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Validation of Soil Models by using
Numerical Element Test Programs

Ankana Punlor?

Y Lecturer, Department of Civil Engineering, College of Engineering, Rangsit University

Email: ank_pun@yahoo.com

ABSTRACT

This paper will show the validation of soil models by using the numerical element test
programs which can simulate and analyze the laboratory tests. An agreement between the calculated
results and the experimental results can evaluate the usefulness and the applicability of the soil
models. As example, a back analysis of the experiments by using the numerical element test programs
for hypoplastic and visco-hypoplastic soil models will be shown.
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1. UNWN

Constitutive Soil Models ¢4 qvlﬁgﬂﬂ'@um"fumLﬁa‘l:ﬁa%mquamimaoﬁuﬂszmwmo6]
wazi Il lunsfieneknumadudmnisndaf asnanumaniduaauiaiaasaanalw
myienzidymilutagueglugdaasnislilusunsy Finite Element lawands Constutive Soil
Models d1a 9@ lulysunsumsntin Tunsdiifinnswamwn Constutive Soil Model Juanlwsi aasazd
mwmﬁ]aaummgﬂﬁadLmzmmmmmlumiﬁwmmmaa Constutive Soil Model §9n&17 riaufiaz
il ulusunsa Finite Element 6149 Ssnitaluisamassusuisariildlasnisarolusunsa
Numerical Element Test Zuan tialddrasinmasauauluiasl fian1335e waziwamsdiuan
ssufisuiunannmmeseuaislukesd §iane namadisufieuldazeduiufisany
gﬂ@TawaamiﬁwmmImW Constitutive Soil Model @1na17 waztsiiuautTatiaved

Constutive Soil Model faufiazti lidszgndldlunmadiensilyniatslavandoldsunsy Finite
Element

= |
2. N
2.1 TayaiiasawinaIny Element Test

Aa

Element test ﬁamiﬂ@aau%a@?@aw@gmlﬁé’msinauﬁmwmflmf':mﬁmﬁ'uﬁv'mm
(Homogeneous) dsazvnlinslfsuudasvasdragduwiosunsidansundoriulasasoa lu
nsfifitesanszdudymamelng sswsnsfimsbhassuiisusndudunusasiuimauasn
nagay Element Test mmim‘hvl,@?ﬁv'aluﬁaqﬂﬁﬁ'ﬁmn‘%a windnassminaseulasendsldsunsu
aaufaasuazldnannisduamdineinantnasey $9130n47 Numerical Element Test 115
namay (Element Test) Afinurilukosfiian1sldun Odometer Test uaz Triaxial Test Daazdasdl
mim%wﬁmﬂ'waulﬁaQ”luamwﬁﬂmﬁmﬁmﬁ’u wasflagninisuduiindauiuaninasany
ﬁssummﬁmnﬁq@

n15%11 Numerical Element Test asnanidndduwmdunissiassnminasauduliinilanns
nasauluiesdjudins nanafe fvuasd Material Parameters LazENINIUABBITIaE9AY
imﬁt\aﬁauvlmﬂuaummaamsmaau‘lﬁmﬁaumsmaauﬁa’luﬁaaﬂﬁﬁamsmﬂﬁq@ NN
AMuwrmmNaNNIMagaulagaAuANUFUNUT AN e]“?iﬁlu Constitutive Soil Model Han 3wt
IdzgnihandToufisuiunsainninaseuats lasausanndednusaIHANIINARALIZT Y
Buduiisnnugndasuazanumunsnsirllfldves Constitutive Soil Model anuvauafifnuuely
TunsdifinansiSouiivuusasliifiuanuuandriainsiduta uaaidn Constitutive Soil Model 'laj
suyIninTefidefanana adslifianuaisfiasansdediavaimmaseusisluiosdjidns 9

