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A Study of Field Test on Bearing Capacity Increase Effect of
Single Stone Column

# & Choi, Yong-Kyu

Abstract

Among soft ground improvement methods by using granular material, the sand compaction pile method has been
widely utilized in Korea, but, as a result of shortage and increase of unit price of sand, a necessity of an alternative
method has been required. In this study, a series of in-situ static load tests for crushed-stone compaction piles were
performed. Pile diameter was fixed to 700mm and areas of loading plates were changed. The static load tests were
performed for area replacement ratios of 20, 30 and 40% respectively. Based on the test results, bearing capacity of
single crushed-stone compaction pile was estimated. It showed that the settlement decreases as the replacement ratio
increases. Also, a yielding capacity equation of the crushed-stone compaction pile considering replacement ratio was
suggested.
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Estimation of Degree of Weathering in Residual Soil Using
Water Content from Fall Cone Test Result

= o 3 Son, Young-Hwan

2 A = Kim, Seong-Pil

A 9 83 Chang, Pyoung-Wuck
Abstract

Weathered soils appear from the rock and its weathering result. In accordance with the degree of weathering the
roch may become soft rock, weathered rock and residual soil. In general, classification method for determining the degree
of weathering are performed by chemical method and N-value. But these method have some problems. So, this research
is to suggest an appropriate physical method to determine the degree of weathering of weathered soils. A new
classification method for determining the degree of weathering is suggested, based upon the results from fall cone test.
According to the proposed physical method using fall cone apparatus, the measured values of the samples from the
same area show distinctive difference of weathering. For the checking, we selected two areas. As a result, the relationship
between CWI and water content according to penetration is expressed as an equation in Ilsan and Incheon area. And

it proved to be a good method to determine the degree of weathering.
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# 1. Physical properties of soils of Hisan area

Soils Depthim) Wiies(%) Specific Gravity(Ge) UsCcs
LC—1 5.2 61.5 2.59 CH
LC-2 5.8 M1 2.63 cL
LC-3 6.3 28.7 2.65 cL
LC-4 7.3 44.3 2.62 CH
LC-5 8.0 59.3 2.60 CH
H 2. Physical properties of soils of Incheon area
Soils Depth(m) Wiiea (%) Specific Gravity(Gs) USCS
1—1 5.2 43.5 2.59 CL
1-2 6.2 36.1 2.62 CL
-3 9.4 46.3 2.53 CH
-4 10.1 27.0 2.60 CL
-5 11.0 30.0 2.62 CL
-6 1.7 | 27.0 2.63 CL
-7 12.7 34.1 | 2.59 cL
-8 14.2 29.0 2.60 CL
-9 15.8 18.4 2.64 CL
Fall cone testol &HIE 0188t HRES Ie &F 15
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¥ 3. Results of XRF of llsan area unit * %
Sample SiOz A|203 TiOz F8203 MgO Ca0 Nago K2O MnO PzOs L.O.l. Ccwi
LC-1 63.63 17.06 0.82 7.81 1.04 0.25 0.05 2.09 0.08 0.10 7.92 40.31
LC-2 66.35 16.21 0.91 5.41 1.23 0.59 1.32 2.83 0.03 0.04 4.86 29.03
LC-3 69.71 14.26 0.79 7.69 0.94 0.31 0.32 1.44 0.02 0.06 4.50 30.41
LC—4 57.04 14.64 0.73 18.82 0.82 0.20 0.02 1.07 0.04 0.11 6.55 45.20
LC-5 62.17 16.09 1.15 10.57 1.76 0.43 0.14 1.73 0.03 0.03 6.09 38.05
I 4. Regressive equation of water content against penetration of llsan area
Sample Regressive Equation R Remarks
LC~1 y = 28.698Ln(x) + 5.22 0.8121
LC-2 y = 7.312Ln{x) + 43.46 0.8579 _ )
LC-3 y = 22.437Ln() + 12.09 0.9634 x : penetration (mm)
y © water content(%)
LC—4 y = 18.04Ln(x) + 34.23 0.9899
LC-5 y = 19.699Ln(x) + 25.23 0.8283
¥ 5. Water content against penetration depth of llsan area
Penetration Water Content(%)
(mm) LC—T LC-2 LC-3 LC-4 LC-5
5 51.40 55.23 48.20 63.27 56.94
6 56.64 56.56 52.29 66.56 60.53
7 61.06 57.69 55.75 69.34 63.56
8 64.89 58.66 58.74 71.75 66.19
9 68.27 59.53 61.39 73.87 68.51
10 71.30 60.30 63.75 75.77 70.59
11 74.03 60.99 65.89 77.49 72.47
12 76.53 61.63 67.84 79.06 74.18
13 78.83 62.21 69.64 80.50 75.76
14 80.95 62.76 71.30 81.84 77.22
15 82.93 63.26 72.85 83.09 78.58
16 84.78 63.73 74.30 84.25 79.85
CWI(%) 40.31 29.03 30.41 45.20 38.05
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H 6. Regressive equation of CWI vs. water content of lisan area

Penetration{mm) Regressive Equation R? Remarks
5 CWI = 0.06w?—5.94w +179.86 0.4810
6 CWI = 0.01%*~0.18w +12.04 0.6603
7 CWI = 1174w — 35.58 0.8435
8 CWI = 1.200w — 40.27 0.9451
9 CWI = 1156w — 40.04 0.9805 w : Water
10 CWI = 1.082w — 37.33 0.9767 content(%)
11 CWI = 1.002w — 33.68 0.9536 CWI © Chemical
12 CWI = 0.925w — 29.89 0.9227 Weathering
13 CWI = 0.06u?~7.11w +255.29 0.9816 Index(%)
14 CWI = 0.05u%—6.73W +246.75 0.9580
15 CWI = 0.054% —6.06W +226.66 0.9276
16 CWI = 0.04uf—5.20W +202.41 0.8941
3 7. Results of XRF of Incheon area unit:%
Sample SiO; Al>Os TiO2 Fex03 MgO Ca0 Na,O KO MnO P20s L.O.l. Cwi
1-1 62.25 15.52 0.90 6.93 1.62 0.53 1.72 2.76 0.04 0.1 8.09 36.44
-2 64.18 17.37 0.97 5.68 1.00 0.25 1.01 2.41 0.03 0.12 6.70 34.09
1-3 59.66 17.11 0.94 8.35 1.68 0.46 1.64 3.14 0.09 0.11 5.97 33.77
1-4 66.83 15.10 1.15 5.34 1.15 0.66 1.45 3.12 0.08 0.08 4.70 27.39
-5 67.63 15.47 1.10 4.29 1.16 0.53 1.42 3.36 0.05 0.07 5.09 27.96
-6 68.99 14.21 1.16 4,57 1.06 0.70 1.63 3.74 0.05 0.07 3.97 24.31
-7 63.56 16.04 0.86 5.59 113 0.70 1.41 2.59 0.08 0.10 7.57 35.14
-8 66.55 15.12 1.06 4.28 0.96 0.56 1.36 3.48 0.04 0.07 6.17 30.65
-9 7012 | 13.04 Q.97 £.21 0.27 0.15 0.47 4.40 0.05 0.17 3.77 23.95
H 8. Regressive equations of water content against penetration of Incheon area
Sample Regressive Equation R Remark
-1 y = 16.969Ln(x) + 14.40 0.9979
-2 y = 13.801Ln(x}) + 19.53 0.9804
1-3 y = 12.224.n(x) + 16.20 0.9993
1-4 y = 5.9763Ln(x) + 21.14 0.9956 ()
_ Z x - penetration{mm
-5 y = 10.694Ln{x) + 13.68 0.9432 v water content(%)
-6 y = 11.178Ln{x) + 5.176 0.9993
-7 y = 12.781Ln(x) + 19.35 1.0000
-8 y = 12.01Ln(x) + 12.03 0.976
1-9 y = 13.037Ln(x) + 0.90 0.9975
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# 9. Water content against penetration depth of Incheon area

