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Deep Excavation using PLAXIS 2D
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Deep Excavation using PLAXIS 2D
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Part 1: Design Criteria
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Deep Excavation

» Definition: An excavation with depth of 3 m or more (SNI 8460 Sect. 11.1).

Excavated Soil

Slab

Anchor
Free-Length

Anchor
Fixed-Length

Axis of Symmetry
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Types of Embedded Wall
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Design Criteria (1/2) — Stability Criteria

7 =

Passive Active
Vertical Stability Global Stability Hydraulic Heave Stability
\ } \ )
| |
Strength-based criteria (soil) Hydro-mechanical criteria
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Design Criteria (2/2) — Other Criteria

77

Plastic Limit Deflection Limit Settlement Limit
(Embedded Wall)

f |

Strength-based criteria Displacement-based criteria
(structural elements)
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Vertical Stability

Lateral Force

77

Passive Forge

ive Force

Schematic of forces contributing
to vertical stability

Vertical stability criteria :
1. Against sliding.

F act
= >

~ F_pas —
2. Against overturning.
B M_mob

B M sta

Approaches for checking vertical stability:

* Plastic yield strength: Rankine/Coulomb method.

 Beam on elastic foundation.
* Finite element / finite difference software.

When struts and/or ground anchors are required -
Difficult to be solved with hand calculation.

— PLAXIS2D will be used for simulation.
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Global Stability

Slip Surface \

S_m——-

Slip surface in global stability

Global stability criteria :

1. Static condition.
F mob

SF =
F _sta

> 1.5

2. Seismic condition.
_ F mob

~ F sta

> 1.1

Approaches for checking global stability:
e Limit equilibrium analysis.
* Finite element / finite difference software.

Both vertical stability and global stability can be checked in PLAXIS2D
using safety analysis (a.k.a phi-c reduction analysis in older version).

—> PLAXIS2D does not separate vertical stability check and global

stability check, safety analysis will yield only the SF for governing
mechanism.
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Hydraulic Heave Stability

Heave stability criteria (SNI 8460 Sect. 10.3.6.7):

A Z 1. Basal heave stability > SF > 1.25.
2. Blow-in SF - SF > 1.25.
Head 3. Piping SF > SF>1.5.

Difference

Basal heave failure is the heaving of soil at the bottom of
excavation due to uplift pressure.

Blow-in failure is the “puncture” of aquifer due to high
head pressure at the aquifer which is situated below an
aquitard layer.

Piping failure materialize as an internal erosion process
which depletes the fine soils or in an extreme case unfolds
as sand boiling case; it is caused by high exit gradient flow.

GW Flow

Hydraulic Heave Stability
- PLAXIS2D may simulate the pore water pressure using

either phreatic, steady-state, or transient condition.
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Plastic Limit (Structural Elements)

7777
Plastic
Hinge
Plastic Limit

Embedded Wall
Criteria: The exerted moment force shall not be
greater than the embedded wall moment capacity.

Struts

Criteria: The exerted axial force shall not be greater
than the strut axial compressive capacity (usually
governed by strut buckling capacity).

Anchors

Criteria: The axial tensile force shall not be greater
than the steel bar axial tensile capacity and the grout
frictional resistance.

— Using PLAXIS2D, internal forces in structural

elements can be checked after each step of staged-
construction simulations.
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Deflection Limit (Embedded Wall)

sh Criteria: Within allowable wall lateral deflection 6h -
— 0.5% H (SNI 8460 Sect. 10.3.8.2) and between 0.5% to
L 1.0% H depending on the proximity of excavation with
H other buildings/infrastructures (SNI 8460 Table 51).
v Sometimes stricter criteria should apply, especially if
7 there are existing facilities/buildings in the vicinity of

pit excavation).

— In PLAXIS2D, deflection of some selected points can
be tracked during the staged-construction simulations.

Deflection Limit
(Embedded Wall)
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Settlement Limit

Criteria: Settlement 6v shall be within allowable limit, the limiting
value usually depends on the facilities/buildings in the vicinity of pit
excavation.

Settlements are contributed by:

1. Settlement due to wall lateral movement.

2. Settlement due to a reduction of ground water level (e.g.
seepage, dewatering).

As per SNI 8460 Sect. 10.3.8.1, in order to avoid adverse effect of
settlement caused by GWL reduction; the decrease of GWL shall be
no greater than 2.0 m (unless it can be proven otherwise is safe).

Settlement Limit

(Upstream Face) - The performance of displacement prediction largely depends on
the selected soil model; MC model is typically inaccurate for
predicting displacement.
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Summary of Design Criteria

Vertical Stability Sliding: SF > 1.5 Checked through safety analysis.
Overturning: SF 2 2.0
Global Stability Static: SF> 1.5 Checked through safety analysis.
Seismic: SF > 1.1
Hydraulic Heave Basal Heave - SF > 1.25 Basal heave - Checked through safety analysis;
Stability Blow-in SF & SF > 1.25 certain deflection criterion may also be used.

Piping SF > SF > 1.5
Blow-in shall be checked for confined aquifer with
high hydraulic head.

Piping shall be checked for seepage through loose
cohesionless soil.

