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Optimization of Soil-Nailing Designs Considering Three Failure Modes

A & 3 Seo, Hyung-Joon o] 7} &’ Lee, Gang-Hyun
w A F Park, Jeong-Jun o] ¢ ®' Lee, In-Mo
Abstract

Soil-nailing is the most popular method of reinforcing for slope stability. In general, two factors are considered as
failure modes during the soil-nailing design stages: pullout failure mode and shear failure mode that will occur on the
most probable failure plane. In many cases, however, shallow failure can also occur when the ground near the slope
face is swept away by the horizontal stress release during the staged top-down excavation. In this paper, an optimized
soil-nailing design methodology is proposed by considering the three failure modes mentioned above: pullout failure;
shear failure; and shallow failure. The variables to be optimized include the bonded length and number of soil-nailings,
and the confining pressure that should be applied at the slope face. The procedure to obtain the optimized design variables
is as follows: at first, optimization of soil-nailings, i.e. bonded length and number, against pullout and shear failure
modes; and then, optimization of confining pressure at each excavation stage that is needed to prevent shallow failure.
Since the two processes are linked with each other, they are repeated until the optimized design variables can be obtained

satisfying all the constrained design requirements in both of the two processes.
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Development of Trenchless Tunneling Method Using
Pressurizing Support and Its Field Application

AN Kim, Dae-Young
o] & A Lee, Hong-Sung
A r A Sim, Bo-Kyoung

Abstract

A new trenchless tunneling method using pressurizing support has been developed. As it overcomes shortcomings
of conventional methods, it is applied to the field. The main concept of the new method is the pressurization system
which, by means of pressurization bag between outer flange of steel ribs and excavated perimeter, applies the pressure
corresponding to the magnitude of the relaxed earth pressure caused by excavation to the ground to prevent ground
displacement. The stability of the support members and effect of displacement control of the new method were verified
through several ways such as numerical tests and various model tests. The new method was applied to the construction
of a 10.7 m wide, 7.9 m high and 85 m long road tunnel that passes under Yeongdong Expressway. By applying the
new method, the tunnel construction was successfully completed in 13.5 months. It decreases the construction period

to 35% compared to that of conventional methods, and ground displacement was almost negligible.
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Table 1. Material properties of the grounds for 3-dimensional analysis
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Deformation Modulus Poisson's Ratio Unit weight Cohesion Frictional angle
(MPa) (kN/m?) (kPa) )
Weathered ground 200 0.30 22.0 30.0 33
Table 2. Material properties of the reinforcements for 3-dimensional analysis
Deformation Modulus . , ) Unit weight
(MPa) Poisson's Ratio (kN/m?®) Remarks
Steel support 210,000 0.30 78.5
shotcrete 26,000 0.25 25.0
Stgel support + 210,000 0.30 785 Composﬁg matgrlal
Reinforced concrete property is applied
Shotcrete + 26,000 0.25 25.0
Reinforced concrete
Table 3. Results of numerical analysis
Ground displacement Bending compressive stress
Settlement at crown convergence steel ribs shotcrete
Max. value 2.15 mm 0.88 mm 1,293 kPa 199 kPa
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Fig. 6. Results of numerical analysis during construction stage
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(b) During pressurization

Fig. 8. Pressurization mock-up test
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(b) Drawing of mock-up test specimen

Fig. 9. Simulation part and drawing of mock-up test specimen
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(c) Simulation of crushed stone layers

(a) Placement of concrete (b) 28 days curing (c) Complete specimen
i

g. 10. Process of making specimen
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(a) Cyclic loading test condition (b) Applied cyclic load

Fig. 11. Cyclic loading test condition

Fig. 12. Mock-up test on expressway pavement
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Fig. 13. Loading test results

Table 4. Loading test condition and results

No. Applied Load Loading period Max. displacement

1 Max. 50 kN 24 min. 1.0 mm
Static loading test 2 Max. 100 kN 24 min. 1.8 mm

3 Max. 200 kN 16 min. 3.1 mm

1 5~50 kN 50 min. /672 times 1.6 mm
Cyclic loading test 2 6~60 kN 50 min. /674 times 1.6 mm

3 10~100 kN 150 min. /2000 times 2.0 mm

Fig. 14. Location of site
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(b) concrete channel box in the excavated area

Fig. 15. Description of the site
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Fig. 16. Design drawings
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(c) Excavation

(e) Spray of shotcrete at face

(9) Installation of steel ribs (h) Installation of pressurization bag and (i) Spray of shotcrete between steel ribs
grouting

(j) Breakthrough (k) Waterproofing work (I) Installation of form and placement of
concrete

Fig. 17. Construction precess
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(a) Pressurizing support tunneling method (b) Conventional method

Fig. 18. Monitoring results of ground settlement
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Evaluation of Cyclic Shear Strength Characteristics of Sands Containing Fines

7 % 7' Kim, Uk-Gie A F & Kim, Dong-Wook
°] & $§ Lee, Joon-Yong 7 F ¥’  Kim, Ju-Hyong
Abstract

In most design codes, soils are classified as either sandy or clayey soils, and appropriate design equations for each
soil type are used to estimate their soil behaviour. However, sand-fine mixtures, which are typically referred to as
intermediate soils, are somewhere at the middle of sandy or clayey soils, and therefore a unified interpretation of soil
behaviour is necessary. In this paper, a series of cyclic shear tests were carried out for three different combinations
of sand-fine mixtures with various fines content. Silica-sand mixture and fines (Iwakuni natural clay, Tottori silt, kaolinite)
were mixed together with various mass ratios, while paying attention to the changes of void ratios expressed in terms
of sand structure. The cyclic shear strengths of the mixtures below the threshold fines content were examined with
the increasing fines contents. As a result, as the fines contents increased, their cyclic deviator stress ratios decreased
for dense samples while it increased for loose samples. Additionally, cyclic deviator stress ratio of the mixtures was

estimated using the concept of equivalent granular void ratio.
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clay, Tottori silt, Kaolinite)of] tha}o], 255FH]|= Silica A el 2 A4S A7) Yl AF|hH 50kPaz A}
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Table 1. Physical properties of test materials
Samole Fines content, Clay content, Gravity, Plasticity index, Mean size, Coefficient of
P Fe (%) Ce (%) Gs Pl Dsp (mm) curvature, C,
Silica sand 0 0 2.652 NP 0.861 4.04
Iwakuni clay 98 38.8 2.610 47.57 0.006 -
Tottori silt 98 6.0 2.665 NP 0.019 2.85
Kaolinite 100 72.3 2.618 21.80 0.002 -
Table 2. Relation between mixed proportions and fine contents
Silica sand mix. Iwakuni clay Tottori silt Kaolinite
Mixture rate by Mixture rate Fines Mixture rate Fines Mixture rate Fines
weight (%) by weight (%) content (%) by weight (%) content (%) by weight (%) content (%)
100 0 0.0 0 0.0 0 0.0
90 10 9.8 10 9.8 10 10.0
85 15 14.7 15 14.7 15 15.0
83 17 16.7 - - - -
80 20 19.6 20 19.6 20 20.0
70 30 29.4 30 29.4 30 30.0
50 50 49.0 50 49.0 - -
0 100 98.0 100 98.0 100 100.0
Table 3. Compaction method for preparation of specimens
¢ (kd/m?) Number of dropping per a layer Height of dropping Weight of
1st 2nd 3rd 4th 5th weight (m) rammer (kN)
504 60 80 100 120 140 0.184 0.00116
324 40 50 65 75 85 0.184 0.00116
113 14 19 23 25 29 0.184 0.00116
51 4 7 10 13 16 0.184 0.00116
22 5 10 15 25 30 0.050 0.00116
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Fig. 2. Relation between void ratio and fines content
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Analysis for Rainfall Infiltration Using Electrical Resistivity Monitoring Survey

