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Geosynthetic reinforced soil walls are a
well-known and accepted mechanically
stabilized earth (MSE) technology to
perform the earth retaining wall function.
Among a wide range of facing
treatments in use today are walls with a
modular concrete facing system most
often constructed from molded dry-cast
masonry (segmental) blocks. This study
describes a methodology based on the

response surface method (RSM) to
express wall deformations of an
example population of geogrid

reinforced modular block soil walls In

both deterministic and probabilistic Model Uncertainty

terms.

A 4

Verification Of The Numerical Model

Sensitivity Numerical
Analysis Experiments

1.Introduction 4.Section 4 7.Conclusion

2.Section 2 5.Section 5
3.Section 3 6.Section 6
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Unit weight of backfill soil
Vertical Spacing
Surcharge

Elastic modulus of backfill soil
Soil friction angle

Facing batter of wall
Reinforcement axial stiffness
Grout stiffness (Reinf.- soil )
Shear stiffness (block - soil)
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Parameter Value
Wall height, H (m) 4,6, 8
Facing batter, w (degree) 0,5, 10
Soil friction angle, ¢ (degree) 35, 40, 45
Soil dilation angle, y (degree) ¢-30
Cable grout frictional resistance, ¢, (degree) 1)
Soil-block interface friction angle, ¢, (degree) 1)

Soil-block interface dilation angle, y, (degree) ¢-30
Reinforcement axial stiffness, J (kN/m) 500, 1000, 2000
Reinforcement ultimate strength, T, (kN/m) 0.1xJ
Block-block interface shear stiffness, kg, (MPa/m) 10, 50, 100
Surcharge pressure, q (kPa) 0, 10, 20
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3.Section 3 6.Section 6
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TestNo | g (Pa) | S(m) [H(m)| J(N/m) |Kshh(Pa/m)| ¢ (degree) | w (degree)io max (m

A 0|06 | 4 500000 | 10000000 | . 35 0. 0.023488

2 [10000] 06 | 4 | 500000 | 10000000 | 35 0 J0.025512):

3 [20000] 06 | 4 | 500000 | 10000000 | 35 0:  J0.035963)

4 0 [ 06| 4 [1000000| 10000000 | 35 0 015731 e—
5 [10000] 06 | 4 -|1000000| 10000000 | 35 0 0.01703 =
6 [20000] 06 | 4 :]1000000| 10000000 | 35 0 §0.023765 y——
7 0 |06 | 4:[10000000] 10000000 35 0 j.012039), e
8 [10000| 06 | 4 [10000000| 10000000 35 0 fo1osgfs

9 |20000| 06 | 4 :{10000000] 10000000 35 0 017534

10 0 | 06| 4:|500000 | 10000000 40 0 jo15709f

11 [10000| 0.6 | 4 -| 500000 | 10000000 40 0 J0.0o16904 j.

12 [20000| 0.6 | 4 | 500000 | 10000000 40 0 1

0.023816

T T T Y\

727 | 0 | 06 | 4 _[7000000] 10000000 | 3 10 J0.015731 PCFQE EﬁLHQg
728 [10000] 0.6 | 4 1000000 10000000 [ 35 [ {0 f0.01708 I case

729 120000 06 | 4 :|1000000 | 10000000 35 10 §0.023765
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TestNo | q(Pa) | S(m) |H(m)| J(N/m) |Ksbb(Pa/m)|q (degree)|w (degre ax ()} 1 l

4| 0 [ 06 [ 4 [ 500000 10000000.]. 35 I TR

2 |10000] 06 | 4 | 500000 | 10000000 | 3 0025512 { } — [X ] {B }

3 J20000] 06 | 4 500000 | 10000000 | 35 0 9035963 y I=1~6 1=0~27

4 | 0 |06 | 4 [1000000] 10000000 | 35 o ol Known number Un-Known number

5| 10000] 06 | 4 1000000 | 10000000 | 35 0 fJooi7og Known number

6| 20000 06 | 4 1000000 10000000 | 35 0 P26 _ _

7 | o [06 [ 4 [10000000] 10000000 [ 35 | 0 _012039I {y} = Simulation results, log(5,,,/H)

