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THREE-DIMENSIONAL SPENCER METHOD FOR SLOPE
STABILITY ANALYSIS
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Abstract The two-dimensional Spencer method is extended to three-dimensional slope stability analysis in which
all forces acting on the discretized blocks are taken into account. The static force equilibrium in all three directions
is satisfied and the total moment equilibrium is also satisfied. In this method the potential sliding mass is divided
into rigid blocks. The inter-block forces and their direction are involved in the computing process. It does not need
previously known main sliding direction of the slope. Hence the number of assumptions being introduced is less
than that in other three-dimensional analysis methods. This method can be applied to various types of potential
sliding surfaces complicated geological boundaries and stratifications water pressure and earthquake loading
especially for the slope with asymmetrical profile. This proposed method holds the advantages of the 2D Spencer
method. The convergence of the iterative calculating process in this method is better than that of other methods. In
addition this method not only gives one value of the safety factors for an integrated slope but also analyzes the
safety factor and its sliding direction for each block according to the characteristics of its sliding surface. The
numerical approaches and steps are provided to achieve the program of the proposed method for 3D slope stability
analysis. Some programming techniques are also proposed to ensure the practicability and validity of the method.
Moreover an asymmetrical example is employed to show how this method works. The results calculated by this
3D method are given in detail such as the factors of safety and sliding directions of blocks. The results obtained by
3D Janbu method are also presented for comparison. By comparing this 3D Spencer method with other 3D analysis
methods it is shown that the proposed method can provide more parameters and information useful for a landslide
control and treatment.

Key words slope engineering 3D slope analysis stability analysis limit equilibrium

2005—06—01 2005—08—18
(10372104) (973)  (2002CB412706)
(1966—) 1987

E-mail zhangjf@imech.ac.cn



24 19

Spencer ©3435 o
p
1
Spencer [ %
Spencer
[3] Spencer
[4 8] Spencer
1) !
(2) 3)
0 (4
Z
( ) o E
1
[9] Bishop Fig.1 Schematic diagram of the forces acting on a column
[10 11] X-Z
Janbu X ! P’
y-2 y 0y’
T TY! r
Janbu aixzj aiyzj Xy AX
Ay Xy
Spencer 2.2
1)
2 Spencer
2.1 ) 4 0
T Ty 0
m>n( > ) @) ( 0)
1 ] i (4) ! ( 6.’
j Xy z ) P’ ( o )
Xz yz X-z Y-z w'i ) z
(i p'
N WSy 2.3 Spencer

X-Z y-Z P’



* 3436 «

2005

Sl.cosgl, !+ (N T+ r,W' nid+Q,, cosgl, ' =0
)
sy’ cosal,’+(N' T+ r,W' )ny '+Q,,'cosg,’ =0
(2)
Sk'singl !+ sing),) +(N' '+ r,w")n; 1+
Q. 'sing,,'+Q,'singy/-w' 1-p' =0 (3)

ij_pij i+l
Xz —sz _sz

n, ')

(1) )

Pyiz+l j n(nix j niyj

i i
=P -

Xy ( 3)

SI{IN' "+ ryW' Dny T+ Sk sing), ' +
i
Silsingd,) ~w' TPy, TH[(N' T+
roW' )n} '+8\, cos o, '1z¢ 3=0 4)
SI{I(N' "+ r,W' )0y + S singl, ! +
i

Sylsingy,'~W' =P Ixc T+ I(N' T+

roW' )n} 1485 cos a1z 3=0 (5)
(7 oy o2 )
(3) Xy
>¥Q,'=XQ,-XQ;=0 (6)
ij i i
¥¥Q,'=>Ql-3¥Q)=0 7
] ] ]
Q q i
Q Q j
Si'=c' A J+N' ltang'’ (8)
¢ioPt A ()}
Xy
P Y
xj_ﬁ (9a)
P Y
Fy’—ﬁ (9b)
. =
Xy

St i=[n} ¢ TA T+tang' W' i+p -
QL singl,i—Q' 'singli—n row' )/

o -~ (sing' 1 sing!
{n'z I+ tang' '(—Sm.ax_z + _a_yzﬂ
ij F'J
X y
Q,'=B FI-H"
Q,/=E /Fy-K"
xxs'’
Fo=—fF j=td
XXD"’
1]
XXE"’
Fy=F\) ' =—Z—
y y z .GIJ
L |
i
B J:Sf_(n; Icosal, ' cosél, | —
My

ny 'sinay, ' coséy, ' —nyi cosay, ! sinéy, 1)

