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No. Commercial name Rock type Rock class Rock code
1 Bukan Travertine Sedimentary T1
2 Targh Travertine Sedimentary T2
3 Darebokhari Travertine Sedimentary T3
4 Asali Yazd Travertine Sedimentary T4
5 Hajiabad Travertine Sedimentary T5
6 Ramshe Travertine Sedimentary T6
7 Sefid abbas abad Travertine Sedimentary T7
8 Ghermez Azarshahr Travertine Sedimentary T8
9 Limoei Isfahan Travertine Sedimentary T9
10 Doudi Takab Travertine Sedimentary T10
11 Ghermez Isfahan Travertine Sedimentary T11
12 Ghermez Yazd Travertine Sedimentary T12
13 Sefid Shiraz Limestone Sedimentary L1
14 Limestone Kermanshah Limestone Sedimentary L2
15 Kerem marvdasht Limestone Sedimentary L3
16 Chini Aligoudarz Marble Metamorphic M1
17 Anarak Marble Metamorphic M2
18 Lashotor Marble Metamorphic M3
19 Khoubsangan Marble Metamorphic M4
20 Harsin Marble Metamorphic M5
21 Chini Shiraz Marble Metamorphic M6
22 Salsali Marble Metamorphic M7
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$los b Of plam G 0553 dholidly s 5 Lk 0305 13
gLl (o Aol p) cele ¥ Sode w18 Sla a3 +Y
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slomil 5 53 Shlel 5 g (650 M e game) 20 5l
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St S5l e 5 badisel sl Soled 5b

|Ghermez Azarshahr

L

Doudi Tnkab} e

Bukan ‘ /
Limestone
Kermanshah crmanshal? '\1'9 S Ghermez Isfahan
8 ) Markdzi Limoei Isfahan
Harsin <Lorestan — A
= Isfahan T Targh
Chini - 9 i Salsali
{ Aligoudarz } ////// Yazd Khoubsangan
Anarak
Ghermez Yazd| T
Asali Yazd )
Ramshe

Chini Shiraz
Sefid Shiraz

Kerem Marvdasht

Azerbaijan

andlas 350 s S S

4

Darebokhari |
Hajiabad
Sefid abbasabad

andllas 550 G Kis Gl (63T (G lid Cuslie 5 S Lol Y gl

No. Rockcode — pee(9/cm®)  pay (g/cm®) WA (%) n (%) UCS (MPa)
1 T1 2.60 2.55 1.58 4.04 65.58
2 T2 2.45 2.41 1.62 3.91 46.96
3 T3 2.48 2.42 2.35 5.69 61.97
4 T4 2.39 2.32 2.82 6.56 42.64
5 T5 2.38 2.34 2.01 4.70 48.36
6 T6 2.44 2.40 1.77 4.25 B55.77
7 T7 2.44 2.41 1.63 3.92 58.29
8 T8 2.44 2.35 3.65 8.58 36.08
9 T9 2,45 2.37 3.22 7.63 40.79
10 T10 2.34 2.27 3.24 7.35 48.36
11 T11 2.42 2.34 3.08 7.23 34.46
12 T12 2.44 2.35 3.61 8.50 47.22
13 L1 2.54 2.51 1.46 3.66 69.96
14 L2 2.38 2.28 4.48 10.22 36.10
15 L3 2.40 2.31 4.32 9.95 37.38
16 M1 2.67 2.65 0.38 1.02 113.38
17 M2 2.68 2.66 0.44 1.18 103.56
18 M3 2.67 2.65 0.51 1.35 118.75
19 M4 2.68 2.67 0.47 1.26 113.30
20 M5 2.67 2.66 0.49 1.31 103.69
21 M6 2.70 2.68 0.53 1.42 111.17
22 M7 2.67 2.66 0.41 1.09 108.20
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Temperature (C°)

Time (h)

(Yavuz etal., 2006 ;| a3 S ;) slazeil 5 osd a2 55 Oles 5 s &l s Ly, Y Jse

Begin the process of

freeze thaw Cycle 5 Cycle 10 Cycle 15 Cycle 20 Cycle 25
6 D D) () »0
P-wave velocity
Po Vp1o Vpis V2o Vp2s

