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Experimental Evaluation of the Moment Capacity of a Railway Electric Pole
Foundation Adjacent to a Fill Slope

o] & ¥ Lee, Su-Hyung

o] A A Lee, Sung-Jin

o] o 3} Lee, 11-Wha
Abstract

The moment responses of electric pole foundations for a railway were investigated using real-scale load tests. Large
overturning moments were applied to two circular rigid piles with a 0.75 m diameter and a 2.5 m embedded depth;
the circular rigid piles were installed in an actual railway embankment fill. Two different loading directions-toward the
fill slope and toward the track -were applied to evaluate the influence of the fill slope on the moment capacities of
the foundations. It was found that the failure of the foundations that were constructed according to Korean railway
practices exhibited a sudden overturning pattern without any significant pre-failure displacement. The moment capacity
toward the fill slope was less than the moment capacity toward the track by 30%. From the test results, the geometry
factor (K), which accounted for the reduction of the moment capacity, due to the fill slope, was 0.7. Moment capacities
determined from the load tests were compared with those predicted from three existing design methods, and their

applicability was discussed.
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Fig. 1. Schematics of Loads acting on a Pole Foundation of
Railroad

6 e=AgtEstel=2y H28d HMes

Szsto] 7127k Y 4 = =l

QItiBalfour Beatty Construction Ltd., 1986; Broms, 1964;
Hansen, 1961; UIC/ORE, 1957, Dickin and Nazir, 1999).
ol5 A Anh A7 2Lz} P
H A= AA =27] 7128 AFRUE 4Bl 285}
7)ol B} oIk wekal wet gl doln Hee A
57120 A= 5L Sdade A4 2719
720 et AatAlgo] WhEAl Fastc) el 5
shgofl Hlsto] FoiAler mje Z HHES 7|3 A
sa7] 9IsAE Alshae] 712 dek oldA S 4
Aol 77 27 sfof ek webA vk o e

Y

=
_I]rlﬂ

o oA omr oM
lo -llN
ilod
0
N o
T A
ot 1 g
LTl =
ok m
) do
iy N
N lo
N >
B 2
=2 o
g S
ETGE
s o
N o
X5 o
> Y

of

N
BNo
1o o2

2ypo Askerozy
Fral] B o] G 3ol 7

EEEER LR R RS
b1 $1tel 283t

2
S~
>
12
iz
R
o%
o2k
2

Nt
; 4
T 32
o
>
v 2L
‘H,
59 i)
o =
oot
filo
=
)
ol

k1
so
fr
N
o
)
>
il
=
i
R
Ny
o
P,L
32
)

2. I MAEZ J|x9| MA 2 A2 §HE



Table 1. Types of loads acting on a pole foundation (Korea Rail Network Authority, 2004)

Types of Loads Details
Wind pressure against electric cable
Wind Wind pressure against pole (vertical to railroad)
Wind pressure against pole (Horizontal to railroad)
Horizontal Wind pressure for beam (Horizontal to railroad)
Horizontal tension at the standard temperature
Horizontal tension at a curved section Horizontal tension at —5[C]
Horizontal tension at the minimum temperature
Electric cables
Beams
Vertical Self—weight Poles
Auxiliarly parts
Workers
Ice Ice on electric cables

Table 2. Examples of loads acting on a pole foundation for pole span distance 50 m and radius of curvature (R) 1000 m

Types of loads Load (kN) Moment (kN-m)
Vertical 11.63 5.40
Horizontal tension 2.1 15.56
Horizontal
Wind 6.96 45.01

(a) Rectangular concrete foundation

(b) Circular concrete foundation

Fig. 2. Types of electric pole foundations in Korean railroad
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(a) Boring machine operating on railroad

(b) Excavated hole for a foundation

Fig. 3. Construction method for circular concrete foundation
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Table 3. Values of strength factors (S) (Korea Rail Network
Authority, 2004)

Maximum loads Maximum load for ordinary operations

for a storm Stable ground Deformable ground
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Table 4. Values of shape factors (f) (Korea Rail Network Authority, 2004)

Shape Crushed stones

Circular concrete Rectangular concrete T shape

Form conditions |Without a form| With a form

Without a form

Pouring just

With a form | Without a form | With a form i
after excavation

Shape factor 0.6 0.75

1.0

0.9 1.1 1.0 1.4

Table 5. Values of geometry factors(A) (Korea Rail Network

Authority, 2004)
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Fig. 4. Assumptions for the distributions of soil pressures acting on a foundation
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Condition 1, 2

Condition 1 > 0.8m
Condition 2 < 0.8m
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Fig. 5. Geometry conditions of German design method (Kiessling et al, 2009)
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Table 6. Geometry factors for French design method (Korea TGV Consortium, 1995)

