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Experimental Eq. Reference Description NO.

Es = 0.264Vp2%* (Lacy., 1997) Sedimentary 1

Es = 0.74Ed — 0.82 (Eissa and Kazi., 1988) Sedimentary 2

Es = 0.541Ed + 12.852 (Ameen et al., 2009) Limestone 3

Limestone with
— 0.51
UCS = 13.8Es (Chang.,2004) 10<UCS<300MPa 4
UCS = 2.28 + 4.1089Es (Bradford et al.,1998) Sandstone, Worldwide 5
_ low- to moderate-porosity (0.0—

UCS = 135.9exp(-4.8n) (Chang., 2004) 0.2), high UCS (10300 MPa) 6

UCS = 11.05E,%%¢ (Najibi et al., 2015) Limestone, Iran 7
Ucs = 4,31(%)1-706 (King., 1983) Igneous&metamorphic 8
UCS = 21.677V, + 21.427 (Yasar and Erdogan., 2004) 9
Es = 0.169Vp 3.32 (Najibi et al., 2015) Limestone, Iran 10
Es = 82.127e" — 0.0496" (Ameen et al., 2009) 11
Es = 0.867Ed — 2.085 (Brotons et al., 2016) Calcarenite 12
ES = 118.54e” — 0.0542n (Ameen et al., 2009) Dolomite 13
Es = 104.75e” — 0.0579n (Ameen et al., 2009) Limestone 14
Es =0.6722(Ed)10573 (K'dambz'glng) Kumar., Carbonate 15
Es =1.9089(Es)1-0165 (Kldambzlglng) Kumar., Carbonate 16
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(54
UCS(MPA) ES(GPA) ED(GPA)  VP(KM/S) VS(KM/S) W% N% P (G/ICMB3) NUMBER
10.70 0.185 16.65 3.139 1.817 11.68 20.67 1.98 1
11.10 0.175 11.58 3.125 1.622 11.64 19.45 1.67 2
11.30 0.171 11.94 3.125 1.500 12.11 21.50 1.99 3
9.90 0.143 14.10 3.102 1.657 11.78 20.81 1.98 4
12.10 0.206 16.34 3.187 1.657 11.17 19.74 2.26 5
11.34 0.175 16.70 3.123 1.703 11.61 20.33 2.23 6
9.52 0.121 13.78 3.047 1.560 11.46 23.71 1.94 7
11.40 0.168 15.74 3.187 1.785 11.35 19.81 1.94 8
11.20 0.170 15.53 3.185 1.724 10.87 19.80 2.02 9
12.20 0.190 15.79 3.248 1.790 10.84 19.30 1.97 10
10.40 0.195 12.03 3.158 1.750 11.75 21.52 2.05 11
13.28 0.166 12.26 3.164 1.746 11.27 20.13 2.06 12
13.77 0.188 15.82 3.252 1.754 11.52 18.86 1.98 13
11.20 0.178 15.46 3.231 1.758 11.24 18.55 1.83 14
11.46 0.151 16.31 3.152 1.719 12.62 22.28 1.99 15
11.00 0.187 15.79 3.175 1.676 11.61 19.75 1.71 16
13.26 0.187 14.62 3.215 1.758 11.91 20.50 2.18 17
11.70 0.159 15.13 3.133 1.689 11.78 23.04 2.17 18
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Model Summary
Model R R Square Adjusted R Square Std. Error of the Estimate
1 .9092 .826 .705 .60852
2 .905P .819 720 .59254
3 .893°¢ 797 712 .60062
4 .877¢ .768 .697 .61603
5 .862° 744 .689 .62431
a. Predictors: (Constant), Density, VS, W, ED, ES, VP, porosity
b. Predictors: (Constant), Density, VS, W, ED, VP, porosity
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c. Predictors: (Constant), Density, VS, W, ED, VP
d. Predictors: (Constant), Density, W, ED, VP
e. Predictors: (Constant), Density, ED, VP

(F 5Sig slis o o) 16T J s .0 g

ANOVA?

Model Sum of Squares Df Mean Square F Sig.

1 Regression 17.602 7 2.515 6.791 .0040
Residual 3.703 10 .370
Total 21.305 17

2 Regression 17.443 6 2.907 8.280 .001¢
Residual 3.862 11 351
Total 21.305 17

8 Regression 16.976 5 3.395 9.412 .001¢
Residual 4.329 12 .361
Total 21.305 17

4 Regression 16.371 4 4.093 10.785 .000¢
Residual 4,933 13 379
Total 21.305 17

5 Regression 15.848 3 5.283 13.554 .000f
Residual 5.457 14 .390
Total 21.305 17

a. Dependent Variable: UCS

b. Predictors: (Constant), Density, VS, W, ED, ES, VP, porosity
c. Predictors: (Constant), Density, VS, W, ED, VP, porosity

d. Predictors: (Constant), Density, VS, W, ED, VP

e. Predictors: (Constant), Density, W, ED, VP

f. Predictors: (Constant), Density, ED, VP

eLj)%i&JMJJLAWj‘uQJAJj}oﬁf J}v\?

Coefficients?
Standardized
Unstandardized Coefficients Coefficients

Model B Std. Error Beta T Sig.

