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November 23, 1979

Geotechnical Report
East Abbotsford Landslide

Green Island, Dunedin

1.9 INTRODUCTION

At your request of June 27, 1979 we have carried out an
investigation into the nature and possible causes of the above
landslide. Our investigation has been carried out in close
cooperation with E.R. Garden & Partners, Consulting Engineers

of Dunedin, and the New Zealand Geological Survey, Dunedin.

At various stages of the investigation and subsequent to
the main failure of 8 August 1979, we have reported both verbally
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and in writing on specific matters as they have arisen. 1In
addition to carrying out the investigation into the nature and
cause of the slip, we also endeavoured to assist when requested,
the above-mentioned parties with engineering advice on the
behaviour of the mobile slip mass up to the time of final

failure and subsequently during remedial works.

' Copies of preliminary reports are attached as Appendix C.

20 GENERAL TOPOGRAPHY

The large landslip, which became apparent during June and
July and failed on August 8, 1979, occurred on the block of land
located east of Christie Street in the north eastern portion of
Abbotsford. The location of Abbotsford is indicated on the
attached Plate 1, Locality Plan. The location of the landslide
(referred to here as the East Abbotsford Landslide) with respect
to nearby features is shown on Plate 2A, Site Plan - Abbotsford

area.

The terrain in the area comprises a broad ridge rising
northward away from Neill Street and extending approximately one
kilometre to the hill top just north of Abbots Hill Road. The
western margin of the ridge is defined by the edge of a broad
valley, considered to be an ancient slip (West Abbotsford
Landslide), while the eastern margin is abruptly terminated by
the deeply incised stream valley of Miller Creek. Natural
drainage paths on the ridge appear to extend more or less in a
southerly direction from Abbots Hill Road to approximately the
central portion of Christie Street. The eastern drainage path
(East Christie St Stream) then extends south—eastwara off the

the ridge following Christie Street down to Miller Park.

BRICKELL, MOSS, RANKINE & HILL
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Previous geological writers have discussed the
instability of the area generally and more particularly the
susceptibility of the Abbotsford Formation to failure. The
Abbotsford Formation is known for its tendency to sustain failures
even on very shallow slopes. Beneath the Christie Street -
Miller Park area, the top of the Abbotsford Formation appears

to dip south-eastward at a slope of approximately 7 degrees.

4.0 HISTORY OF AREA STABILITY

There appears to be considerable surface evidence in the
general Abbotsford area of extensive landslides in geologically
recent times. Close to the subject site, there is evidence of
two large landslips; one being located in the West Abbotsford
area and the other being the Sun Club slide located immediately
north-east of the Mitchell Street area. The precise age of these
slides is not known, but according to the New Zealand Geological
Survey, the West Abbotsford slide is probably in the order of
9000 years old. The Sun Club slide appears to be younger than the
West Abbotsford slide.

Since EBuropean settlement of the Abbotsford area, there
appears to have been a history of landslips in this region.
Benson (1964) details several instances of slipping. More
recently, significant areas of slipping have occurred in the region.
Over the last 10 years there has been an active but relatively
slow-moving extensive slip on the hill slopes to the south of the
Abbotsford area which has over a period of time affected a number
of houses. During the construction of the Motorway (No. 1 State
Highway) through Abbotsford in 1968, a part of the ancient West
Abbotsford Landslide was reactivated; this movement was apparently

_arrested by replacing excavated material with £ill which had

originated from the former quarry site (Harrisons Pit).

BRICKELL, MOSS, RANKINE & HILL
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The subject slip mass was confined to the eastern side
of the ridge, the head scarps extending across Edward and
Mitchell Streets (east of Christie Street), through the Education
Board property (to the north of Mitchell Street), north-eastward
into rural land and then eastward down into the head of Miller
Creek. The eastern margin of the slip appears to have generally
followed down Miller Creek, approximately through the toe of an
earlier slip mass within the Sun Club property, and then across
the outer edge of the former quarry floor (Harrisons Pit). The
southern and south-western margins appear to have been confined to
the incised stream valley (lower portion of East Christie St

Stream) parallel to the central portion of Christie Street.

