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Abstract

A series of direct shear tests have been performed in an attempt at assessing the
predictive capability of the Barton’s joint shear strength criterion developed only from the field-
determined parameters. Rocks from ten different source locations representing the most commonly
encountered rocks in Thailand construction and mining industries are prepared and tested in the
laboratory. These include basalt, two marbles, three granites and four sandstones. The
investigation also concentrates on the reliability of the field methods and results for determining the
basic friction angle (¢,), the uniaxial compressive strength (UCS or joint wall strength), and the
joint roughness coefficient (JRC). The saw-cut surface specimens are prepared to determine the
relationship between ¢, and the mechanical and mineralogical properties of the rocks. The
specimens with tension-induced fractures are tested to obtain the joint shear strength under
different JRC’s, for use in verification of the criterion developed from the field determined
parameters. The JRC’s for the rough-joint specimens are evaluated by two independent engineers.
The UCS’s evaluated from the ISRM-suggested field methods (i.e. using geologic hammer and
pocket knife) are used in the Barton’s criterion, and are compared with those tested under the
relevant ASTM standard method. Reliability and sensitivity of the three parameters are examined
by comparing the predicted shear strength with those actually obtained from the direct shear testing
on the rough joint surfaces.

The results indicate that the criterion with the field-determined parameters can
well predict the shear strength of the rough joints in marbles and sandstones from zll source
locations, and slightly over-predicts the shear strength in the basalt specimens. The criterion
however can not describe the joint shear strengths for the granite specimens. This discrepancy is
due to the fact that the saw-cut surfaces for the coarse-grained and very strong crystalline rocks
(such as granites) are very smooth, even without polishing, and hence results in an unrealistically
tow ¢, from the direct shear testing. The sensitivity evaluation also suggests that the Barton’s shear
strength is more sensitive to ¢, than to UCS and JRC. The range of UCS from ISRM field-
determined method agrees well with the corresponding value determined by ASTM laboratory
testing. Variations of the UCS by 25 MPa for weak and medium rocks (R2 and R3) and by 50 MPa

for strong and very strong rocks (R4 and R5) do not significantly affect the predicted shear



strengths. For all sandstones the ¢, values are in the range of 25-35 degrees, and are independent
of their UCS and cementing materials. The ¢, values for the tested marbles and for the limestone
recorded elsewhere are averaged as 355 degrees. They are also independent of UCS and
mineralogical variation. For other rock types, ¢, tends to increase with UCS particularly for very
strong rocks (R5 and R6). No relationship between ¢, and elastic modulus or tensile strength has
been found for any rock types. The number and diversity of the tested granites are inadequate to

determine the relationship between ¢, and their mineralogical variations, if there is any.
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FHAVDIH K ¢ (kPa)
Granite (.64 310
Gabbro 0.66 380
Trachyte (.68 410
Sandstone 0.51 275
Marble 0.75 1,100
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FHAVBIAY b, (24971 YUAUDIHY o, (84717)
Amphibolite 32 Granite {coarse grain) 31-35
Basalt 31-38 Limestone 3340
Conglomerate 35 Porphyry 31
Chalk 30 Sandstone 25-35
Dolomite 27-31 Shale 27
Gneiss (schistose) 2329 Siltstone 27-31
Granite (fine grain) 29 - 35 Slate 25-30
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Rope load equaliser

Normal lead jack

Concrete or plaster
cast specimen mount

Gauge for measurement of
shear displacement

Shear surface

Shear lead jack

Lower shear box
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Rock Types G, E
(MPa) {(GPa)

Crystalline Rocks

1. Burirum Basalt 188.1 +26.3 332134
2. Vietnamese Granite 138.1+ 189 345143
3. Tak Granite 119.4£ 8.8 324446
4. Chinese Granite 119.3+ 183 340+ 8.0
5. Saraburi Marble 7871 14.6 213444
6. Lopburi Marble 744 £12.6 287%24
Clastic Rocks

7. Phu Kradung Sandstone 728457 122407
8. Phu Phan Sandstone 724%85 1844+ 1.1
9. Phra Wihan Sandstone 713190 139420
10, Sao Khua Sandstone 67.5L£ 4.6 11.5%£035
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M5N 3.2 agdwanisnageuhidsunsuiowismanudeanuiugudimiy

ar [ = =Y T = 9f o 1 =) 9o
f73087191 U 10 YA Lmawumﬂ%mamwu 3nouy

9, 9, o, 9,
Rock Types No.1 No.2 No.3 Average
(degrees) {degrees) | (degrees) (degrees)

Crystalline Rocks
1. Burirum Basalt 36 37 33 3534208
2. Vietnamese Granite 17 20 18 1834+ 1.53
3. Tak Granite 24 25 25 24.7% (.58
4. Chinese Granite 26 26 25 25.7%0.58
5. Saraburi Marble 34 34 35 34.3+0.58
6. Lopburi Marble 34 37 36 357+1.53
Clastic Rocks
7. Phu Kradung Sandstone 32 35 34 33.71+1.53
8. Phu Phan Sandstone 29 33 33 31.7+2.31
9. Phra Wihan Sandstone 29 34 32 31.74+2.52
10. Sac Khua Sandstone 27 32 33 30.7+3.21
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A13181 3.3 @5UHaMSANE A NEUEN AU INGIBIRIDINAY

