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SUMMARY cee@

SUMMARY

I[. Title

Development of technology for capacity improvement of quay wall for resource circulation port

Il. Necessity and Objective

It is important to enhance and improve existing harbor facilities for larger vessals in order to
secure internaional competitiveness. Especidly, it is desirable that caissontype quay wals have
more front-water depth to better accommodate the larger and larger vessds coming aongside.
Although deepening methods for caisson-type quay wal was considered and designed a Busan
port, Gwangyang port and Ulsan port, the fidld application of deepening methods for caisson-type
quay wdl is unprecedented in Korea. In Japan, the development of deepening methods for
caisson-type quay wal have been performed by laboraory study. But, there is no field application
caxe of deepening methods for caisson-type quay wall in the world until now. Therefore, it is
needed to study and develop excavation and reinforcement methods for the deepening front
water-depth of caisson-type quay wall.

Recently, the condruction onshore waste landfill sites has been studied due to the increase of
waste and geosynthetics are widely utilized to enforce and protect waste landfill. Geosynthetics
comprises the interface with soil and the saismic behavior and stability mostly depend on the
dynamic shear behavior of the geosynthetic-soil interface. Therefore, the understanding of dynamic
shear behavior of the interface is critica.

Il. Contents and Scope of the Sudy

Contents and the scope of this study are as follows.
O Development of deepening methods for gravity quay wall
» Development of a new deepening methods for caisson-type quay wall
» Evauation on the filling efficiency and development of filling smulation method of grout

for base reinforcement



» Evdudtion on the sfety of gravity quay wall applied deepening method
* Andyss on earthquake response characteristics of mgjor ports in Korea
» Evduation on the dynamic safety of gravity quay wall applied deepening method
O Deveopment of design technology on geosynthetics for liner system
» Evauation on the dynamic shear strength of geosynthetics-soil interface
» Development of guiddine for evaduation on the dynamic shear behavior of geosynthetics-soil
interface

IV. Results and Discussion

Sequential sectiona excavation and reinforcement methods for the degpening of quay wals were
newly developed in this study. The proposed methods improve congruction efficiency and the
dability of structures by applying 3-dimensiona confined effects during the construction process.
The dability of sructures during the construction process based on the developed methods was
evduated by 3-dimensond numerical andlyss. In addition, the proposed sequential sectiona
excavation and reinforcement methods for deepening caisson-type quay wals was verified by
geo-centrifuge tests. In order to develop the reinforcement method for base of caisson-type quay
wal, plastic grout was sdected in this study. The filling efficiency and strength of grout with
different mixing ratio was evduated and the optima mixing ratio to meet the srength
requirements was derived. The filling smulation method of grout using volume of fluid modd and
porous media modd was developed and verified. Findly, manuad on design and construction
processes of the deepening method for caissontype quay wal was suggested based on the
laboratory experiments and numerical analyss results.

In addition, the dynamic shear behaviors of geosynthetics-soil interface were evduaed by cydlic
smple shear tests and numericd analysis and then management criteria on interface shear drength
was suggested. The guideline on method and process of theoretica approach, laboratory tests and
numericd andlyss to evauae the dynamic shear behavior of geosynthetic-soil interface was

proposed.



SUMMARY cee@

V. Further Application of the Results

The results of this study can be applicable in the following fields.

The developed degpening methods can contribute to reducing potentia costs for the construction
of new harbor facilities by enhancing the ability of existing harbor facilities efficiently. The results
of deepening methods for caisson-type quay walls will be used government funded R&D project
as feasihility study.
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Educational/Recreational Outing

The educational visit consists of a bricfing on the
solid waste managemen in Singapore and design
and aperation of Sema kau followed by a tour of the

A wnique lndfill coexisting with vibrant ;
marine ecosystem, mangroves, grassland ; hndﬁll-Mﬂl edwmuwlvﬂumme-;;k;

und shorline habitats, Semakau provides
educationnl yet fun and exciting outings
unrivalled in ather parts of S ingapore

Intertidal W alk

The 3-hour tour of the shoreline of Pulau
Semukau during low tide would allow
visitors to marvel a1 the vast mangmves,
scagriss. coral reefs, crabs, starfishes
sponges, shrimps  and many  other
interesting flora and fauna.