A A 2 Kim, Sung-Wook 3 & 7’ Choi, Eun-Kyeong
b o 2 Park, Dug-Keun + o Z'  Yoon, Yeo-Jin

o] 3 3% Lee, Kyu-Hwan

Abstract

During rainfall period, to identify the characteristics of the infiltration of moisture, electrical resistivity monitering
survey was carried out to weathered zone. Four regions of geophysical exploration areas with different rock types, four
regions were selected. An area consists of mafic granite and three areas are composed of sedimentary rocks (Sandstone,
Shale, Unconsolidated Mudstone). Survey was conducted from June (rainy season) to November (dry season), and during
the period the change in resistivity was observed. According to the result of monitoring exploration on Geumjeong and
Jinju areas, for the estimation of the standard rainfall, it is necessary to estimate the effects of the antecedent rainfall
during the rainy season based on the overall rainfall from June till October and also necessary to consider this for
the estimation of the half period. Also, the vertical distribution of the low resistivity anomaly zone does not show that
the infiltration of moisture does not occur uniformly from the surface of the ground to the lower ground but shows
that it occurs along the relaxed gap of the crack or soil stratum of the weathering zone. In Pohang area, the type of
moisture infiltration is different from that of the granite or sedimentary rock. Since, after the rainfall, the rate of infiltration
to the lower ground is high and the period of cultivation to the lower bedrock aquifer is short, it has similar effect
to that of the antecedent rainfall applied for the estimation of the standard rainfall being presently used. In Danyang,
due to the degree of water content of the ground, the duration period of the low resistivity anomaly zone observed
in the lower ground of the place where clastic sedimentary rock is distributed is similar to that in Pohang area. The
degree of lateral water diffusion at the time of localized heavy rain is the same as that of the sedimentary rock in
Jinju. According to the above analysis results, in Danyang area, the period when the antecedent rainfall has its influence

is estimated as three weeks or so.
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a olrhe] A Q) HEL S50 FEIL AEAA SH5 AL FASH WAISH: Ao] ofje} Fakhe] #e]
U £50] o|ghel 758 whel WSt Qlch X9} nlmAs ek Sbo] AR Wet shder 9 AaE A
Aolahi, 745 ol SHEANFO R FEEL SEr} WD 5170 QuTheEo R G 71710] ot WA A1EH
= EER9 AP A A8SHs AAsere] Gap It GARE AR Beltk Aue] g Aol ofs) Tl
A4 B BEAY S Autel ) BEEE AuAG oY §7] 7|7ke ERA AT GASIE, AFES A
ZHpo gbo] SR ARl 0] U4 BT 2 WEl Belrk oo BAATel Gak 1|2 A
o] mA F\zko] 3% Amw A

Keywords : Electrical resistivity monitering survey, Felsic granite, Sandstone, Shale, Unconsolidated mudstone,

Weathered zone

LM E 2P e FAAR] BT o ARAAYE A
%P—‘%%k[Lumb(l975)]3q- %P—‘%%E[Brand 5(1984)]1¢ A}
B e 8 F Aol ke 259 Sy TS o83t HHo| o8&, o5 fJal HAIKE -
Agko]] R Fg ol 9o makgago] Frlskal 3 of wE of- AR 7|EAHE leiAle e 25
FAH A SHYFO R A|Hlo] o]Fsfo] WA, Sk AFHo| "asith ARA|AHO|A AR ZE 7Fo-SF
A gt A 5o WA et 49, A Foll &gt ¢ o] AL Table 13} Zro] AR oA 7Hdte 2hg7t o
HaQlo] me B30 YrEsh G Aok AFE g o] 8ek BEeF A7 B Method CF 285}
S B AN G T RAFRAE 1 QCHEIESEHEQ04, 2005)]. BEFSF AL
AEAINT BAG B FEAL ASIEC] FRAA T gJak A9ARE AW, 2H9F, SAUSL,
7F gt A &A= JPGE 7 MolA FAAA AE, A8, FarIte s AEEY, o] &
A9] FH= o]ojXik A 4 d7k A9 29 3 MY 7Fe-aFe AE57FS7 W] 255(14Y) B39
Agko] SHEE o E3k: WA ATAS WMol §1 A ooz Fa o] V7 Beke] 29t FHAK
g AF7F AEEHAL SubEtol A WS ARALE Bilo] 9 njx= Aoz 1Hskal 9ok B s
£ AL} AL, Ao o5 Bol B3 B R Faitivh ISk oE A0S A
£ SUsls £ Q0log HixEal %E]-[NIDP(ZOOQ 1 A7|8|AS RUEY EALE ARl 7 A &
2007)]. 199955 2011A7kA] 2451 F74AM] 5 Auke] A7|uA g Wsle $aelT o] ZRE X|uko
ojgof|A XAAFHAA Q1A 2202 A|elsHA o+ 2 AES 5o JFS st 27k AP Al
HO) AP 7ol ofa WS QITHNDMIQ0ID]. gl Majzheare] HaF 7|ike Ak
Table 1. Standard precipitation estimation method
Utilization (%)
Method Special feature -
Slope Debris
— Set up a straight standard line using working rainfall and rainfall intensity
Method — Is easy to apply, but occurs when it is difficult to apply 9 38
A — In case of long—term rainfall or frequent rainfall, it is difficult to set the standard for
the turn off the alert.
Method — Method A problem of improving by change the setting of the standard line 1 12
B — low frequency of use
Method — Improved the problem by changing working rainfall calculation (apply the half—life) 90 50
C — Turn off the alarm and evacuation may be issued
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Fig. 1. Schematic of the electrical resistivity monitoring survey
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Site of Survey

Fig. 2. Location map of monitoring survey

Fig. 3. Installation of the electrodes

Table 2. Location information of monitoring survey

Location Coordinates of the center (Bessel)

longitude 129° 03 50.3” X 205,560
Jangjeon—dong, Geumjeong—gu, Busan

latitude 35° 13’ 25.6” Y 191,957

longitude 128° 01" 42.4” X 111,200
Samgye—ri, Naedong—myeon, Jinju—si, Gyeongsangnam—do

latitude 35° 08" 02.14” Y 182,421

longitude 129° 25 20.77 X 237,775
Umok—ri, Heunghae—eup, Buk—gu, Pohang—si, Gyeongbuk

latitude 36° 05 47.7" Y 288,868

longitude 126° 21" 25.6” X 142,513
Byeolgok—ri, Danyang—eup, Danyang—gun, Chungbuk

latitude 36° 59’ 04.5” Y 387,511
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(c) Temperature and precipitation of Pohang area
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(d) Temperature and precipitation of Danyang area
Fig. 4. Temperature and precipitation of monitoring survey areas
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Fig. 9. Distribution of the electrical resistivity of weathered sandstone (Danyang area)
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Analysis of Long-Term Performance of Geogrids by
Considering Interaction among Reduction Factors
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Abstract

