PROPOSAL PENGABDIAN KEPADA
MASYARAKAT

2D & 3D PLAXIS ADVANCED COURSE

TIM PENYUSUN:

INDRA NOER HAMDHAN, DR. TECHN., S.T., M.T.

PROGRAM STUDI TEKNIK SIPIL
FAKULTAS TEKNIK SIPIL DAN PERENCANAAN
INSTITUT TEKNOLOGI NASIONAL
BANDUNG
2018



HALAMAN PENGESAHAN

. Judul : 2D & 3D Plaxis Advanced Course :

. Pelaksana : Dr. tech. Indra Noer Hamdan, ST., MT.
NIP : 120030105
Pangkat/Golongan : Lektor/III D
Jurusan : Teknik Sipil

Bidang Keahlian : Geoteknik

. Bentuk Kegiatan ~ : Workshop

. Waktu Kegiatan : 3—7 Desember 2018

. Sumber Dana : ASEA-UNINET dan RKAT Jurusan Teknik Sipil
. Jumlah Dana : Rp. 65.000.000

Bandung, 12 November 2018

Pelaksana Ketua Jurusan Teknik Sipil
(Dr. tech. Indra Noer Hamdan, ST., MT.) (Dr. tech. Indra Noer Hamdan, ST., MT.)
Mengetahui
Kepala LP2M Itenas

(Dr. Tarsisius Kristyadi, ST., MT.)




PROPOSAL KEGIATAN
2D & 3D Plaxis Advanced Course

Latar Belakang

Dalam dunia teknik sipil sendiri, ilmu geoteknik merupakan langkah awal
terbentuknya suatu infrastruktur. Tanpa ilmu geoteknik mustahil suatu infrastruktur
dapat berdiri dengan kokoh, karena ilmu geoteknik merupakan cabang dari ilmu
teknik sipil yang mempelajari ilmu tanah dimana di dalam ilmu ini akan dikupas
tentang kemampuan tanah menahan beban, sehingga pembangunan infrastruktur
dapat direncanakan sebaik mungkin agar dapat berdiri kuat dan kokoh sesuai
dengan umur yang telah direncanakan sebelumnya. Perencanaan infrastruktur dalam bidang
geoteknik dapat dilakukan melalui modeling sebuah perangkat lunak bernama PLAXIS.
Maka, diperlukan dasar pengetahuan dan pelatihan yang baik untuk dapat menggunakan
program Yyang dirancang khusus untuk menyelesaikan permasalahan geoteknik secara
maksimal dan tepat guna. Pelatihan ini dirancang untuk memberikan tuntunan penyelesaian

berbagai persoalan geoteknik melalui 2D & 3D Plaxis Advanced Course.

Tujuan

Tujuan dari kegiatan 2D & 3D Plaxis Advanced Course ini adalah untuk memberikan
wawasan, pengetahuan, praktik, serta wadah diskusi kepada para peserta baik yang berasal
dari akademisi maupun praktisi yang bergerak di bidang geoteknik serta membutuhkan
upgrading keahlian dan pengetahuan terkait permasalahan geoteknik melalui perangkat
lunak PLAXIS 2D dan PLAXIS 3D.

Rencana Mekanisme Pelaksanaan Kegiatan

Kegiatan ini dilaksanakan selama 5 hari, yakni pada 3 — 7 Desember 2018 selama 6 (enam
jam setiap hari-nya, dari pukul 9.00 — 17.00 WIB.

Lokasi pelaksanaan kegiatan ini dilaksanakan di Bali.

