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A Case Study of Post-Grouted Drilled Shaft in Weathered Rock
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Abstract

Post-grouting for the drilled shaft is known to remarkably increase the end bearing capacity of pile by consolidating
and reinforcing the disturbed ground containing slime around the pile tip. However, the general design guideline for
post-grouting has not been established yet in Korea. Especially in the domestic application, the post-grouting is employed
just for repairing the pile with unacceptable resistance rather than for increasing the design resistance of pile. Therefore,
little is reported about the effect of post-grouting on the pile resistance itself. In this study, the effect of post-grouting
on the resistance of drilled shafts installed in the weathered rock in Korea was estimated by performing the bi-directional
load tests on the piles with and without the post-grouting. The test results presented that the initial slope of end
bearing-base displacement curve in the pile with post-grouting was 4 times higher than that without post-grouting. At
the acceptable settlement (1% of pile diameter), the end bearing capacities of piles with and without the post-grouting
were estimated to be 12.0 MPa and 7.0 MPa, respectively, which indicate that the post-grouting could increase the end

bearing resistance of pile in weathered rock more than 70%.
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Tension Force Monitoring of Tension Type Ground
Anchor Using Optical FBG Sensors

A4 & £ Sung, Hyun-Jong 71 o4 AF  Kim, Young-Sang
71 A w'  Kim, Jae-Min w3 @' Park, Gui-Hyun
Abstract

Ground anchor method is one of the most popular reinforcing technology in Korea. For the sound monitoring of
slope reinforced by permanent anchor for a long period, monitoring the tension force of ground anchor is very important.
However, special technology except conventional load cell has not been developed for this purpose. In this paper, a
new method is described to replace the conventional strain gauge and V.W. type load cell which has been commonly
used as a prestress force monitoring tool for a short-term and long-term. Four 11.5 m long strain detectable tension
type anchors were made using FBG sensor embedded tendon since FBG sensor is smaller than strain gauge type load
cell and does not have noise from electromagnetic wave. Each two set strain detectable tension type anchors were installed
into the different ground conditions, i.e., soft rock and weathered granite soil. Prestress force of ground anchor was
monitored during the loading-unloading step from in-situ pullout test using proposed FBG sensor embedded in the tendon
and the conventional load cell. Test results show that the prestress force monitored from FBG sensor may well be used

practically, for it almost matches with that measured from expensive load cell.
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A Study on Numerical Technique of the
Hardened Grout Formed by Grouting

o] ¥ ¥ Lee, Jong-Hwi
09 ) Chun, Byung-Sik

Abstract

Recently, pressure grouting is widely being used in construction site for strength improvement of ground and water
proof, reinforcement and so on. It is necessarily required to estimate an appropriate injection pressure and injection
time for economical and reasonable construction in the site through the size and shape of the hardened grout measured
according to ground condition. However, sampling for the hardened grout is time-consuming and needs high cost on
preliminary test in the site. The system which could predict the size and shape of the hardened grout does not exist
until now. Thus, numerical method based on VOF method and porous model was used for the calibration chamber
injection test with injection pressure (50 kPa, 100 kPa, 150 kPa) in this study. The results indicate that the numerical
technique based on VOF method and porous model among CFD analysis is expected to be a basic study for the prediction

of the behavior and solidification of pressure grouting.
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Keywords : ADINA, CFD analysis, Grout bulb, Grouting, Hardened grout, Injection pressure, Volume-of-fluid
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et et a4 s o= fA fA] Alole] At FH,
AR} F2E Aol 54 AW A $3l Arbitrary
Langrangian Eulerian(ALE) &40] AM&E ) ALE: &
Aol HPPAE FE A4 =3 Lagrangian 4
T EAO] HEgS wet EX2) WY AR HIE ‘@7“
=2t Eulerian W, 2-2he] AHE Hgislsto] 33t
[434E AT A et (A 5, 2003). ALE
o] 71EAQ] o] & YAl dhfE §(2003)2] =+
Al T 7HEStER 2 =EoA= ARsich

BA7}F ek i Hl(porous media) F Alo]E F&

x]unwwz ST, AATL 2 Dary

A7IA, v, & E& BEE §A|E] Solk ot &

Fl RRE0 O 7hr) ok el ZAlNewlonian viscosity)
o BA4g Mo R T 4 ()2 B 4 Yok
_ 1 ap, s 9