Rock Types [ Mineral composition Description Rock Name
Burirum 50/50% of pyroxene Aphanitic basalt, very dark grey to Aphanitic basalt
Basalkt and plagioclase black in colour, densed with a few

vesicles (less than 1%), no olivine

crystal observed
Vietnamese | Orthoclase 75%, Felsic phaneritic granite, appearing Composition of high
Granite Quartz 10%, pink, crystals of minerals can be seen | percentage

Plagioclase 10% and

by naked eyes, fine grained with

orthoclase and less

Amphibole 7% average size of 2-5 mm in length, than 20% quartz
guartz is generally smaller than refers to
feldspar, orthoclase phynocryst “quartz syenite”
(> 1cm) also present

Tak Garnite | plagioclase 40%, Felsic phaneritic granite, appearing Composition of
quartz 30%, grey with black and white spotted, plagiociase and

orthoclase 5%,
amphibole 3% and

biotite 2%

crystals of minerals can be seen by
eyes, fine grained with average size of
4-5 mm., quariz and feldspar are

equally of the same size

quartz rich (70%]),
less than 10% mafic
minerals refers o

“plagiogranite”
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M51N 3.3 A7UNanISANEIENEUSMIWIINEVEIRIBE WY (AB)

Rock Types | Mineral composition Description Rock Name
Chinese plagioclase 70%, Intermediate phaneritic granite, Composition of
Granite quartz 15%, appearing white with scattered black, plagtoclase rich

orthoclase 7%, crystals of minerals can be seen by (70%), less than
amphibole 5% and eyes, coarse grained, quartz and 20% quartz, and less
biotite 3% feldspar generally of equal size, than 10% mafic
average size of more than 5 min, minerals refers to
plagioclase crystals reach 1 cm, “quartz
showing striations monzonite”

Saraburi 100% calcite Meta-sedimentary rock, appearing fimestone marble

Marble yellowish brown, non granular, non

foliated, showing original texture of
limestone with metamorphosed fossils
and rock fragments, strongly reacts
with HCL without powdering
Discusssion: The rock should have
been overcome the low grade
metamorphism according to
undestroyed original texture. Calcite is
still retained. Original rock was
moderately abundant fossiliferous
limestone, containing 40% fossils,
10% intraclasts with micrite matrix,

also called “sparce biomicrite™
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a13197 3.3 asUNamsAnEIdnBus WIS eI 19U (AB)

Rock Types | Mineral composition Description Rock Name
Lopburi 100% calcite Granular marble, appearing white, According to the
Marble calcite grains can be seen by eye, reaction with HCL

average size of 2 mm, without powdering,

equidimensional, mineral grains this rock is

crumbled by hand, strongly reacts with | designated as

HCL without powdering “limestone marble”

Discussion: The original rock can be

any limestone but it was overcome

low-high temperature-intermediate

pressure metamaorphism. Calcite is still

retained in the rock which reacts

strongly with HCL. Though shape of

calcite crystals are interlocking and

changed to be more rounded. It is easy

to be crumbled by hand
Phu lithic fragment 70%, | Fine grained sandstone, grayish green, | The rich of lithic
Kradung quartz 18%, mica 7%, | lithic fragment and quartz dominated fragment and
Sandstone feldspar 3%, and with less mica, well sorted, angular, reaction with HCL

other 2%

slightly reacts with HCL

suggest “calcareous

lithic sandstone®
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Maed 3.3 dyduansinyidnyazniws Inevediedieiu (Ae)

Reck Types | Mineral composition Description Rock Name
Phu Phan quartz 72%, feldspar | Fine grained sandstone, brownish The rock is
Sandstone 20%, rock fragment yellow, quartz and feldspar dominated | composed mainly of

3%, mica 3%, and with a few mica, well sorted, angular, | quartz that suggests
other 2% not react with HCL “quartz sandstone”
Discussion: Brownish yellow colour
may originate from limonite, Fe-oxide
mineral
Phra Wihan | quartz 75%, feldspar | Fine grained sandstone, brownish The rich of quartz
Sandstone 15%, mica 7%, and white with scattered black, quartz and | and feldspar
lithic fragment 3% feldspar dominated with less mica, suggests “white
well sorted, angular, not react with quartz sandstone”
HCL

Sao Khua feldspar 70%, quartz | Fine grained sandstone, appearing red, | The composition of

Sandstone 18%, mica 7%, rock feldspar and quartz dominated with feldspar rich without

fragment 3%, and
other 2%

less mica, well sorted, angular, not
react with HCL.
Discussion: Red colour may point to

occurrence of oxidization by Fe-oxide

gravel suggests to
“arkesic
feldspathic

sandstone”
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X e =
M3191 3.4 agduaniidsadundnlssinianuvivszesaiaseouan JRC)

