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1987/43. Examination of Pleasant Hills Subdivision Phase IT,

B. D. Heldon
Abstract

An  investigation of the propozed phase 1I subdivision for Vos Nominees at
Pleasant Hills has been undertaken. Geomorphological features in the area
suggest that part of the area is an old landslide. 5lope stability
analyses have been undertaken to determine the suitability of the site for
development.

Test pits have confirmed that the site is underlain by highly plastic (CH)
clays, some of which show signs of disturbance (slickensides]). The clay
mineral montmorillicnite has been identified by X-ray diffraction
techniques. This mineral has a high potential for vclume instability {i.e.
shrinks when allowed to dry out and swells when allcwed access to water).

Stability analysis of a selected slope profile indicates that unacceptable
risks of slope failure can occur if the pore pressure ratio exceeds 0.37.
This corresponds to a water table cioser than about 3.5 m from the ground
surface. Such conditions are considered unlikely to arise ¢gver the majority
of the proposed subdivision. An area where water ponded on the surface
causes concern as it occurs near the toe of the slope profile analyrzed for
stability. Provision of a deep sub-so0il drain in this area is recommended.

INTRODUCTION

Slope classification at the proposed Pleasant Hills subdivision for Vos
Nominees (Weldon, 1986) identified areas which are at risk with respect to
slope stability. Phase II of the subdivision has been planned, and as some
of the at risk area is included in the proposal, a more detailed
examination was requested by Campbell Smith, Phelps, and Pedley Pty Ltd,
who are acting on behalf of the developer.

GEQLOGICAL SETTING

Grindelwald is located on a Tertiarv-age basalt plateau. The area to be
subdivided bv this proposal lies on the steep to moderately sloping south
esastern flanks of this plateau, and is mapped as Quaternary-age talus
deposits. These deposits consist of Tertiary-age basalt derived by slope
processes mixed with Tertiarv-age Launceston Beds sediments. The
geomorpnologica features of the area indicate that landslides have
occurred in the geological past.

INVESTIGATION

Eleven test pits were excavated and logged on 27 May 1987. The pits uere
dug by & Dominc DIG tracked mini-excavator. The location of the test pits
is shown on Figure it. The engineering logs prepared from the exposures are
attached as Appendix 1.

The test pits reveal that the near-surface geclogy is dominated by highly
plastic clavs, scometimes with slightly to highly weathered sub-angular to
sub-rounded basalt boulders to 300+ mm in diameter, and occasionally with
fine to medium size basalt gravel or lateritic gravel. Slickensides were
observed in test pits 4,5, and 8.
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The slickensides confirm the geomorphological observations that the area
has been subject to land movements in the past.

LABORATORY TESTING

4 typical sample of the slickensided clay from 1.4 tc 1.6 m depth in test
pit 5 was submitted for laboratory tests by R. N. Woollev of the Department
of Mines. The results are detailed below:

Atterberg Limits: Liguid Limit (%} 107
Plastic Limit {%) 25
Linear Shrinkage (%) 28
S0il Strength: Angle of intermnal friction {degrees) 19

Regidual cohesive strength {kPa) 4
X-ray Diffraction: Clay content 100% montmorillonite

The angle of friction and the residual cohesive strength were determined by
cyclical shearing in a shear box. As the sample was already disturbed

{i.e. slickensided), it 1is appropriate to use these values in stability
analysis.

Montmorillonite has high shrink-swell characteristics and weak interlaver
bonding in its structure. The presence of this clav mineral is usually
conducive to slope failure.

STABILITY ANALYSIEZ

Several cross-sections were initially selected for stability analysis using

Bishop's method of slices (Bishop. 1955). 0f these, the cross-section
which gave the minimum factor of safety was selected for more detailed
analvsis. This c¢ross-section is shown on Figure 2 and its location

indicated by AA' on Figure 1.

The 1initial detailed analysis of the selected cross-section was made for a
dry slope with the residual c¢ohesive sirength and angle of internal
friction as determined in the laboratory tests. A density of 18 kN/mB® was
selected for the scil and the effect of varving the radius of the slip
circle was determined. The radius which gave the minimum factor of safety
was 160 m and this was used for subsequent analvsis of the sensitivity of
the factor of safety to density, cohesion and angle of internal friction
for progressive saturation of the selected slope.