8| 10000] 06 | 4 [10000000] fo000000 | 35 0012969 _ :
9 J20000] 06 | 4 [10000000] 10000000 | 35 I THE" [Xi=1-6] = Independ_ent parar_n_eter mairix
10 | 0 [06 [ 4 500000 10000000 | 40 o _posel  {Bio-o7t = Regression coefficient

11_|0000] 06 | 4 | 500000 | 0000000 | 40 0016904

12_|20000] 06 [ 4 [ 500000 [ 10000000 [ 4o 0 Possief

2 S R B : : + | * | This study using Second-order model is:
721 |0 | 06 | 4 |1000000] 10000000 | 35 10 015731 5 2

728_|10000] 0.6 | 4 | 1000000 | 10000000 | 35 10 Jooiog Y =Bg +B1Xy +BoXo +B11XT1 +B2oX55 +B1oX X,
720 |20000] 06 | 4 [1000000] 10000000 | 35 101023765

The second-order model is widely used
In response surface methodology from
Response Surface Method.
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Nn npffir‘ipf \/aliie
10,00 |t
Y =Bo +B1X1 +BoX, +B3X3 +B4X4 +BsXs +BeXe 5
2 2 2 2 2 2 ] .
+B7x1 +BgX2 +BgX3 +PB1oX5 +PB11X5 +B12Xs -
+B1aX1Xz +B1aX1X3 +B1sX1X4 +B1eX1Xs +B17XaXs| T
g 1.00)
+B1gXoX3 +BrgXoXy +PBogXoXs +Bo1XoXg = :
S
+BoaX3Xy +B23X3Xs +BoyX3Xg S
i
+BosX4X5 +PBogX4Xg a
. . ,8 0.10 |
+Bo7XsXg HE | UNCEertainties m— ——— g :
Z | [
— In] mex | =
y =1n H COV=0.0002
0.01 ————— —— T ————
0.01 0.10 1.00 10.00
“ q X3 B In[ Y j X5 B S RSM pf_sl,mtlon’ ) /*HJ(;:;; |
1 — - - 821 0
yH KSbb H tan (¢) Hy = Mmea 3|09( EFLAC —lo OZ;aX)equation
Hszs 0gH ]
HS H p24
Xy = ||’](yT Xq = ? X6 =1-— tan(a)) o, = std mg.]( Omax )E%GA |Og(‘f‘:'%i)equatlon
5
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The prediction of the RSM equation can be made deterministically
using beast estimates of the input parameter values. The parameters
are given by the bold face values in here.

Parameter Mean CcoV
Wall height, H (m) 4 10%
Facing batter, w (degree) 5 10%
Soil friction angle, ¢ (degree) 40 10%
Reinforcement axial stiffness, J (KkN/m) 1000 10%
Block-block interface shear stiffness, Kk, (MPa/m) 50 10%
Surcharge pressure, q (kPa) 10 10%

Note: Model uncertainty (¢) has mean of zero and standard deviation of 0.05

1.Introduction 4.Section 4 7.Conclusion

2.Section 2 5.Section 5
3.Section 3 6.Section 6
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1000 -
| (0.1%)=99.24%) - o’
| [5(02%)F49 84% ® = Failure Probability
800 1 [ (0.3%)F9.780% Db o Py
=
% 600 1 500,000 Monte Carlo simulations of RSM equation
2 | for maximum wall face displacement.
% The histogram of maximum wall face displacement
S 400 4 is well fitted with a log-normal distribution.
DC% ] Failure probability for performance criterion of
segment MSE wall can be calculated as the exceed
500 | probability of this log-normal distribution.
0 : } ' ' ? T T T T T T J T T T 1
0.0 0.2 0.4 0.6 0.8 1.0

