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PLANAR FAI LURE

Geonetry — No Tension Crack

Known Par aneters:

H = Sl ope Hei ght B =
LB= Slope Dip C=
a = Failure Plane Dip N =
(/= Upper Bench Dip M =
O=Oigin (0,0) L =
y= Rock Unit Weight A=

W =

_ H
sinf

B={Ncosg,H} 5{ Hcot 3,5

To solve for distances L&V use vector addition

OB +BC =0C
H cot £ N M cosy/| |Lcosa
H M sing Lsna
This gives two equations:
H cot S+ M cosy = L cosa

H+Msny=Lsna

From equations [4]:
_Lsna-H
- sny
Substituting [5] into [3]:
Hcot f+(Lsina —H)coty = Lcosa
H (cot B —coty) = L(cosa —sina coty)
_ H@~-cot Stany)
- sing —cosa tany

L

Unknown Par anet ers:
i ntersection point,
i ntersection point,

sl ope | engt h,
bench length, B> C

failure plane length, origin > C
wedge area

wedge wei ght

sl ope & bench
failure plane & bench

origin > B

[1]
[2]

[3]
[ 4]

[ 5]

[ 6]



PLANAR FAI LURE

From equation [3]:
M = L cosa — H cot 5
cosy

[7]

To calculate L and M use equations [6] & [7]. Do not use equation [5]
because (/=0 is comon & Mis irresolvable using [5].

C ={Lcosa,Lsing} [ 8]
Area Cal cul ati on:
= ~lexc
1
=§‘BXCy -B,C, [9]
W= Ay [10]
Fl ow Chart:
1. Solve for N (eq. [1])
2. Solve for B (eq. [2])
3. Solve for L (eq. [6])
4. Solve for M (eq. [7])
5. Solve for C (eq. [8])
6. Solve for A (eq. [9])
7. Solve for W(eq. [10])



PLANAR FAI LURE

Water Forces — No Tension Crack

Case 1: Maximum Pressure M d Hei ght

0 < Z,< L sina

yAY
Lw = wetted length = ——
Sna
Zv P = Maxi num wat er pressure
1
= Ezwyw
11 Z
U= water force = =PI, ==|=Z W
v 2(2 ngj(snaj
Z 2
u= 2w P [11]
4sina
Case 2: Maximum Pressure at Toe
Z
Lw=—Y%
Sha
P=)Z,
2
u=—->*-=*% [12]



Ceonetry — Tension Crack

PLANAR FAI LURE

Known Par aneters:

H = Sl ope Hei ght

B = Slope Dip

o = Failure Plane Dip

v = Upper Bench Dip

T = Tension Crack Distance
© = Tension Crack Dip
O=0igin (0,0

v = Rock Unit Weight

Unknown Par aneters:

B
C
D

s>O0rzz

As in the no tension crack case:

=_H
sinf
B ={H cot 8, H}
Now,
C=B+{T,Ttany}
M=—"
cosy

Let’'s solve for D, QL:
D =C-{Qcos#,Qsing

D ={Lcosa, Lsina}

Equat e equations [ 15] & 16]:

Sl ope/ Bench intersection point

Tensi on Crack/Bench intersection point
Fai |l ure Pl ane/ Tensi on Crack

i ntersection point

Sl ope Length, O > B
Bench Length, B > C
Failure Plane Length, O
Tensi on Crack Length, D
Wedge Area

Wedge Wi ght

-> D
> C

[13]

[ 14]

[ 15]

[ 16]

{c..C,}-{Qcos8,Qsing  Lcosa,Lsing

_C,—Qcosé
cosa

or L

[17]



PLANAR FAI LURE

C,-Qsinég
and in [18]
sSha
Equat e equations [17] & 18] and solve for Q
C, cota -C,
= [19]

" sinf@cota - cosl

Area Cal cul ati on:

1 1
A=Lpx0|+ [0 -B)x(C-B)

1

1
A=~|B.D, -B,D,|+Z|(D,-B,)(C, -B,) - (D, -B,)(C, ~B,)
W= Aly
Fl ow Chart:
1. Solve for N (eq. [1])
2. Solve for B (eq. [2])
3. Solve for C (eqg. [13])
4. Solve for M (eq. [14])
5. Solve for Q (eq. [19])
6. Solve for L (eq. [17])
7. Solve for D (eq. [16])
8. Solve for A (eqg. [20])
9. Solve for W(eq. [10])

[ 20]



PLANAR FAI LURE

Wat er Forces — Tension Crack

Case 1: Maxi mum Pressure M d Hei ght

.-—-—"'_._._._.-
N S
FE
T Zi = Zy — Z;
Zi =D =L sina
= U = Water force on failure plane
- V = Water force on tension crack
zf
Type A If Z, < Z
7 2
LJ:_ﬂJIﬂ; V=0 [ 20]
4sina

Type B. If Z,>Z and Z,/2 < Z

L =2 -

2sna
L,=L-L,
P=22.F

[ 21]

P2 :yw [Zt

1 1
U =§P1D-1+§(P1+P2)L2
V:—ZtZD/W —

2sind

Type C. If Z,> Z and Z,/2 =2 Z




P, =ylZ,

1
P="yx
4 2y w

L, =
3 sind
z

L, ="
* 2€n6

U=%L[P3

1 1
\ ZE(Ps +PB))L, +§P4L4

PLANAR FAI LURE

Case 2: Maxi mum Pressure at Toe

R =yLZ,
PG:yl:ZW
Zt

> d&nd
1
—§(P5+P6)L

V=%P5EL5

[ 22]

[ 23]



PLANAR FAI LURE

Case 3: Maxi mum Pressure at Base of Tension Crack

Z0= 7 - Z

P.=yLZ, o]
L =2

19”0 [ 24]
U==-P 0L

2

1
V=PI, |



PLANAR FAI LURE

Ext er nal Force

E, = E[¢0sO

Ey =E&NO
Sei sm ¢ Force

S=W, &,

a,= Seismc Coefficient
W = Wi ght of Wedge
W = Directional Wight Conponent

S, = S[¢0sQ
S, =SEnQ

Active Bolt Force

= Active Bolt Force
= J [¢osA,

J
J
J, =-JG@nA,

X
y

Passi ve Bolt Force

K, =K [osA,
K, =-K[E&nA,

K = Passive Bolt Force

Active Water Force (Tension Crack)

V, =-V&ind
vV, =V [tosd

V = Tension Crack Water Force



PLANAR FAI LURE

Nor mal / Shear Force on Failure Pl ane

W = Wedge Wi ght
W= -W

Active Forces Only:
DR+t F, =W, +E, +S, +J, +V,
F,=-Aly-EBINd-SENQ-JEnA, +V [€osf [ 24]

2 F @ F.=E +S,+J +V,
F, = E[€osd — S[tosQ + J [€osA, -V [$ind [ 25]
N =—(F, + K, )cosa +(F, +K,)sina -U [ 26]
S=-F, Eina -F, [tosa [ 27]

Shear Strength on Failure Pl ane

Strength Criterion = Mhr Coul onb

C Cohesi on
N Nor mal Force

¢= Friction Angle
L = Length of Failure Surface

r=cllL+N@Oang+K, [osa + K, [Ena [ 28]

Passive Bolt

Factor of Safety

_ Resisting Forces

F
Driving Forces

F= Shear Strength _7 [ 29]
Shear Force S

10
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