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Apall ¢ 1 dyshayll 1 (15-2) &8y dsand

_ ae ujell  |Re bzl Uje| @aalluzg | L _

9.29 29.50 30.94 14.00 1.00 clyo> &y
8.97 8.90 29.80 31.10 15.20 2.00 B2

8.70 28.60 29.84 1435 3.00 5545

Ll o W1 eaall sl 1 (16-2) o) Jsaal
sell | al=dl asell | |

glem3 Lozl ujell elolls wjgll f:’ ‘I‘;’lll n _-_“I ’“" a2l pd, | anell puwl

2.01 17.50 4885 37.40 1.00 slyo> &
2.09 2.24 20.90 53.13 40.30 2.00 B2

2.02 15.70 4177 33.00 3.00 5545

S Juadl

: 0.1mm/min el .3
O el (3 glls Rl s el (B2) 2 4.5 =5.5 Gae (et Al ledle yaall sl (e cillaadle
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ASolSaalls A5 ol S8 Juadl
0.1mm/min de jul) it = (17-2) 8 Jsaal)
Juay) kg/om2 ledll slga¥) | Kgipmles) 54 selll ML:‘;:;%W kg depudl Al )
0.00 0.00389 0.1400 0.00 0.83 30.00 0.1mm/min 1.00
0.39 0.20151 7.2544 4.00 0.83 30.00 0.1mm/min 1.00
1.06 0.30032 10.8116 6.00 0.83 30.00 0.1mm/min 1.00
1.50 0.32503 11.7009 6.50 0.83 30.00 0.1mm/min 1.00
2.14 0.34973 12.5902 7.00 0.83 30.00 0.1mm/min 1.00
2.90 0.37443 13.4795 7.50 0.83 30.00 0.1mm/min 1.00
3.86 0.39913 14.3688 8.00 0.83 30.00 0.1mm/min 1.00
4.30 0.40654 14.6356 8.15 0.83 30.00 0.1mm/min 1.00
4.44 0.40901 14.7245 8.20 0.83 30.00 0.1mm/min 1.00
4.70 0.42384 15.2581 8.50 0.83 30.00 0.1mm/min 1.00
5.00 0.43866 15.7917 8.80 0.83 30.00 0.1mm/min 1.00
5.90 0.44854 16.1474 9.00 0.83 30.00 0.1mm/min 1.00
8.00 0.48806 17.5703 9.80 0.83 30.00 0.1mm/min 1.00
8.40 0.49646 17.8726 9.97 0.83 30.00 0.1mm/min 1.00
10.60 0.49300 17.7481 9.90 0.83 30.00 0.1mm/min 1.00
11.00 0.49794 17.9260 10.00 0.83 30.00 0.1mm/min 1.00
11.60 0.50783 18.2817 10.20 0.83 30.00 0.1mm/min 1.00
11.90 0.52265 18.8153 10.50 0.83 30.00 0.1mm/min 1.00
12.37 0.50536 18.1928 10.15 0.83 30.00 0.1mm/min 1.00
0.60000

?.: 0.50000 R -—Al———

— 0.40000 ——J =

3 m®

i, 0.30000 e

(o]

E 0.20000 -

W

< 0.10000

0.00000
0.00 200 400 600 800 10.00 12.00 14.00
cm gﬁ“il SLassyy

Ayadll il Tl : (12-2) a3, J<al
CAadall b cuaglsSoage sl )5ild alasind Wiy ail ey g e ol gl = (e dlghu el Al o Jaadls
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4SSy Al ol

0.1mm/min de jul) it : (18-2) a8y Jsaal)

