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DEVELOPMENT OF MATHEMATICAL MODELS OF CREEP BEHAVIOR’S MAE MOH CLAYSTONE
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Abstract

Mae Moh Coal Mine is the largest open-pit mine in Thailand. Nowadays, the mine is continuing mining operations with
higher depth of more than 300 meters in the future. Therefore, the long-term stability associated with the creep behavior of
the claystone which is the main component of Mae Moh mine slopes must be seriously considered. Creep is a time-dependent
behavior of a material under the condition of constant stress for a curtain time period. This paper aimed to develop a
mathematical model of creep behavior of Mae Moh claystone based on the specially customized multi-stage creep tests. The
creep mathematical models were used to simulate the creep behavior of Mae Moh claystone under a range of stress
conditions of the Mae Moh mine. Three models of Maxwell model, Kelvin model, and Bugers Creep model were proposed in
this study. The result showed that the Bugers Creep model had a good agreement between the test results and a model.
This could be used to describe the creep behavior of Mae Moh claystone.

Keywords: Claystone, Creep Behavior, Creep Model
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3.1. niInadaulsienaIuuny (TRIAXIAL TEST)
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ANNLdanssvesilegsiuAumilel mudnwurad Mohr-
Coulomb ngldiegranadauann 3 ArAudnde 50, 100
waz 150 wes wazldauseaugiudis (Confining pressure)
0.5, 1.0 uaz 1.5 MPa aud1du madudesiu (Deviator
stress) aLiAAUTIEELIMAY NEINFIegELIVAITY
dunauiuliianndudsiuuasiimanadluvuziinsiadon
Faveeireg1eiad i udu Araudud sy (Deviator
stress) mﬂﬁ’qmmﬁlmmﬂﬁuﬁmﬁw (Confining pressure) i
0.5, 1.0 wag 1.5 MPa fA1winAu 5.09, 5.99 way 7.20 MPa
UAZAIANLATER (Strain) o YeaNwadTiAWIIAY 2.84, 2.80
AT 3.48% 7 ALSIFUAIUTS (Confining pressure) i 0.5,

1.0 uag 1.5 MPa auanau
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—a— Confining Pressure 1.0 MPa
—x— Confining Pressure 1.5 MPa
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wileanudaulyves Mohr-Coulomb failure criteria wainaler
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wind Aenudeuuiu () fidwiiu 1.2 MPa uagAyu
@eaniu (@) Wi 30.96°
A15797 1 Amnsfiwesanuudaussvesiufumileiniy

{Joulvves Mohr-Coulomb failure criteria

Parameters Value
Unsaturated unit weight, Y/ (kN/m?) 20.4
Saturated unit weight, y__ (kN/m?) 25.3
Elastic modulus, £ (kN/m?) 309,572
Poisson’s ratio, V 0.15
Cohesion, ¢ (kN/m?) 1,200
Friction angle, @ (%) 30.96

3.2. miInadaunisAvvasiiudumiles  (TRIAXIAL
CREEP TEST)

mMsvpasuNsAvYesiiuAumien Tivinsuduusaaies
NAAOULIISAAIUNUNTE 158N “Triaxial Creep Test” &4
Selaifiinmsgrumsnaaey Tasnsvaaeudlds1edeainnis
nageuveIinITeasUssimanavinuusuusslidiuiua
wilgveuviiesutiung nsvagdeuliiiaiewmagouunsidn
A1UWAULUY Unconsolidated Undrain Triaxial Test 7141y
AINAARY Triaxial 17liALA LT BULKUY Multi-Stage
Load Tuusiazsedulinnudunfidsliidunan 24 dalus
wazliusafus Ut 19asiiv 0.5 MPa, 1.0 MPa waz1.5 MPa
Tnensnegeulasnadanain [6]

9NFUT 5-7 uamseuduiusseminenaeaseniuie
Faldlunsesunefangdnssunisiv azdangifiuinisefu
wsesudutrefiunnty Suwalfufiasvildanueiosluudas

o v = v
syaupMuAuiiasnTuaulueg

Strain — Time under confining pressure 0.5 MPa
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Strain — Time under confining pressure 1.0 MPa
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Strain — Time under confining pressure 0.5 MPa
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3.3.1. MAXWELL MODEL
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3.3.2. KELVIN MODEL
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3.3.3. BURGERS MODEL

wuusnaes Burgers Usznaulumisuuuinass Maxwell
wazwuudnaes Kelvin lagtdiundeduluueynsy 3511150
Feuldinnnueiensiuilifaduarinanassdiusiuiu fe
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Maxwell model parameters

