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Effect of Stress History on CPT-DMT Correlations in Granular Soil
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Abstract

Stress history increases the residual horizontal stress of granular soil and, consequently, the penetration resistance.
This study analyzes the effect of stress history on the cone resistance (qc), horizontal stress index (Kp) and dilatometer
modulus (Ep) of CPT and DMT from calibration chamber specimen in OC as well as NC state. Test results show that
the normalized cone resistance by mean effective stress correlates well with the relative density and the state parameter,
whereas the normalized cone resistance by vertical effective stress is a little affected by stress history. The influence
of stress history is more reflected on Kp than Ep and q.. The Kp/Ko, in which the effect of stress history on Kp is
compensated by the at-rest coefficient of earth pressure, Ko, is related to relative density, state parameter and the
normalized cone resistance by mean effective stress. It is also observed that the normalized dilatometer modulus by

mean effective stress (Ep/om') shows a unique correlation with the state parameter, regardless of stress history.
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Determination of Resistance Factors of Load and Resistance Factor
Design for Drilled Shaft Based on Load Test

7 A F'  Kim, Seok-Jung ¥ 2 4" Kwon, Oh-Sung
A A 2 Jung, Sung-Jun 3 A e¥'  Han, Jin-Tae
7 % Kim, Myoung-Mo

Abstract

Load Resistance Factor Design method is used increasingly in geotechnical design world widely and resistance factors
for drilled shafts are suggested by AASHTO. However, these resistance factors are determined for intact rock conditions;
by comparison, most of bedrocks in Korea have weathered condition, so that applying the AASHTO resistance factors
is not reasonable. Thus, this study suggests the proper resistance factors for design of drilled shaft in Korea. The 22
cases of pile load test data from 8 sites were chosen and reliability-based approach is used to analyze the data. Reliability
analysis was performed by First Order Second Moment Method (FOSM) applying 4 bearing capacity equations. As a
result, when the Factor of Safety (FOS) was selected as 3.0, the target reliability indexes (3,) were evaluated as 2.01 ~
2.30. Resistance factors and load factors are determined from optimization based on above results. The resistance factors
ranged between 0.48 and 0.56 and load factors for dead load and live load are evaluated as approximately 1.25 and
1.75 respectively. However, when the target reliabilities are considered as 3.0, the resistance factors are evaluated as

approximately 50% of the results when the target reliability index was 2.0.

* X

71Z22ES Aol glo] AMAR SR A FAGAAE(LRFD)o] gHite]= S=Aolch A o] dxerAd
L5 Ao 9le] AASHTO(2007)00l4] Abet A A4S o]-83kaLl AUX|RL o] vl= Wf Hxdl= FAd] gt
A@gA g0l 297 7ol Z AgAGY BN =W dute] H83at7]of KA st ueba] 2 AtollA=
A B E ASHAIE ARE o]gsto] I Aol Agkel AgA=E APttt XA Blo] 7hsSt
871 @] AstAE Axt F 22709 ARE 0|83t 47HA] 9] XY FAof| et AFHFARE At e
0|5 o]g3dte AlEJEAS sttt 1 A3t AFEHIEE L PHEo] 3.0Y of Hx AR eE oF 201~
230 o2 AEQict B3 2 H3HE o] gsto] Al E el APe A3t AgAla= <F 0.48~0.56, AL}
SATE °F 1.25, &ol5 Alg= oF 1752 A= QI SHANE B3t A2 =445 AASHTOOA A¢Ht 3.0 o83
of APATE Aot B AREX4 2.0 2819 wf AP AgA ] oF 50% ghe 7HIch

Keywords : Drilled shaft, Load and resistance factor design (LRFD), Reliability analysis, Resistance factor
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Z9] 5832 H(Allowable Stress Design) THAl 3}==4]
S} A|’d A *H(Load and Resistance Factor Design, LRFD)
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otglae|zlo] | LEXH MatstE | YEotEZE HEH 4 RQD TCR
=210 (m) NIl E 2
(m m (ton) (kg/cm®) (kgf/cm?) (%) (%)
18.96 =101 4 ofor ~ _ - ~
TP 1| 9000 35.96) 38.96 235 | E3l2t + 1% | 10750 31~198 | 10,580~21,505 | 0~13 | 54~100
TP 2 20.61 36.21 185 | Z3p2t + ¢ | 5000 102~ 254 =" 20~78 | 53~100
(15.60~36.21) ‘ =0 EF
9.11 =101 4 ofor ~ _ - ~
P3| o4 30~ 33.41) 33.41 135 | Z34et + ¢ | 4500 56~250 | 3,954~49,340 | 25~72 | 80~100
TP 4 35.38 36.38 1.85 =510t 3750 18~87 1,799~13,577 | 4~35 | 30~100
(1.00~36.38) ‘ ee ’ ’
TP 5 4014 55.42 3 =319 + 919 | 21000 24~321 7,481~17,053 | 0~68 | 51~100
(15.28~55.42) : = ’ ’
TP 6 44.10 56.60 2.4 =310t 17000 5~14 2515~4,714 | 0~36 | 20~100
(12.50 ~ 56.60) ' ' ee ’ ’
4510 = 5|0} fo=[e]3 ~ ~ ~ ~
TP 7| (615120 51.20 24 | 32+ 12 | 12000 44~ 47 1,500~41,495 | 0~42 | 90~100
TP 8 40.01 52.26 o4 | E3pet + 1Y | 9000 1~192 3,065~21,004 | 0~55 | 30~100
(12.25~52.26) ) : - ’ ’
U TP2o| AS HEH 4 AN 9ot ZMOIEl AFO| £HE| X .
T2 EX 9ol 2R J|E
TCR | RQD | Y=LEYE N
2 xgke| R0l =X
TE kel g %) | (%) kglomd) | (EHom)
TOUL20| AEHS| Z5}E|0f AARIH O MET} HAMEQIOH, SR B0| MAKAHLLE | 0 10
=51t | 2 He2Jh B 2ME JHHR UXEFE A RMXIH Z2lEETt ofF =1 AFA ~ <10 ~ >50/15
QIE O} 3|4E|0] 70{3|480| 30% O|HO|HLE NX|7F 50EHcmO| ARl K|t 30 200
Ho|H FHHO| FOULSS Zoiw|of WAE(QIOLL UM LR RERMO=2 Zoiot Md | 30 | 10 100
oot | Z0|0d UR|EFHO| SEFSH Al|7f LIAM THE D0 QR 92l Melv YoM MelgEe | ~ ~ ~ -
100cm B2HO| T NX Al Alof F0{3|4-80| 30~60%(RQD 25%0|2H 2| &0l x|t | 60 | 25 400
+TCR, RQD, YEAZZET x71 & J1F 228t 50 25
~Z3lota} oioto] AAAYS |obNol BRME, L, FH E5 Y U509 94y SOz B
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AbrzAl Aks 7 1of] VeI tfREe] dE FetEAR A g o g AAsict wepa] 2 AFoA=
Aol F3ketoll ZdE WHoldlon, dSUFA e AP fw A vig o2 WA 9] 1% afdsh=
9 RQD, TCR%E 5] S = qlch F3ket} dAerel 4 A7 HAsHS o] SRR S SAFHAA
AAGLE S WEE Frist FIMH, A=, FH E O &2 Aot sEAIRE 19 1of|A Hi= AAE diF
T 4 U3 AKA FoE welslon, Tkt o = oA FHRAH O =kgho] TEEA] gtk
ro] kAl EAS x 20 Akt Jgjste] SEFHAAES AHYstr] flete fwaAd
S AT R gitetlch
2.1 &Y FHX|X[H QAke W 27 9] oF 10%0] sk M7t =
gsiglon, i Auts vlgo s s AA49 1%9
4 FHAA " s Hste] AstAd A= Aol sfgshs GFHAANH S S FHAIAE L
£ U O R sFHol RS skt 4 A EdHE 2 Aot AP Aed 54 FHAAEE 23
S4% MPES o] &sto] A= Fdkes Akl of Aejstqict.
o, ALk S50 R M S5 Al A ¥ 39 27 ZaxREe AR A = A=kt
T SRS HA A G- AT AW TA)S A5 Z0]7l 227)9] Alwo|| et AAlEtE=T] 1 0]9=
3t 1o A|AEE 87 A F 39 A4 AP H fw PSS o] 8= FHAIRE F4]o gt A
Mg 9 19 AASHT 5 A4S distolch E3F FHEAAEE 4P
O’Neil & Reese(1999) 5-2] g1+t w2 H552] 7 FEO ATt dUF o8 dSUSAEE s om,
o) 1%°] sigst= H7F YT o FHAAES Zslolzolglal sluele E3lola d9te] AA M 7o