Lingkup kegiatan pelatihan yang direncanakan terdiri dari pemberian materi-materi sebagai
berikut:

- Introduction to finite element modeling

Plasticity Mohr-Coulomb and hardening soil model
- Structural elements in Plaxis

- Initial stresses

- Footing on elasto-plastic soil

- Modeling of deep excavation

- Modeling groundwater

- Safety Factor in PLAXIS

- Excavation of building pit (HS)

- Excavation and Dewatering

- Modeling of undrained behaviour and consolidation

- Modeling of ground improvement


https://dutaprotraining.id/layanan-kami/

- Groundwater Flow Analysis in Dams
- Slope Stability for a Road Construction Project
- Modeling of embankment improved with PVD

Target Luaran

Target luaran untuk kegiatan 2D & 3D Plaxis Advanced Course ini adalah meningkatan
wawasan dan kemampuan tenaga pekerja dalam dunia geoteknik dalam hal pekerjaan

perencanaan infrastruktur di Indonesia.
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Pre-training: Monday

3.12.2018

Session Pre-training:

3:00 4:00 CGT1
4:00 5:00 CGT2

Introduction to PLAXIS 2D & 3D
Training 1: Modelling with PLAXIS 2D and 3D

Dr Cheang

Dr Cheang/Indra/Franz

Day 1: Tuesday

4.12.2018

Session 1: Soil Behaviour and Models

8:30 9:15 CG1 Geotechnical Finite Element Modelling
9:15 10:00 CG2 Plasticity and Mohr-Coulomb Soil Model
10:00 10:15 Tea Break

10:15 12:00 CG3

Exercise 1: Elastic and Elastoplastic Modelling of Strip Foundation

Prof Schweiger

Prof Schweiger

Dr Cheang

12:00 1:00 Lunch

Session 2: Soil Models

1:00 2:00 CG4 Critical Soil Mechanics and Soft Soil Model
2:00 3:15 CG5 Hardening Soil and HS-small Soil Models
3:15 3:30 TeaBreak
3:30 4:15  CG6 Structural Elements in Plaxis

4:15 5:30 CG7 Exercise 2: Calibration of Soil Model using Soil Test

Prof Schweiger

Prof Schweiger

Dr Cheang

Dr Tschuchnigg

Day 2: Wednesday

5.12.2018

Session 3: Initial Stresses and Safety Analysis, Modelling of Excavations,
8:30 9:15 CG8
9:15 10:00 CG9

Modelling of Excavations
Initial Stresses and Safety Factor Analysis

10:00 10:15 Tea Break

10:15 12:00 CG10

Exercise 3: Modeling of Excavation using MC, HS and HS-small

Prof Schweiger
Prof Schweiger

Dr Tschuchnigg

12:00 1:00 Lunch

Session 4: Modelling of Groundwater, Drained, Undrained and Consolidation Condition

1:00 2:00 CG11
2:00 3:00 CG12
3:00 3:15

Modelling of Groundwater in PLAXIS

Tea Break
3:15 4:00 CG13
4:00 5:30 CG14

Ground Improvement with Vertical Drains

Modelling of Undrained Behaviour and Consolidation

Exercise 4: Modelling of embankment improved with vertical drains

Dr Cheang

Prof Schweiger

Ikhya
Ikhya




Day 3: Thursday

6.12.2018

Session 5: Modelling of Embankments, Slopes and Unsaturated Soil Behaviour |

Utilization of Bamboo Pile-Mattress System as Soil
Improvement for Embankment on Soft Soils

9:15 10:00 CG16 Unsaturated Soils

8:30 9:15 CG15

10:00 10:15 Tea Break

Prof Masyhur

Prof Schweiger

10:15 12:00 CG17 Exercise 5: Slope Exercise Dr Cheang
12:00 1:00 Lunch
Session 6: Modelling of Embankments, Slopes and Unsaturated Soil Behaviour 2
1:00 2:00 CG18 Modelling of Full and Partially Saturated Slopes Dr. Indra
2:00 315 CG19A Exgruse 6.A: Slope Instability and Influence of Unsaturated Dr. Indra
Soil Behaviour
3:15 3:30 TeaBreak
330 430  CG19B Exercise 6B: Evalu.at|on of Slope Instability and Influence Dr. Indra
of Unsaturated Soil Behaviour
Day 4: Friday 7.12.2018