Um = 4,u ox e 7 )
o o]g3] &Y AEOoRNE HES Sl th 4]
®)F 2L ¢ A
~ 1 A _ R? ap
v nR? fo /0 Uy yhp = 3u ox (8)
w3t ofeigh BE0] thFA A U REghA
T35 02 7PE, TR A HRsms 4 90
2ol AR % vt
A nk’ p ©)
........ == o (
solid
H
mean
flow v

8! 1. Hustration of porous media models{ADINA R&D Inc.,
2009)
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I 824y YAAL Hesty A mdS Aot
ohd, thed uiHe] EES FHsH AubgAle o
& 4 (103 o) e 4 9lrk
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Beolv|vt+pK ' v v=—p+F? (10)

7N, K=k BB SgHM0)T 8, FPe 22}

WAL, =R (body force)oltt.
SHH, AAH 34 3)4(volume tracking) W& 174
ARA NN AP FH8H A EHS UE 5
Q= 2] Ve r odEA ¢on, MAC(Market and
Cell)3#|(Nakayama 5, 1996)7} VOFdFgo] Qg 2ol
a3 Qltk E3], VOF(Volume of Fluid) HHH-E &-412] A
ARes Al Hao] ha WY WAL sate
o2M Ag THel 9AE FHal WHoR KEA
upRol] fAlotshiopolA] Bo] AT SfrkIT4:
=, 2000).

VOF Yol M= 3178 A2HA flollA] A(d 2 22)
Wi 4 A E&E& ALt flste] 2 HE
A 3P(Hirt 5, 1981), 94| A3 E-&(fractional volume-
of-fluid, /)& FAIZ} A8t e AFoNM= 1, 2
Slo A 00] HES Holgr, xhg ®lo] olFslu
7} o] FA AA E&o] ZPAlE =T, 2% HH
A e AL fkel webA Al 74 R ERE0
VOF oAl 4] (1NE EolA Aol fA1= i3]
ARA Ao 1 A fA AA E&2 10] Hi(f
=1), & FEFYeE HaErh FHH Ao Hloj §low
(/=00 2 A2 5 F99Y dof 2laL, fgko] 03 14}o]

of 3k& wio<f<he 2 AES AF EW o gz

HEEthLarmaei 5, 2010).

: Filled(f=1)
BB : Patially filled (0<f<1)
B : empty(t=0)

13 2. VOF method
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e vf=0 (11)

Ay gEgAlde 7|Ee] AEA 9 DAGAR-A
2, 2002)1 FUS RYEZR P FUBE ARESH]
223519 o o], VOFHIH-E o]-83F S mAfe] oA b
g $Jste] FHEA.

3.1 AUEHES

og

B oA AR 13} o] EAR] A[ALE LA
o] Y7} golstE YF o] HirtHo] Piato] HE
2 AzrEen Fd3 WAL lom, HPYEZ] WA
2 90cm, ol 90cmolch 19 3 AR FYA]
¥o] faxwott orNYI(AN, B)= EB|F0] T
SHA| = FE3] w5 e AR AEE
FU77} 93] @/dHdry packing)E LAISHES S
ok FUHZE o]gate] A Al FUYol YT A
2 RAHER g9 on, olg YFAR §A7) HEA
Sotoz B1E 4 JEE It FYBLE 4
Zo) Fy|7h AmEr} A7) wfite] & HRE FYEe]
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# 1. Mechanical properties of Joomunijin standard sand

' Min. dry density Max. dry density water contents . Dr

j C C USCS
Material (g/cm?) (g/cm®) (%) ¢ ¢ N ¢ (%)
FET HEA 1.34 1.56 0 36° 0 1.9 1.1 SP 30.4

