Numerical Analyses of PVD Improved
Ground At Reference Section of
Second Bangkok International Airport



KEY ISSUES IN
NUMERICAL MODELING OF
PVD IMPROVED GROUND



Smear Effect
(Severe Disturbance at the Mandrel~Soil Interface)
Induced during the PVD Installation

Smear |
Effect
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Smear Zone Caused by
the Penetration of Mandrel with Anchor Plate

Installation of PVD




Estimation of Smear Zone of PV D Installation

ANCHOR PLATE
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Bl(1/4)xnx(d,)>=120mm x 50mm
dS — (2.5 ~ 3) dm




Well Resistance of
Prefabricated Vertical Drain

PBlDcterioration of the drain filter

BISilt intrusion into the filter and
enter the drainage channel

Folding of the drain due to
lateral movement

Zlgzag PVD




Conversion of 2-D Radial Flow into
2-D Plane Flow of PVD Improved Ground
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2-D Radial Flow 2-D Plane Flow



T kax(hB2 o hAz)

2-Dradial flow g¢q_ =

ln( de j
dW
PlThe total discharge capacity for the 2-

D radial flow (axis-symmetric flow)
and 2-D plane flow can be represented

by:

m kpl(h32 - hAz)
L

2-Dplanetlow g, =



BlConsidering the condition of equal discharge rate and
taking the same head boundaries at points A (%) and
B (hz) for both the axsi-symmetric (in-situ) flow and
the 2-D plane flow :

Permeability of soil to transform the axis-symmetric
flow into 2-D plane flow :



SOME CONSIDERATIONS
IN PVD NUMERICAL MODELING

Smear effect of PVD:
(1) continuity of discharge rate
(2) distribution of excess pore water pressure

Well resistance of PVD

(¢,,=discharge capacity of PVD and k =vertical permeability
of PVD)

Conversion of 2-D radial flow to 2-D plane flow
(equaling the average consolidation rate for both flow models)

Simulation of PV'D numerically
(1) drainage element with thin thickness
(2) interface element



Comparison of Numerical Tools in PVD Modeling

Tools Smear Well Water PVD
Effect ReSiStance FlOW Drainage
Crisp | Equivalent Finite 2-D plane | 1. drainage element
permeability | permeability flow ( with limit number)
k, k, 2. negative pore pressure for
vacuum simulation
Plaxis ke kw 2-D plane | 1. drainage element
flow (without limitation)
2. interface element
Flac3P ke kw 3-D 1. drainage element
channel

flow

(drainage well)




UNIT CELL THEORY OF
VERTICAL DRAIN



Some Parameters Considered in Unit Cell
Theory and Numerical Modeling of PVD
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PIBarron’s Unit Cell Theory (1948)

Barron (1948) presented the first exhaustive solution
to the problem of consolidation of a soil cylinder
contaimning a central sand drain, and the solution of
Barron under 1deal conditions (1.e. no smear and no
well resistance ) on a saturated soil.



Yoshikuni’s Unit Cell Theory (1974)
Yoshikuni, et al. (1974) presented a rigorous solution
for the consolidation of isotropic and homogeneous soils
by vertical drain well with finite permeability (well
resistance).












SMEAR EFFECT AND
WELL RESISTANCE IN
NUMERICAL MODELING OF PVD



Smear Effect

In the analysis, the smear effect of PVD can be
simulated by specifying an equivalent horizontal
permeability, (k,), for both smear zone and
undisturbed zone.
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Considering the continuity of discharge rate and

distribution of excess pore water pressure
o i
JAV/A \ 1
An, N / 2,
Au, S— 1 S— : Au
—": ‘_21'; ..= i
a) insitu case ’ b) equivalent case

Equivalent horizontal permeability for smear effect




Well Resistance

In the analysis, to consider the finite permeability,
and the corresponding well resistance 1s simulated by
specifying permeability, (k,), as follow:
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NUMERICAL MODELING OF
PVD IMPROVED UNIT CELL
(Crisp Axis-symmetric Analysis)






Soil Loading , P, k, k,
model (kPa) (kPa) (KN/m?) | (m/sec) | (m/sec)
Isotropic) o1 10000 | 03 10 | 1.0E-08 | 1.0E-16
Elastic
Height I Y C, k. k, k.
(m) (m?/s) (m/sec) | (m/sec) | (m/sec)
20 0.5 13462 | 1.346E-05 | 2.0E-09 | 3.3E-09 | 8.6E-09




