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Abstract

The objectives of this study are to determine the fracture shear
strengths in Phra Wihan and Sao Krua sandstones and marl specimens under
constant normal load (CNL) and constant normal stiffness (CNS), and compare
the results by performing numerical simulations of roof and sidewall of
underground openings. The results indicate that the CNL tests provide lower
peak cohesion and higher peak friction angle than those of the CNS tests.
These hold true for all rock types. The Coulomb criterion fits well to the
results from both test schemes. The joint roughness coefficients (JRC) for the
three rock types are similar, ranging from 6 to 8. The fractures in Phra Wihan
sandstone show greatest shearing resistance compared to those in the other
two rock types. This is due to that the Phra Wihan sandstone is stronger than
the other two. The fractures in marl specimens show the lowest shear
strength. The discrepancies of the shearing resistances between the two test
schemes suggest that appropriate test scheme should be used to apply the
results to specific in-situ condition. Application of the strength results from
CNL test condition to determine stability of rock wedges around underground
opening may vyield overly conservative outcomes, as suggested by the
numerical simulation results. This is because the wedge sliding may be
confined by adjacent rock blocks. In summary the CNS test results are suitable
for the fractures under limited dilation, while the CNL results should be used

for the fracture sliding under free dilation.
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lunsdifanuauasainlunieauiiiinnisivigunlategnunnseninanssuiunisideu Loy
MInegeUMaIuLTudaURUY CNS aganunsanaaeulalngn1siulUsAuAURIRINAINNTS
YeeMITANTUINANUAURIRINTUYRET Normal stiffness Asil U7 2.2 wansn1syaagle
Aulneufeniiulviegluaniglifiadivsnm anunsafinnsvenediseninssesunnadesseaunnii
wuuiu nMsideulnavesudonfiudinanazdmaliaauAumINiNTY WeNIINTUUNIT

WiguwlasguiawennaiuagiinuedeiidydAyniiivessesunniininuausy (Indraratna

et al., 1998)

Non-reinforced rock slopes

Constant normal load
-

- Free normal disp.

Dt

ey~ — P

/

Underground opening at depth

Constant normal
stiffness

Discoptinuity

Pvi
Py

—[—

sUN 2.1 woAnssuvessesuantulsiazanmLIndes (Nakagawa et al., 2004)



(a) Underground excavation in jointed rock

= ¢(kn, 8)

(b) Equivalent 2-D model for joint at the top of roof

JUN 2.2 NAnTTUURITREUANUIIANTAE NAIA1Y839lueA (Indraratna et al., 1998)
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wuu CNS Tagannsalfusslunuadan usndeuluuaszuny salufsamsagiudins
wndeuiveanafiuldlnesnlusifsuanduguil 2.3 Uiang et al, 2004) JUT 2.4 uanafioens

LATINAFDUAISISULTIRDULUUSRLULRA (Servo-controlled direct shear apparatus)

% Hydraulic-servo Value

T o

P,
|—) P. + AP; p?:

Spring »__._-— — AS‘
34—

PE— |

e

. =
(a) (b)
P, (t+At)=
P, (1) Pa()+ k, Adv(t+At)
Sv(t+ At)
v
L CON |
—
P, (t+At
Py (t) kD
Time: t = Time: t+At

(©)]

5UN 2.3 dasamsmaaeufideiulsudeuluy CNS lagldia3as Servo-controlled direct

shear (Jiang et al., 2004)



gﬂﬁ 2.4 Lﬂ%‘laﬂ Servo-controlled direct shear (Indraratna et al., 1998)

2.3 WAaNISNAFBUNIAISULIILRIULUU CNL ez CNS
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\Beuvasseounniilaainnisvagou CNS 1§ 4 du fo 1) mmmﬁutﬁau%Lﬂw‘ﬁumﬂqué‘lm
Liifinsvenesiintu 2) nsvenesasnsaviats Cohesive bonding 3) YULDLIVDITOUUAN
Annnsideu uas 4) YULBEIUDITOELANAANITEOY
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U d' v 6 1 1 d' ¥ dl’ 1
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'
a

& a 1 d' A . a N o = = 1 v v
‘V]'TL!ULﬂE]‘U‘Ug‘lllllﬂ’]ﬂ,ﬂaﬂuuﬂaﬂLll@ Normal stiffness Nﬂ’]ﬂﬂmiﬂﬂlﬂﬂquf@\‘]ﬂqﬂquLV’WULﬁJmu
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uazdinstaiminifiedlusuamermvududuanduned 3.1 Swnsed 3.3
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fimnamaidou TsanunsnerudruvsusgldanBenta 0.01 fadwes ntudisudieuiiuin
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asstufiedunsyAnimanasesy Uoint roughness coefficient: JRC) Tnsiade dil

1) funeyansyims Sandulszavianungusy Wiy 6+0.85

2) Funsieyaiand danduszavismmguse Wiy 6.8+0.53

3) fuanda dandulssAvinnungusy Wity 8£1.02
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U7 3.1 M3dnnseusesuanlufinegaiiumslsinakuuLdy