K
Geometry Sections Moment Moment
+ —
Moment
»f_\(:«
!
d <= 1.60m ' }
Fill 1 1
1/1>Slope>1/3
Moment
[
d>1.60m ' 1
Fill 1.3 1
Moment
’/—Y +\
|
i L ‘ T
Plain 1.3 1
Slope=<1/3
Moment
> R
— +
T
Cut 1.5
Height=0.8m
Slope > 1/3
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0.8m|

7 7SN

2.5m
Foundation section

(a) Loading against a fill slope

0.6m —‘

ZS RN

2.5m

(b) Loading toward a fill slope

Fig. 6. Type of tests according to loading directions
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Table 7. Results of ground investigations

Test LFWD Dynamic cone penetration test
es
type Elastic modulus | DCP Index |Internal friction angle
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Foundation

(a) Schematics of loading method

(b) On-site view for the loading method

Fig. 7. Loading method using a crane
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Fig. 8. Locations of LVDT
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Fig. 9. LVDTSs for the measurements of foundation displacements

Figure 102 A 232 Wehd 7|zof2|of 2}-838l=
T E] gt 3)zy S|tk AbHFo R At
A0} AP Whgel ARgen Al A
= 9}3) o)Fo] At sHze] Zle} g mHES}
waet= HA AsS YERHRITE Figure 11-2 Dickin
& Laman(2003)0] ZUgt AR tigh AP
A3z AA g Q7120 Sz HE BHoR,
Siek vtohgo] WAYSHA] edal S| zbe] St ket
BHEsL QLR 0w Zrete @Akl Lehgom, of

300 4 —4a— Toward track

“‘\\\ e Toward slope
A T
250 i T
7] A’ \‘\‘\;
A \‘\\‘
A‘ \‘\\
= 200 AT —— — \‘\;\
1S » —_— A ey
z : S \
SN } \ \
\ .
= 150 -4 \‘\
£ \
5 i \ !
= 100 4§ A [

50

4 T T . T T T T T
0.0 0.2 0.4 06 0.8 1.0 12
Rotation Angle (Degrees)

Fig. 10. Moment-rotation curves from the field load tests
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Table 8. Failure moments and design capacities obtained from the load tests

Failure moments from field load Design moment capacities (kN-m)
tests (kN-m) Korean method French method German method
Against track 215.5 47.7(4.3) 92.3(2.2)" 77.6(2.7)
Toward track 290.1 79.5(3.6)" 120.1(2.4)" 97.0(3.0)"

"Safety factors obtained from the failure moments
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Table 9. Comparison of geometry factors between field load test and design method

Failure moments from field load tests

Design moment capacity

Korean method

French method German method

Geometry factor (K) 0.71

0.60 0.77 (1/1.3) 0.80
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Skin Friction Mobilized on Pack Micropiles Subjected to Uplift Force

% & E  Hong, Won-Pyo Z A ©’  Cho, Sam-Deok
3 # &’ Choi, Chang-Ho o] & ®l' Lee, Choong-Min
Abstract

Pack micropiles were recently developed to improve pile capacity of general micropiles. Pack micropiles were made
by warping thread bar or steel pipe of general micropile by geotexlile pack and grouting inside the pack with pressure.
According to the pressure, the boring hole could be enlarged. A series of pile uplift tests were performed on three
micropiles. Two out of the three piles were the pack micropiles and the other was the general micropile, in which
a thread bar was used in the boring hole. According to the pressure applied to the pack micropiles, the diameter of
boring hole was enlarged from 152 mm to 220 mm. Unit skin friction mobilized on side surfaces of micropiles increased
with displacement of pile head and reached on a constant value, which represents that the relative displacement between
piles (or thread bar) and soils was reached on critical state. And the uplift resistance of pack micropile was higher
than that of general micropile. Two reasons can be considered: One is that the frictional surface increases due to enlarging
diameter of boring holes and the other is that the unit skin friction could increase due to compressing effect of surrounding
soils by soil displacement as much as the enlarging volume of boring hole. The compression effect appeared at deeper
layer rather than surface layer. The unit skin friction mobilized on micropiles with small diameter was higher than the

ones on large bored piles.
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A Study on the Characteristics of Stress History of Kwang-Yang Port
Clayey Soil Based on the Long-term Consolidation Test

Am

7 A &' Kim, Jin-Young % A’ Ryu, Seung-Seok
w2l 2" Baek, Won-Jin Al A 2! Shim, Jae-Rok
2 A*  Oh, Jong-Shin 7 % & Kim, Seong-Gon

Abstract

In this present study, the long-term consolidation tests were performed using the remolded Kwang-Yang port clayey
soil to clarify the effect of stress history and over-consolidation ratio (OCR) on the long-term consolidation characteristics
of the soft clayey soil. For the over-consolidated state clayey soils, in case OCR exceeds 1.5, there are no great differences
of secondary consolidation settlement and final settlement even if OCR increases from 2.0 to 3.0. Therefore, it has
been understood that the value of OCR applied on the field site to reduce the secondary consolidation settlement and
the final settlement is about 1.5. In addition, in order to investigate the relationship between the pre-loading period
and the characteristics of long-term consolidation behavior obtained from the test results using the remolded Kwang-Yang
port clayey soils, the influence on long-term consolidation behavior was not large though the pre-load was unloaded

with the consolidation degree 70~80% exceeded.
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Table 1. The physical properties of marine clay for laboratory test

