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Partl. Soil Parameter Calculation

1.1 Physical Parameters
1.2 Mechanical Parameters
1.3 Practical Application




1.1 Physical Parameters GTS NX
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(a) Grain sieve test
Reference

Soil Mechanics Fundamentals — Muni Budhu (2015) (b) Atterberg apparatus
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1.2 Mechanical Parameters GTS NX
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(a) Uniform settlement (b) Tilt or distortion (c) Nonuniform settlement

Testing for determining mechanical soil

1 Oedometer test ‘ Direct shear test ‘ Triaxial test Field tests

Reference
Soil Mechanics Fundamentals — Muni Budhu (2015)
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. A. Oedometer Test GTS INX

(2) Vertical loading

—— Primary consolidation

Secondary compression

eple — _ __________Bb
s sy a
: SIope:Cui
| |
;'p t » 1 (log scale)
Consolidation phases with time
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:. Impossible state % 5
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(1) Placing the load h e Bk TLisvs
Reference
Soil Mechanics Fundamentals — Muni Budhu (2015) C. & C, determination C, determination
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B. Direct Shear Test GTS INX
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Inflow of water

Shear stresses

o ees SNCeSoE

Shear stress, T

shear strain, y

a b l"d +O0mt0,
P :
Possible failure zone
Op
P, 1 " Slip or failure plane Sy SR
’ Yy s 2(=93+3n
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o
&
™
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. \0,,, G,, - Membrane restraint force
D ire Ct S h eara p p d rat us distributed along the periphery

° - . of the shear (failure) plane
Difference in failure plane

Reference
(PDF) A review on the effect of rubber membrane in triaxial tests
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C. Triaxial Test GTS NX

Shear Apparent angle
stress of friction ¢
r, MPa ﬁ "
Apparent ~|~
cohesion
intercept

Normal stress o, MPa

T=ctan(()+c

(a) Triaxial test apparatus (b) Results
Reference
Soil Mechanics Fundamentals — Muni Budhu (2015)




D. Field Tests

63.5-kg Drop
hammer
repeatedly
falling 0.76 m I |
Anvil 1 Need to correct to a
1 reference energy efficiency,
— [ ] normally 60% (ASTM D
Borehole LS 4633)
|~ Drill rod ]
SAP:I & ) Note: Occasional fourth
type increment used to
provide additional soil
material
| |- Split-barrel (drive) L
“1| sampler [thick
hollow tubel: —
0.D. = 50 mm
I.D. =35 mm B
L =456 to L
762 mm
— e e I R LS WLlC
i T =4 -
Seating : 10.152m o2
L L1 U] | L]
N=No. | '0.152m 2~ First increment SPT resistance (N value)
of blow_;. g E = or "blow counts" is total
per oo ‘#f ; § ---------------------- S ""c?'-‘"""t ----------- F4f-- 7 number of blows to drive
U econd incremen
0.304 metersi : 0.152 m % § z?;nwzle::e:rafs;o%(? gl
J Sk T Uy

Third increment

Standard Penetration Test (SPT)

Reference
Soil Mechanics Fundamentals — Muni Budhu (2015)
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ﬁq‘— Casing

. gTorquemeter
1 Push in vane

GTSINX

Geo-Technical analysis System New eXperience

Vane at bottom of
fods ——— borehole <t -
Lower vane
to bottom of
Four-bladed prebored hole
vane shear
device: — |
D =65 mm
fe e H = blade
height
e = = = o= | |
— l«— B = borehole (< l
diameter di = 4B E 2,
e = = =
Blade width = D
Blade thickness = r\ E
1. Insertion of vane 2. Within 1 minute, rotate 3F - c o
vane at 6° per minute; a V T V T
measure peak torque, Trax 1 a ne Sh ea r eSt ( S )

Electric cone
penetrometer with
60° apex:
d=36mm —_ |
(Area = 10 cm?)

— Cable to computer
1. Saturation of cone tip cavities
and placement of pre-saturated
porous filter element.
or 2. Obtain baseline readings for
d=44 mm tip, sleeve, porewater transducer,
(Area = 15 cm?) and inclinometer channels.

(b) Electric CPT

Cone Penetration Test (CPT)

++— Connecting per ASTMD 5778 procedures
rod

Inclinometer

At
1 1 £ = sleeve friction
u

L/u,, = porewater pressure
ay = net area ratio (from triaxial calibration)

g = measured tip siress or cone resistance

q) = corrected tip stress =g¢ + (1 — ay)u,

(a) CPT () Piezocone

Continuous hydraulic
l lpush at 20 mm/s;
add rod every 1 m

|_-Cone rod
(36 mm diam.)