3.0 GEOLOGY

The geology of the Abbotsford area comprises a series of
relatively weak, gently dipping sedimentary formations of Tertiary
age. The upper surfaces of the partially eroded ridge in the
locality of Christie Street comprise a layer of silty clay soils,
presumably the remnants of weathered loess, overlying a silty
boulder formation. This latter poorly-sorted material is
interpreted as comprising colluvium which appears to rest as a
variably thick capping on an eroded upper surface of the Green
Island Sand Formation. The Green Island Sand Formation was found
to vary in thickness from 0 to 12 metres over the subject slip
area, with a general trend of increasing thickness towards the
south-east (i.e. towards Armstrong Lane). The Green Island Sand
overlies the Abbotsford Formation which, in the area investigated,
appears to have a predominantly sandy upper zone. Interbedded
in both the Green Island Sand and the Abbotsford Formation are
thin layers of fine grained silt and clay. These layers appear

to be localised and not necessarily continuous.
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4.1 Aerial Photographs

A study of available aerial photographs, both stereoscopic
pairs and enlargements, was carried out in order to examine the
course of development on the affected land and consequent changes

in the general topography.

The 1942 photographic coverage of the area (Plate 5) showed
Christie Street extending up the hillside as far as Edward Street.
Edward Street was only partially formed east of Christie Street
and more fully formed to the west. Housing was centred largely
upon the lower portion of Christie Street and Neill, John and
Penrich Streets. The Miller Park rugby ground appears to have
been developed, but the present day soccer field was only a rough
paddock. A small quarry face was apparent at the head of
Armstrong Lane and appeared to be restricted virtually to the
immediate vicinity of the present-day spray painter's shed. The
hill slope beyond the small quarry extended up as a steep natural
slope to form a continuation of the main ridge which extended
back towards the present Charles and Gordon Streets. Immediately
to the north of Armstrong Lane, the crescent-shaped outline of
the Sun Club slide was evident. 1In addition, west of the ridge which
Christie Street climbs, the steep side and head scarps of the
ancient West Abbotsford Landslide were evident. Much of this

latter slip area was residentially developed.

1947 photos indicated that little in the way of further
development had taken place upon the Christie Street ridge area
between 1942 and 1947. Several houses had been constructed by
this stage along Edward Street and two only on the east side of
Christie Street. The course of the stream down the ridge line

was evident across Edward Street, down lower Christie Street and
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across Miller Park. The quarry located near the head of Armstrong
Lane was still, at this time, a relatively small excavation, not

substantially different from the 1942 condition.

In the 1960 photo coverage, Christie Street had been
extended beyond Edward Street, up to virtually its present day
position. Percy Street formation showed up, as did Mitchell
Street. At this stage however there was no apparent residential
development on Mitchell Street east of Christie Street. The

small soccer field located immediately west of Armstrong Lane

had been developed.

By March 1962, substantial residential development had
taken place along Edward Street. Earthworks for the formation of
Gordon and Charles Street had been carried out, but no buildings
had been constructed along these two streets. The quarry at the
head of Armstrong Lane, involved a relatively small area. The
spray painter's shed had been constructed by this time. The
hill slope immediately around the head of the quarry had been
partially stripped of vegetation, presumably in preparation for
further excavation. The quarry workings however did not extend

north of a line projected east from Charles Street.

By 1970, substantially the entire quarry face at Harrisons
Pit had been excavated and benched to resemble closely the
pre-slip condition of 1979. We understand from the Ministry of
Works and Development that the quantity of material removed was
in the order of 300,000 m3. By this time Mitchell Street appeared
to be approximately half residentially developed and only the
upper portion of Gordon Street was occupied. There was no

residential development over the lower end of Gordon Street or

over any of Charles Street.
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The topography prior to the subject slip, as at July
1979, is shown on Plate 2B, Site Plan - East Abbotsford.

