APPENDIX A

DERIVATION OF SLOPE STABILITY EQUATIONS

In shallow planar landslides, the length of the
moving mass is much greater than the depth of regolith
affected by the movement, so that upslope- and
downslope-acting internal forces effectively cancel
eath other, and may be disregarded (Skempton, Hutchinson,
& Neville, 1969, p.318).

Therefore the forces acting may be analysed on the
basis of the situation shown below-

B._.
/.‘- \
A! '..,/b .

Let the inclination of the slope be B, the depth

to the slip surface z, and the depth of grcund water
above this level mz.

Then the weight of scil material above the slip
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surface AB is
Xz.bcos B

"and this weight divided by the area over which it acts
glives

overburden pressure = chosB

Hence the component of overburden pressure
downslope (that 1s, the shearing component), is

7 = fzsinBcosB

To allcw for the fact that the soil may at times
become saturated to various depths, and that this water
may seep downslope through the soil, we may proceed as
follows- )

Assuming that the flow lines run parallel to the
slope surface (that is, that the soil is isotropic or
that maximum permeability is in a direction parallel %o
the slope), it follows that the equipotential lines are
normal to the slope. In the figure above, BC is an
equipotential of length mzcosB and the pressure head at B
is the distance BD, equal to mzcos<B.

Now the neutral (cr porewater) pressure is equal to
the product of the piezcmetric head and the unit weight
of water, so that

u = § _mzco s°B

According to the principle of effective stress, the
affective stress is equal to the overburden pressure
minus the neutral pressure.

Hence

o' = (& - mKw)zcoszB
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If the shear strength parameters of the scil, in
terms of effective stress, are ¢' and ¢', then the shear
.resistance that can be mobilised on a slip surface is

s = ¢! + (X—-mKw)zcos2B.tan¢'
Then the factor of safety 1is
2
F :;c'4-(f—mxﬁ)zcos B.tan¢'
$zsinBecsB

- The steepest slope which can exist has F equal to
unity, so. that

8sinB = ¢'+ ({-m Xw)cosB.tancﬁ'

If ¢=0 (as when using residual strength parameters),
then

tanB .. =(f-m Xw)tan¢'

_ 8
and if the full depth of the scil is saturated, then

taanax =(5-Kw)tan¢'
; -




APPENDIX B

St e

SLOPE_PROFILE PLOTTING PROGRAM

This program allows slope profiles tc be plotted
at any scale using any vertical exaggeration and any
unit length.

~ Profiles are normally plotted from the base upwards;
to plot in the reverse direction, the sign of each
reading must be reversed. '

Visual display during plotting is as follows-

z angle couﬁter
y average of all entered angles
z value of last angle entered

The totals for x- and y-coordinates may be recalled
from registers f and e.
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Instructions for use of the program:

1. Enter the program.

2. Follow the key sequence below-

Enter-

l. New V.E.
2. New unit

CONT.

[SET FLAGI (to alter scale or

Enter-
1. Vertical exaggeration

2. Unit length

Enter-
Angle

unit length)

(if last angle)

ik Dk

STOP

CONT.
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APPENDIX ©

COMPUTER PROGRAM 'CREGT!

Data are entered on punched cards, using five
columns for each reading, column 1 bheing for sign.
Successive profiles are separated by a 79 column heading
card. Each profile must be terminated by a dummy angle of
100.0 degrees.

Percentage of profile length represented by the
unit length is calculated from the formula

100
N

Curvature is calculated from the relation

100(6a - eb)

1.5

in degrees per 100 metres. Curvature is expressed as a
positive value when slope angle is increasing upslope.
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32006 FORTRAN (2.1) 08709772

PRJIGRAM CREST
COMiiON THETAC200)

~ DIYENSION ANo(16)0XFRE(100) i ; e
- INTEGER EOFCKF

TREAL KURT
REAL neanc

4
N
! IRAQHAX=100

: T"IEAD 99
‘ IF (ZOFCKF(60),EQ,1)G0 TO 1000

99 FCR4AT (80N
[ . 1 : )

" PRINT 98
98 FORMAT (1H1)

ST PRINT 99" -
s I1SET=1 .