StSFx100%)o] e 283
S48 921] 371 §13) Table 301 ehdl S5k

o2 A7)UAFL SRt

_1: 140] o]/k]-_o_

Astat .
okA} epA] Fm AMREL AsA e et
AYAE HROR AREEOCR=LS) 25150
WU U=25, 35, 50, 70, 80, 90, 100%:
% AsiAlo] olAeru s

U=

Liquid Limit (%)

Plastic Limit (%)

Plasticity Index

Specific Gravity

Percent finer by 0.074 mm

Remarks

43.33 29.79 13.54 2.68 83.54% original ground clay
46.91 31.19 15.72 2.69 87.3% 0.42mm passing sample
Table 2. Loading patterns of over-consolidated states
Initial Cons. Pres. Unloading Cons. Applied Pres. Overcons. Ratio

(kg/cm?) Pres. (kg/cm?) (kg/cm?) (OCR) Remarks
Case 1-1 1.6 - - NC
Case 1-2 3.2 1.0
Case 1-3 6.4 2.0
Case 2—1 3.2 1.0 Case 1-2
Case 2—2 3.52 1.1
Case 2—-3 3.84 1.2
Case 2—4 4.16 16 3.2 1.3
Case 2—-5 4.8 1.5
Case 2—6 6.4 2.0 Case 1-3
Case 2—7 8.0 2.5
Case 2—8 9.6 3.0

Table 3. Loading patterns by difference of degree of consolidation
Initial Cons. Unloading Cons. Applied Pres. Overcons. Ratio Degree of Cons.
Pres. (kg/cm?) Pres. (kg/cm?) (kg/cm?) (OCR) U, %)
Case 3—1 25
Case 3-2 35
Case 3-3 50
Case 3—4 4.8 1.6 3.2 1.5 70
Case 3-5 80
Case 3—-6 90
Case 3—7 100
ZOILTAIEN st 22Le HHAES 22018 4 ¢ 33
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Over—Consolidation Ratio

1.0 1.1 1.2 1.3 1.5 2.0 2.5 3.0
consolidation | 2,000 0.168 0.150 0.146 0.144 0.140 0.129 0.117 0.107
time (min) | 30,000 0.237 0.211 0.195 0.186 0.170 0.148 0.134 0.123
(AS/A (mm/min) | 2.464x107° | 2.178x107° [ 1.750x107° | 1.500x 107 | 1.071x107° | 6.780x 107" | 6.070x 107" | 5.710x 107"
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Development of Automated Monitoring System for Soft Ground
Settlement Based on Hole Senor

A oA A Jeon, Je-Sung

o] & I’ Lee, Keun-Ho

« 5 7 Yoon, Dong-Gu
Abstract

Magnetic sensing system and automated monitoring system based on digital hall sensor for ground settlement are
developed to change traditional method for monitoring surface settlement and underground settlement by manual type
and to overcome technical limits of existing automated settlement monitoring system. It's possible to monitor surface
settlement and underground settlement with multi-points at the same time in a single hole with NX size. It was possible

to verify technical confidence and stability by several case studies of soft ground improvement project.
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Table 1. Existing ground settlement monitoring system by

manual type
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Verification of Calcium Carbonate by Cementation of Silt and
Sand Using Bacteria

L B Park, Kyung-Ho
AN Kim, Dae-Hyeon
Abstract

The purpose of this study is to understand the mechanism of cementation of soil induced by bacteria. In order to
understand the mechanism of cementation of soft soils treated with bacteria, six types of specimens(Not treated, Normal
concentration bacteria treatment, High concentration bacteria treatment, Supernatant high concentration bacteria treatment,
Double high concentration bacteria treatment, and 25% Specimen high concentration bacteria treatment) were made.
Scanning Electron Microscope (SEM), EDX and X-ray diffraction (XRD) analyses were performed on the soft silt and
loose sand specimens. Compared with the normal bacteria concentration treated specimen, a clearer cementation between
particles was observed in the 25% specimen high bacteria concentration treated specimen. On the basis of the preliminary

results, it appears that microbial cementation can occur in the soft soil.
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Fig. 1. Creation processes of CaCO; (Dejong et al., 2010)
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Fig. 2. Sieve analysis and Compaction curves for soils used in the study (Kim, 2011)

Table 1. Properties of soils used in the study (Kim, 2011)