Rock Types Specimen No. JRC
Crystalline Rocks

1. Burirum Basalt BA-01 8-11
BA-02 8-11

BA-03 8-11

2. Vietnamese Granite RGR-01 16-12
RGR-02 10-12

RGR-03 8-10
3. Tak Granite GGR-01 12-14
GGR-02 8-10
GGR-03 10-12
4, Chinese Granite WGR-01 ' 12-14
WGR-02 14-16

WGR-03 14-16

5. Saraburi Marble YMB-01 3-10
YMB-02 12-14

YMB-03 8-10

6. Lopburi Marble WMB-01 8-10
WMB-02 10-12
WMB-03 10-12
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MINN 3.4 ayduanmsdssiuaidulssanianurivizvednsesusn (JRC) (#8)

Rock Types Specimen No. JRC
Clastic Rocks
7. Phu Kradung Sandstone GST-01 6-8
GST-02 6-8
GST-03 6-8
8. Phu Phan Sandstone YST-01 6-8
YST-02 8-10
YST-03 6-8
9. Phra Wihan Sandstone WST-01 5-8
WST-02 8-10
WST-03 6-8
10. Sao Khua Sandstone RST-01 4-6
RST-02 6-8
RST-03 6-8
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M991 3.5 agdranInameumdsussudouvewssuanierunldlumsaeuiioy

Rock Types

Specimen | JRC | Normal | Normal Peak Residual
No. Load Stress Shear Shear
Strength | Strength
(Ibs) (kP=a) {kPa) (kPa)
Crystalline Rocks
1. Burirum Basalt BA-01 8-10 2500 1655 1986 1589
BA-02 8-10 4500 2986 3185 2256
BA-03 8-10 5500 3636 3305 2974
2. Vietnamese Granite RGR-01 10-12 2500 1068 3204 1197
RGR-02 10-12 4500 1922 3588 1643
RGR-03 8-10 5500 2378 4150 1837
3. Tak Granite GGR-01 12-14 2500 1051 1555 1177
GGR-02 8-10 4500 1932 2833 1631
GGR-03 10-i2 5500 2291 4581 2156
4. Chinese Granite WGR-01 12-14 2500 1080 2938 1123
WGR-02 | 14-16 4500 1950 3293 1647
WGR-03 14-16 5500 2386 3557 1822
6. Saraburi Marble YMB-01 8-10 2500 1078 1250 1034
YMB-G3 8-10 3000 1588 2146 1588
YMB-02 | 12-14 4500 1934 2450 1891
5. Lopburi Marble WMB-01 8-10 2500 1060 1230 763
WMB-03 | 10-12 3000 1255 1589 1255
WMB-02 | 10-12 4500 1893 2861 2020
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M0 3.5 ﬁgﬂwamsmﬁauﬁﬁﬁvmdLﬁauﬁuaaiammmﬁaﬁmﬂ%ﬂumsﬂamﬁau (91®)

Rock Types

Specimen | JRC { Normal { Normal Peak Residual
No. Load Stress Shear Shear
Strength | Strength
(Ibs) {kPa) (kP'a) (kPa)
Clastic Rocks
7. Phu Kradung GST-01 6-8 2500 1076 1076 904
Sandstone o GST-03 6-8 3000 1282 1367 1111
GST-02 6-8 4500 1939 1852 1465
8. Phu Phan Sandstone YST-01 6-8 2500 1075 1333 1161
YST-03 6-8 3000 1288 1545 1116
YST-02 8-10 4500 1932 2704 1889
9. Phra Wihan Sandstone WST-01 6-8 2500 1078 1380 1078
WST-03 6-8 3000 1292 1464 1205
WET-02 8-10 4500 1945 2075 1599
10. Sao Khua Sandstone RST-01 4-6 2500 1069 1197 727
RST-03 6-8 3000 1271 1356 932
RST-02 6-8 4500 1943 1900 1598
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1 3 @ o a A 1 o
M99 3.6 aglnamsswunszdunnuuisvesiun lFlumsnageunnngudssdiv

Student No.1 Student No.2
Strength o, Strength G,
Rock Types
Rating (MPa) Rating {MPa)

lry ISRM by ISRM
Crystalline Rocks
1. Burirum Basalt R4 50-100 R5 10G-250
2. Vigtnamese Granite R6 >250 R5 100-250
3. Tak Granite RS 100-250 RS 100-250
4. Chinese Granite RS 106-250 R5 100-250
5. Saraburi Marble R2 5-25 R4 50-100
6. Lopburi Marble R3 25-50 R4 50-100
Clastic Rocks
7. Phu Kradung Sandstone R6 >250 R4 50-100
8. Phu Phan Sandstone R4 50-100 R4 50-100
9. Phra Wihan Sandstone R4 50-100 R4 50-100
10. Sao Khua Sandstone RS 10G-250 RS 100-250
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Rock types ¢b
{degrees)