Total reduction factor that is used when calculating allowable tensile strength of geogrids is made by multiplying
the installation damage reduction factor (RFip), chemical degradation reduction factor (RFp), and creep reduction factor
(RFcr) etc. In case of a model estimating allowable tensile strength considering reduction factor over the short-term
tensile strength of geogrids, it has a limit of not considering interaction force between reduction factors. Junction strength
comes to be reduced by installation damages or chemical degradation in the same way as tensile strength. Single junction
test method cannot properly test damaged samples and shows large deviations as it does not consider scale effect. Besides,
regarding calculating shear strength, no reasonable study on reduction factors was conducted yet. Therefore, in this study,
reduction factors that may affect the long-term performance of geogrids were revaluated considering various conditions
and accurate long-term allowable tensile strength was calculated considering interrelation between reduction factors. Creep
results after installation damage and chemical resistance test showed lower value than calculated value according to GRI
GG-4. After the installation damage test and the chemical resistance test, the reduction factor of junction strength was

less than that of tensile strength. Shear strength before and after installation damage showed no change or increase.
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1. Introduction

In the last thirty years, the use of geosynthetics has
been continuously increased in different civil and envi-
ronmental engineering applications such as reinforced
slopes, retaining walls, embankments, and waste contain-
ments. The analysis method and design theory have
developed little compared with its engineering application.
And, the inherent margin, in accordance with poor per-
formance with respect to internal stability, has not been
quantified in a systematic manner (Koerner, R.M, 2005).
A great number of permanent geosynthetic-reinforced
soil structures were constructed due to their high cost
-effectiveness and stability. Nevertheless, it should be
admitted that geosynthetic-reinforced soil structures,
including walls and abutments, are not as stiff as steel-
reinforced concrete structures. Therefore, it is of para-
mount importance to become capable of accurately
predicting the exact deformation by long-term sustained
and cyclic loading, develop a relevant and rational design
procedure taking into account the viscous property of
geosynthetic reinforcement and develop a method that
can effectively reduce the residual deformation by
long-term sustained and cyclic loading and various con-
struction conditions (Berg, R.R., Allen and Bell, J.R, 1998;
Lawson, C.R, 1986; Task Force #27, 1991; Zornberg,
J.G. and Mitchell, J.K, 1994).

T.M. Allen and R.J. Bogangto Bathurst (2002) de-
monstrate, through back-analysis of available wall case
histories, that geosynthetic reinforcement load levels
appear to be significantly lower than values estimated
using the North American design methods. The cause of
conventional design results from consideration of a safety
factor in terms of civil engineering and uncertainty of
short-term and long-term properties of materials. Uncer-
tainty of material comes from combination of each factor

that may change the total reduction factor. So, if total
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reduction factor is calculated considering combination of
each factor would certainly reduce uncertainty and thus
save cost. There are not many previous studies on in-
stallation damage test and combination effect. Since the
composite behavior for installation damage and creep
strain is very difficult to be analytically quantified the
constant trend is not established even in a formula of a
standardized function or empirical laws. According to the
study of Allen, TM and Bathurst, R.J. (1996), the
long-term behavior of damaged geogrids upon construction
showed the decreasing result based on isochronous curve.
On the other hand, Billing, J.W. et al. (1990) studied
creep behavior of PP woven textile, geostrip and HDPE
geogrid after installation damage; and in case of PP
woven geotextile, they reported that it showed relatively
a little creep strain compared to a specimen before
damage. Besides, in case of geostrip, it was reported that
it almost never showed installation damage by PP coating
which is a characteristic of the product. Cho, S.D. et al.
(2006) evaluated installation damage at maximum particles
of 40, 60, 80 mm, and then among them, assessed creep
characteristics of some specimens. As the size of filling
material is larger, reduction factor of installation damage
was represented to be larger. However, the studies on
creep characteristics according to maximum particle size
have not been conducted. Up to now, the creep test by
damaged specimens upon construction focused on only
a variety of geosynthetics materials or construction con-
ditions and the studies on variation of reduction factor
by characteristics of soil have never been implemented.
Besides, the studies on the effect of chemical degradation
on creep characteristics have not been conducted either.

As in the theory of tensile property mentioned above,
the decrease of the allowable junction strength depends
on short-term effects like installation damage, which
reduce the maximum junction strength but do not further

affect the long-term properties and on effects like creep



and aging by hydrolysis, oxidation and/or abrasion,
which result in long-term junction strength loss. In the
second case, the estimated reduction depends on the
design life time. The reduction factor of junction strength
is different from tensile strength due to the difference in
physical and chemical structure. Therefore, correct junc-
tion strength reduction factor is the key point to calculate
allowable junction strength. Hsieh, C. et. al. (2000) evalu-
ated junction strength of PET geogrids after installation
damage using GRI GG-2 test method. Installation damage
test uncertainty is large and damage on each specimen
will be different. But, GRI GG-2 test method does not
consider scale effect that creates large deviation in the
test results and lowers the accuracy. To the evaluation
of the tensile strength of damaged geogrid, wide-width
tensile strength test method is used. Hence, multi junction
test method is more appropriate to the evaluation of
junction strength of damaged geogrid considering the
scale effect and thus uncertainty of results can be
reduced. Moreover, effect of chemical degradation on
junction was not researched before.

By the way, in the case of installation of geogrids on
site, the design model regarding the strength reduction
according to the installation damages was suggested but
any definite model for the change of shear behavior
according to the occurring changes upon installation was
not suggested. Especially, since the shear property is an
important factor that determines the long-term performance
of civil structures in case of the slope reinforcement, the
design model that predicted the change of performance
considering the damages by compacting work and equip-
ment upon construction must be suggested. Therefore,
considering the damage of geogrids that inevitably occurs
upon construction on site, a proper model for the const-
ruction conditions on site must be applied.

In this study, the effect of installation damage and
chemical degradation on creep characteristics was compre-
hensively reviewed and then its value was compared with
GRI GG-4 test value. Moreover, effect of installation and
chemical degradation on junction strength was evaluated
using multi-junction clamp and change of shear behavior

was evaluated before and after installation damage.

The purpose of this experiment is to reduce uncertainty
of allowable tensile strength by suggesting precise reduc-
tion factor considering complex effects and to reflect this

in the design properly.

2. Experiment

2.1 Preparation of Geogrids

For the samples to be used for this experiment, three
kinds of geogrids were used such as woven type, warp
knitted type and welded type, and the design strength was
6T, 8T and 10T respectively. The yarn of all geogrids
is polyethylene terephthalate (PET) and the coating ma-
terial of woven geogrid and warp knitted geogrid is
polyvinyl chloride (PVC). But the coating material of
welded geogrid is polypropylene (PP). Figure 1 shows a
picture of the geogrid used in this study. And the
specification and physical properties of geogrids were

represented in Table 1.

