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Strength Reduction Method (SRM)

In GTS NX, slope stability assessment uses the Strength Reduction Method (SRM), which
determines the failure point by progressively reducing the soil's shear strength
parameters. In this method, the soil's cohesion (c) and internal friction angle (¢) are
systematically reduced using a reduction factor F; this reduction factor value is the safety
factor (FoS).

The slope stability calculation depends on the soil strength, which in turn depends on
the soil's cohesion and internal friction angle, as well as instability factors such as soil
weight, water pressure, and external loads. Users can adjust the convergence criteria
(load/displacement/work) in the analysis definition according to their preferences.
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Pseudo-static seismic

Pseudo-static seismic method is a simplified way to represent
earthquake effects by replacing dynamic ground shaking with
constant equivalent static forces

— Applying inertial body forces proportional to gravity instead of
time-varying acceleration

Fp=kW, F,=kW

Where:

e k;, = horizontal seismic coefficient

e k, = vertical seismic coefficient

These forces are applied uniformly to the entire soil mass.
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Seepage through Unsaturated Slope

Seepage induced by rainfall Surface rainfall over 72 hours
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Comparison for different cases
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Partl. Normal condition
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2D Model Import
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2D Mesh Generation
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MipasS Note: Using higher-order elements and smaller grid sizes for slope analysis
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2-Sided Boundary
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Analysis-1
(Slope stability (SRM) — Normal case)
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Analysis-2
(Slope stability (SRM) — Normal case)

An Convergence settings X Output=>Strain
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Calculation
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Satety factor indication

(Convergence criteria)
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Results
(Normal case)
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Part2. Pseudo-static seismic case
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Vertical seismic coefficient (k)
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Analysis-1

(Pseudo-static seismic case)
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Analysis-2

5 Convergence settings
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(Pseudo-static seismic case)
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Calculation
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Results
(Pseudo-static seismic case)

Failure surface indicated by horizontal displacement
& maximum shear strain
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Part3. Heavy rainfall case
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H - 1 Sand 8.25¢05 0.43 0.045 14,5 2,68
Dra"—!Ed = | | 2 Loamy Sand 4.053249e05 0.41 0.057 12.4 228
| .sandvloan L2Zs0e0c 031 0085 75 L33
Undrained Paisson's Ratio 0.4595 : I Shninatl s o = %
|| & sitLoam 12506 0.45 0.067 2 141
* - et 7 Sandy Clay Loam 3.6388% 06 0.33 0.1 59 1.48
EFEthDrl s B CDEfﬁl:lEnt I-Ilg?383-|35 8 | Clay Loam 7.2222207 0.41 0.095 19 1.31
9| 5ilt Clay Loam 194444207 0.43 0.089 i 1.23
10 Sandy Clay 3.33333e-07 0.38 0.1 27 123
Seepage & Consolidation Parameters L1 O Sl L o7 D> L0
12 | Clay 5,55556e-07 0.38 0.068 0.8 1.09
Permeahility Coeffidents
| ke | ky | kz .
|
oot v e BV Van Genuchten date (Carsel and Parrish,1988)
[ |void Ratio Dependency of Permeability {ck) 0.5
Reference - Developing Joint Probability Distributions of Soi Water Retention Characteristics ROBERT F. CARSEL and RUDOLPH 5. PARRISH, 1988 Cancel
Spedfic Storativity{Ss) 0.001 ijm Auto
I

Coefficient of
permeability(K)
(m/sec)

Specific Storativity(Ss)

(1/m)

Weathered Soil 105~103 10¢~103

—— Note 1: The relevant parameters use assumed conditions.
nmm Note 2: Unsaturated parameters are not defined in the seepage calculation process; the soil is treated as saturated.




