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1987/47. Stability assessment of a proposed subdivision at Orana 

Place, Riverside. 

D. J. Sloane 

Abstract 

A proposed subdivision at Orana Place, 
on the Tamar Valley Landslip Zone Map. 
sloping with an overall slope of about 
area are indicative of old landslides. 

Riverside. is classified as Zone IV 
The land is moderately to steeply 

13'. Topographic features of the 

The area is underlain by highly plastic (CH) 
analyses of a surveyed profile indicates that 
unstable in the short term and unstable in 
requirements considered necessary to ensure 
subdivision and building development are 

. impracticable. 

Tertiary clays. Stability 
the area is potentially 
the long term. Drainage 
suitable stability for 

extensive, expensive and 

The area is not considered suitable for subdivision and even one suitable 
house site cannot be recommended. 

INTRODUCTION 

At the request of Mr. P. Anderson of the surveying firm Peacock, Darcey and 
Anderson, an investigation was conducted to determine the stability of an 
area of land at Or ana Place, Riverside. The owners, T. and R. Welsh, have 
proposed to subdivide the area into three lots, depending on the existence 
of three suitable house sites. 

The 
Orana 
from 
lot. 

allotment is 
Place and a 
about 30m, 

approximately 1.7 
depth of between 
at road level, to 

ha in area with a frontage of 109 m on 
170 m and 146 m. The altitude ranges 

70 m above sea level at the rear of the 

A visual site inspection indicated that the moderate to steeply sloping 
area was marginally suitable for subdivision and that a geotechnical 
investigation was required to determine the overall stability of the site. 

Three seismic spreads were fired on the site and four auger holes were 
drilled to depths of between 7.9 m and 8.7 m. Disturbed samples and seven 
undisturbed drive tube samples were obtained for later laboratory 
determination of geomechanical properties and clay analysis. A magnetometer 
traverse was conducted along a surveyed profile to determine bedrock 
condi tions. 

TOPOGRAPHY AND GEOLOGY 

The geological map of the area (Longman, 1964) indicates that the area is 
underlain by Tertiary clay. The area under investigation lies close to the 
boundary of a Jurassic dolerite body to the west. The overall main 
Riverside slope represents the escarpment of a major Tamar Graben fault 
with an approximate northwest-southeast trend. 

Surface exposures of high plasticity, brown clay (CH) can be 
eroded gullies and embankments adjacent to the access track. 
exposed on the upper bench adjacent to Hole 1, the ground 
abundant desiccation cracks. 
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The area under investigation is on the upper part of the escarpment slope. 
The site has an overall slope of approximately 13°. This overall slope is 
interrupted by three major benches (fig. 1). The lower benches have a 
slope of between 9° and 10° while the upper bench has a slope of about 5°. 
The upper bench has undoubtedly been excavated to a lower slope angle 
during construction of the access track, and may not be a natural feature. 
The slope segments which separate the benches are between 13° and 15°. The 
vegetation indicates that seepage occurs in places at or close to the break 
of slope at the rear of the benches. 

The small slope benches are not laterally consistent and probably represent 
old landslide features. The slope has been mapped by Knights (1975) as Zone 
IV of the Tamar Valley Landslip Zone Map, classified as an 'old landslip 
and adjacent areas'. Stevenson (1972) also reported on the probable 
existence of a large 'old landslip' adjacent to Orana Place and extending 
into the northern corner of the lot. 

RESULTS OF AUGER DRILLING 

Four auger holes have been drilled to depths of between 7.9 m and 8.7 m. 
The bore logs are presented in Appendix 1. In summary, the materials 
encountered in the auger holes were high plasticity (CH) clays, brownish 
grey to yellowish brown in colour. Organic plant and stem fragments were 
frequently present and the clays commonly contained extremely weathered 
lithic fragments of coarse sand size. Small ironstone bands were also 
observed. Most of the samples taken had a moisture content equal to the 
plastic limit. No free groundwater was encountered during drilling. 