Session 7: Modelling of Ground Improvement

8:00 8:45 CG20 Modelling of Ground Improvement Prof Schweiger
8:45 9:30 CG21 Concrete Model (SCM) Prof Schweiger
9:30 9:45  Tea Break

9:45 11:30 CG22  Exercise 7: Modelling of Improved Ground Dr Tschuchnigg
11:30 1:30  Lunch + Friday Pray

Session 8: POP Quiz
2:00 4:00
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influence of Unsaturated Scoil Behaviour

* Unsaturated soil slope subjected to rainfall infiltration
= Summary and conclusions
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= Introduction
* Simple slope with MC (check mesh dependency)
= FEM vs. LEM
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1: Calculation with characteristic paramelers > sulomatic
redusction of strength parameters of soll until equilibrium is no
longar achivved in numarical analysis
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1. Calculation with reduced parameters > perform new calculation
with differant factors until aguilibrium is no longar achisved in
numarical analysis
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Soll paramaters (Maohr-Coulomb faflure criterion):
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Check of Mesh Dependency.

MEEMENLE SRS SETMNG STHT RIESEOULTEN (1) Homegeneous slope with no foundation layer FEM

Coarse Meash (650 elemenis).
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Failure meachanism:

Iscrameanial Sirsing

S0l parameters with Mohr-Coulomb model;
- — r ey #  Incremental displacament:
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Fine Mesh (3233 elements):
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Method 1 and 2
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Advantage of FEM vs. LEM for Slope Stability Analysis (1) Homogeneous slope with no foundation layer LEM

1. Inthe FEM, failure ocours naburaly through the 2ones within the soll Ordnary Method of See: danbu's Ssmplified Mathod .

mass wherein the shear strength of the sod is not capabie (o resist the
eppled shear stress, 50 there = no need to make assumption about
the shape or location of the fallure surface

£ Thishia i% md fhaory of &llces i the FEM. 50 no nesd 1o maks
sssumption about slide side forces. The FEM maintains overall
equiibriurm unlil falure & reached

4 As long as the compressibility data of soils = availabie, the FEM will
provide deformations rasull al the working siress levals.

4. The FEM is capabls 1o check the progressive failure up to and
incisding shear faure
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(2} Homogeneous slope with foundation layer FEM

Failure mechanism:
== Incremental straing

FOS = 1339
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(3) An Undrained Clay Slope with a Thin Weak Layer

FEM
Geometry and mash
I‘. - -
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Symiood | Lin E The Analysis are camisd out
Uini memight » T Fa | usmng & constant wahee of
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e Fam P
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[P s yer (U} :
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{3) An Undrained Clay Slope with a Thin Weak Layer FEM

Fadure mechanism (mcremental strains)

Coaio, = 1.0
FOS= 1451

CiC,, =02
FOS = 0.505
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Margenstern and Prca Mathod ¢

T FOS = 1,354
n ] Lm0
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(3) An Undrained Clay Slope with a Thin Weak Layer (4) An Undrained Clay Slope with a Weak Foundation Layer FEM
Computed FOS for an undrained clay slope wilh a Falure mechanism (incremental Sraing):
{hin weak laysr with varistions of c_Jc,_,: FEM | LEM e e, =178
FOS = 2.080
Cltyy = 2.0
FO5 = 2,078
CalG = &5
FOS = 2.069
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(4) An Undrained Clay Slope with a Weak Foundation Layer
iGeamatry and mesh:
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(4) An Undrained Clay Slope with a Weak Foundation Layer
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[5) Homogenaous Slope with Horlzontal Free-Surface

Eod paramaters with Mohr-Coulomb modal;
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in this analysis, a slope with
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(5) Homogenoous Slope with Horlzontal Free-Surface FEM

Faduwre mechanism (incremenial strains i

L'H=0.6
FOS = 1.276
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(5) Homogeneous Slope with Horlzontal Free-Surface