7t oo |37 wiZell A2 A5 Aol Selek

200 o T} Aol FHAAES R PR Yok
250 —+-3130m
+-30-29m
&é‘ 29-28m 2.2 71'& gsg_q;qﬂr—_j'
= 200
E #-28-26.9m
=
= +-26.9-26m _ _ } ~
g At FHAAE L ASUSFAEE o83t =%
7
2 FHUAAEE 1ok W oA Carter & Kulhawy
7}
£ (1988), Horvath & Kenny(1979), NAVFAC DM-7.2(1982),
FHWA(1999)0]14] A|AJet 4742 A28 F241& o] g3t
o] abgeigon, 7+ A FAle & 40 Lol
15 _ _
Upward Zone Displacement (mm) 74]4_]' ?‘%XIX]EI }1\_]'@ Oﬂ YQB_Q‘_}- %é?ﬂ]—’ﬁ‘%}E’t— /\k:l
2l 1. 38 HEML A f-wZAM EHE e dSASAA AL} HesAld AvE
£ 3. 59 FUIXH
A= x| gt EYFHA XH (kPa) N At EYFHRXH (kPa)
32.0—34.0 il 2912.45 TP3 31.0-33.1 At 2687.67
P 35.0—-36.0 il 1218.01 TP4 24.0—-30.5 Satet 238.87
36.0—37.0 At 2446.51 44.0—45.85 et 324.04
37.0-38.7 il 1901.55 46.5—-48.5 At 2847.99
28.8-32.9 Sa+HAY 807.03 TPS 48.5-50.5 At 1996.79
TP2 32.9-33.9 A 889.08 50.56-52.5 At 1442.49
33.9-35.3 At 2058.23 52.5-54.5 At 1515.30
26.9-28.0 At 680.06 TP7 45.5-50.2 At 3348.91
P3 28.0—29.0 At 369.93 46.26—48.26 Satet 1215.68
29.0—-30.0 il 1402.69 TP8 48.26—49.76 il 1166.79
30.0-31.0 et 1791.84 49.76-51.35 et 1604.19
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B 4 ZUXIKIY A BA
XXE 24l Parameter
Carter and Kulhawy(1988) fo=6.47,/q,(kPa) qu : MOl UZUEZIE (kPa)
Horvath and Kenney(1979) f.=6.88/q,(kPa) qu : Aol Y=OtEZLE (kPa)
NAVFAC DM—7.2(1982) fo=1(6~7.9)x(f,))"*(kPa) fw Aol ARUFAEL ZI2EQ FUFLE 5 2 whkPa)
. 5 pa: Ch7|2=101kPa
FHWA(1999) fs=0.65x% pa[qu/pﬂ]U (kPa) QU %F/:‘i‘:IQJ Q| ZOFE 2T (kPa)
ol gttt ol df HEo) dEHUHTF=7) 270 o] FAF 9 FAX 54S AT HaA = A4t
A ZHE A9l Sg HES) Fxhel g ke o BEUA, A4 W XY B4 BEAA 5 4K
e olgstglon, e AHwo AdSAHZAIE Autet o] Bl tigt A FE AME-E=H| A4t FHZ
ol AE AT BT ol Aol o Wage A gig 24 FuAxe) e tepic, 2 o
ol-gsto] A4l FHAA S 4P M= 4 FHAA G ALr FHARE HFE AR
7Fs et 2270 ArollA HEFAGE APF3E th2 o]5Y]
3. M XIRo| SAHX™ EM W R}, 18)al AsAeE APt 24 |
g 24 A AL FRAA, 290 A0
3.1 Mo HaAl+= H SAXE 54 AE & 50 5510 HA =0 Fotat x5H
2h, 1E)al HEASE FE 60 YER Sl
24 FRXAL A FANALE olgste] B
5 Y FHXIKE, AL FHXRKE ¥ WA MY Hot
AL FHX|XE (MPa) | HEA
£
A (m) X5t BT Carter & Kulhawy Horvath & Kenney NAVFAC DM-7.2 FHWA
MP A Ak . Al Ak . Al L . A Ak .
MPa) | xmy | BEAS | Do | EmEAL | Lo | mEAS | o | B
32.0-34.0 Het 2.91 0.47 6.24 0.50 5.87 0.60 4.87 0.47 6.24
P 35.0—-36.0 At 1.22 0.79 1.54 0.84 1.45 1.01 1.20 0.79 1.54
36.0—37.0 ksl 2.45 0.76 3.21 0.81 3.02 0.98 2.51 0.76 3.22
37.0-38.7 et 1.90 0.90 2.1 0.96 1.98 1.16 1.64 0.90 2.1
28.8-32.9 | S5+t 0.81 0.89 0.91 0.94 0.86 1.14 0.71 0.89 0.91
TP2 | 32.9-33.9 A 0.89 0.76 1.17 0.81 1.10 0.98 0.91 0.76 1.17
33.9-35.3 A 2.06 1.02 2.01 1.09 1.89 1.31 1.57 1.02 2.02
26.9-28.0 et 0.68 0.57 1.20 0.60 1.13 0.73 0.94 0.57 1.20
28.0—29.0 et 0.37 0.64 0.57 0.69 0.54 0.83 0.45 0.64 0.57
TP3 | 29.0-30.0 ksl 1.40 0.82 1.72 0.87 1.62 1.05 1.34 0.82 1.72
30.0—-31.0 ksl 1.79 0.80 2.23 0.85 2.10 1.03 1.74 0.80 2.24
31.0—-33.1 et 2.69 0.66 4.05 0.71 3.81 0.85 3.16 0.66 4.05
TP4 | 24.0-30.5 3 0.24 0.27 0.88 0.29 0.83 0.35 0.68 0.27 0.88
44.0—-45.85 S5+ 0.32 2.18 0.15 2.32 0.14 2.36 0.14 2.20 0.15
46.5—-48.5 A 2.85 2.58 1.10 2.75 1.04 2.80 1.02 2.61 1.09
TP5 | 48.5-50.5 et 2.00 2.85 0.70 3.03 0.66 3.08 0.65 2.88 0.69
50.5-52.5 Het 1.44 2.05 0.70 2.18 0.66 2.22 0.65 2.07 0.70
52.5—54.5 ksl 1.52 1.22 1.24 1.30 1.17 1.32 1.15 1.23 1.23
TP7 | 45.5-50.2 bl 3.35 1.36 2.46 1.45 2.31 1.47 2.27 1.37 2.44
46.26—48.26 =34t 1.22 0.28 4.36 0.30 4.10 0.30 4.03 0.28 4.32
TP8 | 48.26—49.76 et 1.17 0.38 3.04 0.41 2.85 0.42 2.81 0.39 3.01
49.76—51.35 A 1.60 0.55 2.90 0.59 2.73 0.60 2.68 0.56 2.87
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6. M2 HefAl+ A SAH 5Y

AR 34 B, HZHXHS,D) HSH =+ (COV)
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Rock Classification and Aggregate Evaluation of
Tertiary Unconsolidated Deposits

