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The Properties of Various Coefficients of Equations of

Shear Strength of Compacied Non-cohesive Materials
Koushi TORIYAMA

Abstract The correlation of the coefficients of Mohr-Coulomb equatoin, non-
linear equation and the .equation in which internal friction angle ¢, is given by
function of normal stress ¢ are examined for compacted tuff and sand and gravel
with drained triaxial compression tests. From these tests, the following results are
obtained.

(1) Internal friction angle ¢, internal friction angle é: at ¢35 =1.0kgf/c* and
basic shear strength (apparent cohesion)
creased with increment of dry density pa.

(2) The coefficient A of non-linear equation 7= A(0c¢/0y)® is increased with
paq and b is scatteringly distributed for pa . Average value of b is 0.718 for sand
and gravel and is 0.789 for tuff.

(3) Internal friction angle ¢, is expressed by ¢¢= ¢n—alog( ¢/ 0n). ¢n at
0= on=1.0 kgf/em is increased with p4 and a is decreased with pas but a is

79 of Mohr-Coulomb equation are in-

scatteringly distributed. The average value of b is 14.4 for sand and gravel and is
14.0 for tuff.
Key words: Non-cohesive material; modified Mohr-Coulomb equation; non-

linear shear strength equation; equation of internal friction angle.
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#K# |YM OC OF | SN SF
B4 (%) 13 4 60 18 | 41 49
W45 (%) 66 50 1 68 | 49 35
<75 pm(%) 21 6 9 14| 10 16
Uc 84 4 3 27 | 29 72
Gs 2666 | 2.649 2635 2673 |2.644 2634
wopt (%) 144-180 | 153 — - |223 -
pdmax(g/cr) |1.740—1691 (1813 —  — |1582 —
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No w Pd w ¢ 70 é1 A b ém a
% g/cw % kgf /cmt kgf/cmt
TA-U 13.57 1.656 13.97 37.0 0.69 49.0 T132 0.780 52.8 1481
TA-S 13.67 1.661 21.61 35.7 0.42 45.3 1.12 0.807 48.4 13.13
TB—-U 13.90 1.750 14.90 1.0 1.05 55.2 1.66 0.759 59.9 15.64
TB-S 13.97 1.741 20.45 40.3 0.78 48.8 1.45 0.794 55.6 13.92
TC—-U 15.67 1.673 16.02 38.4 0.59 48.5 1.29 0.806 52.2 13.13
TC-S 15.86 1.676 21.18 373 0.55 48.8 1.22 0.816 50.7 12.50
TD—-U 16.10 1.771 16.09 42.8 0.78 53.9 1.55 0.803 56.9 12.84
TD-S 15.79 1.780 19.90 43.9 0.69 54.2 1.42 0.808 57.2 12.22
TE-U 17.42 1.673 17.43 38.7 0.58 49.3 1.27 0.822 51.9 12.07
TE-S 17.55 1.772 19.19 44.2 0.66 458 1.17 0.849 49.8 10.42
TF-U 17.26 1.760 17.08 42.7 0.79 53.2 1.53 0.809 56.9 12.64
TF—-S 17.55 1.772 19.19 442 0.66 54.5 1.39 0.888 56.1 10.29

(i)

U:dekig® S :7i&, TA, TC, TE: 48lom, TB, TD, TF : 5&E30E
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ERA~TIORT. 20 b, BE5BIUVE6NDYMIZ D AFXDOERGBOTHETH L. AKITLDITHDOE
%2, 3DSENHREN ) bD 0s =10—40kgf/ew DB, METHOPHEHFRRLEL > T 5.