Penetration Water Content{(%)
(mm) -1 -2 -3 -4 -5 -6 -7 -8 -9
5 4“1.71 41.74 35.87 30.76 30.89 23.17 39.92 31.36 21.88
6 44.80 44.26 38.10 31.85 32.84 25.20 42.25 33.55 24.26
7 47.42 46.39 39.99 32.77 34.49 26.93 44.22 35.40 26.27
8 49.68 48.23 41.62 33.57 35.92 28.42 45.93 37.01 28.01
9 51.68 49.86 43.06 34.27 37.18 29.74 47.43 38.42 29.54
10 53.47 51.31 44.35 34.90 38.30 30.91 48.78 39.69 30.92
11 55.09 52.63 45.51 35.47 39.32 31.98 50.00 40.83 32.16
12 56.56 53.83 46.58 35.99 40.25 32.95 51.11 41.88 33.29
13 57.92 54.93 47.55 36.47 4111 33.85 52.13 42.84 34.34
14 59.18 55.95 48.46 36.91 41.90 34.68 53.08 43.73 35.30
15 60.35 56.91 49.30 37.32 42.64 35.45 53.96 44 .56 36.20
16 61.45 57.80 50.09 37.71 43.33 36.17 54.79 45.33 37.05
CWI(%) 36.44 34.09 33.77 27.39 27.96 24.31 35.14 30.65 23.95
3 10. Regressive equations of CWI vs. water content of incheon area
Penetration{mm) Regressive Equation R? Remarks
5 CWI = 0.613w + 10.15 0.9337
6 CWI = 0.597w + 9.38 0.9459
7 CWI = 0.581wW + 8.88 0.9505
8 CWI = 0.565W + 8.54 0.9508
9 CWI = 0.551w + 8.32 0.9487 W Water
%
10 CWI = 0537w + 8.17 0.9452 content(%)
11 OWI = 0.525W + 8.07 0.941 CWI : Chemical
Weathering
12 CWI = 0.514w + 8.00 0.9363 Index (%)
13 CWI = 0.504w + 7.96 0.9314
14 CWI = 0.494w + 7.94 0.9264
15 CWI = 0.486Ww + 7.93 0.9215
16 CWI = 0477w + 7.94 0.9166
(3) F A99 FTF=E TS Hof|A Al aghe] HY 3. o)FT, AATH2003), “37F T3¢ AT L AEAHT
- 7y, l=ERIEFEI R R AN9A, A23, pp.227-236.
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Characterization of Durability and Deterioration Eroded by
Chemical Attack on the Concrete Lining in Conventional Tunnel

A F Kim, Dong-Gyou
A x4 Jung, Ho-Seop
o] & Hi3 Lee, Seung-Tae

Abstract

This study is to evaluate the effect of chemical attack on durability and deterioration of lining concrete in tunnel.
Surface examination, nondestructive inspection, uniaxial compressive strength test, carbonation test, chloride diffusion
test, micro-structural analysis were performed to analyze the deterioration of lining concrete in tunnel constructed 70
years ago. From surface examination results, the tunnel had been repaired and reinforced in several times. It has many
cracks, water-leakage, efflorescence and exploitation. Compressive strengths obtained from nondestructive inspection and
uniaxial compressive strength test have measured 17.5 ~ 34.7MPa, and 12.8 ~ 40.3MPa, respectively. Carbonation depth
specimen cored from concrete lining has ranged from 3mm to 27mm. From chloride diffusion test, most specimens
have low permeability. And the XRD analysis was able to detect ettringite and thaumasite, which were confirmed by

SEM and EDS results to be the causes for the deterioration of lining concrete.
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Blade Type Field Vs Probe for Evaluation of Soft Soils

«+ 3 7 - Yoon, Hyung-Koo o] F F’ Lee, Chang-Ho
q % F Eom, Yong-Hun o] & A Lee, Jong-Sub
Abstract

The assessment of shear wave velocity (Vs) in soft soils is extremely difficult due to the soil disturbances during
sampling and field access. After a ring type field Vs probe (FVP) has been developed, it has been applied at the southern
coastal area of the Korean peninsular. This study presents the upgraded FVP “blade type FVP”, which minimizes soil
disturbance during penetration. Design concerns of the blade type FVP include the tip shape, soil disturbance, transducers,
protection of the cables, and the electromagnetic coupling between transducers and cables. The cross-talking between
cables is removed by grouping and extra grounding of the cables. The shear wave velocity of the FVP is simply calculated
by using the travel distance and the first arrival time. The large calibration chamber tests are carried out to investigate
the disturbance effect due to the penetration of FVP blade and the validity of the shear waves measured by the FVP.
The blade type FVP is tested in soils up to 30m in depth. The shear wave velocity is measured every 10cm. This
study suggests that the upgraded blade type FVP may be an effective device for measuring the shear wave velocity
with minimized soil disturbance in the field.
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Creep Deformation Characteristics of Weathered Granite Soil

W ¥ ' Park, Heung-Gyu 7 & 3 Kim, Yong-Ha
% 4’  Paeng, Woo-Seon o] 3] 4 Lee, Hae-Soo
Abstract

This study analyzes the characteristics of creep deformation behavior of weathered granite soils used in road
embankments. The creep strain under the unconfined compressive state demonstrated an excellent agreement with the
theoretical analysis of the burgers substance. The elastic deformation showed a termination in its characteristics after
a long-term period owing to the increase in applied loads. The primary creep strain was 0.0028 and concluded that
the deformation completed within 3~5 days after applying the loads. Also, the completing time of creep deformation
in the embankment soils increased in proportion to the height of embankment soils. The secondary creep strain is about

50% of the primary creep strain.
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Predicting Method of Penetration Rate of Sheet Pile
Using Cone Penetration Test Results

o] & &I Lee, Seung-Hyun

L Lim, Nam-Gyu

EA K Kim, Byoung-Il
Abstract

A program for predicting rate of penetration of sheet pile using cone penetration test results was developed. Especially,
energy consumption occurring from lateral vibration of sheet pile was estimated quantitatively in order to overcome
overprediction of rate of penetration for shallow depths of pile installation. Penetration rates of pile calculated from
developed program were compared with those of field test. Predicted rates of pile penetration for the depths to 12m
were 47%~120% of the measured values. As pile penetration depth decreases, the difference between the predicted

rate of penectration and the measured rate of penetration decreases.
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Reliability Estimation of Static Design Methods for Driven Steel Pipe Piles

in Korea
3 A ' Huh, Jung-Won o A @' Park, Jae-Hyun
72 7 '  Kim, Kyung-Jun o] & &' Lee, Ju-Hyung
Z 7] A’ Kwak, Ki-Seok

Abstract

As a part of Load and Resistance Factor Design (LRFD) code development in Korea, in this paper an intensive
reliability analysis was performed to evaluate reliability levels of the two static bearing capacity methods for driven
steel pipe piles adopted in Korean Standards for Structure Foundations by the representative reliability methods of First
Order Reliability Method (FORM) and Monte Carlo Simulation (MCS). The resistance bias factors for the two static
design methods were evaluated by comparing the representative measured bearing capacities with the design values.
In determination of the representative bearing capacities of driven steel pipe piles, the 58 data sets of static load tests
and soil property tests were collected and analyzed. The static bearing capacity formula and the Meyerhof method using
N values were applied to the calculation of the expected design bearing capacity of the piles. The two representative
reliability methods (FORM, MCS) based computer programs were developed to facilitate the reliability analysis in this
study. Mean Value First Order Second Moment (MVFOSM) approach that provides a simple closed-form solution and
two advanced methods of FORM and MCS were used to conduct the intensive reliability analysis using the resistance
bias factor statistics obtained, and the results were then compared. In addition, a parametric study was conducted to

identify the sensibility and the influence of the random variables on the reliability analysis under consideration.
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o] A2 EX]4(reliability index)S ZAMHO.E2 A=
onHiEdolglnE B Level I 7|H 2H7IEE
NEF oo s dase fgss A sk
Level I 719 ojc}. Level II 7ol B A ojA2