Kim, Sung-Wook

o] F 3 Lee, Kyu-Hwan

Abstract

Tertiary unconsolidated mudstones spread throughout the eastern coast area. The demand for high quality filling
materials in these areas is increasing due to harbors and large-scale residential land development. Rock produced in-situ
or near site has been used as road subbase construction or reclamation materials for economical reason, but it is hard
to decide appropriateness of quality specification because of its characteristics. The test results showed that unconsolidated
rocks are diversely considered according to a different method of the applied geotechnical investigation. Therefore, the
site of tertiary unconsolidated mudstones, the classification of rock and evaluation of rock properties that must be
evaluated by objective criteria and apply a different set of criteria are needed. In addition, the environmental impact

must be considered due to acid mine drainage.
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Abstract

To improve the grout penetration characteristics, a vibratory grout injection technique was adopted in this study. It
is a technique of grout injection in which an oscillating pressure is added to the steady-state pressure as an injection
pressure. By applying the vibration during grout injection, cement particles will become less adhesive and the clogging
tendency will be decreased. A series of pilot-scale chamber tests were performed to verify the enhancement of the
groutability by applying the vibratory grout injection; assessment on the change of the lumped parameter # which represents
a barometer of clogging phenomenon was made. Moreover, the effect of vibratory grout injection through the joint was
also investigated using artificially made rock joints. Experimental results as well as analytical results show that the grout
penetration depth can be substantially improved by vibratory grouting. Moreover, it was found that enhancement of the

permeation grouting due to vibratory injection is more dominant at grouting pressure less than 400 kPa.
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E 3. MAHO| LUAHE Q| HI(KES )
Az 221 (kPa) FE2(Hy) 2H(em?) =200 (m) 2 Bt Geel 52
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2 MAH 200 5 1696 0.211 EE Js m
3 MAH 200 10 2014 0.250 EE Js m
4 MAH 200 15 2270 0.282 EE s m
E 4. NARO| OJO|AZAIHE ZQ| HINKISS @)
Az 221 (kPa) NEE) 12 (cm?) 25200 (m) Nt Bt Gcol 52
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E 5. MAHO| LEAHE QA2 RES7H| Hlw

24 (kPa) 200 400 600
IS4 (Hz) 15 15 15
NS Z(kPa) a a a
AEE _a_ _a_ a
A 200 400 600
"SI 3.28 2.26 1.45
- s = 3*4

E 6. MARO LEAHE QA2 RES7H| Hlw

4= (kPa) 200 400 600
&4 (Hz) 15 15 15
MNESZ(kPa) a a a
EE a a a
F9d 200 400 600
FHSIH| 2.77 2.97 1.32
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Qrel g &5 W ;63 2ol ek & gk WE
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B’ 7.X7| U
HIAH M A2
=9 I—LC','-E(g/(:7713) 0.3 0.3
FE&A 2 (em/sec) 0.1395 0.0557
m (Inr) -1.984 =2.774
b(Inr) 0.664 0.614
OB ER Ust 0.017 0.017
A& (mm) | ojo|3=2 0.006 0.006
o (mm) 0.911 0.911
Ah (em) 0.2 0.2
A} 22 e groz sl FRANS 1Y
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Evaluation of Particle Size Effect on Dynamic Behavior of Soil-pile System

g A e} Han, Jin-Tac f " & Yoo, Min-Taek
% | it Yang Eui-Kyu 7 ™ ®' Kim, Myoung-Mo

Abstract

This paper presents experimental results of a series of 1-g shaking table model tests performed on end-bearing single
piles and pile groups to investigate the effect of particle size on the dynamic behavior of soil-pile systems. Two soil-pile
models were tested twice: first using Jumoonjin sand, and second using Australian Fine sand. In the case of single-pile
models, the lateral displacement was almost within 1% of pile diameter which corresponds to the elastic range of the
pile. The back-calculated p-y curves show that the subgrade reaction of the Jumoonjin-sand-model ground was larger
than that of the Australian Fine-sand-model ground at the same displacement. This phenomenon means that the
stress-strain behavior of Jumoonjin sand was initially stiffer than that of Australian Fine sand. This difference was also
confirmed by resonant column tests and compression triaxial tests. And the single pile p-y backbone curves of the
Australian fine sand were constructed and compared with those of the Jumoonjin sand. As a result, the stiffness of
the p-y backbone curves of Jumunjin sand was larger than those of Australian fine sand. Therefore, using the same
p-y curves regardless of particle size can lead to inaccurate results when evaluating dynamic behavior of soil-pile system.
In the case of the group-pile models, the lateral displacement was much larger than the elastic range of pile movement
at the same test conditions in the single-pile models. The back-calculated p-y curves in the case of group pile models
were very similar in both sands because the stiffness difference between the Jumoonjin-sand-model ground and the
Australian Fine-sand-model ground was not significantly large at a large strain level, where both sands showed non-linear
behavior. According to a series of single pile and group pile test results, the evaluation group pile effect using the

p-multiplier can lead to inaccurate results on dynamic behavior of soil-pile system.
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A Comparison on the Effect of Soil Improvement Methods for the
Remediation of Heavy Metal Contaminated Farm Land Soil

©

+ A %' Yun, Sung-Wook Z & T Jin, Hae-Geun

7+ Al 4’ Kang, Sin-Il % % A' Choi, Seung-Jin

9 o A’ Lim, Young-Cheol - %} Yu, Chan
Abstract

A long-term field demonstration experiment on selected stabilization methods to reduce the heavy metal mobility in
farmland soil contaminated by heavy metals was conducted. The field demonstration experiment was established on the
contaminated farmland with wooden plates (thickness = 1 cm), of which the dimension were width = 200 cm, Length
= 200 cm, height = 80 cm, filled with treated soil, which was mixed with lime stone and steel refining slag except
on control plot. Soil samples in the plots were collected and analyzed during the experiment period (6 months) after
the installation of the plots. The field demonstration experiment results showed that the application lime stone at the

ratio of 5% was effective for immobilizing heavy metal components in contaminated farmland soil.
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Ex.cation(cmol*/kg)
ANE pH ( dE?m) (52/'9 p ca Mo Texture
LEY J|EX] 6.0~6.5 2.00|st 20~30 0.7~0.8 5.0~6.0 1.5~2.0 -
x| & ANEo |
0~30cm 517 0.069 61.9 0.30 6.52 1.08 Sandy Loam
1 30~60cm 5.27 0.081 59.0 0.34 7.28 1.06 Sandy Loam
) 0~30cm 511 0.069 54.8 0.40 6.29 1.03 Sandy Loam
30~60cm 5.55 0.063 56.0 0.31 6.47 1.09 Sandy Loam
5 0~30cm 4.82 0.062 53.5 0.33 5.85 0.91 Sandy Loam
30~60cm 4.66 0.073 53.3 0.35 4.45 0.89 Sandy Loam
4 0~30cm 4.5 0.065 49.4 0.42 4.34 0.84 Sandy Loam
30~60cm 4.78 0.070 50.8 0.35 5.46 0.88 Sandy Loam
5 0~30cm 4.95 0.067 64.0 0.37 6.88 1.1 Sandy Loam
30~60cm 4.8 0.052 55.7 0.35 5.29 1.00 Sandy Loam

loam)& LER ATt

3PN F Yol wek BAT e dEg
Tos5 o & 20 A5t WL dE G 7t e dEYY 5 g =8 PPt A=
E5(Cd), H(Pb), o}A(Zn), H]2(As)] 2 Hol 3% 2= gubyog BEQF Y a4 eHSel de] AREH
Rew, 53] 7F=H(Cd), H(Pb) 12|aL oFi(Zn)o 1‘41 3 Q= A3lAlo] 3 oSt Alm= AR E AL, AR
A= 57 AR BE tjAr|Es EX 20ske A AHEOl AZFEE e B oS X—]?—HXHEE AR =
2 et meba] 2 A d A oA E"’J*liiﬁ Atk 2 AtolA= St AR ARt A3]4
A7k ool S A BE APAZARS g A T AGE 1) hEiA Luel osfaty S/97} XRF
25 AAsk=dl ol At XY Ao s wet A& AAlste] I s & 3o Ak
Ak Ao M3} AFEH 1o pHE 2R 9ol r &7
H 2. (HAQYERE I ESAES E345248
Qs 2M52(mg-kg ™)
Cu Cd Pb Zn As
fe7|&E 50 1.5 100 300 6
kS| A
’ 0~30cm 15.08
30~60cm 17.89
) 0~30cm 11.77
30~60cm 16.90
5 0~30cm 59.60
30~60cm 9.95
A 0~30cm 8.00
30~60cm 6.44
5 0~30cm 6.72
30~60cm 8.11
* EAAIFANEIIE HEH