Plastic Limit Load < Plastic Limit Verified in staged-CST phases.
Deflection Limit oh < Deflection Limit Verified in staged-CST phases.
Settlement Limit Ov < Settlement Limit Verified in staged-CST phases.
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Part 2: Soil Model in Deep Excavation

@ CeoStruktur



Soil Model

e Key limitations of Mohr-Coulomb model:

* Soil is linear-elastic before failure, without compression/shear hardening.

* Non stress-dependent stiffness.

* Elastic modulus is typically taken as E.,, which will produce lots of unrealistic heave in unloading case.
* Considering that the deflection limit will be checked; soil layers that are expected to be part of global

stability failure mode; they will be modeled with Hardening Soil (HS) Model (Duncan-Chang hyperbolic
model).

* HS model provides both isotropic hardening and shear hardening, as well as stress-dependent stiffness.
« HS model has two extra plastic parameters for simulating isotropic and shear hardening: E*¢/ and E;gf.

oed
* Dominant failure mode in excavation case: Shear failure - E;gf in HS model is important !

* For simplicity, the deep underlying soil (deeper than 23.8m), they will simply be modeled with Mohr-
Coulomb (MC) Model.
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MC and HS: Key Differences

Deviatoric Stress

Loading

/v\ Unloading/
Reloading

>

Axial Strain g,

Triaxial Test — Mohr Coulomb

>

DeviatFric Stress

>

Axial Strain g,
Triaxial Test — Hardening Soil
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MC and HS: Key Differences

Cap Yield of HS
/ Model

Shear Hardening
Limit of MC/HS

Deviatoric Stress, g

Elastic Region

>
Isotropic Stress, p’
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Boring Log (1/3)
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ROCK / SOIL DESCRIPTION

STANDARD PENETRATION TEST

PEMETROMETER,
qu kg'em’
DEPTH

{mj)

55
3

SPT Graphic
Blows/30 cm
10 20 30 40

o DEPTH
{rm)

3.70

8.00

16.30

FAT CLAY, reddish brown colored 5YR 4/4, high plasticity, high dry
strength, none dilatancy, high foughness, moist frace sand with
medium to coarse grained, fill material, soft.

Fill Soil

oD o
55 8

0.50

o

1.70| 4/30 m

SP

POORLY GRADED SAMND, dark gray colored 5YR 4/1, fine sand grained

| muist, loose to medium dense.

Loose-Medium Dense Sand

0.25
0.25

0.25
1.50

6.15] 13/30

CH

FAT CLAY, gray colored 5YR 5/1, medium plasticity, medium dry
strength, slow dilatancy, medium tougness, moist, very soff.

Very Soft Clay

10.00

11.00
11.45

12.00

13.00
13.45

14.00

15.00
15.45

16.00

=
e 025
< 0,25
< 0,25

e 025
< 0,25

s 025

s 025
< 0,25

s 025

< 0,25
e 025

< 0.2

8000 1/45

11.00f 1/45

13.00f 1/45

15.15] 1/45 |

CH

FAT CLAY, gray colored SYR 5/1, medium plasticity, medium dry

16.40

TR

e 025

P
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Boring Log (2/3)

SAMPLE

21.00

21.70

EPTH
(rm)

16.30
17.00

18.00

20,40

23.80

25.45

27.50

29.00
29.55

31.00

. 0 Eug STANDARD PEMETRATIOM TEST
Q | & ] ==
o ROCK / SOIL DESCRIPTION T S 5 SPT Graphic
§E ﬁg E-E 53 EE §g Blows/30 cm
Stk |08 aE |22 |BE| =2 | 10 20 30 40
CH 77| FAT CLAY, gray colored 5YR 5/1, medium plasticity, medium dry L
L ysirength, slow dilatancy, medium toughness, slighty shall fragmen, 1 17.00( 1.25 17.15| 10/30 jm
CH f Imiist. || 17.45]| 1.25|
\FAT CLAY, olive brown colored 2.5 4/4, high plasticity, high dry 118.00| 1.25
/ isirength. none dilalancy, high toughness, siff.
cL SAMDY CLAY, dark yellowish brown colored 10YR 44, medium 19.00( 1.25| y9.15| 4/30
plasticity, medium dry strength. slow dilatancy, medium foughness, 1945 1.25
mist, soff. . .
Medium Stiff Clay 20,00 1.25
f FAT CLAY, light yellowish brown colored 2.5Y 6/3 streak with light red
/ colored 10YR &/6, high plasticity, high dry strength, none dilatancy, | 21.00| 1.25
high toughness, stiff. a1.70! 1.50
5 : 21.85 12/30
CH 22.15| 1.50 d
23.00| 1.50 I
ﬁ 23001 159 | 23.15{ 10/30
v v v| TUFFACEQUS SAND WITH ST vallnwith hrown codred 10YR 5/6, fine | 24.00 | 1.50
“ v w| sand grained, moist, v
vy Very Loose Sand T T ER ..
FAT CLAY, brownish yellow colored 10¥R 4/6, high plasticity, high dry ’
cH / strength. none dilatancy, high toughness, shiff. 26.00 |< 0.2
% 26.70 |< 0.2 26,85 11,30 |
7 27.15| 1.25
7] SANDY SILT, yellon S e e , low dry
28.00| 1.25
CL / strength, slow runMedlum Stlff S|It/CIav
%gﬁ :ﬁ 26.70| 9/30 jum
CH |77 FAT CLAY, pale yellow colored 5Y 7/4, mgh pluiﬁchr high dry ' :
~1oT- [\strength, none dilatancy. high foughness, siff 30.00| 1.00
SM 151 SILTY SAMD, olive yellow colored 2.5Y &/&, fine sand grained, moist, 3{!.55 I-EIJ
| medium dense. ol -?5 30.70{ 15/30
ML SILT, srong brown colored 7.5YR 4/6, low plasficity, low dry srength, | ~ |
slow dilatancy, Iuwim?‘mnn some cemented silt, very stifi.