Classification Gs # 200(%) Iamao (glcm’) OMC(%) LL(%) PL(%)
SP 2.67 2.4 1.608 14.9 N.P N.P
ML 2.67 64.3 1.328 11.6 23.3 N.P
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Table 2. Mixing ratio of test specimen (Park, 2011)
. ) Calcium chloride Bacteria
Specimen Treatment method (after 7days) Soil (g) solution (m) solution (m) Water (ml)

No treatment 317.32 - - 48
Normal concentration bacteria treatment 317.32 24 24 -
High concentration bacteria treatment 317.32 24 24 -
Supernatant high concentration _

SP bacteira treatment 317.32 24 24
Doublle high concentration 317 32 o4 o4 _
bacteira treatment
25% Spemmen high concentration 79.33 o4 o4 _
bacteria treatment
No treatment 185.6 - - 22
Normal concentration bacteria treatment 185.6 11 11 -

ML High concentration bacteria treatment 185.6 11 11 -

o ) ; .

25% Spemmen high concentration 46.4 1 1 _
bacteria treatment

Fig. 3. Change of specimens due to microbial reaction experiment
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Fig. 4. SEM analysis result of sand (after 7days)
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Fig. 5. SEM analysis result of silt (after 7days)
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No treatment Normal concentration bacteria treatment High concentration bacteria treatment
Mineral Content(%) Mineral Content(%) Mineral Content(%)
Si 91.56 Si 81.79 Si 40.09
Al 5.76 Cl 5.73 Cl 15.95
K 1.66 Al 4.81 Al 12.59
Ca 1.02 Ca 6.84 Ca 14.78
AR °C‘ . T ‘ ‘ E ,:LJLJE‘\,ASL fe e ‘
Supernatant high concentration Double high concentration 25% Specimen high concentration
bacteira treatment bacteira treatment bacteria treatment
Mineral Content(%) Mineral Content(%) Mineral Content(%)
Si 67.07 Si 63.22 Si 42.99
Cl 10.91 Cl 11.42 Cl 18.14
Al 8.16 Al 12.92 Al 5.21
Ca 12.05 Ca 10.33 Ca 26.72
Fig. 6. EDX analysis result of sand (after 7days)
* ¢ : " Energy (kel) : * : ° Energy (keV)
No treatment Normal concentration bacteria treatment
Mineral Content(%) Mineral Content(%)
Si 48.06 Si 41.57
Al 27.72 Al 25.84
K 3.69 K 3.94
Ca 1.48 Ca 2.58
: a LA o Enewg&) s B s
High concentration bacteria treatment 25% Specimen high concentration bacteria treatment
Mineral Content(%) Mineral Content(%)
Si 46.94 Si 4415
Al 25.41 Al 24.95
K 5.13 K 5.68
Ca 3.24 Ca 5.43

Fig. 7. EDX analysis result of silt (after 7days)
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Table 3. XRD analysis result of sand (after 7days)

Treatment methods of bacteria

Compound Name

Chemical Formula

Quartz Si O»
No treatment Microcline, ordered K Al Sis Og
Albite, ordered Na Al Siz Os
Quartz Si O»
Normal concentration Microcline, ordered K Al Sis Os
bacteria treatment Calcium Sodium Aluminum Silicate Caps Naps Al1.g Sizz Os
Albite, ordered Na Al Siz Os
Quartz S/ O»
High concentration Microcline, ordered K Al Sis Os
bacteria treatment Albite, ordered Na Al Siz Os
Calcium Silicate Oxide Cas S/ Os
Quartz Si O»
Supernatant high concentration Microcline, ordered K Al Siz Og
bacteira treatment Albite, ordered Na Al Siz Os
Anorthite, ordered Ca Al> Si> Os
Quartz Si O»
Double high concentration Microcline, ordered K Al Sis Og
bacteira treatment Albite, ordered Na Al Siz Os
Calcium Sulfate Ca S0y
o ) . ) Quartz S/ O»
25% Spebmrr;eﬁ h;gh tconctentratlon Microcline, ordered K Al Sis Os
acteria ftreatmen Calcite, syn CaCOs

Table 4. XRD analysis result of silt (after 7days)

Treatment methods of bacteria

Compound Name

Chemical Formula

Quartz Si O»
No treatment Albite, disordered Na (Sis Al) O
lllite K(Aly Siz Oo (OH)s)
Quartz, syn Si O

Normal concentration
bacteria treatment

Albite, calcian, ordered

(Na, Ca) (Si, Al)s Os

calcium aluminium silicate

K(Al; Sio Og (OH)3)

lllite

Ca Alo S/g 05

High concentration
bacteria treatment

Quartz, syn

Si O

Albite, calcian, ordered

Ca Al> Siz Os

calcium aluminium silicate

(Na, Ca) (Si, Al)s Os

lllite

K(Aly Si> Og (OH)s)

