, Large triaxial test, Parallel grading, Relative density, Sand-grave, Shear strength
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Estimation of Dynamic Material Properties for Fill Dam :
I. In-situ Shearwave Velocity Profiles

7% ' Kim, Jong-Tae 7 % 4 Kim, Dong-Soo
vk & & Park, Heon-Joon A 3 7' Kwon, Hyek-Kee
Abstract

It is very important to measure reliable dynamic properties of each zone in dam for seismic design. However, the
Vs values of core and rock-fill zone are seldom determined by field test. Consequently, seismic design in dam is
performed using Vs values assumed or empirically determined. So, it is required that reliable Vs has to be evaluated
by in-situ test. In this study, surface wave method, which is nondestructive, was applied to dam to evaluate Vs profiles
of core and rock-fill zone in dam. In 6 dams, using SASW and HWAW methods, Vs profiles were evaluated reliably.
D/B of Vs profiles of each zone with depth and relationship between confining pressure and Vs profiles of rock-fill
zone were constructed including existing results of other dams. The evaluated D/B and proposed relationship were

compared with the frequently used empirical method by Sawada and Takahashi.
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Estimation of Dynamic Material Properties for Fill Dam :
II. Nonlinear Deformation Characteristics

o] Al &' Lee, Sei-Hyun 7 % 4 Kim, Dong-Soo
% o £ Choo, Yun-Wook A & 7] Kwon, Hyek-Kee
Abstract

Nonlinear dynamic deformation characteristics, expressed in terms of normalized shear modulus reduction curve (G/Gax-
logy, G/Gmax curve) and damping curve (D-logy), are important input parameters with shear wave velocity profile (Vs-profile)
in the seismic analysis of (new or existing) fill dam. In this paper, the reasonable and economical methods to evaluate the
nonlinear dynamic deformation characteristics for core zone and rockfill zone respectively are presented. For the core zone,
111 G/Gmax curves and 98 damping curves which meet the requirements of core material were compiled and representative
curves and ranges were proposed for the three ranges of confining pressure (0~100 kPa, 100 kPa~200 kPa, more than 200
kPa). The reliability of the proposed curves for the core zone were verified by comparing with the resonant column test
results of two kinds of core materials. For the rockfill zone, 135 G/Gmax curves and 65 damping curves were compiled from
the test results of gravelly materials using large scale testing equipments. The representative curves and ranges for G/Gumax
were proposed for the three ranges of confining pressure (0~50 kPa, 50 kPa~100 kPa, more than 100 kPa) and those for
damping were proposed independently of confining pressure. The reliability of the proposed curves for the rockfill zone were
verified by comparing with the large scale triaxial test results of rockfill materials in the B-dam which is being constructed.
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SetD/Bel 7|2 29 H Al =AU FE