Porous Material-2
(Weathered Rock)

Weathered Rock

Add/Modify Unsaturated Function x
in] 2 Mame  weathered Rodk Color _
MName Type Add [
Model Type  Mohr-Coulomb w [ structure e b5l Beoly
= Sandstone(Hygi... Individual e
==
General Porous  Mopdinear Thermal  Time Dependent
F & L3 o
Unit Weight(Saturated) avm? Material database in GTS NX
e - : [ Close J
Initial Void Ratio{ea) 0.5
Unsaturated Proj i oo i ] N
u IJE‘ft!r' SaﬂdstﬂnE{H?glEﬂE} Unsaturated Function Database X
Drainage Parameters Database Van Genuchten data(1380) v Select All Unselect All
[ 4 na Soil | Ks(mjsec) | Os(mjm3) ormymy) | a(ym) i n | Select |
Drained v R o = % % —-]
3 Silt Loam 5.74079e-07 0.396 0.131 0.423 2.06
] I n 4 Loam(Guelph_drying) 3.65741e-06 0.52 0.218 115 203 [
I_Iru:lramel:l Poisson's Ratio 0.495 5 Loam(Guelph_wetting) (i 0,434 0.218 2 276 [
& | Clay(Beit Netofa) 9,45074e-09 0.446 [ 0.152 L7 1

Skempton’s B Coefficent 0.97826087

Seepage & Consolidation Parameters
Permeability Coeffidents

[ 2 Van Genuchten date (1980)

0.0001 0.0001 0.0001  mfsec .
Sandstone (Hygiene)
[ void Ratio Dependency of Permeability{ck) 0.5
Reference - A Closed-form Equation for Predicting the Hydraulic Conductivity of Unstaturated Soils M, TH, VAN GENUCHTEN, 1380 Cancel
Spedific Storativity{Ss) 0.001  1fm Auto

Coefficient of
permeability(K)
(m/sec)

Specific Storativity(Ss)

(1/m)

Weathered Rock 10%~10* 10%~103

—— Note 1: The relevant parameters use assumed conditions.
nmm Note 2: Unsaturated parameters are not defined in the seepage calculation process; the soil is treated as saturated.




Porous Material-3

Soft Rock
| Material

1D 3 Mame  Soft Rock
| Model Type | Mohr-Coulomb

General Porous  pondinear  Thermal

w [] structure

Time Dependent

Uit Weight(Saturated) kM /m?
Initial Void Ratiofeo) 0.5
[ ] Unsaturated Property Loam
. Drainage Parameters
i Dr._a_inet_:! w
| Undrained Poisson's Ratio 0.4935
Skempton” s B Coeffident 0,980541198
Seepage & Consolidation Parameters
Permeability Coeffidents
| e ! ky kz
0.0001 0.0001 0.0001  m/fsec
[ | Void Ratio Dependency of Permeability{ck) 0.5
specific Storativity(Ss) 0.001 1fm Auto

(Soft Rock)

Flow of rainfall case does not calculate as saturated

Coefficient of

permeability(K)
(m/sec)

Specific Storativity(Ss)
(1/m)

Soft Rock

Note 1: The relevant parameters use assumed conditions.

MiDAS

106~10*

Note 2: Unsaturated parameters are not defined in the seepage calculation process; the soil is treated as saturated.

10~10°




In-situ Recorded Rainfall
1 (Hourly rainfall)

Unit (kn/m/J/hr)

b e -1 Tw

Materizl Prope

|

/7 Hinge ~ R

Prop./CSys./Func. [Secmne Boun . S :
72 hours rainfall variation

Mame 72hrPEmiEREHE|

Seepage Boundary

Time 5
(hr) Value i
Nonlinear Elzstic- T russ o 0 C.16———d T
& 0.04 ! [
Monlinear Elrstic-Pont Spring/ERstic Link [ 17 01 b —— T T T %
Unsaturated Property [ _ 18 0.18 g.1zd—— L {1
Strain Compatile ' ;; Dui; oo
¥l F5thr) 6/ MRFEEFEE (m) Z ig Ei i i T
' : poef—1 41 |
0 43 0.1 [
Excel data ’ Copy & paste the data I i
: N
=y | 18 018 72 0.03 L T T T T T T T T T T T T T T
& :i 24 02 o 3 I 15 2 25 30 235 40 45 50 535 60 63 7D
- Time
30 012
36 015 Description OK . Cancel Apply
42 0.1z
GTS NX_20 & 48 0.1
SRR s 54 0.08
B0 0,06
B 0,04

Ve 0.03 (

MIDAS  :::6Ts NCR 7 RS Vil Bt £ -




Surface Flux

Unit (KN/m/J/hr)
.M'I VI]'.I'.L ‘“—"IJ VI]‘E vl

Seepage/Consolidation Analysis
| 3P Define Set &5 Change Property § Modal Head = Draining Condition
-& MNodal Flux % Non ConSolidation & Table -
From Results