] Readings taken
every 10 to 50 mm
s

Vo
qi

Cone Penetration Test (CPT)
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1.3 Practical Application GTS INX
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CU S S OSES EUSESIZE SIS TS
o,
IR TR IR TR 17
ox=0y
% DSS, DS
Pra Ctical ConSideration: (a) Initial stresses-level ground (b) Tank foundation (c) Retaining wall

Load Load

* Compression

e Extension

JE
L 1

DSS
DSS

(e) Spread footing () Pile supporting compressive load

e Shearing

TUpIift
TC = Triaxial compression
RIS Sy S e
fDSS/DS { Ao, = Inaxial extension

~=t DSS = Direct simple shear
E;l TE DS = Direct shear

(g) Pile supporting tensile load (h) Excavation

Reference
Soil Mechanics Fundamentals — Muni Budhu (2015)
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Fig, Practical cases and laboratory tests relation
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Part2. GTS NX Soil Constitutive Model

2.1 Various Constitutive Model
2.2 Non-linear Parameters
2.3 Soil Test Wizard




2.1 Various Constitutive Model GTS NX

f“

General Mohr-Coulomb | 7 . s
Hardening Soil (small strain stiffness) | &7 :::
2 @)
sand  Modified UBCSAND — MemCouom: §
PM4Sand / ---------- Real soil o

Clay Soft soil (Creep) o,

Modified Cam Clay %
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Sekiguchi-Ohta(Viscid) B o
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Rock (Generalized) Hoek Brown =
Jointed Rock Mass ‘ 8

CWES

Axial Stran




2.1 Various Constitutive Model

GTSINX
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Mohr-Coulomb
failure criterion

Linear-elastic-
perfectly-plastic

Difference between

A

Shear (deviator) stress

Linear behavior

\

Reference

/ FEM & soil behavior

‘Real’ soil behaviour

A"
|
/I
Iy
Iy
Iy
Iy
| / !/ 4
I P Unloading/reloading line il
 J I 7
Iy 17
I, 17
I7 14

Shear (deviator) strain

Fig, Schematic of soil behavior and FEM simulation

Determination of Model Parameters for the Hardening Soil Model

NMODAS
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2.2 Non-linear Parameters

Soil stiffness

GTSINX

Geo-Technical analysis System New eXper

Input
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Reference

Determination of Model Parameters for the Hardening Soil Model
MaDAS




2.2 Non-linear Parameters
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Different range of strains

Linear Elastic

Elastic-Perfectly
Plastic

Linear Hardening

CA
o=Ee
>
€
CA
/
-
€
CA

Secant shear
modulus

Hardening soil
with small strain

Small strains:
Hardin-Drnevich

)

Hardening Soil
SmallStrain

Hardening Soil
Standard

Shear mechanism:
Duncan-Chang

Ultimate state:
Mohr-Coulomb

107

Ys Shear strain

Very small
strains

Engineering strains

Fig, Schematic of shear strain in difference of ranges




. 2.4 Soil Test Wizard GTS INX
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Triaxial test Using Hardening Soil Model (HSS)!

- 700
% 3.1 Ba 54 £ 8 8 % $ & (HSsmall Model)

]E‘-E[i T3t Ysat ? ¢" fi-:f E;Ef E::f Gggf
wh | mx |20 ’ o |
) SPT-N (kPa) |(kPa)|(deg)| (kPa) (kPa) (kPa) (kPa)

Yo7 E KA SR

SE_|_35 [ 10 [199] 00| 29 | 57850 | 57850 | 173550 | 72720 | 1.206x10% |  drained |
CLL | 113 | 4 [179]00 | 29 | 10873 | 7611 | 32618 | 45060 | 1.838x10* | undrained | )
SMCL| 228 | 14 [189] 0.0 | 31 | 37690 [ 37690 | 113069 | 47200 | 1.981x10* [  drained
CLML | 27 7 177 0.0 | 30 | 15943 | 11160 | 47829 | 36083 | 1.568x10* | undrained
SMML| 307 | 17 |189] 0.0 | 32 | 36740 | 36740 | 110220 | 45940 | 2.547x10% |  drained
cr2 | 384 | 10 [17.4| 00| 31 | 11234 | 7863 | 33701 [ 33480 | 1.866x10* | undrained
CcLsM| 427 | 28 |19.1] 00 | 32 | 14713 | 10299 | 44138 | 33480 | 1.757x10* | undrained