It was found that the stability analysis was relatively insensitive to
variations 1n density but sensitive to changes in the angle of internal
friction and cohesion. As the slope becomes progressively saturated the
factor of safety diminishes as expected.

INTERPRETATION

In stability analysis., a factor of safety equal to unity indicates a slope
in delicate equilibrium, for failure is deemed to have occurred when the
factor of safety falls below one. Stability analyses can, at best, onily
approximate actual ground conditions and require that certain assumptions
be made. It iz thus possiblie to obtain a factor of safety less than unity
for slopes which have not vet failed. Conversely it is possible to obtain a
factor of safety in excess of unity for slopes which have actually failed.
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In these cases adjustments to the model or consideration of other factors
{such as intense rainfall periods or the binding effect of tree roots etc.)
must be taken into account.

It is generally accepted that slopes which vield s factor of safetv between
1.0 and 1.3 during stability analysis have a high risk of slope failure.
Moderate risks are associated with slopes where the factor of safety is
determined between 1.3 and 1.5. Where the factor of safety exceeds 1.5,
the slope has a low risk of slope failure.

For phase II of the Pleasant Hills subdivision, the factor of safety for
the cross-section analyzed falls below 1.3 where the pore pressure ratio
(ruj exceeds 0,37 {i.e. where the water table comes within about 3.5 m of
the surface).

DISCUSSION

It is noted that during construction of the roadwav a spring was allegedly
drained between proposed lots 54 and 22. 5mall seepages of water were alsc
encountered in test pit 11 on proposed lot 22. This indicates that there is
a potential for the water table to locally rise to near the surface, and
places a restriction on the proposed development in this area.

There is some instability risk involved whereby pore water pressures may
rise to a point where an ru of (.37 is exceeded. This is considered
unlikely to cccur over the majority of the proposal. If the proposed
subdivision is fully sewered and stormwater drains adequately maintained,
the groundwater conditions should not be appreciably <changed. The
activities of future residents in watering gardens and planting trees which
take up water is, however, difficult to assess.

The instability risk 1is grestest in the vicinity of the spring (which
ailegedly was drained during road construction). The details of the
drainage works are unknown. Lot 22 had much surface and near-surface water
at the time of the investigation. As this water indicates potentially high
pore pressures at or near the toe of the slip circle analyzed, it would not
be prudent to permit development without some attention to drainage in this
area.

CONCLUSIONS AND RECOMMENDATIONS

The gecmorphology of the proposed subdivision suggests that landslides have
occurred in the past. Slickensided clayvs are further evidence of past land
movement. Stability investigations have therefore been conducted in order
to determine the suitability of the site for subdivision and subsequent
building development.

Test pits have revealed that the proposed subdivision is underlain by high
plasticity (CH} <clavs. A sample of slickensided clay submitted for
laboratory testing confirmed that the clay was highly plastic. This clay
was determined by X-rav diffraction to be montmorillonite, which has high
linear shrinkage {i.e. volume instability).

Stability analvsis of a selected cross section indicates that the lowest
acceptable risk (i.e. where the factor of safety exceads 1.3) occurs at a
pore pressure ratio of 0.37. This ratio requires that the water table be
no closer than about 3.5 m to the surface at the maximum thickness of the

slip.
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In the vicinity of 1ot 22 (which is downslope of and beyond the cross
section analyzed), water was ponded on the surface at the time of the
investigation and seepages occurred in test pit 11 on this lot at about 1.1
and 1.75 m below ground level. This high groundwater level near the toe of
the potentiail slip is undesirable, and it is recommended that the area be
drained. A deep sub-scll drain located in the road reservaticn, extending
from the boundary between lots 24 and 25, running parallel to the road and
extending to the creek sghould suffice. The drain should be at least two
metres deep with perforated drainage pipe lald on a bed of filter
materials. The drainage trench should be back-filled with f{ilter
materials. This measure should assist in draining lot 22 which could then
be further subdivided intc two smaller lots.

The proposed subdivision should be fully sewered and adequate storm water
drainage provided and routinely maintained.