EH(Mean Value First Order Second Moment Method;
MVFOSM), 2utslE] oFA X|<=t(Generalized Safety Index
Method) (Hasofer €+ Lind, 1974)& Z313h= YaHi1Z|=
W, 123 o ZRAIR]| = H(Second Order Reliability Method;
SORM) o] Stk

n|s AASHTO LRFD T2 A7|7]22004)2] 2=
2470l digh AgAlS Aol A8 Pt dA I}
mmEw.e WA Fel 34 dl(closed-form analytical solution)
@% S ol Tl gkt AlE el oA,
dsgo] Fagleln Agske SR U9A
E]]?—:l_E] == TtAKa first-order Taylor series approximation)
9 BEusY oARUESl PR BEUANE A}
B3] AHEALE AR 4] Q)9 Zo] FE(Q)
3} A3HR)) 5 HEUST 2 M BT 49
AN F et BARCE SYoln
2% A FREE g2y 75 sk Alet
) T3S 2= TEh, Bt Aol
AW ER | o5k AR =A|(f)= A G)F &o)] HA
Aoz vebd =~ Qlti(Paikowsky, 2004).
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9(R.Q=1n(R)—In(Qp+ QL):IH(QD%QL) @

n (/\RFS(QD+ Q) [1+8p+5y,
= )\QDQD+)‘QLQL 1+5§% |
VIn[(1+0) (1 + 62+ 6%,)]
ln[

ArFS(Qp/ @ +1)\ [1+60p+07,
1+6%

)‘QDQD/ g

B VIn[(1+62) (1+ 8+ 8,)] 7 ©

AZVA, Mg, Agp, A T A3, Aleks 9 Eels
HFAT B, 6z, 6op, S AT, Ao &
Bl WIAS0 A, FS+= QP E(safety factor)
olck

AR YA ARUEY S SEHT] 4
7t oAU AR AR A A
A Aatol Aere 23 waE & itk olela
He SZelr) ekl MAFRES] AAus E v
A ARl telo) WAl Fepel Al
Qo AREAGE AT 5 Y= YA o
oy 1A=l 28 7= Qi Hasofer 9} Lind, 1974
; Rackwitz @} Fiessler, 1978). YAAIE w2 whay
4ol & HollA FAGHI S AP Ak vt
EXEE Holz AAMNSE BEATREERE HISH=
718& Aoz PFFdAo|ALHEH ] Thyg
Jiﬁ} o AR F = ‘ﬂ% ARG wEHFEE

YRR SAVSEQ g HAER] o] ZHTA
B =X 2 A olstal AR w2 n SHA S eis
o Al T MRS AUsRith dGAE =Y
e duejEg B9 ARkl B2 a4 4
21 BENSEe) Bz 2 Ty sl ks
AR Eo=x o]gH Al2|A] g7t A&l 71 wol A
o] thNowak, 1999; Ayyub <}

lo

Assakkaf, 1999).

W BEILER AEHolae AR A B
Adatael BolE RE SEusd P BT
g WEEE QgiHoR Uas WAL WA

ARE UE= RASIE MA ZoYSla=o| tigt v
g2 BUToRd 4YY RAUBEL WHSEz,
a4 Palzo] ojere) ot ol wjs) heakn
F2 e oafe] ok B U B 1ol
AR o2 o= gt Maurice 5, 2000). &, A=

g1 71 FolH A1 ABeln duE Aas
¥tcHHaldar 9} Mahadevan, 2000).
£ Aol olefd B4 AT Wos
31_].9] AEA, AFEAL BHe] Yall 7127 ERE
A QAT 7 2R E Al el E}%h&
l of WAish= S8l gt H=F
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Al Ay st Ae] SEHSE &
SHAAEIEH:, ¢(X) =08 B4 A 3
b, g(X) =g(X) ) o X, )FOOEEH ket <,
ol st ol A )E =88] Yl 1
#(Lagrange) 5571 5= ©I OUJ WS 285t
Aty SPAR|e) fE REEE A olA] shAVSE
T7tR) 9] HaA S ok WHolrh (Thoft-Christensen
3} Baker, 1982). o}71 A4, AZEX|4= AS fl8) -3l
2 SHAAEA] Al He o SEWSEY ZREE
D =ghob AN EIEO] Tk F99 gt Ho
1] o]Z A7 (design point) = 75 F(checking point)
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o}7|Al, X, = Bigol A(F)o|L GHEZHEAE
7= seeg A (5) o) PAT #3235} AR
go @ AHolgrt

X, =(X—ux)/o% )

A7|A, pk et o A SUE RN S7FREEX
2A, AAHNN HITEE BENS PARIUS
(cumulative distribution function; CDF)¢} & U X3k
(probability density function; PDF)E z}2r 5712] A4t
RISl SX(RHEAA SEHTES £2
1#st7] 98] Rackwitz 9} Fiessler(1978)= o}z
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v ol [R(X)])
ok =—— 7
x £:(x) @
oA7A, .9} Fi= 247t HIRFRE e X9 8
EUEHSPDF)Q} FHEE .m DF)°1U4 $9} o=
7}z RERAFRE W0 88 F2eol LA B s}

-1>J
o N
T

°‘7<W§15‘QO1W THATGEL A (DofA el Al
sz Aleet Ba2Ee] A, ~ 6(- 61 o83t
o ZARH R AXMETE YRPAI=EH | 7)2 Tid Y 8
22 A= Hasofer 2} Lind(1974), Rackwitz 9} Fiessler
(1978), 712] 12 Ellingwood 5(1980)°]l &J3] B U]
ARAEYS A ) AL =Hen O 71E4
9l o2& ohA] AmIt vle} e, YA ERo) A
AR B Taael @ Reld Agstso
2, SAEETE Fola BE B854 Wt AR
Sgjoln] ATFELES o] W YRS HF YA
clHeEst 5t Ao &gﬂu} EE
= meleh 2 @ B5

Define Limit State Function,
g (QD/QL, AR, AD, AL, F.S) and Inputs

!

Assume the Safety Index, B (3.0)

1

Assume the Design Points, xi®
(mean values of the variables)

v

Compute the Mean, N« and Standard
Deviation, oVxi at the Design Points, xi*
Of Equivalent Normal Distribution

Calculate the direction Cosines al at the
Design Point, =i

No Update the Design Paints, xi®
(xi"=yNxi-oi B OMxi)

No Update the Direction Cosines ai at the
Updated Design Point, xi*

ax. [Updated ai- previous «i]<0.005

Solve B using Limit State Function at
Updated Design Points, xi~

64 ESRXPZEE =28 M232A M12S

2 3}od Rackwitz} Fiessler7} 7H

HE A ElES Ao R qestyen, vt
Axt £38& 4gstA at7] Yol RAF = 7]
3t AFE4 T2 “FORMRA”S 7NEstgict
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2.2 2HFIEZ AlE20| (Monte Carlo Simulation)

g o s ReylER ARl AL thaFst A4
S FoI4 Addoz golsti Hg4ol Holut
o Qe 2oke AFsks A0E FeiA gk 2at

E2 Agdoldd g fA S AslMe A (D2
S7HL o Ale AR
=fD1[x]f(x)dx 8)

oj7| A, I [z]= T3] R|A|E<(indicator function)=
A ofEfiel e o|FHbinary) 4EE =t

Iel=1lg@)={} @<t 38 o

4 )9 FE P AT 1 o] 9] 7HHZ
Uepfog 2H7HE2 Algdolddl o3t e
e A AMgstel 24T 5 Ak

. MC’
Pr=r;