&) d‘ ldl a Qd [ a v g; Y Aa ' ldl a J v 1
L‘]J%Liﬂx‘]iﬂﬂﬂﬁ]ﬁ@ﬁﬂ&l@l’)aH'N(ﬂ%lﬂ Homogeneous JIUNIVBHNANAINGTI G]ﬂaﬂﬁ]mﬂ"l]%vlﬂﬁzﬂ’ﬂdﬂ’ﬁ



102 IADIA WUTWAS

NAFOY AINNIIMIAITATI NN LIAMVLANE1IVBINAN LaN1AaFWI Constitutive Soil Model @9na1?
151i'l6 myamaseuluiniallasnsin Constitutive Soil Model lulFameidamamalrailas
I#1usunsa Finite Element azulun1iasiagay Constitutive Soil Model lésuysniuazinigatia

a &
ENNINES

2.2 Hayaiugiuaas Constitutive Soil models
unanuiazuaaITIatIMISaufisunanamasey Element Test anasufiiamsiu
namsswmaTasaulasldlysunsu Numerical Element Test a4 Constitutive Soil Models &84
wuufa Hypoplastic Soil Model waz Visco-hypoplastic Soil Model
- Hypoplastic Soil Model Qﬂﬁwm“fumﬂ%\‘mnhm Kolymbas (1977) Lﬁ‘aa‘ﬁmﬂwqaﬂsm
voadudl fussdaniien (Granular Soils) mnﬁ#ﬂﬁgnﬁwmﬂ%’uﬂgaLLazﬁ'@umaﬂN@iaLﬁm SRIC
gnihllslumsAenedilgmomnalnglasendalysunsu Finite Element Taglinafivnizedie
gunInaNTlFugasnnusuRu s anwmedu Non-linear rate type model @9suny

T, = f,(L : D + f,N||D||) (1.1)

Tooft T, @o Jaumann rate of T (T naunefle Effective Cauchy stress tensor) waz D fa Euler’s
streching tensor lag# [IDIl §a Euclidean norm of D @awinfiu VirD? gau Tensor L (fourth order)
waz N (second order) fnwnua Liaaaaunsh (1.2) uaz (1.3) fe

o 1 pery o2y

tr(T (1.2)
F - - *
N® _ & (T+T
tr(T - T) (1.3)
P - 1
4 T def 48 gl A AT oa
gle T=T/uT Aunfh trT=Ti=Ti+ T+ Tas) WaS 3" lawhn I @a Fourth order

unit tensor &%3UAY Density Factor, fs luaunns (1.1) AMuwirtwlaann

g (£=2)

€~ €d (1.4)

&ausn Barotropy Factor, f, ienasaunis (1.5) lasfidn o uaz [ fiasin Exponents

hs i ‘81 i s 1-n e L ay-1
$ € Q) o G e es (2]

n \e € h, €co — €do

(1.5)

{ 1 ¢§/ [ 1 -y - - { -
\lan Scalar Factor, a Fuagnuan Critical friction Angle (@) auiaulyues Matsuoka-Nakai @a

o % V3(3 - sin.)
24/2sin @, (1.6)
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@1 Scalar Factor, F luauns (1.2) uaz (1.3) wldann

1 2 — tan? 9 1
F¥ |- tan’y — 57 tan
\j 8 i 2 +/2tany cos 36 2\/§ w (1.7)
def t.r("."['* g T' } T.)
y AT cos 30 = — G—W 4, ada
ga tan E V3T || yae tr(T - T)] lagfidn F = 1 lunsdimdu

~ %
Cylindrical Symmetry uag I'T ||l=0
' L. . . ' £ e o &
a1 Limiting Void Ratio 3 a1 (€jp, 6o AT €¢) PUBYNVANNNULAT (Ps 738 p’) wazsduly
ANFNNNTVBY Bauer fia

€; €c

=ew[- ()]
3 =—=€eXp |—\| 7
€0 €0 Edo hs (1.8)

lapen e fafn Maximum void ratio from isotropic compression &N e, fiaen Critical void ratio

WAz g Aasin Minimum void ratio aun13f (1.8) saninaBuneldluzduas Phase Diagram dazuf 1