The proposed subdivision is located in an area where past landslide
movements have occurred. The only significant impediment to subdivision is
an area of poor drainage on lot 22. Provided this area is drained, there
are ne objections to the proposal.
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TASMANIA DEPARTMENT OF MINES

APPENDIX 1

78

EXPLANATION SHEET FOR ENGINEERING LOGS

Borehole and excavation log

Penetration
123

AN

"—"_ No resistance
ranging to

— refusal

Water

Notes -samples and tests Material classification
uso Undisturbed sample Based on Unified Soil
22 Jan, 80 Water level 50mm diameter. Classification System.
on date shown. Disturbed sample. In Graph}cdlgg mlmrialstmt_
; represented by clear contrastin
Water inflow. N gllandard i’t’;‘“%‘b’t:”l syi:nbuls conlly;tant for each prnl:t.
Water outflow. s i
N* SPT + sample.

Moisture content Consistency W pr— Density index
(kPa)

D Dry, looks and feel dry. VS Very soft. =< 25 VL Very loose. 0-15
Moist, no free water on hand S Soft. 25 - 50 L Loose. 15-35
when remoulding. : ;

W Wet, free water on hand Firm.l 50 - 100 MD Medium dense. 35 - 65
when remoulding. St Stiff. 100 - 200 D Dense. 65 - 85

U Uesites VSt  Verystiff. 200 - 400 VD VeryDenss 85 - 100

PL Phstfn.lltmt. H | Hard. =~ 400

Pt Plasticity Index. Fb Friable.

eg. M=>PL - Moist, moisture content ; i

. greater than the plastic limit. g !ug ot resalt
= s range of results.
Cored borehole log
Case - lift Fluid loss Lugeons Graphic log
X Lugeon units {pL) are a measure
Casing used. No loss of rock mass permeability. For T
a 46 to 74mm diameter borehole
50% loss 1 Lugeon is defined as a rate of g;ccﬁ’:gb::;qg:;;;:?;;‘m
-—{ Barrel withdrawn. /] 100% loss. loss of 1 litre per metre per minute. consistent for each project.
/ 1 Lugeon is roughly equivalent to
5 a permeability of 1< 10 mm/sec.
index Is so (MPa)
Fr Fresh. EL Extremely low. < 0-03 Significant defects shown graphically.
Sw Slightly weathered. VL Very low. 0-03 - 0-1 \
HW  Highly weathered. L Low. 0-1-03 Jeint.
EW Extremely weathered. M Medium. 0:3-1 7| Shoarad zame.
H High 1-3 M| Crushed seam.
VH Very high. 3-10 w  Infill seam.
EH Extramely high. =10 anssnst Extremely weathered seam.

Note: X on log is test result.
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TASMANIA DEPARTMENT OF MINES

e

excavation no.

ENGINEERING LOG - EXCAVATION sheet 3 of 4
project VOS NOMINEES SuUBDWISION location PLEASANT HLLs PHAsE IL
co-ordinates exposure type besk pit’. pit commenced 2 7-5-87
squipment domino DG pit completed 2)-5 -€7
RL logged by B. LELDON
excavation dimensions operator checked by
- a hand
g g notes |metres| 2 _gE material -] :;:':tt:;
: §.§ samples, £ |: soil type: plasticity or particle characteristics, £ Z| WPa | structure. geoogy
tests | 3, '§- E’ colour secondary and minor components .55 :
123 - = : £8|88|2=888
b -'%‘E TOPSOIL = high plasticiby clay , dark trou» u |vst |1 )
i CLAY: high plas€lcity, browa, Mc. > AL, N -
03¢ ",::pcu 5 < Jl\“ : /! M |Vsé ; .
05— CLAY: kigh plasbiciby, red-browa, ' 1
= nostwre conleal (M.C.) < plasbic mit (PO M | 1 peds aqgrot )
; — some  slightly weathered baselt bowldbrs | s cubes ]
3 ogo  F—| I
1-0 cLay: high pias'erc.l(ﬂ 1 yellow - broun, ¥ —
n rnoisbuwe conbent less thon plasérc lisk -
+— SOme shﬂld-l-\ lo hagk{., weathesed basalt MIn ¥ i
'5 bouldess ¥ E
Pel=— 1
7 END OF EXCAVATION 5
Q-0 .:
sketch !
| |
H 5m H J