The seven undisturbed, 70 mm square, drive tube samples indicated that the 
clays are fissured and sheared to some extent, with slickensided surfaces 
evident. Secondary clay cutans occur along many of the fissures and 
secondary iron mineral coating was observed in some samples. The fissure 
coatings and shear surfaces indicate that previous disruption of the 
sediments has occurred, with groundwater movement through the fissures 
subsequently occurring. 

SEISMIC AND MAGNETOMETER SURVEY RESULTS 

A seismic spread was fired on each of the three major slope benches. The 
geophone and shot point spacing was two metres. In summary the results show 
that bedrock does not occur at shallow depth and clay or sandy clay extends 
to depths of at least 10 m from the ground surface. 

The first layer seismic velocities of 250 m/sec to 280 m/sec extend to 
depths of about one metre from the ground surface, and are considered to 
represent unconsolidated material such as topsoil or clay with extensive 
desiccation cracking. 

The second layer velocities varied between 600 m/sec and 870 m/sec. These 
velocities are consistent with unconsolidated clay and/or sandy clay. The 
variation in seismic velocity is attributed to variations in the sediment 
density, water content, and the degree of fissuring of the underlying clay. 

A magnetometer survey was conducted along a central profile of the lot, 
with readings taken at five metre intervals. The survey showed that 
dolerite bedrock was not present close to the ground surface. The recorded 
results were subdued, with readings between 61.8 x 103 and 62 x 103 gammas. 
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LABORATORY RESULTS 

The results of laboratory testing by R. N. Woolley of the Department of 
Mines are presented below. Results from an investigation at 9 Orana Place 
(Sloane, 1987) are also presented. 

Table 1. LABORATORY RESULTS 

Hole 
No. 

2 
3 

Depth 
(m) 

2.7 
3.6 

9 Orana Place 

1 5.4 

Liquid 
Limit 

63 
78 

73 

Plastic 
Limit 

21 
20 

24 

Linear 
Shrinkage 

16 
21 

17 

X-RAY DIFFRACTION - CLAY MINERAL ANALYSIS 

Hole Depth Kaolinite Gibbsite Goethite 
No. (m) ('7. ) ('7. ) ('7. ) 

2 2.7 75 20 5 
3 3.6 80 10 

9 Orana Place 

1 5.4 70-75 15-20 

Internal 
Friction 

e'r 

22 
15 

16 

Cohesion 
c' 

(kPa) 

5 
6 

3.1 

Montmorillonite 
('7.) 

10 

5-10 

The liquid and plastic limit results for the samples are very similar. The 
results reflect the highly plastic nature of the clays. Linear shrinkage 
results indicate high shrink-swell characteristics of the materials. These 
results can be taken as indicative of the clay properties over the entire 
site. 

The laboratory results from slow shearbox testing show a variation. The 
sample of clay from a depth of 2.7 m in Hole 2 shows much higher results 
(e'r = 22', c'r= 5 kPa) than the lower sample from a depth of 3.6 m in Hole 
3 (e'r = 15', c'r= 6 kPa). This latter sample has very similar properties 
to the sample from a depth of 5.4 m at 9 Orana Place. 

The difference in properties is mirrored by the X-ray diffraction analysis 
results, which show that the lower samples contain 10'7. of the clay mineral 
montmorillonite. Montmorillonite has high shrink-swell characteristics and 
weak inter layer bonding in its structure. The presence of this clay mineral 
is often conducive to slope failure. 
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STABILITY ANALYSIS 

Stability analysis has been performed on the surveyed slope profile shown 
on the site plan and the analysis sheets are presented in Appendix 2. The 
laboratory test results from undisturbed samples have been used in the 
analysis and the results have been shown above. Cousins Charts (1978), 
Bishop's (1955) simplified slip circle method, and slab failure 
calculations (Skempton and Delory, 1957) have been used for stability 
assessment. The slip circles have been chosen after careful examination of 
the morphology of the area. The slip circles have been chosen with toes at 
road level and intersecting the ground surface at the rear of each major 
bench. 