#£3 MELBEMOBEERNO—E(8F)

No w P4 w ¢ 7o b1 A b ém a
% g/ar % kgf /cnt kef /o
YMO-U 11.60 1.368 12.45 33.96 0.269 40.69 0.883 0.899 41.56 6.70
YMO-S 12.64 1.371 22.65 33.69 0.157 38.38 0.763 0.961 37.38 2.48

YM1-U| 1263 1.602 13.57 36.44 0.616 46.53 1.228 0.803 50.99 13.42
YM1-S 12.47 1.603 22.39 35.25 0.461 44.62 1.086 0.831 47.50 11.52
YM2-U 12.38 1.677 1351 38.02 0.859 52.15 1.448 0.766 55.39 15.66
YM2-S 12.19 1.688 20.86 37.03 0.766 49.32 1.350 0.779 53.54 14.93
YM3—-U 12.49 1.727 13.85 38.75 1.196 54.67 1.673 0.734 58.97 17.21
YM3-—S 11.38 1.730 18.54 37.87 1.005 52.37 1.503 0.763 56.48 15.95
YM4—-U| 1063 1.772 12.45 40.78 1.334 56.11 1.813 0.734 60.94 16.85
YM4-S 11.89 1.758 18.93 40.05 1.182 56.31 1.647 0.766 58.89 1541

(F) U:dkig, S K& SHREBESOHT 0 (4, 1 3810, 2 : 4815, 3 : 5&E30E, 4 @ 560

#F4  BEESREICE OHREHTT & SRR O STERE P 2 %)

No w Pd w ¢ 70 b1 A b ém a
% g/ % kgf/cm kgf /et
TA1-U 14.77 1.579 15.63 35.19 0.395 42.63 0.994 0.855 044.63 9.22

TA1-S 14.73 1571 24.17 31.38 0.436 40.65 0.963 0.806 43.63 12.34
TA2-U 14.59 1.689 16.16 36.87 0.818 49.29 1.333 0.771 52.83 14.99
TA2-S 14.99 1.676 21.59 35.90 0.681 44.73 1.156 0.820 4891 11.78
TA3-U| 1495 1.727 16.68 42.19 0.724 52.90 1.468 0.797 52.39 12.73
TA3-S 15.04 1.734 20.17 3721 1.328 49.74 1.518 0.761 55.85 14.22
TA4-U| 1477 1.757 16.09 39.35 1.528 55.79 1.839 0.703 61.13 18.84
TA4-S 14.58 1.761 19.30 39.55 1.345 51.12 1.606 0.771 58.01 14.97

TB1-U 17.89 1.596 18.47 36.76 0.349 42.37 0.975 0.894 44.25 7.68
TB1-S 18.06 1.600 23.73 38.97 0.041 39.55 0.834 0.988 39.82 0.79
TB2-U 18.30 1.690 18.47 38.69 0.717 48.12 1.260 0.827 51.45 11.42
TB2-S 17.79 1.636 20.64 36.37 0.824 45.47 1.231 0.810 50.66 12.42

TB3-U 18.49 1.784 17.60 45.11 0.563 51.87 1.481 0.855 54.85 9.56
TB3-S 8.61 1777 18.41 43.35 0.672 48.50 1.296 0.888 52.33 7.38
TB4-U 17.77 1.809 17.13 4151 1.507 54.85 1.787 0.752 57.42 11.48
TB4-S 17.32 1.786 18.39 43.79 0.738 50.15 1.394 0.860 54.42 9.29

TC1-U 12.90 1.577 13.67 34.22 0.496 42.02 0.995 0.854 45.84 10.90
TC1-S 12.70 1.566 24.40 31.52 0.188 35.33 0.738 0.929 36.50 4.55
TC2-U 12.88 1.653 13.76 34.44 1.097 49.71 1.433 0.722 54.68 18.21
TC2-S 12.83 1.646 22.49 33.65 0.665 44.37 1.139 0.779 4831 14.95
TC3-U| 1201 1.691 13.34 39.26 1.149 52.10 1.585 0.742 54.68 14.86
TC3-S 1221 1.687 21.04 39.16 0.814 48.41 1.275 0.825 55.36 20.69
TC4—-U 12.65 1.729 1421 43.20 1.194 55.45 1.694 0.782 59.35 13.93
TC4-S 12.10 1.715 20.25 40.40 0.973 50.70 1.465 0.795 55.53 13.38
TC5-U 12.95 1.669 14.02 38.38 0.928 50.56 1.420 0.775 55.57 12.19
TC5-S 12.83 1.677 20.86 33.81 1.008 46.22 1.307 0.753 52.12 11.83