Spart ishing
i I -and sport

fishing enthimissts  have documented 17
different fish species ot Semakau Landfill. The
“barmewda and the Queen Fish are the more
common game Q«m caught ut the landfill

Bird W atching 7
A total of 66 species of birds have been  °°
recorded  on Semakaw  Landfill. They -~
consist of migratory birds, shore birds and *
farest birds who made Sermlau Landfill
their home duc o an abundance of fish in

Stargasing

Semakau  Landfill offers an un-obsiruct

view of the clear skies for stargazing. The

refreshing sea hreewe and scenic natural
i make gzing al

Landfill an even mare unforgettable

experience!

O8 228 d7iE= MoPFHe sdMEEe] delst TR K 08

(http://www.nea.gov.sg/corporate-functions/contact-nea/semakau-landfill)
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Field experiments for ©
-Sheet pile joints =
-Steel pipe pile joints .
-Clay interception P
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1) Porous media model
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> AP U B22E0| o 28 Y 2y v
= VOF(Volume of Fraction) model + porous media model Al2 l E3YE @7t siEeol4 (3D) '
= 7} "B CiEt parametric study
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2) VOF(Volume of Fluid) model
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Lising FLUEMT s WOF Maoslel
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150 mm, =°] 300mm Ao thgk 22 7|24 S st siS F3td porous
media model 7} VOF modd-& AH8-§ AlE#olAd 7ol H87Hs4 8Rly J89Ee &

Fereo] FAYBol ME 9T Al BHe T ok

2) 14 o =y 3 =4

7128 Aol A= 27 150mm, £°] 300mm FAIAe] dHe 23kl o r RAFEte] A&
ojde AT 13 32800 a4 thdel thdk AAY4, 22]a VOF modd} porous
media model& AH&RF SiAollA Hadk dFEHFES YERAITH

«  VOF(Volume of Fluid) medel + porous media model At2& 2D 7| 264 3
« 4 50| 2EY s 0jX| = S 0Hst7| 218k parametric study =3 - 2D

¥ oY = B - reference value
@ Material properties of grout
- Density : 1,700 (kg/m?}
= Viscosity : 1 (Pas)
@ FY g
- 200 kPa (2 bar}

¥ Porous zone

Porous zone

- Fluid porosity : 1
- Viscous resistance (L/a) : 50 x 10°(1/m?é)
- Permeability (o) : 20 x 107 (m?)

@ Surface tension
- Cement paste-air interface : 0.07 (N/m}

® XF 28
- Gravity : 981 (m/s?)

¥ Parametric study
@ Viscosity : 1 ~ 3 Pars
@ Pressure : 100 ~ 300 kPa
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A = 949 s WM T5E, A= A, T4 5 EF 7SI
FE A5}t 57 Aele] EH AL 7129 4 ARE
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v o4 §l ¥4 — reference value

@ Material property @ FY uH (@ Porous zone
- Density : 1,700 (ka/m} - 200 (kPa} - Fluid porosity : 1
- Viscosity : 1 (Pa:s)

- Viscous resistance : 50 x 10% (1/m?)

Cantours of Velume frasiion (greut) (Time=1.0000s +00)

02l 3281 2x43 7|2 oA ZAxt
100 Viiscosity of grout : 1 Pa-s 100 Inlet pressure : 200 kPa
96 - 9 -
80 1 804
g 704 g 704
% 66 - “E 80 -
E 56 22s E 50 -
D 40+ B2 40
c £
'g 30 @ 30- 305
5 20 g 20 -
10 10
00 ¢ 1
Inlet pressure (kPa) Viscosity (Pa-s)
712l 3282 Flteol ciSt parametric T2l 3283 J2IREXe| M=o Cist
study Al=2{[0|d Zx} parametric study A|Sa|0|A Zn}
FAN S Tt M=t =eE I FEAT AJAE VHS e u dee AR
e FhE A2 AT £ Utk W=t FhE a9F FYAol oldtks AL o
HsE, $204% Bk AGelAG 2ol TSEA AZ F AAAte] U A5 B
Aol HETF FobA7] wiEell doNAMe] T8 34 Al Algagolud 4% SH
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@ Material properties of grout
- Density : 1,700 (kg/m?)
- Viscosity : 1 (Pas)
@ FY ¥H
- 83.5 kPa

(@ Porous zone

= Fluid porosity ; 0.432
- Viscous resistance (1/a) : 25 x 10° (1/m?)