& Recovery]
(%)
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Boring Log (3/3)

_ (8] E"E STANDARD PENETRATION TEST EA
[VF) == o
O I = " s
a |z wa | ROCK / SOIL DESCRIPTION = sz €% | SPTGraphic o=
E &2 Q= Eg SE| 25 |SE| 25| Blows/30cm &
w|oaE| 36 |0= oE| g |aE| a 10 20 30 40 40
9433 SILT, very dark gray colored 5YR 5/1, low plasticity, low dry strength, gg gg l;g 32.701 45/30
slow dilatancy, low toughness, some cemented silt, moist, hard. : :
ML 34.00| 4.50
35.00 33.551 4501 34.70] 14/30 e
: CH / FAT CLAY, dark gray colored 5YR, high plasticity, high sry strength, ’ ’
26.00 none dilatancy, highv St.ff S.It/CI i 36.00| 1.75
) LEAN CLAY, dark gra ery | l ay'iciw, medium ’ ’
dry strength, none dilatancy, high toughness,few silt, stiff to hard. 36.55| 3.00 36,701 47 /30
37.00| 4.50
CL 38.00| 4.50
38.55] 1.25
39.00| 125 38.701 10/30 |
3950 3// FAT CLAY, dark gray colored 5YR 4/1, high plasticy, high dry strength, a0.00l 1.25
/ none dilatancy, high toughness, stiff to very stiff. : :
40.55| 1.25 1 40 70| 9/30 jumm
/ 41.00| 1.00
% 42.00| 1.00
42.55( 1.00| 42 70] 11/30 ju
% 43.00| 125" /
/ 44.00| 1.25
. . 44.55| 1.25
CH % Stiff Silt/Clay 45.00| 125 |44-70] 10/30 pumm
% 46.00| 1.50
446.55] 1.50  ——
% a7.00| 2.00|*6-79 16/30
/ 48.00| 2.00
48.55| 1.75 | —
/ as.00l 175 48.701 14/30
50.00 7 50:001"4-507150 15| 64/30 -
50.45 SP ERIRER IPOORW GRADED SAND, dark gray colored 4/1, fine sand grained, 50.45| 4.50 - /
: \moist, very dense. ’ ’
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SBT based on

[Robertson, 2010]

Sandy Soil

Sandy Soil

5S0il Behavior Type
4
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Index Property Tests

g Density P Atterberg limits b

= 3 2
z = g = o P
E = i 3 > e el Bl
Depth in e = = =
miter %_ Descrption % = Wiet Dy 5 - B = B = e E 5 i
g I g s oF 8¢ 3% =2 3 £ | e
3 > 0 = s i | a3 iaiE 5 = o om

5]
@ G, 0, Py W, LL PL P LI e n Sr
= - - - - tm® tim® % % % % _ - % %
3.00-3.70 UDS Fat Clay CH el 1.76 1.23 431 79 33.1 449 022 114 53 100
9.00-10.00 DS Fat Clay CH 240 148 0.81 821 97.0 3849 58.1 0.74 1.96 65 100
14.00-15.00 UDS Fat Clay CH 238 1.41 0.71 996 1350 431 920 0.62 238 70 100
21.00-21.70 UDS Fat Clay CH _$F 1.62 1.06 52.8 102.0 37.3 54.8 0.24 1.32 a7 a3
26.00-26.70 UDS Fat Clay CH /_’-'-1-4 152 0.90 68.5 104 .5 414 63.0 043 1.70 63 a8
Low SG
High PI
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Overview of Soil Properties
m_-

0.0-3.7

3.7-8.0

8.0-16.3

16.3 - 23.8

23.8—-255

25.5-31.0

31.0-39.5

39.5-50.0

* Only short-term condition is shown in current example.

Fill soil

Loose-to-medium
dense sand

Very soft clay
Medium stiff clay

Very loose sand

Medium stiff clay

Very stiff silt/clay

Stiff silt/clay

2-13

4-12

9-15

10-47

9-16

Hardening Soil

Hardening Soil

Hardening Soil

Hardening Soil

Mohr-Coulomb

Mohr-Coulomb

Mohr-Coulomb

Mohr-Coulomb

Undrained A

Drained

Undrained A

Undrained A

Drained

Undrained B

Undrained B

Undrained B

= =

U




Layer 1: Soil Data
F|II Soil (0.0 —3.7)

Soil Model: Hardening Soil Model. 1600 | | —

e Soil data:
 SPT - N-value =4.
* Atterberg limits - I,, = 45%.
* Degree of saturation - SR = 100%
* Triaxial UU - ¢, = 20 kPa.
* Consolidation test > OCR = 3.