GM 50 50 [21.6]10.0] 38 | 97283 | 97283 | 291848 | 121700 | 3.229x10* drained

Y-Axis Name

. *< CSys ¢\ Tunnel Modeling

. .
_ - P# Function © =N Anchor Modelin
Material Hroperty

i

/7 Hinge ~ lq Soil Test
Prop./CSys./Func. WZerd
I &
. . . ! 0 -0.01 -0.02 -0.03 -0.04 -0.05 -0.06 -0.07 -0.08 -0.09 -0.1 -0.11
Input in-situ soildata - ---------- ! Keis Name

Fig, Representation of triaxial test data by ‘Soil Test” in GTS NX




2.4 Soil Test Wizard

GTS INX

Oedometer test

Table, Stage of loading assignment

Stage Name  Inc. ‘Tlne(day)i (kNoIzrznZ) ‘

N =

»‘w

Loadingl 100 1.00 -500.000
- Unloadingl 100 1.00 300.000
Loading1 100 1.00 -800.000
Unloadingl 100 1.00 600.000

Fig, Oedometer test

2z

Geo-Technical analysis System New eXperience

€ 72ZVSO_172

T T T T
\ -100 -200 -300 -400
+0.002

-500 kPa

-0.008

r-0.01

\
0012 300 kPa

--0.014 ‘

T T T T T T 1
-500 -600 -700 -800 -900 -1000 -1100

l: Soll Test

v

-800 kPa

i \\\
600 kPa

o_zz(kN/m*)

Fig, Schematic of 2 times loading/ unloading
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Part3. GTS NX Verification

3.1 Unconfined Compressive Strength (UCS) Test
3.2 Oedometer Test
3.3 Direct Shear (DS) Test




3.1 UCS Test — Lab testing data GTSINX

| Geo-Technical analysis System New eXperience

Bulging
effects

‘U“\‘U‘JM
08
I 0c

' Specimen

RESULTS




. 3.1 UCS Test — GTS NX simulation GTSNX

UCS Test with specimen dimension: Prescribed displacement

5 cm diameter x 10 cm height (H/D=2) FTigi()j body
op

(Incremental: 0.001 mm)

Table, Mohr-coulomb soil parameter input

Soil Parameter

E8 Base Function one . F
Mohr-coulomb model Drain | 8: - 8:’; j
Young’s modulus (kPa) 18,000 @ o » Pr o
Poisson ratio 0.3

Unit weight (unsat) (kN/m3) 20

Unit weight (sat) (kN/m3) 20

Cohesion (kPa) 25 1 ‘ T

Friction angle (degree) 33 Q\ Rigid body v 3 BO
Reference GTS NX file name: UCS Test_final (Bottom) (Top and Bottom)

MODAS 21




3.1 UCS Test — Comparison GTS INX

Stress - Strain Curve Comparison

100.00 [ )
80.00 [
© 5
< 60.00 |
2 40.00 [ Similar stiffness
N [ e
20.00 [ -+ Laboratory'/ data.
- —O—GTS NX simulation
O.OO/Q;lll T NN T N T N TN NN TR AN T [N N N TN N TN SO B |
“0.00 020 040 060 080 1.00 120 140 160 N
TOTALT, m

Axial strain (%)

+1.00000e-03
0.0%
+9.16667e-04
0%
+8.33333e-04
0.0%
+7.50000e-04
0.0%

There are three key highlights:

e Similar peak of stress

* Similar stiffness evolution

* Reality soil & constitutive model is represented

. 4
+6.66667e-04
Dv Ojo
+5.83333e-04
0.0%
+5.00000e-04
0.0%
+4,16667e-04
0.0%
+3.33333e-04
0.0%
+2.50000e-04
0.0%
+1.66667e-04
0.0%

. b4
+8.33333e-05
100.0%
+0.00000e+00




3.2 Oedometer test — Lab testing data GTS |\)\

Geo-Technical analysis Syst

|  ; Procedure:
“I | i * Increased loading phase: 12 » 25 » 50 » 100
* Decreased loading phase: 100 » 50 » 25 » 12

Remain 24 hours for each phase

A R
" .. 2lo'3o’ 4o gl 6o 7lo 8jo. 9lo '