Drain length [/, (m) 10
Spacing ration =d /d 25
Smear ratio =d /d 5
d (m) 0.4
d,(m) 10
d (m) 2
q,, (m3/s) 5.1E-06
k_(m/s) 4.058E-05
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2-D NUMERICAL MODELING

of PVV'D IMPROVED GROUND at
REFERENCE SECTION

(Crisp Plane Flow Analysis)
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X=13639.0, Y=11845.5-11942.5
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— Type of Instrument Quantity (No.)
© DEEP SETTLEMENT GAUGE (DG) Deep Settlement Gauge 45
@ INCLINOMETER (IM) Inclinometer 6
© ELECTRICAL PIEZOMETER (PE) Electric Piezometer 36
° SERVATION WELL (O
o s Observation Well 54
O SURFACE SETTLEMENT PLATE (SF)
SURFAGE SETTLEMENT MONUMENT (SM) Surface Settlement Plate 54




Subsoil Condition at Reference Section

X=13639 X = 13735 X =13827 X =13889 é(H=_|:g|§?08190

BH-RF-002 BH-RF-004 BH-RF-006 BH-RF-008
S 2R Elve. -0.356 m. Elve.-0279m.  Elve.-0.019 m. LRI

- 7
R~ S

RN
- Weathered Crust/Fill
1 \'o
Clay, Very Soft to Soft; Dark Grey. (CH)

- v, = 1.40 t/ms, w_=110%, LL = 115%, PL = 40%, s = 1.5 t/m? (UC)

© 0O N O 6 A O DN -~ O
1

i ’///\/ 

Clay, Medium Stiff to Stiff; Dark Grey, trace fine sand and shell bit. (CH)
Y, = 1.63 t/m3, w, =59%, LL = 70%, PL = 30%, s, = 3.0 t/m? (UC)

-
-
1

Elevation, m MSL
) )
1 1

13 - I
14 -
15 - Silty Clay, Stiff to Very Stiff; Light Grey to Light Brown, trace fine sand. (CH)
16 - y,= 176 tm’, w_ = 40%, LL =70%, PL = 30%, s, = 6.0 im? (UC)
17 | |
18 0 50 (m)
—— x L . T i . u
19 Scale (Horizontal) ﬁ = | *
20 - y = 12000 i 2RSS 5:Wa D] WhH
AE S e—
) i)
Soil Description y=11000 Locatlon CZU\
’
- . . . c3 A4
3 Top Soil/Fil 3 Medium Stiff to Stiff Clay AT
[J Very Softto Soft Clay [  Stiff to Very Stiff Silty Clay et — (B2 3 5
y = 9000




Depth Y We LL | PL Su
Soil Types (m) |((KN/m’)| (%) | (%) | (%) | (kPa) | G
weathered 0~2 15.7 70 100 | 30 | 26.5 |2.60
crust
very soft to 2~10 13.7 110 115 | 40 | 19.6 |2.60
soft clay
medium stiff | 10~15 16.0 59 70 30 | 343 |2.61
clay
stiff clay 15~20 | 17.3 40 70 30 | 78.5 |2.61




Height (m
ght (m) Stage 2:wait for a minimum of 6 to 11months depending on the

5 specifications and remove all surcharge fills to the stockpile area
IS SN N

4 Crushed rock g 8.0 R 1.0~1.5m
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Boundary of PVD Improvement

1.7m

! R 56m - 15.9m
— = i Zln I—
- | A‘ A/ﬁ ‘ Sand blanket = : Weathered crust . ‘
5 | -
’ 10m Very soft to soft clay ‘
4 Apply equivalent vertical permeability 15m
o kv e B Medium stiff clay o ¢
118.2m
—




drainage boundary
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LEpn sl Model Y A e M \Y
(m) Type (kN/m?) cs
Very soft .
210 | tosoft | Medified | s 02013 | 071 | 527 | 09 | 031
Cam-Clay
clay
Depth E,
(nP;) Soil Type Model y;" 5 | =>00Su \% C T}
(kN/m°) (KN/m2)
Mgy || WERLEIGE || M 157 | 1.32E4 | 030 | 30 | 28
crust Coulomb
Medium Mohr-
10~15 Stiff clay Coulomb 16.0 1.71E4 0.30 20 30




Fillei(;ﬂ Model (kga) v (kl\?7m3)
Drainage | Elasgc | 10000 | 03 | 183
“Rock | Ewtic | 6000 | 03 B




Depth

O h

o’