2.2 Interaction among Reduction Factors (RFcr, RFip,
RFp)

Installation damage of geogrids was evaluated with
compact condition in laboratory. Filling materials were

divided by sieves and particle size of (0 - 0.5 mm, soil)

(a) Woven geogrid  (b) Warp-knitted  (c) Welded geogrid
geogrid

Fig. 1. Photograph of geogrids used in this study

Table 1. Specifications of geogrids

Raw Material |Mechanical properties (ASTM D 4595)

Geogrid /Coating Ultimate tensile
polymer strength (ton/m)

Elongation
at Break (%)

WG-8 PET/PVC 10.1 10.7
WKG-8 PET/PVC 10.8 11.9
WBG—6 PET/PP 7.9 1.1
WBG-8 PET/PP 10.8 1.9
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and (4.75 - 37.5 mm, gravel) were selected for installation
damage test individually. The experiment was conducted
in accordance to ENV ISO 10722-1 and load cycle was
taken 200.

Original and installation damaged geogrids were
immersed in closed beakers in NaOH (pH 9 and pH 13)
buffer solutions. Then, beakers were placed in temperature
-controlled ovens. A sample was collected at each month,
the single rib tensile strength was measured, and the
chemical resistance was evaluated.

Creep test were performed on the original geogrids,
installation damaged geogrids and installation damaged
with the chemical treated geogrids. Accelerated creep
tests were performed on woven geogrids using the
accelerated creep test equipment. The load levels of 50
- 78% ultimate tensile strength were applied to woven
geogrids. Each specimen was allowed to reach equilibrium
at 20°C prior to test initiation. Temperature was stepped
up by 14°C every 10000 seconds starting 20C and ending
to 76°C. Creep strains for the geogrids are plotted versus

log time at each level of temperatures.

2.3 Junction Strength Test

Junction strength tests of original geogrids, installation
damaged geogrids and installation damaged with the che-
mical treated geogrids were performed using multi-junction

clamp according to ASTM D4595.
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Fig. 2. Grain size distribution of test soils
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2.4 Direct Shear Test

The filling material that was used for the direct shear
test was soil from the real construction site, and Figure
2 shows grain size distribution of the filling material. The
soil used for the filling material is classified into SP
(poorly graded sand) by unified soil classification system,
and the direct shear strength was measured at each
interface by using the medium-scaled direct shear test
device on the basis of ASTM D5321.

3. Result and Discussion

3.1 Combination Effect among RFcr, RFip, RFp

Figures 3 -4 show the percentage of tensile strength
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Fig. 3. Rib tensile strength retention percent of WG-8 with
exposure conditions (pH 9, 507C)
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Fig. 4. Rib tensile strength retention percent of WG-8 with
exposure conditions (pH 13, 50C)



retention of WG-8 after different chemical exposure.
There was merely small amount of decrease in original
and specimen of installation damage in filling soil (IDS)
after exposure to pH 9. In contrast, there was decrease
in specimen of installation damage in gravel (IDG) at pH
9. This is caused by PVC coating material destroyed
during installation test and PET filament directly exposed
to solutions and degraded chemically. It maybe a problem
if continuous chemical degradation occurs on geogrids as
it is expected that service life of geogrid’s is 50 - 100
years. Since WG-8 showed less than 10% decrease in
extreme condition (pH 9, 50°C, and installed in gravel),
it can be predicted that in real environment chemical
degradation followed by installation damage is very
limited. Moreover, it hardly reaches to the activation
energy for chemical degradation as temperature in rein-
forcement wall is usually lower than 20C. But in some
specific conditions, like slope of landfills, the temperature
may over 50C. It may require caution to use geogrids
at high alkali condition and more time is needed to evalu-
ate chemical degradation properly. The tensile strength
decreased much in severe alkaline condition pH 13.
Especially IDG showed tensile strength retention of 64.4%.

Under the condition of pH 9, 50°C, creep characteristic
of WG-8 that was exposed for 4 months was represented
(Table 2 and Figure 5). In cases of 50% and 60% of ulti-

mate tensile strength (UTS), they shows the stable beha-
vior during test period, there was not a rupture in the
case of 65%, but it showed strain exceeding 7.5% that
is a limited strain. There were creep rupture in cases of
68% and 75%. Compared with creep characteristic of ori-
ginal geogrid, it showed almost similar strain under the
same load. Therefore, it could be known that there was
little change of creep characteristic after chemical
exposure.

Tables 3 - 4 and Figures 6 - 7 show the resulting creep
properties of the WG-8 after installation damage. After

installation damage, the value of creep strain is higher
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Fig. 5. Tensile creep master curve of WG-8 after chemical
exposure (pH 9, 50C, 4 months)

Table 2. Results of creep test after chemical exposure (pH =9, 50°C, 4 months)

I Applied stress (% of UTS)

Specification 50 &0 65 68 75
Log time (hour) 5.45 5.30 5.35 5.10 2.09
Elongation (%) 5.49 6.60 7.72 9.30 8.55

Condition Continued Creep rupture

Table 3. Results of creep test after installation damage by filling soil

I Applied stress (% of UTS)

Specification 50 60 65 7 75
Log time (hour) 5.45 5.79 4.98 2.21 1.62
Elongation (%) 6.32 7.99 8.98 8.95 8.73

Condition Continued Creep rupture

Table 4. Results of creep test after installation damage by gravel

I Applied stress (% of UTS)

Specification 50 60 62 70
Log time (hour) 5.49 4.65 412 1.15
Elongation (%) 7.46 8.83 9.6 8.97

Condition Continued Creep rupture
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than that without installation damage at the same load.
This is because some of the filaments are so greatly
damaged or torn by the installation damage that the
remaining filaments suffered higher load than usual. In
case of IDS, it showed stable behavior during test periods
of 50% and 60% of UTS, and there was creep rupture
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Fig. 6. Tensile creep master curve of WG-8
damage by filling soil
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Fig. 7. Tensile creep master curve of WG-8 after installation
damage by gravel

under the load more than 65%. On the other hand, in
case of IDG, it showed stable behavior only at 50% of
UTS and there was creep rupture under the load more
than 60%.

Tables 5 - 6 and Figures 8 - 9 show the resulting creep
properties of the WG-8 after installation damage and
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Fig. 8. Tensile creep master curve of WG-8 after installation
damage and chemical exposure (pH 9, 50°C, soil)
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Fig. 9. Tensile creep master curve of WG-8 after installation
damage and chemical exposure (pH =9, 50C, gravel)

Table 5. Results of creep test after installation damage and chemical exposure (pH 9, 50°C, soil)

Specification

Applied stress (% of UTS)

50 60 65 68 70
Log time (hour) 5.40 5.39 5.01 4.09 3.21
Elongation (%) 6.22 8.15 9.67 9.82 10.27
Condition Continued Creep rupture
Table 6. Results of creep test after installation damage and chemical exposure (pH 9, 50°C, gravel)
T Applied stress (% of UTS)
Specification 50 60 65 68
Log time (hour) 5.71 4.87 3.14 1.09
Elongation (%) 8.07 10.09 8.98 8.30
Condition Continued Creep rupture

60 E=AILtESE=

K282 M7=



chemical degradation. The experiment result turned out
to be similar to the case considering only installation
damage. In case of IDS, it showed stable behavior during
test periods of 50% and 60% of UTS and there was creep
rupture under a load more than 65%. On the other hand,
in case of IDG, it showed stable behavior under only
50% of UTS and there was creep rupture at 58% of UTS
as well. From this, it can be known that the effect of
chemical exposure condition (4 months, 50°C) on creep
characteristic was limited.