€io | €

€cof----- S

€do

e, In(phy)

gﬂﬁ 1 Phase Diagram 2av Granular Materials

@1 Parameters 7115l Hypoplastic soil model fingnun 8 ¢ da A1 Solid Hardness (hs), AN
Exponent (n), @1 Critical friction Angle (), A1 Limiting Void Ratio 3 1 (eio, €0 WRE €qo), N

Exponents & uaz [3

. . . o & o &
- Visco-hypoplastic Soil Model gnwwmmumim Gudehus I@ﬂmﬂﬂaumiwugmmaa
Hypoplastic Soil Model wazuwiAauI9aIRaIN Visco-hypoplastic Soil Model a3 Niemunis (2003)
WalfaSunewndnssuuasdnsaw (Soft Soils) lau@Ansan Viscous effects Uasdn 15w Creep uaz

R o o A I
Relaxation uazfianusunussILaadlaasaunis (1.9) fe
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T, = f3(L: D+ fuNf,D,) (1.9)

e D, Ao Reference stretching rate &% L, N, fy uaz f, Jwldanwsunish (1.2)-(1.4)

o o o o X P . . . a AL, @
PNUNIAL ®1WIVAN Factor f, YHBELNUAN Overconsolidation Ratio, OCR wa3@u luiiiinuals

OCR = Pe/Ps @1 f, snansam leannaumsse it

s -1
fv = exp (p/_"}e“—) for P.«/Pez Q,

=0 for ps/pe < ay (1.10)
fn Viscosity Index, 1, Aadflianalas Leinenkugel (1976) uazieagazning 0.02 fid 0.06

&/ 1 =Y a 1 1 - o U, 1 1 Q/ U
Juagnuriiauashn daud1 Relaxation Factor, ¢, AAUA MATAYINAY 0.50 WIDW FEANHANIT
nagay Relaxation vaIah

1 1 1 - { o ‘é g & L
&IUAN pe AN Equivalent pressure aufArvinalas Horslev (1937) Galuifiduasanns

. i/n
Pe = %h.sr [— In (ef; )}
€co (1.11)

¢ Reference solid hardness, hy §ANUFNAUTAUAT D adgunIsaa lui

- 1+1,,.1n(D2) for D > Do

= Q for D < Dy (1.12)

L)
hsr

& Do @adn Lower bound Tas Do = Dy exp [(ar - 1)/1] gquen f; @a

e (D)-(2-) ()

(1.13)

Lfié]
1+2K°3
< = 2K + (1 +2K)?
A=1—3=21+2K 3(1+2K*%) + (1+2K)
1, 3(1 + 2K?) — 3(1 + 2K)?

(1.14)

Amualsr K = 92/91 g5nsdidiiu Cylindrical Symmetry &6 k. w3af1 Bauer’s friction
factor v ldanaunns

_ 1= sin? .

" 9 —sin® g, (1.15)

@,

uazAn m luauns (1.13) fa
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fin Parameters awaiaas Visco-hypoplastic soil model & 10 #n s Viscosity Index (1),
¢i1 Reference Solid Hardness (hs), 1 Exponent (n), 1 Critical friction Angle (), a1 Limiting
Void Ratios 3 1 (eio, €co 482 €qo), A1 Exponents &, , & usz [

ez aaRNLGUIALITY Soil Models 119889 TI019n135A161 Parameters @199 R1W19D
811 lda7n (Niemunis, 2003), (Punlor, 2004), (Kolymbas, 2000) waz (Herle, 1997)