S St Hlw 61



# 3. M2 =2l olg=ty S4at XRF 2421

S o EC ; XRF 2AMZ1H%)
(ds m™) SiO, FesOs Al2Og Ca0 MgO MnO P20s
M3|N 9.6 7.98 12.7 2.89 3.24 62.7 14.9 0.52 0.06
Mz&za 11.07 4.95 15.7 35.6 5.33 32.9 3.9 2.34 1.33
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3lal Q= Ao & YEeERJTH(Sparks, 1995; Kumpiene, 2008).
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4 BRI|IZHE 2 HE|TE HE QYRR

T & RS 2Mel T 32|+ 4x2| 7 52|

B o M35|M3% M35 M4% _ N _ o

OHHE M2 22Xz HZSH T 2% Mz=e T 1% 213]2443% A13|45%
IESTET 20084 32 ~ 20084 8%

oo BESHYE)

T2 5. BRMEAY Hal? HEE U Ha|T ®E
HEet A A7 vekd Aolck o Al i @
Aol HYSARE HEA HYES AR v
SPER EEA] olf B iR o] H7A] ol A
& ej5te] QMg ARR LAREGFS AL o|F
AR Bl 752 thA] A&E 4= Q1A 517 9%t
AOR H Atod= At sk HYst AR A
H A= el 1 wskel 548 E717H2008.
03~2008. 08)%-¢t ¥2+slich

A& w2l AlE 3

HAAAZAY e ts A3 XS EE ¢ 23] 714
= 5714 %OJ 2} 57 A=l "JX{J%J SFE 2]

= st WIEEOS B B2l e |
: 52 3o AMsoA SAEIAT FA KA. P205)%H
2k} CEC= ZH2)F LancastertH} IN Acetic acid o2 2
Al om, |34 oFole RS IN-NH4OAc S0 o
2 &3] FEATE =SS A(ICP spectrometer)
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E{ﬁiﬂg} ]vﬁ]v‘ij. (Hydrometer method)& £3}o] W]
=5 7(USDA)] o3t Y=iFrE HAISH

o
s
)
o
Hm
oS
r i
o,
o’
U Flg o
i EZZ.
1o
Hm
T-%
o2
ofd
ox
P
ot
O IE

Aol 7Az T A E‘_(<2mm 6—}01 0.IN HCl(As~ IN HCl)
| or g=dto] I S FeddET=uEd A
(ICP spectrometer) S ©]-8-5} ;ﬁ FASEAAL, A
ATAFE 0] oFd(Zn) T UZIND)E EORAFE 100mesh
olete A]—_,—o]—Oi] S-HF|(HC 21mHHNO3 7ml)E o] 45}
3 Q= AFEZ e} A2ulESA|(ICP spectrometer)

= %— @‘%k% EABFATHEE -, 2007)

() E% W 235 p5A
A<&FZHH(Sequential Extraction)S EOF W S

P2 1Hsl] Qste] BEok W A%

X_—l'gi §/\]7]L Hhﬂ% oz Z:L./,\_ /\%_l:rl_g]
ZAFE et ol s W AT EE Attt A
&=L Qlck

A mOF ) Fa 0B e P F
Gl FFREE Pohu] Slste] 2717

‘ Soil : reagent=1: 20 ‘

‘ 1M MgCl2(pH 7) shake for 1h

‘ I. Water-soluble and exchangeable fraction ‘

‘ 1M NaOAc(pH 5) shake for Sh

‘ II. Carbonate and specifically adsorbed fraction ‘

‘ 1N HCI shake for 12h

‘ II. Acid volatile sulfides and noncrystalline(hydro)oxides ‘

‘ 5.3% Naocl, 95°C for 1h

‘ IV. Organic matter associated fraction ‘

‘ 1M NH20H HCl in 25% HOAc, 95°C for 6h

‘ V. Crystalline(hydro)oxides fraction ‘

‘ 10 HF for 16h

‘ VI. Residual silicates fraction ‘

; HNO2 for 2h

‘ VI. Pyritic fraction ‘

O3 7. EY LY H|AQ| H&FE BMEXKLa Force S, 2000)
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7oA YERH Aol Zho. Axte Ad) FEE H|4
AEA A GeaEZebAnEs3A|(ICP spectrometea)
o] g3ty A3 TH

=
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|23t dutsa<ol dsliae 18 8oflA et
of SFHTE o83t 84 SaE/d(water
soluble) S A&3F 3, 0.11M acetic acid& 7}sFo] %%k
A 4 carbonate A¢E] F544]E(exchangeable+acidic
phase)S 21&35}9ch VY R] EoFo 0.1M NH20H:-HCI
208 7}510] Fe/Mn oxide A3 Z244dE (reducible
phase)2 Z&3F & 30% H202ZE 7}5lo] 85 C oA 8-7]
B9 B3] & |M NH4OAc £HE 71alo] 97)2 At
wHoxidizable)2 =3It F= W 1A 5
vo 2 zas g%t 9o a4 Fe =g
StaF ko] xl=22 A 24K tH Ariza, 1999; Kaasalainen,
2003). o|uf] ZEHL 0.2/m cellulose acetate membrane
filter= o1} & G ASEe} =20l 3A|(ICP spectrometer)
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APUZAY AT 42 D50, Hel P ) £

A [Soil G |

H,0 shake for 30min

-

a |Water soluble phase (£84 Z2%) ‘

0.11IMHOAc shake for 16h

4-

=

|Ac1d1c phase (X 2t4 U Carbonate 220} £2%) ‘

0.1IM NH,OH HC1 shake for 16h

-

¢ |Reduc1ble phase (Fe/Mn oxide Z €1EH) ‘

l 30% H,0, 85°C for 2h, 1M NH,OAc shake for 16h

d |Oxidizable phase (/1= Zi gl ‘

[Residual phase (A ZU| WHE) = B8t - @b-c-)F24 ot |

B 24230 ©/8 Z2 Hitotal heavy metal) 28 T A
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1Plot 2 Plot IPlot 4 Plot 5Plot

I8 9. 2 H2l7E EY pH

pH

o pHe 1A (FA ) ET g2 =2E 28
AR 2~5 el FolA MRA S AFS Gerfois
o, QPgslAe S 47 A oRAAIEE ekl A
2]t W B W57I7s 1t S pHO Hatihs 7]

DRI 3 A S L 2%) > SHElT
(A 84 5%), > 43 2|74 2] 4] 3%) > 33 2|H(4] 2] 4
A%t AFE L 1%) o2 w2 A2 e (L
d9). 29 dold TuH Has0l B pH
7 ks E B ) Al Goleat stel Eof v
o]5%5-A(Mobility) 2 A&2] o]-8I=(bioavailability) 7} &
© Pejz ARk 4L 1este] B u)(Kassalainen,
2003), oF AMIAFERQ] 1A= FHFA 2)oll vlsf 2~ 54]
el ergsl AeARe] Mo AvjHes ol
Z pHOJ 7115t B W 55 254 Ad= 7]
e 5= e Ao AAdEUTk

42 M2|7 L EYQ| CEC(Y0|2uetsH=)

BPUSAY AT AN 5 e, 2 Al 2o
o] CEC(ofol ek et QPAaE el 2 53t 25
X%E'HL E9o] xial%wmmu} A e AT

