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A Case Study on the Improvements of Soft Ground
Using PBD Method in Busan New Port

G/ JUN BYUN

Department of Civil and Environmental Engineering
Graduate School of Maritime Industrial Studres

HAorea Maritime Urniversity

ABSTRACT

Usually, roads and structures construction on soft ground are related to
the stability and usage problems due to long period of consolidation process
if the soft ground is not improved. The ground improvement by vertical
drain methods is not perfectly considered as theoretical calculations because
of disturbance of soils by the installation of drain materials, sampling for
testing, and etc. In addition, the efficiencies of the vertical drain methods
may be affected by ground properties such as non-homogeneity and
anisotropy. Because of these reasons, the estimates results are usually
different from the measured (monitored).

In order to predict the real behaviors of the soft grounds it is necessary
to understand the accurate soils engineering properties, application of the
ground improvement method and process, and the construction sequence of
drain methods. Therefore, monitoring data during construction and
maintenance process 1s very important.

The thickness of soft soil layer that is needed improvement is generally

about 25m in Busan New Port. However, a large area of ground in Busan



New Port has been improved up to below 25m.

Plastic Board Drain (PBD), one of the vertical drain methods, was
applied at the North Container Terminal in Busan New Port to improve the
soft ground. The design theory of the PBD method was described in detail
here. The efficiencies of the adopted method (PBD) were validated by
comparison with the measured results obtained from CPT, RI-Meter, and
field vane tests.

It is expected that the output of this research is a useful documentation
for design and analysis in the case of a similar soft ground improvement

project in future.
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Table 2.1 Decision of soft ground for sand(Terzaghi & Peck, 1948)
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Table 2.2 Distinction of soft ground for clay(Terzaghi & Peck, 1948)
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Fig. 2.1 Relationship between end bearing capacity of a pile and

skin friction and interpenetration for pile
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Table 2.3 A kind of improvement method for soft ground
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Table 2.4 Assumption of Terzaghi consolidation equation
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Fig. 2.3 Smear zone and w ell resistance
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Table 3.1 Geological structure of study site
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Table 3.2 Layer distribution of each region(m)
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Table 3.5 Numerical analysis condition for calculation of consolidation

settlement
T L H] k1A
s 4\4%%%%(77“) 103 t/m{
A 591 (D.L(+)) 0.953 m G s HMS.L)
A= E 31(D.L(+)) 3.00 m
PBD &2kt 4(d,) 0.025 m Hansbo¥ 4] -&
W= 9k7 (0. o] 2H
kel ol o] w7 (d,) 0.12 m 3(0.06m) | 2%
(Hansbo® A £)

G AANF FUASF

G +94% TAAT

C. .. ngred o] o Aukar

FLAGH - A G2 v, oo Ee

warad Ao = C =0.6C DA T (=GC,,)
ALET s = 'US_0'3 h—O. f - ja_of‘o;]o PR
ChS-JJ—Lo—v—/] THY Y
¥l 7] 5

= 163 t/m’
AEARS] G5 =F S 2] AL (Bl AL)
Ysar = 1.90 t/m’

FA] A 2 3(D.L(+)) 45 m S 7 52 A 8 3

2) L& (Smear)a ¢t WA A3 (Well resistance) B E
2 dA o] AAuAl= PBDE A &sta AAMAY WA E 7] Fd o
™ AUk e & I (Smear effect) 9} 8l 4= # & (Well resistance)oll 23+ A

29E AEs7] As Awtud gaet WA AFas adgsiA @

ofr

o=

HN

2

Barron?] S 7]% © 2 Hansbo, Yoshikuni, Onoue?] S A ZHAl4 (Twe v E o
Eflo] o] F7FA gl o AEAIe] XAAHEE AT weg e}
WA A go] 93 gdUxd &3 HEZF PBD B4 Al wd@ae] o3k of

WAl e oF 160 AE WA, wjEA A o 81 ~ 10% ot



AlZE Aol BASAT. 2 AT gEAoAE A Z2 oA ANt
&4 9 (Smear Zone)S A3t AHtwd g3} (Smear effect)E
vl S~ A A 8 (Well resistance)o] ¢ ot@x el o gko] thalr] = A sHA| 7 AHA

Al 10%9] A1 S e sto] 2bA skl

Table 3.6 Review conclusion of delayed consolidation by smear effect

and well resistance

- = Zone- I Zone-1I 1] T
algkod &k 1.566 1.566
T, (Hansbo) P
T, (Barron) w3 A3 of g 1.143 1.129
2 A 1.708 1.695
T, ( Yoshikuni ) W=A A8 G| 1.096 1.081
T, (Barron ) e NS © : '
T (On ) A= 1.561 1.561
_fpltnoue) 2= ol gk
Th (BCL’I”T'O’/I ) HH _l—xo g % 1096 1081
A 1.658 1.642
> i
U, (Barron) =1 — exp ( ) ) (3.1)
U, (Hansbo) =1 — exp ( ia ), F=F(n)+ F(s)+ F(r) (3.2)
U, (Yoshikuni) = 1 — exp (m ) (3.3)
_ _ 2]—;1
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T, (Hansbo) F Fln)+F(s)+ F(r)

T, (Barron) — F(n) Fn) (3.5)

T, (Yoshikuni ) _ F(n)+08L (3.6)
T, (Barron) F(n) :

7, (Onoue)  F(n)+08L 37)
T, (Barron) F(n) :
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34 9 of