2.3 35n1583191usunsau Numerical Element Test

lusunsu Numerical Element Test mmmgﬂai”w‘fumiﬂs_lmﬁ'ﬂaumiﬁyugmmaa Soil
Model ffuq fr089LTH §1wSU Visco-hypoplastic Soil Model azshaunisfi (1.9)-(1.16) uazidowla
PauLtae (Boundary Conditions) ¢4 ﬂﬁaLLamiumiwﬁ 1 11dsznaunsdiuwioe lagiRanld
Numerical methods Mnanzaalumssuimmenay

lunsldauldsunsa Lﬁa;ﬂﬁﬁaﬂ%%mimaamm:ﬂau@h Parameters 1511 0usuan 10
i NS G (Initial state) VDIA LT AU BLIIS UL (Initial effective stresses) uaz

e, N A . & . o
Ao EIwtading (Void ratio) asdin 1UsunINAZINRIMINAFALIUIN UAZAUWIKAT IdaNnANT

nasaulaudalula
Type of test Stress rate Strain rate
Isotropic CRSN compression —€] = —€9 = —£3
Isotropic CRSN decompression 4] = +65 = +£5
Oedometric CRSN compression —€1, €9 = €3=0
Oedometric CRSN decompression +€1, 9= €3=0
Triaxial compression aé = a{; =0 —&1
Triaxial extension oh=0,=0 +€1
Creep o =0l = oy =0
Relaxation 1= €= €3=0

aN3191 1 au lvvauvadmsunmagayyszianed 9 (Punlor, 2004)

3. AAYWHANITATWID

3.1 Hypoplastic soil model
Herle la&319lUsunsn Numerical element test #1%3uas138ay Hypoplastic soil model

& o o = @ Y a ea o @ . )
VWA LLﬂz“ﬂ’]ﬂ’]‘Sﬂﬁu’JMLﬂiﬂULﬁH‘UNElﬂ‘]Jﬂ"li‘ﬂ@]ﬁﬂﬂlu‘ﬂadﬂgﬂ@lﬂ’]ﬁﬁ]’]%’luw’]ﬂ ADENLTU NIT

nagay Triaxial compression lagld Karlsruhe sand G93@1 Parameters @14 G]ﬁa hs= 5800 MPa,
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n=0.28, @ =30°, = 1.00, e = 0.84 Uaz €4 = 0.53, ¢i1 Exponents & = 0.13 uaz [=1.05 m3
Wisnifisukaf ldainmadwim (dudsnuazainmmeseu(duiiy) uaadlaaazua 2 uaz 3

T T L ' ' I
i I 1.00 ]
Ac 3t e ] AV |
[MPa] L e ~ 080 [%]
A e ] J
2 [/ =TT T - s
L ,’/ ST T T T T 0.50 ]
:,1,///_' o - 0.40 ]
g i e 0.30+ ]
[/ e 0.20
e T T T 040 ]
0 R - 0057 L . l
0 4 8 12 0 . 12
g1 [%] ' €1 [%]

31N 2 wan1snamey Triaxial compression ¥4 Karlsruhe-sand 91n#av1/j1iGin17

lopeausaiaunmniasi Confining pressure(MPa) (Herle, 1997)

Ac sl 7 T h AV gt ]
L S 4 0 LT
[MPa] i ; /,/ ~— . [%]
A ] 4r
2t Moy o —— T -
L iy e - __\\\~
g R e e b
ity e T
gfé_:ii._‘_::::::::::::: 0
O C 1 i 1 1
0 4 8 12 0
€1 [%]

31N 3 wan13F11I04 Triaxial compression

ya4 Karlsruhe-sand lag/l#]1/sunsu Numerical element test (Herle, 1997)

3.2 Visco-hypoplastic soil model
Tunfiaziauananissrwindsin lwSeufsununammaesavludasd juanisves

Henkel (1956) uaz Krieg (2000) la mlﬂﬂﬂmmﬁagnaﬁ”ﬁﬁﬂm Punlor (Punlor, 2004)
3.2.1 mInexay Isotropic compression Wae Drained triaxial compression 2a3 Henkel VL@TQﬂ

o o Qs - Qs ] a &
shanltlunsduiulasendaldsunsy Numerical Element Test lasanatnsduiiu Weald clay 498

71 Parameters @19 9fa I, = 0.03, hy= 679 kPa, n = 0.15, (0, = 24°, e;o= 1.69, €, = 1.50 W8T €qo=
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125, 1 Exponents &, = 0.50, ¢ = 0.15 uaz [ = 120 mafFeuifsunsfildanmsdwim