—

Z / Beater \ —Z
ca;’/ Booster Pump - B
D DS
A Liquid B Liquid
Connector
{Unit:mm)
Strainer
mg+
g e e
B L:":’ 818
By $400 4150
#1000
Large Size Chamber by Size Z_]]— ‘?_(?JCQ— HEﬂE IS 6*},(}33\_(2_1:4’ 17&;‘(“94 aéjb}-o] TE
38l 3. Scheme of equipment for experiment(HtAl 2010) HA A PR AT E o5l A kS FFATHA}
zl 2 #=x)
A 5, 2002) 2} 2950~ 150kPa) 2 AALE: 59100, olo]
2 BYANe FRA HEAE ASSIGOM, 1 oAzl 9] A o] HX| BT Kutmer(1996)
FoHA 4L TRy R 1T Yok 22 o seolqRE Ak AN uek ol e 4 (12)014 ARk
50cmyVbE BEARE 9o x84 Al SAUsE B4
h .
ASE A2 AMAEE 2457 HO}O% of A A= (sing) (12)
AFA BAH A gAY 245 9cH4.2 8 B
). A4 Al Fhapol o]t kS viA|S)) wjiof A7IM, By FUY
HHPANRE oh Aloll= Ao AASHek o] uf v oo AN e
A e = oF 304%= 23t xutoz 2AE Qo) ho o ARHORZHEH £27
o AN uhakz)
3.2 TUAIH 1/m : 3LObgH]
I 2= U wRHIRA B EREE SA= 4, =Ko
BHIL 7\ AES AL§3 Zeido] Bael SGR
- 7355 AME3ATh 3 gel-timeo] 50~90% AE A& Aol frekas HEsi4 L2159l ADINA
REE gFEoRA Lot 2YY A AFEE Ver 868 AM3lGow, BYRED U #91E A
ol HES stk w3k FYBE WsHE AT 9sjol CFDEAE AT oA I whet npx
E 2. Mix proportion of grout
A liguid (200L) B liquid (200L)
contents K
water glass (L) water (L) cement (kg) retarding agent (kg) water (L)
middle type .
(gel—time 50" ~90°) 100 100 60 24 167
oroizol Al &dE DZHCQ eXlohA D1 #5131



72 EREA FAA7 AR At 3
E1 A 7H ARIEES tiAke 23 porous media
mdlS ol gsto] fAlS] BEf o3t AEF0] HES

2dd stgch2.23d %), ¥3 7[E¥ o s 2Erlen
9.8n/s™S Ag3te] o] ZAJ(Newtonian viscosity)d]
2o W §A7F FEYEFo R LA ol Fsh=

< AT

LS ERNL R DR I SR R et
e 37|12 29ysigth B3 RYE X9 $3a
-2 3D-fluid BHIoRA A4 Zute] HUES o
7| lstel FHHOR AN ALS 4ol o] &
oA Hele Hetdch B, 2] FolS ko]
AAE EFAHporous media) 2 Y=, sJA)-L time
functions ©]-§-3to] AA| FYUAFE D o7 2 vpet
ANAFE o] 50cm7HA] ko] E|HA FQlo] HiE
SRt FUTe A AA F=duH d2 Y
(167} FAMA S At 0w 4o a4kt 7

T8 4. Finite element mesh

E 3. Parameters of Joomunijin standard sand used in ADINA

7k s o] ol & JFE 7IAA FE ALR
ghetslo] 3D-Fluid EH¢19) 3

42 2R H FURS U SYX|

myAo] gt BAXE vl S kg wAR 2
Z, porous media® A7s}glct. 2ol el FA|(fluid)
Y wieb LA (solid)dH Y W2 o] EAAE
P s Holglom, 1 Y82 thd 3 33} At
FTIEL L8t AHY A EE Fote] 4S8
gon, BEaAas A9 FPAEKS F 2322)% 5
3to] AR ghE dEstolnt o] Wl Ao BrAlRS
KS F 2312(&2] T3 A8 #ollA AAsHz Hieh 2
o] AWFH(H™EF 2.5kef, B9 W7 100mm, THY S
43, 3% tH3l 25) 08 FAAIE ARtste] FA|
45 AHskelch 53], fAdHY o W fA7
TH ol F=olet 7Hgakar AukA) 17194004 0T
d o 719 9=g At AT ASH
o] BEAZ} obd A el of AAAsEA Ao A
ol Ao AR=ULS o FHE 5] M FARE
il e d=stalck

SHH, FAARE 717240 F-A|(constant) 2 753}

gom, 1 B2 i 47 gk YA et HA4A
= 47 viAY, A=AR AT g J=-sh

%

}i

<l

43 ZA=A

2 A oAM= wEY RS OEE £Y
A7} porous media d FFOoE EZ97] B A4
2 mAgoBE nAste] the Bl Solst o
o} whEhA], R[4 A] U FAJSRL QlER
A BYPEZEUANET 2710E HAYg FYHA 74
3l =Ealict ol Alrigid motion ; +Z axis)}S =