EZf[w (10)

o714, 91 HAF MCE REPPIER Algdlold
o T 2|, LT Mo} N 27 BEY A
(&, AEH 1A St HENSO S YEh
o, = 19 20 TAIE RS o]8sto] W
;) g8 AY SFEUSTS () ZRE I B8
A2 o Zo] Ttk

“*7\1 gold A STl 23HE SEHTY F
JAE gl 0014 1Atoje] F5-8HA BES}
sk Al EH oIS SlpnhE AP o
Tt 1Afolo] FA Y F AAET SAA
, BX o] HgFo R WAt o] S o
] (inverse transformation technique)o|2} $tc}. of
HEuise] SAREREE AT Uk 0,0 2
o) =l TP @ TS A (D)3 o]
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Fy () Fx(x)
J 1.0 10+
~40.8 08 |-
=] 0.6——0.6 -
| o4 04} !
/t\ —102 02 !
|
0.0 0.0
U X
| fiy{ee) fx(x)
Ul u 0 X;  Random varia
3 2. BHEM(inverse transformation technigue)
Define : Limit State Function(LSF)
Response Variable(RS)
Define : Random Variables
Statistical Properties
Generate pseudo Random Number IMSL
() RAN3
Inverse Transformation ] —.
Xy = B () LOGNR
Estimate LSF Estimate RS
v

Evaluate
Hpgs Ogs —

J8 3. 2HFIER AlBY 01 ¢YDa|Ee 32X

Evaluate pPr
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rE
rlot
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2 BYrER AlBdol4
712 shguse] UEshRRy AH RES )

8o A4 SekE T} 7o) YA/ hrHHaldar o
Mahadevan, 2000). F S| A= 218 39| AR} w2
£ gugEY eSS d"EHA 5] fl8 7t
E2 AlgdjojAe] 7|23t Al2|teala] 28278 “MCSRA”
< PSR TH R A 7 e AT, 2007).

3. MgEEAIse SHSER L

FEPFTUES] AFHTA S 4 F AT
B7ket7l YaiMe SdAA
AE Ao gE7F pFolBg dAq-g RiA g
A=k, =514, AARE § 2200017 oo} Awe}
AAWGHE A ERTY Ty A=) of 3200 =2
24 AN $8E AsAE R ARA ARE 5
st BABIG 2500097 ool A= F STAA
29} g9jo] 7hEshal, AWhRAL 2 A ATt 3
A BEE A= g A8 5 e T EE
T AASAE AR = F SR AT AR
ABHAE 2zl et B A oheFdt wE Aldy
A9l = Ak S48 AT 4= e AEE 2l
s olem(Z7]A F, 2000), =3 Ad 3l F1 25
A A g A5 BErks 2E, A4, AEA, A
A 5 o] 7R Adolgk A Fol Ao 9l
©F e, ol Y ANk 54do]

o2 gk,

R 5870 AshAIE Aol el Awk 54 R 2
AAATE DEE AEEE N8 A
S B3t NA| 504 7|E0R ARE F Ao B
STk N<50, N>>50. 587119] zisAE #Alg £ Adt
B NZ|7F 50ETH 2 -9 2970(50%), 50E T 22 7
2 2670(45%), & & e AS 3MGWEHN AGEN
2] 508 7|30 7} R A0 etk
=747 sd+4, 2007).

sl

4 > 4

10

3.1 MSHAIE ost £ SERIXI=Ee] ©It
AABAIE Y] at5-Fst FAo2RE 4 FTR
AP Friatr] e TR EVZEAZIEAH LS
5, 2003)3 72 7120 AgAG Aol #F vj5 Y
NCHRP ¢17-% 314 (Paikowsky, 2004) 5 thokgl S
o] A7)z A Attt thE o) 6714 WhHE 283}

&t} Davisson 7)<, Shape of Curve 7|5, DeBeer 7|5,
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A 712(A=254mm 7|&, A=0.1B 7]%), ASCE
20-96 7)Z(ASCE, 1997). 67}7] 7|20 o]a] AbAgt =
SRR o] Hgkat 7} 7)ol 3t AaE FA 4
sto] AR dix 4 AL AAsHAct AA|
Aol gt S22 Hgholl it zF 71l &%t
FIAX G FAEA diks ® 13 gk of7)A,
K, = 7t 71200 ot 22 Frofl digh Bk ]
(a2t 71200 Q3 AR H)o|ch

E 19 el Bie} go] DeBeer 7|, A3 7]
&2 A87Fs W Ao o7t AR AL,

ASCE 20-96 71&& K, ©| Hdzko] 1.0t} ZtolA g}
Wi umsiol AN TR ATE 29
o Rage Ao eketel 9lsi%ick. Shape of
Curve 7|&3} DeBeer 7|5 34 @ighol 27l 2%
g Aol At IS vx= B4 FARE A2
2 eksto] A 2)stgi). Davisson 7|2 BHE 7hegt
Ao o ATY 2B U S YL PHoA

Lol Babio] wrou] we Azl &g 715t

SR

1.2 7|20 mE 5y SEIXE 54

WiES & Xg4| K, B8 |K, #EHA
Davisson 7|& 55 1.01 0.12
Shape of Curve 7|& 55 1.03 0.1
DeBeer 7|& 39 1.1 0.14
RMElsteE| A=25.4m7| = 41 1.08 0.22
IE | A=0.1B 7|& 22 0.87 0.09
ASCE 20-96 7|& 50 0.96 0.09

(o]
»

Mg uolth ek B AT BE
A A2 2.2 Davisson 7|&(0] S & A

1)l 2 235 g5kt

]

Eu)
K
mlo _lth rg""

2
i)
o

32 Fule) A|RREA &)@ A I AEe) 7}

AR gAle] o5t HA FAANAGL A 9
SN FEE7|ZAAZNEAATER, 2009014 At
T gl AodskA AIX|EA W NXS g3t Meyerhof
AR AL BEA LT AN & A
3 FEA Y 4P
of H8H HeIsha A4 L Meyerhof FHAS
4 (12), 4 (13)3% 2tk

(12)

L
[

(0, N, +cN) A4, + 5f A,

A7|A, o,/ & TE AT Zolo FAAALEAT
AZlo|=20B, B=1EA %), N,, N 227129 AA|
HAE, o= TEXRA S AR, 4, = TF Ad A4
WA, 4,E WE FHA, £ = dYHAT HdFunbE
H(=ac, + K, 0, tand), o= F2EA =
vl AT E, K= DEHY sk HAESA
(=14(1—sing)), 6= LET T FAlo|9 mpztzt
(=20°)°]tt.

@, =m A, + Ny 4, (13)

SetAIAIE (N<50)

18000 - . ,

50% .

) .
15000 F c?psewatlve .
L d

= 7’
Z _ )
2 12000 K meflsured predicted
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K 9000 L s
- o ’ 50%
R0 6000 % unconservatiye
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X233 H12&

SetRI XY (N>=50)
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Lb
A7|M, m=3(5

) <30, mN g, <1500 tf/m?, L=

B0 A3 BPLo), 4 = %”‘ Ae 2 EA, A4,
/\}7“5 Ao &3 WEo] AHA, N S T A
B0 N g Ny = = —‘T'~/\} A|Qke] ot

N %,t n——l—, n V= 10tf/m2o|c}.