1 EEr & od
23 Al 3 £9 L [ P | Fa | De? | AIE O | NE r48H i
AlE NS | o || o ” 20| i s Tpa | HIOH
=54 (%) (%) (%) | (mm) | 2 (kN/m°) (kPa)
IC—1 ML | 2.68 | 205 | NP | 53.1 | — | RC 20.0 | 80, 100, 200
C=2 | ooro | ML _[266[ NP [ NP [603 | - [ RC 19.7 | 80, 190, 380
IC—4 ML | 268] 20 | NP | 541 | - | RC 19.5 110, 220
IC-5 ML | 269 | 237 [ 117 | 779 | - | RC 19.1 | 80, 200, 400
IC—11 sM—sc| - | 26.7 | 5.26 | 18.0 | 0.69 | RC 23.2 | 210, 425, 500
IC—12 SM - | ~np [ NP [ 250047 RC 19.9 | 120, 250, 490
c-13 | o SM — | 24 [ Np [ 229 029 RC 21.2 | 120, 240, 480
IC—19 ML - | 39|18 [515] - | RC 19.1 | 220, 440, 500
IC—20 ML - [ 292 N [ 419011 ] RC 20.0 | 120, 240, 480
=40 | 1C-21 SM — [ 248 Np [ 154 [ 055 ] RC 20.8 | 120, 240, 480
=02 | 1022 SM — [ 25 | NP | 404 [0.08] RC 18.4 | 73, 146, 292 | G/Gmax, D
(2001) [ 1c—23 SM — | 252 | NP | 467 | 0.08| RC 18.4 | 115, 230, 460
IC—26 | QIHQIoH | SM — | 21 [ np [ 324010 RC 18.6 42, 84
Ic-27 SM - [ np [ Ne [ 215 [ 014 ] RC 18.6 | 126, 252, 504
IC—28 ML - | 232157 748 - | RC 19.6 | 102, 204, 408
H |y mye | M - - - - - | Rre 16.6 |30, 60, 120, 240
JH=2 SM - - - - - | Rre 18.0 |45, 90, 180, 360
UB=1 [ g, SM |263] NP | NP | 207 | 046 | RC 211 | 30, 60, 120
UJB—2 SM |267] NP | NP | 203 | 048 | RC 21.4 | 30, 60, 120
vi-1 | g3 ML - |1 | 2 - - | Rre 17.9 | 15, 30, 60
YS | ®uoi4 | Ssm 267 | NP | NP | 150 | 0.37 | RC 216 | 35, 70, 140
. 0. 21, 41, 100,
e 5| o7 mM=ola | sCc 271 | 38.8 | 142 | 339 | 034 | RC > 20,990 G D
(2007) | 15—2 | ETF 20.3 41 mex;
1S-3 20.4 41
1S—4 20.2 41
1S—5 19.6 41
”(?Oﬁf :z:s M=ol | sC | 271 | 38.8 | 142 | 33.9 | 0.34 | RC 12? 21 G/Grae, D
1S—8 18.4 41
1S—9 18.1 41
P18 Borrego SM 2.65 - NP 16.0 - RC+TS 17.4 41.4 G/Gmax, D
G1 CL-ML | 2.70 | 29 7 65 | — |RC+TS 18.3 414 G/Grge, D
G5 | cioypo | M= [265] = [ Np [ 62 | - [RC+TS 20.7 331.2 G/Grae, D
G8 cL |27 3 | 13 | 65 | - |rc+Ts 20.0 869.4 G/Grae, D
G5—1 ML | 265| - | NP | 62 | - |RC+TS 20.6 331.2 G/Grnax
LT1 ML | 270 - [ NP | 52 | - [Rc+Ts 17.7 34.5 G/Grae, D
LT2 LT‘;ﬁijvli sM 273 - | Np | 30 | - [RC+TS 18.7 172.5 G/Grae, D
LT3 sMm |273] - [ N [ 40 | - | RC 17.2 110.4 G/Grax
Hwang | OH2 [ [SM-SC[270 [ 2i 4 37 | - [Rc+Ts 17.5 151.8 G/Grae, D
(1996) | oH5 SM-SC| 2.65 | 25 7 40 | - [Rc+Ts 20.1 828 G/Grax, D
PS3B SM | 265]| - NP | 16 | - |RC+TS 17.8 158.7 G/Grax, D
PS4A sM | 265 - | NP | 20 | - [Rc+Ts 18.0 213.9 G/Grax, D
Savannah
PSsA | >n sC |265| - 61 23 | - |Rc+Ts 18.0 2415 G/Grax, D
PS12A sM | 265 - | NP | 20 | - [Rc+Ts 17.4 600.3 G/Grax, D