CH(E 10, Aol 25 CEC(ol

LEﬂ) s eos SH (A FAH %), > 372
B A A 19%) > 2 P
AZSANT 29%) ~ 472 B 3%) 207 454
o] E3tulo] vt} & Ao YERTY 10).
ol@gt fole CEC(FolLishsel)r} dwel e,
7)Zo) Bk, pH 123 AlslEo] B Sof waka
1 wals AL nelslol 2 wi A, 2002), &
Bofo] PBAR(ABA, AREADE AelFl
w2 pHe| AT} QS AR A, A%E
ol Tk BHgElo] QL= ool AHel Lx(Ca)T A
(Fo) A¥s1250] Qg A7} Qs Ao wekeg)

i

Z:}

02 2 Ho
O]

CEC[cmol*/kg)
[
o

1Plot 2 Plot 3 Plot 4 Plot 5Plot

8 10. 2 2|72 EYQ| CEC(Y0|2 ughsE)

O w3 3), 53] o] 2ugso] ml$- F Aw(Ca)] 4
ol 7V & Ao R oAE T B3 EF] CEC(%
ol 27t wSFE SOl FHE T2
A=l Sa& RS0 ZA ARENE Ve o
T2 AES & W<, 1993; £HE, 2006; 2 4

1991; Kuo, 1980), 2H43} AZA 7 2] 2go=2 EQF
CEC7} 1322 e)el] ulal 4as] F71ek 2~ 54
70 PR W FFE AREITE 71U
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g Heavy metals(mg/kg)

TE cd Pb Zn As

7= 1.5 100 300 6

1 M2l N.D. 60.43 322.5 1.26

2 XMel# N.D. 22.75 361.15 0.62

MIN 3 Me|+ N.D 4.66 358.24 1.51
4 XMel+ N.D. 2.39 296.28 0.89

5 M7 N.D. 19.67 335.13 1.25
IRSERS 272.53 11.57
2 ME|F 156.34 12.84
MAX 3 AMelF 249.74 15.87
4 XMel+ 144.74 14.41

5 M| 261.3 9.39

1 M2+ 95.43 413.75 4.16

2 M| 72.43 468.45 4.01
MEDIAN 3 AMel# 114.45 445.66 4.74
4 2|7 51.28 341.76 4.31
5 M7 41.69 399.81 6.14
IRSERS 124.52 478.56 6.14
2 XMel# 78.91 581.31 6.26
AVERAGE 3 M2+ 119.24 528.33 7.69
4 XMel+ 63.52 412.00 6.97
5 M2+ 85.45 512.06 6.06
IRSERS 2.75 64.97 146.56 3.98
2 M2|F 3.07 45.41 228.49 4.45
STDEV 3 AMelF 6.68 119.24 528.33 7.69
4 2|7 1.98 42.97 154.26 4.95
5 M| 3.29 80.68 172.51 2.77
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The Freezing Characteristics of Pavement Layer
Using the Field Road Model Test

Ae A Shin, Eun-Chul

o4 & Ryu, Byung-Hyun

L I Park, Jeong-Jun
Abstract

Korea is considered to be a seasonal frozen soil area that thaws in the spring, and freezes in winter. In the current
design codes for anti-freezing layer, the thickness of anti-freezing layer is calculated by the depth frozen due to the
temperature condition. Therefore, there is a tendency of over-design and applying uniform thickness without the
consideration of thermal stability, bearing capacity and frost susceptibility of materials. So, it is essential to study the
structural appropriateness of pavement layer and bearing capacity besides the seasonal and mechanical properties of
pavement materials to take an appropriate and reasonable design of the road structure. In this paper, the evaluation
of frost susceptibility on subgrade, ant-freezing layer, subbase was conducted by means of the mechanical characteristics
and model experiment. The temperature, heaving amount, unfrozen water contents and freezing depth of soil samples,

the subgrade, anti-freezing layer, subbase soils of road construction site were measured to determine the frost susceptibility.
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Keywords : Anti-freezing layer, Field road model test, Frost-heaving, Frost susceptibility soil, Unfrozen water
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Evaluation on the Effect of Coal-ash as Landfill Cover Materal of
Mono-Layer Cover System through the Field Scale Test

+ A %' Yun, Sung-Wook 7+ Al 9’ Kang, Sin-ll

A & 2 Jin, Hae-Geun 7238 F'  Kim, Pil-Joo

721 & 27  Kim, Soon-Oh - % Yu, Chan
Abstract

In order to investigate the applicability and suitability of the coal ash (bottom ash) to landfill final cover, field
pilot-scale lysimeter experiments were carried out. The mixture of loamy soil, bottom ash, and construction waste was
placed as a cover material in lysimeter (2 mx6 mx1.2 m) which were constructed with cement brick, and then volumetric
water contents, pF value, and the quantity of runoff and seepage of treatment boxes filled with the mixture of loamy
soil and the industrial by-products were monitored from July, 2007 to february, 2008. Among the cases tested,
consequently, the case containing the mixture of bottom ash and loamy soil was most effective in plant growth and

water retention ability.
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Evaluation of Performance of Grouts and Pipe Sections for Closed-loop
Vertical Ground Heat Exchanger by In-situ Thermal Response Test
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Abstract

In performing a series of in-situ thermal response tests, the effective thermal conductivities of six vertical closed-loop
ground heat exchangers were experimentally evaluated and compared one another, which were constructed in a test bed
in Wonju. To compare thermal efficiency of the ground heat exchangers in field, the six boreholes were constructed
with different construction conditions: grouting materials (cement vs. bentonite), different additives (silica sand vs.
graphite) and the shape of pipe-sections (general U-loop type vs. 3 pipe-type). From the test results, it can be concluded
that cement grouting has a higher effective thermal conductivity than bentonite grouting, and the efficiency of graphite
better performs than silica sand as a thermally-enhancing addictive. In addition, a new 3 pipe-type heat exchanger provides
less thermal interference between the inlet and outlet pipe than the conventional U-loop type heat exchanger, which
results in superior thermal performance. Based on the results from the in-situ thermal response tests, a series of economic

analyses have been made to show the applicability of the new addictives and 3 pipe-type heat exchanger.
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Cement content 360 kg/m?3 (605 Ib/yd3)
Formwork, 18-mm-thick plywood (0.71 in) 4 110
Temperature taken at center of wall
Ambient temperature, 5°C (41°F)

* Wall thickness, mm (in.)
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Temperature, Ty (C)
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Test borehole No. 1
= Tavg=2.97'Int+ 18.50
A =2.99 W/m'k

™\

6.17 (480min)

7.97 (2902min)

44

T T T T T T T T T

2 3 4 S 6 7 8
Elapsed time (In t, min)

(@) 1HE(AHE +MATFAL U-tube)
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Test borehole No. 3
" Tayg=157'Int+8.58
A =322 W/m'k

8.01 (3001min)

6.17 (480min)

2 3 4 5 6 7 8
Elapsed time (In t, min)

