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LAPORAN KEGIATAN

Tujuan

Tujuan dari kegiatan Webinar mengenai pemodelan numerik geoteknik ini adalah
untuk memberikan wawasan, gambaran serta wadah diskusi kepada para tenaga-
tenaga kerja yang berfokus pada bidang geoteknik terkait analisis menggunakan
model numerik.

Deksripsi Pelaksanaan Kegiatan

Waktu pelaksanaan Webinar Pemodelan Numerik Geoteknik dalam Perencanaan
Infrastruktur ini adalah selama 1 (satu) hari pada tanggal 23 September 2020 selama
kurang lebih 2 (dua) jam. Jumlah peserta yang mengikuti Webinar ini yaitu sebanyak
1386 orang yang tercatat pada formulir pendafataran melalui Google form. Adapun
peserta yang mengikuti webinar ini berasal dari banyak instansi, seperti dari
Kementerian PUPR, Kementerian Perhubungan, Direktorat Bina Teknik Jalan dan
Jembatan, Balai Geoteknik, Terowongan, dan Struktur, Instansi Akademisi,
Kontraktor maupun Konsultan yang bergerak di bidang geoteknik di Indonesia.

Tujuan dari kegiatan pengabdian kepada masyarakat berupa kegiatan webinar
mengenai pemodelan numerik dalam perencanaan infrastruktur pada bidang ilmu
geoteknik ini terpenuhi dimana para peserta memahami materi yang telah
disampaikan secara daring. Adapun pokok materi yang disampaikan yaitu:

1) Pemodelan dan analisis stabilitas lereng
- Pendahuluan
- Analisis stabilitas lereng sederhana menggunakan model Mohr Coloumb
- Perbandingan FEM dan LEM dalam analisis stabilitas lereng
- Stabilitas lereng menggunakan PLAXIS 2D
- Pemodelan stabilitas lereng untuk pekerjaan pembangunan jalan
menggunakan PLAXIS 2D
2) Pemodelan dan analisis perbaikan tanah dengan preloading dan PVD
- Tanah lunak di Indonesia
- Perbaikan Tanah dan PVD
- Instalasi dari PVD
- Parameter dari PVD
- Pemodelan PVD menggunakan PLAXIS 2D

Para peserta yang mengikuti webinar ini akan diberikan sertifikat dalam bentuk
elektronik sertifikat.
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Ground Improvement and Vertical Drains

» Ground improvement techniques play an imprortant role in extending the

infrastructure across the country in difficult soils.

Institute ESQ n rLG g

Advoncing ntrastrusture

* Preloading and vertical drains, vibro compaction and replacement, in situ soil
mixing, grouting, dynamic compaction, piles, geoslv\nthetics, electro-osmotic, etc,
S

are some ground improvement techniques.

» The selection of the correct ground improvement technique can have an
important effect on the foundation choice and can often lead to more economical

solutions when compared to traditional approaches.
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Vertical drains combined with preloading
have become common practice and are
among the most effective procedures for
ground improvement accelerating the
consolidation process (decrease the time
for reaching final settlements).

The installation of vertical drains reduces
the drainage path and speeds up the
dissipation of excess pore water pressure
generated during the application of
surcharge loads in saturated fine grained
soils.

Simple slope with MC
(check mesh dependency)

Coarse Mesh (68 elements):

Fine Mesh (255 elements):

No difference in results for
Method 1 and 2
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MoU ITENAS and Bentley Systems

A& jtenas Bentley

Institut Teknologi Nasional Advancing Infrastructure
MEMORANDUM OF UNDERSTANDING
BETWEEN
INSTITUT TEKNOLOGI NASIONAL
AND

BENTLEY SYSTEMS INTERNATIONAL LIMITED

MEMORANDUM OF UNDERSTANDING
BETWEEN
INSTITUT TEKNOLOGI BANDUNG
AND

BENTLEY SYSTEMS INTERNATIONAL LIMITED

INSTITUT TEKNOLOGI NASIONAL (hereinafter referred to as “ITENAS”), an institution of higher
learning whose address is at JI. PH.H. Mustofa No.23, Neglasari, Kec. Cibeunying Kaler, Kota

Bandung, Jawa Barat 40124, Indonesia and shall include its lawful representatives and permitted
assigns; BENTLEY SYSTEMS INTERNATIONAL LIMITED (hereinafter referred to as

“BENTLEY™"), a private limited company, incorporated under the laws of Ireland with its registered

office at Second Floor, Block 2, Park Place, Upper Hatch Street, Dublin 2, Ireland and shall include
its lawful representatives, affiliates and permitted assigns; hereinafter referred to singularly as “the

Party” and collectively as “the Parties”,

2 | WWW.BENTLEY.COM | © 2020 Bentley Systems, Incorporated
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MoU ITENAS and Bentley Systems

a)

b)

1. Each Party will, subject to the laws, rules, regulations and national policies from time to time
in force, governing the subject matter in their respective countries, endeavor to take

necessary steps to encourage and promote co-operation in the following areas:

AREAS OF CO-OPERATION

Knowledge sharing for students and student Ambassador program;

Knowledge sharing for staff and Staff Ambassador program;

International Bentley Webinars;

Bentley conference participations:

ITENAS to organize session and events vial ITENAS-Bentley BIM Laboratory
formation; and

any other areas of co-operation to be mutually agreed upon by the Parties.

3 | WWW.BENTLEY.COM | © 2020 Bentley Systems, Incorporated

Bentley
% Institute

(Source: https://www.mynewlab.com/services/bim-laboratory-furniture-design/
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YAYASAN PENDIDIKAN DAYANG SUMBI
INSTITUT TEKNOLOGI NASIONAL

JPKH. Hesan Bustape No. 23 Bandung 40124 lndonesia, Telepon: +62-22-T2T2215, Fex +63-22- 7202892
Webaits i, emal s

KEPUTUSAN
REKTOR INSTITUT TEKNOLOGI NASIONAL
Nomor: 0207/A.17.01/Rektorat/itenas/X12019

REKTOR INSTITUT TEKNOLOGI NASIONAL:

Menimbang :
1. Bahwa salah satu misi Institut Teknologi Nasional adalah mengembangkan Peneliian dibidang
Teknologi.
2. Bahwa untuk mewujudkan misi Institut Teknologi Nasional tersebut periu dibentuk Pusat Studi
Geoteknik Nasional ltenas sebagai suatu wadah yang dapat mendorong berkembangnya penelitian
dalam bidang Geoteknik.

Mengingat :
1. Peraturan Pemerintah No. 30 Tahun 1990:
2. Undang-Undang No. 2 Tahun 1989,
3. Keputusan Menteri Pendidikan dan Kebudayaan;
a. No. 021 11U11982 Tanggal 26 Juni 1982,
b. No. 0180/0/1985 juncto No. 0180i0/1985 Tanggal 20 April 1985;
4. Keputusan Dewan Pengurus Yayasan Pendidikan Dayang S~unbi:
a. No. 01 KepiDSi1972 Tanggal 14 Desember 1972;
b. No. 07Kpts/YPDS/11/2012 tanggal 6 Febniari 2012.

MEMUTUSKAN

Menetapkan :

Pertama  : Pendirian Pusat Studi Geoteknik Nasional itenas

Kedua : Pusat Studi Geoteknik Nasional Itenas berada di bawah koordinasi Lembaga Penelitian dan
Pengabdian Kepada Masyarakat yang bertanggungjawab kepada Rektor.