. . density permeability ) viscosity )
fluid bulk
material condition (kg /Cm3) (em/s) porosity (ka/m-s) ui
FEU pOrous fluid 0.00129 "
) 201X . 00 -
BEA media old 1390 1.201x10 0.46 3
# 4. Parameters of SGR used in ADINA
material vicosity density coef. of volume fluid bulk
(kg/m-s) {kg/cm®) ’
SGR(2Z) |  constant 0.0024 1500 0 -
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K AR} Aol FE BEApTE 2 Hol 294
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A 3. The shape of the hardened grout with injection pressure
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2 Shbo] dojup] QhUA|zke] Aukitel whet WEsh  FAAEZ AES] SALE AoR Wekg st &
ZHSHE A B 40t otk TR, AN Zolwsl 3, 13 6@t L) 1Y #AT A0 Hrkshe 17
L QIaARKtime step)ell O)E3h Waks AL Selst A SRRRLOIA] 20em Hojxl FTH HIAIE 240 ~22em)
gonl, wEAe) BAX Qe dugon Bade B RAsEOm, ol T BHorne Az
2 1201x10°% BUsHA Yol HFSHIL AR WF  £9) g T 60y 2k 9 FS 018 vehn
oRo FYAY oL A G AoE Ueidridr  FYUe] F7F B4 S SR Al Ui,
A ) oy AYERE 7} gaste & WEsk 2

CEDEAMOzE 12s} ao] Golsta) gfori m obye & 4 Ak olAd P MM FYUIE
A9 FANRY B $A A £&(NS BA Agsien, 1 Anke 19 Ta), k), @ 2ok 2
YR S5E 2Y3AT VOFIRol4 FataRel o 6(b)e] sl vhrbA R ek nAAe) giR
GAAH B SR W, S 7 0Re 2 U Be g7 oF 08~ 184 YRR HEE 5k 1)
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Injection pressure

—h— S50kPa

—@- 100kPa
—M- 150kPa

=
»®

e
&

=
'S

=
Y

fractional volume-of-fluid {f)

=

0 5 10 15 20 25 30 35 40 45
Distance (cm)

2em

{a) Checking elements {b) Fractional volume-of-fluid(f) values

%l 6. Fractional volume-of-fiuid values(#) with distance

(a) 50kPa(time step 29.25) (b} 100kPa(time step 29.50) (c) 150kPa(time step 30.75)

8l 7. value of VOF with injection pressure
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(a) 50kPa {b) 100kPa (c) 150kPa

(@ f=0.1~1.0

12! 8. The shape of the hardened grout by isosurface function(f=0.8~1.0)

; L
AN L M P

{6} r=0.7~10 {c) r=08~10 (d) f=09~1.0 {e) £=0.99~10

12 9. The comparison of size with volume-of-fuild(#) by isosurface(ex. 50kPa)
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MEASURE 7152
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Aaks Felgrel Aol net nAR) AHoHR HFL
AR Ase Uehha otk 28 4R A2,
2919t 50kPac A= f7} 0.9~1.0¢ o, U< 100kPa
AMZ 7} 09~1.04 o, 150kPac A= f71 0.7~1.0
o4 BEAE AT SAHEE Btk Bg 1A 3
R2730] 4, ek 0kPaclAE f7}0.9~1.02 u,
20]9F 100kPao)| A= 7} 0.7~1.0 T+ 0.8~1.0¢ o,
150KPaclAl = 7} 0.1~100] 4 BHAG AT 7
$Ae Bk dE, TUE-ADEY RXolHE
wHA g Aol vae WA HHE 43 ~dem HE
2 Uehjma B el X AAIE vie} o] fo] By
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& g Aoz wHET

6. d &
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2FYARE BEUE FUA) 55 146} 2% & A
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dlonl thast g AES Y 4 gsirt