Maorganstern and Prica Mathod
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(5) Homogeneous Slope with Horizontal Free-Surface
_nn__.._._u..__-.n_ FOS for homoganeous shops with

horiponial free-surface with variaions of L'H
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Unsaturated soil slope subjected to rainfall infiltration

In siope siability analyss, the affect of negatve pore waler pressuma or suclion is
usually not taken inko account becauss suchon will reduce with raarlall mfitraton
and tharefone it can ba assumed thal mafric suction does not mfluance the long
tarrm stability of the slops,

However, to reduce matic suclion from the soll, the ramfall needs to be sustainad
over a significant ime period and also the rainfall intensity needs %o approximale
the safurated coaficent of parmeability of the soi at the ground surface.

Hydraulic characterisiice such a2 ssturated coefficent of permeabllity and inftial
dogres of saturaton, inlansity and duralon of rainfall are paramaiors which ara
impartard in the analysis of slope slab@ty considaring rain infiltration,

According o Biof's theory of consolidaton, o analyze fw behaviour of
unsatwrated soils, 1= reguired 0 smuksneously compute deformaton and
groundwaler fiow with tme dependant boundary condiions (fully coupled fiow
deformabon ansfyss)
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Hydraulic Models

Van Genuchtan (1980} prosonted o set of cosed-form eduabtons of hydraukc
characlerstics for unsaturated sods which is based on the capillary modal of
Mualam (197T6). The Van Genuchien model inrodpced the malabon balween
saturation and suction pore pressurs head (4,1

T

$(8,) S oS [ 1+ (8,

o
b

where §__ is the residual degree saturatian of the soil that describes the part of
water that remains in the soil evan &t high suction heads. 5 is the dagres
saturation of tha soil when the pores are filled with water g g, and g are
emipincal paramaters, and 1 is aesumad thal

-2,
s
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Hydraulic Models
The Van Genuchien Modeal is used in which the effectve degres of saturation (5.)
5 obiained a5:

mlm._...__...:.

W e o

The relatve permeability in retation to Mualem — Van Genuchten is:

o 8F
ey (S)=15,08 fﬁ_.m". “_
whare g is an emgencal parametsr.
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Shear Strength of Unsaturated Soil

The principles of effective stress & apphcable fof saiuraled solls, For unsaturabed
soils, the waler phass iz only pans of 1he pore volieme, whereas The remaindes
= ocoupeed by air, Bishop (15509) has modiied Terzagh's dasscal effeciive
shress theory and presented the matic suclion coefficient (y) for the efective
siress of ursaturated sols:

& = (6-u )+ xiu-ug)

whare & and o are the efactivwe and ot stress respeclivaly, o, 5 the pore ar
pressure, and U, i pore waler prassure. The lerm (B, = u.) is called mairic
suclion and y is he mathc suction coelficent and vares from 0 1o 1 covering lhe
rarspe from dry 10 fully saturated conditions,

By azsurming ol the pore air pressone s constant and = small enough o be
neglected (u, = 0), consaguently lor a dry sod, effeclive siress and ol siress
are the same. The madic soclion coaficen] () = uvsuadly oblened from
laboraiory bmsts on both saturaled and unsaturated samples
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Dberg and Saliors (1907T) and
Vanapalli et al. [ 1996)

suggested that the factor ¢ can B
the degres of saturation or the

becauss the shaar strangth of

[ SRS

approomately be replaced by u?_mul..
effective dagres of saturation, Hrl...

SR
:
!
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ini voids of soils and in twum o .
the malric suction.
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Matric Suction Profile