P/

(m) (kN/m*) | (kN/m?%) (kl;‘?’nl;) (kN/IfaZ)
2 10.71 16.68 14.72 41.47
5 19.63 28.45 44.145 42.5
8 27.7 40.21 73.575 60.02
10 33.15 48.045 93.195 71.7
12 55.86 80.045 93.195 118.62
15 89.25 128.045 93.195 189.77




Depth Soil k, k, k. k,
(m) Type ky 1 K, (m/s) (m/s) Gy k)| Cp | Uy TR, (m/s) (m/s)
Weather-
0~2 ed 1.63 2.46E-9 | 1.51E-9 1.75 4 7 3.51E-10 | 4.72E-8
crust
Very
210 | SOt 1.63 | 7.98E-9 | 4.90E-9 | 1.75 | 4 7 1.14E-9 | 1.53E-7
to soft
clay
Medium
10~15 ) 1.63 2.50E-9 | 1.53E-9 1.75 4 7 3.57E-10 | 1.53E-9
stiff clay
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Configuration of PVD Installation:

Square Pattern

Spacing of PV D Installation: S x S

Imx1m

Drain Length of PVD: [,

10 m

Cross Section of PVD :ax b

4 mm X 98 mm

Mandrel Dimension: I X w

125 mm X 45 mm

Equivalent Diameter of the Mandrel: d_ (=2 r, ) 84.6 mm
Diameter of Smeared Zone: d (=2r andr =2r, =d ) 169.2 mm
Diameter of Influence Zone of PVD : d =2 r,=1.13S 1130 mm
Equivalent Diameter of PVD: d =(a+b)/2=2r, 51 mm
Spacing Ratio of PVD: n=d,/ d =1.13S/d 22.2
Disturbance Ratio of Subsoil: d / d 3.3

Discharge Capacity of PVD (Laboratory): ¢ =k, i4

940.83 m3/yr
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Settlement

Surface Settlement along Centerline (Z=0m)

Settlement (mm)
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Ground Settlement Profile

3 Months after 1st Stage Loading Applied (H=2.8m, t=215~305days)
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Lateral Movement Profiles

1st Stage Loading Completed 2nd Stage Loading Completed At the End of Measurement
(H=2.8m, t=215days)

Depth (m)
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0 150 W 2% W 0

—— Ist Stage Loading

Completed (Measurement)
—— [st Stage Loading

Completed (Prediction)

Depth (m)

-16
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IM-002
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—— Ind Stage Loading
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Depth (m)
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Excess Pore Pressure

— 2m below Ground Surface (Z=-2m)

— 16

:i 14 I —2— PE-RF-006 Measurement ||
2 I I pos PE-RF-006 Predicti

2 2| Iststage fill - rediction

£ 10

s .| completed

= H=2.8m

&

E

0 60 120 180 240 300 360 420 480 540 600

S N A~ O

Time (days)

__ 5m below Ground Surface (Z=-5m) _ 8m below Ground Surface (Z=-8m) _
~— 16 o 16
§ 14 —— PE-RF-007 Measurement \f 14 —— PE-RF-008 Measurement
% 12 —— PE-RF-007 Prediction § 1 —A— PE-RE-008 Prediction
£ 10 5 10
p 2nd stage fill 3
s 8 5 8
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&6 6 B
g . S Y
) . R a
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0 . . \ A ] A . . . . . \ \ [;3 0 . . v . . . .
0 60 120 180 240 300 360 420 480 540 600 0 0 10 180 40 300 360 40 40 S0 60
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Excess Pore Pressure

Contours
Excess pore pressure [Nodal value][kN/m™2)

-4 035E-17 - 1.690111
. 1.690111 - 3380222
Drainage length of PVD=10m 3380022 - 5070333
R.O70333 - 6760445
b.7R0445 - B 450556

Thickness of soil stratum=15m 8 450586 - 10.14067

10.14067 - 11.83073
11.83075 - 1352083
13.52083 - 15.217




PARAMETERIC STUDIES



100%
90%
80%
70%

~ 60%
€ 50%
= 40%

H—=4m |—*—NoPVD

30% s —S—n=222
20% q, =10(m"/ yr)

—&—n =333

10% ——n=444
O% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0 2 4 6 8 10 12 14 16 18 20
Time (years)

H=4m , q,=10(m>/yr)

X n=d /d =1.13S/d,



100%
90% | \\
0% F H=4m
0% g, =10(m’ / yr)
~ 60% d
S 50% | \\ "
= 40% |
—— t=1 month
30% | -‘s\.\‘ —=— t=2 month
| SE
10% —*— t=23 month
0% ' ' ' '
11.1 22.2 33.3 44 4 55.5 66.6

n

H=4m , ¢, =10(m3/yr)