(c) SHE(AIHE+HHFAHZN, U-tube)
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Test borehole No. 5
417 — Tayg=1.69'Int+17.57
38 4 A=3.32W/mk
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32
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20 - :
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Elapsed time (In t, min)
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Test borehole No. 2
A7 — Tavg=2.04Int+ 17.25
38 | A =297 Wm'k
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(b) 2HE(HELIO|E+HATTAL U-tube)
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a1 Test borehole No. 4
= Tayg = 1.82'Int +18.03
38 - A =3.17W/mk
O 35
on
Hz 32
g 29 ‘ 7.97 (2884min)
< I
8 26 |
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S 23 |
|
20 - }
I
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0 1 2 3 4 5 6 7 8 9 10
Elapsed time (In t, min)
(d) 4HE(HELIO|E+HATAH+S, U-tube)
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Test borehole No. 6
N — Tavg = 1.45'In t + 18.60
38 4 A =3.40 Wm'k
O 35 ‘
e |
H% 32 !
- |
(0] |
29 -
g 2 | | 7.70 (2213min)
g |
S 231 :
|
20 - !
7 SONED | 6.17 (480min)
|
|
14 T T T T T I . T T T
0 1 2 3 4 S 6 7 8 9 10
Elapsed time (In t, min)
(f) BHE(HELIO|E+HATAL 33)
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U-tube Tho|3Z THH o A] AJHIE-% og;mﬂ o] Ao
A% 8 dAEEE 320Wm K, HELo 15-31?1%
AH2HE) 0] A9 297TWm- KO 2 AHE TJaleEo] Ao
7t =2 2% 48 AAEEE Wl 7|E U-tube }0]
I oA SAS 7R 2B AMIEGHE) 9
79 3.49W/m-K, HIELO]E4HE) O] A< 3.17W/m-K
o2 AAFANE H7istele o Hotb A4 Uebit ot
o] ttof it YRS HESH] flel U 1k
i = 353 283k HojZ 59
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6. HE G3Y A dut
XE 87 HEZ(W/m-K)
2olE WS Hi & E Io| ™ 1% 2H 2%} =X
N3 F 3%) N3 & 149)
1 AHE + HAFA U—tube 2.99 3.20
2 HIELIOIE + MHAFAL U—tube 2.97 -
3 ANHE + MAFA + EH U—tube 3.22 3.49
4 HELIO|E+FHATFAHEA U—tube 3.17 -
5 ANHE + HHAFA 3.32 3.65
6 HIELIO|E + HATA 3.40 -
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50 4 Test borehole No. 1
= Tayg=3261nt+18.51
461 )\ =320 Wmk 1
O 42 | ‘
\go | 7.97 (2896min)
5 384
= l
g 344 |
s |
8 30 |
o
g |
[ 26 * :
1
22 i
1
18 4 | 6.17 (480min)
O OO |
)
14 ( T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10
Elapsed time (In t, min)
(@) 1HE-THEHAHE+HATAL U-tube)
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41 4 Test borehole No. 3
= Tavg=1.61'Int+ 18.89
389 N =349 Wimk
O 354
<]
2 324 |
Hn |
g 294 ‘ 7.96 (2871min)
2 |
g 26 |
|
E’ 23 |
|
20 |
]
17 © O O00am | 6,17 (480min)
|
14 T T T T T T ‘ ¥ T T
0 1 2 3 4 5 6 7 8 9 10
Elapsed time (In t, min)
(b) 3HE-MHEY(AHE+HAFAHZN, U-tube)
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41 4 Test borehole No. 5
= Tayg =1.69'Int + 18.06
389 A =3.65W/mk
O 35
on
H% 32 -
% 29 7.97 (2889min)
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8 26 !
g 1
= 237 1
20 :
|
|
174 o oo | 6.17 (480min)
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14 T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10
Elapsed time (In t, min)
(c) SHE-WESH(AHE+HAHFAL 33E)
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2009.11.29 | 2009.12.02 | 2009.12.05 | 2009.12.07
08 =) 6.1C 2.7C -0.7C -1.8C
30 14.0C 14.6C 15.0C 14.2°C
60 14.2C 14.9C 15.1C 14.5C
90 14.7C 15.3C 15.6C 15.1C
120 15.5C 15.8C 16.0C 15.9C
150 16.7C 16.8C 16.9C 17.0C
E
=
a
O
()
12 | & Before the thermal response test (09. 11. 29)
0 @ During the thermal response test (09. 12. 2)
-©- Just after the thermal response test (09. 12. 5)
-A- 2 days after the thermal response test (09. 12. 7)
150 | | I\\\\ | | |
0 5 10 12 14 16 18
Temperature (°C)
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E 8. 2xt 5Y Al 2532| ZO0|E x| 2= 2%

2101(m) Ne A R R NE 5 S8 §%¥
2009.12.16 2009.12.17 2009.12.19 2009.12.21 2009.12.22
0% 25) -6.1C 6.2 -71C -5.5C 1.3C
30 14.2C 14.4C 14.6C 14.5C 14.5C
60 14.6C 14.7C 15.0C 14.8C 14.8C
90 16.2C 16.2C 16.0C 156.5C 15.6C
120 15.9C 16.1C 16.7C 16.2C 16.3C
150 16.6C 16.9C 17.4C 16.9C 16.9C
= of mRIZ AR G8H AlRlo] Bt F Ae] R R

60 -

3.1 XISEuaty| d7 mjo|= Zo| 4FY o

Depth (m)

90

A ZHwgl7] AA gto] L Zlo|= Ingersoll 5(1954)
o] AAIgE A (12)2}F o] Tt A4 AHie] I

.
WA o 2R E AP,

—&— Before the thermal response test (09. 12. 16)
120 |@- During the thermal response test (09. 12 .17)
-©- During the thermal response test (09. 12. 19)
- During the thermal response test (09. 12. 21)
B Just after the thermal response test (09. 12. 22)

B s 1 14 16 18 g=L{t,~t,)/R (12)
Temperature (°C)
T7 12, 2% 5 Al BE30 2ol o] 25 22 1M, ai= SN, L2 54 Rol&el dolm), ¢,
=AY %K), 1, A9 LK), RE HolEo
A pEpol ol Auke] ewL e w 7a 0w DATmKWeITE 4] (12)04 ST A 2oz
110 UERYTE 22} A% dog Aja A 245 BT QIgE A7t w2 2Rt At} mho|ze} {A| Alo]e]
o] Zo|m ko] SEi g o 120] Uhepueh, A3 Tolze} Auke] A%I3ke Tejsle] Kavanaugh
2310 L5(Zo] im)= F th7]e] HHLEE Hg 9} Rafferty(1997)= JHa} W &2tolA Qg Ko
stoich 13} @4 A8 AR Al Al@o] A=A 2] =4 dolg 4 (13)3} o] EHAsHC
7} Zolo} % Smst ASTE o 4 ok 24 2 W+ (g TR+ PLE, R+ RFL)
ol Ayke] 2= 24 Awk X FAwsks| Wkl of L=== e — (13)
150m ZojollA g A AT L& wisk= =4 9 b
koLt A Fof A 30~ 100m FLol N AT A7 HF
ow WE A% 2 go Uehgt oot Algol 714, g, ANEOR WEEE A B SEHW),
BUT 2R REE Auke] &% BEs AP 2] et 98 AT HE GARMKW), = e A
o Bye slEall A%e Bch 2ekeE A e A FIW, I G dARW), £ Relge] 9AY
149 Aok AN AN 2% dew AR A 2y (KW), PLE,S AR ZIREe] digk e pst Al
& 2uke] Zoly er Bxl 13 24 gk nlary| Ry W AT 8 SARmKW), B= D A
2 A% F A SES ARSI AR vt 2 5 48 GAYmKW), £, 1= short-cireuit & =41 A
AGH AR Al SAT AR R0~ 150m)el A 7b A 4,0t 22 FIEHL SToutlen) 9} ¢ (inle)
g o on WEE Bark 2 98T AF A SE LK), 1= RolEE % £ HEEK)I 4] (13)
B2 Zoll ANte] LE HEME 1 24 W & AY] L% Ba@u A4 95 AA 94 B B
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IHAGES Hrgstr] sl 37}1] A5 RERGALE= Aol UubAQl AA 271& vlus
g5ttt AAl= AlaE H'SH A% 2o 7o T FFOR g AAA o]hE uhefsiarzl 5ot
ORI WhE SlEoz AFdunt] AolE  Eeh AMS To9EE ASE S AW A A
AVt =S ZH LTS wrdste] MELo]E ko e}
AFIE TetgEo] g vl PEsklch 4
32 RIZQmE| mo|Z 42 Zo| A o) wokoh AL AR ol gate] U oA el
Aitstel o, o] gk o]&sto] Axt A Fo} A
A 8H AlE= ol AMEE 7 A5 ughr] o & A]7K(annual equivalent full load hours)2 A4k}
A 78 QHEEE A4 dE JEE AMESte] 71 th 7] AL Ao 15.8C & 135k
o] A& sl AFdustr] AA dol& AFgste] H] A 85 Qs d4 459 AIE 2E 283t
WStk 7HE AAE Asdugty] A8 A4 == Rom dpeES %ﬂ A= 274 5(2008)0] AA]
o] GLD(Ground Loop Desgign 5.0, Gaia Geothermal 3 A A v o2 FARJo|A] A FH 3 2RE T
LLO)E AH83teleh o] 283t ole] ret A4 & AR dHEEs é’“fv‘mt}. =, WELo|E e}
WOl 3 9ol Vehiich i AL AaEacE CER AFE BolEe] 49, @Y Asw Agory
282N QGO R ARGET ARRA, EJPME‘, Al o B AR A5 8 GAEE 325W/m K2 E: U-tube,
2 PHED YPSIFE Sgu 20 gtk MEU E+HATA, 3.54Wm-K@HE; U-tube, HE
webx AAlo] A4 MY AR A W Beph o] ErARARE), 3.76Wm-K(6HE: 33 F-HE
S22kWE 2o W Fal 451kWol| Hlsl| =& Zo=2 ol B+ AFADE 4-8513th HIEUC|E T2 E
SR AL & vhiRalh 3 Rk 2 o] GAERE @A A ArRiE Aol
o2 Pgstel 2128 ol B3 B3 A H 2743 ghe AHgsion] HELo|E- A
ST Rl e 2SS sl Al e £ 0.73W/m K, HIEL]| E-HTAR5419] 9=
il A I EFZ Y A== 30C, Wi A] 3|1E O.74W/m-KE 8319tk AHE I8fSES IdAE
HE A 7o Ll ST nsiglon A4 28wl AU AY 23S E5) 2T 210Wm KIHE,
717H209) &<t A|Rke] =SS AbEste] AAQ] 4 SHE . AWE + AAFAD, 2.59W/m-KGHE : Al
A ARE AESGL AR Bl nE AZ2dwdt E + HAFA + ZE F-85kc) o AME T8
7] 270X FLsHA arstar, oiit AFdugtr] 4 FEE A8t @ d3H AEEYE FE dojxl |
ol HHE B4R 1 Al & @ A4 Hofxl HE, 3E, SHEY AF 8 gAEE 3.20W/m-K
I 9. GLDE 0|35t 714 A AE KIY S|EHZ AAH” M & X2
Length of simulation 20 years
Design heat pump inlet temperatures 30C for cooling, 5C for heating
Design system flow rate 11.3 Ipm/RT
Ethanol concentration 12.9%
Undisturbed ground temperature 15.8C
Ground thermal conductivity 3.25W/m-K, 3.54W/m-K, 3.76W/m-K
3.20W/m-K, 3.49W/m-K, 3.65W/m-K
Ground loop Single U—tube HDPE
Ground loop pipe size and type 32mm and SDR11
Borehole diameter 150mm
Grout thermal conductivity 0.73, 0.74, 2.10, 2.59W/m-K
Borehole vertical grid arrangement 8> 9(72 holes)
Borehole spacing 5m(3—10m variance)
Heat pump nominal cooling capacity & COP 142.5kW and 4.9
Heat pump nominal heating capacity & COP 139.3kW and 3.8
& 23Y AMES SE 8 LHE NSZueD|g etRES Zwet Ii0IE HHe| 45 EIF 103