TASMANIA DEPARTMENT OF MINES

ENGINEERING LOG - EXCAVATION

718

ufl

sheet :

project YOS NOMINEES SUBDIVISION

location PLEASANT HILLS PHASE IL

co-ordinates axposure type Eest pik pit commenced 27~ S-§7
equipment Domiao DIG pit completed 2.Y-§"-%7
RL. logged by &.Wernon
excavation dimensions operator checked by
= hand
E <| | notes |metres| 2 | material § | penetr-
2| g samples, 2 % soil type: plasticity or particle characteristics, gé g}: kPa structure, geology
g |3 tests | ; E| = colour secondary and minor components 2E|2E b
123 Z &8 E5[58 (eS8
T7—cH [cLAYEY ToPSOM : lasticity dark b 4
£ 1020 ¥4 mc > oL, rookhh hla'\u Pu:n‘“:d Basall bo o e 1
/ —|CH [CLAY ¢ l\ \ns‘.hcnng ML. a P.L., rooks » i
7 =e some h.,k 1 Jeathered batatk bouiders |M Vst 4
ﬂ" 05— Eo 150 mm k
2/ CH |cLAY: high plaskicily, ML>PL. some rooks -
/ -:o_? and gravel (basalt) ko 100 mm diametes | M [ VUSE| |||+
g; 085 +—+ |red. yellow- browa 4
/ ; R
a; Lo CH [CLAY: high  plasheiby , me.> oL, yellas- -
ﬂa +— browa, sl NEly to ‘“3“'1 veabhered M (VS g
g A g = | basalk hculdn.rs ko Loomm damebes )
g ,»,r o = 1 i
. 4
sketch : '
|
—t— 5 cm
f— ]
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TASMANIA DEPARTMENT OF MINES excavation no.
>
ENGINEERING LOG - EXCAVATION sheet 4 of ¢
project VDS NOMINEES SubDivision location PLEASANT HILLS PHASE IT
co-ordinates exposure type 'lr.sk ‘pll' pit commenced 27-5-87
equipment Do minoe DIE pit completed  27.5-£7
RL logged by L. Lecdon
excavation dimensions operator checked by
< | hand
E |e| | notes |metres| 2 [S_ material s ',:::':tt.','
s Eg samples, 2 | £ soil type: plasticity or particle characteristics, £ g.: kPa structure, geology
g |3 tests |_; ‘g '5' E- colour secondary and minor components .'g'% 'ﬁ‘g
123 = S|& 28|58 |22288
4 CH ToPSOW : high hshclfl browa CLLAY A
020 % ML A pL) UaL asallk oulders do 25D ma. M Fb |
+— CLAY ' high plackiclly , Moistwe Conkent .
oH P 9.
of -;‘i; greakes plaskie lmit; rootlets, " 1
i = some &hghfly Yo highly veathersd o 1
= basalt gravel 3
0.52 ey ol
=Sied |CLAY = high plaskicity | M.c. >P.L., broua- Vst J
1o 422 Qreen, some baswlt fgrouu v A =f
Lo :T::‘i BASALT : cock basemenk 22 H :
3 ENd DF ExcAvAToN 4
- -4
. -
sketch { '
|
L
i
|
"_ 5cm H
L 1 | T 1
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TASMANIA DEPARTMENT OF MINES excavation no.
ENGINEERING LOG - EXCAVATION shest {  of 4
project VOS NOMINEES  SubdWISIoN locaton PLEA SANT HILLS PHAse TT
co-ordinates axposure type bes ‘P(l’ pit commenced 2 7- 5-5&7
equipment Dowuno DIG pit completed 27- 57— £7
RL. logged by  £. LJEcdoN
excavation dimensions operator checked by
< | hand
E ; i notes |metres| S -53 _ material oe|2E 5?-:'.’:':.'
s samples, 2 |t soil type: plasticity or particle characteristics, SS|g2| kPa structure, geology
g |3 i tests |, 3 'E §§ colour secondary and minor components gg 1 'g -
123 = £8| 588 |=2=88%
== TOPsOW : highly plaséic dark brown LAY i
= e I P e : e )
Ol eu |ceay: hiakly phlastic, brown, moistur g
0| |conteat greater Houn p/a:élz limré M| Mok -y
sy 4 g
= CLAY : - 4
qg I LA as above but yellov- brown M |isé gt |
o= U [CaY highly plasére, yeloo -browa, AEPL | M |5 Shekencrded
‘ & - 4
E;ﬁ = EOULDELS : s/{gﬁf{v Fo A{pl{y 4
;4;}1 1 veathered basalf wik 4@‘/} p/a.l[/t ]
Egg; we clay maébrix iy
T ENY OF EXCAYATION i
4 J
sketch | '
_ —
| f S.om |
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TASMANIA DEPARTMENT OF MINES excavation no.
S