4.2 History of the Slip

‘As from June 1, 1979, a tension crack extending more or
less in a straight line across the eastern limbs of Mitchell and
Edward Streets became discernible. The development of this crack
was heralded by gradually increasing structural damage to homes
and services overlying the path of the crack. Within two weeks
a depressed zone (graben) developed over a width of some 8 to 12
metres. By the end of June one property down near the bottom of
Christie Street (No. 5 Christie Street) had suffered serious
structural damage and was consequently evacuated. By early July
the tension cracks in the ground had progressed beyond the
residential area on the north side of Mitchell Street, into the
Education Board land and northward into the neighbouring rural
area. By the end of July this feature formed a graben some 12
to 14 metres wide bounded by two steep tension scarps. The graben
had sunk by varying amounts below the level of the adjoining
ground surface. By this time all the homes straddling the slip
had suffered severe structural damage. During July secondary
cracking within the block was developing on the southern side of

Charles Street, severely affecting two residences.

Prior to June 1, 1979, we understand that there were some
earlier indications of structural damage within the zone of the
tension cracking. Several reports had been made of cracking
within concrete floor slabs and foundation walls at No. 16 Mitchell
Street and No. 11 Edward Street during October - November 1978.

As evidenced by paint-infilled fine cracks (repainted in 1974),
it is considered that No. 16 Mitchell Street registered very minor

damage sometime prior to 1974.
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Another indication of possible movement within the
affected area appears to be associated with the house at No. 5
Christie Street, which ultimately proved to coincide with the
toe of the slip mass. 1In April 1972 this house was inspected,
as a claim for landslip damage had been lodged. We understand
that damage to the structure at that time was somewhat irregular
and, as no visible signs of a landslip were apparent, the damage
was put down to settlement. Based upon the appearance of the
foundations prior to demolition in July 1979, there appeared to
have been considerable repacking of the external foundations
and piers beneath the northern half of house, suggesting a
continuing problem of uplift. The damage, evident immediately
prior to demolition in July 1979, was obviously caused by the
northern side of the house being lifted while the southern side

was being pushed into the ground.

We also understand that from a survey carried out on
27 June 1979, existing survey marks were found to have moved. The
displacement we understand had been in a south-easterly direction
and was in the order of 300 mm since the marks had last been

surveyed on various dates between 1961 and 1977.

We understand that the first substantial indications of
the landslide movement, observed on 1 June, were broken services
in both Edward and Mitchell Streets. Soon minor cracking, within
internal linings and brick exteriors of houses, became increasingly
evident, particularly in No's 12, 15 and 16 Mitchell Street and
No's 11 and 14 Edward Street. Once a survey control system had
been established, we were told that the rate of movement in the
Mitchell/Edward Street area was found to be in the order of
3 to 5 mm per day by the middle of the month and by the end of June

it had increased to about 8 mm per day.
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By 4 July (see Plate 6A), in addition to the obviously
increasing damage to the houses previously mentioned, the roads
adjacent to these properties both had pronounced vertical
displacements. Indication . of the slip movement within the ground
surface was noticeable chiefly around the vicinity of the affected
structures, with some relatively fine soil cracks between. Some
cracking in the ground surface had extended just across the
residential land into the Education Board property to the north.
Some ground distortion was evident within the kerbing on the
western side of Christie Street below Penrich Street. Structural
damage had by this time occurred along the northern side of No. 5

Christie Street.

By 24 July (see Plate 6B) the main tension crack had
developed markedly, with a virtually continuous line extending
through the residential sections on Edward and Mitchell Streets,
the Education Board property and into the Silver Peaks County
rural land to the north. The inner edge of this tension zone
(combining to form the graben) had not developed significantly at
this stage. Some secondary ground cracking was evident across
the southern margin of the intersection of Charles and Gordon
Streets. Structural damage was occurring to the property situated
on the lower west side of Gordon Street as a result of this
secondary ground cracking. A strongly defined crack had
developed across the roadway of Christie Street at its intersection
with Penrich Street. Severe cracking and over-riding of the
kerb on the western side of Christie Street, below Penrich
Street and above John Street, suggested compression and shearing
novement in this area. Significant uplift was evident beneath
the northern side of No. 5 Christie Street, and the line of this
ground deformation had extended eastward across the section,