1200

Plasticity index, PI < 30

[

< 800 [~

E,/

* Plastic parameters:
50 30 < PI <50
« E;” = 250c¢, = 5000 kPa (see chart). 400 -
e Eq =~ 0.7E2° = 3500 kPa.

Pl=>50

1
. ref Dref 00 _
By = Eso( p ) = 3500 (-3r5) = 11290 kPa. 0 P —

ref 50000 1 2 4 6 8 10
[ ) ~ -
Egea ® 7gp = 1111 kPa. ocR

[Duncan and Buchignani, 1976]

« For soft clay: E.¢/ ~ 20E”¢/ = 22220 kPa.

oed ~—

* Assume @' = 25° (to be adjusted).
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Layer 1: Soil Parameter
Fill Soil (0.0 —3.7)

kPa
kPa
kPa

kPa

kPa

11290
6938
23000

100
0.2

0

20

0

1
0.6580

PQ

220

200

18,0

16,0

6,00

4,00

2,00

0,00 £

00

-10,0

p’ [kN/n?)

=200

-30,0

PLAXIS SoilTest, undrained TX, PQ-plane, p’ = 31 kPa
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Layer 2: Soil Data
Loose-Medium Sand (3.7 — 8.0)

* Soil Model: Hardening Soil Model.

Soil data:
e SPT = N-value = 2-13.
* CPT - Avgq,. = 27 kg/cm?.

Plastic parameters:
* Eyeq = 4q. = 10800 kPa - [Lunne and Christoffersen, 1983].

0.5 0.5
. ref _ Pref _ 100 _
Eoea = Eoed( o3 ) = 10800 (17+(2.5)(7)+(1.5)(17)) = 13943 kPa.

B 5

oed-

For sand: E.¢/ ~ 5E"¢) = 69714 kPa.

oed

Assume: ¢’ = 30° (low relative density)
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Layer 2: Soil Parameter
Loose-Medium Sand (3.7 — 8.0)

EyyEv

E;gf kPa 13943

E‘r‘ef kPa 13943 -5,00E-3
oed

Eref . kPl 69714 s

pref kPa 100
, <~3,00E-3

Uyr - 0.2
/

Cref kPa 0 -2,00E-3
(pl o 30
L|J o 0 -1 00E-3
m - 0.5

Kév C _ 0.5 Dﬂ% 00 -0,0100 -0,0200 -0,0300 -0,0400 -0,0500 -0,0600 -0,0700 -0,0800 -0,0900 -0.100

- )r}r

PLAXIS SoilTest, drained TX, p’ = 60 kPa
Contraction during shearing
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Layer 3: Soil Data
Very Soft Clay (8.0 — 16.3)

* Soil Model: Hardening Soil Model. 100
0.80 _ ==

* Soil data:

* SPT N-value - 1. 0.60 f’”j :

* Multistage Triaxial CU - ¢’ = 22.8. oa0l— ‘ / I

2

* Atterberg limits > I, = 58%. oaf = / I

) Vane Shear 9 Su(16m) - 88 kPa. 0'08.00 1.00 2.00 3.00 400 500 600 700 8.00 9.00 10.00
* Plastic parameters: Deviatoric-axial strain curve of multistage CU-TX

using confinement stress of 30, 60 and 120 kPa

« Ex0u =(90/2)/0.02 = 2250 kPa.
« Ecq =~ 0.7E}° = 1575 kPa.

1
. ref _ Pre . 100}
Erel = ESO( = ) = 1575 (530) = 1313 kPa.

ref ~ 22090 — 862 kPa.

oed ~ 1,%

e E

« For soft clay: E.¢/ ~ 15E"¢/ = 12930 kPa.

oed ~—
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Layer 3: Soil Parameter

Very Soft Clay (8.0 — 16.3)

Var

kPa
kPa
kPa

kPa

kPa

1313
862
12930
100

0.2
0

22.8

0.6125

1.00

0.80

0.60

0.40

0.20 | gfF——

PLAXIS SoilTest (blue), undrained TX, p’ = 120 kPa in

deviatoric stress vs axial strain

For axial strain less than 5%, blue curve fits quite

well with red curve.

At large strain, the deviatoric stress of blue curve

is smaller than red curve = Conservative.
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Layer 3: Comparison with Vane Shear

- Match pretty well with vane

90,0 - / shear test at depth of 16m

of which S,,(16m) = 88 kPa

80,0

700

60,0

q [kNim?]