Normalized maximum facing displacement 5__ /H (%)
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Probability of failure

Variable
case Changed A Q (amTu) = 0.1% (SMTM) =0.2% (amTu) = 0.3%
Base-case - -6.19 0.31 99.21% 49.75% 9.797%
1 v =16.8 -6.25 0.31 08.70% 44.70% 7.700%
2 v =17.5 -6.26 0.31 08.60% 42.10% 7.800%
3 ¢ =35 -5.79  0.32 100.00% 91.40% 51.20%
4 b =44 -6.48 0.31 92.80% 18.40% 2.200%
5 J =500 -5.81 034 100.00% 88.90% 50.70%
6 J=2000 -6.41  0.29 95.10% 26.10% 2.100%
7 K, = 10000 -5.86 0.29 100.00% 90.40% 42.60%
8 Kep=100000 -6.30 0.30 97.90% 36.90% 5.400%
9 »=0 -5.90 0.32 99.90% 84.40% 37.60%
10 o =10 -6.48 0.31 92.50% 19.60% 2.300%
11 H=6 -5.83 0.32 100.00% 88.50% 46.60%
12 H=8 551 034 100.00% 08.70% 81.50%
13 qg=0 -6.26  0.31 98.50% 45.60% 6.900%
14 g=20 -5.98 0.32 99.90% 76.60% 30.00%

1.Introduction
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100 - &
f g @ (0.1%)=98.65%
@ (0.1%)=98.77%
— @ (0.1%)=99.21%
80
.. @ (0.2%)=42.13%
= @ (0.2%)=43.66%
o 9 ® (0.29%)=49.72%
S
Da_) -/./' ® (0.3%)=6.965%
S 40 @ (0.3%)=7.448%
© @ (0.3%)=9.789%
20 |

16 17 18 19 20
Soil unit weight, y (kN/m°)
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100@
; @ (0.1%)=99.99%
\ ® (0.1%)=99.21%
' ® (0.1%)=93.13%
@ (0.1%)=89.69%

80

@ (0.29%)=90.42%
@ (0.2%)=49.72%
@ (0.2%)=17.37%
@ (0.29%)=12.32%

D
o

@ (0.3%)=9.789%
@ (0.3%)=50.66%
@ (0.3%)=1.289%
@ (0.3%)=0.711%

Failure Probability
S
o

20

35 40 45
Soil friction angle, ¢ (degree)
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100@® 4_\_‘
1 ® (0.1%)=99.98%

@ (0.19%)=99.21%
@ (0.1%)=96.03%

807
- ® (0.2%)=89.53%
= ® (0.2%)=49.72%
S 60 @ (0.2%)=24.94%
5
o @ (0.3%)=49.46%4
= 0 ®@ (0.3%)=9.789%
T ® (0.3%)=2.513%
20 |

500 1000 1500 2000
Reinforcment stiffness, J(kN/m)
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i

Influence of

100

80

(o2}
o

Failure Probability
&

20

/

@ (0.1%)=99.99%
@ (0.1%)=99.50%
@ (0.1%)=99.21%

@ (0.2%)=89.06%
@ (0.2%)=54.70%
@ (0.29%)=49.72%
@ (0.29%)=34.34%

@ (0.3%)=42.04%
@ (0.3%)=11.71%
@ (0.3%)=9.789%
@ (0.3%)=5.934%

20 40 60 80 100
Block-block interface
shear stiffness, K ,, (MPa/m)
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100

¢ ® (0.1%)=99.95%
® (0.1%)=99.21%
® (0.1%)=78.89%
80 ® (0.1%)=59.44%
j  (0.2%)=84.66%
= @ (0.2%)=49.72%
S 60 ® (0.2%)=9.540%
S ® (0.296)=3.444%
e ® (0.3%)=40.09%
5 44 ® (0.3%)=9.789%
5 ® (0.3%)=0.747%
® (0.3%)=0.172%