T D0 2 T=ILE, IRANMAX
2_IFRE(])=0

ILE=50
K ANGNN=0.0 _

= CIRANMAX=0

PRINT 200 °

200 FORART " (B3R ;IHA, T4X;1RB749X; #HORI ZONTAL#, 68X #FALLS,9X; GRADIENT
12,8X,#TOTAL®,10XsTOTAL#/49X,«|NCREMENTS,38X,*HORIZ=,11X,*VERT#/4X,

2% ANBLET(0)#,8X, #C0STG#, 10X, #SIN 0%, 9X,31,5C05 Q#,7%,#1.55IN Qe,6X,
3#SIN W/COS Qr,B8X,#CUM, A*,7X,2CUM,B#,6XsCURVATURES/)

—
- 3 REAU 1DC, LANS(T) 1=1,16)
fﬂ‘ 100 FORAAT (16F5,1)

T —————— T e B -

ot 4 1=1,16
~“_ IFCANG(]).EQ,100,0)60 TQ0 5

TSETZ[SET+]
- THETACISET)=ANG(])

e it e
: 4TANGMN S AVGHV’THCTA(ISET’
G0 TO 3

5 THETA(L1)=THETA(2)

IYDT ISET=-1

\_________,

MI{T7)SANGIE Y =ANG( DY SANGTITY 050
AN:(12) ANG(13)=ANG(14)= ANG(15)=O 0

T TTTANGNHZANGHN/TTOT

- pe 6 «=2,]13€ET

: ANS{{)=THETAIK)
- THZAsTHZTA(K)#(,017453

1R3(2)=CCSF(THFA)"
ANG(3)=5]i7 (THEA)

v TANI(4)31,5%ANG(2)
" ANG(5)=1,5%ANG(3)

“ANT(6)=ANG(3) /ANG(2) ™
ANGU7)=ANG(7) +ANG(4)

TANGUBY=ANG(8)+ANG(5)

. ANS(9)3(THETA(K-1)-THETA(K))*103.0/1,5

THDEX=ANG(1)72.0+227 7
I~ IFIcCLNOFX)=IFRECINDEX )+

v .

: TIF(ILE.GT. INREXY ILE=INDEX™
L:\ IFCIRAMAAX LT, INDEX) IRANKAX = INDEX

TANG{11) AN (11)+ANGLY)

; THEA2THETA(K)
5 TTTTTTTTYHAN=THEA-ANSMA

- THANSI=THAVSTHAN

N T AMG(12)=ANG(12)+THANSY ™
PO AN3I(13)SANI(13)+THANSTHANSO

ANG(14)2ANG(14)Y+THANSU#THANSD




ANI(1913AN3(2L5) e THEA THEA
PRINT 201, (ANGU]),121.49)

: 201 FOIVAT (1XeF10.1,7F15.4,F15,2)
& TNUTIWIE

B P L e e i g o e - . ©adeim b g i e e o

e TUNTOTER e
STAT#=42,3¢(1L.E~1) 02,0
T PRINT 202 - T -

202 fu%u\'(/ux-fﬂiousucv DATA#/8XeANGLE (O)O.OXOFREO . #,8XeCUM, rREa .

0” 7 Ks1LE. I RANMAX

T ENNESTART2.0
' . JUMTGT2USTOT« IFRE(K)

T PRIATY 203,3TART,END, IFRE(K), TUMTOT ®
203 FOIIAT (5X,F341,2H =ok5,196X,15,10X,15)

- - SYA’YIE\D

7 C2ITINVE
T OBERALR =106, 0/1UMTAY T e
MEALIANGI1Y)/71UMTOT
DTSRI 2G0T 204,PELENIMEANE o s
204 FOR4AT(/5x,ePERCERTAGE LENGTHS F10.2/5XeMEAN CURVATURE®,F10,2)
Lo T — SASNELANGILIZNZITITIZ(LANG(L2)/1TOT)I®e(3,0/2,0))
<UATsCANGELAIZITCTIZLLANG(22)71TOT IS (ANG(22)/71T0T))

"”STJ'J.RT(AJG(!ﬁ)/ITOT-ANG ‘Ne ANGMNY
PRIYT 2C5,ANIMN,STD, SKENIKURT

TTITTTTTTTTT205 FORIAT (54,0MEANS,FL10,1/5X,«STANDARD T DEVIATIONS FLQTE /5N VSKEANES

1S#,F18.2/9X_,«KURTDS]1Se,F10,2)