PSTA sM | 265 - | NP | 23 | - [Rc+Ts 17.9 317.4 G/Grax
T1 SM | 265| - | NP | 34 | - |Rc+Ts 18.8 414 G/Grmax
6 Tlr:;i“(ge cL |270] 37 | 23 | e - |Rc+TS 18.0 289.8 G/Gmax, D
7 cL |270] 34 | 19 | 69 | - [rc+Ts 20.1 386.4 G/Gmex
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MoHs g st MHEFdHA S, G/Gmax ZA[H], D(%)
v(%) 0~100kPa 100~200kPa 200kPaZx 1} 0~100kPa 100~200kPa 200kPaZx 1}
0.0001 1.00 1.00 1.00 2.1 1.4 1.1
0.0002 1.00 1.00 1.00 2.2 1.4 1.1
0.0004 0.99 0.99 1.00 2.2 1.4 1.1
0.0007 0.99 0.99 0.99 2.3 1.5 1.1
0.001 0.98 0.98 0.99 2.4 1.5 1.2
0.002 0.95 0.97 0.98 2.6 1.6 1.3
0.004 0.90 0.93 0.96 3.1 2.0 1.5
0.007 0.83 0.88 0.92 3.8 2.4 1.8
0.01 0.77 0.84 0.89 4.5 3.0 2.2
0.02 0.64 0.73 0.80 6.6 4.7 3.3
0.04 0.49 0.58 0.68 10.1 8.0 5.4
0.07 0.38 0.47 0.57 14.5 12.0 8.2
0.1 0.31 0.39 0.50 17.0 14.0 10.0
0.2 0.20 0.27 0.35 20.0 17.0 12.5
0.4 0.13 0.17 0.23 22.0 19.0 14.0
0.7 0.10 0.12 0.17 22.6 19.6 14.6
1 0.08 0.10 0.14 23.0 20.0 15.0
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F2 HEshs AHHFE 0.1% o]sh, e 349 T ofgEo] B 2UsHA hARER, AJH Hx
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Sk et FAE A FHY WA EE7IA e o] F A 7t diid AellA SAT AIF Al d%
833l Q1= Vucetic¥} Dobry (1991)9] A5+ A e} H] FHpHoh AxTelERo R JFsHaL 272 ofF Somm
asto] oA Iglol EFeIGIch AR 2520 ARE A ol oF 100mmoltt. o]% ZF S MAE Bl%3t
QJstH, AR =7E NP~10% H9lol wazskar Ak, FAFMFAGAE A 2dS A8, G537
Hat 41E0] Vucetic?t Dobry®] 915+ Ao] @ &4 £ olgsto] 5o 14-82S Attt Aske
off I8kl 9152 &1 4= Qlrk wEbA] Vuceticd} 488 WA= F STAR 30kPa, 60kPa, 120kPa, 240kPa,
Dobry®] 95t 235 AJHF 5144 Azl 2-83}7] 480kPa =02 AlHE aatglch. AlHWol LTt
Fe7h QS-S ERlIg 4= ek 2 Ao A AlbeE T5EE L E 9loto] 7 482 TAolA 641t
&5 vy T4 MPEAEY diE F4L & 20
Aoy g w2 ghog vehfgict
100
22 3TF ANE ANE 0|88 i JMo| AE o 807
g
AR A mo) Ay 54 HEEA dig DB 4 a %
g oE 2L AZ] da), & 250 712 T w0
9 A ARES Sustel THUF AT SAHL, o
o] Aol ujuwatglck 20
O_- L n L L i
() AE A A 9 AR AR 100 10 1 01 001  0.001
27H_04 7]% E&(MJ%J’ DEH) Altﬂlﬂ%oﬂ/q /E)EHE Particle Size (mm) - log scale
Al ARE AR Al AR 8 725 A] T2 7. AR A AlZo| UEEERM
3 AR A MRS 7|2 4R
712 294 MJH DH
Dso (mm) 0.22 0.05
#43 ST (%) 88.6 100.0
AEEFAH #2008 S22 (%) 41.4 59.9
cc 0.27 6.98
cu 118.03 69.10
H| 5 2.65 2.70
R 451 (LL) 31.6 35.5
24714 (P) 9.7 12.3
= sY=FY SC CL
s AASHTO A—4 A—6
B 3 2 B3 (o 16.2 20.0
HE AXERIEY kN/m) 16.5 16.7
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AR O] LA A 2= 4 0] 45~60cmo]al 10cm ©]
Bhe] 7S 5% o4 EgBHA] 2olof S, Dy~ 2~10cm