Figures 10 - 12 show isochronous curve at each con-
dition, and Figures 13 - 14 show each regression analysis
diagram, and the calculated reduction factors were re-
presented in Tables 7 - 8. There was no change in reduc-
tion factors i.e. combination of RFp and RFcr. This is
caused by good chemical resistance in pH 9. Also, there
was no change in combination of RFip (soil) and RFp.
But tested value is higher than calculated value in the
combination of RFp (gravel) and RFp. This is due to the
destroyed surface of coating materials by gravel and
accelerated chemical degradation. However, the di-
fference is not too much. The tested reduction factor is
lower than the calculated value in the combination of
RF;p and RFcr, especially at gravel, lower than 12%.
This is caused by mutual effect of installation damage
and creep test. The same is applicable for the total

reduction factor.

3.2 Interpretation of the Geogirds Junction Strength by
Installation Damage and Chemical Degradation

A summary of the results of the tensile strength and
junction strength before and after installation damage in
gravel are presented in Table 9. After installation dama-
ge, the tensile strength of geogrids was significantly
reduced. Especially, the tensile retention % of WKG-8
from cross-machine direction (CMD) was 67.7. This tells
that since the transverse rib of WKG-8 is weak, more
damage can be caused by installation damage. In contrast,
the tensile retention % of WG-8 from CMD showed
larger value compared to machine direction (MD). This

is due to the fact that transverse rib of WG-8 has thicker

bundle diameter and coating compared to WKG-8. In
case of junction strength, the retention % of WG-8 and
WKG-8 showed relatively large values of 100 and 89%
respectively. This is caused by the fact that the junction
failure mechanism of woven geogrid is pulled out. So,
the tensile reduction in transverse rib does not affect the
junction damage. In contrast, junction failure mechanism
of warp knitted geogrid is caused by the self-rupture of

cross rib. Therefore tensile strength of transverse rib and
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Fig. 10. Isochronous curve of WBG-6 after installation damage
in gravel
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Fig. 11. Isochronous curve of WBG-6 after installation damage
in soil and chemical exposure
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Fig. 12. Isochronous curve of WBG-6 after installation damage
in gravel and chemical exposure
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bending force are mainly determined by junction strength.

Table 10 shows the reduction factors calculated from
the retained tensile and junction strength after installation
damage and chemical exposure. For both of woven and
warp knitted geogrids, reduction factor in junction strength
test showed lower value than that in tensile strength test.
Especially in woven geogrid the value of junction strength
reduction factor is negligible because of pull-out mecha-

nism.

3.3 Interpretation of Shear Behavior of Geogrids through
Index Installation Damage Testing

Figures 15- 16 show the shear behaviors of original
geogrids. According to the results of all tests, the peak
strength was indicated at shearing displacement within 30
mm but there was more or less difference in the behavior
of post-peak strength. The post-peak strength of two
geogrids at normal stress of 50,100 kPa relatively remains
to be constant after reduction but it represented a

phenomenon that the post-peak strength of two geogrids
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Fig. 13. Plot of applied stress vs. creep rupture time of geogrid
considered installation damage
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Fig. 14. Plot of applied stress vs. creep rupture time of geogrid
considered installation damage and chemical degradation
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at normal stress of 150 kPa continuously reduced and it
showed the behavior that the peak strength increased as
normal stress increased. Figures 17 - 18 show the shear
behavior after installation damage test. After installation
damage test, the shear behavior of geogrids was different
from the one before the test. Compared to the status
before installation damage test, there was no obvious
peak strength at a specimen after installation damage test.
According to the results of all tests, the shear strength
showed rapidly increasing behavior up to the shear
displacement within 20 mm and subsequently, it showed
continuously and steadily increasing behavior.

Tables 11 - 12 show the shear stress according to nor-

Table 7. Reduction factor of geogrids at pH 9, 10° hours (soil)

Reduction factor Calculated Tested
RFp, RFcr 1.54 1.55
RFip, RFp 1.1 1.1
RFip, RFcr 1.69 1.61

RFip, RFcr, RFp 1.69 1.59

Table 8. Reduction factor of geogrids at pH 9, 10° hours (gravel)

Reduction factor Calculated Tested
RFp, RFcr 1.54 1.55
RFip, RFp 1.28 1.35
RFip, RFcr 1.97 1.76

RFip, RFer, RFp 1.97 1.84

Table 9. Tensile and junction strength before and after

installation
Property WG-8 WKG-8
Tensile strength Original 102.3 105.2
—MD (KN/m) Damaged 79.9 84.2
Retention (%) 78.1 80
Tensile strength Original 33.4 37.4
—CMD (KN/m) Damaged 30.8 25.3
Retention % 92.2 67.7
Junction Original 5.5 12.3
strength (KN/m) Damaged 55 11
Retention (%) 100 89

Table 10. Junction strength reduction factor of installation
damage combination with chemical degradation

Reduction factor WG-8 WKG—-8
RFip, RFeop 1.35 1.29
RF|D, RFCD (jUI’]CtiOI’]) 1.03 1.18
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Fig. 15. Stress-strain behavior of soil / WBG-6 interfaces under
different loadings
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Fig. 16. Stress-strain behavior of soil / WBG-8 interfaces under
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mal stress before and after installation damage test. It
was found that the shear strength was not relevant to the
design strength of geogrids through direct shear test re-
sults. It was known that the peak value after installation
damage test was almost similar to the one before installa-

tion damage test.

3.4 Failure Envelope, Frictional Coefficient and Fric-
tion Angle

Tables 13 - 14 show the frictional coefficient and fric-
tion angle values before and after installation damage
test. In case of WBG-6, the maximum shear stress before
and after installation damage test showed a similar fric-
tional coefficient. On the other hand, WBG-8 showed a
greater frictional coefficient than the one before installa-
tion damage test. This is caused by the fact that the area
in which the interaction force among soil particles occurs

increases as the interaction force among soil particles in

Table 11. Shear stress of soil WBG-6 interface under different

loadings
Normal Peak stress (kPa)
loading (kPa) Soil/WBG—6 Soil/WBG—6 (ID)
50 54.47 53.92
100 94.05 93.68
150 131.81 136.17

Table 12. Shear stress of soil WBG-8 interface under different
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Fig. 17. Stress-strain behavior of soil / installed WBG-6 interfaces
under different loadings
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Fig. 18. Stress-strain behavior of soil / installed WBG-8 interfaces
under different loadings

loadings
Normal Peak stress (kPa)
loading (kPa) Soil/WBG—8 Soil/WBG—8 (ID)
50 49.02 48.47
100 89.32 95.32
150 124.18 139.98

Table 13. Frictional coefficient and frictional angle of WBG-6

Geogrids Frictional coefficient Frictional Angle
Original 0.91 42.3
Damaged 0.93 42.9

Table 14. Frictional coefficient and frictional angle of WBG-8

Geogrids Frictional coefficient Frictional Angle
Original 0.86 40.7
Damaged 0.94 43.2
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pores that are the morphological property of geogrids
works and soil particles are condensed by damages on
the surface of geogrids due to installation damage test
at the same time. Besides, the PVC coated geogrid
surface is smooth but it can be said that larger frictional
force occurred as roughness of the surface took place

after installation damage test.