Shear Load

N |
\ \ Normal Load

e () <

N

9in

5UM 3.2 JULUUNMINAdRUMATTULTIRoUARITHUNULAEATILUUTE LA tnedlvuindiage

Wiy 10x10x23 gAuUIANLEURALIAS
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M13197 3.1 YUIAFIBE AL ANUNUIRUUYDIRUNTIHYANTEINT

Specimen No. | Width (mm.) | Length (mm.) | Height (mm.) | Density (g/cc)
PWSS-01 10.10 12.30 21.60 2.25
PWSS-02 14.20 15.40 24.80 2.35
PWSS-03 11.90 10.70 25.40 2.37
PWSS-04 13.00 13.30 21.60 2.35
PWSS-05 12.00 13.10 24.20 2.30
PWSS-06 15.50 13.10 22.20 2.43
PWSS-07 11.30 12.50 23.00 2.30
PWSS-08 12.70 9.20 22.40 2.29
PWSS-09 14.00 12.90 23.70 2.39
PWSS-10 13.70 14.10 23.20 2.30
PWSS-11 13.00 12.50 23.00 2.36
PWSS-12 11.80 12.50 25.00 2.40
PWSS-13 12.40 11.50 24.00 2.41
PWSS-14 11.40 12.30 23.60 2.31
PWSS-15 9.50 13.00 22.00 2.33
PWSS-16 12.30 13.60 21.20 2.11
PWSS-17 12.10 12.30 20.60 2.30
PWSS-18 13.50 13.30 24.60 2.26
PWSS-19 13.40 12.40 23.80 2.21
PWSS-20 12.70 12.70 24.40 2.25

Average 2.31 £ 0.07
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M13197 3.2 VWIAFIDELAEANUNUIRILYBIIUNT I8 YLD

Specimen No. | Width (mm.) | Length (mm.) | Height (mm.) | Density (g/cc)
SKSS-01 9.60 10.80 20.60 2.27
SKSS-02 13.70 13.90 24.80 2.37
SKSS-03 11.40 9.20 21.40 2.39
SKSS-04 12.50 11.80 21.60 2.37
SKSS-05 11.50 11.60 22.20 2.32
SKSS-06 15.00 11.60 24.20 2.45
SKSS-07 10.80 11.00 23.00 2.32
SKSS-08 12.20 7.70 24.40 2.31
SKSS-09 13.50 11.40 21.70 241
SKSS-10 13.20 12.60 24.20 2.32
SKSS-11 12.50 11.00 21.00 2.38
SKSS-12 11.30 11.00 23.00 242
SKSS-13 11.90 10.00 23.00 2.43
SKSS-14 10.90 10.80 20.60 2.33
SKSS-15 9.00 11.50 21.00 2.35
SKSS-16 11.80 12.10 23.20 2.13
SKSS-17 11.60 10.80 20.60 2.32
SKSS-18 13.00 11.80 22.60 2.28
SKSS-19 12.90 10.90 20.80 2.23
SKSS-20 12.20 11.20 21.40 2.27

Average 2.33 1 0.08
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AN5199 3.3 VUIARDILATANUNUILUUYDIRULITA

Specimen No. | Width (mm.) | Length (mm.) | Height (mm.) | Density (g/cc)
MARL-01 10.40 10.30 23.55 2.62
MARL-02 14.50 13.40 19.75 2.72
MARL-03 12.20 8.70 20.35 2.74
MARL-04 13.30 11.30 24.55 2.72
MARL-05 12.30 11.10 21.15 2.67
MARL-06 15.80 11.10 21.15 2.80
MARL-07 11.60 10.50 23.95 2.67
MARL-08 13.00 10.20 17.35 2.66
MARL-09 14.30 10.90 24.65 2.76
MARL-10 14.00 12.10 17.15 2.67
MARL-11 13.30 10.50 23.95 2.73
MARL-12 12.10 10.50 23.95 2.77
MARL-13 12.70 9.50 21.95 2.78
MARL-14 11.70 10.30 23.55 2.68
MARL-15 9.80 11.00 19.95 2.70
MARL-16 12.60 11.60 16.15 2.48
MARL-17 12.40 10.30 23.55 2.67
MARL-18 13.80 11.30 25.55 2.63
MARL-19 13.70 10.40 23.75 2.58
MARL-20 13.00 10.70 24.35 2.62

Average 2.68 £ 0.08
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a) SKSS
rAsperity amplitude = 2.03 mm

Bl = —— % = - M ——"_

b) PWSS 30€1mm
10MMe.. - e i
5] ey nv_ﬁ’-‘——
0 H
- 10 cm >
C) MARL
2.82 mm
Won=s ¥ L , -
5
o}: ‘
- 10 ¢cm >

5UM 3.3 F19819AUUTUTEVRITOLUANUUATBETY a) AunTieyaieands (SKSS) b) iunsieyn
WILINT (PWSS) hag o) Aunnsa (MARL) Nasresduainnisidiaigasaunumniudiea

N9NISRU
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=~ v o ] P ] a3 = 2 .

valrsuladinnisneasulidiinansenuainai1uesu-kU9909LA589ennday (Machine

stiffness)