1. Burirum Basalt 26
2. Vietnamese Granite 34
3. Tak Granite 30
4. Chinese Granite 25
5. Saraburi Marble 25
6. Lopburi Marble 23
7. Phu Kradung Sandstone 33
8. Phu Phan Sandstone 31
9. Phra Wihan Sandstone 34
10. Sao Khua Sandstone 34
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Rock type Location / C, E o, ¢, Sources
Name MPa GPa | MPa Degrees
Amphibolite N/A N/A N/A N/A 32 Hoek and Bray (1981)
Aplite N/A N/A N/A N/A 31-35 Duzgun et al. (2002)
N/A N/A N/A N/A 31-38 Hoek and Bray (1981)
N/A 250 90 15 50 Waltham (1994)
Basalt
Nevada 148 N/A N/A 31 Goodman (1989)
Burirum 188 33.2 N/A 33-37 * SUT
N/A N/A N/A N/A 30 Hoek and Bray (1981}
Chalk
N/A 15 6 0.3 25 Waltham (1994)
Clay N/A 2 0.2 2 20 Waltham (1994)
Conglomerate N/A N/A N/A N/A 35 Hoek and Bray (1981)
N/A N/A N/A N/A 27-31 Hoek and Bray (1981)
Dolomite
Hasmark N/A N/A N/A a5 Goodman (1989)
N/A 160 45.9 3.5 36
Grasselli and Egger (2003)
N/A 60 21.1 N/A 36
Gneiss N/A N/A N/A N/A 23-29 Hoek and Bray (1981)
N/A. N/A N/A N/A 26-30 Duzgun et al. (2002)
N/A 150 45 10 30 Waltham (1994)
Tam 173 48.4 8.8 34 Grasselli and Egger (2003)
N/A N/A N/A N/A 29-35
Hoek and Bray (1981)
Granite N/A N/A N/A N/A 31-35
N/A 200 75 15 55 Waltham (1994)
Stone mountain N/A N/A NIA 31 Goodman (1989)
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Rock type Location / o, E o, b, Sources
Name MPa GPa | MPa Degrees
N/A N/A N/A NIA 31-35 Duzgun et al. (2002)
Inada N/A N/A N/A 47 Goodman (1989)
Granite Vietnamese 138 34.5 N/A 17-20
Tak 119 324 N/A 24-25 *SUT
Chinese 119 34 N/A 25-26
Greywacke N/A 180 60 15 45 Waltham (1994)
Gypsum N/A 25 20 1 30 Walthamn (1994)
N/A 250 80 N/A 49 Waltham (1994)
Hormnfels
N/A N/A N/A N/A 31-35 Duzgun et al. (2002)
Wolf camp N/A N/A N/A 34 Goodman (1989)
Magny 25 14.9 2.4 36
Grasselli and Egger (2003)
Port du gard 5 3.6 1 37
Limestone N/A 100 60 10 35
Waltham (1994)
N/A. 25 15 2 35
Indiana N/A N/A N/A 42 Goodman (1989)
N/A N/A N/A N/A 31-37 Duzgun et al. (2002)
Carrara 37 29.6 92 37 Grasselli and Egger (2003)
N/A 100 60 10 35 Waltham {1994)
Marble Georgia N/A N/A N/A 25 Goodman (1989)
Saraburi 79 21 N/A 34-35
* SUT
Lopburi 74 29 N/A 34-37
Micaschist N/A N/A N/A N/A 26 Duzgun et al. (2002)
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Rock type Location / o, E o, o, Sources
Name MPa GPa | MPa Degrees
N/A 40 10 1 30 Waltham (1994)
Mudstone
N/A N/A N/A N/A 20-25 Duzgun et al. (2002)
Sioux N/A N/A N/A 48 Goodman {1989)
Quartzite
N/A N/A. N/A N/A 30 Duzgun et al. (2002)
N/A 10 254 0.7 37 Grasselli and Egger (2003)
N/A N/A N/A N/A 25-35 Hoek and Bray (1981)
N/A 70 30 5 45
Waltham (1994)
N/A 20 4 1 40
Berea N/A N/A N/A 27
Bartlesville N/A N/A N/A 37 Goodman (1989)
Pottsville N/A N/A N/A 45
Sandstone
N/A N/A N/A N/A 31-33
N/A N/A N/A N/A 31-33 Duzgun et al. (2002}
N/A N/A N/A N/A 26-32
Phu Kradung 73 12 N/A 32-35
Phu Phan 72 18 N/A 2933
* SUT
Phra Wihan 71 14 N/A 29-34
Sao Khua 67 11 N/A 37-33
Schist N/A 60 20 2 25 Waltham (1994)
N/A 166 76.8 6 39
Serpentinite Grasselli and Egger (2003)
N/A 74 394 16.3 39
Shale N/A N/A N/A N/A 27 Hoek and Bray (1981)
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Rock type Location / c, E o, 0, Sources
Name MPa GPa | MPa Degrees
N/A 20 2 0.5 25 Waltham (1994)
N/A N/A N/A N/A 14
Shale
Stockton N/A N/A N/A 22 Goodman (1989)
Edmonton N/A N/A N/A 7
N/A N/A N/A N/A 27-31 Hoek and Bray (1981)
Siltstone Repetto N/A. N/A N/A 32 Goodman {1989)
N/A N/A N/A N/A 25-33 Duzgun et al. (2002)
N/A N/A N/A N/A 25-30 Hock and Bray (1981)
Slate N/A 90 30 10 25 Waltham (1994)
N/A N/A N/A N/A 25-30 Duzgun et al. (2002)
Soapstone N/A N/A N/A N/A 20 Duzgun et al. (2002)
Tuff N/A N/A N/A. N/A 21 Duzgun et al. (2002)
weng  * SUT fe samsnareuhuaniol
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Shear strength (kP'a)
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Burirum Basalt