Ketiga : Anggaran pengembangan Pusat Studi Geoteknik Nasional Itenas menjadi bagian dari Rencana
Kegiatan dan Anggaran Tahunan Lembaga Penelitian dan Pengabdian Kepada Masyarakal

Keempat : Surat Keputusan ini mulai berlaku sejak tanggal ditetapkannya dengan ketentuan bahwa akan
diperbalki sebagaimana mestinya apabila dikemudian hari temyata terdapat kekefiruan dalam

Surat Keputusan ini.
Ditetapkan di : Bandung
. Pada tanggal : 16 Desember 2019
Rexktor,
O\t etmSd
& QL WL N =
Tembusan :
1. Yth. Ketua Yayasan Pendidikan Dayang Sumbi ; Dr. Imam Aschuri, Ir., M.T.

2. Yth. Para Wakil Reklor;

3. Yth. Para Dekan Fakuitas;
4. Yth. Ketua LPPM;

5. Yth. Para Ketua Jurusan.
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Academic SELECT Subscription

The Bentley Institute Academic Program is committed

to helping prepare students for tomorrow’s infrastructure
workforce. The Academic SELECT Subscription provides
academic institutions with a comprehensive portfolio of
more than 50 applications from Bentley, a leading
company dedicated to providing software solutions for
advancing infrastructure.

The Academic SELECT Subscription enables educators to
give their students hands-on experience with the same
software used by infrastructure professionals worldwide,
providing students with an important competitive edge when
they explore job opportunities.

Features

Over 50 software applications (details in chart)
for use in classrooms and labs

* Access to software downloads

* Free, instructor-led online learning for educators
* Upgrades to the latest software versions

= 24/7 technical support

*  Networking and support via Bentley Communities

OpenFlows WaterGEMS, OpenFlows WaterCAD,

Modeling and MicroStation,

Visualization MicroStation PowerDraft,
Bentley View, LumenRT

Reality Modeling ContextCapture, Descartes
On-campus use only: Bentley Pointools

Building Design OpenBuildings Designer (enabled with Energy
Simulator and GenerativeComponents capabilities)
OpenBuildings Station Designer (includes LEGION
Simulator and LEGION Model Builder)

Construction SYNCHRO

Civil Design OpenRail ConceptStation, OpenRail Designer,
OpenRoads ConceptStation, OpenRoads Designer,
OpenSite Designer

Geotechnical SoilVision 2D/3D Suite, gINT Professional

Engineering

Bridge Analysis OpenBridge Designer, LEAP Bridge Concrete,
LEAP Bridge Steel, RM Bridge Advanced, RM
Bridge Enterprise

Structural Analysis STAAD.Pro, STAAD Advanced Concrete Design,

and Detailing STAAD Foundation Advanced, RAM Structural

System, RAM Connection, RAM Elements, RAM
Concept, MicroStran, ProStructures

Hydraulics and

Hydrology OpenFlows SewerGEMS, OpenFlows SewerCAD,
OpenFlows HAMMER, OpenFlows CivilStorm,
OpenFlows StormCAD, OpenFlows PondPack,
OpenFlows FlowMaster

Offshore Structural MAXSURF Enterprise

Analysis On-campus use only: SACS Marine Enterprise,
SACS Offshore Structure Enterprise, MOSES
Advanced, MOSES Enterprise

Plant Design OpenPlant PID, OpenPlant Modeler, OpenPlant
Isometrics Manager, AutoPLANT Modeler

Pipe Stress and AutoPIPE

Vessel Analysis

Electrical Design Bentley Substation, Promis.e

Project Delivery Navigator

Mapping and OpenCities Map, OpenCities Map Enterprise

Surveying

itley
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Bentley Channel Parther Agreement

‘”)) PT Delta Sigma Nusantara

B e n t le g 2020 BENTLEY CHANNEL PARTNER AGREEMENT

Channel Partner BENTLEY SOLUTIONS RESELLER

INTERNATIONAL

This BENTLEY CHANNEL PARTNER AGREEMENT, including the Exhibits hereto (this “Agreement”) is made as
of 18" of June 2020 (the “Effective Date”) between Bentley Systems International Limited, a private limited company
incorporated under the laws of Ireland with company registration number 474589 and having its registered office at
Charlemont Exchange, 5th Floor, Charlemont Street, Dublin 2, DO2v N88, Ireland and PT Delta Sigma Nusantara with
company registration number C-671.HT.03.01-Th.2002 and principal place of business at JI. Pahlawan No. 58, 40124
Bandung, Indonesia, tax identification nr. 80.957.948.5-423.000 (“*Channel Partner”).

o | Bentley gantley
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Contents

= Introduction

= Simple slope with MC (check mesh dependency)

* FEM vs. LEM in Slope Stability Analysis

= Slope Stability using Plaxis 2D

= Modeling Slope Stability for a Road Construction Project (PLAXIS 2D)

o | Bentley gantley
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Introduction

Definition of safety factor obtained by FEM
(available = characteristic value)

- tan (pavailable Cavailable

1]fe -
tan (Pfailure Cfailure

Basically 2 possibilities to obtain factor of safety:

1: Calculation with characteristic parameters > automatic reduction of strength parameters of soil until
equilibrium is no longer achieved in numerical analysis
Some FE-codes do this automatically > strength-reduction technique

2. Calculation with reduced parameters > perform new calculation with different factors until equilibrium
IS no longer achieved in numerical analysis

Some codes do this automatically

see also: e.g. Griffiths (1980), Naylor (1981), Brinkgreve & Bakker (1991), Matsui & San (1992)

o | Bentley
< Institute 2ENNCY @) @NGC sentiey
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Simple slope with MC (check mesh dependency)

Homogeneous, drained soil layer

Inclination of slope: 2:1

20,00

20,00 20,00

15,00

5,00

60,00

Soil parameters (Mohr-Coulomb failure criterion):
¢‘=20.0[°], ¢ =10.0 [kN/m?]
E =10°[kN/m2] ,v=0.3[-],y=20.0 [kN/m3]

Example from: Griffiths and Lane, Slope stability analysis by finite elements, Geotechnique 49, 387-403, 1999

o
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Simple slope with MC
(check mesh dependency)

Coarse Mesh (68 elements):

Fine Mesh (255 elements):

No difference in results for
Method 1 and 2

11 | WWW.BENTLEY.COM | © 2020 Bentley Systems, Incorporated

Incremental shear strains after @/c-reduction

68 elements
(6-noded)
FOS: 1.45

68 elements
(15-noded)

FOS: 1.37

255 elements
(15-noded)

FOS: 1.35

255 elements
(15-noded)

Reduced Factor: 1.35
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FEM vs. LEM

Advantage of FEM vs. LEM for Slope Stability Analysis

1. In the FEM, failure occurs naturally through the zones within the soil mass wherein the shear strength of
the soil is not capable to resist the applied shear stress, so there is no need to make assumption about

the shape or location of the failure surface.

2. There is no theory of slices in the FEM, so no need to make assumption about slide side forces. The
FEM maintains overall equilibrium until failure is reached.

3. As long as the compressibility data of soils is available, the FEM will provide deformations result at the
working stress levels.