T Jo To 1

_1000 COWT!’UE

3]

TLOCAL T RSSIANVE T T -

4554y C5985 < ANG 20230 R _ _END 00510 R 1FRE_00270 |
TRANwAK §3452 U 1 60450 1 77T UISET 00446 1 17071700442 '1
KulT 05434 R MEANC 00436 R PERLEN 00512 R SKEW 00516 R

ILE 00440 |

TTTTTTIYMTOT 09503 l

START 00506 R

INDEX 00474 [__
K 00453 1
570 00520 R

THAN 00475 R YHANSG 005007R™ —  THEA 00466°R

| TCOMMON ASSIGNYENTS
THETA 00003 R__

. EXTERNAL REFELIIES

CSSF oTVP: R T EQFCXF STYPE [T T TSINFTeTYPE'R SCRTTETYPE™R
STATEMENT LARELS ~——~7 T eT T
©OTTTLU00572 0 2 90622777 37 CO65L 7T T4 007260 75700745 6702160

770124277300070136%

ST U3203° FOATRANTDIAGNOSTIC RESULTS < FUR™ CREST

—.... NO_ERRORS

TTTTLENGTH 07T SUBPRIGRAM 514068
LENGTE OF COMHGH ... Lueaud

PO


-.fi.li6X.I5ilOX.lS

e R sk < BN e AT o e 1 17547 Mg g 3 et e L Lo e e s e

i
' . . 1 . ) .

CROFILE 47 FACING 308 LDSATION ® SOUTH OF EVELYNS RANGE, PICTON, N.S.M,
. A )