40,0 4

30,0

200

10,0

0,00 b—C—
200 0,00 =200 -400 -60.0 -80,0 =100 =120

' [kN/m]
PLAXIS SoilTest, undrained TX, PQ-plane, p’ = 120 kPa

@ CeoStruktur



* Soil Model: Hardening Soil Model. 12 e —
* Soil data: 1.00 — ~
e SPT N-value = 4-12. .
* Multistage Triaxial CU > ¢’ = 17.7. f/z
* Atterberg limits - I, = 51%. 000 A !
* Plastic parameters: i P S P
« EZ%,, = (125/2)/0.025 = 2500 kPa. 020[ - ' ,
. ~ 50 _ e" |
ESO O7Eu 1750 kPa 0'03.00 1.00 2.00 3.00 4.00 500 6.00 7.00 8.00 9.00 10.00
Deviatoric-axial strain curve of multistage CU-TX
using confinement stress of 50, 100 and 200 kPa

”"ef>1 — 1750 (102) — 875 kPa.

¢ BL = Es (2

20000 _ 98() kPa.

ref
* Eoea ® 1%
. . ref ref __
For stiff clay: E,,” =~ 5E,_,; = 4900 kPa.
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Layer 4: Soil Data
Medium Stiff Clay (16.3

ref
Esq kPa 875
gref kPa 1704
oed
gref kPa 4900
ur,oed
pref kPa 100
Uy,r - 0.2
Cref  kPa 0
Q' ° 17.7
Ul 0
m 1
K¢ - 0.6960

—23.8)

1.20

1.00

A D\

0.80 /

d os0

0.40

0.20 H=
II 4

|

0.0 '

8.0{} 1.00 2.00 300 400 500 &J
3
1

PLAXIS SoilTest (blue), undrained TX, p’ = 200 kPa in

deviatoric stress vs axial strain
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Layer 5-8: Soil Parameter (Mohr-Coulomb)
Deep Underlaying Layer

-m

Soil Loose Sand Medium Very stiff  Stiff silt/clay
stiff clay silt/clay
SPT - 1 9-15 10-47 9-16
E' kPa 15000 18000 42000 20000
v’ - 0.2 0.2 0.2 0.2
c,’,ef kPa 1 72 168 78
Q' ° 25 0 0 0
I} ° 0 0 0 0

N




Part 3: Structural Elements: Plate, Anchor, EBR
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Structural Elements in PLAXIS

Structural Common Application

Element in Deep Excavation
Simulation

Plate Embedded wall Axial and flexural rigidity

Node-to-Node Unbonded length of Axial rigidity
Anchor anchor

Fixed-End Strut Axial rigidity

Anchor

Embedded Bonded length of Axial and flexural rigidity
Beam Row anchor with user-defined skin

and toe resistance

Schematic of deep excavations
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Spacing _
<—> 5 Diameter

b i

Secant Pile

Pile diameter =1.0 m
Pile spacing =0.8 m

Concrete strength
f; = 35 MPa.

Young Modulus (Concrete)

E = 4700,/ f; = 25743 MPa.

Structure: Embedded Wall (Plate)

Area of secant pile
A = 0.703648 m2/m

Inertia of secant pile
[ = 0.047578 m*/m

Model: Plate Element
Material: Elastoplastic

Plate Properties:

« EA=22.642.10°kN/m
« EI =1.531.10% kN-m?/m
« v=20.15

e w=21kN/m/m

* M, =750 kN-m/m
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Ground Anchor: Pullout Capacity

e Ground anchor pullout capacity (SNI 8460 Sect. 10.6.4.4) is calculated as follows :
* Cohesive soil: P, = aA,L,S,
* Non-cohesive soil: P, = g,A LK,

* Where:
* P, =Pull-out resistance. Unbonded
e A, =Unitshaft area of anchor fixed length. Length
* L, =Anchor effective length.
e a =Adhesion factor.
* S, =Avgund. shear strength along fixed length.
* 0, = Eff. ver. stress at the midpoint of fixed length. Bonded
- Length
* K. = Anchorage coefficient.

Ground Anchor Overview
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Structure: Anchor UL (Node-to-Node Anchor)

* Prestressing bar properties:
* Diameter 36 mm.
 ASTM A722 Grade 150.

* Prestressing bar capacity:
* Ultimate Capacity - F, = f,,As = (1035MPa)(1018mm?) = 1053 kN.
* Prestressed to 80% of capacity - 80% x 1053 kN = 843 kN.
» Allowable capacity, SF = 1.4 (Table 49 SNI 8460) > 843 kN / 1.4 = 602 kN.

Model: Node-to-Node Anchors.
Material: Elastoplastic

Input for PLAXIS2D:

« EA=214.103 kN

e Spacing =15m
Fmax,tens = 602 kN
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Structure: Anchor BL (EBR)

* Anchor properties:
* Anchor diameter = 150 mm.
* Undrained shear strength = 180 kPa.
e Adhesion factor = 0.4.

Adhesion Factor

* Anchor pU||OUt capacity: 0005 2:0 4:0 6:0 8:0 15)0 1:20 11:10 1:60 180
« Ultimate capacity (cohesive soil) > P, = aAL.S,, = 34 kN/m. Undrained Shear Strength, kPa
 Allowable capacity SF = 2.0 (Table 49 SNI 8460) - P, = 17 kN/m.