4. The FEM is capable to check the progressive failure up to and including shear failure.

Source: Griffiths and Lane, Slope stability analysis by finite elements, Geotechnique 49, 387-403, 1999

o | Bentley
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FEM vs. LEM

(1) Homogeneous slope with no foundation layer

Geometry and mesh:

‘' 12m ) 20m

. 4

10m

X

Soil parameters with Mohr-Coulomb model:

Unit weight y [KN/m3] 20
Effective secant oL [kPa] 100.000
modulus
Effective poisson's ratio 1% [-] 0.3
Cohesion (effective :

kP
shear strength) ¢ [kPa] 10
Friction angle (effective y ] 20

shear strength)

14 | WWW.BENTLEY.COM | © 2020 Bentley Systems, Incorporated

Failure mechanism:

Incremental strains:

Incremental displacement:

FOS =1.345

FEM

o
e
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FEM vs. LEM

(1) Homogeneous slope with no foundation layer

Ordinary Method of Slice:

A

220
20.0
16.0 .t
16.0 L
14.0 .
12.0
10.0
8.0
6.0
40
20
0.0

Y (m)

FOS=1.334
w

L]

PR FOS =1.334

strength Type  Unit Weight Cohesion  Phi
(kNim*3)  (kPa} (deg)
neous  Mohr Coulomd 20,000 10 20

Y (m)

0.0 5.0 10.0  13.0 200

Bishop’s Simplified Method :

A

22.0
200
18.0
16.0
14.0
12.0
10.0
§.0
6.0
4.0
2.0
0.0

Y (m)

250 350 400 50.0

X (m)

30.0 45.0

FOS=1.389
&

(]

FOS =1.389

Strength Type  Unit Weight Phi
(kNIm*3) (deg)
neous  Mohr Coulomb  20.000 10 20

Cohesion
(kPa)

Y (m)

oQ 5.0 10.0 130 200

15 | WWW.BENTLEY.COM
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239.0 35.0 400 50.0

X (m)

30.0 45.0

22.0
200
18.0
16.0
14.0
12.0
10.0
8.0
6.0
4.0
2.0
0.0

22.0
200
18.0
16.0
14.0
12.0
10.0
§.0
6.0
4.0
20
0.0

o
e

LEM

Janbu’s Simplified Method :
i

FOS=1.317
L

L]

FOS = 1.317

Material

Name Strength Type  Unit Weight  Cohesion  Phi
(kNim*3)  (kPa) (deg)

Mohr Coulomb  20.000 10 20

Homogeneous

0.0 5.0 10.0  13.0

A

200

23.0 35.0 400 50.0

X (m)

30.0 43.0

Morgenstern and Price Method :

FOS5=1.387
*
L
Strength Type  Unit Weight Cohesion  Phi
(kN/m~3) (kPa) (deg)
neous  Mohr Coulomb  20.000 10 20
0.0 5.0 10.0 150 200 250 300 350 400 4350 300
X (m)

Bentley
Institute

Bentley

Channel Partner
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FEM vs. LEM

(2) Homogeneous slope with foundation layer

Geometry and mesh:

20m : 20m

>
L]

‘@
<

X

v

<
<

60 m

Soil parameters with Mohr-Coulomb model:

Unit weight y [KN/m3] 20
Effective secant E [kPa] 100.000
modulus

Effective poisson's ratio 1% [-] 0.3
Cohesion (effective c [kPa] 10

shear strength)
Friction angle (effective Y ]

shear strength) 20

16 | WWW.BENTLEY.COM | © 2020 Bentley Systems, Incorporated

Failure mechanism:

Incremental strains:

-
\
\‘W

-~

FOS = 1.349

Incremental displacement:

o | | Bentley
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FEM vs. LEM

(2) Homogeneous slope with foundation layer

Ordinary Method of Slice:
A

A
345

30.0
250

200

Y(I’Tl) 13.0 )l

0.0

FOS=1.332
A

FOS =1.332

. 2
H
. ;
L :
: A
10.0 !
L
50 ’

P

00 30 100 150 200 250 300 350 400 450 500 550 600

X (m)

Bishop’s Simplified Method :

[y
345

30.0
230

20.0
Y

0.0

FOS=1387
L ?

FOS =1.387

’ )

v .

- .

’

, :

. :

. :

’ L]

¢ N

.

.’ .

50 M ‘
10.0 :

50

¥

e 50 100 150 200 250 300 330 400 450 3800 5450 600

X (m)
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o
e

LEM

Janbu’s Simplified Method :
A

345

300 FOS=1315
P

23.0

20.0
Y (m) 13.0 il

f‘ »
o
-" .l
, :
H
10.0 .
K
50 .

0.0 I

FOS =1.315

P

0¢ 50 100 140 200 250 300 350 400 430 500 530 600

X (m)
Morgenstern and Price Method :
f §
. ' |

FOS = 1.386

P

00 50 100 130 200 230 300 350 400 450 300 330 600

X (m)
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FEM vs. LEM FEM

(3) An Undrained Clay Slope with a Thin Weak Layer

Geometry and mesh: Soil parameters with Mohr-Coulomb model:

20m 20m

Unit weight y [KN/m3] 20
Effective secant modulus E’ [kPa] 100.000
Effective poisson's ratio V [-] 0.3
Cohesion (undrained
kP

shear strength) Cut [kPa] 50
Friction angle (undrained

gle { 7 § 0

shear strength)

The analysis are carried out using a constant value of undrained shear strength of soil (cu,)
and five different values of undrained shear strength of the thin layer (cu,) with ratio cu,/cu,
equal to 1, 0.8, 0.6, 0.4, and 0.2.

o | Bentley gantley
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FEM vs. LEM

(3) An Undrained Clay Slope with a Thin Weak Layer
Failure mechanism (incremental strains):

C,/Cy; = 1.0
FOS =1.454

C,/Cc,; = 0.8
FOS =1.420

C,/C,; = 0.6
FOS = 1.356

19 | WWW.BENTLEY.COM | © 2020 Bentley Systems, Incorporated

cy,lc,, = 0.4
FOS = 0.954

C,/Cc, =0.2
FOS = 0.505

Bentle

FEM
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FEM vs. LEM

(3) An Undrained Clay Slope with a Thin Weak Layer

FOS=1.495

et _
R S FOS = 1.495
Y(m) ket | Material
00 - Name Strength Type Unit Weight  Cohesion
(kN/im*3)  (kPa)
Undrained Clay Undrained Strength (Phi=0) 20,000 50
- Undrained Thin Clay Undrained Strength (Phi=0) 20.000 50
-5.0 =
"
-10.0 —H
-15.0
-20.0 CUZ/Cul =[1.0
=
00 50 {00 450 200 250 300 350 400 450 500 350 600
X (m)
s -I:RS_ij;d?E
X an=® 5
L - —
Ym by e . FOS=1.475
0.0 — Materials
Name Strength Type Unit Weight Cohesion
{kN/m*3) (kPa)
5.0 Undrained Clay Undrained Strength (Phi=0) _20.000 50
I Undrained Thin Clay  Undrained Strength (Phi=0}  20.000 40
-10.0
-15.0
C,o/C,; =|0.8
-20.0
o
0.0 5.0 1000 150 200 250 300 350 400 450 3500 350 600
X (m)
3.0 -

v (m) M FOS =1.368
0.0 4 =1.
Materials
50 Name Strength Type (Li rj:.nwne;xlfzh' [Ckcll’r:slun
Undrained Clay Undrained Strength (Phi=0}  20.000 50
[ Undrained Thin Clay  Undrained Strength (Phi=0)  20.000 30
-10.0 - —
-13.0 1
00| C,,/C,; =]0.6

