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Evaluation of Discharge Capacity of Upper Sand
Deposit at the Nakdong River Estuary

Jeong, Jin Yeong

Department of Civil and Environmental Engineering, Graduate School

of Korea Maritime and Ocean University

Abstract

This research focused on the region of the Eco Delta City Project Site, a site
utilization project through the soft ground improvement of the Nakdong
River estuary, to identify whether the upper sand deposit has the role of
horizontal drainer in the Eco Delta Region.

Firstly, samplingand field and laboratorytests were carried out to identify
the physical and mechanical properties of the upper sand deposit. As the
results, the distribution depth was 4 to 13 m and the N value ranged from
3 to 12m as the result of standard penetration test, being distributed in
much loose state, having good permeability in the permeability test.

In evaluating the possibility of application as horizontal drainer based on
the size distribution curve of the upper sand deposit, the fraction of fine
particles in some sections is 20% or larger and does not satisfy the
horizontal drainer criteria, but satisfies the criteria if the content of fine
particles (less than 5%) is low.

GTS NX, an universal analysis program was used to conduct numerical

analysis, and the average degree of consolidation of soft ground in case of

_iX_
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appling the sand mat and the upper sand deposit were compared. As the
results of numerical analysis, the upper sand deposit in the delta region
may play similar roles as sand matwhen accumulated to be 2m or more. As
a result of the numerical analysis conducted by different the permeability
coefficients of the upper sand deposit layer to show the generalized
guideline data, it was found that there is a difference according to the

permeability coefficient, butthe difference is small when P.V.D is applied.

KEY WORDS : Sand Mat; Permeability; Upper Sand Deposit; Horizontal

Drainer
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Table 2.1 Permeability of the common soils(H % 5 4,2012)
Soil type k, (cm/s) State Drainage
Clean gravel(GW,GP) >1.0 High Very good
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. 1.0 to 10° Medium Good
and soil(SW, SP)
Fine sand, silt, sand, mixed clay soil 3 5
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Fig. 3.1 Test locations of BH-1, 2, 3 and the distribution of soil layers in

Eco-delta City, located at the Nakdong river estuary(%* <,2016)
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Table 3.2 Properties of upper deposit sandy soil(Kwater, 2014b)

Item Value
Standard Penetration Test (SPT) 3~12
Unified Soil Classification System (USCS) SM, SC
Inernal friction angle applied in design(°) 25.0
Cohesion applied in design (kPa) 5.0
N value

0/30 10/30 20/30 30/30 40/30 50/30 50/20

& Sand
<O Gravel
J .
Upper sedimented
_ sandy soil
E 20.0
:SQ_‘ . .:‘ :.
2 300 et
.. ..
,3 * * 3.“0 . . <
40 O ’00 0““’: L) * * + *
: t..v“vv.'.-..; -
.,.0 “. :’g?. .
. o o . . .
50 0 .'0 %:’i’ 0’ :’0’0 “0 .0..0 * :’0
' e (S .3:00' & '0?8 %
é:. ot *7e
* . : *® * < § <

Fig. 3.2 N value distribution of upper deposit sandy soil(Kwater, 2014b)
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Fig. 3.3 Particle size distribution curve of representative deposit
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Table 3.3 Particle criterion of soil(Budhu, 2012)

Fines Sand Gravel
Uscs | (silt, clay) Fine Medium Coarse Fine | Coarse
0.001~0.075 | 0.075~0.425 0.425~2 2~4.75 4.75~75
100 — \ | 0 |
90 \ --—Nakdong river estuary —
80 \ \. -B-Joomunjin —
70 \\ —k—Nakdong river midstream [

Percent finer (%)

10 1 0.1 0.01 0.001
Grain size (mm)

Fig. 34 Particle size distribution of Joomunjin, Nakdong river estuary and

midstream sands
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Fig. 3.6 Schematic diagram of field permeability test
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Table 3.4 Condition of constant head permeability test(7H F,2016)