Sheared and fissured clay has been observed in drive tube samples, and the 
morphology of the area indicates features of previous instability. 
Therefore residual strength parameters should be used in analysis. The 
lower values are considered appropriate to use, as any potential failure is 
likely to involve the weakest materials. The lower values are also favoured 
because of the similarity with results obtained from 9 Orana Place (Sloane, 
1987) to the south. 

It is interesting to note that the majority of the thirteen results from 
the Orana Place area are within the 15° to 19° range for the angle of 
internal friction. These values approximate to a mean range for the area 
and therefore it is reasonable to use the lower-values obtained from the 
site, as they fall within the 'mean' range. The values from 9 Orana Place 
also fall within this range. 

The properties used in the stability analysis are shown on the computation 
sheet included in Appendix 2. The results are shown as Factors of Safety 
(FS) in relation to pore pressure ratios (ru). A pore pressure ratio of 0.5 
occurs when the assumed slip is totally saturated, and a ratio of 0.25 
occurs when the slip is half saturated. 

In summary, the lowest acceptable factor of safety is considered to be 1.4 
to 1.5. The stability analysis results for the three assumed slip circles 
are shown in the Appendix. Using the residual strength parameters s'r = 15° 
and c'r = 5kPa, the results indicate that the area is potentially unstable 
unless fully drained conditions can be assured for each slip circle. This 
indicates that drainage would be required to a depth of at least ten 
metres. Even using the higher residual strength parameters of s' = 22° and 
c' = 6 kPa, a suitable factor of safety can only be obtained if drainage to 
depths of between 4 m and 6.4 m can be assured. 

In each of the above cases, drainage to the required depth is considered 
difficult to achieve. The construction of drains may also have a 
deleterious effect on stability due to removal of lateral support. 

An alternative method of analysis has also been used which considers the 
potential for planar failure (Skempton and DeLory, 1957) and the results 
are shown in Appendix 3. Slab thicknesses of 4 m and 6 m have been used, 
together with the lower residual strength values. A suitable factor of 
safety can only be achieved if the area is fully drained to depths of 3.2 m 
and 6 m respectively. Using the higher residual strength values, drainage 
must still be assured to depths of 1.6 m and 2.4 m respectively. 
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CONCLUSIONS 

Auger drilling, and seismic and magnetometer surveys indicate that the site 
is underlain by high plasticity (CH) clays to depths in excess of ten 
metres. 

The stability analysis results show that the area is of doubtful stability, 
even when using residual strength parameters at the extreme upper end of 
all results from the Orana Place area. 

The lower residual strength values which have been obtained from the site 
are considered to be 'average' values for the area. They are similar to 
values obtained from an adjacent area. Stability analysis indicates that 
the area is potentially unstable. Even using the most favourable results 
obtained from analysis of a 4 m thick potential slab failure, the entire 
site must be fully drained to a depth of 3.2 m. 

-When considering the stability results it must 
has morphological peculiarities which have been 
others as representing old landslide features. 
are: 

be remembered that the site 
mapped by the author and 
Other factors to consider 

The presence of fissuring and slickensides indicates previous disruption. 

- The site is underlain by high plasticity clays with moderate to high 
shrink-swell characteristics. 

- There is some evidence of seepage on the 
secondary clay and iron mineral deposition 
movement of groundwater -within the clay. 

property which, together with 
along fissures, indicates the 

It is also generally considered that long slopes are potentially more 
unstable than short slopes, and for long term stability the cohesion value 
should be considered as zero. If this cohesion value is used in the 
stability analysis, the resulting factors of safety are even lower than 
those determined in this report. 

Previous reports by Sloane (1979, 1980, 1987) all indicate stability 
problems in the area. 

RECOMMENDATIONS 

As a result of the investigation it 
property is unsuitable for subdivision 
realistically recommended. 
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TASMANIA ' DEPARTMENT OF MINES APPENDIX 1 

EXPLANATION SHEET FOR ENGINEERING LOGS 

Borehole and excavation log 

Penetration Water Notes - samples and tests 
123 

U50 
22 Jan. 80 Wat.r I.vel 

Matarial classification 

Bas.d on Unifi.d Soil 
Clas.ificati.n System. 