20 |

gl

0 5 10
Wall facing batter, o (degree)
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100 -
| » ® (0.1%)=91.71%
’ ® (0.1%)=99.21%
I @ (0.1%)=99.90%
80 ® (0.1%)=99.99%

@ (0.2%)=20.45%
@ (0.2%)=49.72%
@ (0.2%)=82.74%
@ (0.2%)=98.09%

D
o

@ (0.3%)=2.325%
@ (0.3%)=9.789%
@ (0.3%)=41.28%
@ (0.3%)=82.82%

Failure Probability
S

20
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@ (0.1%)=92.36%
@ (0.1%)=95.63%
@ (0.1%)=98.09%
@ (0.1%)=99.46%

@ (0.29%)=30.97%
@ (0.2%)=21.78%
@ (0.2%)=44.38%
® (0.2%)=63.63%

(o))
o

@ (0.3%)=2.528%
@ (0.3%)=4.680%
@ (0.3%)=9.304%
@ (0.3%)=20.41%

Failure Probability

0 ! T T T T T
0 10 20
Surcharge pressure ,q (KPa)
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1
q=0; Fri=35
0o - H=4: Fri=36
w=5: Fri=37
gamma=16.8 Fri=38
0.8 - ksbb=50000 Fri=39
Fri=40
0.7 Fri=41
Fri=42
. 0.6 - Fri=43
S Fri=44
Ix 05 4 Fri=45
CQE
0.4 -~
0.3 T
O 2 ] IIII/IIIIIIIILIII
41' 1’1’1’,’
0.1 -
(@) T T T T T

0 1000 2000 3000 4000 5000 6000
J/S (KN/m/m)
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Y=a(X-b)?+C

—e— Facing pattern from Numerical model
— Facing pattern

When X,Y= (1.95 , -23.59)
-23.59=a(-1.95+1.95)2+C
-23.59=C

Elevation (m)

hen X,Y = (0, 0)
Y=a(X-b)?+C

0=a(0+1.95) %+C
0=a3.8025+(-23.59)
a=6.2
@y 0.01 0.02 0.03 0.04 0.05

Facing Displacement (m) Parabola Function is Y=6.2(X+1.95)2-23.59
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(STSmax / H)Equation
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RSM_mean =1.0190 RSM_mean =1.0138 RSM_mean =
RSM _COV=10.2194 RSM_COV = 0.1743 RSM _COV = 0.1836 RSM COV 01539 RSI\/I COV 0.1224

1.0143  pov _mean =1.0118 RSM_mean =1.0075 RSM_mean = 1.0077

RSM_COV = 0.1235

!/ﬂ | g/é 3 ’/“ ,fj a - g
ww?«w- ww*ﬂw A . —— 2 mw?m T ‘ ;‘?.;W.;
l | oM | |
025 || o050 |[ 075 |[ 100 ][ 125 ][ 150 |
0 ) ' ' : ' ' b"*"“**:we)“%: ® (SrsmaxOTDmax)
i e O (8750.25:0.25) (3rs1.00:1.00)
04 o (0750.30:0-30)  (Brs1, 25’1 )
2 054 - 4 (8150.35:0-35)  (Brs1.50:1.50)
SN = §8TSO 40,0-40
08 1 . ‘\ 00 - 6TSO 45,0 45
1 09 ESTSO 50:0. 50;
0150.75:0.75
1.2 -
¢ — - L
“X=0.3 :- 1X=0.35 +X=0.4 +X=0.45
RSM_mean = 1.0244 RSM_mean = 1.0198 RSM_mean = 1.0207 RSM_mean = 1.0214
RSM_COV = 0.2437 RSM_COV = 0.2119 RSM COV = 0.2186 RSM COV = 0.2239
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Megsured Y:a(X-b)2+C

—_ —— == Estimate pattern

35 -5.2416=a(-1.728+1.728)>+C

N -5.2416=C
3.0
S 0=a(0+1.728) 2+C

. \ 0=a2.9859+(-5.2416)
- \ a=1.7554
g \
~ 20
g \ Y=1.7554(X+1.728)2-5.2416
*g (8 gp:0 pp) = (5.2416 Mm , 1.728 m)
E 1 5 ’ modular 040 m