Relative density (%) Fine content (%) Remark
5
20 10
15
5

30 10 Saturation condition
15
5

40 10

15

Fig. 3.8 Remolded process of constant head permeability test(7 " <2016)
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W, APAS QurAQ meo] E5A S (Table 35)8 712 0% BHHAL A5
BH-19) HREAAAESS] B54e has] F5d 20w Uehsch

BH-2, BH3¢| HAE540] BH-A% thes] #Akst7] wlo] BH-2, BH3¢| ¥
& AT BHAY Ansl §AE Ao R E4APAT}E Table 36
% 2,

Table 3.5 Limit of permeability coefficient application(Kim, 2002)

Permeability 100~1

N 1~10" *(em/sec) 10 *~10" "(cm/sec)
coefficient (cm/sec)

Organic and minerals silt,

Soil type Gravel Sand and Gravel sand+silt+clay mixing,

bedded sedimentary clay
Normal

Drainage Good(100~10"* cm/ SEC)

(10" *~10" "em/sec)

Table 3.6 Results of permeability test in BH-1

Item Depth(G.L(-), m) Permeability (cm/sec)
BH-1 (1) 35~42 1.174E-03
BH-1 (2) 8.0~8.7 2.46E-0.4
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Table 3.7 Comparison of permeability between midstream sand and

upper deposit sandy soil of Nakdong river

Permeability
Relative density | Fine content
Sort coefficient Remark
(%) (%)
(cm/sec)
Sand of midstream

Nakd _ 7.05E-05
OI[} aer ;’: (r);‘l’fr 40 10 Saturation

bP P 7.58 E-04

sandy soil
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(dw)q:m = pMde" (4.6)

d, = py/(d,)" + (M)’ 4.7)
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5 (4.11)
p = 1/30, 4.12)
Jop = 1/28,;5;; (4.13)
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A71M a2 Biote] AA Aol oy HAFTUFECH o =UYFE
o 283 e, YEAToIH

ndgo] =olx 2m oY L TEEIFE 10° kPad AE YTk AA
Z7A48 HEo gy E HF9= AANA FHHYE AR sta, FA9
A AAAME HA HIAE A AR BAINIY. 27 FF= oAy B
48 Fo| vF Z&sta Ao F p, = H

HAZ AFEE AW = Table 5.19 YEY A

Table 5.1 Soil parameters used in numerical analysis

Parameters Value
Young’s modulus (E) 10 2 kPa
Poisson’s ratio 0.25
Porosity 0.2
Hydraulic conductivity (k) 10" *m/sec
Biot’s coupling coefficient (cv,) 1.0
Surface traction loading (£7) 10°kPa

Compressibility of water (3,)

51x10 *1/kPa
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Fig. 5.1 Finite element mesh used in column loading problem
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1.2
Analytical Solution (Biot,1941)
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Fig. 5.2 Comparison of numerical analysis and Biot’s analytical solution

Collection @ kmou



52 FH=zH 2 W&

521 3|4z

B AToIAE AkAN S0 HAAAES] BESE GG ST W
g tFoE UL ARG, HEATE 64, 6BA BANE B
A7)7e 84U ARSh AN L FaAUL Fig. 533 2k,

Sand Mat 1.0m

Clay 15.0m
f 30.0 m 1
(a) Sand mat
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Fig. 5.3 Analysis conditions
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5.

Table 5.2 Soil parameters used in numerical analysis

Parameters Sand Mat Upper deposit soil Clay
Modulus of
Elasticity (kPa) 10000 15000 3000
Poisson’s Ratio 0.3 0.3 0.38
Unit Weight
(kN, /m3) 20 20 15
Unit Weight
(Saturated) 21 21 16
(kN/m’)
Cohesion (kPa) 5 5 -
Friction Angle 36 36 -
Permeability
Coefficients 1.7<10™ 2.46x107° 2.31x107"
(m/sec)
OCR - - 1
Slope of consol _ _
line () 0.118
Slope of over _ _
consol line (&) 0.033
Critical state _ _
specific vol. (I 3.579
Slope of critical _ _ 0.772
state line (M) :
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(a) Sand mat modeling

(b) Upper deposit soil modeling

Fig. 54 Finite element mesh and boundary
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Fig. 5.5 Horizontal drain function of sand mat
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