H 5. The diameters of the hardened grout on experiment and numerical

Dia. of the Injection pressure 50kPa 100kPa 150kPa
bulbs (cm) Location top bottom top bottom top bottom
Experiment 13.7 13.0 17.7 16.2 23.6 21.2
Numerical analysis{f=0.1~1.0) 17.4 15.3 22.7 21.4 26.8 21.7
Numerical analysis{f=0.7~1.0} 14.8 13.1 19.3 18.2 22.8 18.5
Numerical analysis{f=0.8~1.0} 14.7 12.9 19.1 18.0 22.6 18.3
Numerical analysis{f=0.9~1.0) 13.7 12.1 17.9 16.8 21.1 17.1
Numerical analysis(f=0.99~1.0} 12.9 11.4 16.8 15.8 19.8 16.1
30 N 30
28 = | =@ Experiment 28 |- | —@— Experiment
26 | ;23';:;3 26 - - :i:g';:i'g
. | ——A— }’jg-iz.g - [ N f:0:8~1:0
F\24 | ——A— 7-099-10 M _*———A— j:zg::;fo
522 T2 =
2 o o -
=20 - 20 |-
- 87
A8 Alg - "y
16 p~ 16 [ ~A
14 — 14 -
12 12 |
101 ! | ] | ) | ) 1 10 L1 ! ] ] ] ) | ) i
50 75 100 125 150 50 75 100 125 150
Injection Pressure (kPa) Injection Pressure (kPa)
(a) top (b) bottom

8 10. The diameters of the hardened grout with injection pressure
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Bearing Capacity of Shallow Foundation on a Finite Layer
of Sandy Ground Undedain by a Rigid Base

A 4 & Jun, Sang-Hyun
+ 9 A Yoo, Nam-Jae

o
o
z,

Yoo, Kun-Sun

Abstract

In this paper the method of estimating the bearing capacity of shallow foundation on a finite layer of sandy ground
underlain by a rigid base was proposed by assessing results of the model test and the numerical analyses. For model
experiments, the centrifuge tests under 1g and 20 g of gravitational levels were performed with sandy soils sampled
from the field, changing the relative density of sandy soil and the ratio of thickness of sand layer (H) to the width
of strip footing (B). As results of tests, bearing capacity tends to increase with the value of H/B while settlement for
a given load intensity decreases. Bearing capacity also increases with relative density of the soil. In order to propose
the method of estimating the bearing capacity of thin sandy layer underlain by a rigid base, values of bearing capacity
factors from test results were compared with the values of modified bearing capacity factor by Mandel & Salencon
(1972) considering the effect of H/B value on bearing capacity. The relation of bearing capacity factor ratio, normalizing
friction angle of sandy soil, with the value of H/B was suggested so that this relation could be applied to design in
the safe side. The results of numerical analyses obrained by changing the layout of footing, relative density of sandy

soil and the value of H/B, were in good agreements with the suggesied relation.
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Rheological Models for Describing Fine-laden Debris Flows: Grain-size Effect
= Jeong, Sueng-Won

Abstract

This paper presents the applicability of rheological models for describing fine-laden debris flows and analyzes the
flow characteristics as a function of grain size. Two types of soil samples were used: (1) clayey soils - Mediterranean
Sea clays and (2) silty soils - iron ore tailings from Newfoundland, Canada. Clayey soil samples show a typical shear
thinning behavior but silty soil samples exhibit the transition from shear thinning to the Bingham fluid as shear rate
is increased. It may be due to the fact that the determination of yield stress and plastic viscosity is strongly dependent
upon interstructrual interaction and strength evolution between soil particles. So grain size effect produces different flow
curves. For modeling debris flows that are mainly composed of fine-grained sediments (<0.075 mm), we need the yield
stress and plastic viscosity to mimic the flow patterns like shape of deposition, thickness, length of debris flow, and
so on. These values correlate with the liquidity index. Thus one can estimate the debris flow mobility if one can measure

the physical properties.
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A7 FAYR oA T AE 510 PCFL-665E 53 A
shglch iR A2 HEA(CF = 52%)& Table 1
oA Rol5, WAggtAlet ASHAlE 27} 62.8%%) 24.4%
of S|P3l sf4== 30g/Le] Mt BEdo] AHEA
& nte ARhEEE 5534 s st |
th(Sansoucy &, 2005; Jeong, 2006).
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Table 1. Geotechnical characteristics of selected soil samples (data from Jeong, 2006)

Sample wn (%) w (%) wp (%) lp (%} S {g/) CF (%} Ac
Mediterranean Sea 67.5 62.8 24.4 38.4 28.9 52 0.7
Iron ore tailing - 22 5% 17.6 4.9 - < 20 -

Note: A.=Activity (=Ip/CF); CF=clay fraction; l,=plasticity index; S=salinity (g/l}; w =liquid limit; wy=plastic limit, * = mean value.
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Fig. 3. Flow curves of Mediterranean Sea (a and b) and iron tailing {c and d) samples: (a and c) linear plot of shear stress and shear
rate for selected samples and (b and d) log-log plot of viscosity and shear rate. Data from Jeong (2006).
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Table 2. Geotechnical and rheological parameters of selected soils
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Mo