(F) Uk, S K2 #RABESOKFE 1:387H, 2:4-15 3:5-30, 4:5-50, 5:5-25
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£5 WEHERERKEUIERERDBERK(44A) (03=1.0—4.0kgf/cm)
No w Pd w’ ¢ 70 b1 A b ém a
% g/ % kgf/cn? kgf /cor
TA-U 13.56 1.658 14.50 37.59 0.690 48.95 1.268 0.797 48.38 13.02
TA-S 13.68 1.656 21.48 36.41 0.310 45.31 1.067 0.832 44.33 11.03
TB-U 13.82 1.747 14.84 39.69 1.062 55.18 1.751 0.723 55.23 16.66
TB-—S 14.02 1.746 19.84 41.56 0.671 48.80 1.258 0.877 49.77 8.60
TC-U 15.75 1.677 16.35 37.05 0.667 48.46 1.299 0.794 48.85 12.84
TC-S 15.75 1.677 21.09 36.60 0.607 48.75 1.287 0.799 48.34 13.81
TD-U 16.16 1.774 16.49 43.84 0.747 53.94 1.519 0.810 53.50 12.21
TD-S 15.91 1.785 20.47 42.94 0.747 54.24 1.589 0.798 54.30 12.43
TE-U 17.39 1.675 17.73 38.85 0.538 49.33 1.286 0.813 48.99 11.93
TE-S 17.60 1.674 21.25 40.40 0.340 45.79 0.080 0.904 45.70 6.34
TF-U 17.46 1.763 17.17 43.33 0.822 53.18 1.485 0.824 53.11 11.22
TF-S 17.79 1.769 18.75 44.96 0.916 54.54 1.564 0.833 54.67 10.68
(F) U:3¥kKkiZE, S:7xki& TA, TC, TE: 4JE10m, TB, TD, TF : 5&30[m
#£6 MEILPDEOWREERDERE(47A)
No w Pd w ¢ 70 b1 A b ém a
% g/cm % kgf/cor kgf /cme
YMO—-U 11.71 1.363 13.20 33.83 0.367 40.69 0.922 0.871 42.57 8.33
YMO—S 12.44 1.405 21.35 34.77 0.171 38.03 0.810 0.937 38.97 4.03
YM1-U 12.57 1.614 13.40 37.99 0.549 46.53 1.150 0.847 48.88 10.11
YM1-S 12.75 1.598 22.28 35.67 0.503 44.62 1.082 0.830 47.09 11.11
YM2-U 12.60 1.888 13.74 37.70 1.075 52.15 1.501 0.748 56.02 16.41
YM2-—S 11.95 1.696 19.95 37.91 0.813 49.32 1.316 0.799 52.57 13.22
YM3—-U 12.40 1.731 13.55 38.71 1.352 54.67 1.687 0.727 59.03 17.55
YM3-—S 10.86 1.731 18.60 40.02 0.860 52.37 1.460 0.778 55.44 14.58
YM4—-U 10.58 1.770 12.84 40.95 1.492 56.11 1.795 0.741 60.71 16.52
YM4—-S 12.00 1.762 18.36 41.63 4.317 56.31 1.771 0.741 60.33 16.45
0OC1-U 12.65 1.597 14.96 33.67 0.688 45.65 1.156 0.780 43.81 14.35
0OC1-S 12.96 1.618 20.03 32.58 .0.679 45.25 1.130 0.770 48.19 14.99
0C2-U 12.92 1.667 15.30 35.27 0.865 48.29 1.289 0.770 51.88 15.04
0OC2-S 13.45 1.677 19.03 35.85 0.755 46.43 1.195 0.813 49.95 12.41
0OC3-U 13.14 1.677 14.59 69.41 1.007 51.87 1.469 0.783 55.57 14.18
OC3-S 12.74 1.760 17.18 38.17 1.149 52.36 1.527 0.755 56.52 15.94
0OC4—-U 12.72 1.810 15.06 40.78 1.414 55.33 1.740 0.748 60.03 16.23
0OC4-S 13.28 1.788 17.06 40.88 1.282 54.67 1.667 0.763 58.91 15.34
OF1-U 17.55 1.587 19.19 3341 0.681 45.01 1.128 0.790 48.12 13.67
OF1-S 17.59 1.608 21.90 32.58 0.679 45.25 1.130 0.770 438.19 14.99
OF2-U 18.04 1.667 18.81 35.13 1.097 50.45 1.434 0.735 54.68 17.28