1 (Constant) -71.191 19.195 -3.709 .004
Porosity -.213 237 -.267 -.901 .389
ES 7.942 12.118 147 .655 527
ED -.497 .140 -.716 -3.549 .005
VP 20.146 5.064 952 3.979 .003
VS 4.050 2.767 .293 1.464 174
W 1.166 .598 521 1.950 .080
Density 4.491 1.332 .641 3.372 .007

2 (Constant) -70.721 18.678 -3.786 .003
Porosity -.256 222 -.320 -1.153 273
ED -.461 125 -.663 -3.680 .004
VP 20.809 4,831 .983 4.307 .001
VS 3.928 2.688 .284 1.462 172
W 1.101 574 492 1.918 .081
Density 4,526 1.296 .646 3.492 .005

3 (Constant) -74.831 18.584 -4.027 .002
ED -.438 125 -.631 -3.495 .004
VP 22.708 4.604 1.073 4,932 .000
VS 3.492 2.697 .253 1.295 220
W .681 450 .304 1.515 .156
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Density 3.590 1.024 513 3.505 .004
4 (Constant) -71.612 18.890 -3.791 .002
ED -.353 110 -.509 -3.223 .007
VP 23.870 4.631 1.127 5.154 .000
W 521 443 .233 1.174 .261
Density 3.410 1.041 487 3.276 .006
5 (Constant) -52.849 10.211 -5.176 .000
ED -.322 .108 -.463 -2.986 .010
VP 19.890 3.198 .939 6.219 .000
Density 3.101 1.021 443 3.039 .009
a. Dependent Variable: UCS

Jbe S ys Q) Jodr Sl ol s 4 lade e
7 . Ansge 0L 1 sdd by sladde gl (V) Ui
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E; = —0.009 Porosity + 0.005E; + 0.280

2 — —
R* =060 RMSE =0.013 ) sl e s 1y Jae s 55> b5 Ed 5 Porosity sz
Sl KL J s Sy ,\p\rj' Lo g eddalyl ladds V J g
Model Summary
Adjusted R
Model R R Square Square Std. Error of the Estimate
1 .8092 .655 .466 .015141
2 .809° .654 .510 .014508
3 .808° .652 .545 .013979
4 .800¢ .640 .562 .013710
5 T79° .607 .555 .013825
a. Predictors: (Constant), Density, VS, W, ED, VP, porosity
b. Predictors: (Constant), VS, W, ED, VP, porosity
c. Predictors: (Constant), W, ED, VP, porosity
d. Predictors: (Constant), W, ED, porosity
e. Predictors: (Constant), ED, porosity
(F 35S0 ol i DSl Kb Jso 51 157 Jsm A J g
ANOVA?
Model Sum of Squares Df Mean Square F Sig.
1 Regression .005 6 .001 3.476 .035°
Residual .003 11 .000
Total .007 17
2 Regression .005 5 .001 4.539 .015¢
Residual .003 12 .000
Total .007 17
3 Regression .005 4 .001 6.093 .005¢4
Residual .003 13 .000
Total .007 17
4 Regression .005 3 .002 8.285 .002¢
Residual .003 14 .000
Total .007 17
5 Regression .004 2 .002 11.603 .001f
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Residual .003 15 .000
Total .007 17

a. Dependent Variable: ES

b. Predictors: (Constant), Density, VS, W, ED, VP, porosity

c. Predictors: (Constant), VS, W, ED, VP, porosity

d. Predictors: (Constant), W, ED, VP, porosity

e. Predictors: (Constant), W, ED, porosity

f. Predictors: (Constant), ED, porosity

a.ll})gfi&dw)buﬁé;'xj‘&ﬂdi}eﬁﬁd‘gu\?’
Coefficients?
Standardized
Unstandardized Coefficients Coefficients

Model B Std. Error Beta T Sig.

1 (Constant) .059 AT7 124 .904
Porosity -.005 .006 -.360 -.941 .367
ED .005 .003 .357 1.435 179
VP .083 123 .213 .676 .513
VS -.015 .069 -.060 -.222 .828
W -.008 .015 -.196 -.553 .591
Density .004 .033 .034 132 .897

2 (Constant) .073 447 .163 .873
Porosity -.005 .004 -.329 -1.149 273
ED .005 .003 .370 1.698 115
VP .083 118 212 .702 .496
VS -.017 .065 -.066 -.263 797
W -.009 .012 -.222 - 794 442

8 (Constant) .065 429 152 .882
Porosity -.005 .004 -.331 -1.200 .252
ED .004 .002 341 1.883 .082
VP .076 111 .193 .683 .507
W -.008 011 -.205 -.782 448

4 (Constant) .352 .089 3.956 .001
Porosity -.006 .004 -418 -1.749 .102
ED .005 .002 .391 2.411 .030
W -.011 .010 -.269 -1.120 .282

5 (Constant) .280 .062 4.518 .000
Porosity -.009 .002 -.616 -3.777 .002
ED .005 .002 407 2.497 .025

a. Dependent Variable: ES

KOV VT RIS B PPUCIIR R L PR BN P8
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