N = 3500 1bs
S500
JRC = 8-10¢
5000 - 4
N = 4300 Ibs
A
4500 - JRC = 3-10
+ &
4000 - A
X
i
3500 g
-4
N = 2500 Ibs
3000 -
JRC = 8-10
+
2500 Iy
2000 - g
€ Actual shear strength
1500 - O UCS = 188 MPa, JRC min
A UCS = 188 MPa, JRC max
1600 - X Est. UCS = 109 MPz, JRC min
X Est.UCS = 100 MPa, JRC max
00 O Est.UCS = 250 MPa, JRC min
+ Est.UCS = 250 MPa, JRC max
0 T
BA-01 BA-02 BA-G3
Rock Specimen Number
ci 1 5w e =} @ [ =3 S o = =5 ]
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Shear strength (kPa)
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Vietnamese Granite

N = 5500 Ibs
4500 JRC = 8-10
N = 4500 lbs &
4000 -
 N=2s001ps  JRCE10-12
3500 R JRC = 16-12 ¢
&
3000 -
2500 ~
2000 -
+ +
A
Q B
1306 | Q Q
+
1000 - &
H
500
0 T T ]
RGR-01 RGR-02 RGR-03

Rock Specimen Nuntber

o o &

¢ Actual shear strength

O UCS = 138 MPa, JRC min
A0S = 138 MPa, JRC max

X Est. UCS =100 MPa, JRC min
X Est.UCS = 100 MPa, JRC max
© Est.UCS =250 MPa, JRC min
“+ Est.UCS = 250 MPa, IRC max
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Tak Granite
N = 5500 lIbs
5000 - IRC = 10-12
&
4500 -
4000 -
3300 - N = 4500 lbs
. JRC =8§-10
£ 3600 -
= &
£ "
o8 .
5 2500 -
Rt
= N = 2500 lbs @
T
(%3 2000 4 JRC =12-14 + Q
+ &
& v, € Actual shear strength
1500 -
£ O (CS = t19 MPa, JRC min
%
& UCS = (19 MPa, JRC max
1600 -
X Est. UCS = 100 MPa, JRC min
X Est.UCS = 100 MPa, JRC max
500 -
© Est.UCS =250 MPa, JRC min
t Est.UCS = 250 MPa, JRC max
0 H | 1
GGR-01 GGR-02 GGR-03
Rock Specimen Number
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Chinese Granite

4504

Shear strength (kPa)

N = 5500 lbs
JRC = 14-16
4000 -
N = 4500 lbs "
5 JRC = 14-16
3590 ] N= 2500 le ¢
JRC = 12-14 € 0
A
X
3000 °
O I
4 %
X
2500 -
[m|
x
2000 -
| +
1500 - R € Actual shear strengih
% O UCs =119 MPa, IRC min
1000 - A UCS = 119 MPa, JRC max
X Est. UCS = 100 MPa, JRC min
500 - X Est.UCS = 100 MPa, JRC max
O Est.UCS = 250 MPa, JRC min
+ Est.UCS =230 MPa, JRC max
0 —
WGR-01 WGR-02 WGR-03

Rock Specimen Number

o &
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Saraburi Marble

Shear strength {kPa)

3500 N= 4500 lbs
JRC = 12-14
; +
3000 -
i Fa
: C
N = 3000 Ibs &
2500 - &
JRC =8-10 X
| &
2000 - A
; N= 2500 lbs
JRC = 8-10 %
1500 i
x ¢ Actual shear strength
1006 - O UCS = 79 MPa, JRC min
A UCS = 79 MPa, JRC max
X Est. UCS = 50 MPa, JRC min
506 - X Est.UCS = 50 MPa, JRC max
© Est.UCS = 100 MPa, IRC min
+ EstUCS = 100 MPa, JRC max
¢
YMB-(1 YMB-03 YMB-02
Rock Specimen Number
s 5.5 midiafunsuReuvssiIsiussuIndInianszysalSsuiieuszning

o uroa -~
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ELopburi Marble

Shear strength (kPa)

