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Carbonate fragment, Vol: Volcanic fragment, Mf: Metamorphic fragment, Cem: Carbonate cement)
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Sample no. Quartz  Feldspar  Rock Fragments Mica Chert  Cement  Opaque

S 8.14 28.3 43.56 2.00 0.00 10.00 8.00

S2 10.97 17.16 58.87 0.00 1.00 9.00 3.00

S3 7.31 14.39 70.3 0.00 1.00 5.00 2.00

S4 6.23 21.91 63.86 0.00 1.00 5.00 2.00

S5 12.13 11.78 59.09 0.00 0.00 12.00 5.00

S6 7.91 24.32 49.77 2.00 0.00 8.00 8.00

S7 10.43 12.56 64.01 0.00 1.00 10.00 2.00

S8 9.65 15.24 65.11 0.00 1.00 5.00 4.00

S9 12.22 21.95 46.83 2.00 0.00 8.00 9.00

S10 11.19 23.63 48.18 2.00 0.00 10.00 5.00

S11 7.04 24.85 54.11 1.00 0.00 5.00 8.00

S12 14.43 13.72 59.85 0.00 2.00 8.00 2.00

S13 11.53 14.75 49.72 0.00 1.00 20.00 3.00

S14 10.16 16.22 57.62 1.00 0.00 10.00 5.00

S15 10.03 21.42 53.56 1.00 0.00 7.00 6.50

S16 9.16 17.02 60.98 0.00 1.00 8.00 4.00

S17 11.05 19.24 52.97 1.00 1.00 11.00 5.00

S18 9.41 17.45 59.85 1.00 1.00 8.00 5.00

S19 10.11 19.65 55.65 1.00 0.00 8.00 6.00

S20 8.16 20.44 59.15 1.00 1.00 7.00 4.00

Min 6.23 11.78 43.56 0.00 0.00 5.00 2.00

Max 14.43 28.30 70.30 2.00 2.00 20.00 9.00

Ave 9.86 18.80 56.65 1.00 1.00 8.67 4.73

STD 2.02 4.52 6.83 1.00 1.00 3.35 2.21
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Sample  Mgs Grain shape (%) Type of grain contact (%) Contact nature (%) Pd Pp

no. (mm)  Angular Round Lo c-C Su Ta G-G G-C G-V (%) (%)
SI 0.08 76.00 10.00 17.00  32.00 1.00 5.00 58.00 3.00 12.00  77.00  45.00
S2 0.08 90.00 10.00 2500 51.00 18.00 6.00 80.00 8.00 12.00  90.00  75.00
S3 0.09 87.00 13.00 3500 42.00 16.00 7.00 66.00 8.00 26.00  84.00  68.00
S4 0.28 79.00 21.00  56.00 36.00 1.00 7.00 69.00 8.00 23.00  79.00  58.00
S5 0.18 76.00 24.00  25.00 53.00 12.00 10.00 66.00 13.00 21.00 86.00 64.00
S6 0.13 85.00 15.00 3800 46.00 9.00 7.00 68.00 14.00 1800 89.00  67.00
S7 0.09 88.00 12.00 32.00 43.00 18.00 7.00 64.00 6.00 30.00 82.00  73.00
S8 0.42 77.00 23.00 43.00 32.00 3.00 22.00  58.00 7.00 35.00 78.00  49.00
S9 0.35 80.00 20.00  45.00  32.00 2.00 21.00  63.00 5.00 32.00 77.00  45.00
S10 0.13 88.00 12.00 24.00 51.00 16.00 9.00 81.00 6.00 13.00  83.00  74.00
S11 0.09 90.00 10.00 22.00 54.00 19.00 5.00 76.00 7.00 17.00  87.00  70.00
Si12 0.17 84.00 16.00 23.00 51.00 18.00 8.00 79.00 3.00 18.00  93.00  72.00
S13 0.38 85.00 15.00 40.00 42.00 4.00 14.00  63.00 8.00 29.00 81.00  57.00
S14 0.14 87.00 13.00 17.00 62.00 13.00 8.00 58.00 21.00 21.00 83.00 59.00
S15 0.21 84.00 16.00 3800 40.00 10.00 12.00 64.00 9.00 27.00  83.00  63.00
Si6 0.19 86.00 14.00  29.00 48.00 13.00 10.00 75.00 5.00 20.00  85.00  65.00
S17 0.2 82.00 18.00 3800 42.00 10.00 10.00  66.00 9.00 25.00  83.00  63.00
S18 0.2 86.00 14.00 26.00 51.00 14.00 9.00 69.00 10.00 21.00 86.00  65.00
S19 0.23 82.00 18.00 3800 41.00 9.00 12.00  67.00 9.00 24.00  82.00  61.00
S$20 0.23 83.00 17.00 31.00 44.00 12.00 13.00 71.00 6.00 23.00  84.00  62.00
Min 0.08 76.00 10.00 17.00  32.00 1.00 5.00 58.00 3.00 12.00  77.00  45.00
Max 0.42 90.00 24.00  56.00 62.00 19.00 22.00 81.00 21.00 3500 93.00 75.00
Ave 0.19 83.75 1555 3210 4465 1090 10.10  68.05 8.25 22.35 8360 62.75