- Permeability () : 40 x 107 (m?)

@ Surface tension
- Cement paste-air interface : 0.07 (N/m)

(ORIt
- Gravity : 9.81 (m/s?)

Porous zone

- L - == = A
Ol 3284 XIS Eot iAo st 2l B
1% 5E 15 = 30 £
Conlours of Volume fraction (groul) (Times 1 0000 +00) Dec 14, 2017 (Time=% 0000 +00) (Tima=1 50008+01) (Time=3 0000e+01)
ANSYS Fluent Release 16.0 (axd_ dp. pbns, vof. ssiiow, fransient) ANSYS Fluent Release 160 ANSYS Fluent Release 160 ANSYS Fluent Release 16.0
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E,=6(N+5) ks for clayey sands
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= A
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,‘E 1080 kN/m
o=
E 00 kN/cr
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=
w0 20 :
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[y ] 30 10 =0 W i)
N value
1) Specifications for highw ay hlidy.“- pm
¢ =15+ 415N
1) Osaki ¢ =15+ 20N
2 Peck ¢ =03N+27
3 Dunham
-1 Particle Shape: Round: Particle Ssize Distribution :
Uniform
=154+ V12N
-2 PS: Round; PSD: an:um& PS: Anglar; PSD: Uniform
¢ =15+ v12ZN
-3 PS: Anglar ;: PSD: Good
ey ¢ =15+ V12N
1) JNR the building design standard
0.6
= 185 ——mm—m B
o= 0.010', + 0.7 re
o', :Effective vertical stress(kN'm?)
12! 332 SPT-NX|Q} LHE0O}EHZE Azt 2= (Makoto and Khang, 2013)
H 331 dYAlE Sof MEE 4 xRS
Zck A A
AokalEs A A 2= e !
E N \*Ejs;) %E‘Ef;; waAs | waAs
G(Pa) K(Pa)
HEADY 2 50.0 1.2E+07 5.02E+06 6.69E+06
AEARY 30 127.1 8.7E+07 3.35E+07 7.25E+07
AEAAZ 45 1555 1.3E+08 5.01E+07 1.086E+08
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CASE 1 CASE 2 CASE 3 CASE 4
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F 3.4.5 Accumulated Final Displacement and Relative Displacement after each Excavations

Sensor Name 1st Excavation 2nd Excavation 3rd Excavation 4th Excavation
(mm) (mm) (mm) (mm)

L1 -342 -541 (-1.99) -6.95 (-1.54) -8.51 (-1.56)

M1 -2.89 -371 (-0.81) -4.80 (-1.09) -5.08 (-0.28)

M2 -1.94 -2.96 (-1.02) -3.64 (-0.68) 30.80 (34.43)

St 093 -1.55 (-0.62) -2.32 (-0.77) -2.89 (-057)

V) -1.63 -2.99 (-1.36) -4.25 (-1.26) -5.82 (-1.57)

Lal03 0.34 050 (0.16) 0.87 (0.37) 1.91 (1.03)
Lal04 0.95 132 (0.37) 143 (0.11) 1.01 (-0.42)
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i 3.4.6 Comparison of Settlements during Spin-up and 60g Monitoring

Sensor Name Settlement 1(mm) Settlement 2(mm) Difference(mm)
L1 -233.42 -134.28 -99.14
M1 -171.07 -131.43 -390.64
M2 -159.58 -92.51 -67.07
S1 -88.15 -79.79 -8.37
2 -116.46 -72.61 -43.86
Lal03 75.52 -68.08 143.60
Lal0o4 54.23 -86.31 14054
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7t m2HAER7HE (Disturbed State Concept)
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T2l 422 Schematic of stress-strain behavior(Park et al., 2000)
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I 421 Specification of M-PIA

0o
e

unit

specification

vertica section

maximum load: 10kN
maximum stroke distance: 150mm or more

horizontal section

maximum load: 10kN
maximum stroke distance: 150mm or more

screw settle-type servo motor system

rated speed/ maximum speed :