~l 

11 
No rnistanc. 

ranging to 

__ refusal 

on date shown. 0 
Wat.r inflow. N 

Wat.r outflow. 

Undisturbed .ampl. 
50mm diam.t.r. 
D.isturb.d sampl •. 
Standard p.n.trom.t.r 
blow count for 300mm. 

In Graphic l.g materials are 
r.pr.sent.d by clur c.ntrastinQ 
symbols consistent f.r 81ch pr.f.ct. 

Mois~ure content 

0 Dry. looks and f •• 1 dry. 

M Moist. no fr.e watar on hand 
wh.n r.moulding. 

W W.t. fr •• water on hand 
whon remOUlding. 

II Uquid limit. 

Pl Plastic liinit. 

PI Plasticity Ind.x. 

.g. M > Pl - Moist. moisture content 
gr.at.r than the plastic limit. 

Cored borehole log 

Case - lift 

III Casing used. 

H Ba ... 1 withdrawn. 

Fluid loss 

No loss 

50% loss 

100% loss. 

N* SPT + sampl •. 

Consistency 
hand p.natrom.t.r 

(kPa, 
VS V.ry soft. < 25 

S Soft. 25 - 50 

F Firm. 50 - 100 

St Stiff. 100 - 200 

VSt V.ry stiff. 200 - 400 

H Hard. > 400 

Fb Friabl •. 
Notos: X on log is test result 

- is rang. of r.sult •. 

Lugeons 

lug.on units (~l'ar. a m.asur. 
of rock mass p.rm.ability. For 
a 46 to 74mm diam.t.r bor.hol. 
1 lug.on is d.fin.d as a rat. of 
loss of 1 litr. p.r m.tr. p.r minut •. 
1 lug.on is roughly .quival.nt to 
a p.rmeability of 1 Xl 0" mm/s.c. 

Weathering Strength point load str.ngth 
index I. II. (MPa, 

Fr Fr.sh. 

SW Slightly w.athered. 

HW Highly w.ather.d. 

EW Extr.mely w.ath.red. 

EL Extr.m.ly low. 

VL Very low .. 

L Low. 

M Medium. 

H High 

VH Very high. 

EH Extr.m.ly high. 

N.t.: X on log is t •• t result. 
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< 0·03 

0·03 - 0·1 

0 '1 - 0·3 

0·3 - 1 

1 - 3 

3 - 10 

> 10 

Density index 

" Vl V.ry 10 •••. 0-15 

l L ••••. 15 - 35 

MD M.dium d.ns •. 35 - 65 

0 D.nsa. 65 - 85 

VD Very D.nse 85 - 100 

Graphic log 

No cora. 

Rock substances r.prosented 
by cl.ar. c.ntrasting symb.ls 
consi.t.nt for each pr.j.ct. 

Significant defects 

Significant d.f.cts shown graphically. 

J.int. 

SIt.ar.d lon •. 

Crush.d s.am. 

Infill s •• m. 

Extr.m.iy weath.r.d seam. 



TASMANIA DEPARTMENT DF MINES · 

ENGINEERING LOG - BOREHOLE 

proj,el T,.. t. IN E LS 1-\ 

co·ordinalll So 1:1 5415 "l 

R.L :>,,':1 ,..., 
inclinltion 
bllring 

drill typ' 
drill method 

drill fluid 

10e,lionO Otl.AIllf\-

"/I.\fl' ... l 

'h ... ~~ II-. Sc. U V 

m.lor;.1 
IOiI tv1N: pl ... icily or p.rticl, chirectiristitl. 

coliur. ncondlry Ind minor compon,nt •. 