H=1m ; §,()=380~389 mm ; [S, (0)] ,yerne=384 mm

q,, (m*/year) 10 100 1000
n 22.2 333 44.4 22.2 333 44.4 030575 333 44.4
(=d,/d)
U (%) | =6 month 74.4 50.8 36.8 77.4 55.1 40.5 78.0 55.5 41.0
=23 month 97.0 86.9 74.8 97.7 89.5 78.6 97.9 89.7 79.0
H=2m ; S, (0)=876~850 mm ; [S, (0)] ,yrqp =864 mm
q,, (m*/year) 10 100 1000
n 22.2 333 44.4 22.2 333 44.4 23027 333 44.4
(=d,/d)
U (%) | =6 month 68.5 48.4 36.4 72.6 51.5 38.0 73.3 52.1 38.6
=23 month 94.9 83.2 71.3 96.5 86.0 73.9 96.7 86.4 74.5
H=3 m ; S, (0)=1254~1298 mm ; [S,,.(0)] ,eraee=1279 mm
q,, (m3/year) 10 100 1000
n 22.2 333 44.4 22.2 333 44.4 22.2 333 44.4
=d,/d,)
U (%) | =6 month 71.3 51.4 38.8 76.0 53.8 42.0 76.4 55.0 42.5
=23 month 95.8 85.1 73.7 97.2 87.7 77.3 97.3 88.5 77.8
H=4m ; S, (0)=1441~1489 mm ; [S, (o0)] avemge=1473 mm
q,, (m*/year) 10 100 1000
n 225 333 44.4 225 333 44.4 2222 333 44.4
(=d,/d)
U (%) | =6 month 74.2 54.4 43.2 78.6 57.8 45.8 79.2 59.1 46.2
=23 month 96.5 87.0 76.6 97.7 89.5 79.8 97.8 90.2 80.2

U (%)=] S,(8)/S,(2)]x100% and S, (t)=] U (%)xS,(0)[/100%







THREE DIMENSIONAL
NUMERICAL MODELING OF
PVD IMPROVED GROUND

(Flac®® Analysis)



SUBSOIL CONDITIONS OF
TESTING EMBANKMENT AT

Nong Ngu Hao (NNH) FIELD SITE
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Depth (m) Soil type
0~2 Weathered Clay
2~8.5 Very Soft Clay
8.5~12 Soft Clay
12~16 Medium Stiff Clay
16~below Stiff Clay
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MODELING OF
WELL RESISTANCE
AND
SMEAR EFFECT



vV V V V

Loading

[ ]

Ke




Sources Discharge Lateral Pressure
Capacity kPa
m’/year
Jamiolkowski et al. (1983) 10 -15 300-500
Den Hoedt (1981) 95 50-300
Kremer et al. (1982) 256 100
Kremer (1983) 790 15
Hansbo (1979) 50-100 Not given
Ricner et al. (1986) 100 Not given
Van Zanten (1986) 790-1580 150-300
Holtz et al. (1989) 100-150 300-500
Lawrence and Koerner (1988) 150 Not given
Koda et al. (1984) 100 50
De Jager et al. (1990) 315-1580 150-300
Bergado et al (1996) 30-100 Field Tests
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NUMERICAL MODELING OF
PVD IMPROVED UNIT CELL

(Flac®® Analysis)



Loading 40 kPa
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Soil | Loading Y, Yq Py K G
model | (kPa) | (kN/m3) | (kN/md) | (ke/m3)| " | (kPa) | (kPa)
Linear ) 145 | 729 | 743 |07 1800 | 460
elastic
Ch kh ks ke
(m?/day) (m/sec) (m/sec) (m/sec)
3.13E-01 1.00E-04 2.50E-05 5.64E-05




Drain length 10 m
Cross sectional area 100 x 3 mm?
Mandrel dimension 150 x 45 mm?
Spacing Ratio: n=d /d_ 30
Smear ratio: d/d 2.4
H r, r, r, r, q, kw
m) | (m) | (m) | (m) | (m) | (wlyr) | (m/day)
10 0.025 0.03 0.06 0.75 100 139.5




Un (%)

Numerical results

Zeng's solutions
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3-D NUMERICAL MODELING OF
PVD IMPROVED GROUND

