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The Properties of Various Coefficients of Equations of

Shear Strength of Compacted Non-cohesive Materials
Koushi ToORIYAMA

Abstract The correlation of the coefficients of Mohr-Coulomb equatoin, non-
linear equation and the .equation in which internal friction angle ¢y 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 ¢ at oy =10kgf/ew and

basic shear strength (apparent cohesion)

creased with increment of dry density pa.

7y of Mohr-Coulomb equation are in-

(2) The coefficient A of non-linear equation 7= A(0/ 0y)" is increased with

pq and b is scatteringly distributed for pa

and gravel and is 0.789 for tuff.

(3) Internal friction angle ¢, is expressed by ¢y= ¢,— a

G =

. Average value of b is 0.718 for sand

IOg( O’/'ﬁ 501)- (l)m at

oo =1.0 kgf/ /o is increased with pa and 2 is decreased with pqg but a is

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;

nomn-

linear shear strength equation; equation of internal friction angle.
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# 2 PEEREER G IR IR & ek

ORI 27 %

B ERROMIIHEL

A L LD 5 B
YM OC OF | SN SF

gy (%) 13 44 60 18 41 49
sy (%) 66 50 1 68 49 35
<75 pm(%) 21 6 9 14 10 16
Ue 84 14 35 27 29 72
Gs 2.666 2,649 2,635 2.673 12644 2.634
wopt (%) 144180 | 153 - ~ 1223 -
pdmax (g /o) 11.740—1.691 [ 1.813 - 11582 -

THTT 52 &3 uwdd, BEKE TR TIHEL,
RO ERILTEERILL D 2 - 5B H <% -»TH
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No w P w’ ¢ Ty $1 A b Pm a
% o/ e % kgf /ot kgf/em
TA-U 13.57 1.656 13.97 37.0 0.69 49.0 132 0.780 52.8 14.81
TA-S 13.67 1.661 21.61 35.7 0.42 453 1.12 0.807 48.4 13.13
TB-U 13.50 1.750 14.90 1.0 1.05 550.2 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 37.3 0.55 48.8 1.22 0.816 50.7 12.50
TD-U 16.10 1.771 16.09 42.8 0.78 653.9 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 8.7 0.58 49.3 1.27 0.822 51.9 12.07
TE-S 17.55 1.772 19.19 44.2 0.66 45.8 1.17 0.849 49.8 1042
TF-U 17.26 1.760 17.08 42.7 0.79 53.2 1.53 0.809 56.9 12.64
TEF~-S 17.55 1.772 19.19. 44.2 0.66 54.5 1.39 0.888 56.1 10.29

GE) U dki@ S ik, TA, TC, TE: 43100,

TB, TD, TF

5 @30
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PERA~TIZRT. 209 H, #KEBLUFEKLNAYMIE D 4 BROWREOPHHTH 5. kT enld 620 %
2, 308ANUEEKED I BD o5 =1.0~—4.0 kgf/ o Wdh LI, WRTOFEIEIRRE L » T 5.

F3 AR LTI o ML o —E (8 AK)

No w Pd w ¢ Ty é1 A b bm a
% g/ o % kgf /ent kegf/ e
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 37.38 248

YM1-U 12.63 1.602 13.57 36.44 0.616 46.53 1.228 0.803 50.99 13.42
YM1-$ 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 13.51 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 1249 L1727 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 1595
YM4—-U 10.63 L1772 1245 40.78 1.334 56.11 1.813 0.734 60.94 16.85
YM4—S 11.89 1.758 18.93 40.05 1182 56.31 1.647 0.766 58.89 1541