- S! 'n} jsin(q§zj—9§zj)+
F, |

W' I +P" )n, jcos&iﬂ}/mg

Coosid o o
E'1="1—(n} Jcosal, ) cos@i | —
My
ny Isinay, ' cosd, ' —n} Tcosay, 'singy, ')
5| St in) Tsin(ad - 63 )
K' = it +
Fi

W' 7 +P" )nl T coséy, J}/mg

D - S¢ ‘i Isin(ay.’ -6)7)
F

W' I +P" )nj jcosé@ﬂ}/mg

1Sty Tsin(a ! - 0% )
G J_|: FXI ; _

W' 1 +P" Hn, Jbosé’iﬂ}/mg

m, ' =n} T cos@, ! cos@), | —

ny 1sin@y, ! cosd, ! —ny Isin@y, ! cosby, !
ij i
Xz yz
2208 '-D'F )z ]

tangl, 1 = =<

DN CRE RIS

(10)

(11a)
(11b)

(12a)

(12b)

(13a)

(13b)

(13c)

(13d)

(13e)

(13f)

(139)

(14a)



24 19 . Spencer * 3437

SSUE -G TF Nz ] 7 3)
L — (14b)
y ZZ[(GI I—_GELD) yL J] (8) (15)
i 9) (16)
2 S!S\’ 17)
St !
[11] 4
i St
F J_F (15)
[10]
(26.59 2
§1 1= (81 )+ (S )+ 25L S\ sin ly sin ol
10 11 2 —v)? —7.)?
( B ) a b c
Sinﬂl i Fi Sinal j (16) yo 9-6 m 20 31.22 m
Fy' a=65m b=5526m c=31.22m
Yys:
= 7)
2¥s; !
i
67 Su' Sy’ ( 1)
3
mx<n( > )
mxn
1 2
0 Fig.2 Ellipsoidal slip surface of slope bottom
(
Spreadsheet  mathCAD)
) 2.173 r.=0.25 1.665
[10] 2.007 1.530 1
) Xy .
3 )I(ZJ iZj 0
¥ ( 6. 6’ 0) y 3 4
Xz yz ( )
1
(4) (1) (12) 5
ij ij
Xz yz
(%) ®) Spencer
o, 0," 0
Janbu

(6) (14) W0y



* 3438 ¢ 2005
1
Table 1 Safety factors of blocks
1 2 3 4 5 6 7 8 9 10
1 2.012 2.078 2.123 2.158 2.189 2.176
2 2.004 1.999 1.013 2.033 2.096 2.141 2.179 2.215
3 2.001 1.938 2.031 2.085 2.123 2.153 2.178 2.200 2.222
4 2.029 2.001 2.066 2.108 2.137 2.160 2.179 2.196 2,211 2.225
5 2.029 2.088 2.124 2.149 2.168 2.183 2.196 2.207 2.217 2.227
6 2.105 2.138 2.160 2.176 2.189 2.199 2.207 2.215 2.222 2.229
7 2.175 2.188 2.197 2.205 2.211 2.216 2.221 2.226 2.230
8 2.210 2.215 2.219 2.222 2.224 2.227 2.229 2.231
9 2.221 2.232 2.232 2.232 2.232 2.232 2.232
10 2.228 2.232 2.233 2.233
2 X-y
Table 2 Projection of directional angles on x-y plane
1 2 3 4 5 6 7 8 9 10
1 63.91 53.46 48.78 46.07 4452 44.38
2 60.83 53.78 59.40 59.89 60.44 60.78 60.97 61.06
3 61.78 64.03 63.91 63.94 63.97 63.99 64.00 64.01 64.02
4 66.64 66.72 66.18 65.88 65.69 65.57 65.48 65.42 65.39 65.37
5 68.66 67.71 67.16 66.81 66.56 66.40 66.28 66.20 66.15 66.12
6 69.05 68.20 67.67 67.31 67.06 66.88 66.75 66.66 66.60 66.58
7 68.47 67.95 67.60 67.34 67.16 67.03 66.93 66.88 66.85
8 68.10 67.75 67.49 67.31 67.18 67.08 67.02 67.00
9 67.29 67.54 67.36 67.22 67.13 67.07 67.04
10 67.02 67.11 —67.18 67.03
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Fig.3 Contours of factors of safety

Fig.4 Potential sliding direction on x-y plane (top view)
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