across the lower slopes of No. 66 Neill Street, and across the

BRICKELL, MOSS, RANKINE & HILL
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north-western corner of the neighbouring soccer field. The
uplifted side of this zone of deformation appeared to be a
compression roll, particularly on the steeper terrain of No. 66
Neill Street. Similar compression rolls in the ground surface
had developed diagonally across the upper quarry floor.

Several ground cracks were also evident in the driveway leading
up to the Sun Club. By this date (24 July) movement across

the tension crack at Mitchell and Edward Streets was reported

to us at some 20 mm per day.

As indicated on Plate 6C, a well defined graben (averaging
some 12 metres in width) had formed over most of the length of
the tension crack by 1 August. Vertical displacement of the
graben varied, but an average movement of something like 1 metre
had occurred resulting in major destruction to those structures
located within its path. The upper (northernmost) extent of the
visible ground cracking had curved north-east, towards the
terrain bordering the northern portion of the Sun Club. Extensive
shearing was evident across Christie Street immediately below
Penrich Street, and the crack across the Penrich/Christie Street
intersection had enlarged significantly and was requiring daily
infilling. The graben, across both Edward and Mitchell Streets,
was requiring continuous infilling in order to maintain vehicle
access. Secondary cracking within the main block (on lower
Gordon Street and Charles Street) had developed markedly, with
two vacated houses now seriously distorted. The quarry floor at
the upper level had by now a series of compression rolls
developing more or less parallel to and along the line of the two
lowest bench levels. In addition, other tension cracks had
developed more or less transverse to the compression rolls on the
outer edge of the quarry's northern embankment. Pronounced

ground cracks had developed along the driveway to the Sun Club,
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beneath the old garage structure, and extended in a discontinuous
line northward, then spread as an en-echelon formation more or
less in a direct line uphill and in a generally western direction
along the northern margin of the former landslip mass. A series
of fine crazed cracks appeared on the stripped surface of the
lower quarry face in the vicinity of Boring B2 (see plate 2B

for boring locations). The seemingly irregular pattern of
cracking in the wet sand at this location suggested that the
floor of the quarry was commencing to heave. As at 1 August,

the rate of movement across the major control points along
Edward and Mitchell Streets had increased to some 100 mm per day.

We understand that the rate of movement generally kept
increasing steadily up to approximately 290 mm per day, this
reading being recorded on the evening/early morning of 7/8 August

immediately prior to the major movement.

43 Main Movement of August 8, 1979

At about 9 p.m. on 8 August, the large block of land
situated to the east of Christie Street underwent a rapid mass
movement and was displaced some 50 metres away in a south-easterly
direction (see Plates 4 and 6D). The movement of this
predominantly intact block took place largely over a period of
an hour and appeared to be in the nature of a deep translational
slide, with secondary rotational slumping in the area of the
headscarp. At the toe of the slide, there was considerable

compressional heave.

The majority of residential damage occurred within the
zone of widening, bordering the headscarp, where a series of

rotational blocks rapidly developed. Generally these rotational

BRICKELL, MOSS, RANKINE & HILL
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slump blocks paralleled the primary tension scarp. Other lesser
damage did occur along the fringe areas of the lower compression

zone, and within the relatively intact main block where extensive

secondary cracking occurred.

4.4 Post Failure Observations

The plane of the slide movement appears to have closely
paralleled the top plane of the Abbotsford Formation. The slope
of the upper surface of the Abbotsford Formation towards the
quarry floor was in the vicinity of 7° (refer Plate B-1). During
the course of the build-up in movement and the final main
movement, the upper crust of loess and boulder clay colluvial
soil remained remarkably intact. The mass of land involved in
the slipping was translated some 50 metres in a south-easterly
direction towards Miller Park. There appears to have been no
significant rotation within the bulk of the upper soil mass.
After the failure, levels taken immediately west of the failed
block and at the end of Charles Street give a difference in level
equating with a movement down a plane inclined (below horizontal)
at approximately 7°. Measurements show that the Sun Club area
(northern) block moved less distance relative to the main
(southern) block, with a minor shear zone of differential

movement in between these two blocks.