Confining pressure Deviator stress )
Ey U R
(MPa) (MPa)
(MPa) (MPa-h)
3.25 8.10 1726.81
3.75 8.01 2974.60
0.5 0.974
4.25 7.93 7724.36
2.56 8.39 333.70
3.58 7.95 797.79
1 0.993
4.81 9.59 752.81
293 8.33 950.94
4.36 8.29 2461.95
1.5 0.995
577 9.32 1313.60
avg. R? 0.987

AN519% 3 WAWesNsAvvasuUTiand Kelvin nelansessumudnaianatu

Kelvin model parameters
Confining pressure Deviator stress

2
(MPa) (MPa) Eyx Nk R
(MPa) (MPa-h)

3.25 7.82 0.39

0.5 3.75 7.41 0.48 0.973
4.25 7.51 0.42
2.56 6.61 2.07

1 3.58 6.05 0.40 0.947
4.81 5.61 0.55
293 7.76 0.33

1.5 4.36 7.49 0.44 0.981
5.77 6.68 0.20

avg. R? 0.967
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Confining pressure Deviator stress

Burgers model parameters

RZ
(MPa) (MPa)
Ey Ex Ny Yi's
(MPa) (MPa) (MPa-h) (MPa-h)
3.25 11.46 24.53 4562.62 5.82
0.5 3.75 8.73 97.33 2975.53 3.77 0.998
4.25 9.57 46.29 7725.23 3.71
4.75 10.26 24.67 545.86 32.00
1 5.25 8.64 100.80 797.78 135.00 0.997
5.75 10.40 122.66 752.79 26.00
6.25 9.86 37.62 1791.53 25.47
1.5 6.75 9.26 79.21 2461.82 31.07 0.997
7.25 10.56 79.27 1313.57 28.73
avg. R? 0.997
Confining pressure 0.5 Mpa Confining pressure 1.5 Mpa
o7 12
11
06 1
0.9
s 0.8
L o &or
‘ T
E * measured = e Maxwell Model . Z: readopae
= — — - Kelvin Model —..—Burgers Model ZL measured e Maxwell Model
o 01 — — -Kelvin Model —-.—Burgers Model
[ o
’ ) 6 12 18 22 E-T—imesé(hrv)ﬂz ag 54 60 66 72 78 0 6 12 8 2 '|3'é|me ?;Er) 8 5 60 66 72 7%
U 11 mawFeuifsuiussniesanisvinuneves U113 msFeuisuiusevnanananisiuises
wuusiaesnsAuiunansnaaey  Aussiudiudng wuudrassmsAuiuantsvadey Ausiiududng
0.5 MPa 1.5 MPa
1 Confining pressure 1.0 Mpa duldsesmspuilduandiiiuiuuudasanisivi 3
09 wuudIaes annsaiuldlunisedunengAnssunduduian
o0e U
o7 Yosfufunioandiuny lurisn1sAudansiuag19n1sAu
S os v o - LA o e
= AsTile Jausazuuudiaedinuindeiio R? Auanaeiu lny
S . L
B i WUUD1a89 Burgers fimnuidetouniigni R?=0.997
o measured ol Maxwell Model ‘
02 .
N — — -Kelvin Model — .. —Burgers Model a. ‘U‘VIﬁE‘lJ
0
0 6 12 pt-3 24 30 36 4z a2 54 60 66 72 k-3 = 1 a ] & = a, T
Time (hr) willpssuiuulsnzilumentavunlvgfaniulseme

JUN 12 maTeuiisuiiussnitmanisyingvesiuuinges

ASAUAUNANISNAABY TI59RUAIUT1 1.0 MPa

Ine Addudsynounamduiufumdes Jagdudins
o & ' s = = = A= '
sflunuegdalieuaziiunuiazyalamdesdinatlund
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