25% Specimen high concentration
bacteria treatment

Quartz, syn

S/ O

Albite, calcian, ordered

Ca /4/2 S/z 03

calcium aluminium silicate

(Na, Ca) (Si, Al)s Os

lllite

K(Aly Siz O (OH)s)
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Effect of Hydraulic Conductivity on Suction Profile and Stability of
Cut-Slope during Low Intensity Rainfall

nfre Zg]='  Khalid Mahmood

7 A a Kim, Jin Man

Abstract

The authors discuss the effect of hydraulic conductivity on the suction profile and stability of a typical cut-slope
subjected to low intensity rainfall. The initial suction value above the ground table in the unsaturated zone is assumed
to be 15 kPa. The uncoupled approach of finite element and limit equilibrium method is used to evaluate the stability
of the cut-slope at different elapsed times of rainfall. The finite element seepage analysis shows that the soil in the
unsaturated zone always remains unsaturated during the course of low intensity rainfall. Furthermore, the slope stability
remains practically unchanged so long as the wetting front remains in the unsaturated zone but it decreases noticeably

when the wetting front reaches and elevates the ground water table level.
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1. Introduction and Radd 1993; Wang and Sassa 2003) show that the
infiltration capacity and the subsequent change in matric

The infiltration of rainfall increases the water content suction are affected by several external and intrinsic
in the unsaturated slope, and reduces the resulting shear factors. The external factor includes climatic conditions
strength, and thus causes instability to slope. Several such as the rainfall duration and rainfall intensity while
studies including (Brand 1992; Rahardjo H. 2002; Pradel the intrinsic factors include the coefficient of permeability,
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water retention characteristics, and strength properties.
Among the intrinsic factors the hydraulic conductivity is
the most important factor that can directly affect the
rainfall infiltration. The previous study by Lee (Lee et
al., 2005) showed that the redistribution of matrix suction
is a key factor in the design of a specific slope. However,
it does not consider the effect of the hydraulic con-
ductivity. Mahmood (Mahmood et al., 2012) showed that
the stability of a simple single-sloped embankment slope
during a rainfall can be evaluated better on the basis of
unsaturated soil mechanics.

The purpose of the present study is to evaluate the
effect of the hydraulic conductivity and especially vertical
conductivity on the pore-water pressure profile and
ultimately on the stability of the three-sloped cut slope
during a low intensity rainfall. The low intensity rainfall
is applied in order to insure complete infiltration in the
unsaturated cut-slope. The applied low rainfall intensity

is further discussed in the text of the paper.

2. Example Problem

2.1 Geometry and finite element discretization of cut-
slope

The geometry and finite element discretization of three-
sloped cut slope is shown in Fig. 1. A constant suction
value of 15 kPa and hydrostatic pore-water pressure is
assumed above and below the horizontal water table,

respectively. For simplicity the rainfall is only applied at

24

the top of slope. Section 4’4" is used to evaluate the
volumetric water content and pore-water pressure at diffe-

rently selected times of rainfall.

2.2 Saturated-unsaturated seepage analysis and hydraulic
conductivity

The saturated-unsaturated seepage analysis in this study
is conducted using the finite element program (Seep/W).
In the finite element seepage model the flow of water
in the two-dimension for transient case can be defined
as:

H H H
9 )+ 9 (k‘ a—)+q=mpga—

0
Py (kllf o o, i
ox ox oy \ Y oy ot

where k., k, are the coefficient of permeability in the x

)

and y directions, respectively; H is the hydraulic head;
g, the applied boundary flux; p, the density of water; and
m, the specific water capacity. The specific water capacity

is defined as:

a0,
(2)

m=———
(ua _uw)

where 6, is the volumetric water content; u, , the pore
air pressure; u, , the pore-water pressure; and (u,— uy),
the matric suction.

For the saturated zone, as the volumetric water content
is constant, Eq. 2 becomes zero. In case of the unsatura-
ted zone, the hydraulic conductivity coefficient and the

volumetric water content are the functions of the matric
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suction. The curve that defines the relationship between
volumetric water content and matric suction is called soil
water characteristic curve (SWCC). In the present case
this SWCC is established using the method proposed by
Fredlund and Xing (1994). The parameters used for this
method are given in Table 1. The SWCC for the weathered
soil is shown in Fig. 2. There is no need to establish
SWCC for weathered rock as it remains saturated in this
study.

According to Boumans (1976), the value of K, for average
(or radial) flow can be computed from the geometric, or
logarithmic, mean of K, (horizontal direction) and K,

(vertical direction) as follows:

K, = yR,K, €)

logkK. =0.5(logk, +1ogkK,) ()]

Table 1. SWCC properties for weathered soil

In this paper the average hydraulic conductivity is evalu-
ated based on Eq. 3. For a known SWCC it is possible
to estimate the hydraulic conductivity curve based on the
Fredlund and Xing (1994) method, if the saturated hydraulic
conductivity value is known. The weathered soil saturated
hydraulic conductivity in the present case is assumed to
be 1x10™* my/s. It is assumed that for the case of K=K,
the hydraulic conductivity is 100% and the hydraulic con-
ductivity reduces to 70.7%, 31.6% and 22.4% respectively
for K,=0.5K;, K,~0.1K; and K,=0.05K,. The 100% (70.7%)
is taken as high and that of 31.3% (22.4%) is taken as
low. The hydraulic conductivity curves are shown in Fig. 3.