Model | Bingham ‘ Herschel—Bulkley l bilinear ’ Power law I Modified Bingham
Mediterranean wi= 65.3, wp= 24.6
v | mes) | B |enn| © b | K| 7|7 [ Fa s ] T [ | R e | | 7
135.48 0.078| 2.9 [57.3210.029|0.768|23.561|12.82| 0.220 | 0.968 | 58.0 | 10.05 | 0.994 | 30.71|0.14310.957 | 57.32 | 0.029 | 0.15 | 0.988
141.59 - 3.1 [48.14]0.0280.828 | 22.54 | 8.63 | 0.251 | 0.967 | 48.5| 9.63 |0.995|26.48|0.142|0.933 | 48.14| 0.028 | 0.15 | 0.987
146.58 - 3.2 |39.45|0.02310.818(16.10| 8.02 | 0.242 [0.965|40.0 | 6.88 [0.989|20.71 |0.150|0.937 | 39.45| 0.023 | 0.15 | 0.984
161.11 - 3.6 |26.57|0.019|0.905|14.81| 3.11 | 0.313 [0.963 | 27.0| 6.33 |0.993 | 14.11 | 0.155|0.913 | 26.57 | 0.019 | 0.15 | 0.987
190.47 - 4.3 [13.1570.012|0.972| 9.66 | 0.39 | 0.525 [ 0.991 | 13.2 | 413 |0.995| 6.54 |0.181]0.902 13.15| 0.012 | 0.15 | 0.990
”;?”r?gre Wi =02.9%; we=16.7%
s e I R R e N R R LR R
28.4 0.182| 1.48 [55.2211.131)0.988|16.32| 3.86 | 0.810 | 0.996 | 62.0 [23.7380.999 | 13.49 | 0.55 | 0.989 [55.22 | 1.131 } 0.05{0.948
31.3 0.128| 1.90 |81.97|0.3460.950 | 16.17 | 6.13 | 0.593 | 0.989 | 60.0 | 8.813 [0.999 [ 13.23 | 0.47 |0.997 | 81.97 | 0.346 | 0.05 [ 0.945
32.2 0.087| 2.37 [62.98|0.252|0.965|22.56 | 4.03 | 0.603 [ 0.992 | 62.0 |16.544|0.999 [ 16.01 | 0.38 | 0.993 ! 62.98 | 0.252 | 0.05 | 0.938
36.2 - 2.55 [23.67(0.076|0.993|14.49| 1.17 | 0.599 | 0.967 | 13.3 | 4.211 | 1.000| 7.49 | 0.34 | 0.916|23.67 | 0.076 | 0.05 | 0.995
42.3 - 415 | 9.82 10.037|0.998| 7.41 | 0.23 | 0.729 }0.991|10.0 | 2.119 | 1.000 | 3.20 | 0.36 |0.874| 9.82 | 0.037 | 0.05 | 0.998
Note! ¢y = remoulded undrained shear strength measured by Swedish fall cone; K = consistency index; 4 =liquidity index; n =

nondimensionless flow index; wi. = liguid limit; w, = plastic limit; Tc-g, T-ne, Te-i and Te-ms = Bingham, Herschel—Bulkley, bilinear and

modified Bingham (Papanastasiou, 1988) yield stress; nn and w (Pa.s) = Bingham and pseudo—Newtonian viscosity; R—squares (r¥)

Coefficient of determination shows how well the data are explained by the best—fit line. Parameters used in Carreau model were specified

<

arbitrarily (ex. Mediterranean Sea: A < 0.9, 1o

25, e =< 0.4 ; iron ore tailings :

HE SIZol EXZ0 248t

A <05 1 < 188, ne < 0.7).
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Fig. 4. Fitting rheological models to the data obtained from the Mediterranena Sea samples in linear plot of shear stress and shear rate
and log-log plot of viscosity and shear rate. The Bingham, bilinear, Carreau, Herschel-Bulkley, Papanastasiou, and Power law

model are used.
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Fig. 5. Fitting rheological models to the data obtained from iron tailing samples in linear plot of shear stress and shear rate and log-log
plot of viscosity and shear rate. The Bingham, bilinear, Carreau, Herschel-Bulkley, Papanastasiou, and Power law model are used.
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A Study on the Liquefaction Behavior of Bottom Ash