() U koki, S orokig, BEES o 0 &R, 10 310, 2 0 4815k, 3 U 5 RE30m, 4 U 5 G0N

4 ERREERCH O BEERARIETE & BITRRIE S o> BRI CPRE 2 SRR

No w Pd w ] 7o b1 A b bm a
. % g/ o % kgf/an kgl /o
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 1.571 24.17 31.38 0.486 40.65 0.963 0.306 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
TA2-5 14.99 1.676 21.59 35.90 0.681 44.73 1,156 0.820 48.91 1178
TA3-U 14.95 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 37.21 1.328 49.74 1.518 0.761 55.85 14.22
TA4-U 14.77 1757 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~-S5 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 1142
TB2-§ 17.79 1.686 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-S8 8.61 1.777 1841 43.35 0.672 48.50 1.296 0.888 52.33 7.38
TB4-U 17.77 1.809 17.13 41.51 1.507 54.85 1.787 0.752 57.42 11.48
TB4-§ 17.32 1.786 18.39 43.79 0.738 50.15 1.394 0.860 5442 9.29

TC1-U 12.90 1.577 13.67 34.22 0.496 42.02 0.995 0.854 45.84 10.90
TC1-8 12.70 1.566 24.40 31.62 0.188 3533 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 35.65 0.665 44.37 1.139 0.779 48.31 14.95

TC3~U 12.01 1.691 13.34 39.26 1.149 52.10 1.585 0.742 54.68 14.86
TC3-8 12.21 1.687 21.04 39.16 0.814 48.41 1.275 0.825 55.36 20.69
TC4-U 12.65 1.729 14.21 43.20 1.194 55.45 1.694 0.782 59.35 13.93
TC4-5 1210 1.716 20.25 40.40 0.973 50.70 1.465 0.795 55.53 13.38

TC5-U| 1285 1.669 14.02 38.38 0.928 50.56 1.420 0.775 55.57 12.19
TC5-5 12.83 1.677 20.86- 33.81 1.008 46.22 1.307 0.753 52.12 11.83

GEy U kg, S ki, kB ol 10 3TH, 2 4~15 3 :5-30, 4550, 5:5-25
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F5  NmRBEPCHSNERIER O MR (4R (03=1.0~4.0kgfl /o)
No w pd w ¢ 74 ¥ A b bm a
% g/ om % kef /en? kgf /cnr
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-85 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
(Y U kR, S iki&, TA, TC, TE: 4810, TB, TD, TF . 530/
#6 AR DB SR R O MRS (4 &)
No W rd w’ ¢ 7o @1 A b bm a
% o/ o % kgt /cnr kaf/cm
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 8 11.95 1.696 19.95 3791 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 1771 0.741 60.33 16.45
0C1~-U 12.65 1.597 14.96 33.67 0.688 45.65 1.156 0.780 48.81 14.35
0C1-8 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
cC2~-8 13.45 1.677 19.03 35.85 0.755 46.43 1.195 0.813 49.95 12.41
0C3~U 13.14 1.677 14.59 69.41 1.007 51.87 1.469 0.783 55.57 14.18
0C3-8 12.74 1.760 17.18 38.17 1.149 52.36 1.527 0.755 56.52 15.94
0C4~-U 12.72 1.810 15.06 40.78 1.414 55.33 1.740 0.748 60.03 16.23
0C4-8 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
OF1-8 17.59 1.608 21.90 32.58 0.679 45.25 1.130 0.770 48.19 14.99
OF2~U 18.04 1.667 18.81 35.13 1.097 50.45 1.434 0.735 54.68 17.28
OF2-8 17.66 1.675 21.35 3742 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
OF3-8 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-~8 17.85 1.788 19.07 - 4054 1.434 56.48 1.803 0.725 60.73 17.47
() U @ daki, S ki, HERUARS ooy 0 ek 3R0M, 2 ¢ 4 KBISE, 3 5JE30MmI, 4 @ 5JE60MH
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No w Pd w ¢ 7y P A b bm a
% g/ o % kegf /ome kgf/cme
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 2212 32.75 0.428 41.24 0.953 0.837 4343 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
SN3-6 17.68 1.698 20.02 37.47 1.018 51.06 1.441 0.762 54.94 1563