In this study a rainfall with intensity 3.5 x10° m/s that
lasts for a period of 84 h is assumed. According to Mein
and Larson (1973) if the rainfall intensity is less than the
saturated hydraulic conductivity then there will be com-

plete infiltration. The rainfall intensity in this case is lower

Material Weathered soil
Saturated volumetric water—content 0.441
Air entry value, a (kPa) 10

*Fredlund and Xing, (1994) parameter, m

1

*Fredlund and Xing, (1994) parameter, n

1

*m and 1 have been assumed
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Table 2. Strength properties for weathered soil and weathered rock

10* 10°

Material Weathered soll Weathered rock
Unit weight, (kN/m?) 18.8 19.8
Cohesion, (kN/m?) 34.9 4.8
Friction angle, (°) 27.8 27.8

0°, ) 31.5 315

than the lowest saturated hydraulic conductivity and thus

complete infiltration is assumed.

2.3 Failure criterion and material properties

The stability analysis in this study is conducted based
on the modified Mohr-Coulomb failure criteria that is

defined as

©)

r=c +(o, —u,)tany’ + (o, —u, )tany’

where (0,— u,) is the net normal stress; (g, — u,) is the

matric suction and; ¢, the angle expressing the rate of

increase in shear strength relative to matric suction.
The weathered soil and weathered rock properties are

those used in the paper of Lee et al. (2005) and are given

in Table 2.

H28H M6=
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The slope stability results in this study have been evalu-
ated probabilistically i.e., in term of reliability indexes.
In geotechnical engineering it has been well established
that, the soil medium is usually heterogeneous and its
engineering properties such as the strength parameters ¢
and ¢ vary. In this study the weathered soil deposit is
considered as statistically homogeneous which means that,
the strength parameters has one mean and one coefficient
of variation within the soil deposit. The detailed description
of statistical homogeneity can be found in the work of
Kim (2001). In this study the two strength parameters ¢
and ¢ are considered as random variables having the
coefficient of variation (COV) of 0.2 and 0.1 respectively.
These COV values have been selected from the paper of
Mahmood et al., (2012). The unit weight in this study

is considered as a deterministic value.



3. Results and Discussion

3.1 Initial condition

In this study the initial state is set up by providing a
constant suction value of 15 kPa above the ground water
table in the unsaturated zone. Furthermore, below the
ground water table the pore-water pressure linearly in-

creases with depth based on the hydrostatic stress law.

3.2 Transient seepage analysis

The rainfall infiltration increases the volumetric water

content in the unsaturated zone. This change in the volu-
metric water content thus affects the suction profile in
the unsaturated zone. Fig. 4a shows the volumetric water
content while Fig. 4b shows the pore-water pressure pro-
file for different hydraulic conductivities. These profiles
have been evaluated at section 4’4" of Fig. la at different
time of rainfall.

According to Fig. 4a, at the same depth the volumetric
water content is higher for the low conductivity than the
high hydraulic conductivity. Thus at the same depth the
matric suction is lower for the low hydraulic conductivity
than for the high conductivity. Furthermore, during the
same time of rainfall the wetting front for the low hydraulic
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conductivity (31.6%, 22.4%) is shallower than that of the
high hydraulic conductivity. From Fig. 4 it can be noticed
that at the end of rainfall, the depths of wetting fronts
for the low hydraulic conductivity 31.6% and 22.4% are
6 m and 5 m respectively from the top of the slope.

In case of the high hydraulic conductivities (100%,
70.7%), it can be seen from Fig. 4 that the wetting front
reaches the water table at the end of 66 hours of rainfall.
At the end of rainfall, it seems that the water table has
elevated up to a certain depth and has produced full
saturation above the water table. This saturation thus
creates a positive pore-water pressure that changes the
pressure considerably after 84 hours of rainfall.

According to Green and Ampt (1911), the soil above
the wetting front is fully saturated, while it remains at
the initial water content below the wetting front. In their
model, the flow of water in the saturated zone is con-
trolled by gravity and the matric suction effect. However,
It can be seen from Fig. 4 that the soil above the wetting
front is still partially saturated. In other words, the water
phase in the unsaturated zone is not continuous, thus the
gravity term does not contribute to the infiltration capacity.
The only term is then matric suction that contributes to
the infiltration capacity. In the unsaturated zone, the in-
filtration capacity in the vertical direction can be defined
according to the relationship proposed by Gavin and Xue
(2008).

