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Figure 5.25-Typical shear stress-strain diagrams for soils
in three conditions: A: cemented, B: loose, and C: dense.
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Figure 5.27-Direct shear test apparatus.

Figure 5.28-Typical result of direct shear test.
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cited in Gill and Vandenberg, 1968).
18



oo ol

Z)‘g)éu&‘f ¢
= I o Sl —

S5 33 By (6955 —

s gls 8595 it —
S 359 (Sl dikad By caaglie —

Cutting Resistance
(Siliwl Jolas) w8 0 Sy Slids g9 paar —

19



p‘*%*”gfpﬂﬂ?)ﬂrtﬂ

B ,251::::3

-l

CA ™ o .5:\(?0 .
N %/ ==t
G g, \ \Fo ]

(a) (b)

Figure 5.40-Soil and tool reaction forces (Soehne, 1956,
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Summing forces in the horizontal direction and equating them
to zero the following equation is obtained:

a a

D =F, siné + n'F, cos§ + kb (3.23)

where
D = horizontal draft force
n = coefficient of soil-metal friction
Fo= normal load on the inclined plane
k = soil cutting resistance
d = tool lift angle

The specific draft of the soil (D*) is defined as:
D*=D-kb
or

D*=Fysin & + Fyp’ cos & (5.24)
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Summing all the vertical components of forces acting on the soil
mass and equating them to zero for equilibrium results in the
following equation:

W —F;(cos & — p' sin 8) — F'{ (cos B — p sin B)

+(CA{ + B) sin c‘(%: B=0 (5.25)

soil weight (N)

normal force on the forward failure surface (N)
angle of the forward failure surface (rad)
coefficient of internal soil friction (-)

area of forward shear failure surface (m2)

soil cohesion (Pa)

soil acceleration force (N)
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Fy (sin 8 +p cosd)—-Fy(sinB+pcosP)-(CA;+B)cosB=0 (526)

Equatlon 5.24 can be used to solve for F, Substituting Fy in equation
5.26 to solve for F; we get:

~(CA, + B)cos B
sinf + u cospP

(5.27)

Substituting for Fy and F; in equation 5.25 gives:

w_[p* cos8 -’ sinS) [ _(CA, - B) cos ](COSB usmB)
sind + W’ cosd sinf3 + p cosP

+(CA, + B)sinf=0

Expanding and rearranging terms gives:

p* [ cosd—p sind  cosp—psinf _w,_ CA-B
sind + ' cosd sinP + pcosP sinf3 + u cosP

23



cosd — n’ sind & cosf— u sinf3 o 5 55 13 e 0y Z S
sind + p’ cosd  sinf + p cosf
B e W St D (5.28)

z  z(sinB + pcosp)

mq‘owb,@l —ﬁujldﬂawﬁswd.cgugxsw@l)dolmwt

(W) 25 0555 g oslons

where
Y = wet bulk density of soil (kg/m3)

b = tool width (m)
d = tool depth (m)
d* = d {[sin(8+B))/sin B} (m)

L= d {[cos(8+B))/sin B} (m) . 5
L,=d*tand (m) | \ / ¢

Figure 5.41-Segment of soil on the inclined tillage plane
tillage tool (Soehne, 1956, cited in Gill and Vandenberg,
1968).



The shear plane area (A;) can be determined easily from either
figure 5.40 or 5.41 and it is given by:

o . A, = -bd (5.30)
SWA e dadua cb.u Asulaa sinf3

The acceleration force (B) is the only item in equation 5.27 that
remains to be specified. Using Newton’s Second Law of Motion:

& He o - = d—v
SR oagh lid I AU 5 g Ailaa B=me (5.31)

where
m = accelerated soil mass (m/tig)
v = soil velocity (uniform within the mass) (m/s)

t = time(s)

The mass of the soil being accelerated or disturbed by the tool at
time (t) is given by:

43l b g 438 8 GG SIA o Aulaa Y gy, (5.32)
g

where
vp = tool velocity (m/s)
t, = average time a particle of soil is engaged by the tool (s)
g = acceleration due to gravity (m/s?)
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Vs =V + Ve (dV/dt) ‘?‘M Al
: 5.41 J8& (b

Soehne assumed that: QA oa gl éjh‘, CS o VS
Vo . aad g dA s Cp e S8y
dv . Av _% 79 Y (5.33) Al CS a Ce eV

AR (oa | Ay Callia ey JiSES )10 A ()
Vo = O since the soil was initially at rest at time t = 0. In addition,
since the velocity vectors (v, v, and ve) form a closed triangle, we
can write the following relationship:
Vo= vgcos B + v, cos &
and

Vg sin B =v, sin §

so that v, can be eliminated to give:

v =y, —Siné 5.34
: Osin(8+B) 5:54)

Substituting equations 5.32, 5.33, and 5.34 into 5.31 and
simplifying gives:

a8
B=Ypdy, _sind _ (5.35) 26

g sin(8 + B)
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L=tan ¢

where ¢ is the angle of internal friction. The angle B can be evaluated
from the equation (see fig. 5.31):

RAsao sy B = (90

27
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Traction
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