20 | WWW.BENTLEY.COM |
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00 50 100 150 200 25.0 300 350 400 450 50.0 55.0 60.0

X (m)
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Morgenstern and Price Method :

Y (m)

Y (m)

-10.0 4

-15.0 4

-20.0

3.0

0.Q

-5.0

-10.0

-13.0

-20.0

3.0 4

0.0 1

-3.0 4

FOS =i0.926

Materi
Name Strength Type

Unit Weight Cohesion
(kNim*3)  (kPa)

Undrained Clay Undrained Strength (Phi=0) 20.000 50
Il Undrained Thin Clay  Undrained Strength (Phi=0]  20.000 20

0.0 50 100 3.0 200 23.0 30.0 35.0 400 45.0 300 33.0 60.0

0.0 5.0 10.0 130 200 250 300 330 400 430 500 550 600

FOS.= 0.465

Unit Weight  Cohesion
(kNim*3)  (kPa)

Undrained Clay Undrained Strength (Phi=0)  20.000 50
I Undrained Thin Clay  Undrained Strength (Phi=0)  20.000 10

4

Material
Name Strength Type

C,o/Cpy = 0.2

-

X (m)

Bentley
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FEM vs. LEM

FEM

(4) An Undrained Clay Slope with a Weak Foundation Layer

Geometry and mesh: Soil parameters with Mohr-Coulomb model:
o 20m ; 20m %
a0 Unit weight Y [KN/m?3] 20
/ Effective secant modulus E’ [kPa] 100.000
wm[ / Effective poisson's ratio V [-] 0.3
Cohesion (undrained
Mo shear strength) Cu [kPa] 20
Friction angle (undrained 4 ] 0
u

shear strength)

The analysis are carried out using a constant value of undrained shear strength of soil (cu,) and
six different values of undrained shear strength of the foundation layer (cu,) with ratio cu,/cu,
equal t0 0.5, 1.0, 1.5, 1.75, 2.0 and 2.5.

o | Bentley
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FEM vs. LEM

(4) An Undrained Clay Slope with a Weak Foundation Layer FEM
Failure mechanism (incremental strains):

C/Cy =1.75
FOS = 2.060

C,/C,; = 0.5
FOS = 0.892

Cy/C,y = 2.0

c./c., =1.0
e FOS = 2.062

FOS =1.454

Cy,/C,y = 2.5

CplCy = 1.5
FOS = 2.062

FOS = 2.030

Delley
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FEM vs. LEM

(4) An Undrained Clay Slope with a Weak Foundation Layer LEM

200 FOS;Q.OBO
20.0 o L
ekt
e
Morgenstern and PR
v(m 100 H Y (m) . i FOS = 2 080
: Price Method : R —
50 Name Strength Type Unit Weight Cohesion
. {kN/m*3) (kPa)
F O S : O 8 94 50 Undrained Clay Undrained Strength (Phi=0) 20.000 50
. [ Undrained foun clay  Undrained Strength (Phi=0)  20.000 875
0.0 0.0
_ C,/Cy; = 0.5 B
=1.75
Materials
-10.0 Name Strength Type ::-:}"\:\ie;rm ﬁ:l;nlasinn -10.0
Undrained Clay Undrained Strength (Phi=0)  20.000 50 T T T T ='-
00 50 100 150 200 250 300 350 400 450 - Undrained foun clay  Undrained Strength (Phi=0)  20.000 25 00 50 100 150 200 250 300 350 4,00 450 500 550 600
X (m) X (m)
FOS5=1.493 FOS=2.080
@ 20.0 '9;2

. e FOS =1.493 FOS = 2.080

10.0 N . )
- Name Strength Type Unit Weight Cohesion Y (m) . . Materials
AN (KN/m*3)  (kPa) 10.0 “ .
5 Undrained Clay Undrained Strength (Phi=0) 20,000 50 - E Name Strength Type Ukr;‘l: V\faiuhl (i:'l’hesiﬂn
30 ™. | I Undrained foun clay  Undrained Strength (Phi=D)  20.000 50 * . : (kNim*3) _ {kPa)
» Undrained Clay Undrained Strength (Phi=0)  20.000 50
§ 50 Bl Undrained foun clay Undrained Strength (Phi=0)  20.000 100
oo
0g

-5.0

. -10.0
00 50 100 150 200 250 300 350 400 450 500 5850 600 T T T T o
X (m) 00 0 100 150 200 230 300 350 400 450 500 3550 600
F0S=2.080 X (m)
20.0 A FOS=2.080
LA 200 P
ar " ,r [y
’ H
15.0 Lt . o .
. | . ~ % FOS=2.080
Y () .- : FOS = 2.080 Y (m) y . :
10.0 S - 100 kY Materials
% Materials B Name Strength Type Unit Weight Cohesion
- Name Strength Type Unit Weight Cohesion v (kN/im*3) a)
50 L (kN/m*3) {kPa) 50 “ Undrained Clay Undrained Strength (Phi=0)  20.000 50
“ ‘Undrained Clay Undrained Strength (Phi=0)  20.000 50 N - -Undrilr\adkxun!:\xy Undrained Strength (Phi=0)  20.000 125
. B undrained foun clay  Undrained Strength (Phi=0)  20.000 75 ‘_
a0 - 00
-5.0 1 5 -5.0 2 5
-10.0 -10.0
00 50 100 150 200 250 300 350 400 450 500 550 60.0 00 50 100 150 200 250 300 35.0 400 450 500 55.0 60.0 ®

BT o (@ SNGC
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FEM vs. LEM FEM

(5) Homogeneous Slope with Horizontal Free-Surface

Geometry and mesh: Soil parameters with Mohr-Coulomb model:
< 12m > 20m >
| ] Unit weight y [KN/m3] 20
n=10m | [SIKIKOKRPRREREOER AR v SUSANTEESEEN E’ [kPa]  100.000
| R R A O o — modulus
oS Effective poisson's ratio 4 [-] 0.3
I CAVATATATA
4 > Cohesion (effective ]
8zm shear strength) ¢ [kPal 10
Friction angle (effective p ] 20

shear strength)

In this analysis, a slope with different drawdown ratio, L/H which has been varied from 0.0
(slope completely submerged with water level at the crest of the slope) to 1.0 (water level at the
toe of the slope) were considered

o | Bentley
< Institute 2ENNCY @) @NGC sentiey

Notionol Geolechnics Center
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FEM vs. LEM

(5) Homogeneous Slope with Horizontal Free-Surface

Failure mechanism (incremental strains):

[/H=0.0
FOS = 1.729

L/H =0.2
> FOS = 1.526

L/IH=0.4
FOS = 1.364

25 | WWW.BENTLEY.COM | © 2020 Bentley Systems, Incorporated
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FEM

L/H=0.6
FOS =1.281

L/H=0.8
FOS =1.283

L/IH=1.0
FOS = 1.346
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FEM vs. LEM