S Juadl

Jly) sleay! 358l seldll | el sleay) | kgl el A
0.00 0.00389 0.1400 | 0.00 1.11 40.00 0.1 1.00
0.20 0.05824 2.0965 1.10 1.11 40.00 0.1 1.00
0.40 0.05824 2.0965 1.10 1.11 40.00 0.1 1.00
0.60 0.05824 2.0965 1.10 1.11 40.00 0.1 1.00
1.30 0.25092 9.0330 | 5.00 1.11 40.00 0.1 1.00
1.50 0.30032 10.8116 | 6.00 1.11 40.00 0.1 1.00
1.70 0.35961 12.9459 | 7.20 1.11 40.00 0.1 1.00
1.90 0.38431 13.8352 | 7.70 1.11 40.00 0.1 1.00
2.10 0.41890 15.0802 | 8.40 1.11 40.00 0.1 1.00
2.30 0.42878 15.4360 | 8.60 1.11 40.00 0.1 1.00
2.50 0.43866 15.7917 | 8.80 1.11 40.00 0.1 1.00
2.75 0.44360 15.9695 | 8.90 1.11 40.00 0.1 1.00
5.00 0.44854 16.1474 | 9.00 1.11 40.00 0.1 1.00
5.20 0.45842 16.5031 | 9.20 1.11 40.00 0.1 1.00
5.50 0.45842 16.5031 | 9.20 1.11 40.00 0.1 1.00
6-11 0.46830 16.8588 | 9.40 1.11 40.00 0.1 1.00
6.90 0.47324 17.0367 | 9.50 1.11 40.00 0.1 1.00
7.60 0.48065 17.3035 | 9.65 1.11 40.00 0.1 1.00
7.80 0.49053 17.6592 | 9.85 1.11 40.00 0.1 1.00
8.50 0.49794 17.9260 |10.00 1.11 40.00 0.1 1.00
10.10 0.57205 20.5939 [11.50 1.11 40.00 0.1 1.00
10.30 0.59676 21.4832 [12.00 1.11 40.00 0.1 1.00
10.85 0.69557 25.0404 | 14.00 1.11 40.00 0.1 1.00
11.33 0.74497 26.8190 | 15.00 1.11 40.00 0.1 1.00
0.80000

?-l 0.70000 ==

3 0.60000 .

1 o000 f muiw

~ 0.30000

§ 0.20000

W 0.10000 =

0.00000
0.00 200 400 600 800 10.00 12.00
cm &Y Jus)

L) il abada  (13-2) o3y J<a)
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el ad Uil 4-2

s Baalig ¢ oaslsS Jase e GBing audl el JCEA) jloadl) lgla o L s sy all 300 2y A e
o sl o sle Aagalll Alsye & Jsaal Aoy Al Llis agmy o J5 aull A1) mhad) e 5 ss sl cilinil
P bzl e 1A al— ad e ol le]
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Slysahll a2 (19-2) a8y Joaal

sasls) il Sl
Kg/cm2 0.11 - 0.53 C
dan 27 - 35 0]
- 0.3-0.35 Y,
Mpa 5-15 G
Mpa 13 -40.5 E
Cm/s K= 0.058 oyl dass
Cm/s K=2.16*10-6 220 Gae e
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EILAY Jadld)
Aol Lyaanl) dadail)
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o3 Lesle Aaladll Clatl) ey cilisal 3205 culilal) el 2K joead) o hady 2udl adsal Adind) 5L50 2ay
dae) Jaill aa S ¢ doad) agyally il Cua e Aadaill Llee ead LU Gldanal) e Jyeanl)
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Calculations  zaliy A daball 098 ¢ cpilaye o ariiy Jalye EBG o sl 2ad e 0 il 48k
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- SR dlls e lall e daslll Y ol clua e 3yle »s ¢ initial phase  Aglall s yal)

(25230 ) s DDA Sy audl el s (V) Als )

Ignore LA Jaxd o5y Asyall oda 3y Gravity loading e slaeWh (SN hsl) Glua @ 466 Al )
gyl b el ey oyl Al AL Yy S (gl Glus daay WY undrained behaviour

A AL alal) ALl YN o Ll) b Aasall o383y ol 10 DA 2 2.5 (g5 tia Al £ 2D dls
S 3l ol
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cad) el e e Lt ey
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(25290 ) el B PR 2 10 (st n Dl 1 Anll) Asal
Phay 222,75 Gsiase 2ic Ll 58 s o 1.5 audl 5553 o (b (gime JOa Al @ Ll dls syl
(2 60)
(e 60 ) Goed P o 10 sise S gl 1 daludl Al )
(273) ab) JSal animsle a5 ¢ (a2 90 ) Ledl B DA 2 2.5 (srie Sin gadill ¢ Aailul) dsal)
D ASiSisal) zisalll dac) 3-3
lxay 15-node element aaiat 3805 Y z3gaill a5 3 jiagal) & sl Clalgal) Aaud s dadail) Hlodl
- saalsl dadil) 8 slea) 12 e 318,
bbbl slaV ) camy 4 Lasg 4 Alaiall palially PLAXIS zaliyy b (3illy Caad) aey
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Al 4pnel) Asdaill Sl Jaaall