4.2 gunsalnsnagaeay
TumsAnwilaldiaieamaasuiigenaluanuunuass (True triaxial load frame)

\iednaein1InaaeuAdsuLTLRoulngnTILUY CNL Uay CNS duandlugun 4.1
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4.3 5NNV

manegeuritdudoulagnsudseanidu 2 sduuy fie Fnsnaaeumdndeulae

Ao vy o a o v A PRy ) o P

ATINTAULAUAIRINAIT WALAISNAFDUNIAWADULAYNTINTNITUINA I ULUIAIRINAIT 1ag
Anupusaanldlunisnegeuiukyseglugiesening 0.2 83 4 MPa freg1eiiulasuings
RoUlAEATUNLIATIABIFENITNAFDUNETAAIIUAUAIR1N AR NIan8lan1SUINA2TY
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aduseey 10 Hadluns
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(%
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MEFULUUNTNAZDUAN YL LATOINANAABUANNNTALANNALTIAMRIND Y IULILANVS ORY
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Shear stress

Normal stress |:(> 3 I

p---

UM 4.1 ipTeamadauiaanaluaawnuass (True triaxial load frame)

Shear stress

Shear of area Shear of area

=)

Normal stress
Is constant

JUN 4.2 ununmnisnageufiduleulagnsanianuAuamRINAi
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4.3.2 manegeutdadaulasnseiifimauandalunuadsainasd (CNS)
nsnageumaeuksadoulnensiwuy CNS aunsanaaeulalagaiuaun1side
wearassosunnliasiniomuaunsadeuslununiminiuiasesunniviesd neld Load
cell Tuminsaainszernisindewiiuazaanduioan duanduzu 4.3 dwaliinismaaey
FreFsitamuiusaannliingd nanfe desesuaniiansendiiulusswinnisideu Fesiinig
duamududsanidteifumsmuaunisiadousadnanlfinsiiae dealfmimdudandan
liasfiuazifinnsdeunnnninimamaseuiduusadoulaensauuy ONL TnaAaanduss

aNEUAUYNAMUAIRULUSIUYTENIN 0.2 B9 4 MPa

4.4 ATNITATUIUAINIAISULTIRDU
ANSNAABUNAWRAULALATINTAIULAUAIRINAIN khaZAISNAdBUNALRIULAE

ASINLNITUINAULLIARINAIN F1UTDAIUIUAINSNLRaULAR1N

T = F/2A (1)

[

2 ANNNAITULSIRDU

o))

Tnen T

A9 LIIPIRINTINSEYINUIDULANYDIRIDEIAU

F
A A9 NUNTOULANYDIAIDYIIAU

Shear stress

Shear of area Shear of area

Load cell

=N

Normal stress
Is varied

Constant distance

JUN 4.3 ununmnsageumaueulagnsaniinisuindiluiuifmInasi
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=] o v w A
A19199 5.1 WaNISVARBUNEISULSI2oULAUNTIABITZUIULUL CNL

FDY1NHAU G, (MPa) T (MPa)
1 2.17
R - 2 4.02
VUNTYYANTEINT (PWSS)
3 5.82
4 7.54
1 1.75
R . 2 3.35
RUNTIBYALADD (SKSS)
3 a.r3
a4 6.65
1 1.31
o, 2 2.48
nunsa (MARL)
3 3.20
4 4.25

=
o

CNL

O r—rrrrrTr T T T T T T T T T T T T T T T T T T

0 1 2 3 4 5 6
ds (mm)

JUN 5.1 ArideSunsaleu (1) luguuuuresiimsiadaumluiuinisi@eu (dy) vesiunsng

YANTEINTAWTUNINAd UGS ULTARULAEATIE@BITEUIULUY CNL
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CNL
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T (MPa)
I T i |

N

0 2 4 6 8 10 12
ds (mm)

5UM 5.2 Arimassuusadeu (1) Tuguuuuvesdinisiedeusdluluinmsideu (d,) vesdiunieys
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0lll|llll|llll|llll|llll|llll|

0 2 4 6 8 10 12
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ANMSUNSNAADUNNRIS UL IHROULAEATIADITEUIULUU CNL
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AN 5.2 WANISNAFBUNSISULSIADULAUATIADITEUIULUU CNS

FDY1NHAU G, (MPa) T (MPa)
0.5 7.70
R R 1 12.30
VUNTYYANTEINT (PWSS)
2 14.90
4 18.20
0.5 9.55
R . 1 11.71
RUNTIBYALADD (SKSS)
1.5 13.56
2 15.75
0.2 4.41
. 0.4 5.25
nunsa (MARL)
0.6 6.78
0.8 7.30

201
1 On =4 MPa
151
g
=101
e
| 0.5 MPa
57
O rrrrrrrrrrrrr ey r e rr e r e e T T
0 2 4 6 8 10 12
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UM 5.4 Ardesunsadeu (1) Tuguuuurasiinsindeuilukiinisi@eu (dy) vesiunseyn

PILIVNTANSUNSNAFDUNDIS U DULAEMNTIDITEUIUMUU CNS
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5.4  N15WSHULTEUAYULHIANIULAZAIAIULAUEARA TENTIIN1TNAFIUAET
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