SN4-U 1791 1.740 19.01 41.53 1.180 53.70 1.593 0.790 57.93 13.83
SN4-S 18.26 1735 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
SC1-5 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

SC2-5 14.75 1.635 21.62 33.98 0.455 42.95 1.014 0.828 45.22 11.18
SC3-U 15.28 1.676 16.23 35.88 1.422 54.13 1.689 0.688 58.83 20.01

SC3-95 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 1898
SC4-95 15.15 1.716 19.60 38.03 1.520 55.46 1.782 0.701 60.27 18.98

GE) U »gkokid, S ook, RS oBcr 10 306, 2 0 4 BI5EL 3 0 530[, 4 1 5 60f

BERE R OB REIEOWT Sz oo ARSI T on=1.0kgl/ar & k5B
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PR e LT, RO 3EFBITFLN TS b= du—a log( o on) (6> 0y (9~a)
7=C+ otan¢ (1) do= P (o= op) (9-b)
r=A oP (2) ZZit ool ORDEEDIEHT

s = otanoy ®) Gu= Oo1rexp {mZ&OS((imm qu)..} (10)
$o= dmax— alog(o.09) (o> o9} {(4—a) T dml o=1.0kgl /o TOMNIEIRM LIEIEL 2
B0= Pmax (0% 00) U~ 3) Jide, ZRNEHRSE O G B S O o B 3y '13 Ji

SRS OMATEIC D TR BRI L. 2 R, BRSO E B LI HL TP LAMMNTH B

NENONEBHO TR H Y, (R LT3 TN AR
7= 74+ otan ¢ (o> 02 (B—a) X6, D QDEE 70, ¢, b1, A, b, du, 2%
7= gtan g (0= 02 (5—D) Kb B ITIE ZHNEH S % 03=1.0, 2.0, &0 4.0 kgf/

N I Jt”’fi?’i}‘iiﬂf"ﬁ' ST AT ORI L, D 4RI ET T LT, E512 03=05 kgf//
ca  BRDBEDISTITH Y, o 1 ARBINT 5 t E-3T (i IaN ‘) IRLT, kOEML
oa= 79 /(tan ¢i- tan ) (6) V‘ HIER dusk B D LT Sk, ET dosd

dro3=10 kgl /emTHE—N « 7= DI LY TRl Fk u}JJ EATR Lf“

R 7o NIRRT O T BBRBOE I > WTHE T 5. 82 — 71

@RizxLTid PR B L TGy 7o, B, &, (7);&@/\

7= Ao/ ag)P (o> 069) (7T—a) b, NXDdm, a8 2RT. Lk, AOHEEENK
T= otan ¢y (6= 069} (7T—D) LtzeHro (o, TIZEE— s 7= DT

R N N ROREOIEI TH ) Moy il 7> 6158 % TG 'C‘;u:{ll L7z(5—~a) XD ¢# A
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oo tan ¢m
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- o1+ o3 61— 03 p ¢ =~2191-+35.01 pa {r=0.886)
== - sin
2 2 7p= —6.05+4.153 p4 (r=0.874)
o1~ 03 $1=—44.364+56.00 pq (r=0.942)
T e 08 ¢ :
2 A= —4,288+43.372 pd (r=0.928)
BERENTR L & 512, SARLME 4R LMl 5K b =1.275-0.2988 p« {r=—0.633)
PRI A LTIRITSE Lnd o, REoOmiicid ¢wm=—58.56-+66.30 pqg (r=0.926)
03=1.0—4.0 kgf /ardr 3RDLMOAEZH GBI L & a=-—1489+17.64 pq (r=0.617)
§ 5. IR RO BRI B OISR E I palc B D T, BRERIEBREEONmE & b }\%
KESWESINE, pa BHREOMEREEZR 1 —RI4TR {e»THY, WEFREpe biCMTsZ Lz
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