£ Constraint &% Review
HH Constraint Equation 1= Water Level

Flux X Flux = Value x Function

Modal Flux  Surface Flux

Mame Surface Flux-1

Type Edae Flux
Object

Type 20 Element Edge

[ ] Selected 105 Object(s)

Yalue 1 m3fhr/m

B Function  72hrfErR EEHE v B

B if g > Ksat, then Total Head = Potential Head

Setting:
Boundary Set | BT V| if surface flux > coefficient of permeability
= &£ OK | Cancel total head = potential head

M

%



Review/ Seepage

Seepage/Consolidation Analysis

=% Define Set anoe Property g Modal Head = Draining Condition
£% Constraint -@- Modal Flux &2 Non ConSolidation ‘¥ Table -
HH Constraint Equation 1= Water Leve & Surface Flux [1& From Results

Boundary

Seepage Boundary >

Modal Head Review

R EF |
o

Mame Review-1

13

Object
Type  Mode w

Ty

LTI Y

H

]
e

= Selected 213 Object(s) | T

Boundary Set |Reuiew—1| V| =

2 & QK Cancel




Construction Stage-1
(Pseudo-static seismic case)

DAS

% SEAEIEM

<ls Default Self-Weight
il BEBREM ()
8k KRR o)
1) Combined Losd Sets
R Contact

Construction stage definition

C Rl AR )
* [y Combined Load Sets
X Contet

L SortBy  Mame v

Show Data Al

L Siupe Sty @y

[ Slope Stability{5aM)

Save Close J

\ i
T Simulate Stage & Volume Data Export Corsiuction sgs oot :
Stage g p Stepl. Seepage SRM_Direct
Wizard 5 400 Name | Se=page_SRM_Direct | add
Construction 5tage T [ :
; Stage Type | Fully Coupled Stress Seepage v Madify
Construction phase types in GTS NX | [ rame Type Copy
|51:|'E55 | & Seepage SEM Drect Fully Couple,.. Delete
) Deﬂne_cs...
Fully Coupled Stress Seepage
Fully Coupled Stress Seepage .
Stress-Monlinear Time History StepZ. Define CS
Heat Transfer
Seepage-Thermal Stress
Heat of Hydration(Thermal Stress) Chose
Fully Coupled Stress Seepage Heat
Stress-Seepage-Slope-Monlinear Time History
Define Construction Stage x| .
om0 : Activate all mesh sets/boundary sets
e [ -
| Stage Type Fully Coupled Stress Seepage ~ Time Step... Initial Candition
© steady-State Analysis(tme = 0)
| Set Data Activated Data Deactivated Data O Define Initial Water Level
Default Mesh Set E ES];)efaull Mesh Set g g‘na::‘ad Conditinn S
. e T .
e | & € oty Conton Ao
P | PR O
-5 Revis-1




MIDAS

Construction Stage Set Mame

Construction Stage-2

(Fully Coupled Stress Seepage)

Define Construction Stage

Seepage_SRM_Direct

Stage ID 1 Construction Stage-1 e : Move to Previous Mowve to Next
Stage Name Consfruction Stage-1 Mew Tneert Delete
Stage Type Fully Coupled Stress Seepage V Time Step...
SetDate «aesbME control.assignment
C i Mesh | |2 (g Mesh & Mesh
g Default Mesh et i Diefault hesh Set @ Boundary Condition
g Soft Bock Soft Fock £k Static Load
§ Weathered Rock TWeathered Fock '@ Combined Load Sets
i Weathered Soil C P Weathered Sodl 3 Contact
= % Boundary Condition = % Bowndary Cond ition