ENGINEERING LOG - EXCAVATION shost 1 of

project VOS NOMINEES location PLEASANT HILLS  PHASE IO
co-ordinates oxposure type  £es b pik pit commenced 27-5-£7
equipment Domino DIE pit completed 24— v - 2
RL loggedby &£ .L/ELDON
excavation dimensions operator checked by
s hand
g i notes |metres| £ |. - material es|EE ::n':;.tt:r-
- ; samples, % g soil type: plasticity or particle characteristics, S2 Z| kPa structure, geology
2|2 tests |_; § E colour secondary and minor components §§ : g 28
123 = E ES E-., 2288
7‘, 0.4¢ —|cu 'rmmu.‘_;nlu ‘y‘*&lnstu. d.n.rh. hm.u; CLAY M| eb 3
Y/ - LAY * high laski ¢ h ML.? P, i i
2, 03 1= CH cOme ‘;‘m&lf Qrau:.fu“ 2 H|FL .
/ 1
2 0S+75] e CLAN 'MQ‘L\-.' plaskie ) yelow. brown, s
f . moichwe conkeat P\ashe Limik M (S-S | M W o-podte
2 == some bacalk gravel g
2 04y "
B b o -
2 ——fcH [CLAY - as abose bul Wil clickensdes A
] = =
f : *basalt bouldes o 3oomm [ polished |y Vst # 320-yoo lle |
2 '{‘ﬁ tlav coaking on sub rounded boules) |-y " .
% == | motsbule conlens & P\m&-u limib 4
1 1 ]
g .
E ol
E .‘l-ln'z = .
C ENd OF excelaTion “
= “1

sketch } I

a3-1a



TASMANIA DEPARTMENT OF MINES

ENGINEERING LOG - EXCAVATION

13/’8

excavation no.

sheet { oll

projet YOS WNOMINEES

SusdDWIision

location  PLEASAWT  HILLS

Puast IU

co-ordinates

exposure type Ets‘r ik
equipment Domino DIG

pit commenced o 7~ 5 -£7
pit completed 27. v- 7

RL logged by 6. Weldon
excavation dimensions operator checked by
< ¢ hand
'E | | notes | metres| 8 -53 . ; .lllltlrilll i ik 3E pog:t:rr-
i §;§ utm::lu. - 2 % E‘ soil ty':n: pmt:’c.ltv Il:“gll't_ﬂ:ll :Iunmn'mes. ES gg kPa structure, geology
2 colour secon and minor components - %
123 o = .§‘§-5 - i £8|88 22888
oto_|#3] [TONSOIL + highly plastle dork broun CUAY | M | Fb 1
a0 2=l oy lGlavELLy cLAY: high plasticiby, brown 4
\\___;:CH M.c. >PL., nu.d\uns :ubtound m’:&l} gmut’,\J ol Bl 9
0.3
|t |CLAY : medlum- high  plackictyy | brown 3
0'5'::1: Mme ~ L. , Some ggra.ud and k!t'm.l} n oS- H||PF. =150-220 "p“_
— boulden VSE 1
im CLAY: highly plaskie yetlou- brou, ;
. AL PL.  some basalt gravel and M | Se- H (00 . 220000 Mfn ]
-_-5 boulden . 1143 .
=" g
15 END OF EXCAVATION 5
sketch [ {
4
[ 5cm |
i 1 1
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TASMANM DEPARTMENT OF MINES lmm;n no.
ENGINEERING LOG - EXCAVATION shest 1 of {
pojsct VOS NOMINEES SULDIVISION lcastion PLEASANT  HILLS  PHASE IT
co-ordinates axposure type  Eest Pll’ pit commenced  o27~ S-&7
squipment Domino DG pit completed 27 - 5-§7
RL logged by L. eldon
excavation dimensions operator checked by