9
TH
110° 2|0 3|0 40%/6’0 7|0 810 1

.— ll!'li

et
[ 4

I TTT1HTTTI K

50,40"-": 2
110

'Final Settlement
-11.15 mm

N

3
o
<
o
{9}

>
(=
M~
&
’
(=]
-
o
—
o
[



3.2 Oedometer test — GTS NX simulation GTS NX

Oedometer Test with specimen dimension: Only settlement (BC)
6 cm diameter x 2 cm height (D/H=3) Water level

Table, Hardening Soil model parameter input

Soil Parameter

Construction Stage Set-1

Parameters Value 74 ;ﬂg Ut
Unit weight (dry/sat), g [kN/m3] 17/18 & 12kPa[ID:2]
Cohesion, ¢ [kN/m2] 25 Specimen i
Power of stress level dependency, m 0.3 N z f;’;’ ::: [[:32]]
E50 (ref), [kPal] 700 g [§ o
Eoed (ref), [kPal] 700 Final Settlement [

Eur (ref), [kPa] 2100 T Yo

Friction angle, f [°] 25 ‘31;;;:Z;Ef

Hydraulic conductivity, k (m/s) 1.167.10 o e

Poisson ratio, n [-] 0.3 o T

+3.18468e-04
10.6%
+1.59234e-04
L7

——+0.000008+00

Reference GTS NX file name: Oedometer Test_final
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3.2 Oedometer test — Comparison GTS NX

e-P Curve Comparison

0.60 Laboratory:
I -4k~ Laborator;l/ data. -11.15 mm
055 | —O—GTS NX simulation
o i
© [
S 0.50 —
S :
0.45
040— - L L1111l L L N T . 1 I PR R B B A I i i
1 10 100 1000 oispUiCEHEnT
Log Pressure (kPa) o0 cH0.00000+00
0'0%-2.24054&04

-4.48108e-04
0%
-6.72163e-04
0.0%
-8.96217e-04
0.0%

There are two key highlights:

* Similar e-log P curve is represented e SiMUlation:
. . . o o . "0.0%-1'56838&03 -11.04 mm
* Variation in loading/unloading phase is captured s

-2.0164%¢-03
0.0%
-2.24054e-03
0.0%
-2.46460e-03
0.0%
-2.68865e-03

by Hardening Soil Constitutive Model

NMOaDAS




. 3.3 Direct shear test — Lab testing data GTS NX

Geo-Technical analysis System New eXperience

Procedure:
* Normal force: 20 kPa
e Shear force and horizontal displacement are recorded




3.3 Direct shear test — GTS NX simulation

Geo-Technical analysis System New eXperience

Oedometer Test with specimen dimension:
6 cm diameter x 2 cm height (D/H=3)

Table, Mohr-coulomb soil parameter input

Soil Parameter

Mohr-coulomb model Drain
Young’s modulus (kPa) 5,000
Poisson ratio 0.35
Unit weight (dry) (kN/m3) 18
Unit weight (sat) (kN/m?3) 19
Cohesion (kPa) 5
Friction angle (degree) 10

Reference GTS NX file name: DS Test_final

NMODAS

Prescribed displacement
(Incremental: 0.001 mm)

Top block

DOF

Bottom block

DOF
Tx Ty Tz

B Oy Oz
Brx Bry @Rz

Brx Bry @Rz

Displacement observation ey

Top block Bottom block

Full block

27



3.3 Direct shear test — Comparison GTS NX

Shear Stress - Displacement Comparison Laboratory:

12.00 ¢ Disp.: 20 mm
= 1000 [ Shear stress: 6 kPa
o C
< 800 F
7)) C
2 C
$ 6.00 F A
® - Similar result
e 4.00 —&-Laboratory data
B 2.00 ——GTS NX simulation DISPLACEHENT

w+ 1.00223e-03
0.00 TN S S S S S N T S | 0'2:4-9.1370%-04

. -3
+8.35190e-04
%

0 10 20 30 40 50 60
Horizontal displacement (mm)

0%
+7.51671e-04
0%

(-
+6.68152e-04
%o
+5.84633e-04
Yo
+5.01114e-04
0%
+4,17595¢-04
0%
+3.34076e-04
0.0%
+2.50557e-04
0.0%

. °
+1.67038e-04
0.0%

The evolution of the shear stress is captured,
with the behavior is agree with the laboratory testing data.

. o
+8.35190e-05
100.0%
+0.00000e+00
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