OF2-S 17.66 1.675 21.35 37.42 0.695 49.31 1.292 0.782 52.08 14.43
OF3-U 17.95 1.743 19.38 38.02 1.454 54.41 1.707 0.720 59.32 17.98
OF3-S 18.19 1.744 19.68 39.95 1.113 53.62 1.572 0.763 57.35 15.39
OF4-U 18.07 1.789 17.80 40.06 1.598 56.52 1.846 0.720 61.30 17.70
OF4-S 17.85 1.788 19.07 40.54 1.434 56.48 1.803 0.725 60.73 17.47
(E) U:3KZ, S:KZ #HRAGEESOKFT 0 485, 1 : 3810@, 2 : 4BI5E, 3 : 5@30E, 4 : 5/E60E
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No w Pd w ¢ 79 b1 A b ém a
% g/ o % kgf/on? kgf /cm
SN1-U 17.69 1.564 20.12 32.81 0.500 40.00 0.931 0.870 43.11 8.82
SN1-S 17.67 1.557 22.12 32.75 0.428 41.24 0.953 0.837 43.43 10.46
SN2—-U 18.11 1.614 19.60 32.85 0.988 48.45 1.329 0.725 52.51 17.86
SN2-S 17.64 1.626 21.71 32.66 0.737 45.33 1.155 0.769 48.72 14.97
SN3-U 18.01 1.686 19.12 34.89 1.388 51.85 1.573 0.711 57.16 18.77
SN3-—S 17.68 1.698 20.02 37.47 1.018 51.06 1.441 0.762 54.94 15.53
SN4—-U 17.91 1.740 19.01 41.53 1.180 53.70 1.593 0.790 57.93 13.83
SN4-—S 18.26 1.735 20.13 38.19 1.607 55.70 1.818 0.701 60.86 19.08
SC1—-U 14.69 1.553 15.36 34.14 0.692 45.03 1.129 0.806 48.27 12.76
SC1-S 14.71 1.542 21.64 31.83 0.353 38.78 0.862 0.686 40.62 8.37
SC2-U 14.71 1.633 16.37 35.67 0.946 48.69 1.326 0.772 52.71 14.97
SC2-S 14.75 1.635 21.62 33.98 0.455 42.95 1.014 0.828 4522 11.18
SC3—-U 15.28 1.676 16.23 35.88 1.422 54.13 1.689 0.688 58.83 20.01
SC3—-S 14.70 1.709 19.67 40.20 0.667 49.61 1.297 0.831 52.25 11.15
SC4-U 15.04 1.713 16.27 38.03 1.520 55.46 1.782 0.701 60.27 18.98
SC4-—S 15.15 1.716 19.60 38.03 1.520 55.46 1.782 0.701 60.27 18.98
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ZZiz a
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o1+ 03 g1— 03
o= — sin @
2 2
01— 03
7= > cos @

BISRPICIR L2 & 512, 8ARLIMEAAR LML KD
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T 5. BRI O BT R EE IR E DR EE pall
KESHEIND. pa ZRBOBMREZR 1 —X14I12R
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3 L 1 . L
160 170 180
o4 (g/ )

1 DM ONEEIERA ¢ LIDREE pd DB

7o (kgf/ad)

] . 1 L
v 1.60 1.70 180

o+ (g/ )

X2 WHEHOERTEERE 70 L IREE pq DBIR

é=—21.91+35.01 pa (r=0.886)
To=—6.05+4.153 pa (r=0.874)
$1=—44.36+56.00 p 4 (r=0.942)
A=—4.288+3.372 pa (r=0.928)
b =1.275—0.2988 pa (r=—0.633)
$m=—58.56+66.30 pa (r=0.926)
a=—1489+17.64 pa (r=0.617)
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160 170 1.80
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X13  EERCEMEIONEEZEARD dnl
HIRTE po DBIR

FEREME TIIEBRBD £, WEOERILEELT
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