©
(@]
o

t=Xgt8stel==d HM25d M12=

o] Z Apholofof ghrhal | HAA7|E(H A ns, 2005)
oA Fgskal Utk ey ARt e FaSAY
= $13F A9 27]= A1F 30em, 0] 60cmE *e‘xﬂ -TL
4 AR 245 WEAZIHA AP a3chks A
E7Fs517] wzoll AlEe] 7)o Agtstes A= ?J
=5 24t Alde askal Qe wEbA & At
A A IS ol g Al WAE 54 W
FEA 7t AYE RSkl DBE F53IH:

AR ol A= At 22 AR A zof gt
HAE 54 WMEEEE B7IRE AFARE gleEes
o=, P2 5 9] Aol ©Jsl 198817~ 2006
7] S8 F 18HY] =& B = AM A=
gt DBE 553tk 24 =imollA ARSRE AR Al
o] 7| &4 AH, 3 A, A" 21 5= #F 49
LR Ak

187 9] =55 F3lo] F 135709] At At
Al TG Gra-logy) 2 & 657]2] 74w
(D-logy)= ESskleh Aafet Adetd Al 7
of thgt 1357H4 Al 2SRl R Y &R
o3k o A3}, A Al FHf A =27,
H, 174—4 w25 7 109] bk 5
ol o) AHHGW E= GP)E 75 AlEY
A7} 1370(54%) = o] laL, He(SW E+= SP)