Model: Embedded beam rows.
Input for PLAXIS2D:

« Material: Elastic

e« E =2.1.108 kN/m?

e Dia=36mm

« ¥ =50kN/m3

* Spacing = 1.5m

* Tokin =~ = 17 kN/m

e F,...=0kN
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Ground Anchor: Other Requirements

Minimum free length shall be 3 m for tendon bar and 4.5 m for strand (SNI 8460 Sect. 10.6.4.3).

* Minimum fixed length shall be 3 m with a maximum fixed length of 13 m; a length > 13 m can be used if it
can be proven through pullout test (SNI 8460 Sect. 10.6.4.3).

e Ground anchor fixed length shall be installed at least 5 m from ground elevation (SNI 8460 Sect. 10.6.4.2a).

* Anchor fixed-length shall be embedded in a competent soil layer: (1) Sand with SPT N-value > 25; (2) Clay
with SPT N-value > 20 elevation (SNI 8460 Sect. 10.6.3.1).

* Horizontal spacing shall be at least 1.5 m for anchor with diameter < 0.2 m (SNI 8460 Sect. 10.6.4.2c).
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Structure: Slab/Strut (Fixed-End Anchor)

* Slab properties:
e Concrete strength = 30 MPa.
* Slab thickness = 200 mm.

Model: Fixed-end anchor.
Input for PLAXIS2D:

e Material: Elastic
e EA=5.15.10° kN/m?2
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Other Design Requirements

* Additional load (1 ton/m?) of 10 m width shall be given in the upstream face of embedded wall (SNI 8460
Sect. 10.3.5.4.1 and 10.3.6.4).

* Over-excavation shall be considered - 10% H,,,;.ceq < 0.5 m (SNI 8460 Sect. 10.3.5.3.2(a-b)).

* In principle, analysis has to be performed using soil parameters that will produce the most critical condition.
If it is not known, either undrained condition or drained condition, is the most critical condition; analysis has
to be performed for both conditions (SNI 8460 Sect. 10.3.6.5).
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Part 4: PLAXIS 2D Simulation
Short-Term Condition

@ CeoStruktur



Stress Path: Drained vs Undrained

Shear Stress, g

A MC-Drained
q = Aoy — Aos

Parameters (¢’, )

Undrained A | 7 = il
(PLAXIS)

Drained
(Loading)

Undrained A
(Real Soil) \

MC-Undrained

Cy / 'Y Parameters (c,)
c’
! Undrained B
Initial Compression Isotropic S‘tress, p’
>
Stress Path: Undrained Material p = %(Aal + 2A03)

Drained parameters - Determine the failure surface.
Drained material - Determine the stress path.
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Set Borehole Data

1 Modify soil layers " [
Borehole_1
= % Add & [nsert = Delete
X 0,000
Head  -2,000 Soil layers | Wiater | Initial conditions | Preconsolidation | Field data
Layers Borehole_1
# Material Top Bottom
il —o.000 1 1FllClayHs 0,000 -3,700
= 2 ZLloose Sand HS -3, 700 -8,000
ll 3 3vsoftClay HS 8,000 -16,30
10,60
- 4  4MStff Clay HS 16,30 -23,30
|
| 5| 5LSand MC -23,80 -25,50
20,00 _'I 5 . & MSHiff Clay MC 25,50 -31,00
| 7 7StffClay MC 31,00 -39,50
| 8 . 8 VSHiff Clay MC -39,50 -50,00
=i R
|
_|
|
.
[
|
[
50,00 [7] Bottom cut-off 0,000 m
E ’ = Site response ] ’ F9 Boreholes ] [ Materials l [ oK ]
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Set Material Data

Soil - Hardening soil - L Fil Clay HS

Material sets
[ ¥» Show global ] J B &
Project materials General |Pararneters | Groundwater Ilnterfa::es I Initial |
Set type [Suil and interfaces - ] Property i
Material set
Group order [N"”E i ] Identification LFill Clay HS
] 0 Gravel Subbase Material model ’Hardeniﬂg soil -
[] 1Fil Clay Hs | Drainage type Undrained (&)
D 2 Loose Sand HS Colour RGB 182, 226, 130
Comments

[ 3 vsoft Clay Hs
[ ] 4 Mstff Clay HS
[] 5L5and Mc

[ & Mstff Clay MC
] 7 stiff Clay MC
[ & vstiff Clay MC

Iy

Im
=
1%}

=)

General properties

o= ki fm?3

¥ ost kM/m?

= Advanced

Void ratio

& init

€ min

emax

Dilatancy cut-off O

17,00

17,00

0,5000
0,000

999,0

Mext

] [ oK l [ Cancel
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Assign Sol

Material sets i - i

[ shonaeta |

Project materials

Set type |Soil and interfaces -

Group order [che v]

|:| 0 Gravel Subbase
[] 1Fil Clay Hs

[] 2 Loose Sand HS
[ 3 vsoft Clay Hs
[ ] 4 Mstff Clay HS
[] 5L5and Mc

[ & Mstff Clay MC
] 7 stiff Clay MC
[ & vstiff Clay MC

| mMew.. | oedt. | [ soirest |

[ Copy ][ Delete ]

[ ]