Davisson 7|02 A3t 24 I3X| x| Ha} A o5}
d

2] 22 ¥5-4], Meyerhof ZE 2] o2 493 44 23t
AP BlE EAIR i 19 49 2tk T 71K
Ao 2%t AA STAAYL BFE F5H FHAA Y

ojgke] -9 Meyerhof A 4lo] AL HEHoz
Bk, ofo] Wislo] Ak NX| 50 ojAre] 790

2. MgEEsel SASY

A4 Bl o
°g o 4 9tk

Beorr
)
2

3.3 XMeHHE|4(resistance bias factor)2| SHISAX| A

AFEFASE 24 AT A FAY
o u(&4 IR LA 3% mxlfﬂ)i ol o
et 29le] Mg BEALE sk ZkolTHGoble,
1999). Aot 0 2 RE| AAE 27 Fekx A}
A2 Aol ofa) AYE AA FRAIAYe) BAL B
3ol xakazn% AL, oI5 Ase) TA

H& Sastel 1 2
ol 259 FAEHAS

2 MR NE| 50 0IgF MEHR N 50 O}
= FHolsty X|X|2inAl Meyerhof Z& 4l Yo XXH3Y Meyerhof ZE4
RSEEA = 1.010 1.782 0.730 1.341
SE AT =
°(A°) BEEHEHR 0.520 1.377 0.309 1.011
R
HEH 2 0.515 0.773 0.423 0.754
YA AR S (N<S0) Mevyerhof 2 & 4! (N<50)
5 08 5 05
= = =Normal = = =Normal
O g-110rm: 04
g 4 Lognomal o7 'E e " 04 ‘5
s 2 3 El
@] ]
2 3 i g 0 i
< 2 E 03 E
; , g ‘ E 02 2
E = - 02 E
=] ] b2 2
Lz 2 ! 01 g
& I u &
i 0.1
0 ‘ 00

e
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Bias Factor (A)
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07 5. MEHES SEUSENGO)

A8 KAHFAN>=50)

6 12
= = =Normal
1 s [0 g-noTMAal

' 5 10 5
g 2
3 5
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Q 4 08 2
2 2
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5 3 0.6 &
3 z
g 2 04 =
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1 E 02 A
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= = =Normal
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Probability Density Function

|
Bias Factor (k) l
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of AsHHQ) ATHPAS BB EZUD)]
Mol 2 B RN AT Aol FelHol
2(Paikowsky, 2004), B AFAHE olF mefstol
ATTA SAS IS G, e
olael A3 A AN TS AGHA
Hatgko] 1.0 283 3+ B 91 Meyerhof 7
A2 1050} AN A A EE Bemos B
AL A S Uk AR NAZE 50 014l A
3 SR A o) HlshA
& A BRRAE AS Lol ARE
= B7hd Ao= oAt 4= Qv Meyerhof
upmoE WS A%S et
MG NZ 7} 50010l 752} 50
o3t 22|52 Eot Meyerhof
ek
o} 62 7Hk MR NP7 50 TRl 2
Sofl &t T 74 AR B9 AP
B SRl Aot A1
T Meyerhof 284 2% AGUFA-Y Las
Aol 1YW AL 4 + ek
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N
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LEZ|2HA Y 2L HISE T AFTX|
2 dFtollds XA AAY o
gt A1=4S %ﬂﬂ | §i5ted 2734 g fEAQL
Al 7H) g Agsta 1 g vl EA5kh
&, A )T Zo| BAHLE FHE= "= AASHTO
A7) AZAS Ao AgH B dA o xR
ERst 2 Ao Apdet T2 I3 ojt Ax}AIE
=¥ 9 2H7ER AlEY oS A8t 484
H7LE HelAe shEeTd RS s §
Az}t A R AFHFA ] FAX} 2
AElojor gtk B Aol A 9] Auk W AR E4
< 1Ete] AR AFAHFA S TAEY 42 ©f
o] 3 20 AAsHE s HPA= S4E AA ot
Zoll tigt FAslE9 BlE Aot 2 At n|

AurE 23 LRFD wSFAA A YA o] AMR-H 315HEE
Aol $ASA e Ak ol BN 3
% SAA} vlolA AMSEE sHEE ARt FARBIT
Lobge AAz o e, A TR Fh)
A4S TeT SEEASH et A7t ol
oA ML glonE olo] UE ARE AT BEY
& oozt wetEh AW =25 LRFD AlA 9]
A% 19 39 WE) FAAASL I FUAF 7
$-2 aestelod, ol # 3o AAE sk5 FAATE
A=A o] AR-E ATt

Hansell T} Viest(1971)+= &350f tigt AlshE9) v
2 clfe] A@don BUT 4 stkn BusHT

Qu/ @ = (1+1(0.0132Z) (14)

SA71H, 1= Fo1E $AAS2A LRFD 515 s
M 0338 Fgstn] & fi wele] meHITPgeltt.
qrre] MR ZAol ClshH 30Mt (E 98fiE)
o] Woprk 4 Ak A9l Aoz R, 4] (14)
ol oai AAYE )/, =1729] 7k A=A A
g3}t

4.1 MVFOSM ! FORMOY| 2|8t ZLH SIEIZIRLIE X|
X|Ee| AzlFE EHIt

Ay 2 TEV|24A 722 TEY] SR A=
tisto] 24 39} PHES FASHL o, FF AN
o = 3 Hrh & FAE-S A83taL Qlrh ofof wEhA
B Ao A= A o] AFoA HEEE AeR
7= ohAR 3.0, 3.5, 4.0, 4.5 2 5.00) Thste] kA
doj7l a5 9 Age] FAELAE A 3)ol 285t
FFLAIRRHAEH| ot A JEME 73S
o} el AR zA4 F 71R] AAHo| tiste] A
At AFEE24-E # 40 2934
B YA A RHNE Y-S o]§

¢

3 shAjel A A
W4 gt SHTET] 3 HolL ofd BABUSE

> o

Bargtel A A B, g=In(R/Q <) A%
S} o] FANEFSI) MABY i HLelFS 2

B 3 st SASYR
. AIE BEA R (Agp) otz HEAT(O,)
TE 2 HEH susy Y 2 MEAS EETY
at 1.05 0.10 4N A8E 1.15 0.20 aZgA2E

68 EI=2X[gtBEel=2% H232 A2z
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E 4. MVFOSM  FORMO|| 2laff AlMtEl SIERIILS RIXIZQ| AE|=Xl4

Case AMEHE NX| 50 AIZHNCGO) MEHE NA| 50 O|4HN>50)
AR K| ZH T4 Meyerhof Z& 4l YUK X H B4 Meyerhof Z& 4
o MVFOSM| FORM | X}o| (%) |MVFOSM| FORM | xt0] (%) |MVFOSM| FORM | At0| (%) [MVFOSM| FORM | &I0| (%)
3.0 1.749 1.854 6.0 1.923 1.980 2.9 1.391 1.514 8.8 1.569 1.616 3.0
3.5 2.038 2.165 6.2 2.138 2.202 3.0 1.725 1.884 9.2 1.787 1.844 3.2
4.0 2.289 2.435 6.4 2.323 2.396 3.1 2.014 2.204 9.4 1.976 2.041 3.3
4.5 2.510 2.673 6.5 2.487 2.567 3.2 2.269 2.486 9.6 2.143 2.215 3.4
5.0 2.707 2.886 6.6 2.634 2.720 3.3 2.497 2.738 9.6 2.292 2.371 3.4
Ao A] mapEre] HAR Qlate] Fadt o iﬁ‘?:i Reliability Analysis (N<50)
4 ik E3 Feot t}exu ety oz Srtel R —
FAFERol disted e AR ﬂl*PﬂL ‘_t;z“g;ﬁf?ﬁ.iﬁ‘?”’
2AEL et ek ol ng—f Aol "
o Ahe ) YA 2 ArolMe s e
We ol ABEAL FSLA o, AN 3
= AL kel 4] )9 BAEHRS ¢(RQ= £ 2
Aqelgoz 571l ofef Al (15)2h Zo] EEY 4 Slrk, 2 X7
9=R—(@p+ Q)= N FS(Qp/ Qs + 1)} op (@/ @)+ A} i P i oasosna |
(15) Type 2_Meyerhof 24l |
AR=1.782,65=0.773 :
A7NA, Ap, Agps Ao 22 AFHFA I, AlsIEH o 35 a0 45 'j.o
FAS U RVAFUIARE RPAFRES 2 & Sefety Factor (75
Figolu, FSO Q)@ BPUFRA 94 Ags H 7 SREEAEE NGO
Ak , -
A 21804 AT LAY Sl T2 o (Relabiliy Anslysh (¥=50))
o 31% & A3tel 5741%3 219} 4] (15)9] BhAA e = Mvrosme
22 Mg AT Aarste] E 40 A A3 | Foree)
Ch el agel B AEs A Ha «
71%7ke) w2 S GolskA B17] Sisted 17l 73} 8o 5
1 ATE =AET 3 20f
#4909 77 80) YRNHSY AN Anfud 3
MEb N7 50 olgke] Azl gt 4eisis ey
Ao} AHE A4 1.85~2.898 UERHSLE Meyerhof oty o730, b33 |
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Analysis of Influencing Factors on Strength Characteristics of Cemented Sand