3.49W/m-K, 3.65W/m-KZ z+z} Aestqct A4 A
7ol 2% o8 AAEEE 7M7) 1.5, 2.0, 2.5W/m-K
& F7IE X5l AA vla ARE ARSIt

3.3 Al Za}

a9 132 WEvo|= TekeER ABE 3] HolE
QUE, 4ME, AB)IM Y AF fE GEE
o v O BT AF HE AHEE 15, 20,
2.5W/m-Koj tfgt W Al Yedt & ASgus|
Zlo]2 Yehdth E3h 4M3(U-tube, WEL}o] E+3 o
A B et 1ol E 1ol e Wihyge] Ba
3 % AFQus7] Zol 17 140] EASIIL 1

uSE

ﬂl}d

155 A5d2ugtr] 4= l o M2 AFEugty] A
A ZdolE A& &8 dArLel It ER dAEE
of diall jeblch

B oM 4AE Ee) 229 4
JekeE Amet ko)L wf)ﬂ et A1l 8

b}

ato] AAYE EASIATHE 10). AlTHE8- out
Al =24 Ay AFEne] AR AsFn
2] ol 80,000Yme 2 g3lgrholF AF vl§
°] 17,000~20,0009)/m, 1&]3 7|E}n]E(T}o| =, 18}
%%, o1 74H] £)0] 63,000 ~60,0004/me} 7}4). 33
3 To|z(EAF)OIN 2712 £REE Ho|= 1%—%
sfo| Ly} ApA|FHe Hio| SYshs IeteE S &
18 — — J .
- Total pipe lengths .
—3F— Cooling
16 @ Heating Borehole #2 |

Borehole #4 |

/ Borehole #6 |
L]

&N

12

Total pipe length, L (km)

| U-tube configuration : B
- Borehole spacing : 5Sm 4
Grout thermal conductivity, ke = 0.73 W/mK
6 T | T ‘ T | T | T l T
1 1.5 2 2.5 3 3.5 4
Ground thermal conductivity, ks (W/mK)

T8 13. XI5 /& QHCE e Wi A| 25t & XZGwst
7| Zo|

104 e=FNeSS =28 H2ed H7s /| SE==2& M7& /

A = Qloug 3333} 7|& U-tube I}o|iZ

2u] Zpoli=
7749 X%
AHEEe} TeteE AdEme) uhi
o &

orzke] A
gleka 7Hdskle). 7HdaEol diske] &
s |7t AlgE wi(HolE 74 sm), A5
ANE v ws}
100] LrEpsich 2 @A ollA] arefE WiEL o]

E JEPER AgE FH2HE, 49T, 68D), Als
8|7} 242} 979,184,000€), 912,272,000¢], 898,016,000¢)

o2 339 sho]mo} WL = HATFAH6NT) 2

o T

7R A A0 S5, 2 Aol 24 gk

=

Total pipe length, L (km)

Total pipe length, L (km)

ol= AlF #AAo] 2= AAEE7}F 3.0W/m-K
15 T | T | T ‘ | T ‘ T | T ‘ T ‘
“| Test borehole #4 7
14 = Ground thermal conductivity, ks = 3.07W/mK ]
- Grout : bentonite&silica-sand mixture 7
13 — Grout thermal conductivity, ke = 0.74 W/mK —
12 —
1 - D/D/D”H’E—H i
10 — —
o ‘\.\‘\'\“.ﬁ.—‘ —
8 — —
- Total pipe lengths i
7 —f —13— Cooling ]
| —@— Heating -
6 T | T | T ‘ T | T ‘ T | T ‘ T ‘ T
2 3 4 5 6 7 8 9 10 11
Space between boreholes (m)
4. H0iE 2t70]| WE YAl o5t & XIS ue| Ho|
(4HE
20 T I T | T ‘ T [ T I T ‘ T [ T { T
- Grout thermal conductivity, ke (W/mK) 5
18 — Ground thermal conductivity, ks (W/mK)
g—kag 0.73,ks=2.00 —— kg=2.59, ks = 200
—A— kg=0.73,ks=3.00 —A— kg=2.59, ks =3.00 |
16 | —O— ke=0.73, ks =4.00 —@—— kg =2.59, ks =4.00]
14 — —
12 W N
o] W—G—O—H—Q ]
g | r.*kH—H h
| &4 6 o e o s
4 T | T | T ‘ T [ T | T ‘ T [ T [ T
2 3 4 5 6 1 8 9 10 11
Space between boreholes (m)
15. Zt K& /& GHEESY J2IRE 35, HoiE 720 ME
& XE¥us| ol




E 10. ZF 20{29| XIE€ue| Ao wWE AlSH| H|2
3 Case dummy 1HE 2HE 3HE 4HE 5HE 6HE
AIHE HIELIO|E
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Study on Cement-based Grout for Closed-loop
Vertical Grout Heat Exchanger
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Abstract