000 |




Create Structural Element

0.00 |

2500 |

-50.00 |

0.00

La

75.00

100.00

Load 10 kPa

Anchor

Free-Length

Anchor

Fixed-Length

:\\\ e
N
N

\

L

Embedded Wall
with Interface
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Generate Mesh

TRV b [0 oo s s S Sy Y N AN A W .
R R LR RX KA X KRR KE IR IR K FHHKHKHKT (Very Fine)

I Pl Pl Wl P AT o - e T P T A W T W T P P T WA T AT AT T ATV WA

Auto-Generated Mesh

R AT e e v A Ta Ay A AT AV AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV]
= il "'-"-l-'l"_._#.:#':&' e A i"’"&fi‘l’.ﬁ"ﬁfi‘i‘ﬂl’ N

B A | A VWA, VAVAVAVA AV, o AVAVAVAVAVAVAVAVAVAN

T e VAV S KWAVAYE eWANAVAY owavi RV AVA Y RV AVAVAWS: SVAVAYE

DY AN A A R N E A A A A A A A e ra v T TAY PR VAN VA VAV AN FAVAYAY N FAVAVAN
mmﬁ;ﬁ&.#.#&.#.# V. #1#;.7.7 VAVAVAVAVAVAVAVAVAVAVZ
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Initial Flow Condition

0.00

25.00 50.00
| | |

Closed Boundary

Closed Boundary

Mc:u:lel explorer (Phase_12)

'H.q'_]l_l 1T 1awsa

. I:ﬂ:;l. Line loads

: Eﬂli‘ Soils

: q‘}@ Model conditions
(ED Climate

: iﬂ}. Deformations

: iﬂ} Drynamics

- @ [¥] Fieldstress

EReE

- @[] predpitation
(ED PzeudoStatic
: tﬂ}D ThermalFlow
: iﬂ} Water

. iﬂ}li‘ Groundwater flow BCs

: iﬁ; GroundwaterFlow
BoundaryXMin: Closed
BoundaryXMax: Open
BoundaryYMin: Closed
BoundaryYMax: Open
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Initial Cond: Gravity Loading

0.00 2500 £0.00 75.00 100.00 125 4
_I | L1 | L1 1 1 I A I | | I I | L1 L1 | I | | I A | I I | 11 11 L1 | | | I I | 1
] Y A - General
o T ID Initial phase [InitialPhase]
] Calculation type Gravity loading >
il Loading type |—_|—| Staged construction -
. M ciht 1,000
_— Pore pressure calculation type E Phreatic hd
B Time interval 1,000 day
] First step 0
25 007 Last step 21
N Design approach (Mane) -
- Special option ]
1 - Deformation control parameters
_ Ignore undr. behaviour (A,E)
N Updated water pressure ]
: Ignare suction
-50.00 |
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Phase 1: Embedded Wall + CST Load

0.00 25.00 { 50.00 D seciiall [Phase_1]
J_‘J Start from phase Initial phase -
L Lo L1 | L1 [ /l/-l_ ! Activate Calasdation type T Plastic -
- / Loading type |—|_-| Staged construction -
— EMstagE 1,000
0.00 | M, ikt 1,000
| Pore pressure calculation type % Phreatic -
— Time interval 1,000 day
| First step 22
_— Last step 25
_ Design approach {Mone) -
— Special option i
7 -] Deformation control parameters
-25.00 | Ignore undr. behaviour (A,B) el
N Reset displacements to zero
— Reset small strain
7 Reset state variables [l
__ Reset time |:|
] Updated mesh ™
- Updated water pressure EE
7 Ignore suction
-50.00 | Cavitation cut-off ™
Cavitation stress 100,0 ki/m?
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Phase 2: Excavation (1)

4
:
AN R
Deactivate

__de \N\___




Phase 2: Excavation (1) — Flow Condition

Cluster Dry

Interpolate
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Phase 3: Ground Anchor (1)

0.00 2500 50.00 | 75.00 | 100.00

1251
lll.|...,|,,,,||]|Phasesexplnrer

: ” = % B|E
0.00 | i /_ Activate Initial phase [InitialPhase]
B - SecWall [Phase_1]

Excav 1 [Phase_2Z]
. GrAnchor 1 [Pha 3
Activate ) r1{Phase 3]

B @ K Slab 1 [Phase_4]

e - Pl -1

2

]

CER X AR R A
IHHEERE

1 B0 B B

.1

B @ Selection explorer (Phase_3)

25007 = @M Line_2_1

- Coarseness factor: 0,2500

~ El Q} ModeToModeAnchor 3 1
El Material: AnchorRods

— Remember, anchor shall be + Colour: W

] : : trength reduction:
i activated AFTER excavation, - Apply strength reduction ]
- Adjust prestress:

NOT before/during excavation
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Final Phase

0.00 25.00 50.00 75.00 100.00 1254

| Initial phase [InitialPhase] = [E =

000 ] SecWall [Phase_1] E L=

: Excav 1 [Phase_2] E] |—I_"I E

il Granchor 1 [Phase_3] 5 [H =

N Slab 1 [Phase_4] E =

: Excav 2 [Phase_5] |—|_'I E

B GrAnchor2 [Phase_g] B 5=

25.007] Slab 2 [Phase_7] |—I__I E

- Excav 3 [Phase_ 3] [E |—I_‘I E

] Granchor 3 [Phase_9] E] |—I_‘| E

i Slab 3 [Phase_10] EHh=

4 Final Exc [Phase_11] B 5 =

] 5F [Phase_12] E" A +
-50.00 |
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Part 5: Results
Short-Term Condition
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Results: Heave Displacement