(5) Homogeneous Slope with Horizontal Free-Surface

M t d Price Method :
i orgenstern an rce ivietnoa .
FOS=1.853 i
’9 FOS=1.339
’
.
220 ;00
20.0 e
. —_
180 . H L/ H - OO
.’ H
16.0 ’
Lo 4| Material L/H — O 6
140 ’ N " N - .
h 3 Name Strength Type  Unit Weight Cohesion  Phi
. " ¢ H (kNImA3) (kPa) {(deg) Material
Y (m) . | Homogeneous  Mohr Coulomb  20.000 10 20
w00 M Name strength Type  Unit Weight  Cohesion  Phi
(kNm*3)  (kPa) (deg)
8.0 FOS — 1 853 Homogeneous Mohr Coulomb 20000 10 20
6.0 "
FOS =1.339
.
20
0.0
0.0 3.0 400 T
350 400 450
a
=
220 H
200
50 : L/H=0.2
16.0 b L/ H = O 8
14.0 o % | Material
120 L 5 Name Strength Type  Unit Weight Cohesion  Phi Material
Y (m) i \ finnts) {kPa) {aeg) N Strength Type  Unit Weight Coh Ph
10.0 ‘.. Homogeneous  Mohr Coulomb  20.000 10 20 ame ength Type (kw,mfz']“ (k‘:,:l""" (u;ql
sod b, LS Y (m) Homogeneous  Mohr Coulomb 20,000 10 20
. FOS =1.617 FOS = 1.329
‘0 . — .
20
0.0 L}
0.0 50 10.0 15.0 200 250 300 350 400 435 .
X (m) 350 400 450 500
[}
220
L/H=0.4 L/H=1.0
18.0 — U. T el
6.0 Material Material
14.0 Name Strength Type  Unit Weight Cohesion Phi Name Strength Type  Unit Weight Cohesion Phi
12.0 (kN/m"3) _ (kPa) (deg) (kNIm*3)  (kPa) (deg)
Ym) o 9 Homogeneous  Mohr Coulomb  20.000 10 20 Homogeneous  Mohr Coulomb 20,000 10 20
10.0
8.0 Y (m)
0 FOS = 1.436 FOS = 1.387
. .
40
20
00
0.0 30 10.0 15.0 200 25.0 300 330 40.0 445
X (m)
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Slope stability analysis considering undrained behaviour

(Hamdhan & Schweiger, 2012)

Undrained A

Undrained B

Undrained C

28 | WWW.BENTLEY.COM | © 2020 Bentley Systems, Incorporated

Soil Parameters:

Description Symbol | Unit Value
Unit weight [kN/m’] 20
Effective young’s modulus E° [kPa) 7500
Effective poisson’s ratio v’ [-] 0.35
Cohesion (effective shear strength) c’ [kPa) 20
Friction angle (effective shear strength) ¢ ] 20
Description Symbol |  Unit Value
Unit weight ¥ [kN/m3] 20
Effective young’s modulus E’ [kPa] 7500
Effective poisson’s ratio v’ [-] 0.35
Cohesion (undrained shear strength) Cu [kPa] . 18'797*)
with Ac = 5.67
Friction angle (undrained shear strength) &b [kPa] 0
*) Calculated from Equation 35
Description Symbol |  Unit Value
Unit weight 4 [N/ m’ ] 20
Effective young’s modulus E, [kPa] 9375
Effective poisson's ratio [-] 0.495
Cohesion (undrained shear strength) Cy [kPa] Wit]lngzgz*;. 67
Friction angle (undrained shear strength) & [kPa] 0
*) Calculated from Equation 35
® DI W

Mohr Circle for evaluating undrained shear strength

u

e, = {(0';1 +0”° )sin @'+c'cos @'

c, =+(K, + l)o;, sing'+c'cos ¢’

s | @ ®NGC Bentley
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Stablility analysis with FEM:

strain softening vs. strength reduction approach

(Hamdhan & Schweiger, 2011)

Geometry Model: Soil Parameters:

Table 1: Input Parameters for Mohr Coulomb (MC) Model

. Description Symbol | Unit Value

Unit weight y KN/m’ 20

Young modulus E (kPa) 10000

Poisson's ratio v (-) 0.35

Cohesion ¢ (kPa) 30

Friction angle [} ) 35

- ' Table 2: Input Parameters for Multilaminate (ML) Model
b) Load input in MC. — .

Description Symbol Unit Value

unit weight ¥ kN/m’ 20

Reference oedometer modulus Eoedmf (kPa) 10000

Reference young modulus for unloading E. (kPa) 30000

1111111111111 —— and reloading ref

Poisson's ratio v’ (-) 0.25

Peak cohesion c ‘pmk (kPa) 30

Peak friction angle @ ek (O) 35

Reduced cohesion (ratio of 1.1) ¢ (kPa) 27.27

Reduced friction angle (ratio of 1.1) o (O) 32.48

AR Reduced cohesion (ratio of 1.3) ¢s | (kPa) 23.08

P b d displ ML. - r

dpBcsaribeddbplacementinpatit Reduced friction angle (ratio of 1.3) @ s () 28.31
Softening rate parameters for cohesion Mo e (-) 2.75

Softening rate parameters for friction angle | m_, , (-) 0.064

29 | WWW.BENTLEY.COM | © 2020 Bentley Systems, Incorporated

o
e

—— Softening Ratio 1.1 ‘
— Reduced Strength Ratio 1.1
500 Model Change Ratio 1.1
g 400 st =
3 e b) ML model with ¢) ML model with
8 2004 softening analysis. reduced strength.
ha
g
£ 200 ABC —
o
>
100 -
/
0L - . .
00 0.1 02 03 04 05 06 07
Total Displacement (m) . .
d) ML model with peak e) MC model with
a) Vertical force vs. total displacement strength and load based on
reduction in 1 step softening analysis.
Figure 5: Analysis of slope stability with ratio peak / reduced strength equal to 1.1.
600
il —— Softening Ratio 1.3
~—— Reduced Strength Ratio 1.3
200 Model Change Ratio 1.3 .
— 400 : .
E b) ML model with ¢) ML model with
£ ol softening analysis. reduced strength.
g
(<}
e a——
T 200 e E
= A B-C
o
>
100 +
0 : ; ; ! ; .
0.0 0.1 02 03 04 05 06 07

benney
Institute

Total Displacement (m) C) M imodel with

load based on
softening analysis.

d) ML model with peak
strength and

a) Vertical force vs. total displacement Ty
reduction in 1 step

Figure 6: Analysis of slope stability with ratio peak / reduced strength equal to 1.3.
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Slope Stability Analysis of Unsaturated Soll with Fully Coupled Flow-

Deformation Analysis
(Hamdhan & Schweiger, 2011)

Model geometri: Soil Water Characteristic Curve: Initial Conditions:
: e

20m 20m 20m

X 038 1

——— Sand
0.6 —— Loamy Sand

=

Q

= Sandy Loam . oie e .