4. Conclusion

(1) Long-term property of geogrids was evaluated con-
sidering combined effect of reduction factors for the
following aims: (a) evaluation of long-term allowable
tensile strength considering combined effect of reduc-
tion factors (b) interpretation of the geogirds junction
strength by installation damage and chemical degra-
dation (c) interpretation of shear behavior of geogrids
through index installation damage testing.

(2) Effect of three reduction factors such as installation

damage, chemical degradation and creep which affect
the long-term properties of geogrids were tested and
compared. Chemical resistance decreased followed
by installation damage especially at high alkali con-
ditions showed large reduction in strength. But there
was no change in pH=9 at 50°C in soil and less than
10% of decrease showed in gravel. It can be predicted
that in real environment chemical degradation followed
by installation damage is very limited. Combined
reduction factor of installation damage and creep
showed 1.61 and 1.76 in IDS and IDG respectively
which are lower than calculated values (1.69, 1.97).
When gravel was used as filling material, it showed
large reduction factor and the combination effect was
also large, which largely reduced uncertainty of
allowable tensile strength.
Tested total reduction factors showed 1.59 and 1.84
in IDS and IDG respectively, which are much lower
than calculated reduction factors according to GRI
GG-4 (1.69, 1.97).

(3) Tensile strength reduction factors of WG-8 and
WKG-8 showed 1.35 and 1.29 respectively after ins-

tallation damage and chemical degradation while junc-
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tion strength reduction factors showed 1.03 and
1.18 respectively. Junction strength reduction factor
of geogrids depends on the type of junctions. Woven
geogrid showed lower reduction factor than that of
warp knitted geogrids due to pull-out mechanism.
Junction is the weakest part in geogrid but it was
found that junction strength reduction factor was
much lower than tensile strength reduction factor.

(4) Results of direct shear test showed that post-peak
strength of original geogrids reduced after peak
strength. However, post-peak strength of installation
damaged geogrids showed the tendency of gradually
increasing. Frictional angle of WBG-6 and WBG-8
increased by 0.6 and 2.5 after installation damage.

(5) In conclusion, change of junction and shear strength
are limited by reduction factors. GRI GG4 is a conser-
vative test method, includes sufficient reduction
factors to be considered to predict long-term proper-
ties of geogrids. Therefore it is proposed that cal-
culated allowable tensile strength from GRI GG-4
test method can be directly used to design geogrid
-reinforced soil structures and it seems that additional
safety factor is not needed.

(6) Soil and gravel used in this experiment represent ge-
neral condition and worst condition respectively, but
these can not present all cases of real site condition.
Laboratory installation damage can not provide a
complete “blue print” of the installation damage
susceptibility and NaOH solution can not entirely
represent site environment. So, it requires field ins-
tallation damage test and actual solution to test com-

bination effect.
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Evaluation of Size Effects of Shallow Foundation Settlement
Using Large Scale Plate Load Test

77 A" Kim, Kyung-Suk o] A @’ Lee, Sang-Rae
b o] %'  Park, Young-Ho 7 A 3 Kim, Sung-Hwan
Abstract

This paper addresses the size effect of shallow foundation settlement in very dense weathered granite soil commonly
encountered in bridge foundation. Load-settlement curves measured from the plate load tests of 5 different plate sizes
in 2 sites were analyzed. The test results showed that the ground beneath the plate was considered not to reach the
failure state and the settlement continuously increased proportionately as load increased. The result implies that settlement
would govern the stability or serviceability of foundation on very dense weathered soil. The size effect is expressed
as a relationship of subgrade reaction modulus to the size of plate. Compared with the previous relationships, the size
effect in this result was more prominent and indicated that settlement prediction using the previous method could possibly

underestimate the settlement of foundation in dense weathered granite soil.

2 X

W) 20] AAE0l ZUTE SPFIHE AhlA] e v120] Hsto] et 7| AN BAASIA SHL) ol F
Sfal ARtzge] SARE 27) AN At 2712 Tk stol BRASABE Sastalc AR 2T Aske oky
o AN sl PR Rekom S1% Z7bol uket Wbt ulelste] Z1shack olHg Auke thaHe]
A 7120] QP4 T AL HSIE Aueks A4S oujgith Wstel ojet 712a7] Rk erel-gskEA
o 7197]2 BRSNS Avhe Aot 7|2 %e) P2 EAsHc Z1Eo] Ak wAAT vme) £ o) & A
Auks 7|k o 27 i, ol 7120 AlRkE BAALE 20 SEEskE Auo] A 720 Waks
SamARe 4 9leS tehac,

Keywords : Plate Load Test, Settlement, Shallow Foundation, Size Effect, Weathered Granite Soil

1. M & o ARt=ZAET Faet Akof] AR HES A - AlF

S lem SEAIXHY} 3G sl F 7HA] BAel

WFO| FL Ve EFTYAIFANA Ngho] 503] A B EEShs AIE Hojof Qg Aol ﬁﬁﬂh 4
EFAA] 1Sem mlvh HYE= UG F9IE E O Rty AR FAof o7t 7|20 AR

43, INERIA EE2ENEATY AIATY (Member, Associate Researcher, Korea expressway corporation, Tel: +82-32-371-3372, Fax: +82-32-371-3379,
kskim2kd@ex.cokr, TAI72P)

434, SRR A EEWEATY YA (Associate Researcher, Korea expressway corporation)

43, T2 FAF R20EATY A7-$1Y (Senior Research Director, Korea expressway corporation.)

43, SR FAF RS2 uEATY 234 (Executive Managing Director, Korea expressway corporation.)

B el tigh BoE dshe 39S 20139 1€ 319704 2 W8-S e R BulFAY] viUth Azt AR e 3 =86l AAlete] =yTh

* AW N

]

08!