3 :'LOCKS \I‘-"| backfill -
— 3j3t| - H .'I 8 retained soil
1.0 / % . LIII' 5 ‘/—,5— reinforcement layer
05 / é - H reinforced soil :,I ! 3.60m
£ 150 3 —
Wall 1 % . H | : _I_o.som
0.0 = |
0 5 10 15 20 — g.iﬁ i1
Relative Facing Displacement (mm) _r/ concrete foundation 00000 7
2o2m e 5.95m [
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Measured
= e = Estimate pattern
3.5
'~
3.0 <
AN

2.5
= \
£ 2.0 \ o0 pp) = (9.9972 mm , 1.9476 m)
g $
§ /
)
m 1.5 /

1.0 -

rd
7
Ve
0.5 g
Wall 2

0.0

0 5 10 15

Relative Facing Displacement (mm)

20

i

Y=a(X-b)?+C

-9.9972=a(-1.9476+1.9476)2+C

-9.9972=C
0=a(0+1.9476) 2+C
0=a3.7931+(-9.9972)
a=2.6356

Y=2.6356(X+1.9476)2-9.9972

modular

blocks 0.30m
_ag0 \ = backfll .
—3.30 o H / 8 retained soil
w=§ H 1
E | ———— reinforcement layer
“GE',’ — 270 L' { 5
-t;g E ‘II
@ 210 I' 4
% E reinforced soil | 3.60m
E 150 .I [ pp—
E H ( _I_D.BO m
T 090 | 2
. |
— 0.30 i1
L 0.00 —
& concrete foundation / o’ / /J
252m [
5.95m
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Measured
Estimate pattern

Y=a(X-b)?+C

35 -8.5428=a(-1.9322+1.9322)2+C
B -8.5428=C
3.0 N
\ 0=a(0+1.9322) 2+C
. A 0=a3.7334+(-8.5428)
. \ a=2.288
\g/ 20 \[ (8 £p,0 gp) = (8.5428 mm , 1.9332 m)
8 ? Y=2.288(X+1.9322)2-8.5428
® I
E 1.5 modular
(1] blocks ‘I:-i? m
e | retained soil K
10 o =] I
é ‘ ,——‘—" reinforcement layer
g - 2.25 M ‘I 3 f ’
05 fg’ reinforced soil ‘w‘ 3.60 i
§ E 5 ““v ——0.90 m
0.0 L o et
0 5 10 15 20 UUL g " 1
Relative Facing Displacement (mm) 7777y, cenerete toundation 7777777777777/
2.52m s o5 m |
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s 2
a Concrete
[
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A Geogrid with ~ =——~_____ 7
Geomesh I
¢  Measured (Case 2) '
This study -
7 x 35 kN PET Geogrid
0
0.0 0.2 04 0.6 0.8 1.0 1.2 1.4 1.6 1.
Relatwc Faung Dlsplacement (m) ' J
LRSI : SRR Sl EE A
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Parameter Value
Reinforcement-soil interface
Grout stiffness, Kg ; (MN/m/m) 1
Grout frictional resistance, ¢, (degree) 44
Grout cohesive strength, C, (kN/m) 2% Geotextile using beam element
Earth filled bag using soil parameter

Soil-earth filled bag interface Z—Relnforcement using cable elementl N
Friction angle, ¢, (degree) 44 | = =R
Dilation angle, vy, (degree) 11 = =E== S -
Cohesion, c, (kPa) 1 = ===
Normal stiffness, k, s, (MPa/m) 100 5 === e
Shear stiffness, k; i, (MPa/m) 1 EI LY Reinforcement QR %