HORTZONTAL FaLL GRADIENT TOrAL TOTAL
INCREMENT - HUR1Z VERT -
ANILE (Q) ccs 0 SIv O _1.5C08 @ 1.55IN O Sivaoscos 90 CuM, A Cus,B CURVAILRE:
V5. 1,0000 V087 1.4999 s 0131 $0C87 104999 0,081 v
4,0 9076 NI 1.4943 .1046 2U699 2.9v88 - 1177 285488 T
1.3 L9537 0202 1.4975 ,0393 L0262 4,498 W1570 160,67
3.0 9368 , 0523 1.4979 .0785 (G324 5.9v37 ,2459 300,00
3,0, 1113 0523 1.4979 .0785 20524 7.4917 +3240 . v ]
Y $9v52 0872 1,4943 T.1307 W87 8,9660 A%47 7T ~138,38 ]
3,5 V931 W0610 1.4972 0916 10612 10,4882 25383 100,00 _ :
7.0 19925 13219 1,4848 Jin28 v1228 11,9720 V7191 “284.38 T
5,0 29Yt2 V872 1.4948 #1307 LU875 13,4668 16498 159,33
5,5 L9954 L0958 1,4931 T 1438 U6 S 14,9594 L9936 83488
6,5 10736 11182 1,494 21678, 21139 16,447 L1634 e8b,67
8,0 93 W1392 1,485% ,2088 ,2603 17,9851 1.3722 T 100,99
. 6,0 -TTT 11045 1.4918 .1568 11051 19,4209 1,5289 188038 X
9,5 L9353 11853 1.4794 ,2476 21673 20,9063 T 21,7745 ~235.84
6,5 299356 L1282 1.4904 L1698 13139 22,3967 1,9453 200,00
6,0 LR 11945 1.4918 1563 v1008 28,0853 2,19381 38,83
I 2 _eovia V1305, 1.4872 $1958 J1317 25,3796 ¢ 2999 ___ ~i00.00 _ ____ ‘
7.0 TP 1229 1.4348 .1828 21228 26,8045 T 2,4817 88,48 .
e %40 ,9v76 10698 1.4963 .1046 LU599 28,86u8 ____ 2,5863 _ __ __ 20d.00 ____ A -
12,0 .973 12579 1,4672 .3119 12126 29,8280 2.8982 “533. 83
12,90 28781 22879 1.4672 23119 22128 31,2953 $,2100 [}
29,0 , 9348 L1738 1.4772 2605 V1763 32,7725 $.4725 135,33
e 1200 LS 12079 1.4672 08119 12126 34,2597 33,7824 *135,88
17.0° 192553 12924 1.4349 L4386 13957 35,6742 €, 2269 .358, 88
e l2,0 G932 2079 1.4672 L3119 $212% 37,1414 64,9328 333,38 !
7.9 L6053 1.4349 L5386 . L3057 $8.9/%8 T 4,9/18 77 Tessi.es T - '
13,3 L0744 12749 1,6626 L3374 12309 40,0574 52,3048 256,67 .
16,2 K2l 12040 41,4352 V42607 L2962 41,4726 5,735448 238,887 ) .
130 9724 L2334 1.4586 V3502 22402 42,9342 6,0849 250,00 :
15,5 19536 2672 T 14454 ,4009 27237 44,3796 06,4558 T =133,38
I C T TN L 23§ 12504 1.4522 W3756 V2286 45,8518 6,8614 60,67
12,0 BZA3S eu79 1.4672 .3119 2126 47,2991 T 2,108 T qee,60 T
24,3 KL 125964 1,4522 L3756 12286 68,7213 7.5438 =168.,06/ !
15,9 ? LY RYELS 1,4163 LY R L8443 80,10Y% BUSIY TTTT e e T
I S0 T 9017 L esnu? 1.8306 L4511 13153 51,6032 CB,4dR2 o iUu.CU
16,2 BERE] W 2030 1.4302 4260 1962 98,0854 b,¥142 65,67 .
18,0 9813 12796 1.4419 s 4134 2867 54,4808 v,3278 38,838 . .
27,0 .5%19 24540 “1.8363 ,6810 093 55,8168 10,0086 735,38 L.
13,8 29939 » 2584 1.4499 £3082 02579 $7.2027 10,3958 8cu.00 N : "
29,0 V63v7 $ 3420 1.309% L5130 13640 54,6792 10,9099 333,33 A
12,8 S 2 2079 1.4672 .35119 L2126 60,1424 A1.2217 . B88.88 . v R
1309 G124 i L2394 1,4536 L3502 V2451 o1.6ullU T 11,571y 160,00 ;
R I L Y 27 I 24y 1.4516 L3874 2309 63,0626 _ J13.9093 .. 33,38 _ -
12,0 V9744 2249 1.6616 8574 12359 ; 64,5263 " ° 12,2457 v j .
13,0 19754 .2249 1.4626 3374 12309 65,9427 12,5841 ) v [
14,0 L9753 12419 1.4554 L3629 ,2493 67.4411 12,9470 66,6/ P .
U ¢ 71 T LY I 42289 1.,4616 V3374 12509 66,9027 18,2544 bo.67 - . C .
13,5 9724 12334 1.4586 23502 i V7401 70,5612 15,6346 38,33 ! .
R L2 s 2.1 12043 1,4352 £ 4260 12952 71,1993 14,0656 _____ -200.00 __f .
15, L899 $2508 1,4449 3882 2679 73.2404 14,4453 D 1uu,ul [ . :
R 22,5 B28Y LYY, 1.3398 5749 14142 74,6542 15,0229 =500.00 . ' .
25,0 T 9597 18420 1,4095 .3130 +3640 76,0487 15,5859 106,67 i
e R0 093836 Y LLL) 1.,4004 .5375 13839 77,4444 16,0734 L =e0.67 .
3143 16326 92257 1.2790 .7837 10128 78,7231 16,8972 77 T eT00.GU i
IS 2% SR P 1% I 2926 01,4245 L4386 »$057 80,1578 ____ . 17,2957 . .9ee.07 ¢
25,3 Gu26 ETH T 1.3539 .6458 ) 4778 81,5114 17,9415 s yTo08,07 |
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APPERDIX D

RELAY SWITCHING CIRCUIT

Only the basic relay circuit is described here;
details of connection to the mctor would depend on
individual circumstances.

12v
normally off normally on
miero -
switches
M
normally
m off

It was noted that when using this circuit,
sparking occurs between those relay terminals -
carrying full line voltage. If this circuit is to be
used for a long period, therefore, these terminals must
be safeguarcded with capacitors, since relay failure will
leave the motor unprotected.
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APPENDIX E

SUMMARISED OSLCPE PRCFILE DATA




SURVEYED BY O,

SUMMARISED SLOPE PRNOFILE DATA,

[

DUNKFRLEY APRIL ~ AUGUST, 1972

. EACH READING REPRESENTS A SLDPE LENGTH OF 1.5 METRES
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