£ _ Lomy Fig. 68: Initial conditions: suction
X = silt

“ 04 Silty Loam

Sandy Clay Loam
——— Clay Loam

85.43% 60.73% "0'0 5

— Silty Clay Loam 95.00

0.2 4 Sandy Clay 100% — zu;

Silty Clay K?Lu

ki : — Clay R

Boundary Conditions: ,
(a) (b) b

Rainfall = 10 mmvhour 0.01 0.1 1 10 100
VANAAAAAAAA AN,

WM«L l
o YW,

Suction (kN/m?)
Fig. 50:  Soil Water Characteristic Curves (SWCC) for USDA series with Van

1039% 14.08% i; ':1‘

R

K Genuchten Models 1060

Groundvwater able,_, |, . i
‘ (¢) (d)

Fig. 69: Initial conditions: degree of saturation (a) Clay, (b) Sandy Clay, (c)
Silt, and (d) Loamy Sand
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Slope Stability Analysis of Unsaturated Soll with Fully Coupled Flow-

Deformation Analysis |
(Hamdhan & Schweiger, 2011) Mh

17
> 0
¢ v : 0000 e .
Vvw v @ e )
16 4 v . ] t=9 hours FOS = 1.636
[ v
v
3 15 4
o v
v
14
—8— Clay
13 @ Sandy Clay
v— Silt
—a&— Loamy Sand
12 T T T
0 20 40 60 80
time (hours)

Change of FOS with time for unsaturated soil slope subjected to rain
infiltration

Fig. 71:  Failure mechanism, change of suction and saturation during
infiltration for clay slopes
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Fig. 73:  Failure mechanism, change of suction and saturation during
infiltration for silt slopes



Analisis Stablilitas Lereng pada Perkuatan Lereng dengan Dinding
Mechanically Stabilised Earth (MSE Wall) s e

(N.H., Risnanda & Hamdhan, 2019) Normal — Flexural — Eqivalent ..

Keteranaan Material Stiffness Rigidity Thickness W Po:ssc.m S Model
eherangan Type EA El d [kN/m/m] Ratio
- - - 2
Tabel 3. Parameter Tanah Kondisi Eksisting dan Parameter Tanah Timbunan (Backfilf) [kN/m] [kN/m*/m] [m]
. v Concrete .
Y sat Y unsat C L [ E ; Flastic 4,2 x 107 78.500 0,15 3,6 0,15 Plate
Keterangan  (n/m’]  [N/m’]  [kN/m] [] [f] [ew/m Panel Facng
Tanah Eksisting 16 17 11 37 7 10000 0,3 f» Iab\g! 5. Parameter Geogrid
Tanah Timbunan 21 22,7 14 39 9 20000 0,3 . Tensile Modulus  Elongation at  Normal Stiffness
Material )
Keterangan Type @2% Strain Break EA Rinter
[kN/m] [%] [kN/m]

Mirafi HP380a Elastic 500 10 935,28 0,77

\ 17

= .E
g
v
kS

I

- Institute
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Modeling Slope Stabillity for a Road Construction Project

On the North Island of New Zealand a new road section has to be constructed along the shoreline of a

tidal bay, see figure 1.

private land

/

siltstone

original surface

«~ new road

tidal bay

Figure 1: Situation overview for the newly constructed road

The new road therefore had to be constructed along the steeper gradient just next to the shoreline of the
tidal bay. The hillside is mainly siltstone, weathered at the surface but intact at certain depth. Construction
will take place in summer when the ground water level is low. However, in winter the hillside side almost
fully saturates due to heavy rainfall, which has a significant influence on the stability.
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Modeling Slope Stabillity for a Road Construction Project

private land

/

original surface

« new road

tidal bay

siltstone

Figure 1: Situation overview for the newly constructed road

For the construction of the new road part of the slope was excavated. The excavated material is crushed
and mixed with sand and gravel to make fill material to support the road. During the first winter after the
road construction the road started to tilt towards the tidal bay and after assessing the winter situation the
factor of safety was considered too low. The decision was taken to stabilize the fill and hillside below the
road using so-called launched soil nails: long steel reinforcement bars that are shot with high speed into
the ground.

o | Bentley
< Institute 2ENNCY @) @NGC sentiey

Notionol Geolechnics Center
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Modeling Slope Stabillity for a Road Construction Project

(25,20) (31, 19.25)

Table 1: Soil material set parameters

(0, 25) ' (35, 16) Parameter Symbol Intact Weathered | Reinforced | Units
(0, 22) — Weatgram P (38, 16) siltstone siltstone fill
Sthstone - (43, 11) Material model Model Mohr- Mohr- Mohr-
} | 1(46,10.25) Coulomb Coulomb Coulomb
N ' ;' :(58. 8.25) Type of behaviour Type Drained Drained Drained
(37.5,14) -~ > L _» ; Dry weight S 16.0 16.0 19.0 kN/m®
(37,11) -~ (65, 8) Wet weight ot 17.0 17.0 21.0 kN /m3
Intact siltstone = (65, 6) Young’s modulus E' 12000 12000 20000 kN/m?
t (46.5,7.25)  (58,6) - Poisson’s ratio ' 0.3 0.3 0.3 -
(0,0) # (65,0) (a) Cohesion Ches 12 10 8 kN/m?®
Friction angle o 35 19 30 °
(25, 20) (39,16) Dilatancy angle P 0 0 0 °
! Permeabilities kz, ky 1.1072 0.01 0.1 m/d
i Tension cut-off Tension cut-off Disabled Enabled Enabled
' (38, 16)
(30, 16) @1 13) Table 2: Properties of the road surface (plate) Table 3: Properties of the soil nails (embedded pile rows)
43, 11) [ Parameter [ Symbol | Road surface | Unit | | Parameter | Symbol | Groutbody | Unit |
(335, 1), (46, 10. [ Material model Model Elastic - Modulus of elasticity E 2.1*10° EN/m?
R e Isotropic Yes - Material weight 7y 60 kEN/m?
(37,11) = (355,9) End-bearing No — Pile type Pile type Predefined -
(29,829) —— : v Predefined pile 1 Predefined pil Massive circular pile | -
Axial stiffness EA,, EA; 2.510° EN/m . pile type redefined pile type | Massive circular pile
Flexural stiffness | E1 500 ENm?/m | | Diameter Diameter 0.032 m
Weight w 3.0 EN/m/m SD?C'"Q. Lispacing 1.0 m
Poisson’s ratio ” 0.0 — Skin resistance Tiop.mazs Thot.maz 1000 EN/m
Base resistance F, 0 EN
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Soft Soil and Soft Soil in Indonesia nstiture Bentley @ltenas

Advancing Infrastructure Institut Teknologl Nasional

« Soft soil deposits (soft clays, organic soils, and peats) are normally characterized by low shear
strength, high compressibility and low coefficient of permeability. Characteristics which make them a
difficult soil for engineering .

« Soft Soil deposits can be found throughtout world and are also prevailing in many parts of Indonesia.

* Indonesia possesses one of the longest coastal-line in the world with many of them having soft soil
deposits.

« The area of soft soil deposits in Indonesia is around 30% of Indonesia’s total land area (60 million-ha
with 20 million-ha is peats) with varying depth (black area and some white area on the map).
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Ground Improvement and Vertical Drains

.f‘ Bentley

institore e @ |tenas

Advancing Infrastructure Institut Teknologl Nasional

« Ground improvement techniques play an imprortant role in extending the

Infrastructure across the country in difficult soils.

* Preloading and vertical drains, vibro compaction and replacement, in situ soil
mixing, grouting, dynamic compaction, piles, geosynthetics, electro-osmotic, etc,

are some ground improvement techniques.

» The selection of the correct ground improvement technique can have an
important effect on the foundation choice and can often lead to more economical

solutions when compared to traditional approaches.
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Vertical drains combined with preloading
have become common practice and are
among the most effective procedures for
ground improvement accelerating the
consolidation process (decrease the time
for reaching final settlements).
The installation of vertical drains reduces
the drainage path and speeds up the
dissipation of excess pore water pressure
generated during the application of
surcharge loads in saturated fine grained
soils.