CI..A'1: I-ll:\~ p\ ... ~iC."\·"f I h"""" - \'rowl\'41.. 
~r"i' i ..... u. .(:,,, .. SQJ\.l, 1-", .. 
or~""";<.. ... o1t &1" , 

CL.A'I : 1-\18\" ':'\-11 ~ .. \I .'I .. II_\.L, 

b...,..,,, I 3 .. ,~(.h '1&\10'" brow,"" 
T......... .(., ".. ,-.l, 1-,....,... .'\1 .......... 
-!tc.r, 

c..LA'I', H '8'" pt ... 1 ;~\. 'f I lOon,..,; ,I., 
h ... u -C:t..... s....,.I., "ro.c.e. i,..", I.. .. ~ 
+ro..~ ...... "h \., 5 "''''' 

hoi. commenced 
hoi. campl,tld 
drilled by Dc.. 
logged by U"l 
chocked by 

~ 1-\181.. plo.'~id\-y) lI ... ..,,,;,,\.- -3 .... 1 st: 
TI"&.Lt (.1 ..... ,,,,,,4, h ... (~ o~ ... "; ... 

", .. ",h , 

Scm 
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TASMANIA DEPARTMENT OF MINES · 1°/11 bonlltlt n •. 

%.. 

ENGINEERING LOG - BOREHOLE .hllt I of' 

co·ordi .. t.. 5"0-' 3 5"", IS"'\ drill type ,. fO.4~ F..u hole commencod 3 t I ~ ( 'a , 
hole completed l, r ) ('11'7 
drilled by I) <-R.L "" )2,.. 

inclination Vf l.1'lU\-\.­
bllrinv 

b -

b -

b· 

b 

b 

drill method ".,..w:.... Sc.1I.( V 

drill fluid 

mlterill 
loil type: plasticity or particl. ch.rlctlriltiu, 

colour. IlCQnd.ry Ind minor componlnll . 

.:.:::I~I'I_ISllt; SIINI>: f:.~-, IIroy 

1-

2-'"-

-

C.LA..,: Hla'" p\..skt.~I·'1' ,",ol+l.cl ~'~1al. 
1&.110'" I.ro ... " - I. ...... ". i ........ ~ 

c.1-\ -C4",- So.,,~. I ..... <.t.. 1'0""\"" .. 
{.~ ",&"b 

CL""·. Hi~ p\a..S\--;C.:~'1l br;,~1- , .. l\.w-
b t ... ,,, brow" .... 1ot \ .. .1. T ....... c. 

c.\o\ '-;".. ~J.) •• ~ ...... t. ..... \\-.. ,.. Se--<. 
.t-l u...r &.). 

logged by 6 • .1 
checked by 

J ­
r-+-~---------------------------;--~ 

7 ---I--+-------------+---ir--i 
HI~!.- "l..h\.~I'J . . b~1.. 
h-a.~ ~".. s __ ~. 

8 -

-

I. Scm 
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TASMANIA DEPARTMENT OF MINES · 

ENGINEERING LOG - BOREHOLE 

projoc' I .... R. WE \'Sli 

co·ordi.at.. 5"011 5" i 1 S" 'I 

R.L ::r ..,,, .... 

inclination vet.Tl(.AL. 
blaring 

.otll IM.t, •• 
IImpl". 

t.sts 

drill typo 

drill fluid 

mlt"ill 
loil type: plasticity or partid. ch.rldlri.tics. 

colour. IKtlndary and minor componlntl. 

GL.",,: kl~\" p\o..sh'I.;\-l' 1\...\\ 'tC& .... I.~ 

T.......... .'l!""';~ -~ or """" 10 \1.;<- E 1.1 
~&r". .""'" ,.....!-.-JC) . F; .. .,...", 
Lv-,' J.&A.\-

4. ... '1: k\61... ptcr..1\-;cl- 1 . 0 ...... " . t ..... (.<. 

+l~t.. S/I..~ 

I .. Scm 
-'1 
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TASMANIA DEPARTMENT OF MINES · 

ENGINEERING LOG - BOREHOLE 

proj.ct T. 4- R.. W E.I ... S 1-\ 

co·ordinot .. 50i:1.5"-4( 5,\ 

R.l. '::! ~(", 

inclinltion V,A."ILPrL­
blaring 

.0' .. Im.I ... 

drill typo 
drill mothod 

drill fluid 

mltlrill 
aoil type: pluticity or parttd, charactaristitS. 

coleur, llcondary and minor component •. 

c.&.."''': \o\t6'" pI... \.~. "' ..... ", t<L • ...,. 
b .. _ ...... I4t .... T ....... ~ .. """,,,,"W 