Tha mainc suction profile will coma o
eguilibrium 81 8 hydrosiatic conddion
when there is a zero nat fux from the
ground gerface. IF moisture is extracied
from the ground swuface
will be drawn o the left ¥ moisture
entars at the groundwatar surfaca such
as mfiltrabon, e matnc suchon profila
will be draem b the nght

such as
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Example of Unsaturated Soil Slope Hydraulic Parameters
in s part sope siabty analysis of Unssturated sl due 10 an nfaration wil be Four diferent hycrausic parameter N [ESURNN NS
discussed. A simpla case of a homogeneous slope has beem chosen. The sets of the USDA senes for the Van e T T T
ntemational soil classfication system USDA seres is used for determining the Genuchien Models are wsed 1o
hydraulic data for the analysis. The mechamcal and hydraulic madels used in the vchals the alfect of thesel e pemal Lol Gmief eriad
analysis are the Mohr Cowlomb fadure crilerion and the Van Genuchien maodal parameters in siope stability during == Len [E T T T T
respectivaly The height of the slope = 10 m and the gradient (horzontal o vertical) raan mfiltration == il e ath
E 2.
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Soil Parameters Boundary Conditions
Tha infial ground waier evel was sssumad (o be horizontal at level of the tos of
Sl paramalers for the Mobr Coulomb model used in the analysis: the slope. A rainfall with intensity of 10 mm/hour lasting 3 days (72 hours) was
appiad on tha crest and the siopa. Tha minimam and e maximem pors pressun
haad rmespeciively are 0.1 m (8..) and O.1m {6__) The |sf boundary rght
IIII boursdary and lower boundary of the modal wore assumed ImMpenious boundanes
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Initial Degree of Saturation

indlal degres of ssturalion for B [owr different bydraulc parameters |sading 1o
difarant milial degres of sshwafion at the same suclon:
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Initial Suction
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e Sl Water Charsslenate Curve (SWCC)
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Result: Falkes machanism. datribgion of sucton and degres of mahsation
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| Before raie nfillraton
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Besult: Fallure mechanmer, dstnbation of sucton and degree af saberaton
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Resuit Fadure mecharesm, detrbabon of secion and degres of sruralion
| Clay|
Afar 48 hours rain infitraton
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Result Failure mechansm, dssnbubon of sucton and degres of ssturation
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Afbar 8 hours ran inliEration
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Hesuit Failure mechanism, dssrbution of sucton and degres of walirahon
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Result: Falhee mechansm, detibubon of suctan and degree al saluraion
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Result: Fallre mechansm, distibuban of sucton and degres of saluration

| S
Afar B hows ral irdifration

F sluos mamarss Cemtmhomor of sionan
.. L sl ol pmada bosdy g Caparun | s Wpdasipsia O 7 Dwe serdys 78

Dwaprese o aflarnlon

.Hr_.i:rpl

Fr % _.nﬂ—._.ﬂ.m Bodaikng of Siocw nskesi Sy and Influemce o Umaured e So Bstamor i._..f

T T oy Foiams mwy) WL FEN vy, BN drma e i G T e

Hesikt Fallure machareeT, dassbulion of sucton and degres of salusabon
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Result Failure mecharssm, detshution of socton and degree of salusabon
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Before rain nlilraian

ASE . hoUrs rain nitreton

ARer & hours raln nfiltraton

i ie mechari e ey o sl - Dmgress of malumalion

. g il v Camalps Frsa § Coaeee | Bl wdessanid § 1 Dwsssvdsns MTH I-.-l.-_lul_-.l.rrl_




o [tENAS  Medeiing o Siasw matasile and rfsce =

IR CTME N Srrpe Sops s WD FEN su. UEM Urmirernies Sor Sops TEACLEEER

Result: Failure mechanism. detrbubion of suction and degree al satumation
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FOS = 1 5808
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Hesuli: Faikre mechansm, daribution of suction pnd degren of salumtion
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Conclusions

* Safety factors from FEM compare well with factors obtamed from LEM

=  FEM for slops stabifity is more poweriul Fan LEM. The failure mechansms
in FEM are compulsd suiomabtcally as part of the stress aquilibrum
process

+ Effect of rainfall infiliration, leading to change of suction and saturalion o
siops, on factor of safsly can be assessed,

# Dunng the lime of rain isfiltration, suction decreases and thus the FOS of
ihe siope reduces, wheraas the reduction is faster for soils with high
parmashiity than for solls with low permeablity
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