Ju}u\jujbLQLADPM\JﬁyL;)ijAMﬂdﬁSbJLMl.“Jﬁ

Jqu\jujb .LJTJ,.?L;E)J ol 650)\.,\.:\ LS)L:‘”‘) T S Y JJJ{‘

No. Rock Vpo Vps Vp1o Vpis VP2 Vpzs Loss
code (m/s) (m/s) (m/s) (m/s) (m/s) (m/s) percentage (%)
1 T1 5738 5578 5504 5504 5504 5229 10.42
2 T2 5504 5299 5108 5108 4931 4829 12.26
3 T3 5504 5312 5108 5001 4875 4726 14.14
4 T4 5168 5135 4946 4920 4838 4422 14.43
5 T5 5504 5463 5299 5171 5095 4829 12.26
6 T6 5846 5615 5512 5512 5417 4986 14.71
7 T7 6140 5806 5652 5652 5578 5450 11.24
8 T8 4832 4410 4149 4128 3917 3747 22.45
9 T9 5049 4990 4724 4682 4651 4120 18.40
10 T10 5504 5171 4531 4455 4361 4277 22.29
11 T11 5010 4882 4469 4469 4278 4062 18.92
12 T12 5504 5401 5203 5203 5019 4501 18.22
13 L1 6140 6053 5973 5973 5806 5303 13.63
14 L2 4805 4240 3975 3852 3717 3675 23.52
15 L3 4835 4401 4250 4214 4062 3688 23.72
16 M1 6404 6283 5966 5726 5625 5550 13.34
17 M2 6475 6228 5973 5856 5751 5687 12.17
18 M3 6428 6228 5966 5966 5966 5610 12.73
19 M4 6514 6228 6228 6053 5955 5732 12.00
20 M5 6422 6228 6228 6228 5726 5600 12.80
21 M6 6452 6100 5806 5681 5681 5622 12.86
22 M7 6440 6236 6053 6053 5886 5578 13.39




VY / CART 5, 3l eslinal b sleasl 5 o3 slaast 2 5l dwy w5l S Jlesle glacSn e Vb olss L3

SPSS ;3! £ Sheslaad b (7) adasly bzl 5 g3 sla
BERE C‘Jﬁw‘ Nl/z_g}\,QT ual.w‘ﬂ_g.l,io.:b LESRY
:(Rz)&x;:’%Fo‘ﬁé‘.}oﬁa:\)w)}'d@bui J)Jo-
644'){}“.&;“‘5.,\..;45‘)‘&;ﬂbwﬁdlﬂNuz‘}}\,
el eals anw i alaly SKs oled (gl 0 355 o aba=Dle
03 YOY/AL B WV/AE s Nyp jldde o/0 VY B o/eeVE -
s i) A5 ol e 1 1S el s
~ (T 085 o3l S o by e Gas e ol
Oltisy dol b ol 53 K opl (YL pls Sl 4 il
g:,...u\(TlO)gKSLgJJJOJJJ\JSK;w«{Lﬁf(NW
s ome 3 &S Gy Kaw opl S el O KL &S
LK ple @ cand 3,8 e S5 bl 5 b gla

C,M\)‘.})?fdf.asiﬁ‘j.)

o SY b elss bl ¥
e3> LLi) e Ol 13 S5 nl 5l e o 6 SKken
Sloslessil 5 Csd G x ol s LKL ol SVb
b ealis ¢ eyl g s S eslandd (N12) s V) Sl 9o
o e ol addllas 3550 S S (l 2elk 5
T e Dl A g b s 5 S50
(sjY gl oo end ezl 5 g3 glaas = bo(gilis
w4 b e s bS] ol S5
SealS s Ll e S ol 4:5_5)\).5)2_3.,\,« NEYY )
S Sl s g L pd Sl ke Dl Laa e
daly 05 o olazsil 5 b s 5 (bl 2y

3,5 el 23S wl) S,k e

Vpy = Vpoe ™" ()
S ey W3 e 55 4 Vo 5 Vi alaily (pl s &S
T I P
A 6l sl 3 il e Glail 5 53 SRl 51 i)