(F3UT) WazINNMINaFaY (WFINL) LLam"léTﬁogﬂﬁ 4 U825

28

26 |
24 b
W (%)
221

20t

18 |

16

10 100 1000
p’ (kPa)

gﬂﬁ 4 nan1Inaaay Isotropic Compression

2Inn713e%I04 (calculated) uaza1nn1IN@gay (Henkel) (Punlor, 2004)

o,-03(kPa)
300 S 0
Q\: 1 N
250 oE ) \\\
g 2f \0\
200 |- 3
o3 “< «—— Henkel
150 |- ‘= -4l Sl
100 g 5t )
50 S of
> 7
0 0 5 10 15 20 25 30
0 5 10 15 20 25 30
g, (%)
- 0 1
a) oy

gﬂﬁ 5 wan1Inagay Drained triaxial compression

971nn1361% 304 (calculated) uazann1snagay (Henkel) (Punlor, 2004)
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322 nmIneray Odometric compression ®a3uUuvdd Krieg Qnﬁwﬂ“ﬂumiﬁﬁmm

avrameu laadragsduiun Organic clayey silt S9lien Parameters sng9@ia I, = 0.03, hy = 317 kPa,
N =012, @, = 48° eo= 3.72, ey = 5.95 UAZ ey = 6.84, FN Exponents ¢, = 0.50, ¢ = 0.15 uaz

F=1.20 mudisuifisunafldannnsdmwinuszannimasenusad ldaizua 6 uaz 7

€
2.95
————— calculated
2.9 experiment | A

2.85 X
£,=1.67x10° 1/s

28 |

2751 £,=5.56x10"% 1/s —

2.65 \
100 200 300

. ‘ . o (kPa)

gﬂﬁ 6 wan1Inagay Odometric compression with a constant strain rate

990071761304 (calculated) uazaInnITNAFaLU (experiment) (Punlor, 2004)

3.0

a |___ calculated
281 -—-- experiment |

2.6

24

22

2.0

1.8

50 100 200 500

gﬂﬁ 7 aan1Inagay Odometric compression with creep and relaxation

21nn13A %I04 (calculated) uaza1AN1INAFAL (experiment) (Punlor, 2004)
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4.una§ﬂ

nma3puifisunaes Element Test luwasdfuanisnunanisdiuimlasldldsunsa
Numerical element test §1%3u Hypoplastic Soil Model uaz Visco-hypoplastic Soil Model wud1%
anulnalfssny sniugae Unloading ez Reloading 2a3n13na®ay Odometric compression lugﬂ
i 7 Safanuuandraiuatsduga luﬂs{ﬁ,f‘:mminLLﬁ”ﬂzyva@ﬂ@ﬂmﬂﬁ'umiﬁwmm
Intergranular strain fﬁagmauaim Niemunis uaz Herle (Niemunis, 2003) 1l Soil Model 1iia
°ﬁaULLrTﬂmvmmsﬁ']mmﬁ'ﬁaLﬁ@mﬂmnﬂﬁ'ﬂmmaaﬁﬂamaﬁuﬁ (Abrupt change) Va4ANNLAKAID
anuLa3ea (Punlor, 2004)

Uselamfvasnssiralusunsa Numerical Element Test Juan waniwiiaannmasialols
AMUITMNANINAFBLINHBIUSTANNTI Lﬁamwaaummgnﬁamazun%aﬁamad Soil Model 3
mmmﬁﬂﬂlﬂumsﬁﬂqu?mﬁmaaamﬁmﬁ@mnﬂﬁuuuﬂmﬁq Parameters 6149 FINTIENIN
L'%'uﬁu%:us] ARDAIWNAIINNTTILUTI NN B AT 9N Fagonsifiaztrowamuwidalunis
13u1/39 Soil Model Tatudely Maluwizasanuwsingrrasuanssmmuazaauiwanisi i1l
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