Servo. motor 3,000/5,000(1/min)
encorder: 15lines, 2,500pulses’revolution
rated capacity: 10kN
nonlinearity: 0.03%, R.O
load <=l temperature range: -20C~80C
dynamic fatigue type
caibration program(interface)
specimen size and test conditions input type
software test data display save and andysis
unit conversion and graphic zoom function
A7 2 RS AR AF 2 AN AR ade BAS] Het g4 AR EeEE
= AAsAT. ddtae] Alg AX AL o 17 4267 2

(@ Base plde

(b) Sand insdlation

(©) Geosynthetic ingdlation

(d) Shear box with upper plate

712! 426 Schematic of dynamic interface-shear tester
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o =3 AR R gEHAS A HEst] AXHE AEE £ R == WA 1
gl AA7F A ER TP AAs] ZAtEal weke] ol BAshs AdE AX|dl it
AE UF EY F Utk olg o] g7 ZE o AT I A8E vl A5 Ad
< O 2450 yehliglar, A Adr1e] 342 vs 183 2

T2l 427 Schematic diamgra of M-PIA

T2l 428 Overview of M-PIA
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(e) Ingdlation of shear rings

(g) Instdllation of geosynthetics (h) Test-ready state
2! 429 Test procedures



HAZ AR LS R Zul2): EEMR-& HEH HEMHS W X IR Y cee

Lt sfSts gl ofst ERNF-F HEM SHADISY

1) Agz4d
el ot AL Teld P BH ABNPL A U] AP =4S 4
itk A7IME 2A A2, 3840 21 B $1 2002 TR,
7h E=de-§ =4
ERNG-F A500 Ud APolng § ABst ERNHE FHstelol Bk 7 4
A DS B F9 2ok B ATolA A Geocomposite U] #H71E wi gl 7}
4 9y AHEE EEAHolY HDPE Geonetoll #2122 dgFA7 Zo|thE 422 #x).
F ABE FEAREAE ASa9on A48 FEAREA] YEREZNE 19 4210
% 2
I 422 Specification of test materials
Sail Geosynthetics Remarks
Geocomposite(t=7.0mm) Geocomposite
FEAEZA (HDPE Geonet + Non-wooven = #7158 v E Aol A
Fabric) 7h¢ del AR
100
920
B8O
- 70
&
~ 60
Q
£ s
(S
‘E 40
@
- 30
QD
a 2
10
0
10.00 1.00 0.10 0.01

Grain Size (mm)

2! 4210 Grain size distribution of Jumunjin sand
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4.2.3 Chemical conditions

i
arc

Acid

4.0

Potassum
Hydrogen

Phthalate
(CeHs04K)

30 days

1,200 days

Neutra

7.0

Potassum Hydrogen

Phthd ate
(CsHs04K),

Phosphate

(NaHPOy)

30 days

1,200 days

Basic

10.0

Sodium

Bicarbonate
(NaHCO3)

30 days

1,200 days

Solutions

pH

Main chemica

element

Submerging

period

o| A& 05HzE FZ(ASTM D3999-91)
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I 4.2.4 Dynamic conditions

A 3315~(Hz) AsHH (%) H AL
AR &S oHIAT S
05 30 ARAEE 2A

oj9 o] ERAfrot AWz, ety 24 9 2 =1 EFE aHstal 4 xxEE

AstEe A, @] 2 AAsEe Bdst] F 12 8 AP 7 20 38 St F A
3 34+ 36371 Huh
Submerging Normal i
Period Stress Cher!l!cal
(days) (MPa) Conditions

Basu:
(pH 10.0)

Acid
{pH 4.0}
Meutral
(pH 7.0}

2 x2 %3 %3 = 36 sets

21 4211 Test Schedule
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I 4.25 Disturbance function parameters
Submerging Normal Chemical Average
period (Days) sress (MPa) conditions TERNMEET Vaue
Adid A 2.2608
Z 0.3916
A 1.5529
0.3 Neutral 7 05087
Basic A 1.9634
20 Z 0.4910
Adid A 1.9895
z 0.4862
A 1.6648
0.6 Neutral 7 04917
Basic A 2.0637
Z 0.5014
. A 2.9589
Add z 0.4082
A 25811
0.3 Neutral 7 0505
Basic A 3.6165
1.200 Z 0.2897
' Adid A 2.1336
z 0.6377
A 2.2461
0.6 Neutral 7 05416
Basic A 3.9729
z 0.3934
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H 4.26 Relative displacement(840 days, acid condition)