3500
N = 4500 lbs
j IRC = 10-12
3000 -
L
A
2500 - N = 3000 lbs R
{ O
JRC=10-12 w®
: -+
2000 - N = 2500 ibs A
. JRC =810 %
i o
%
1560 - 1_
3
¢
1000 - Actial shear strength
& UCS =74 MPa, JRC min
A UCS = 74 MPa, JRC max
X Est. UCS = 50 MPa, JRC min
500 -
X Est.UCS = 50 MPa, JRC max
O Est.UCS = 100 MPa, JRC min
+ Est.UCS = 100 MPa, JRC max
0 ﬁt 7 T 3
WMB-01 WMB-03 WMB-02

Rock Specimen Number
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Phu Kradung Sandstone

2500
N= 4500 Ibs
JRC = 6-8
. N = 3000 lbs +
A
2000 - JRC = 6-8 ¥
: o]
m|
[ e
A
X
_ N = 23500 Ibs o
S 1500 - =
= JRC = 6-8
E + &
o Fay
= X
: S
2 1000 -
@ Actual shear strength
O yJCS =73 MPa, IRC min
A UCS = 73 MPa, JRC max
500 -
X Est. UCS = 50 MPa, JRC min
X EstUCS = 50 MPa, JRC max
C Est.UCS = 100 MPa, JRC min
+ Est UCS = 100 MPa, JRC max
0 ] |
GST-01 GST-03 GST-02
Rock Specimen number
.:'s 1 e o ol P at 1 =Y = =2 =t =t ]
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Phu Phan Sandstone

2500 N = 4500 lbs
JRC =8-10
+
| A
2000 - %
&
X
N = 3000 lbs
= JRC = 6-8
]_.; 1509 N = 2500 tbs
ot | +
= IRC = 6-8 A
= b
i
2 % i
5 2
= 1000 - 8
€ Actual shear strength
B UCS = 72 MPa, JRC min
A UCS = : @
509 UCS =72 MPa, JRC max
X Est. UCS = 50 MPa, JRC min
X EstUCS = 50 MPa, JRC max
O Est.UCS 100 MPa, JRC min
+ Est.UCS = 100 MPa, JRC max
0 [ ,
YST-01 YST-03 YST-02
Rock Specimen Number
3 5.8 Amideiuusudouvesiledisiiunswmaiugr S sufsusenin

o =

a - Y oa a1 - 3/ s ¥
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L]

Shear strength (kPa)

il

=D

3]
th
=
o

2000 -

1560 -

1000

5.9 fm

A4

g9

Phra Wihan Sandstone

N = 4500 Ibs

JRC = 8-10

X o >+

N = 3000 lbs

JRC = 6-8
N = 2500 lbs

JRC = 6-8

KOO 2G> -

O+

% Actual shear strength

0O UCs = 71 MPa, JRC min

A UCS =71 MPa, JRC max

X Est. UCS = 50 MI*a, JRC min
X Est.UCS =50 MPa, JRC max
O Est.UCS = 100 MPa, JRC min

+ Est.UCS = 100 MPa, JRC max
t | |

WST-01 WST-03 WST-02
Rock Specimen Number

e 2t
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Sao Khua Sandstone

2500
N = 4500 Ibs
| JRC = 6-8
2000 -
&
A
i X
O
N = 3000 lbs .
£ 1500 - IRC = 6-8
= N = 2500 Ibs |
& &
S JRC = 4-6 X
= o
= 1000 -
g 4
R
’ @ Actual shear strength
LI UCS =67 MPa, JRC min
A UCS =67 MPa, JRC max
500 -
X Est, UCS = 100 MPa, JRC min
X BstJCS = 100 MPa, JRC max
O Est.UCS = 250 MPa, JRC min
+ Est.UCS = 250 MPa, JRC max
0 ] :
RST-01 RST-03 RST-02
Rock Specimen Number
s 510 mimdefuus aRsuvewieisiunsenaiumdinSoudisusenig

Matsunsanauimaney lvssdumndszdiu 14 1aeds lumaauunes 14
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Average Average Density Failure Elastic

Diameter Length Stress Modulus
Specimen No.

b L o, E
(mm) {mm) {(g/cc) {MPa) (GPa)
BA-22-UCS-01 53.51 137.70 2.81 151.13 32.00
BA-22-UCS-02 | ~ 5353 7 13718 2.82 228.38 38.00
BA-22-UCS-03 53.55 136.78 277 224.77 32.00
BA-22-UCS-04 53.51 137.69 2.81 169.90 30.00
BA-22-UCS-05 53.55 137.32 2.81 201.61 38.00
BA-22-UCS-06 53.52 137.26 2.81 174,58 38.00
BA-22-UCS-07 53.53 137.21 2.81 186.76 31.00
BA-23-UCS-08 53.54 137.40 2.82 207.48 31.00
BA-23-UCS-09 53.54 137.07 2.81 169.90 31.00
BA-23-UCS-10 53.53 137.26 2.81 166.03 31.00
Average Uniaxial Compressive Strength 188.06 + 26.30 MPa
Average Elastic Modulus 33.20 + 3.36 GPa
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Average Average Density Failure Elastic
Diameter Length Stress Modulus
Specimen No.
D L o, E
{mm) (mm) (g/ee) (MPa) (GPa)
RGR-01-01-UCS-01 53.75 141.47 2.60 97.42 28.00
RGR-01-02-UCS-(2 53.72 141.03 2:63 143.05 38.00
RGR-01-03-UCS-03 53.60 135.41 2.62 129.68 28.50
RGR-01-04-UCS-04 53.60 140.48 2.62 125.90 31.00
RGR-01-05-UCS-05 53.62 141.01 2.61 159.48 37.50
RGR-01-06-UCS-06 53.63 138.35 2.62 131.39 37.50
RGR-01-07-U3C8-07 53.55 137.90 2.62 136.06 38.00
RGR-01-08-UCS-08 53.50 138.04 2.63 147.83 37.50
RGR-01-09-UCS-09 53.60 139.47 2.62 146.80 31.00
RGR-01-10-UCS-10 53.55 139.32 2.62 163.069 37.50