(Flac®® Analysis)
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Equivalent Equivalent
Construction | Fill Height Incremental Accumulative
Stage (m) Surcharge Surcharge
Ao, (kPa) o, (kPa)
1 1.0 17.9 17.9
2 2.5 29.1 47.0
3 3.0 8.0 55.0
4 4.2 25.0 80.0




Fill Height (m)
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Depth 7, n K G A K M P,
(m) | (kN/m?) (kPa) (kPa) (kPa)
2~4 14.4 0.74 | 33.6E+03 | 1.12E+02 | 0.634 | 0.127 | 0.9 |4.48E+01
4~6 14.5 0.71 | S.60E+02 | 1.59E+02 | 0.569 | 0.114 | 0.9 | 3.41E+01
6~8 14.3 0.75 | 4.97E+02 | 1.53E+02 | 0.990 | 0.198 | 1.0 | 3.55E+01

8~10 14.3 0.74 | 1.02E+03 | 2.19E+02 | 0.573 | 0.15 | 1.2 |6.37E+01
10~12 15.4 0.67 | 1.39E+03 | 3.62E+02 | 0.421 | 0.084 | 1.12 | 7.48E+01

Depth: 2~10m (very soft clay), 10~12m (soft clay)

Soil Parameter for Modified Cam Model




Depth 7, . K G c ¢ o’ W
(m) (EN/m?) (kPa) (kPa) (kPa) | (deg.) | (kPa) | (deg.)
0~2

(weathered | 16.1 |0.72 | 1.44E+05 | 4.79E+04 30 28 | 56.42 0
clay)

12~16

. 16.3 |0.67 | 1.88E+06 | 4.91E+05 20 30 | 34.64 0
(stiff clay)
Backfill 18 3.33E+03 | 2.00E+03 30 28 | 56.4 0

o'= c’/tan ¢’ =tension limits

Soil Parameter for Mohr-Coulomb Model




Depth

k)

k

k

(m) | (cm/sec) (cm/;ec) k| Cp | U/k)y (cm/;ec)
0~2 1.36E-07 | 6.78E-08 2 4 8 1.69E-08
2~4 | 2.01E-07 | 1.00E-07 2 4 3 2.51E-08
4~6 | 2.73E-07 | 1.36E-07 2 4 8 3.41E-08
6~8 | 2.73E-07 | 1.36E-07 2 4 8 3.41E-08
8~10 | 4.12E-07 | 2.06E-07 2 4 8 5.16E-08
10~12 | 4.12E-07 | 2.06E-07 2 4 8 5.16E-08
12~16 | 2.33E-07 | 1.17E-07 2 4 3 2.92E-08




Drain Configuration

Square Pattern

Drain Spacing : S 1.5m
Drain length : /, 12 m
Cross sectional area: width @ x thickness b 100 x 4 mm?
Mandrel dimension : / x w 125 x 45 mm?
Equivalent diameter of PVD: d =(a+b)/2 0.052 m
Equivalent radius of PVD: r  (=d, /2=(a+b)/4) 0.026 m
Radius of the influence zone of the drain: r, (=d, /2) 0.847 m
Spacing Ratio: n=(d,/d, )=(1.135/d) 32.6
Radius of smeared zone: r, (=d,/2=2d,/2=4r, /2 =2r,) 0.084 m
Equivalent radius of the mandrel: r, (=d,/2) 0.042 m
Smear Ratio of Subsoil: (r, /r )=, /d )=2d,/d,) 3.2




Time (m3gywear) (mg/:ec) (cmljgec)
1 day 100 3.17E-06 1.49E-01
7 days 90 2. 85E-06 1.34E-01
30 days 70 2.22E-06 1.05E-01
60 days 50 1.59E-06 7.47E-02
100 days 40 1.27E-06 5.98E-02
200 days 30 9.51E-07 4.48E-02
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n=32.6
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Settlement (cm)
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Settlement (cm)
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Settlement (cm)
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T
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Contour of Z-Displacement

-3.3887e-00Z to 1.0000e-001
1.0000e-001 to 2.0000e-001
Z.0000e-001 to 3.0000e-001
3.0000e-001 to 4.0000e-001
4.0000e-001 to 5.0000e-001
5.0000e-001 to 6.0000e-001
£.0000e-001 to 7.0000e-001
¥.0000e-001 to B.0000e-001
8.0000e-001 to 9.0000e-001
4.0000e-001 to 1.0000e+000
1.0000e+000 to 1.1000e+000

1.1000e+000 to 1.2000e+000
1 2000e+000 to 1 F000e-+000

1.3000e+000 to 1.3249e+000
| rtera =1 oe-aai

O. ..=132.4cm

vmax




Lateral Movement

Depth (m)