o] & F1  Lee, Moon-Joo # A 22 Choi, Sung-Kun
F & 83 Choo, Hyun-Wook Z & £4 Cho, Yong-Soon
°] $ A5 Lee, Woo-lin

Abstract

The effects of sitting pressure (0s') during cementation, relative density and particle characteristics on the cohesion
intercept due to cementation bonds and the confining stress inducing the breakage of cementation bonds (pi'sr) are
investigated from drained shear tests on the cemented sands confined under the isotropic stress up to 400 kPa. It was
observed from the experimental results that the cemented sands, with the same density and gypsum content, show similar
values of cohesion intercept and p;'mp), regardless of ag/'. Although the cohesion intercept and pi@p) of cemented sands
are observed to increase with increasing relative density and cementation level, the relative density appears to have
more significant effect on pi'gp) than the cohesion intercept does. From analysing the test results of three different sands,
it is shown that the smaller the particle size the larger the cohesion intercept and pi'ep), due to the increased number
of contact points between the particles.
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A Practical Analysis Method for the Design of Piled Raft Foundations

o] & ¥ Lee, Seung-Hoon

o 3F° Park, Young-Ho

+ 49 & Song, Myung-Jun
Abstract

Piled raft foundations have been highlighted as an economical design concept of pile foundations in recent years.
However, piled raft foundations have not been widely used in Korea due to the difficulty in estimating the complex
interaction effects among rafts, piles and soils. The authors developed an effective numerical program to analyze the
behavior of piled raft foundations for practical design purposes and presented it briefly in this paper. The developed
numerical program simulates the raft as a flexible plate consisting of finite elements with eight nodes and the raft is
supported by a series of elastic springs representing subsoils and piles. This study imported another model to simulate
pile groups considering non-linear behavior and interaction effects. The apparent stiffnesses of the soils and piles were
estimated by iterative calculations to satisfy the compatibility between those two components and the behavior of piled
raft foundations can be predicted using these stiffnesses. For the verification of the program, the analysis results about
some example problems were compared with those of rigorous three dimensional finite element analysis and other
approximate analysis methods. It was found that the program can analyze non-linear behaviors and interaction effects
efficiently in multi-layered soils and has sufficient capabilities for application to practical analysis and design of piled

raft foundations.
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Effect of Distrubance on the Compressibility Characteristics of
Marine Clay

+ A A Yu, Sung-Jin 2 o <2 Chae, Young-Su
% 33 Kim, Jong-Kook + 9 A4  Yoon, Won-Sub
Abstract

This study describes compressive characteristics of marine clay at southwestern coast in Korea by large block and
piston samples. Through the analysis of disturbance effect and various consolidation test, consolidation result shows
that volumetric strain from large block samples is lower than piston samples and compression index of large block
samples is larger than piston samples value. We suggest new empirical equation of compression index by the effect
of compression index following sampling method. If consolidation settlement is presumed using empirical equation of
compression index, the resurt will be more reasonable in predicting settlement than that obtained by the decision of

compressibility characteristics from piston samples.
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Analysis of Digital Vision Measurement Resolution by Influence Parameters

7 % 91 Kim, Kwang-Yeom 71 # {2 Kim, Chang-Yong
°o] & X3 lee, Seung-Do o] A <l4 Lee, Chung-In

Abstract

This study has reviewed the applicability of displacement measurement by using a digital vision technique based on
typical photogrammetric methods. In this study, a series of experimental measurements have been performed in order
to improve the accuracy of digital vision measurement by establishing criteria of factors of various vision measurements.
It is found that the digital vision measurement tends to show higher accuracy as the image size (resolution) and the
focal length become larger and the distance to an object becomes closer. It is also observed that measurement error
decreases with processing as many images as possible in various angles. Applicability on high-resolution displacement
measurement is proved by applying the digital vision measurement developed in this study to a large scale loading

test of concrete lining.
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Keywords : Digital vision measurement, Measurement error, Measurement of displacement
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Fig. 1. Principle of 3D-reconstruction by using spatial intersection,
homologous points and known interior and exterior
orientations of the cameras
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Table 1. Typical influence parameters for digital vision

Parameter Effect
type of light shape & color of object
distance between lens and

focal tength

sensor
. : number of pixels for expression
image size .

of object
diaphragm adjustment of amount of light

(amount of acquired light) into lens

correction of color distortion

hit
white balance due to type of light

1ISO how fast camera get light
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Table 2. Specification of high resolution digital camera (Nikon D2X)
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Fig. 2. Basic arrangement for field test to determine the
accuracy of digital vision measurement (1~ @ : coded
target for control points, L-R : scale bar for measure-
ment, SC_L-SC_R : standard scale bar)

Image Sensor(CCD)

Size : 23.7 x 15.7mm

Record Format

JPEG(Exif Ver. 2.1}, RAW / DCF, DPOF

Max. Image Size

4,288 x 2,848(pixels)

Imgae quality mode

JPEG(fine / normal / basic), TIFF

Area of Coverage(mm)

38~155

Color Mode sRGB, Adobe RGB, sYCC
Shutter Speed 30 ~ 1/8,000 sec, Bulb
Minimum Focal Length General : 30cm, Macro @ 2cm
ISO 100 ~ 800
Size/Weight 156x158x80mm/1.2kg

Table 3. Specification of lens for D2X (Nikkor AF-S DX ED 17-55mm F2.8G (IF) )

Focal Length

17mm ~ 55mm

Angle of View 28° ~ 79°
Lens Iris F/2.8
Lens Scale Factor 1/5
Minimum Distance to Object 0.36m
Filter Diameter 77mm

Size(Diameter x Length)/Weight)

85.5x110.5mm/755¢
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(a) plane view (b) front view

Fig. 3. 3D reconstruction of the test field. 20 points are used for
the exterior orientations
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Fig. 4. Comparison of number of pixels for representing a target
at two different image sizes
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Fig. 10. Image width in world coordinate system depending on the distance to object (focal lenth = 55, number of images = 6)
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Fig. 11. Measured length of scale bar depending on the distance
to object (focal length = 55, number of images = 6)
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Table 4. Precision of 3D digital vision monitoring

Resolution Max. error Mean error Variance
{mm/pixel) (mm) {mm) {mm)
0.01 0.76 0.42 0.06
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EFFECT OF COMPLIANCE ON NEWMARK-TYPE RIGID BLOCK
DEFORMATION ANALYSIS

Newmark-42] A B2 HYsiAdo] 3 FA%=e] F3&F
Kim, Jin-Man' 722 A u

Abstract

This study investigates the effect of spatial averaging and compliance taken account of in the analysis of
earthquake-induced permanent deformation of slopes. At present, the rigid block analysis originally proposed by Newmark
is widely used in the deformation analysis, mainly because of its computational efficiency. This type of approach,
however, adopts the so-called decoupled approach, in which seismic response and deformation analyses are carried out
separately. Original Newmark block analysis assumes the potential sliding mass to be noncompliant, and has been
criticized to be potentially unconservative. This paper reviews the impact of the noncompliance assumption of the
potential sliding mass in the Newmark-type analysis. The gross effects of earthquake shaking on the potential sliding
mass are estimated by spatial averaging method and analyzed in frequency domain. The results indicate that there is

a simple criterion that can be used to determine the level of compliance of the potential sliding mass.