I
Geotextile-geotextile interface | SESSSSSSessescessen s Soescescesoeoees—ass
Friction ang|e’ ¢bb (degree) 32 | SSESSSSSSS S===i S5 SSSSSSE: SSSSSSSESSS
Dilation angle, y,,, (degree) 0 e . SSS=ssossSssc=siiSiSSSe=ss S=== .
Cohesion, ¢, (kPa) 5 gﬂF E g .
Normal stiffness, ki, ., (MPa/m) 1000 L=2.52m | |
Shear stiffness k... (MPa/m 4 | |

0.3m B =5.65m
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No. Reinforcement Geotextile-Geotextile Interface Bending moment

M1 Yes ksbb=0.050MPa/m El=5e-4 KNm2/m
M2 No ksbb=0.050MPa/m -

M3 No ksbb=0.075MPa/m -

M4 No ksbb=0.500MPa/m -

M5 Yes ksbb=0.050MPa/m *El=5e-3 KNm2/m
M6 Yes ksbb=0.050MPa/m *El=5e-1 KNm2/m
M7 Yes ksbb=0.050MPa/m *EA=EAX3
M8 Yes ksbb=0.050MPa/m **EA=EAx2

Note:"El (bending stiffness) (kNm2/m) for wrapped face beam element.
“EA (axial stiffness) (kN/m) for wrapped face beam element.

 The sensitivity analysis for wrapped face element
using beam element.
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M1 Yes ksbb=0.050MPa/m El=5e-4 kNmZ/m
M2 No ksbb=0.050MPa/m -

Did not complete consturction.

/

G S== N
= 1 - M1
2 i
E 2 7 i —
>
2
M
1 = ==
= M2
~ s M1 ——
— M2 —
0e
0.0 0.2 0.4 0.6 0.8 1.0

Relative Facing Displacement (m)
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M2 No ksbb=0.050MPa/m
M3 No ksbb=0.075MPa/m
M4 No ksbb=0.500MPa/m
[ I
ll— — o
g e M2
= ; N
i) ! .
=
>
2
m [ —1—
= ==
—=: M3
; N
l ==
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Parameter Value
Wall height, H (m) 4,6,8
Facing batter, w (degree) 0, 5,10
Soil friction angle, ¢ (degree) 35, 40, 45
Soil dilation angle, y (degree) ¢-30
Cable grout frictional resistance, ¢, (degree) )

Soil-earth-filled bag interface friction angle, ¢, (degree) ¢
Soil-earth-filled bag interface dilation angle, y, (degree) ¢-30
Reinforcement axial stiffness, J (kN/m) 500, 1000, 2000
Reinforcement ultimate strength, T, (kN/m) 0.1xJ
Geotex.-Geotex. interface shear stiffness, kg, (MPa/m) 1,5, 10
Surcharge pressure, q (kPa) 0, 10, 20
Compaction pressure, C, (kPa) 8,125, 70
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TestNo | q(Pa) | S(m) [H(m)| J(Nim) |Ksbb (Pa/m)| ¢ (degree) w (degree)}o max(m

1 0 | 06| 4500000 | 10000000 | 35 0. 1.023488

2 [10000] 06 | 4 | 500000 | 10000000 | 35 0 Jo.02551)°

3 [20000] 06 | 4 | 500000 | 10000000 | 35 0. J0.035963)
4 0 [ 06 ] 41000000 10000000 35 040015731 R |
5 [10000] 06 | 4 :|1000000| 10000000 | 35 0 0.01703 |

6 [20000] 06 | 4 |1000000| 10000000 | 35 00 |0.023765 —
7 0 |06 | 4 [10000000( 10000000 35 0 012039), '

8 [10000| 0.6 | 4 10000000/ 10000000 35 0 0.012969:
9 {20000 0.6 | 4 [10000000| 10000000 35 0 0017534

10 0 | 06 | 4 [500000 | 10000000 40 0 o15709f¢

11 {10000| 06 | 4 :| 500000 | 10000000 40 0 jo16904 j_
4212000006 | 4| 500000 | 10000000 40 0 0.023816)