Average Uniaxial Compressive Strength

138.07 £ 18.86 MPa

Average Elastic Modulus

34451 4.26 GPa
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Average Average Density Failure Elastic
Diameter Length Stress Modulus
Specimen No.
D L G, E
(mm) {(mm) (g/cc) (MPa) (GPa)
GG-SR-UN-01 53.55 135.06 2.02 124.47 .
GG-SR-UN-02 53.52 135.26 2.62 111.43 35.90
GG-SR-UN-03 53.46 134.53 2.62 77.33 23.93
GG-SR-UN-04 53.51 135.36 2.62 103.21 39.18
GG-SR-UN-05 53.53 133.83 2.62 118.57 31.25
GG-SR-UN-06 53.52 135.73 2.61 127.34 34.68
GG-SR-UN-07 53.49 135.58 2.62 120.68 35.53
GG-SR-UN-08 53.53 135.15 2.62 85.18%* 28.12
GG-SR-UN-09 53.48 136.02 2.62 118.92 30.54
GG-SR-UN-10 53.53 135.66 2.62 130.31 32.08
Average Uniaxial Compressive Strength 119.37+ 8.75 MPa
Average Elastic Modulus 32.36 £ 4.58 GPa
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Average Average Density Failure Elastic
Diameter Length Stress Modulus
Specimen No.

D L o, E

(mm) {(mm) (g/cc) {MPa) (GPa)
WGR-01-01-UCS-01 38.53 77.52 2.63 97.26 32
WGR-01-02-UCS-02 38.43 79.40 2.65 93.20 27
WGR-01-03-UCS-03 38.43 78.53 2.65 141.20 38
WGR-01-04-UCS-04 38.52 78.28 2.64 125.87 36
WGR-01-05-UCS-05 38.43 79.37 2.63 129.12 18
WGR-01-06-UCS-06 38.48 77.87 2.64 121.70 28
WGR-01-07-UCS-07 38.50 78.27 2.63 141.55 39
WGR-01-08-UCS-08 38.52 78.28 2.64 111.11 44
WGR-01-09-UCS-09 38.53 77.40 2.63 97.85 33
WGR-01-10-UCS-10 38.50 78.02 2.64 133.89 43

Average Uniaxial Compressive Strength 119.27 £ 18.34 MPa
Average Elastic Modulus 34.00 = 7.97 GPa
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Average Average Density Failure Elastic
Diameter Length Stress Modulus
Specimen No.

b L o, E

(mm) {mm) (g/ce) {MPa) (GPa)
YMB-01-01-UCS-01 38.37 77.92 2.58 68.26 16
YMB-01-02-UCS-02 38.38 77.58 2.60 - 87.26 25
YMB-01-03-UCS-03 38.42 71.07 2.61 69.52 26
YMB-01-04-UCS-04 38.40 77.70 2.61 76.18 21
YMB-01-05-UCS-05 38.42 717.88 2.58 86.82 17
YMB-01-06-UCS-06 38.53 71.52 2.56 74.48 24
YMB-01-07-UCS-07 53.77 135.98 2.54 79.49 26
YMB-01-08-UCS-08 53.77 136.63 2.58 61.14 15
YMB-01-09-UCS-09 53.57 140.31 2.57 61.25 18
YMB-01-10-UCS-10 53.58 139.59 2.60 102.42 25

Average Uniaxial Compressive Strength 78.69 £ 14.57 MPa

Average Elastic Modulus

21.30 = 4.42 GPa
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Average Average Density Failure Elastic
Diameter Length Stress Modulus
Specimen No.
D L G, E
{mm) {mm) (g/ce) (MPa) (GPa)
MB-SR-UN-01 53.77 133.38 271 79.51 29.38
MB-SR-UN-02 53.78 133.72 C 272 1 59.09 © 28.78
MB-SR-UN-03 53.78 133.38 272 95.57 32.36
MB-SR-UN-04 53.73 135.04 2.72 65.32 29.70
MB-SR-UN-05 53.78 132.95 2.72 60.32 25 02
MB-SR-UN-06 53.76 133.93 273 84.21 25.46
MB-SR-UN-07 53.79 133.32 272 82.80 30.25
MB-SR-UN-08 53.78 134.25 2.72 64.43 27.81
MB-SR-UN-09 53.77 133.61 2.71 39.86 31.14
MB-SR-UN-10 53.78 133.68 2.72 78.71 27.40
Average Uniaxial Compressive Strength 74.44 £ 12.62 MPa
Average Elastic Modulus 28.73 £2.35 GPa




aafi a7 agdranmanareuusnaluunuvivesiuns s (nunafugnIzhy)