2 X

Ao Qs Abglel BT TH WP ALA VelE FUFRY fATY FFS ZASA A WAL
ofli= Newmarko] A|eFet A g2 44710 of 7]%e] E&H< ANSE R ) Feshi A= Uk T2t
o A7 ANGTHLT M-S WD ST 9] LS Hesha Aok F2| Newmark 512
e SEEAE FHAR RO )2 Ustol v A} 558 4 9 o
Newmark-3 4] S{4joll ) 471 7199l GF& FEshgict WEEA] Bgohs AUSF WA A7E BWB
718e AMgstel WSt om 1 NS Fug Goold BASG ALY FFEAS AR 458
AT A9 AT UL BEA ARE A,

Keywords : Compliance, Newmark-Type Analysis, Rigid Block Analysis, Seismic Slope Deformation

1. INTRODUCTION on an inclined plane, to propose a simple way for

estimating a permanent displacement of the sliding mass

In general, the post-earthquake serviceability of a due to earthquake shaking. Newmark’s sliding block

slope depends more on deformations than on the index method was originally developed to give a quick estimate

of stability (e.g., the factor of safety) given by pseudo of the magnitude of the movements to be expected in

-static method of analysis. Newmark (1965) and Seed a sliding wedge of rock or earth in a slope subjected to
and Goodman (1964) used the analogy of a block resting earthquake shaking.

1 Member, Associate Prof., Dept. of Civil Engrg., School of Civil and Environmental Engrg., Pusan National University, 30 Jangjeon-dong, Geumjeong-gu, Busan 609-735,
Korea, jmkim@pusan.ackr, Cotresponding Author

* =R g EAE dhe 392 20089 6% 308704 1 WS g87 mUFAY] Bigych AR AE HEFH 84 =Ee) At =guth

EFFECT OF COMPLIANCE ON NEWMARK-TYPE RIGID BLOCK DEFORMATION ANALYSIS 117



The analysis of the seismically induced slope deforma-
tions requires the evaluation of the dynamic site response
and of the dynamically induced slope deformation. Typically,
simplified decoupled procedures have been being used in
practice for seismic slope deformation, mainly because of
their computational efficiency. Ideally, the ground response
and slope deformation analyses should be performed in
so-called coupled mode such as dynamic FEM analyses.
The coupled analyses are, however, generally time-
consuming, and cannot be used routinely, even in current
fast computing environment. In the decoupled approach,
on the other hand, seismic response and deformation
analyses are carried out separately. Hence, a number of
investigations (e.g., Lin and Whitman 1983, Rathje 1997,
Matasovic et al. 1998) have explored the effectiveness of
the decoupled approach and other simplifying assumptions.

Original Newmark analysis assumed the potential
sliding mass to be noncompliant and hence the dynamic
site response analysis was not performed. The paper
reviews the impact of the noncompliance assumption of
the potential sliding mass in the Newmark-type rigid
block analysis. The effect of spatial averaging in the
decoupled analysis of earthquake-induced deformation of
slope is investigated. Finally, the paper proposes a
relatively simple criterion that can be used to determine

the level of compliance.

2. SIMPLIFIED DECOUPLED PROCEDURES

Newmark (1965) used the analogy of a block resting
on an inclined plane, to propose a convenient way for
estimating a permanent displacement of the sliding mass
caused by earthquake shaking. It is assumed that the
whole sliding mass moves as a single rigid body with
resistance mobilized along the sliding surface as shown
in Figure 1 (noncompliance assumption). Seed and Good-

man (1964) proposed a similar approach.

2.1 Newmark-type Rigid Block Approaches

The computation of the permanent displacement of

unsymmetrical resistance from an earthquake record is
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Figure 1. Estimation of Displacement During Single Slip Event:
{a) Rigid Block on a Moving Support; {b) Rectangular
Block Acceleration Pulse; (c) Velocity Response to
Rectangular Block Acceleration (Redrawn from New-
mark 1965)

illustrated from the plot in Figure 2. The curve v, re-
presents the velocity of the ground beneath the sliding
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Figure 2. Computation of Permanent Displacement-Unsymmetrical
Resistance: (a) from Franklin and Chang (1977); (b)
from Bray et al. (1995)

mass, while the resistance along the sliding surface is
represented by a slope, dv/d=N,. Whenever the ground
acceleration (slope of the ground velocity) exceeds the
yield acceleration Ng, the velocity curve of the sliding
mass departs from that of the ground and follows a linear
path, v,/=Ng-f, until the two velocities again become
equal, at which time relative movement ceases. The total
- permanent displacement is then given by the sum of the
areas between the two velocity curves. The ground
velocities, ground displacements, and permanent dis-
placements can be computed numerically, using any qua-

drature rules appropriate.

2.2 Limitations of the Decoupled Approach

A number of investigations (e.g., Lin and Whitman
1983, Gazetas and Uddin 1994, Kramer and Smith 1997,
Rathje 1997, Matasovic et al. 1998) have explored the

effectiveness of the decoupled approach and other sim-

plifying assumptions. It is known that the decoupled
approach in general provides little conservative results
compared to those of the coupled approach. Other factors
such as the vertical component of acceleration were also
explored and found to be insignificant in practical pur-
poses (Yan 1996, Ling and Leshchinsky 1997, Matasovic
et al. 1998). It was however reported (e.g., Bray et al.
1998) that the direct use of input acceleration time history
without considering system compliance (i.e., without
considering the averaging effect of ground motion acting
on the potential sliding mass) can be significantly un-

conservative (i.e., produces significant small displacement).

2.3 Average Seismic Coefficients

Earthquake-induced inertia forces alternate in direction
many times in soil masses within a slope. It is these
pulsating forces, superimposed on the initial self-weights
of soil masses, which disturb the stability of slopes. It
has been a serious interest among earthquake engineers
to estimate the gross (overall) effects of earthquake shaking
on the potential sliding masses of slopes (e.g., Seed and
Martin 1966, Chopra 1967). Overall effects of earthquake
shaking on the potential sliding masses can be assessed
either in terms of the peak value (pseudo static analysis)
or time history (deformation-based analysis) of the inertia
forces acting on a slope during the earthquake. Deformation
-based analyses are, in general, more involved than the
pseudo static analyses and require the estimate of time
history of the inertia forces, which is used as input signal
in time-domain deformation analysis.