Table 3.7 ~ 383 Zt},

s AARS Rk9R 1A4(A-1, B-1, C-1, D-1,
E-2, F-2) ARG R FA ol &
MG +E AA A S5 A" dae

Table 3.7 Analysis conclusion of the first stage improvement section

g | Az PBD A= | AF | A% | 5F |88
£=4 () |DLOm| 3273 [ Badel 3t 71| Aot | Aot | Mo
(m) (m) (t/m) | OHg) | (m) (m) (cm)
A-1 76,733 -1.86 1.20 41.76 18.14 14.0 4.04 4.04 0.0
B-1 167,121 -1.90 1.20 42.06 20.92 14.0 4.39 4.39 0.0
C-1 153,815 | -1.30 1.20 39.30 20.31 14.0 4.25 4.25 0.0
D-1 154177 | -1.42 1.20 37.52 20.46 14.0 4.23 4.23 0.0
E-1 154,241 +1.20 1.50 40.70 19.14 21.0 5.29 5.24 5.0
F-1 111,217 +1.19 1.50 42.89 28.56 21.0 4.92 4.87 5.0
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Table 3.8 Analysis conclusion of the second stage improvement

section
A] e 3 = Em & =
B = M Al o —of i 1;0a -11 a) d‘ixa:r
222 |pLom| BAGA [ Bae 0}15: 717;} Mot | detw | Hohd
(m) (m) t/m) | h¥) (m) (m) (cm)
A-2 38,158 +0.85 1.00 39.00 15.38 12.0 4.43 4.38 45
B-2 71,526 +0.88 1.00 33.39 15.77 12.0 391 3.84 6.5
Cc-2 64,980 -0.88 1.00 36.91 18.41 12.0 4.05 3.98 7.0
D-2 64,980 -1.48 1.00 39.87 22.90 12.0 5.07 5.00 7.0
E-2 64,980 -1.64 1.20 44.23 23.67 14.0 491 491 0.0
F-2 121,201 -1.89 1.20 45.64 26.51 14.0 5.48 5.48 0.0
* MEF71E = AEZ|ZE + A7)
* HFHA Y = AESIF o 1A¢E s

332 GARE HE

12 Aubsl e F2ha 220 Ak Frro =2

TR AsAEL 13 TAFAE 20mE A S
o
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Table 3.9 Slant of surcharge for ground improvement section

T8 AE ALH A AL H 11
oty 7] % FA AW 1:3
T 1:5
A=) E
T 1:20
A5k A EALE 1:8
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PCSTABL5 + JR Carpenter (1986)7} Purduetl 9] Siegel(1975)el <]3l 7)
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p
o714, ¢, + 4ol oste] WstdE AR
cy  EANY ANt E
C
— AR T F7FE(0.24)
p
Ap : A seE
U A A9 a5 o3 Astade 9=
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Table 3.10 Degree of consolidation by application of stability analysis

of surcharge for each step S * M = Sand Mat

A E G A 157 24 3¢A 47 54
A s B AL
5.0 7.0 9.0 11.0 13.0
(DL (+),m)
UL =
A 713 0.3 0.9 1.5 2.1 2.7
7<)
o = (%) - 17.0 204 23.2 26.3
F+a2s4E357) - SeM+1T|SeM+12 S+ M+173| S*M+174
4) AEA}
b A hAEL 7] JEoR 125 AL oy, oA A
+ Table 3113 7Zomw 9kx 8o] 12 o| ol TAHZ AL AlFo] 7}53
Aoz FdFE Y (Fig. 3.20 =)
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Fig. 3.20 Model of slope stability analysis

Table 3.11 Conclusions from analysis of slope stability for each

construction section

Al @7l | A (DL m) oA & b

NxEA =225 1.77 =23
MEdle A4 +3.0 1.44 YA Wk, DL(-)1.45

1%+ A E +5.0 1.43

2T A E +7.0 1.40

3¢ AE +9.0 1.33

47 A E +11.0 1.23

et A& +13.0 1.21
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Table 4.2 Back analysis conclusion according to elimination of
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A-1|12m| 127 | 14 | 4185m | 4263m | 4.106m | 0.0cm | 98.2 3.3

B-1{12m| 135 | 14 [4.280m | 4.460m | 4.200m | 0.0cm | 95.8 2.5

C-1|12m| 131 | 14 | 4350m | 4.560m | 4.280m | 0.0cm | 954 2.873.0

D-1|12m| 129 | 14 | 4.620m | 4.785m | 4.556m | 0.0cm | 96.6 23734

E-1|15m|21.8 | 21 |539m | 5.:734m | 5.339m | 0.0cm | 94.1 3.1

F-1|15m| 266 | 21 |5031lm | 5437m | 4919m | 0.0cm | 92.5 31732

A-211.0m| 86 | 12 | 2922m | 2.967m | 2.856m | 0.0cm | 985 3.0735

B-2|1.0m| 75 | 12 | 3973m | 4.092m | 3.932m | 0.0cm | 97.1 3.6

C-2|10m| 119 | 12 | 3.968m | 4.114m | 3.903m | 0.0cm | 96.5 3.2
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E-2{12m| 115 | 14 | 5792m | 6.150m | 5.710m | 0.0cm 94.2 3.0

F-2112m| 11.8 | 14 | 5.650m | 6.113m | 5566m | 0.0cm | 92.4 25728
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