Laall Jolay 2l Cals lial ol Jaia s el asd duad) ol o le Coguuia ddlia) o Alaje 8 6 il —1
LS aull calig all 5ylaliie s ey aliaal) s lall Cogusie in Al JalS g L2y 0% Lae el Ciliadl
ol ol e Ll Cigusia @y (g bl andl Gals o L) Jaiaa o ) cany Gl ((3-3) JSalL s

8=

000

e 5 8 8 & 8 8 3 8 8

Defarmed Mesh
Exfreme fotzl csp acement 192.28°10 3 m

8 g L) had we 2l jhalnig o0 (3-3) A8 Sl

Gl 4aal) S5k e dpmal) o ) b die o lall Taaall Lgloe ()5S0 Taaaall 13a sale) ang 13 Giliaal
cAdpal) z3saill 350n e s Al o Lall sl (A pas L ) audl Gals Ulal)

slaie YL dalaall cang 1M ¢ el plpald alade Wl =54 Y Ll cilaleal Julsil phreatic level  jladl) xie =3
Lol ) Jed Tl e e lall glya Lie¥) gasy 33k 5305 Groundwater  calculation jla e
. adaidll

dpla ey atindy o s 305 Cofil ALY ¢ bl Ay Jaf (e dee Wl Al il 5 Gus 2 Mesh -4
20 il
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Al el Aadal) Bl Jaxasl)

Jiaill 35,5 1 (5-3) o8 Jsad
loa iy 2l dpas o ssine e Al mdans o Lags s lalls 45l (Al ) Agladl chilgal) Glua 2 =5
. Gravity loading e slaeYL 250 S o)l
S o lhal U 535 Bagas are Y g 5l oDl (gsinne S die ol sl mhans e Baie aug ciny LS -6
102.75) = (70,90 ) — (55, 82.5) : JulS & e Jaud) o Jalil oda cilflaa) of Wle « Jdailly
sl gyl ol 2550 8 Tasall = (955,
el Galy zagaill adalle (upa malindl =7
b llS Sl =3 saill alsall ciliialge cuilS

Material properties of the layer 1 1.l uulill b dse clicalse : (1-3) &3y Jsaal

PARAMETER NAME VALUE UNITE
Material Model Model Mohr — coulomb -
Type of material behaviour Type Undrained -
Soil unit weight above phreatic Y _unsat 16 KN / m?
Soil unit weight below phreatic Y sat 18 KN / m?
Permeability in horizontal direction K« 107 M / day
Permeability in vertical direction Ky 107 M / day
Young’s modulus ( constant ) E Lo 45000 KN / m?
Poisson’s ratio N 0.22 -
Cohesion ( constant ) C Lo 100 KN / m?
Friction angle @ 45 dad
Dilatancy angle ¥ 5 Aan
Material properties of the layer 2 Wall Cposalill 481k slge Ciliialse : (2-3) &8, Jsaal
PARAMETER NAME VALUE UNITE
Material Model Model Mohr — coulomb -
Type of material behaviour Type Drained -
Soil unit weight above phreatic Y unsat 18 KN / m3
Soil unit weight below phreatic Y sat 20 KN / m?
Permeability in horizontal direction K« 0.2 M / day

35




el el dadal) Sl Juasll
Permeability in vertical direction Ky 0.2 M / day
Young’s modulus ( constant ) E ref 40000 KN / m?
Poisson’s ratio N 0.25 -
Cohesion ( constant ) C ref 50 KN / m?
Friction angle O 35 A
Dilatancy angle ¥ 5 A
Material properties of the layer 3y Js0 cilialga : (3-3) a3y Jsaall
PARAMETER NAME VALUE UNITE
Material Model Model Mohr — coulomb -
Type of material behaviour Type Undrained -
Soil unit weight above phreatic Y unsat 19 KN / m?
Soil unit weight below phreatic Y sat 21 KN / m?
Permeability in horizontal direction Ky 107 M / day
Permeability in vertical direction Ky 107 M / day
Young’s modulus ( constant ) E ref 30000 KN / m?
Poisson’s ratio N 0.32 -
Cohesion ( constant ) C ref 50 KN / m?
Friction angle O 30 sy
Dilatancy angle ¥ 5 sy
Material properties of the layer 4. i Alge Cilialse 1 (4-3) &) Jsaal)
PARAMETER NAME VALUE UNITE
Material Model Model Mohr — coulomb -
Type of material behaviour Type Undrained -
Soil unit weight above phreatic Y unsat 21 KN / m?3
Soil unit weight below phreatic Y sat 22 KN / m?
Permeability in horizontal direction Ky 107 M / day
Permeability in vertical direction Ky 107 M / day
Young’s modulus ( constant ) E rer 30000 KN / m?
Poisson’s ratio N 0.28 -
Cohesion ( constant ) C ref 10 KN / m?
Friction angle o 35 4Aad
Dilatancy angle ¥ 3 Ay