% Boundary Set-1
% Boundary Set-2

58 Bowndary Set-1
55 Bowndary Set-2

“«é‘ Eeview-1 i .ﬁj Rewiew-1
=5 EElEm Lo50 EElEm
= % Static Load = % Static Load

gle Defonlt Self- Weizht
& FEMEGRSY)
Ebe FOEHEEE RS ()
ﬁm Combined Load Sets

-3k Defanlt Self-Weight
i % EEHERS )
gl RN R ()
@ Combined Load Sets

2

i

3 Contact 3 Contact
Select all set types
(Even kh/kv for simulation)
Sort By Name ~  Show Data Al v

Analysis settin

Analysis Control...
I_J Dutput Contral,

Initial Condition

() Steady-State Analysis{time = 0)
I © Define Initial Water Level I

[ | Define Water Level For Global

0 q Mone

(| Define Water Level For Mesh Set

Ignpye 1nitial water level

=01 EDE, Copy To Spedfic Stage...

|| Clear Displacement

Clear Sirain |

I Slope Stability (SRM)
|

Select SRM

[ Save Close




Construction Stage-3
(Analysis & Control)

i Analysis Control X Analysis Control bt

General Monlinear 5|D|:|E Stﬂblllt'.I'{SRM]l General MNonlinear 5|III|:IE SEbi“t!.I"[SRM:I

Initial Stress Iterative Scheme

B E=timate Initial Stress of Activated Elements

© ceneral {_)Enhanced Init Stress
[] save For Restart Convergence Criteria [ Error Tolerance
Undrained Condition SeIeCt ("] Displacement{L) 0.001
[ ] Allow Undrained Material Behavior B Loadp) 0.01
[ ] wark(w) 1e-0a

Advanced Monlinear Seting...

Convergence criteria tolerance

————— . oK ] Cancel
l
[ oK Cancel ;

MiIDAS



Construction Stage-4
(Analysis Control/ Time Control)

1 Analysis Control TI me Ste p Time Step X
t General Monlinear Slope Stability(SRM) _ <
| Duration 72 5l hr
I Monlinear parameters ;
: _ & © User Defined Step
Maximum Mumber of Trials O User
Maximum Mumber of Tterations 50
|
Stiffness Update Scheme Full Newton-Raphson st
©step
Intermediate Dutput Reguest Every Iteration ~ [ Step Number 24 =
Convergence Criteria | Error Tolerance =
i : - | SaveResult [_]Log Scale
|| Displacement(L) 0.01 [ !
L Generate Step J
Y 0.01
8 Load(P) Time
- Step (hr) Save Step
(] work{w) 0.0001
» 7 0000 v
Safety Factor 2 6.0000 v
3 9.0000 v
Initial Safety Factor 1 - — =
Increment of Safety Factor 0.1 72 hours with 24 steps of calculation
Resolution of Safety Factor 0.01 = 21.0000 ~
— v
|_|safety Factor Function 8 24.0000 ¥
(O Auto Time Step

Advanced Monlinear Parameters. ..

Auto

SRM convergence adjustment
(1) Inmitial safety factor 1 )
(2) FOS 1increment by 0.1 each time 5
(3) Residual < 0.01, minimum FOS reached

MiIDAS




Analysis
(Heavy Rainfall Case)

Bk gatch Analyss

L) Modaling |

Ganers 1’ Parametric Analysis || Perform

Analysis Case [ Analysic
72hr of heavy rainfall analysis: Construction Stage X
Analysis Case Setting
Title IR TR IR AT
Construction Stage e O
Solution Type Construction Stage . Qutput Contral ]
Construction Stage Set Seepage_SRM_Direct w
Linear Static
NI:I-I'IfI'1E‘-EF StEltiL' Analysis Case Model
G o e i
Eigenvalue ' | |
Response Spacirum a o egs . .
Linear Time History(Modal) Construction phase definition for performing calculations
Linear Time History({Direct)
Monimear Time History
Morbnear Time History + SRM
2D Equivalent Linear
Cornsclidation
Fully Coupled Stress Seepage
Seepage(Steady state)
Seepage(Transent)
Slope Stability (SRM)
Slope Stability (SAM)
1
[
i Solwe Each Load Set Independenty Sarting Name | OK. | cancel Apply

MiIDAS



Calculation

¢ DeBadgw=m-=-

- Geometry Mash Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis | Resuk Took Style * Background ~ languzge -~ @ - & X
o B setting ] Batch Analysis ||@ E;, Eﬁ"
- | o e
General 3 paametric Analysis | Design Define Optimizg | Perform History Analysis Options
Variable Sensor b Results Qutput Probes | Option
Analysis Case Optimize | Analysis History Tools | Fatigue Analysis Case
| 8E. mmm. el BEIE M RE DR RES. CQABQACCT BEE IFFIITEH ©-@-VIEH.
Analysis - R x = T i i e &
Tl By | €. - |[Basic - | |All Geometries () ~ [SE" 2H O® %
Trem o] Color : g
(@) CATEMP\GTS NX_2D_EB3EmHa, .
422 Function =
.8 History Output Probe %
&