+ 9 A Yoon, Won-Sub
A o 5 Chae, Young-Su
Abstract

In this study relative density tests of bottom ash and standard sand were carried out. And cyclic triaxial tests for
samples with the relative density of 40%, 55%, and 70% were carried out on the basis of the test results. Cyclic triaxial
tests were also conducted for fines content with 55% relative density. Residual samples were divided into No.40, No.60,
No.100, and No.200. In order to avoid crashing that can happen when compaction of the sample is initiated, bottom
ash was crushed using the a compact mold. In consideration of the crushing characteristics of ecach residual samples,
the fragmentation rate increased up to 30%, which led to the adjustment of fine-grained amount to 10%, 20%, and
30%. Through the repative triaxial test in accordance with the relative density, resistant characteristics of the liquefaction
of bottom ash was analyzed. Test results show that, crushing strength of bottom ash was smaller than that of standard

sand, resulting in different liquefaction behavior characteristics. And we could find fines content with maximum resistant

characteristics of the liquefaction.
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A Study on the Bottom Ash Characteristics of Resonant Column Tests

+ o A Yoon, Won-Sub
A d & Chae, Young-Su
Abstract

~ This study investigates relative density test of standard sand and bottom ash which were devided into No.40, No.60,
No.100, No.200 and resonant column tests were conducted for samples with the relative density of 40%, 55%, and
70% on the basis of the test results. Resonant column tests were also conducted for each residual bottom ash which contains
the passing sample of No.200 with the relative density of 55%. By compressing each residual sample with the compaction
energy of A-compact mold test, the passing percentage of No.200 sieve increased up to 30%, which led to the adjustment
of relative density to 10%, 20%, and 30%. Test results show that maximum shear modulus and damping ratio of bottom
ash are smaller than those of standard sand because crushing strength and unit weight of the former are smaller than

those of the latter.
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Keywords : Bottom ash, Resonant column test, Maximum shear modulus, Damping ratio
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20 8.01 10.26 9.11 178.88
30 8.34 10.87 9.56 187.80
0 8.97 11.00 9.98 195.96
No.2007 10 9.1 11.20 10.15 199.33
20 9.78 11.52 10.67 209.43
30 10.15 11.89 11.04 216.74
40 14.50 284.64
BEAM 0 13.70 15.90 55 14.83 291.19
70 15.17 297.79

E 5 HdUE= ¥ 740 WE MoekAs Fat

2s AyE 9t 50kPa F£9 100kPa T2 200kPa
- (Dr, %) Grax [ Gimax
40 75.39 103.33 133.21
BEA 55 80.08 106.07 129.01
70 87.87 116.72 145.80
40 30.19 42.91 61.13
Bottom Ash 55 37.98 53.29 75.26
70 46.29 63.42 89.29
40 25.14 35.25 49.27
No.40%| 55 27.30 38.46 53.82
70 28.14 40.46 55.79
40 24 62 34.64 48.92
No.80| 55 ‘ 26.77 37.83 50.06
70 28.14 40.46 55.79
40 27.90 38.25 53.90
No. 1007 55 30.18 41.19 56.66
70 33.16 44.66 60.71
40 29.06 40.25 57.11
No.200%] 55 30.80 44.00 61.19
70 34.74 48.31 68.43
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¥ 6. NEE U0 ol AoucEyAs

Has SUHYE(Dr, %) 'EEELE; 242f(kPa) ACIH SRS (MPa)
50 27.30
0% 100 38.46
200 53.82
50 27.32
10% 100 38.48
No.40#| 55 200 53.85
50 30.17
20% 100 39.83
200 57.04
50 © 26.80
30% 100 37.23
200 52.38
50 26.77
0% 100 37.83
200 50.05
50 25.19
10% 100 36.88
No.60%| 55 200 51.20
50 28.75
20% 100 38.85
200 5469
50 26.81
30% 100 37.89
200 52.01
50 30.18
0% 100 41,19
200 56.66
50 28.75
10% 100 38.20
No. 100 55 200 53.91
50 27.36
20% 100 36.92
200 52.78
50 23.92
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200 46.11
50 30.80
0% 100 44.00
200 61.19
50 26.56
10% 100 38.90
No.200#| 55 200 53.98
50 25.22
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