Webinar, 23 September 2020
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Ground Improvement and Vertical Drains
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Vertical Drains

Surcharge

Preload

Constructi?n Period

Surcharge

TIME

« The installation of vertical drains
provides a shorter drainage path
and a faster dissipation of excess
pore water, thereby resulting in
faster development of settlements
and a quicker gain of strength due
to consolidation.

Without Drains

With Drains

Removal of Preload

CONSOLIDATION ————

Final Settlement
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Prefabricated Vertical Drains (PVD) e T Bentley @!Felgrlas.

Filter

Core
/ 94 24

Prefabricated vertical drains (PVD) are typically 10 cm wide, 3 to 9 mm thick, and packed in rolls.
The drain consists of a geotextile filter wrapped on a plastic strip with molded channels that allow
water to travel to the ground surface, relieving excess subsurface pore water pressure.

The geotextile filter prevents solil particles from entering the channels and clogging the drain.
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Installation of Prefabricated Vertical Drains i s B Bentley @!Firlas.
(PVD)

« The installation equipment consists of the drain spools, mandrel, anchor and PVD delivery route excavator or
crane.

« The mandrel cross-sectional area is typically 60 - 80 square cm.

The installation force is typically provided by vibratory methods, static methods or a combination of these

methods depending on the soil conditions.

e majority of depths for PVD applications are between 5 - 40 m, however, drains can be installed up to 60 m.
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Installation of Prefabricated Vertical Drains
(PVD)

e 5o ey @ |tenas

Advancing Infrastructure Institut Teknologl Nasional

t AR "1.:;9

S A

‘g ‘\': :':"-!X‘.' 2 ANl (\‘
e L R

BT G LD

« The wick drain is threaded through the mandrel which protects it from damage as it is driven through the soil.
» After reaching the target depth, the drain is anchored to keep it in place while the mandrel is withdrawn.
 The drain is then cut approximately 10 to 30 cm above ground, and a new anchor fastened to the wick at the

bottom of the mandrel in preparation for the next installation point.

the range of 0.5 - 2.5 m.
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The drains layout usually consists of triangular or square grid patterns and center-to-center spacing is usually

Webinar, 23 September 2020
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Vertical Drains Parameters e Instivie B antley @'tenas

Advancing Infrastructure ~ Institut Teknologi Nasional

dyw=0.5(a+b) Rixner et al.(1986)

-
R Along & Covo (1994)
/ Kt \\‘ ".
) \ d“!=2(a+b\”r:"[
{ . Hansbo (1979)
| j
f"Assumed water
D, = 105 \“ i—flow net

De= 1135
SQUARE PATTERN '

Pradhan et al. (1993)
TRIANGULAR PATTERN

Authors

Holtz and Holm (1973); Hansbo (1986), (1987); Bergado et al. {1991}, (1993b)
Jamiolkowski et al. (1983)

Smear zone radius

.'2 nrm-,.zq
(2.510 3) Fmeq

Mesr et al. (1994)

(210 4) fneq
Hansbo (1997); Chai and Miura (1999); Hird and Moseley (2000) (210 3) Mmeq
Sathananthan and Indraratna (2006) 2.5 I'meg
S = center-to-center spacing, axb = dimension of drain,
De =

equivalent influence zone diameter, dw

= equivalent drain diameter,
rm = equivalent mandrel radius,

rs = equivalent smeared zone radius.
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Vertical Drains Parameters

PHYSICAL CONDITIONS

€

IDEALIZED CONDITIONS

Previously proposed by others

Equivalent
circular drain

1/2
T
%
, 3 s
[ 7
%
VIS IIITE TIPS

/ PV drain
Mandrel

axb = dimension of drain,

re = equivalent drain radius,

rs = equivalent smear zone radius,
rm = equivalent mandrel radius,

10 | WWW.BENTLEY.COM |

% Maximum undrained
Shear Strain, y,.,. (%)

(developed using Strain
Path Method)

Ixw = dimension of mandrel,

dw = equivalent drain diameter,

ds = equivalent smear zone diameter,
dm = equivalent mandrel diameter,
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D = diameter of soil cylinder,

kw = vertial permeability of the drain,

kn = horizontal permeability of saill,

ks = horizontal permeability of smear zone.

Webinar, 23 September 2020
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Axisymmatric

(a)

(b)

o

[E

Plana Strain

Axisymmetric

N

X'
—

Plana Strain

Hird et al. (1992)

Axisymmetric

Conversion of an axisymmetric unit cell into
plane strain condition

(b}

>

Plane Strain

Plane Strain

Indraratna et al. (1997)

plane strain condition
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Axisymmetric
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Kva

T

y

Kvar

Plane Strain

1.

'

Kve'

Flane Strain

Chai et al. (2001)

Transforming the in-situ 3D unit-cell axisymmetric condition into equivalent 2D multi-drain
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Influence of PVD Spacing (s) e Instiue Bantley @|tenas

Advancing Infrastructure  Institut Teknologi Nasional
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Influence of PVD Configuratioan (de) = == Bentley @!Felgrlas.
Triangular and Square Patterns
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Influence Of Smear Zone Dlameter (dS) Advancmglnfrastructure InstltutTeI(noIogl Nasional
| 1 10 100 1000 |  Single Drained
0 \ ds1=99 mm
g -10 \ — ds2= 240 mm
E)/ -20 ‘ / ) dSSZ 360 mm
§ 30 \ ds3 ds4= 396 mm
& 40 \ 4 — ds5= 480 mm
§ -50 \
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L
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1 10 100 1000
0
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= / 51
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Influence Of Smear Zone Permeablllty (kS) Advancmglnfrastructure InstltutTeI(noIogl Nasional
| . 1 10 100 1000 | Single Drained
< -10 \ /7/: j
¢ \ ——Kh/ks=2 /4
o 20 ——kh/ks=3
% 30 \ kh/kz:4 // /;/ f
S 0 \ | ks /)
P o \ [ ——=xnks=s /4
g \ //4/‘; A
@ -60 A
% -70
-80 Time (days)
| 1 10 100 1000
0 -
s y o7, ’?
< 10 \ ——Khiks=2 ////
o ~-20 _ /
= \ e KH/KS=3 / /, /r
2 .30 Khiks=4 / / /
£ a0 \ | —kivkess 7/
o \ [ ——knis=6 /4
g -0 \ pe 4
2 -60 S
Q
u§<j ?-70
Double Drained  -80 Time (days)

15 | WWW.BENTLEY.COM | © 2020 Bentley Systems, Incorporated Webinar, 23 September 2020



./' Bentley

PVD with Vacuum Preloading e Bantley @'tenas

Advancmglnfrastructure Institut Teknologi Nasional

) Vacuum dial
Geotextile and geomembrane

PVD Connect to vacuum
pump
Sand layer Horizontal pipe o

—> | — ([ | | | | | | |

—> ([— P | — | — ([ — > — | — | — | — —> | —

=4 - ug. &4 k9 &g k4 &4 b4 k4

- Kjellman first introduce a vacuum preloading to accelerate
consolidation in 1952 and a small field test was perform.