Latral Deformation at EOC (cm)
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Contour of Y-Displacement
7 9231e-004 to 2 5000e-002
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Lateral Movement

Depth (m)
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Contour of Y-Displacement

Plane: on behind
0.0000e+000 to 2.5000e-003
2.5000e-003 to 5.0000e-003
5.0000e-003 to 7.5000e-003
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Total Pore Pressure

Total Pore Pressure (kPa)
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Total Pore Pressure

Total Pore Pressure (kPa)

—8— PH-6 Measurement
—8— PH-6 3D Prediction
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Contour of Pore Pressure

Plane: on behind
0.0000e+000 to
1.0000e+104 to
2.0000e+004 to
3.0000e+004 to
|| 4.0000e+004 to
|| 5.0000e+004 to
|| B.0000e+004 to

7.0000e+004 to
|| 8.0000e+004 to
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1.0000e+004
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1.1451e+005

Z=10m, u=70~80 kPa
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2-D NUMERICAL MODELING oF
PVD IMPROVED GROUND

(Plaxis Analysis)
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Discharge capacity:

q,, = 1000~10 m*/day

Well resistance :

k= (q,/7r,?) m/day

Smear effect :

|
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t

( b) unit cell with interface element
: closed consolidation boundary
: pore water flow

: thickness of interface element
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0 ¢ —— :
i Baia=ss —5— Plane strain(FEM)

10 £
. \Q\%\ —— Axisymmetric(FEM)
\

20 ¢t : .
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® ¢,=20 m3/yr ; k,=8.64x10~ m/day ; (k,/k)=4

® s=smear ratio=(r/r)=2.4 ; H=10 m ; n=influence ratio=(r/r,)=27




k,/k, 10 15 | 5
General Spacing (m) 1
H (m) 12
Configuration square
Soil type Crust Very soft clay Soft clay
k.. (m/day) 2.59E-03 1.01E-03 8.15E-03
k. (m/day) 2.59E-04 6.73E-05 1.63E-03
q,, (m*/yr) 20
k, (m/day) 27.91
Axis-symmetric r, (m) 0.025
radial flow r,(m) 0.564
n(r,/r,) 22.6 kh = & kh
ax
7 (m) 00ss| 7 6(In(n/s)+(k,, [k, )In(s)—0.75)
ry(m) 0.096
s(r,/r,) 3.84
tpe (M) 0.06
Soil type Crust Very soft clay Soft clay
k,,; (m/day) 9.37E-05 2.49E-05 5.51E-04
. q,, (m’/yr) 20
Plane strain flow k 2 / ( 2 k )
, (m/day) 0.76 t,, =nr, /m=\q,/2mk,,
B (m) 0.5
m(m) 1
Z‘ipl (m) 006




Depth | ¢’ ¢ . . k, k, Y, Ya
m) |pa)| degree) | | € | Ko | (widay) | (m/day) |/m?)|aeN/m?)| OCR
gr;s% 30 28 0.130{0.013 {0.70|2.59E-03|2.59E-03| 16.0 | 9.41 |7.00
2~4
very soft | 10 23 0.23910.024 [ 0.65|1.01E-03|5.90E-04| 14.2 | 7.10 |3.00
clay
4~6
very soft | 10 23 0.23910.024 [ 0.65|1.01E-03|5.90E-04| 14.2 | 7.10 |2.50
clay
6~8
very soft | 10 23 0.239(0.024 [ 0.65|1.01E-03|5.90E-04| 14.2 | 7.10 |1.75
clay
8 ~12 15 25 0.195]0.020 [ 0.63 |8.15E-03|2.60E-04| 14.7 | 8.17 |1.35
soft clay
12~16
medium | 20 30 0.152]0.015{0.63|2.10E-04|5.00E-04| 15.6 | 9.75 |1.35
clay
16 ~22
) 20 30 0.130{0.013 [ 0.63 |5.00E-05|3.00E-01| 18.0 | 13.85 [1.35
stiff clay
. c' ¢ K, E' k, k, Yo Ya
Material | (kpa) | (degree) (kN/m?) | (m/day) | (m/day) | (KN/m®) | (KN/m’)
sand
10 35 0.50| 7000 |8.64E+00 | 8.64E+00| 19.0 17.00
blanket
back fill | 10 30 0.50( 7000 |8.64E+00 | 8.64E+00| 19.0 17.00
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CONCLUSIONS
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