The total lateral force acting on the potential sliding
mass bounded by the slip surface at any particular instant
(Figure 3) is given by (e.g., Seed and Martin, 1966):

ify) .
- - F=Emiy) ity
£

fo

Accelerotion distribution
at 141,

Figure 3. Concept of Average Seismic Coefficient (Seed and
Martin 1966)
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F=3 m(y)-i(y) (1)

where m()) is the mass of a slice and di(y) is the
corresponding horizontal acceleration of the slice at a
depth of y. The lateral force may alternatively be
expressed by a product of an average seismic coefficient

ke and the total weight W of the sliding mass as:

F=k_ W Q?)

ave

So, the average seismic coefficient at any instant is

given by:
F 1 ..
kave:W=Wzm(y)’u(y) (3)

The time history of average seismic coefficient k.. can
thus be obtained by evaluating k.. at other instants of
time during the earthquake. One special case is when the
potential sliding mass can be represented with reasonable
accuracy by a parallelogram as shown in Figure 4. If the
shear stresses are assumed to be constant at the base of
the sliding mass, as verified to be the reasonable assum-
ption in case of the deep slip surface by Elton et al.
(1991) and Bray et al. (1996), the average seismic

coefticient for the sliding parallelogram is given by:

" ybh y-h 4

The time history of average seismic coefficient k. can
thus be obtained by replacing the shear stress 7, at any
particular instant with a time history 4(?) of the shear

stress, defined as:

AU}
0 )

Figure 4. Parallelogram I|dealization of Potential Sliding Mass
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The shear stress time history at the base of potential
sliding mass may be evaluated with 1-D wave analyses.
It is noted that the magnitude of the average seismic
coefficients for a potential sliding mass at any given
depth is independent of the base width b for these special
cases. Some engineers prefer to use a horizontal
equivalent acceleration (HEA) time history, which is
given as a product of the seismic coefficient and

gravitational acceleration as:

7,(H)
p-h (6)

HEA(t) =k, (1)-g =

in which g is the gravitational acceleration and p is the
density of the sliding mass.

In cases of more complicated geometry, the average
seismic coefficient k.. for a potential sliding mass can
be estimated by performing 2-D or 3-D dynamic response
analyses of the slope cross section (e.g., Chopra 1966,
Makdisi and Seed 1978, Idriss et al. 1973). The average

seismic coefficient ku. is, in general, computed as:

v NU

3. SPATIAL AVERAGE of MOTION ACTING
on HORIZONTAL GROUND

Figure 5 shows the case of a uniform elastic soil layer
overlying a halfspace of rock. The vertical propagation
of horizontal shear waves through visco-elastic medium

(Kelvin-Voigt solid) is given as:
Ul(z,t) = (E€™ + Fe™)e™™ = Ee'E*) 4 Feiteme) 8

where k£ and w are the complex wave number and
angular frequency respectively.
The acceleration can be obtained as the derivative of

the equation as:
U(z,1) = ~@*(Ee™ + Fe™)e'™ %)

where the complex wave number k is given as:
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Figure 5. Wave Propagation in Uniform Elastic Soil Layer
Overlying a Halfspace of Rock
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"~ G+ion TG (10)

5

G*=G +ion = G(1+2i{) (11)

The boundary condition where shear stresses are zero
at free surface gives: E=F, and Equation 9 can be written
as (Schnabel et al. 1972):

U(z,t)=—Ea’(e” +e*)e = 2Ew’ coskze™ (12)

The gross (overall) effects of earthquake shaking on
the potential sliding masses are of our ultimate interest.
Overall effects of earthquake shaking on the potential
sliding masses may be assessed by integrating all the
acceleration time history along the height A of the soil

layer, given as:

HEA(f) = % f Ulz,t) de

1 )
=— f—ZEa)z coskze™ dz
H

_ 2 _iax
:Lﬁ]’e_ fz:oskz dz

_—2E@’¢™ sinkH (13)
kH

Alternatively, Equation 13 can be derived from
Equation 5. The frequency response (or transfer) function
for the HEA (i.e., average acceleration) and the motion
at the bottom of the soil layer (i.., input acceleration

time history) can thus be given as:

HEA(r)
Uz=H,1)
_ sinkH
" kH coskH
_tan kH (14)
kH

H(o)=

Equations 13 and 14 are valid regardless of the
bedrock stiffness (i.e., rigid or elastic).

4. EFFECTS of SPATIAL AVERAGING

Figure 6 shows the ratio between the amplitudes of the
HEA and bottom acceleration (i.e., amplification function
| H(w) | ) along with that between the amplitudes of the
free surface and bottom acceleration, when the soil is
undamped ((=0). The figure indicates that the spatial
average of motion is always less than the motion at the
free surface. The average motion is amplified ( | Hw) 1)
at small kH (i.e., small wH/v, such as stiff soil, low
height, and low frequency motion) up to around the first
fundamental frequency of the soil deposit and the motion

is de-amplified ( | H(w) | <1) as kH increases, except

. . v,
around natural frequencies (i€, w, = —'~(£+n7r) =0,12.....,

H\2

o). Therefore, the spatial averaging acts like a linear
filter that amplifies low frequency content and de-
amplifies high frequency content of motion. These findings
generally support the previous landfill investigations
(e.g., Bray et al. 1998) and their finding that the direct
use of input acceleration time history in Newmark block
analysis without considering system compliance can be
significantly unconservative (i.e., produces significant
small displacement). That is mainly because the computed
slope displacement is influenced mainly by low frequency
average motion that amplifies and is not sensitive to high
frequency motion (e.g., beyond 10-20 rad/s) that de-amplifies
due to the averaging (Figure 7). However, it should be
noted that the direct use of an input acceleration time
history, which does not consider the averaging effect of
ground motion acting on the potential sliding mass, can
be conservative in case of a soil deposit of very long
period, although this unusual case should be assessed by

methods other than Newmark-type approach. On the other
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Figure 6. Ratio Between the Amplitudes of the HEA (Horizontal
Equivalent Acceleration) and Bottom Acceleration (i.e.,
Amplification Function | H(w) 1) Along with That
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with Respect to kH; (b) with Respect to w for
Height=5 m; (¢} for Height=50 m; (d) for Height=200m
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Figure 7. Effects of Motion Frequency on the Computed Displace -
ment

hand, the direct use of rock outcrop motion as input
motion in the Newmark deformation analyses may be
justified, if the fundamental period of the slope is
sufficiently short (i.e., shallow soil deposit with high
shear velocity). The upper bound of this fundamental
period is of our special interest. We need to find the

maximum value of the period that satisfies Equation 14 :

tankH ~1.0

He)y=—1 (15)

Tt can be easily shown that for k#<0.51, | H(w) | <110
(ie., less than 10 % difference). Therefore, the maximum

value of the period of the slope can be estimated as:

ki =L = L3 _oT 45
4 (16)

v, 4 v,

Since the computed displacement is not sensitive to
high frequency motion (beyond 10-20 rad/s), the maxi-
mum value of the characteristic site period can be found

as:

[\°)

0_20_ 45 second a7

1

T

o

The rigid bedrock motion is the same as the bedrock

outcropping motion and for high frequency. range (i.c.,

w»ET_’i) the difference between the elastic bedrock
motion and bedrock outcropping motion is negligible,
while the ratio between the amplitudes of the bedrock
motion and the outcropping motion is always less than
1 (e.g., Schnabel et al. 1972). Therefore, it can be

concluded that the direct use of rock outcrop motion as



input motion in the Newmark deformation analyses is
justified, if the fundamental period of the slope is less
than 0.2 second.

5. SUMMARY and CONCLUSIONS

This study investigates the effect of spatial averaging
and compliance taken account for in the analysis of
earthquake-induced deformation of slope.

The results suggest that the spatial averaging acts like
a linear filter that amplifies low frequency content and
de-amplifies high frequency content of motion.

The results generally support the previous finding that
the direct use of input acceleration time history in
Newmark-type block analysis without considering system
compliance can be significantly unconservative. On the
other hand, the direct use of rock outcrop motion as input
motion in the Newmark deformation analyses may be
justified, if the fundamental period of the slope is
sufficiently short (i.e., shallow soil deposit with high
shear velocity)

The results lead to a relatively simple criterion that can
be used to determine the level of compliance. It is
concluded that the direct use of rock outcrop motion as
input motion in the Newmark-type deformation analyses
is justified, if the fundamental period of the slope is less
than 0.2 second. The study, however, does not take
account for the effect of damping, which is desirable to

be included in the study in the future.
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