Y\

1456 | 0 | 06 | 4 |1000000] 10000000 | 3 10 pots3t PC P@rfegparaﬁfreﬁﬂln58

1457110000 | 0.6: | 4 :|1000000 | 10000000 35 10 0.017034*
1458 120000 0.6: [ 4 -| 1000000 10000000 39 10 10.023769
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_ _ I
TestNo | q(Pa) | S(m) |H(m)| J(N/m) |Ksbb(Pa/m)|q (degree)|w (degre ax ()} 1 l
4| 0 [06] 4 |500000| 10000000 [ 35 0 po2s4se]
2 |10000] 0.6 | 4 | 500000 | 10000000 | 35 0025512 { } — [X ] {B }
3 J20000] 06 | 4 500000 | 10000000 | 35 0 9035963 y I=1~6 1=0~27
4 | 0 |06 [ 4 7000000 10000000 | 35 0 o5l Known number Un-Known number
5 |10000] 06 | 4 1000000 | 10000000 | 35 0 Jooirog Known number
6 |20000] 06 | 4 1000000 | 10000000 | 35 0 Poasres| _ _
7 | o [06 [ 4 [10000000] 10000000 [ 35 | 0 _012039I {y} = Simulation results, log(5,,,/H)
8 |10000] 06 | 4 [t0000000] 10000000 | 35 I T _ :
9 |20000] 06 [ 4 |10000000] 10000000 [ 35 0 o175 [Xi=1-6] = Independ_ent parar_n_eter mairix
10 | 0 [06 4 | 500000 10000000 | 40 o _posel  {Bio-o7t = Regression coefficient
11| 10000] 06 | 4 [ 500000 [ 0000000 | 40 0 Woteo0s
12| 20000] 06 [ 4 [ 500000 | 10000000 | 40 0 P023s1e] _ _
| | The chapter 5 using three different model:
| e R SR ) ,
- Yy =Bo +B1Xy +B2Xz +B11X11 +B2oX5 + €
1456 | 0 | 06 | 4 [1000000] 10000000 | 35 10015731
1457 | 10000] 06 | 4 |1000000| 10000000 | 35 10 Joormsl Y =Bg +B1Xy +BoXs +BoX X, &
1458 |20000] 06 | 4 |1000000] 10000000 | 35 101023765

2 2
Y =Bg +B1Xy +B2aX5 +B11X11 +B2oX55 +B1oX X, +&

All model from Response Surface Method.

1.Introduction 4.Section 4 7.Conclusion

2.Section 2 5.Section 5
3.Section 3 6.Section 6




Seminar
presentation

Mar 06, 2018
National Chi Nan University

y =B +BX;-

2
+B,X] +Bg

i
. 1
0.008_ o
0 P
o
1 o] CDCQ
0.006 9
o
ﬁ s 0
0.004 Ess
1 . ©
0.002 g : ,\
| o®
0.000 |
| n=1458
Mean=1.034 |
| COV=0.2715 |
-0.002 F———1— —— —— —
-0.002 0.000 0.002 0.004 0.006 0.008 0.010
(Smax / H)Equation
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Value
-5.048
0.863
-0.749
0.771
63.683
0.329
-10.974
-1.536
8.590
0.007
0.000
-0.007
7.101
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0.008_ -
> o
f “o
0.006 2
i o O
w/0 Y
| OOO
0.004 oS
] S
45
] @é%g@ .
0.002 @ AP
0.000 |
| n=1458
Mean=1.021 |
] COV=0.2202 |
-0.002 0.000 0.002 0.004 0.006 0.008 0.010
(Smax / H)Equation
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181.206
0.653
18.076
4.860
0.009
0.133
3.398
99.848
0.144
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y =Bo +ByXy +

2
+PB7X1 +PBgX

0_008 : '0362
+PBy3X X, + [ ] @ %o ! .0.328

| €0 - -20.540
+BrgXoXs3 +| : © ~

0.006
+BooX3Xy +] '