S RV
Surcharge No. of gauge Rc(al?;il\r/?;; R(eI;gl\:sCt Ig?;o Absgiﬁ(riﬁq‘;‘“ve
(mm) (mm)

1 0.00 043 043

2 0.00 059 059

3 0.00 0.60 0.60

4 0.00 0.93 0.93

5 0.00 0.82 0.82

6 0.00 1.01 1.01

0.3 MPa

7 -0.79 0.00 0.79

8 -0.81 0.00 081

9 -0.90 0.00 0.90

10 -0.97 0.00 097

1 -1.03 0.00 1.03

12 2.92 0.00 292

3t 427 Relative displacement(840 days, alkalic condition)
- +
Srcherge No. of gauge R;ﬁ\r/?t;;. R(elz)agl\:?t IID?;). Absg'iﬁs(rif'n?i"e
(mm) (mm)

1 0.00 051 051

2 0.00 047 0.47

3 0.00 0.80 0.80

4 0.00 0.83 083

5 0.00 1.00 100

6 0.00 119 1.19

0.3 MPa

7 -0.30 0.00 0.30

8 -0.49 0.01 050

9 -0.45 0.00 0.45

10 -0.54 0.00 0.54

1 -0.78 0.01 0.79

12 -0.84 0.01 0.85
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T2l 4215 Relative displacement at gauges(840 days, acid condition)
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= 4.2.8 Relative displacement(60 days, acid condition)

(-)direction (+)direction .
Suchrge | No. of guage | Relative Disp. | Relative Disp. Absolute Relative
Disp.(mm)
(mm) (mm)

1 0.00 051 051

2 0.00 1.00 1.00

3 0.00 1.23 1.23

4 0.00 1.10 1.10

> 0.00 1.43 143

6 0.00 2.94 294

0.3 MPa

7 -0.60 0.00 0.60

8 -0.74 0.00 0.74

9 -0.81 0.00 0.81

10 -0.99 0.00 0.99

1 -1.43 0.00 1.43

12 -1.15 0.00 115

H 429 Relative displacement(60 days, alkalic condition)
(direction (+)direction Absolute Relative
Surcharge No. of guage | Rdaive Disp. Relative Disp. )
Disp.(mm)
(mm) (mm)

1 0.00 0.94 0.94

2 0.00 0.78 078

3 0.00 111 111

4 0.00 112 112

5 0.00 114 114

6 0.00 115 115

0.3 MPa

7 -0.21 0.07 0.28

8 -0.79 0.00 0.79

9 -0.87 0.00 0.87

10 -0.95 0.00 0.95

1 -1.01 0.00 1.01

12 -1.08 0.00 1.08
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T2l 4217 Relative displacement at gauges(60 days, acid condition)
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12l 4221 Critical %o according to the test conditions
H 4210 sHAEayHEE MY Aot
: o A+
A7 A3k sfahz PN
4H4(30d,0.3M) 0111
0.3 MPa %44(300,0.3M) 0.091
309 %7144 (30d,0.3M) 0.126
44(30d,0.6M) 0.127
0.6 MPa %%3(30d,0.6M) 0.103
%7144 (30d,0.6M) 0.135
A143(1200d,0.3M) 0.124
0.3 MPa %43(1200d,0.3M) 0.157
%17143(1200d,0.3M) 0.076
1,200
4143(1200d,0.6M) 0.183
0.6 MPa %43(1200d,0.6M) 0.157
%7144 (1200d,0.6M) 0.112
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EE
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Grain Size (mm)

2! 4222 Grain size distribution of Jumunjin sand
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F 4.2.12 Dynamic conditions