In this paper, the applicability of cement grout has been studied as an alternative to bentontite grout to backfill ground
heat exchangers. To provide an optimal mixture design, the groutabilty and thermal conductivity of cement grouts with
various mixture ratios were experimentally evaluated and compared. The unconfined compression strength of cement
grout specimen was measured, which was exposed to cyclic temperature variation ranging from 50°C to -5°C. In addition,
the integrity of the interface between circulating HDPE pipes and cement grout was evaluated by performing equivalent

hydraulic conductivity tests, on the specimen, in which a pipe locates at the center of the specimen.
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2. AJHIE J2IRE §Y4 AIE

2.1 Al AR

0.7, 0.89] 57};<], E/A]qﬂE_% 06207 TAFL HAF
AE Hrpet 24 STER(AME £A19] 2.0, 2.2, 2.4,
2.6, 2.84), B/AHE H]= 0.6, HAAFARY] G2 AHE
FAQ 24u2 astal HIEUOlES MKt 5714

E 1. AME J212E Sd AR ASE g

MNE Hz | 8/AHE H| | HARFAYAIHE | HIELIO|E/AME H
GEO-1 0.40 - -
GEO-2 0.50 - -
GEO-3 0.60 - -
GEO-4 0.70 - -
GEO-5 0.80 - -
GEO-6 0.60 2.00 -
GEO-7 0.60 2.20 -
GEO-8 0.60 2.40 -
GEO-9 0.60 2.60 -
GEO-10 0.60 2.80 -
GEO-11 0.60 2.40 1%
GEO-12 0.60 2.40 2%
GEO-13 0.60 2.40 3%
GEO-14 0.60 2.40 4%
GEO-15 0.60 2.40 6%
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Behavioral Mechanism of Hybrid Model of Soil-nailing
and Compression Anchor

A 3 &' Seo, Hyung-Joon 7 & @’ Kim, Hyun-Rae
A 3 ' Jeong, Nam-Soo o] 9l B' Lee, In-Mo
Abstract

A hybrid system of soil-nailing and compression anchor is proposed in this paper; the system is composed of an
anchor bar (installed at the tip) with two PC strands and a steel bar. After drilling a hole, installing proposed hybrid
systems, and filling the hole with grouting material, prestress is applied to the anchor bar to restrict the deformation
at the head and/or to prevent shallow slope failures. However, since the elongation rate of PC strand is much larger
than that of steel bar, yield at the steel bar will occur much earlier than at the PC strand. It means that the yield load
of the hybrid system will be overestimated if we simply add yield loads of the two - anchor bar and PC strands. It
might be needed to try to match the yielding time of the two materials by applying the prestress to the anchor bar.
It means that the main purpose of applying prestress to the anchor bar should be two-fold: to restrict the deformation
at the nail head; and more importantly, to maximize the design load of the hybrid system by utilizing load transfer
mechanism that transfers the prestress applied at the tip to the head through anchor bar. In order to study the load
transfer mechanism in a systematic way, in-situ pullout tests were performed with the following conditions: soil-nailing
only; hybrid system with the variation of prestress stresses from 0 kN to 196 kN. It was found that the prestress applied
to the anchor system will induce the compressive stress to the steel bar; it will result in decrease in the slope of
load-displacement curve of the steel bar. Then, the elongation at which the steel bar will reach yield stress might become
similar to that of PC strands. By taking advantage of prestress to match elongations at yield, the pullout design load

of the hybrid system can be increased up to twice that of the soil-nailing system.
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The Bearing Capacity Characteristics of Top Base Foundations
in Cohesionless Soils

2oz F Kim, Chan-Kuk
7 8 7 Kim, Hak-Moon
Abstract

Top Base Foundation (TBF) is widely used for the increment of bearing capacity and restraining settlement of
foundations when the bearing capacity of ground is not enough. The design of bearing capacity obtained from exiting
Japanese standard underestimates considerably what is compared with the observation values from the field measurement.
Therefore, intensive model tests and site observation programs are carried out to establish more reasonable prediction
technique and understanding of TBF in soft ground. In this study, 1/5 scale model tests are performed in order to
investigate the behavior of TBF with various shapes in a laboratory. Also, about 100 sites measurement data are evaluated
to investigate the field behavior of TBF in various ground conditions. Based on the results of the model tests and field
measurement data, it was possible to introduce more reasonable bearing capacity equations of TBF considering N-value

of soils, the effect of underground water and failure mechanisms.
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Keywords : Bearing capacity equation, Failure shape, The effect of underground water, Top base foundations
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The Optimization of Hyperbolic Settlement Prediction Method
with the Field Data for Preloading on the Soft Ground

% & A'  Choo, Yoon-Sik 7 ¥ ¥ Kim, June-Hyoun
3 A 3 Hwang, Se-Hwan A % 71" Chung, Choong-Ki
Abstract

The settlement prediction is very important in preloading method for a construction site on the soft ground. At the design
stage, however, it is hard to predict the settlement exactly due to limitations of the site survey. Most of the settlement
prediction is performed by a regression settlement curve based on the field data during construction. In Korea, hyperbolic
method has been most commonly used to align the settlement curve with the field data, because of its simplicity and
many application cases. The results from hyperbolic method, however, may differ by data selections or data fitting
methods. In this study, the analyses using hyperbolic method were performed about the field data of OO site in Pusan.
Two data fitting methods, using an axis transformation or an alternative method which is a direct regression method,
were applied with various data groups. If data was used only after the ground water level being stabilized, fitting results
using both methods were in good agreement with the measured data. Regardless of the information about the ground

water level, the alternative method gives better results with the field data than the method using an axis transformation.
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Reliability Updates of Driven Piles Based on Bayesian Theory
Using Proof Pile Load Test Results

b A @' Park, Jae-Hyun 7 % % Kim, Dong-Wook

Z 7] A’ Kwak, Ki-Seok A & 7' Chung, Moon-Kyung

A & 9’ Kim, Jun-Young A % 7] Chung, Choong-Ki
Abstract

For the development of load and resistance factor design, reliability analysis is required to calibrate resistance factors
in the framework of reliability theory. The distribution of measured-to-predicted pile resistance ratio was obrained based
on only the results of load tests conducted to failure for the assessment of uncertainty regarding pile resistance and
used in the conventional reliability analysis. In other words, successful pile load test (piles resisted twice their design
loads without failure) results were discarded, and therefore, were not reflected in the reliability analysis. In this paper,
a new systematic method based on Bayesian theory is used to update reliability indices of driven steel pipe piles by
adding more proof pile load test results, even not conducted to failure, to the prior distribution of pile resistance ratio.
Fifty seven static pile load tests performed to failure in Korea were compiled for the construction of prior distribution
of pile resistance ratio. The empirical method proposed by Meyerhof is used to calculate the predicted pile resistance.
Reliability analyses were performed using the updated distribution of pile resistance ratio. The challenge of this study
is that the distribution updates of pile resistance ratio are possible using the load test results even not conducted to

failure, and that Bayesian updates are most effective when limited data are available for reliability analysis.
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Case Study of the Characteristic of Ground Deformation and the Strut Axial
Force Change in Long Span Deep Excavation

AN Kim, Sung-Wook
oy Han, Byung-Won

Abstract

It is generally known that the mechanism of behavior in the flexible earth retaining system is relatively more complicated
than in the rigid earth retaining system. Moreover in the case of long span strut supporting system the analysis of strut
axial force change becomes more difficult when the differences of ground condition and excavation work progress on
both sides of excavation section are added. When deeper excavation than the specification or installation delay of
supporting system or change of ground condition happen during construction process, lots of axial force can be induced
in some struts, which threaten the safety of construction. This paper introduces two examples of long span deep excavation
where struts and rock bolts were used as a supporting system with flexible wall structure. The characteristics of ground
deformation and strut axial force change, which were measured in the sections of two examples that are 50 meters apart
in one construction site and have almost similar design and construction conditions were analysed, the similarity and
difference between measurement results of two examples were compared and investigated. This article aims to improve
and develop the technique of design and construction in future projects having similar ground condition and supporting

method.
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