1""l\ .. ~1. ~ .... ~ I.. SU'\ . 

c....","' ! H'.3h rt...,hc:J'f . c..~~\~~ 1 .. \\,...., 
~ ...... " ... '1 cll .. ..,,,1.. \,,..""". T"""-C.. 
{..-.... SooN... So...... Ev \ollit. '-"I .. 
s ......... p...r\;J", . s.-(. ~~)...,.u 

CoLA" ~ ~\~\., PWh'c.i~1 ' G .. """, T""t."­
-tl".. .50.""- o.N.. \ ... "JIo.-c, ~s. 

_oIeno. 

4 
.h"t I of 

holo commonc.d 1/ + ('B , 
holo complotod 1/ ~ 1" 1 
drillod by • c.. 
IOftod by b.!s 
chockod by 

,tructur., geolOGY 

CUI'P 1-\'8" plo.$\-I(.~., . b...u , .. ll..,.,,,, 
brow" - ~"''li~L- 'jco\l ...... ~"'w:'" S~ 
T .... t... c." I. ,,,,,,,,,- ...,..J.. • ~ .......... 
~ .... .J.,. s.,,,, .. ,1.1 1;1~11. '-'-'''1 

.s""", p ..,.\-.-...\.... S6_ -H 1$_1<-. 

OCL, "'14.. , ..... \0" .. \: .. : .. ~. 

Scm 
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APPENDIX 2 

Slope stability analysis computation sheets 
(Bishop's Simplified method) 

47-13 



SLOPE 

J ' " 
i . 

, ... 

STA&IliTY ANAL'(SIS - COMPUTATIONS SHEET 10F .. t .. . 

Scm 

NAME . . . ~~.~.~ .. ~ ......... ... MAP REF .. ~~.~.~ .~~. ,~ . . . ... .. 

ANALYSIS bY . ~.~~ .. 
INITIAL INPUT SHAPE • 

DATE ; ... ........ ..... STORE ITEM STOM ITEM STORE IWI\ 

CHEC"'EO bY .. . P'J)!-/. .. 
00 X l . II.<Io . 0 m 20 .31 'f,~ 

01 Y l . H.t; . 0 m 21 32 y,. 
02 X 1\ .H .• • 75 m 22 H V,. 
O~ Y 1\ . " .~. m :a 3.01 V" 
0.01 5llCE6 56 y" 
06 GAMMA " y" 
01 C '7 y, 
08 PHI '8 y" 
09 r"u 28 y, 3' Vzo 
10 VCI"CL~ m 29 y,. 
11 F, 30 y, 

• Only enter N~ specified 

CALCULATIONS 
1"' ... f~ 
o·S 0·7+ 

'~I 0·1-
Given ,,~ . :::. !$.­

.... c.. .": ~.k~ 
'I c.i..,jU . J$.,., 

10." 
0·3 10'" 
0'2. 11·10 

0·' I,· 13 
0 ·0 1 •• 15 
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5'~ 

+a 

1a 

1.0 

i 10 

1 
1 

~LOPE STA&lllTV ANAL 151S - COMPUTATIONS SHEET 1 OF .1. ... 

j I 

I 
, 
" 

Scm 

NAME . W.~.L,.,$H.... ........... MAP P.EF .. ~!?~.~ .. ~~!(' .... ... 

ANALYSIS &d1;r~ .. INITIAL INPUT SHAPE • 
DATE .............. .. . 6TOIIE ITEM STOM ITEM 9TORE InM 
CHECMD &Y .. ~.bW . . .. 