AT (H) ASTAR £ e
ASEF &S oMY
o0 30 A3 ARNe e 2%

I 4213 Test Schedule

F3 A& P, AehH g = EE k!
z4 | FRN% (mm) () A 3l
ol ] 0.3 MPa(20m 9)) 1.2(3.0%) 20 Geocomposite 33
a4 0.6 MPa(40m =°J) 1.2(3.0%) 20 Geocomposite 33
ol o] 0.3 MPa(20m 9)) 1.2(3.0%) 20 Geocomposite 33
3 v 0.6 MPa(40m =°]) 1.2(3.0%) 20 Geocomposite 33
o] ] 0.3 MPa(20m 9)) 1.2(3.0%) 20 HDPE 33
34 0.6 MPa(40m =°J) 1.2(3.0%) 20 HDPE 33
ol ] 0.3 MPa(20m 9)) 1.2(3.0%) 20 HDPE 33
3 = 0.6 MPa(40m £0]) 1.2(3.0%) 20 HDPE 33
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(Ring torsion test) | - Al EFolE HEFH WA A2 U AumEsel wal
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G le < tet e d 490 75']‘—1 7]'0 1_."|"01]1 Oﬁ}:]F E}g
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£E 72! 14 Cyclic shear behavior of the interface(Kwak, 2014)
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2= 12l 15 Cyclic response of shear-normal stress(Kwak, 2014)
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££ 72! 16 Appearance of M-PIA
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Maximum Value

Minimum Value

PERCENT - UNDER-COMPACTION
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(usually zero} =1

22 72! 17 Chart for percent-undercompaction
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22 72l 18 Detail of shear module
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oo XIFAE SIS I3t Ok M B TiE JHY
£ E x 8 Specification of M-PIA
Unit / Module Specification
. . maximum load : 10 kN
vertical section maximum stroke distance : 150 mm or more
. . maximum load : 10 kN
horizontd section maximum stroke distance : 150 mm or more
crew seftle-type servo motor system
servo motor rated speed/ maximum speed : 3000/5000 (r/min)
encorder : 15 lines, 2500 pulses/revolution
rated capecity : 10 kN
nonlinearity : 0.03 %, R.O
load ol temperature range : -20 C ~ 80 C
dynamic fatigue type
cdlibration program(interface)
specimen size and test conditions input type
software test data display save and analysis
unit conversion and graphic zoom function
4) AUAIE =4
54 shgxdd Arzde TPstel WA AY 20 s o & 39 2
HERo nlAE o JFE nT A F AR BEEURE sk M1 0w 3
3 golo] FHANZ F AUAPS FRDTL 53] pH o] B2 JFS 18T A Buffer
EFEYE o] &L F U, dlol Y3 FFE AFEAMTE Axst FHAAA 1HZT
AF342] #AZ= ASTM D1141-98 & #=T 4 Qlth
£E H 9 Summary of test conditions
o & ANEdz4 H 1
HYE Ao -
5485 Astzd
AHAHE 3.0% quiAg ez A%
AT T 0.5Hz ASTM D3999
Nz A 100mm Agd WA 71E
A& o] 40mm ERNRFTA 23
ANE FEE 60% ar pluviation method
A&stE 0.3 / 0.6MPa g7 Eolol wet 2AA
pH Buffer o]-& pH G 1HA]
2 - -
FANE N, A5 oA
v (ASTM D1141-98)
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2 oo
£E = 10 Properties of Strip element(Example)

No. Item Vaue Unit
1) Prop. No 7001

2 Young's Modulus 6.00E+08 N
3) cawidth 10 m
4) ngtrips 10 EA
5) strwidth 10 m
6) strthickness 0.002 m
7 sryield 2.25E+04 N
8) strkbond 2.00E+07 N/m/m
9 strsbond 1.00E+05 N/m
10) density 980 kg/m3

AAsNgs 9 2713} o], AANAAAE YA FASL AT (flow anlaysis)=
33t A (coupled andysis)Z]

3 IFNAES St FUS AT Adkr AAZRD AAo] A= ojof it A3}
T AAZRAL ATt EAGte IS gAY H SIARERE SFHzAY obs Al
sbste] A A ¥ (mesh) Al wel AR =3 A infiltration)ol] <3 %5 (phreatic
A(flow vecter) S BAFELY] 918t WS SE5AARAES F7HE At of

o
o
Atk FUES B2 A5A7E AAHE A% SUGee] $942 00 Pa 2 1A}

l

i

H =X
Astete] FxEA AAY FAATS e & Yk
: 20 MYE, AW B2 ARSI, B AN FET
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