+PB2sXaXs +| £ | o I 0.000

I

~. 0.004 & -
+By7X5Xg +i - : 7.140
P27X5Xe . 1 5 2 i -1.895

—

S J «Fh - -21.507
y — In maXx

FLAC
@)

max
[@)

0.002 ' -0.015

] - 178.600
q 0.000 0.661

X = 1 n=1458 I 18.496
vH ] Mean=102 | 5189
1 COV=0.212 01605

C S ook . - - 0.129

X, = —P -0.002 0.000 0.002 0.004 0.006 0.008 0.010 4.063
2 J s 100.847
( max )Equation . 0.147
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The prediction of the RSM equation can be made deterministically
using beast estimates of the input parameter values. The parameters
are given by the bold face values in here.

Parameter Mean CcoV
Wall height, H (m) 8 -
Facing batter, w (degree) 5 -
Soil friction angle, ¢ (degree) 40 10%
Reinforcement axial stiffness, J (KkN/m) 1000 10%
Geotextile-Geotex. interface shear stiffness, kg,

(MPa/m) | > 10%
Surcharge pressure, q (kPa) 10 10%

€) has mean of zero and standard deviation of 0.05

1.Introduction 4.Section 4 7.Conclusion

Note: Model uncertaint

2.Section 2 5.Section 5
3.Section 3 6.Section 6
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1000 f—— b
11=-588,£=0.30 Mean = 0.25 H=8m
: d(Mean) =37.92% o =5° COV =0.0001
_ S.D.= 0.0952 q =10 kN/m? COV = 0.1
a0 | COV =0.326 ¢ =40, COV=0.1 |
| n=1000 ¥, = 16.8 kN/m?, COV = 0.1
®(0.1%) =1.00%  j=1000 kN/m% COV = 0.1
©(0.2%)=129%  S5=0.6m, COV = 0.0001
500 ®(0.3%) =62.32% kg, = 5000 kN/m/m, COV=0.1 [
] g =0,C0V =0.05
M
| &
400 - / \ -
1 f \
200 - -
O - T ‘J T T T T T T T T W T T T T
0.0 0.2 0.4 0.6 0.8 10

Normalized maximum facing displacement, &

IH (%)

max

1.Introduction

2.Section 2
3.Section 3

1,000,000 Monte Carlo
simulations of RSM equation
for maximum wall face
displacement.

The histogram of maximum
wall face displacement is
well fitted with a log-normal
distribution.

Failure probability for
performance criterion of
wrapped face MSE wall can
be calculated as the failure
probability of this log-normal
distribution.

4.Section 4 7.Conclusion
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6.Section 6
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1.Introduction

2.Section 2
3.Section 3

We using same as
parameters from previous
page to did 1,000,000 Monte
Carlo simulations .

But input different model
uncertainties values (we got
different log-normal
distribution.)

Model uncertainty value has
significant influence.

4.Section 4 7.Conclusion
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Backfill
(sand, silt, clay)

Reinforcement
(geoqgrid geotextitle)
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1. The RSM approach described in this study is demonstrated to be a
practical technique to gather numerical predictions from a large number
of numerical model results into a manageable and accurate empirical
expression of the response feature of interest.

2. In this study the response of interest was wall deformations. However,
the same approach is possible for any other response feature such as
reinforcement strains, loads or backfill settlements.

3. The resulting response surface equations can then be used to carry
out deterministic and probabilistic estimates of each response feature of
Interest.
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4. The successful implementation of this approach is on the premise of
developing a sound and response surface method equation. The
significance of model uncertainty in the response surface method
equation to the reliability analysis is also highlighted by conducting
parametric study analysis. The inclusion of more measurement data of
model walls or field walls will calibrate the numerical model and thus
after the response surface method equation to a better extent.

B & % o B 1K 2

National Chi Nan University




Seminar
presentation

Jan 19, 2017
National Chi Nan University

3 B g B IR

ational Chi Nan University

==
_.‘
-‘i‘