EHHGHAI

oo
o

0|28t 22 J|x9 Ealol st 218 "I 67

o
o



d
I
Olr
rr
>_.{|‘
ofr
ofy
H1
N
B

HjEjstel S7tel S &dstEdE s Hus
A7) olde) 71z A= sl-Askel s 24
= Aog dHA ¢t Meyerhof, 1956; Terzaghi, 1943,
D'Appolonia 5, 1968). Terzaghi(1943)= &]-8-33lS
25mmE ez - 7]23E0] 12m o)o] = Hate]
ofel] sgAIAHo] A= o= ATt vl ik &2

ZZo| vlF|sto] Z71SHA|TE A
l
_]

i)
=
rft

|
@
ﬁ
>
Z
ﬁ
@)
]
H
E
e
ﬁ?‘“
o

op
o

Gibens(1997)°] &JstH 5L ARtz o)A AMES
= Wil whet st oS Aiprt 2 ApolE Holil
of a5 Al=Fde 01?85] Skl = = Qlok AA
7129] AlgAlelA= A
gl 98 217 0.3m «1 R iR
Al AAshs S AR ojuf AA 3
7] zolE sty flal Hstoll Wit 27] &y
g5 Hrh
7128] Astol gt 27| avh= B2 dF+AEel 9
3l Al Hl*lﬂoi ko] fjof| A= Terzaghi®} Peck(1948)
o Akt A A WS FHA o= ARgstaL qltk )
ARt o] WS AU =E YA gt AFEof ths)
of 03me] Afslua} b 27)9] st that AghE
AP ATIE vste] ol ATkRA, o] 2] Ao
olshyl Al@AFRS] BAYESL Astuz shssic
727} ABEE Aukze) W 27| 591 Botst
ALESESE PASEAL 9t Bond(1961)0f 2J6HH Terzaghi
2} Peck(1948)0] A|ok3t =7] &AL 7|%=7]7} 0.3m
ofslQl o= A8 4= glom 7|2 =717} 03m o)}
ql 9ol Aale TrislA o Seein e}
9L, Bierum} Eggestad(1963)= A= 7} Tk x)ut
ofl Al AAE AASIA R AWAI A RS ETi= A
HEof|A] 7129] Zstol igt 27| ank= shte] ks
7R FAo = Aojdt 4= glom Arfdeof wt 2ite]
o~ 2A| et skl o] A7) el gt ARk
1} 3135k HEIE A|AISE vt Itk D'Appolonia 5(1968)
& 3.6mZ0] AA| 7] Z2ollA WAYSE skt 0.3m Akt
oA F3t FolekS H|w % o Terzaghi®} Peck(1948)
_04 xﬂol—/ﬂo] Alxﬂ 5(]6‘]-31:2_ oF 3HH O]A]— jq-/Kl—lﬂ7]—‘3]—J:_
2 SRIgH vl Stk o]2fRt Aif= A E Z]HloA] €
7|20 A7) &= AN AU, YAk 27, AJs)
5=9], Fzlo] Fofl whet FAto] wie- =7] whizol sk

mlo
= O
li?,

68 E=RLtESe =28 H28H M7=

o1 20 R A ol ol A wep

71atek

71E0] A7AIE g AFHO R 2AY AYE
Aure] dhsto] skl 2718 10m WoR E 4w
ABATHE o gat AORA A4 BE 729 AXZ
0% A% pehbe o9 2u SFEIHE 2] of
S 29 AAZE Glek B ATeIAL S 2
3p Fak= Auaze] dete] Aef 40m7iA 271
Qe FRASAEL UAIsto] S5 Hsh AFS 24
831 712.9] Falo] et 271 a0E Bk sk

2. €2 7|=2 37| 54t

EE 7120] A7) A= AXHe gt 2t 3t
gt B PR A ot 7|22 w3}
(effect of foundation size on bearing capacity)+= 7|Z37
of Hlgste] Ax|go] AFH ez F7FsHA] e T
ofujgtek 4} (1) o] Terzaghi®] 22| XA 4]
oA 7| 2E3} e XA NS 7]z 2
719} Agkglo] X|uke] vjRulEziog ofEshis gho.
PSR XX 7| 2Eo| HlFste] FTlsoF 5HA]
ok 7]1& ALRAE(De Beer,1965; Clark,1997)0f o]shH
N gkol 7|z wteh vhujg|sto] fashe e &4l
3t v) 9o} Vesic(1973)= 7| 2E 9] =7} W} 7|2
SHRAue] Feto] wrebm s RS ket e
AR /0,,)7} 3SR Zoleka AXIE v} glom)
Meyerhof(1965)+= o]&3t A3/} Mohr-Coulomb i} 32
Shate] wAFAe] Aatela et qlck skl 7%
37101] T2 22" 5iks Ao a selsly] =

O R ARl A= W EA] ¢kl 3= Aotk

—

Quit :C]vc—i_fny]V:I +05'YBZVA, (1)

2qgol,

rr

o714, ex= M2, v= FFH D
N, Ny Nyi= AR & A 0 t

Zsto]| ofgt 7|237] dail(effect of foundation size on
settlement)+= 7| 22| Z7|o| wha} AslFo] vl ske] =
ZelA] gk AL elulgieh, AFEE AutolA] Wsl of
2.0 4] )2} 20| TRol AT A1E ol gsle] Ay

.
# 4 sl e ol s FUstek A4 o
=



.o qB(lEzP)IS )
sy B
5 B ®

A71A, g= 71200 2H8she oE, B 7129 A7)

(&), v A5ke] Eolu], 12 7]20] dabAle, B
A|Hke] W Aot}

Wotol gt 71237] mke 2718 DR Hu)
SHAIE Azkme Wekee vimele] Tt ARl
R H %=1 Terzaghi®} Peck(1948)2 AU =7} -2
RPAEA o] Ao 2718 Gelsel Aa AR
22E 4] @3} 2 AL A v . o] A

71 Atol A 2 FATE FRlE Sl Etetkar &

AR 71 FSAeA AR e,

R 2B
I B+0.3

y @
of71H, 5,4 712:0] 51, 5,1 03m AfELOHE
243 sk, B 7|2 Emolck
Watoll that 71227 mIHe TR ATAE] o
A 535 vk 9lon], Bond(1961) A|ukEFok At
Weol weby Fsto] et 7|27 At deps
AL AP Bl A (52 2ol AN vt ek
B
) )

j4

Sp— SP(

o714, 5= 7129] Mo}, 5,=0.3m Aslgko 2 EY
SAE Mk, B, 7IeAshe] =171, By 71x29] 47|
°]iL, n& AREEFol weh gebAe gremA JEARE

o A= 0.03~0.05, HeHHEAN A= 0.08~0.1, U]
A= 0.08~0.5, 27U R o A= 0.25~0.35, =<3

majo AL 02~0259 MOE Zkir}

Parry(1978)= 3% oS0l 2lof 7|23 AHk=zd 9]
Wl 12sl] oS FaAsiAguat ohel 15
e

08!

BYNBE] FUE F718HE 4 (©)F ANt gek

7|14 N, 7|Z3HE 2BA =79 Wit Ngh=

Lian +an,+ 7)), (v,), & Alsstae] oiet F N

6

h (V,) 2 AAskel digh Bat Ngkolil, N2> - B

3
A B NG N 2B~ SBAIS] HE NG N
1 B-2B71A) 9] B Ngtolth

FEAo] ztol7t 971 SR EE F| =2 A HFA]
(2000)0 A= B1-8} ZAle] 7]87]Q] ARkt A
2 ol galo] Walol gt 2/ ETE sk ol
A (3} 2ol AAE o] .

ky =k, (D)3 %)

A7IA, k= 7120 AAYF ARREAS ke AF
0.3me| FHHA Gl A -5k AR A, b= 7|22
SHASHE, B+ 0.3mo]th

ol gollA A A3} o] AR XAH 237
29| stoll tigt A7) avte thefRt FEjof o= A
A B AL o] AIQEAE: A fPAIR]
&3] FEASIAF A Aot A=A = 1wk
L2 7|20 AASLR ARGEE vl 2T S EelE
AJRko] Hiet 2§42 Bls) = Harh ok