STD 0.10 4.34 4.15 10.06 810 6.00 4.64 7.08 4.09 6.41 4.21 8.80

- = Z

(C-C: Concaco-Convex, Su: Sutured, Lo: Logitudinal, Ta:Tangential) &\y5 (v s wloi glgil Y Sl
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Sample no. Va (gr/cmj) n(%) Vp (Km/s) UCS (MPa) E (GPa)
S1 2.56 4.61 2.83 128.13 16.05
S2 2.47 6.97 3.12 94.61 15.71
S3 2.38 9.96 2.51 41.91 7.15
S4 2.52 5.62 2.69 72.50 9.13
S5 2.47 5.85 3.35 95.39 15.69
S6 2.50 5.77 2.86 116.68 14.83
S7 2.41 8.88 2.55 46.31 10.50
S8 2.15 14.51 1.39 19.94 2.93
S9 2.57 5.70 2.84 127.12 10.62
S10 2.61 4.28 3.00 143.03 14.24
Si11 2.56 5.64 3.08 112.13 10.67
S12 2.42 7.47 2.82 69.97 9.34
S13 2.46 6.88 3.33 114.22 17.94
Si14 2.46 6.83 2.92 86.13 13.67
S15 2.47 7.53 2.58 100.56 9.62
S16 2.46 7.18 2.85 77.90 12.17
S17 2.51 6.07 3.06 109.84 13.05
S18 2.43 8.04 2.60 74.26 10.12
S19 2.46 7.80 2.57 89.71 9.79
S20 2.48 6.79 2.79 84.29 12.01
Min 2.15 4.28 1.39 19.94 2.93
Max 2.61 14.51 3.35 143.03 17.94
Ave 2.47 7.12 2.79 90.23 11.76
STD 0.09 2.21 041 31.01 3.52

b S g (8L yiol )y 1P g (Sile oS Hg o 0ol (g T S F Jgur

Petrographical Mechanical properties

characteristics UCS (MPa) E (GPa)

Mgs (mm) -0.815 -0.697

(%) 0.143 0.197

F (%) 0.652 0.180

Rf (%) -0.63 -0.57

Cement (%) 0.402 0.738

Angular (%) 0.847 0.643

Round (%) -0.847 -0.643

Pp 0.862 0.585

Pd 0.697 0.487

Su 0.916 0.618

Cc-C 0.788 0.566

Lo -0.821 -0.520

Ta -0.725 -0.622

G-G 0.572 0.010

G-C 0.084 0.507

G-V -0.696 -0.341
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Model no. Equations R RMSE VAF
1 UCS = 3.847Su + 1.043Pp—20.53 0.925 0.123 76
2 UCS = 2.6985u + 0.757PP + 2.91An — 233.88 0.959 0.092 86
3 UCS = 1.364Lo + 1.688PP + 2.951An — 0.3868Su — 226.19 0.979 0.072 91
4 ;]6%'58? 1.754 PP + 13.41Mgs + 2.971An — 0.252Su — 1.348Lo — 0.980 0.071 0
UCS = 1.43PP + 43.82Mgs + 2.90An + 1.05Su + 0.792CC -
d 0.504Lo — 285.66 0.981  0.068 93
6 E =0.630Ce — 19.88Mgs +10.19 0.907 0.218 81
7 E =0.620Ce + 0.030An — 19.07Mgs +6.43 0.907 0.218 81
8 E =0.629Ce + 0.023An — 14.05Mgs — 0.128Ta +5.82 0911 0.195 82
9 E =0.66Ce + 0.1585u- 0.05An — 5.47Mgs — 0.188Ta +11.34 0917 0.172 84
10 E =0.79Ce - 0.035Su- 0.11An — 4.78Mgs + 0.011Ta + 0.273Pp - 0.936 0111 87

1.55
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Abstract

The accurate determine of uniaxial compressive strength (UCS) and modulus of elasticity (E) using
laboratory methods requires substantial time and cost. To overcome these difficult, development of
predictive empirical equations to estimate the UCS and E of rocks is very important in rock
engineering. This study deals with the prediction of UCS and E of sandstones from petrographic
characteristics using multivariable linear regression analysis (MLR). For this purpose, 20 rock blocks
were collected from sandstones in different locations of Upper Red Formation in southwestern Qom.
Samples were subjected to petrographic examination, which included the observation of 16
parameters and modal analysis. The specimens were also tested to determine the uniaxial compressive
strength, modulus of elasticity, porosity, and dry density. Based on the results of statistical analysis,
multiple predictive equations were developed to estimate the mechanical properties using
petrographic characteristics. The performance of developed equations was assessed using R, RMSE
and VAF. Based on the results, it was observed that the proposed equations have a good performance
in predicting the UCS and E.

Keywords: Petrographic properties;, UCS, Modulus of elasticity, Regression analysis, Sandstone.