* In this method the soil load is replace by atmospheric pressure
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Sucharge Fill Vacuum with Membrane

Membran
Vacuum pump

Sand blanket

Peripheral
trench

C'Ei}l" impervious
slurry wall o
/

PVDs

SuchargeFill

Vacuum pump
i % ) o
/7 CTD

Clay Drain Coilt—:;c:t/ov

Tar e et mesn s e

Vacuum without Membrane

Webinar, 23 September 2020
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Vacuum vs Non Vacuum nsiute Bentley @'tenas

Advancing Infrastructure Institut Teknologl Nasional
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] Settlement !
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Vacuum vs Non Vacuum nsitute Bentley @'tenas

Advancing Infrastructure Institut Teknologl Nasional

PVD with Conventional Soil Prelading
1. Higher Surcharge

Lower Stability
Greater Lateral Movement
Many heavy equipment

a bk D

Longer Construction Time

PVD with Vacuum Preloading
1. Lower or no Surcharge
Better Control of Stability
Less Lateral Movement
Less heavy equipment

= W N

Shorter Construction Time
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Case Sty 1
Partlally Penetraton of Verical Dralns
(Floating PVD)
Clrelbon Power Plant Project

Ikhya Ikhya 1) and Helmut F. Schweiger 2)

1) Civil Engineering Department
National Institute of Technology (Itenas)
Bandung, Indonesia

2) Computational Geotechnics Group
Institute for Soil Mechanics and Foundation Engineering
Graz University of Technology

2 cou T
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Case. study 1: Cire.bon Power. Plant P.roject e 5 e @|ten 1S
Partla"y PE“Etratlon Of Vertlcal Dralns Advancmglnfrastructure Institut Teknologi Nasional
(Floating PVD)
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4.0m | 2. Embankment
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B, field measurement result and
sail |
‘ ¢ (very st the numerical model prediction

in the 2D  axisymmetric
condition at Cirebon Power
Plant Project.
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Case study 1: Cirebon Power Plant Project : @'
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numerical model - Vertical Displacement

Axisymmetric Model and Field Measured
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A good agreement between the field measurement result and the numerical model prediction in
the 2D axisymmetric condition at Cirebon Power Plant Project.
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Influence Of PVD PE“Etratlon Depth (DOUbIe Advancmglnfrastructure Institut Teknologi Nasional
Drained)

KamrnanannRsnns
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Degree of Consolidation for Different PVD Advancing nfrastructere | Institut Teknologi Nasional
Penetration Depth (Axi)

Influence of PVD Depth
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Influence Of PVD PenEtratlon Depth (Slngle Advancmglnfrastructure Institut Teknologi Nasional
Drained)

T T T TG
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(De=2m, Hsoil=10m, P=100KPa, GWT=0m, Single Drained)
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Degree of Consolidation for Different PVD Advancmglnfrastructure Institut Teknologi Nasional
Penetration Depth (Axi)
Influence of PVD Depth
(Single Drained)
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PVD witn Vacuum Preloacling
(Vacuum vs Non Vasuumm)
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Ikhya and Muhammad Yoke Syahputra

Civil Engineering Department
National Institute of Technology (Itenas)
Bandung, Indonesia

27 | WWW.BENTLEY.COM | © 2020 Bentley Systems, Incorporated Webinar, 23 September 2020



Case study 2: Kapalbetung Toll Road Project N </ initié Bentley & itenas
PVD Wlth Vacuum PrEIoadlng Advancing Infrastructure  Institut Teknologi Nasional
(Vacuum vs Non Vacuum)

PROVINSI JAMBI > 3 e

e mlas
PROVINS! BENGKULU =

 PROVINSI LAMPUNG
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PVD with Conventional Soil Prelading
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+500 — + 2 REE O
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() Install PYD [Phase 2] RLg=an
No | Depth(m) | Soil Model Soil Layer (kgj“ 5 ' (kPa) | ¢' (g | E'(kPa) |Eso (kPa)|Eoeq (kPa)| Ey (kPa)| K, (mz‘ay) (mzay) Q[,) Timbun 0.5 [Phase_6] 3 5 ¥ [
3 [ s
1 Mohr Coulomb | _Fill Material 16 30 27__| 30000 i i i i 0.01 0.01 @ Timbun 0.5 Phase_7] 8 L5 f)'J Li
-8m ardening Soi 0 . - . . . un Se L ] | ;
2 0-8 Hardening Soil | _ Soft CLAY 16 7 20.0 1000 | 1000 | 3000 | 0.658 | 0.00423 | 0.00423 Timbun 0.5 [Phase_8] B MO
3 0-8m | HardeningSoil | Soft CLAY (ps) 16 7 20.0 - 1000 | 1000 | 3000 | 0.658 [ 0.00998 | 0.00998 Qt') Timbun 0.5 [Phase_9] B MO
4 8-13m | Mohr Coulomb SAND 17 0.001 | 30.0 [ 12000 - - - - 0.01 0.01 : : :
33 [
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STA. 17+500 — PVD + Preloading
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PVD with Conventional Soil Prelading
STA. 17+500 — PVD + Preloading
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PVD with Conventional Soil Prelading

STA. 17+500 — PVD + Preloading
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Total displacements u, (scaled up 5,00 times) (Time 112,0 day)

Maximum value = 0,8164 m

Minimum value = 0,000 m
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STA. 17+500 — PVD + Preloading
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Total displacements uy, (scaled up 5,00 times) (Time 112,0 day)

Maximum value = 0,3451 m

Minimum value = -1,453 m
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PVD with Vacuum Preloading
STA. 31+500 — PVD + Vacuum

PVD + Vacuum
No | Depth(m) | Soil Model Soil Layer Yoat . | ¢ (kPa) | ¢ ey | E'(kPa) |Esg (kPa)|Eceq (kPa)| E,, (kPa)| K,"© kx ky

(kN/m") (m/day) | (m/day)
1 Mohr Coulomb Fill Material 16 30 27 30000 - - - - 0.01000 | 0.01000
2 0-16m Hardening Soil Soft CLAY 16 8 22.0 - 1200 1200 3600 0.625 0.00423 0.00423
3 0-16m Hardening Soil | Soft CLAY (ps) 16 8 22.0 - 1200 1200 3600 0.625 0.00998 | 0.00998
4 16-20m | Mohr Coulomb SAND 17 0.001 30.0 12000 - - - - 0.01000 0.01000
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Maximum value = 5,991 kN/m? (Element 849 at Node 26 o T \ —

Minimum value = -195,4 kNImz(E(Iement2324 at Node 71:9) Stage Construction : () FKE. Final [Phase_13] a4l ¥ [
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PVD with Vacuum Preloading

STA. 31+500 — PVD + Vacuum
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PVD with Vacuum Preloading

STA. 31+500 — PVD + Vacuum
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Total displacements u, (scaled up 15,0 times) (Time 35,00 day)
Maximum value = 0,2522 m
Minimum value = -0,02146 m
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Numerical methods provide a less restrictive analysis compared to analytical methods, such as:
advanced soil models, multiple drain analysis, multi layer subsoil condition, staged
construction, non uniform load distribution (lateral displacement and stability analysis), variation
of drains configuration (spacing and floating), effects of a sand mat and reinforcement with
geosynthetic, etc.

The equivalent 2D plane strain approach is sufficient to conduct multi-drain analysis in large
projects, where the application of a 2D plane strain model is efficient both from a computational
time point of view and with respect to the accuracy of the predictions (compared with a full 3D
model and 2D Axisymmetric model).

For floating PVDs, the drain length can be reduced to 70% (double drained) and 80% (single
drained) of the entire soft clay thickness without significantly affecting the consolidation
process.

- The Advantages Vacuum Consolidation Method compare with conventional soil preloading are
Lower or no surcharge, better control of stability, less lateral movement, less heavy equipment,
shorter construction time.
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