3. oiF EI st Al

3.1 theedd A X|HE=EA

= %%Loﬂﬁ% 7 ] FHolA F7)E EEiet H
AstA de AAIste] o 2LURE spSokEf At

&2 7|=9] Hstell tiek 27| avE FrFstalst
SHAck @] A= AAPGE AR QIEe] ARIA]
V&7 AL (Site-B) S 2 A ARRE HE
2 FoiEFo| 1B Aejolct, Auked
= st7] flate] AlFRAbet BEAYAASPT)
AAJSIHAL ARl tit SART 5SS A

Fote] AiAdE AAISHAH-

&
@
2
do o o FIO

>
[e]]
>
oo
njo

ol2st =2 J|=x9

Zotoll CHet 2JI1s0 BIt - 69

o



NFEZ2AH FoES0| w2 H Al Hd Ask
3719} 2.58Q1 Bt 10mA=7HA] AAeH e AlF
FA W Aekezl o] fEd els Sl AldeIxIet o
Ae 1Al sl e 2AHE AAlsHlT Fig 1ol
RE A F2ALA] AAIGE SPT Ngks LRl Ao s A]
30cm= Jﬂ“"om FRE AEellA] eS8l 50385 2t
= 79 30emTUA Q] EHA SIS FHAlsle] BA|S
ik Xlﬁ?i A oA o] et SPT NGk 65~88% =&
tehbe oF 1om712] A3 A es F7keks FeiE vet
Wick A% 10mof|Afe] et SPT Ngke oF 300~3754 =5

Blowcount(N)/30cm penetration
0 100 200 300 400 500

tpehdict.

WA R} BEA R THe A%
HEIS e e SUeRy
ERea 2EARA
20] WSt o1 £ Al bz gk, Bk
S BEARE AP AR B HEUEALS
AAJ3te] T, AP Aol Bt Hae
o] G & 4+ glow] WRnFEZhe BiEAo] ZA Lt
deh ol ARe] Bae] slglakrka & 4 ek
Table 10]= chabA]atell 4] a3k ZUAISHAHEMT) T}

f
rﬁ‘)

Blowcount(N)/30cm penetration
0 100 200 300 400 500

0 T T 0 T T T T
i I e
2 2 .
I I o
4 4 — i L
6 . 6 2
8 >< 8 /‘_
—_ = — - L J
average line e
£ 10 (g =10 g N
g | \ g2 | average line,
Q 4o |I=—BH1 O 4o f=—BH-
—e—BH-2 \ -e— BH-2 M
- BH-3 . - BH-3
-w— BH-4 v— BH-4
14 H Y enE " 14 & BHs
- [-4—BH-6 v | [« BH-6
e BH-7 s BH-7
[ |-®—BH-8 16 o BHs
| |-%—BH-9 T | [x— BH-9
18 —&— BH-10 18 -&— BH-10
—-e— BH-11 v —1—@— BH-11
| -+—BH-12 -+— BH-
| > | |+ BH-12
20 20 |
(a) Site-A (b) Site-B
Fig 1. Depth profile of SPT-N value
Table 1. Soil properties from laboratory and field tests
SITE-A SITE-B Remark
Soil type and classification weathered granite soil, SW—SM weathered granite soil, SW—SM
Percent finer than No.200 % 11.5 ~17.8 8.0 ~ 13.8 wet sieving
Dry Unit Weight Va (kN/m?) 22.3 ~ 22.6 21.8 ~ 22.6 Block Sample
Void Ratio e 0.19 ~ 0.20 0.18 ~ 0.21 Block Sample
(kPa) 100 ~ 105 45 ~ 95 o
Shear Strength Triaxial Test
6 () 27 ~ 54.5 31.5 ~ 47.0 (block sample)
Deformation Modulus (MPa) 110 ~ 189 324 ~ 551 PMT
Shear Wave Velocity v, (m/s) 270 ~ 620 209 ~ 526
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Table 2. Plate dimensions and maximum test pressures
. , . Maximum Test Pressure (kPa)
Size of Plate (B, m) Dimension of plate : :
Site A Site B
0.3 0.30 m X 0.30 mx0.03 m steel plate 22,890 2,998
0.75 0.75 m X 0.75 mx0.04 m steel plate 7,674 6,976
1.5 1.50 m X 1.50 mXx0.04 m steel plate 3,401 4,316
2.4 2.40 m X 2.40 mXx0.05 m steel plate 2,589 2,895
4.0 4.00 m X 4.00 m X 1.50 m reinforced concrete 1,478 1,416
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4000 5000
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Fig. 3. Pressure-settlement curves
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Fig. 4. Failure shape of ground during and after the test

Pressure(kPa)
0 5000 10000 15000 20000 25000
0 0(]%Ou-v-—»»»b S L T T
v;‘:‘i\ Oo B=0.3m .
100 | e T
RSN B=0.75m
N
E 200 - piate size \\1\:\\\
z = 0.30m P @ B=15m
S o 0.75m NN
£ 4 1.50m ’ | " Tae
g 300 [~ < 2.40m assumed extraploation line™ ~ .
@ * 4.00m NS
%) IR
B=2.4m
400 -
| @ Esimated Ultimate Bearing Capacity, q,
O Allowable Bearing Capacity, 9,79,/3.0
500

(a) Site-A

Pressure(kPa)

0 5000 10000 15000 20000 25000
0 T T T T
%0 @ B=03m
L % "%
R
N ©
100 | Y ‘@B=0.75m
o)

N

o

o
T

Plate Size \“.:'.B=2.4m
= 030m N
0.75m

w

o

o
T

o
4 150m -
v 2.40m ® B8=4.0m
*

4.00m

Settlement(mm)

400 |-

| @ Estimated Ultimate Bearing Capacity, q,
O Allowable Bearing Capacity, qa=qu/3.0

500

(b) Site-B

Fig. 5. Pressure-settlement curves and ultimate bearing capacity
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Table 3. Soil properties used in calculation of ultimate bearing capaicity

¢ (kPa) v (EN/m?) ¢ (degree) N, N,
Site A 88 22 44 151.95 262.60
Site B 77 22 39 85.97 95.03

Table 4. Calculated ultimate and allowable bearing capacities

Site A Site B
q"(kPa) q"(kPa) q"(kPa) q"(kPa)
0.3 m 14,235 4,745 6,331 2,110
0.75 m 15,530 5177 6,802 2,267
1.5 m 17,688 5,896 7,586 2,529
2.4 m 20,278 6,759 8,527 2,842
40 m 24,882 8,294 10,199 3,400
Pressure (kPa) K /K,
’K N
T B,=0.3m 30 10—
£ N K, B
= . 2
g ™, Ky, B,
& "o,
2 o
£ . N e
171 \ 1 e T —
Bg “\. Ksl
K, 10 B/B,

Fig. 6. Effect of foundation size on settlement in terms of coefficient of subgrade reaction
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Table 5. Measured coefficient of subgrade reactions

Plate Size | Coefficient of Subgrade Reaction, &, (kN/m°)
(m) Site A Site B
0.30 952,381 232,558
0.75 143,061 74,074
1.50 70,972 49,751
2.40 56,118 46,512
4.00 67,751 36,232
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Fig. 7. Relation of A and plate size B
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