L 1 L l 1 1 1

- hand

'§ notes |metres| 2 |S_ material -|EE :I.:Qt“ll;

B g E samples, 2 |y £ soil type: plasticity or particle characteristics, 5-2 % kPa structure, geology

g |3 tests | §_ g E colour secondary and minor components %‘E @’
123 = = |5 ES -§ 22888
7 % TO0sOIL ! Aighl lasélc dark brow
25 029 -'L'E‘L % CLAY ik .594“ v kfnll boulder) teo m:. M | st :
?2 1=\ cu |cLAY: 4ighly plaséic, brown, rootlets mlst- || pH ]| 22 60220 4t
%ﬁ ous +—1 Moisbure Conkeat > Plasbre Limrk Vse o
7 = hrghl : j
‘g b 5y CLAY: Aighly plaskic , Yellow- droun, n | vse | PP, 2 200 kP -
?ﬁ — Morsbure Conbent > Plackie Limit ;
g? | 0-90 J—| |
g l0-%=2| 6C| cravey cdaver vl BouLdées, -
’ 7l medium bo coarce fhye Sub.angular " .
7 120 |>=e SW- W basalé grovel Wik dowldBers

: ENd OF £xcavATioN
I

R L P (L U YR VIR N SR T VY N ST T

sketch
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TASMANIA DEPARTMENT OF MINES excavation no.

ENGINEERING LOG - EXCAVATION oo J s

project \JOS NOMANEES SuBDViIs(ON locstion PLEASANT Hices Puas€ IL
co-ordinates exposure type {'u 4 Pll— pit commenced ~27-5-&7
equipment Domine¢ DIG pit completed 27. ¢ -£7
AL logged by £. wedon
excavation dimensions operator checked by
s I hand
g gs ;:?l:a. g é soil type lulici:.:f"::llid haracteristi o 5| B2 e
e |& 2 : e chara : Es
g (31| tests o 'g E ! colour a:condary lllg minor cnmpnn::tsm 335 g"a’ kP: P o
123 = w gE 8-§ 23888
“?l {¥=|cu [TOPsorL : highly plastic | dark brown , |4 | 5, J
g»a T CLAY nmc. = f.L. 25 ;
?/ jm AouLdEES: cub round - sub argulor N
” 05— slich F!y fo Irjl /y weas Ehereel " _-
?2 -Q basalb boulders 1n £ 9[ p/ar/fziﬁ, N
;E P " | yelou- brown CLAY makbrix b
/; _-:.:_.': CH|CtAy: AKighly plasére , red- browa, |pm | st ) . 4
] 4 L i morsture conkeat approe equal Fo Sk litheasicbd -
2‘ £ /ola.fh: limit 1
él buo —E G
W ENd OF EXCAVATION 1
g 3
sketch I T
i
— — l
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excavation no.
TASMANIA DEPARTMENT OF MINES
ENGINEERING LOG - EXCAVATION sheet 4 of |
project VOS MOMINEZEZS SubdSron location PLEASANT Wicts PURSE I
co-ordinates exposure type kest pﬁ(’ pit commenced 27~ S -£7
equipment TDomino DIG pit completed 27 - ¥ -&7
RL loggedby & . LoZoLDON
excavation dimensions operator checked by
s 2 hand
3 Bl notes | metres| 2 -53 material -4 T po:r:‘:tt:;
s g samples, £ gg soil tylzcz plut:eity or :Ir!il:ll characteristics, §§ E;- kPa structure, geology
ui: § tests ;! § E colour secondary and minor components § § E § 23§§§
& {_‘Z u -rgggu.: highly plastie . dak  brown, Mla 3
-%_ CLAY: highly plastte | broun bo yellow- -
va.:__g_;ol brown | mois fuse cm\'lml- > plastic bk, [ M F.5 | [H .. =60 -0 L o
T=| [some SO- HW besalt bouldess 4
)- o0 1
05— | 4
| cenjewts hghly plastic  yellow brown - .
O] | redebeoun , monkwit conkeat 3 plaskic | | f| | H 0.« 200-uoo Allc
j'—-__;__-___ limib. 4
o 1 1.0 = 240-S00 b
= :
%0 T—] i
3 ENd OF ExcAVATION )
sketch | |
ﬁ
| |
_— l‘ 5cm H
1 ] [ | | |
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