00 )( \.11 ..... 0 m 20 ,,(, 1·0 · 31 '('2 
01 Y L.H.' . 0 m 21 '{2 ~·3 32 y,. 
02 X ~.II.'. lOS m 22 'is 110·0 3! 'iIA 

O~ Y".II .S. 14·5 m 2~ 'i" 11l.~ 3" '(IJ 

04 '3L1CE6 7 204 ,(, 117·0 56 "(" 
06 GAMMA III kN/tn' 25 y, 110·0 " ,(" 
01 C kP~ 26 '{~ 1").0 '7 '(,. 
08 PHI 

<1 .. _ 
21 "(. '8 '(It 

09 I"u 28 Yt 3' '(20 

10 \(CIAC1.1L m 2' "(,. 
11 F, 30 '(II 

• Only enter NO? specified 
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CALCULATIONS 

Given ;.:=: .,~ 
... ~'.~.~.~ 

'f ,;.Jt.;: .. llS. ~ 
,~ 0'4-
.Ia·} 

0·2, 
10·1 
0·0 

q1t , 

i i: 
I,! 
! 

!i, 
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F.I 
lo:n 
IO'~1 
II'o~ 
11.11 
11·31 
II ."\1\ 

G· ''-1 Iven . .,,. . .. ~.~ 
Po. co' =5'11 

'f'\rc.l. :117 , .. 

.. 

i- F.!. 
[ D.S' 11·c6" 
0·+ I·Z." 
10·] l·~ 

0·1, \. "3 
O.'l [ 1·1f3 
0·0 l.·OZ 

. .. 
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NAME .. Wf;.q.'1. ............. MAP REF ... S"Q. fo.-lJ~.I.f' .. ... . . 
,/, I • 

\I' • 11. ":r.s. .+:±+:+-\ I. 5"kP .. ANALYSIS p,~ .. ~ .... . 
DATE . ........ .... . . 

CHEC"'EO IIY .. e.I)~. 

i . . t:tt:tntU 

H 
, , q ~ ~ ::: : 

, i :1! 
~ ! 

: 
I ," " 

I'; !'! I:! 

I 

.; : 

. , 

.. 

Scm 

INITIAL INPUT SHAPE • 
.. STORE ITEM STOllE ITEM !)TORE In'" 
.. 

00 )( L.l1.~ . 0 Y, Il.~!i ' . 31 m 20 Y,1 
01 Y L.H.' . 0 m 2t Y2 10 32 y,. 
02 X 11.11.4. 1,0 m 2'2 'fJ I" 33 '(,~ 

O~ Y " . H .~. 14.5 m :23 YA 1I·2.1 3A Y II 
04 9l1CE6 " 24 y, I2.H! 56 "(,, 
06 GAMMA 18 kNftn' 26 y, ill " YI1 
01 C " kP~ 2' Y, '7 Y,. 
08 PHI 15 d ...... n Y. 'II '(It 

0':1 ru 28 Y, 3, Y20 

to '(CI"eLIL. 180 rn 2!l YIO 
11 F, I 30 YII 

• Only enter N2 specified 
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rIA 
O·S 
0·"," 

Given .~ .~ .I.~~ 
'" .c;..~.'k~ 

'f 'i .... I, .'!' .1.'9 .... 10·3 
0·1-
o· , 
0·0 

, I' l! : .. ' " . , 

Fs 
0'1l 
0·8~ 
o · ~o. 

I-ll. 
1-15 
\·38 

r .... F. 
0·5 1'00 
0·4 11.1.0 
0=1 11·3,\ 

10.1 II.S' 
0·1 1'17 
0·0 11·0.1" 
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APPENDIX 3. 

Stability analysis - planar failure. 

Angle of internal friction = 15' 
Cohesion = 6 kPa 

Density = 18 kN/m3 
Slope angle = 13' 

Depth = 6 m Depth = 

Ru FS FS 

0 1.41 1.54 
0.1 1.29 1.42 
0.2 1.17 1.30 
0.3 1.05 1.17 
0.4 0.93 1.05 
0.5 0.80 0.93 

22' 

4 m 

Angle of internal friction = 
Cohesion = 

Density = 
Slope angle = 

5 kPa 
18 kN/1I3 

13' 

Ru 

o 
0.1 
0.2 
0.3 
0 . 4 
0.5 

Depth = 

FS 

1. 96 
1. 78 
1.59 
1.41 
1.22 
1.04 

6 11 Depth = 4 11 

FS 

2.07 
1.88 
1.69 
1.51 
1.33 
1.15 
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