S A Gl Aaje JSI 5l 23l (o Bt 7 3gats ASaal] Capand =3 5a3 oo Gamg et IS ey 4l Lale
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Exireme Ulot 163.30°10 “3m

U siall 35aa) (yaa Lgady 2080 YY) : (8-3) A8, Jsall

e zsmmsall 250a)) (yaniay dedly LIS, 0 58LAN A @y -
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Flow Field
Exfreme e ccity 134.39*10 € m cay

sl lppa ISy ol ¢ (9-3) o3, JSal

Ll LeS gl dsmse shs ¢ i yin oz dgall) 2535 dinas AT gl Calliy a5 audl a8 (pe e lall 7558 Jaadls
palae] ¢ Da) il siay Liawdl) die ) 238 (e 2 25 — 20 il o zya0 el o G Al 3550 8 Gl
1(2) A gsedl 4-3

Ol 3S5a ey adaiall o Slie) e ¢l ad e 0 20 2x Jes a 10 g iy oy oyl i Al
e daslss Alglaall Jilsal) 5ol (e a5 PLAXIS malip 8 olad 5 a5 dadatl 4jlie < dadall cass G
Aagd Gads Ble B3 LS alaie =iy gralinal) of G cealil

G e ) als ain Al Sl daladl SV die wdlgll daalie S A Al ddal) jsall g3 sail) cand il

Flow Field
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Flow Field
Exireme veccity 3.06 mcay

W s oladl : (21-3) &, Jeal
il Tkt Ayl Aalall J<E dgay 138 Jaly % 35 Aasty il Ll yuiad vie sl ls e s 52l Baad
celdll Cns e dae Lea ¢ algh Jilie il
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Horizantal displacements (Ux) Vertical displacements (Uy)
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gy alala N (22-3) B8 Jal
das Ugie o8 L0ALEN cVEY) Lof gy Cuenes) 40 YY) of D -

1(6) ) zisail 8-3
ot 8 ey o shaud) G llSia) e35 Ally Gl @ilidey ol AES o interface 53w alasil o<y
Pl oda lilla 3 gana ye Ja 4l ¢ Al YY)
(Plaxis manuals — English —> Reference_Manual_V8 —» gzl manuals & <3

o Llaall @iy slaall Caypanty )yl L angy Al il o interface gy aae caay alipage 63 )
bl Ll

In conclusion:

¢ An active interface is fully impermeable (separation of pore pressure degrees-of-
freedom of node pairs).

¢ An inactive interface is fully permeable (coupling of pore pressure degrees-of-
freedom of node pairs).

: ( 7 ) é) GSJA.'\S\ 9-3
Loy Al Capaaty Hlie V) ey Al cilasil) 38 Jlatl) Aglee amy A0l Eaat Jue alp zigall 1 8
Updated mesh and Updated water pressures 5,k (o @lldy noall pagll canly
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(Plaxis manuals ~ — English — Reference_Manual_V8 —» =Lyl manuals & <3
page 93 )

Select Phase 1 and click on the Advanced button below the Calculation tpe
list box. Check the Updated mesh and Updated water pressures options in the
Advanced general settings window. Click <OK> to return to the calculation
window.

Repeat this step for all calculation phases 2. 3 and 4.
2 Plaxis 8.2 Calculations - mm“ - = i

File Edit Vies Calculate Help

E %
B = 2 B & ‘i e oumt.

e & itz
| Input Output Curwes

General | parameters | Multipiers | Preview |

sleulation type

Plastic hd

Phas( A dvanced General Settings |
MNur

7 Large Deformations

W Updated mesh

W Updated water pressures
Heip I

Parameters
& next I EJ insert I B pelete. 1

Jdamatication [Phaseno. [ startfrom | calkeulaton [ Loading input [ Time [water |
Initial PRgse o o NjA NfA 0.00 day 0

o <Phase 1 1 0 Plastic (UM+) Staged construction 30.00 day 1

o <Phase 25 2 1 Plastic (UM-+) Total multipliers 0.00 day 1

o <Phase 3> 3 2 Plastic (UM+) Staged construction 10.00 day 3

o <Phase 4> 4 3 Plastic (UM+) Staged construction 0.00 day 4

o <Phase 5> 5 4 Plastic (UM+) Staged construction 60.00 day 5

o <Phase & s 5 Plastic (UM+) Staged construction 60.00 day s

e & & 6 s
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el goe ASual) Gupnt aags U8 ) 08 Ak 40 BLEY IV IEEY) Lk 1 (24-3) o5, JSa)
2y iall ) clE) sale) LSy ¥ Updated mesh and Updated water pressures & of s
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To calculate the global safety factor for the road embankment at different stages of
construction, follow these steps:

. Click on the Go to calculations program button to focus the Calculations
window.
. We first want to calculate the safety factor after the first construction stage.