3,00 -4,00 0,00 4,00 8,00 12,00 16,00 20,00 24,00 28,00 32,00 36,00 40,00

=]
o

=

=

b
=
=

|G |
Ll

&
o

If using MC model, heave will be
highly over-estimated

i}
TRRERE
-
——
f
=-I'||
—*:IlI

-12,0

Total displacements u,, (scaled up 10,0 times) (Time 12,00 day)
|E| Maximum value = 0,2767 m

Minimum value = 0,1145m
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Results: Settlement at Upstream Face

-20,00 -10,00 0,00 10,00 20,00 30,00 40,00 50,00 60,00 70,00

0,00 - I
-10,00 \
— = Concave-Type
= Settlement
-20,00 E
= 1 If using MC model, we may obtain
_m’m_: heave instead of settlement at this | |
= upstream face.

Total displacements u, (scaled up 20,0 times) (Time 12,00 day)
|E| Maximum value = -0,03017 m

Minimum value = -0,1818 m
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Point Tracking: Lat. Displacement

/ Excavation

/ / Anchoring Y

o J —— Node 40 *
—— Node 2457 *
00000 . )| . OO m jue | —+— Node 4059 *
H -0,0400 \

-0,0600 \

"T"I Initial phase [InitialPhase] B = i“""ﬁ +
ﬁ‘o-m"‘_ -Z;r'_," SecWall [Phase_1] b = 1
f,g -Z;r'_," Excav 1 [Phase_Z] b = S — I \

0,100+ -Z;T'_} Granchor 1 [Phase_3] B = i 5-0 m F
-Z;r'_," Slab 1 [Phase_4] b = \

0,120 -Z;r'_," Excav 2 [Phase_5] b =
,T_, Granchor2 [Phase_g] b = i%

-0,140 -Z;r'_," Slab 2 [Phase_7] b =
-Z;r'_," Excav 3 [Phase_g] b = &

0,160 -Z;];," Granchor 3 [Phase_9] b =
-Z;r'_," Slab 3 [Phase_10] b = i

_0.180-H "TJ Final Exc [Phase_11] b =
) SF [Phase_137] 1 |4 i 10 m

P 0 ) D A LA B | et

" 0,00 1,00 2,00 3,00 4,00 5,00 6,00 7.00 8,00 9,00 10,0 1.0

Time [day]
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Embedded Wall: Lateral Displacement

o
~

[}
[}

i
=
L]

-
]

-24,00

-32,00

0,00 7]

|D |
NEEEEE

Large-displacement at
embedded part due to
very soft clay soil

N

Total displacements u_ (scaled up 20,0 times) (Time 12,00 day)

Maximum valug = -0,01511 m (Element 1 at Mode 4)
Minimum value = -0,2416 m (Element 24 at Mode 5013)
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Embedded Wall: Shear Force

0,00 7]

do
L

=
=]

[}
|||||||||

=y
=y}

s
=

24,00

32,00

Anchor

Anchor

Anchor

N

Shear forces § (scaled up 5,00%10-2 times) (Time 12,00 day)

Maximum walue = 300,5 kM/m (Element & at Mode 1731)
Minimum value = -517,5 kM/m (Element 14 at Mode 3179)
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Embedded Wall: Moment Force

o000 1
200 - Anchor
| Anchor
16,00 —
24,00 —
_ \ N
32,00 —
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Safety Analysis

%fi{ﬁ%f - Reached values
ey Reached total time 12,00 day
CSP - Relative stiffness 6,494E-9
ForceX - Reached total force X 0,000 kN
Force - Reached total force ¥ 0,000 kN
Pmax - Reached max pp 408, 7 kM /m?

EMHEEE - Reached phase propc 0,000

IM, cichy - REached weight pro 1,000
IM_; - Reached safety factor 1434
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Results: Deformed Mesh

oo o P Fa ¥ i i W WV P AN I W NN s T LY Y O Y N Y
e . -
7777 For 10 m deep excavation, SNI 8460 limits

AW Wl Tk Ty

————— the lateral deflection to 0.5% - 50 mm.

Current simulation indicates that the
1 calculated deflection is well above the limit
1 > Extra countermeasures are required !! |

VAT A VAN Vi Fad A R ra ra P Py P T VAN ZAVANVAVAV AN PAVAVAV AN FAVAVAN
ANAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA
EEATA‘!’LTAYATLTLTLTL‘rLYAYATAYLTATAYLT‘TAvivnTATAYim

Deformed mesh |u| (scaled up 10,0 times) (Time 12,00 day)
Maximum wvalue = 0,3154 m (Element 2035 at Node 8328)
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GeoStruktur Sistem Solusindo

Your Trusted Partner for Digital Transformation

Thank you for your attention!
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