= K ©)
’ Yy
where i, is the infiltration capacity in vertical y direction
and; S, is the matric head suction values at y depth.
The second term in Equation 6 on the right hand side
is defined as the hydraulic gradient due to suction. Equation
6 shows that the infiltration capacity is controlled by the
unsaturated hydraulic conductivity and the suction gradient.
Figure 4 shows that the wetting front depth increases
initially for all hydraulic conductivities but for 22.4% and
31.6% it reaches a depth of 5 m and 6 m respectively
at the end of rainfall. In case of hydraulic conductivities
100% and 70.7%, it progressively moves below to the
water table. Figure 4b shows that in case of high hyd-

68 E=RLtESe =28 H28H H6=

raulic conductivities the unsaturated soil shows little sa-
turation as the rainfall continues. Also, the unsaturated
hydraulic conductivity K, that controls the flow of water
to the ground water table is higher for higher hydraulic

conductivities.

3.3 Slope stability analysis

The stability modeling procedure in Slope/W can be
defined in terms of three different components: (1) definition
of the geometry; (2) definition of the soil strength pro-
perties; and (3) definition of pore-water pressure in soil
slope. Seep/W and Slope/W are integrated codes denoting
that the geometry and pore-water pressure at any selected
time of rainfall defined in Seep/W can be used in Slope/W.

In this study the slope stability is evaluated using an
uncoupled approach of the finite-element seepage-analysis
(Seep/W) and the limit-equilibrium analysis (Slope/W).
The safety factor of the cut-slope at different times of
rainfall is evaluated using the Morgenstern-Price method
with the same grid and radius for the critical slip surface.

The slope reliability index is calculated as:

5= (Mp_l) (7)

Ofp
where [ is the reliability index; ur the mean safety
factor; and oF the standard deviation of the safety factor.
The reliability index along with the mean factor of
safety (ur) at different times of rainfall for the different

hydraulic conductivities is shown in Fig. 5.
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The reliability index of the unsaturated embankment is
6.5 before the start of the rainfall. It can be inferred from
this figure that the reduction in the reliability index is
small for low hydraulic conductivities (31.6% and 22.4%)
up to 84 hours of rainfall. For high hydraulic conduc-
tivities (100% and 70.7%) the reduction is small up to
36 hours of rainfall but becomes noticeable after that.

As discussed in Section 4.2, for this low-intensity rain-
fall, there is always suction in the unsaturated zone when
the wetting front moves through the unsaturated slope.
For high hydraulic conductivities, the wetting front depth
increases somewhat, but at the same time, the suction
profile above the wetting front for low conductivities is
somewhat more saturated. The decreased suction strength
thus compensates for greater wetting front depth and gives
almost the same reliability index for all hydraulic con-
ductivities up to 36 h. At 84 h of rainfall, the wetting
front passes through a depth of 6 m and 5 m for low
hydraulic conductivities (31.6% and 22.4%) and thus, the
reduction in reliability index is smaller. At 84 h the wetting
front that has already reached the ground water table for
high hydraulic conductivities (100% and 70.7%) causes
significant change in the pore-water pressure profile. This
causes a relatively larger reduction in the reliability index

for high hydraulic conductivities.

4. Conclusion

The conclusions drawn from this study are summarized
as follows.

A uniform rainfall whose intensity is lower than the
saturated hydraulic conductivity affects the volumetric water
content and the suction profile. During this low intensity
rainfall, as the wetting front moves, the soil in the un-
saturated zone does not saturate fully and remains partially
saturated.

The infiltration capacity in the case when the soil is
unsaturated is exclusively controlled by the suction gradient
and unsaturated hydraulic conductivity. This study shows
that these two factors are higher for high hydraulic con-
ductivities than for low conductivities and the wetting

front is deeper for high conductivities. Therefore in case

of high conductivities, the rainwater reaches the ground
water table in a relatively short time and causes significant
effects on the pore-water pressure profile.

The reduction in the reliability index after the rainfall
is insignificant when the hydraulic conductivity is low.
This is because the wetting front does not reach the water
table, and the soil in the unsaturated zone remains un-
saturated, thus making the slope stable. For high hydraulic
conductivities, the reduction in the reliability index is
insignificant up to 36 hours rainfall but becomes notable
around 66 hours and 84 hours. This is because during
the first 36 hours, the wetting front remains in the un-
saturated zone, and therefore, the soil in this zone remains
unsaturated and provides stability to the slope. After 36
hours the wetting front reaches the water table, and around
66 and 84 hours the water table is elevated, because of

which the stability of the slope is reduced.
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Effect of Sea Water on Curing and Strength of Cemented Sand