Therefore introduce a new calculation phase and select Phase 1 in the Start
firom phase list box.

. In the General tab sheet, select a Phi-c-reduction calculation.

. In the Parameters tab sheet the number of Additional steps is automatically set
to 100 (instead of the default wvalue of 250). In order to exclude existing
deformations from the resulting failure mechanism. select the Reset
displacements to zero option. The Incremental multipliers option is already
selected in the Loading input box. Click on the <Define> button to enter the
Multipliers tab sheet.

. In the Multipliers window, check that the first increment of the multiplier that
controls the strength reduction process, Msf, is set to 0.1. The first safety
calculation has now been defined.

entifitmtion Phase no. Start from | Calculation Loading input Time
b( <Phase\{=> ] 2 Phifc reduction Incremental multipliers 0.00 day
'( <Phase 3 3 2 Plastic Staged construction 10,00 day
b( <Phase 10 10 3 Phifc reduction Incremental multipliers 0.00 day
( <Phase 4> 4 3 Plastic Staged construction 90.00 day
( <Phasze 11> 11 4 Phiyc reduction Incremental multipliers 0.00 day
( <Phase 5> 5 4 Plastic Staged construction 60.00 day
( <Phaze 12 12 5 Phiyc reduction Incremental multipliers 0.00 day
( <Phase 63, [ 5 Plastic Staged construction 60.00 day
'( <Phase 17> 13 [ Phiyc reduction Incremental multipliers 0.00 day
> 7 [ Plastic Staged construction 90.00 day
e e 23alSie e 3Tl gy 1 (25-3) o) S8

d oY) Jalse 36 )yl
Tutorial-manual-v8—page90) iu s ol s pll LY le Msf daill o xalipll aalpe Cual
B0 e s ale's

The reduction of strength parameters is controlled by the total multiplier XMsf. This
parameter is increased in a step-by-step procedure until failure occurs. The safety factor
1s then defined as the value of XMsf at failure. provided that at failure a more or less
constant value 1s obtained for a number of successive load steps.

The safety factor can be obtained from the Calculation info option of the View menu.
The Multipliers tab sheet of the Calculation information window represents the actual
values of the load multipliers. The value of XAfsf represents the safety factor, provided
that this value is indeed more or less constant during the pljpvious few steps.

Pk WS O G adaall Al Aa e oo Led e ST LY Jalse pran o Lany il e g YY) i
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“alculation information L=

Multipliers | Additional Info | Step Info |

Step Info

Step 515 of 621 Extrapolation factor 0.500

PLASTIC STEP Relative stiffness 0.000
Multipliers

Incremental Multipliers Total Multipliers

Prescribed displacements Mdigp: 0.000 I Mdisp: 1.000
Load system A MioadA: 0.000 I Mioada: 1.000
Load system B MioadB: 0.000 Z -MioadB: 1.000
Soil weight Mweight: 0.000 I -Mweight: 1.000
Acceleration Maccel: 0.0o00 =g =a
Strenght reduction factor Msf: 0.00z

Time Increment: 0.0o00 i
Dynamic Time Increment: 0.000 End time: 0.000

O Jalse (pe @il eaagy 1 (26-3) Ay JSa

i aull pmgs s L) diph of e Jy 1

Sum-Mst

Ziwww-~:;;2¢”

\
il
j

Lalily L1 Chalsad Aalal) CLEN) e ¢ (27-3) o3 )
Y EY) oded ALyl Jxe Y 1 Aaal
(Plaxis manuals —*  English —» Reference_Manual V8 — #.lll manuals & <3 WS

page9l )

Evaluation of results

Additional displacements are generated during a phi-c-reduction calculation. The total
displacements do not have a physical meaning, but the incremental displacements in the
final step (at failure) give an indication of the likely failure mechanism. In order to view
the mechanisms in the three different stages of the embankment construction, select the
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