2 BRes ARe] Aute AR EAstT e s
o] oAt dERERMo] treht 1A ghobx]
S17038%)2) ATl DA & BRE AT 4 g
odek. A% Alme) Hef 9k 271 22 Immol A
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(Monotonic Triaxial Test, MTX)o] 97](7%)E *}A]|3+4
o S AP E 0.01%0]5ko M= SAFAE 23
2 o 4317, 1 ool AL WRLAEAY ATE o] %
slo] At dlolE = 4(3%)7 &ALt vlas 24
71 zHl|<~DD), £3}H4x(SD), E3Fu]Hl<(SU)7} =
AL, AHE 23HETE 30% o]5kel E325)
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I 4. AR M 20 choll &S5 D/B2| 712 24 H AlE =4 3R
EED ANE =H o
Reference | 82 [ HUUZE | o wy | qmuymoryn | ABmm) [ 2380 | s 74582 o
229 | Dylmm) |NF SHNESEEE 102 | (ygaE) | za (kPa) oI
Modoni £(1999) | - 30 X R 230/570 0.22 DD 294 G/Gimax
Hatanaka & | GP 90 CTX U, R 300/600 0.33(57) su 294.3 56 D
(1988) GP 90 CTX U, R 300/600 0.26(69) su 490.5 e
Goto = (1992) |-S° 91 CTX U, R 300/600 0.27(69) su 1275 6/G D
GP 77 CTX U, R 300/600 0.39(27) su 186.4
Yasuda®} GW 38.1 CTX R 400/800 0.42 DD | 100, 200, 300, 400
Matsmoto (1993)| Gw 38.1 CTSS R 400(800)*/800|  0.42 DD | 100, 200, 300, 400 G/Gimas, D
sp 3 CTX R 300/600 0.48(100) | DD 78.5
Dong 5 (1394) GP 20 CTX R 300/600 0.58(100) | DD 78.5 6/G D
GW 40 CTX R 300/600 0.28(93) | DD 78.5
GW 50 CTX R 300/600 0.22(99) | DD 78.5
GW 170 CTX U 300/550 0.27(79) sD | 50, 100, 290, 590
GW 303 CTX U 300/550 0.23(82) SD 50, 290, 590
GW 173 CTX U 300/550 0.21(91) SD 50, 290, 590
Yasuda S (1996)| GW 207 CTX U 300/550 0.21(96) SD | 50, 100, 290, 590 | G/Grax, D
GW 63.5 CTX R 300/600 0.25(59) SD 50, 290, 590
GW 63.5 CTX R 300/600 0.27(53) SD 50, 290, 590
GW 174 CTX R 300/600 0.27(74) SD 50, 290, 590
GW 100 CTX U 100/200 0.09 su 88.3
Tanaka S (1994) G/Gmax, D
GW 100 CTX U 300/600 0.15 su 78.5
Flora S (1994) | GW 40 CTX R 300/600 0.43 DD 20, 50, 80 G/Gimax
Kokusho®} GW 100 CTX U, R 00600 | 0217029 | g 160
Tanaka (1994) (80~-90) G/Giar, D
sw 40 CTX U 100/200 | 0.26~0.46 | SU | 75, 100, 200, 400
GW 105 CTX U, R 300/600 0.34 su 127
Goto & (1994) G/Ginax
GW 94 CTX U, R 300/600 0.39 su 118
Konno £ (1994)| - | 70~150 CTX U, R 300/600 | 0.30~0.46 | SU 186, 392 G/Gra, D
GW 63.5 MTX R 300/600 0.38(70) | DD 100, 200, 400
o GW 63.5 CTX R 300/600 0.28(90) | DD 100, 200, 400
Matsmoto (1994)_GW 63.5 MTX R 300/600 0. 36(68) DD 100, 200, 400 G/Grmax
GW 63.5 CTX R 300/600 .3(89) DD 100, 200, 400
GW 63.5 CTSS R 400(800)*/800| 0. 3(85) DD 100, 200, 300
- 90 CTX U, R 300/600 0.32 su 294.3
atanakadh - 99 CTX U, R 300/600 0.47 su 186.4
Uohida (1995) |~ 110 CTX U, R 300/600 0.33 su 186.4 G/Ginax, D
— 125 CTX U 300/600 0.22 su 98.1
- 106 CTX U 300/600 0.22 su 392.4
sw 10 CTX R 71/150 0.69(40) su 100
Rollins S (1998)| SW 10 CTX R 71/150 0.53(40) su 100 G/Gimax
GW 10 CTX R 71/150 0.43(40) su 100
Lin £ (20000 | sw | 127 |Rc+crx R 1;8%‘88&2% 0.31 SU | 58.7, 147, 244, 342 | G/Grae, D
Stokoe S (2004)| GW - Large R 152/305 0.3 DD 101.3 G/Grax, D
Scale RC
— — R 150/300 | 0.68~0.73 | DD 30, 50, 90
HardinZt - - Large R 150/300 0.4~0.73 |US, DD 30, 50, 90 6/
Kalinski (2005) | — - Scale RC R 150/300 0.51, 0.52 | DD 30, 50, 90 e
- - R 150/300 | 0.33~0.50 | US 30, 50, 90
Pallara S (2006)| — - CTX U, R 300/600 |0.246~0.488| SU [60.5~82.7, 46.2~47.6| G/Gmax, D
1) AH MY 2ol R2 KA S (Reconstitued), U= H|m2H(Undisturbed) g 2|0|&t.
2) 400(800)*& hollow ASAIHO| CiEt LHZO| 400mm, 2[Z0[ 800mmelS 2n| &
29 A M= & S8 Ot . HIdE S8 HISES 97
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a3 10. #=% D/BY 7|2 24 2Z(G/Gmax * 1357H)
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Cyclic Shear Strain, y . (%)

(a) D/B

S(1998)8] A+t Blasto] oAl T1Rof EFHske
ok A5tel AekebA4e] 45, 100kPa o]Ake] T
3741 Rollins 5-2] A+ Aot A0 A7k ehelgd
4= 9Jt}. o], Rollins ZA10] tEE 100kPa o]Are] -
&304 BEGH A ABES v o R 5197
Foltk B AToAL AR AR G hE 4
R CE BEEE e R
Rollins 59| A5+ 235 HFsk3ich 48] 49 74
30
25 |
g 20 + Gravel Curve
2 Dby Rollins et al.(1998)
E 15 + in this study
g
g 104
g
5 ,
0 | | |
0.0001 0.001 0.01 0.1 1