#-[#E8 Boundary Condition

- [F¥k Static Load

[£B Dynamic Load

P Thermal Load

L -[TGE Responss Speciiiin Load
- Combined Loadsets

GTS NX Solver x

-f Stage Set | Hame T Description
2 HB Analysis Case | RAFRIEETEIE ST | Slope Stability (SRM)

PE EEBIEEEE S  Slope Stabi [ E _

B #EEREEELH - Slope Stabi 1 v GBEIRIETEAS.. ConstuctionStage |

B SEBEFEREEE ST  Cons.

.3 Parametric Analysis
- Partial Factor
[T, Sensar

Model | Analysis | Results

Properties - B x e —
B 8 check onjoff oK Cancel |
p.&

General - _— —_—

4 [ GTs NX EEHSAFI701 BRI 5 20 BRAERRHRBRETERF REBts | b

Output

> GTS NX 2026 (v1.1) (64bit)
> Copyright (C} SINCE 1989 MIDAS Information Technology Co., Ltd. ALL RIGHTS RESERVED.

[N o e R




Direct Method Analysis Results

O EEEETEEETLLE
E@' Construction Stage-1

-] INCR=1 (TIME=1.080e+04)
-] INCR=2 (TIME=2.160e +04)
2] INCR=3 (TIME=3.240e+04)
w2 INCR=4 (TIME=4.320e+04)
b INCR-3 (AME-5.000e £04) Each time step of calculation
ET IMNCR=8 (TIME=6.480e+0d4)
-l INCR=7 (TIME=7.560e+04)
-2 INCR=8 (TIME=8.640e+04)
-] INCR=10 (TIME=08.7202+04)

a--g INCR=11 (TIME=3_300e+01)
@ & Displacements
f- 4 Grid Forees
-l Modal Seepage Results
[ #8% Reactions
Eﬁ] Solid Stresses

Seepage-stress coupling analysis
g INLR=12 [ IME=1.29024+1UD)
@' IMCR=16 (TIME=1.4042+05)

@2 INCR=17 (TIME=1512e+05) - m &) Solid Strains
i INCR=18 (TIME=1.620e+05) -l 3D Elem Seepage Results

@' IMCR=19 (TIME=1.728e+03)
@ IMCR=22 (TIME=1.836e+03)
E‘I’ INCR=23 (TIME=1.9442+03)
@ INCR=24 (TIME=2.052e+053)
o B INCR=2A TIME=2 1AN=1N5)

Safety Factor vs. Maximum Displacement

. 1.150 N -
SRM is calculated from the last step 1140 ;
-] NS | HIVIE= .30 08+ 0D) 1120 r
: 1.110
1.100
5 1090
s 1080
w1070
£ 1060
§ 1050
1.040
1.030
1.020
: 1.010
m-[# IMCR=3 (FO5=1.1250) bty
& INCR=4 (FO5=1.1375)
@ IMCR=5 I:FDS=T _1438:] Maximum Displacement (m)

@ INCR=0 (FO5=1.1409)
-] Safety Factor
..Jaf] 1.14688 [Construction

Mibns

SRM analysis results




Analysis Results
(Heavy Rainfall Case)

Failure surface indicated by horizontal displacement
& maximum shear strain

Heavy rainfall simulation, FOS = 1.1469

Tx Translation(m)
& Construction Stage-1-5RM 2% ®o

w2 INCR=1 (FOS=1.0000)
@2 INCR=2 (FOS=1.1000)
m-Bf INCR=3 (FO5=1.1250)
m-B INCR=4 (FO5=1.13759) o
w2 INCR=5 (FOS=1.1438)
w2 INCR=6 (FOS=1.1469)
=-{sg| Safety Factor
lﬁ 1.14688 [Construction Stage-.
L.

SRM for safety factor calculation

Maximum Shear Strain

LG