Average Average Density Faiture Elastic
Diameter Length Stress Modulus
Specimen No.
D L C, E

{mm} {mm) (g/ce) {MPa) (GPa)

GST-01-UCS-01 53.50 138.83 2.53 82.67 13.39
GST-01-UCS-02 53.52 138.92 2.53 75.18 11.57
GST-01-UCS-03 53.50 138.92 2.54 65.49 11.94
GST-01-UCS-04 53.49 138.95 2.54 76.03 12.56
GST-01-UCS-05 53.49 138.71 2.53 66.00 11.61
GST-01-UCS-06 53.46 138.85 2.51 72.24 11.39
GST-01-UCS-07 53.51 138.08 2.54 71.10 11.63
GST-01-UCS-08 53.50 137.55 2.56 79.51 13.02
GST-01-UCS-09 53.50 137.54 2.56 72.38 12,19
GST-01-UCS-10 53.49 138.24 2.53 67.71 12.21
Average Uniaxial Compressive Strength 72.83 % 5.65 MPa

Average Elastic Modalus

12.15+ 0.67 GPa
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Average Average Density Failure Elastic
Diameter Length Stress Maeodulus
Specimen No.
D L o, E
(mm) {mm) (g/ce) {MPa) (GPa)
YST-01-UCS-01 53.52 137.93 2.25 £1.92 18.81
YST-01-UCS-02 53.51 137.95 2.29 72.33 18.29
YST-01-UCS-03 53.52 137.03 2.29 71.5% 17.91
YST-01-UCS-04 53.51 138.17 2.25 73.29 17.77
YST-01-UCS-05 53.52 137.40 2.25 83.50 19.61
YST-01-UCS-06 53.52 137.85 2.27 51.29 17.05
YST-01-UCS-07 53.52 137.08 2.25 49.51 10.78
YST-01-UCS-08 53.52 137.48 2.25 63.31 17.17
YST-01-UCS-09 53.51 136.61 2.25 60.64 19.02
YST-01-UCS-10 53.50 136.88 2.25 74.60 20.24

Average Uniaxial Compressive Strength

72.37 = 8.53 MPa

Average Elastic Modulus

18.43 £ 1.08 GPa
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Average Average Density Failure Elastic
Diameter Length Stress Modulus
Specimen No.
D L o, E
{mm) (mm) {g/cc) (MPa) (GPa)
WST-01-UCS-01 53.52 137.68 2.32 77.40 14.79
WST-02-UCS-02 53.50 137.65 232 51.81 10.22
WST-03-UCS-03 53.51 136.96 2.33 78.38 15.08
WST-04-UCS-04 53.50 136.56 2.32 63.62 11.12
WST-05-UCS-05 53.52 136.60 233 69.77 14.63
WST-06-UCS-06 53.50 137.59 2.34 83.98 16.62
WST-07-UCS-07 53.51 137.03 2.33 75.89 15.17
WST-08-UCS-08 53.52 136.47 2.33 70.77 13.86
WST-09-UCS-09 53.52 138.01 233 73.08 15.18
WST-10-UCS-10 53.51 137.42 232 68.21 12.65

Average Uniaxial Compressive Strength

71.29 = 8.96 MPa

Average Elastic Modulus

13.93 = 2.00 GPa




f1-20

a1t 10 agUramsnaaeuusenalunuReiveIiuns e (MulaiwaId)

Average Average Density Eailure Elastic
Diameter Length Stress Modulus
Specimen No.
D L o, E
{(mm) {mm) {g/ce) (VMPa) (GPa)
RST-01-UCS-01 53.69 137.23 233 45.43 8.45
RST-01-UCS-02 53.75 137.68 2.33 66.78 11.31
RST-01-UCS-03 53.76 136.92 2.32 64.34 11.77
RST-01-UCS-04 53.77 137.04 232 60.47 10.39
RST-01-UCS-05 53.73 136.84 2.33 71.71 11.97
RST-01-UCS-06 53.75 138.64 2.33 64.88 11.57
RST-01-UCS-07 53.80 137.58 2.32 74.69 11.87
RST-01-UCS-08 53.76 138.10 232 66.12 11.33
RST-01-UCS-09 53.76 138.28 2.32 70.61 11.46
RST-01-UCS-10 53.73 137.03 2.33 50.54 9.87
Average Uniaxial Compressive Strength 67.45 + 4.59 MPa

Average Elastic Modulus

11.46 + 0.50 GPa
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