Cyclic Shear Strain, y . (%)

(d) CHE ZM9| Rollins M 1t| H|m

T8 14, Z4H| =M D/B X thE =M

E 5 MEHE 7Y Wzo| HiMYE X HHSY| it tjz S

MCHAS S st MOHERYH L, G/Grax Z4H], D(%)

v(%) 0~50kPa 50~100kPa 100kPao| 4 ZE 748%
0.00001 1.00 1.00 1.00 1.9
0.00002 1.00 1.00 1.00 1.9
0.00004 1.00 1.00 1.00 1.9
0.00007 0.99 1.00 1.00 1.9
0.0001 0.99 0.99 0.99 1.9
0.0002 0.98 0.99 0.99 1.9
0.0004 0.96 0.98 0.98 2.0
0.0007 0.93 0.96 0.97 2.1
0.001 0.90 0.94 0.96 2.2
0.002 0.81 0.89 0.92 2.4
0.004 0.69 0.81 0.87 2.9
0.007 0.59 0.71 0.80 35
0.01 0.52 0.64 0.74 4.0
0.02 0.39 0.50 0.62 5.5
0.04 0.28 0.38 0.49 7.9
0.07 0.21 0.29 0.40 10.7
0.1 0.18 0.25 0.34 12.5
0.2 0.12 0.18 0.25 15.0
0.4 0.09 0.14 0.18 17.0
0.7 0.08 0.12 0.14 18.0
1 0.07 0.11 18.5
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Applicability of CPT-based Toe Bearing Capacity of PHC Driven Piles

Le, Chi Hung'

4 4 o Chung, Sung-Gyo

A" Kim, Sung-Ryul
Abstract

As CPT penetration tends to show a similar behavior to that of pile driving, a number of methods for estimating
the toe bearing capacity of piles based on CPT data have been proposed. To evaluate the applicability of the methods
in this country, a total of 172 dynamic load tests data on PHC piles and 82 CPT data at a site in the Nakdong River
estuary were collected. A specific four-step procedure was adopted for the selection of the reliable data, and statistical
techniques were then applied to the analysis of the applicability. The results indicated that among a total of 10 CPT-based
methods applied, the best one is the Aoki method (1975), followed by the LCPC (1982), ICP (2005) methods and others.
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Abstract

To measure the soil deformation, two common techniques of the digital image analysis—Particle Image Velocimetry
(PIV) and Digital Image Correlation (DIC)—have been used. To generally apply these techniques to the soils, the accuracy
of these techniques should be evaluated under various conditions. In this study, the influence factors including the image
resolution, the degree of displacement and deformation, the size of pixel subsets, and analysis techniques were analyzed
The deformation of an idealized particle assembly using the discrete element method was measured by the digital image
analyses, and then the results were compared with the actual deformations. To conduct the optimal digital image analysis
various factors are systematically analyzed in terms of the degree of the displacement and the deformation
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Numerical Investigation on Behavior of Back-to-Back Reinforced Earth Wall
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Abstract

Gepsynthetic reinforced soil walls are well recognized alternatives to conventional retaining walls due to many
advantages in terms of ease of construction, economy, and aesthetics, among others. In recent years, the use of back-
to-back (BTB) geosynthetic reinforced soil walls has been increasing for roadway and railway construction. However,
there are insufficient studies concerning the behavior of BTB type geosynthetic reinforced soil walls. In this study a
series of finite element analysis were performed for BTB walls with various wall geometry and reinforcement distribution.
The results were then analyzed to relate the wall geometry and reinforcement distribution and the performance of BTB

walls. Optimum reinforcement pattern was also investigated.
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