S bl e e il n g L S s

':(?dC: Equation R? A Ny I:sgle( Equation R? A Ny
T1 Vpy = 5761.08¢700034N 0,80 0.0043 203.82 T12 Vpy = 5597.3¢700070N 0.84 0.0070 99.00
T2 Vpy = 5453.63¢700050N 096 0.0050 138.60 L1  Vpy = 6238.89¢7 0004V (075 0.0049 141.43
T3 Vpy = 5473.12¢700059N 099 0.0059 117.46 L2 Vpy = 4568.11e700101V 088 0.0101 68.61
T4  Vpy = 5247.8¢70-0055N 0.84 0.0055 126.00 L3 Vpy = 474297700092V 092 0.0092 75.32
T5  Vpy =5563.62¢700051N 0,95 0.0051 13588 M1 Vpy = 639533700062V 096 0.0062 111.77
T6  Vpy =5840.16e700052F  0.84 0.0052 13327 M2 Vpy = 6390.22¢700052N 094 0.0052 133.27
T7 Vpy = 6008.93¢70-0041N 086 0.0041 169.02 M3 Vpy = 6380.45¢7%0046N 088 0.0046 150.65
T8 Vpy = 4700.38¢700093% 094 0.0093 74.52 M4 Vpy = 6471.06¢700046N 095 0.0046 140.36
T9 Vpy = 5126.03¢700071N 0,83 0.0071 97.60 M5  Vpy = 6484.21¢700054N 0,83 0.0054 128.33
T10 Vpy = 5335.83e700102V 087 0.0102 97.94 M6  Vpy = 6284.56e700053N 0,84 0.0053 130.75
T11  Vpy = 5007.98e700083N 095 (0.0083 83.49 M7 Vpy = 6432.14¢700051N 0,94 0.0051 135.88
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A =0.0005n + 0.0039 ©)
Ny, = 164.77¢7007n (©)

a2 el b s DLl s g a0 s E e S
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oy polie S 4B S o, SPSS Il 5 s ol
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3500 M &S £ Klen Lol &1 N 5 0 s
2 S S Syl (SOl (S Sl pas
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55 eslizd

) 25 bl e il 2 0 Jadr

Model n (%) UCS (MPa)  Vp (mls)
Linear 0.60 0.30 0.50
Logarithmic 0.38 0.38 0.52
Power 0,35 0.35 0.50
Exponential 0.56 0.27 0.48

Nip) joe doi G2 ls Gl oed il 2 N J g

Model n (%) UCS (MPa)  Vp (mls)
Linear 0.48 0.22 0.42
Logarithmic 0.28 0.30 0.44
Power 0.35 0.35 0.50
Exponential 0.56 0.27 0.48

s S5 51 eslinad L ooS el 0T 5 aw il s
Slr o2l 53 SPSS I b lass 3 O 5
Sl lp o aad Satld 5 o5 b Sashe
A2k G S5 dde ann s 050 00l ann s Slale
o e Ll o VP 5 UCS (03555 bl aw 18
il ails ol s 4 |, (Multi-collinearity) <Sus o>

2ol 4 K SO o8 5l el ol 1
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Decay constant (1)

Half-life index (Ny)

Rock
No. F F
code  neasured Preg;g.? by Error (%) Measured E;egxs.? Error (%)
1 T1 0.0043 0.0044 30.88 203.82 186.42 8.54
2 T2 0.0050 0.0050 0.80 138.60 137.95 0.47
3 T3 0.0059 0.0057 3.39 117.46 128.15 9.10
4 T4 0.0055 0.0057 3.64 126.00 128.15 1.71
5 T5 0.0051 0.0044 12.74 135.88 128.15 5.69
6 T6 0.0052 0.0044 14.42 133.27 128.15 3.84
7 T7 0.0041 0.0044 8.54 169.02 186.42 10.29
8 T8 0.0093 0.0095 2.50 74.52 72.82 2.28
9 T9 0.0071 0.0081 14.79 97.60 87.01 10.86
10 T10 0.0102 0.0081 20.10 97.94 87.01 28.07
11 T11 0.0083 0.0081 181 83.49 87.01 4.22
12 T12 0.0070 0.0081 1.63 99.00 87.01 12.11
13 L1 0.0049 0.0050 2.86 141.43 137.95 2.46
14 L2 0.0101 0.0095 5.61 68.61 72.82 6.14
15 L3 0.0092 0.0095 3.62 75.32 72.82 3.33
16 M1 0.0062 0.0062 0.00 111.77 111.77 0.00
17 M2 0.0052 0.0051 0.96 133.27 134.58 0.98
18 M3 0.0046 0.0050 9.56 150.65 137.95 8.43
19 M4 0.0046 0.0046 0.00 140.36 150.65 0.00
20 M5 0.0054 0.0050 6.67 128.33 137.95 7.50
21 M6 0.0053 0.0050 4.90 130.75 137.95 5.51
22 M7 0.0051 0.0051 0.98 135.88 134.57 0.96
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Model

Decay constant (A) tree model

Half-life index (Ny,,) tree model

NRMSE VAF
0.11 88.09
0.07 92.81
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