L S Park, Sung-Sik
o] & %’ Lee, Jun-Woo
Abstract

Sand compaction pile and stone column replacement methods have been commonly used for improving soft ground
in the nearshore. Recently, DCM (Deep cement mixing) method, which can harden soft clays by mixing with cement,
is more popularly used in such soft ground improvement. Sandy soils also exist in the seashore. Therefore, in this study,
the effect of salinity in sea water and curing methods on the strength of cemented sand was evaluated in terms of
unconfined compressive strength (UCS). The sand was mixed with five different cement ratios and distilled water or
sea water, and then compacted into a cylindrical specimen. They were cured for 3 days under sea water for DCM
construction condition and air cured for onshore curing condition. When a specimen was cured under sea water without
confinement, it was easily collapsed due to initiation of cracks. When the cement ratio and curing method were the
same, the UCS of the specimen without sea water was at maximum 3.5 times higher than those with sea water. The
sea water used for mixing sand had more influence on strength reduction than the sea water used for curing. When
the cement ratio was the same, the UCS of air-cured specimen was at average 2 times higher than those of water-cured

specimen, regardless of water used.
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Fig. 1. SEM photo of Nakdong River sand
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Fig. 2. Grain size distribution curve of Nakdong River sand
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Table 1. Test conditions and results of underwater cured specimens

Table 13} 2=

= AN ARG FAAY FRE

AHIER], AZYE § 75 AP2AS vlwski ik
Table 19 Q= AP FHAER 3Y St FAAR
SAIA 0], Table 20f] Q= AL 3Y 52t 7% B4
AZL FA Aot AR EH] Z7to] uhe} H]Fo] 2 Al
HE oFo] 57}6}11& 74&%‘5% Zkzke] AJHIEH| o
m}a} 1.55, 1.60, 1.65, 1.75g/em’ 2 AR5 A,
U F AxUE % %Ay ‘ﬁ°ﬂ wel Rzt 2jo] 7} WY
3+ EP AT FAAL Tt ARk o Al
En7t S7FRE fhadhs S ot oA A

e} F7H4E el Atolol B whe o

o] AREWA

/ol oA FAIA Y2 FdEe=
=9 ol Aasy] e R HeEy, 7)E

A 2

Tobe GARSICHPark et al., 2009). 3HA|aF T 7] Z=of A

. . Unconfined Axial strain
Test ID Cem?;t) ratio Mixing water Curing water Dr(yg/dcer:gs)lty cor\ﬁ/:;?% compressive at Peak
? : strength (kPa) | strength (%)
CR4-W-1 Distilled water | Distilled water 1.54 15.7 341 0.62
CR4-W-2 4 Distilled water Sea water 1.52 17.3 405 0.73
CR4-W-3 Sea water Sea water 1.53 17.6 407 0.77
CR8-W-1 Distilled water | Distilled water 1.6 15.7 1515 0.96
CR8-W-2 8 Distilled water Sea water 1.59 16.3 1251 1.46
CR8-W-3 Sea water Sea water 1.59 15.0 428 1.10
CR12-W-1 Distilled water | Distilled water 1.66 13.8 3130 1.24
CR12-W-2 12 Distilled water Sea water 1.72 12.6 2421 1.62
CR12-W-3 Sea water Sea water 1.65 14.7 1095 2.13
CR16—W-1 Distilled water | Distilled water 1.70 13.9 5722 1.14
CR16-W-2 16 Distilled water Sea water 1.69 12.0 5223 1.70
CR16—-W-3 Sea water Sea water 1.71 14.2 2336 2.50
CR20—-W-1 Distilled water | Distilled water 1.71 141 10123 1.56
CR20—-W-2 20 Distilled water Sea water 1.68 13.8 8881 1.37
CR20-W-3 Sea water Sea water 1.75 12.0 6700 1.97
Table 2. Test conditions and results of air cured specimens
Test ID Cement ratio Mixing water Dry den;sity Water cinrrfgrr]glsr;ievde Axial strain
(%) (g/lecm’) content(%) strength (kPa) at Peak strength(%)
CR4-A-1 Distilled water 1.54 1.9 927 0.82
CR4-A-2 4 Sea water 1.57 2.1 629 0.70
CR8—-A-1 Distilled water 1.63 2.6 2832 1.08
CR8—-A-2 8 Sea water 1.63 2.5 1693 1.50
CR12—A-1 1 Distilled water 1.66 3.36 4556 1.30
CR12—-A-2 Sea water 1.67 2.99 2580 1.75
CR16—A-1 Distilled water 1.71 4.26 7989 1.58
CR16—A-2 10 Sea water 1.72 4.3 4986 1.50
CR20—A-1 20 Distilled water 1.76 4.9 11434 1.75
CR20—-A-2 Sea water 1.76 4.7 6438 1.86
74 E=RXEHSSE =2 HM28d Hes
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Fig. 5. Result of unconfined compression tests on air cured specimens

Table 3. Results of XRF on air cured specimen with cement ratio 20%

» Components (%)
Mixing water
CaO A|203 SiOe F6203 MQO 803 KQO TiOz Cl P205
Distilled water 29.6 11.1 41.84 3.1 0 9.10 3.8 0.65 0.53 0.15
Sea water 40.89 9.20 28.50 4.03 0.64 11.48 2.82 0.69 1.42 0.18
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