At the lowest portion of the slip toe (i.e. on the soccer
field and southern half of Miller Park), the slip advanced across
the near-level ground as an earth flow. This material appeared
to comprise fine silty sand with a very high water content.
Materials exposed on the ground surface within the former quarry
floor comprised principally fine to medium sand. The vertical
uplift over the quarry floor varied from some 5 metres over the

lower level of Harrisons Pit (south end) to some 20 metres on
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the upper quarry level. Within the Sun Club property itself,
portions of the entrance driveway and other areas located
approximately on top of the former slip toe zone, were uplifted
by some 10 to 12 metres. The movement within the Sun Club
property is very confused and the overall pattern on lower portions
of the movement has not, as we understand, yet been completely
defined. It would appear that the Clubhouse was rotated but

not significantly uplifted. During the process of apparent
squeezing out (from beneath the sliding mass) of the sand mass

at the quarry floor, the cut faces and intervening benches of the
quarry remained remarkably intact. Survey data and photographs
suggest that there was a tendency for the quarry face to have
rotated with the failure, with the former near level bench lifted
and tilted back into the face. Generally the maximum zone of
uplift appeared to be near the central portion of the whole

slide mass base, i.e. at the northern portion of the quarry
entrance way to the Sun Club. In front of the Sun Club entrance,
the slip appears to have extended further eastward than at any

other location.

On the upper surface of the slide mass, particularly in
the vicinity of Charles and Gordon Streets, extensive shear
cracks had developed through the ground and these shear cracks had
aligned NW-SE, approximately parallel to the southwestern margin
of the slide along Christie Street. (These cracks if left
untreated and open could continue to be active and may ultimately
contribute to partial disintegration of the remnant mass of land.
However extensive earthworks in the area have significantly
lessened this possibility). Just prior to the main failure and
immediately following it, the majority of the houses on the north

side of Charles Street were virtually undamaged.

BRICKELL, MOSS, RAMKINE & HILL
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The topography after the subject slip, as at August 15,
1979 is shown on Plate 3, Post - Slide Topography.

Immediately following the major movement on 8 August,
earthmoving machinery was brought on-site under the control of
Civil Defence. This machinery was used to regrade locally
oversteepened areas. The progress of this work as at August 24,

1979, can be seen on Plate 6E.

5410 REMEDIAL MEASURES CONSIDERED PRIOR TO FAILURE

The investigation into the nature, extent and cause of
the developing landslip was the principal task requested of us
by the Earthquake & War Damage Commission on June 27, 1979. 1In

addition we were to consider and report upon feasible methods,

if any, of stabilising the landslide.

Because of the obvious size and nature of the landslip,
as apparent at the time of our taking over the investigation
programme from E.R. Garden and Partners in the latter part of
July, we advised the Commission in writing (see Appendix C) that
adequate engineering investigation of the slip would take some
months and that this work would be necessary before any reliable

remedial measures could be implemented.

Meanwhile three basic possible remedial measures sometimes

pertinent to such situations were considered. These were:-

(1) Replacement of weight at the toe of the

hillside in the quarry floor area.
(2) Regrading of the higher land surface.

(3) Reduction of groundwater within the slide

mass.

BRICKELL, [MOSS, RANKINE & HILL
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Of the three possible measures considered, number 2
(regrading) was ruled out as being impractical, as it would have
required major earthworks in land residentially developed.
Measure 3 (dewatering) was considered possible but with virtually
no knowledge at that early stage of either piezometric pressures
within the block or zones of possible infiltration, this option
was considered to be somewhat premature. However, an attempt
was made to excavate pumping shafts in the Education Board land,
but refusal was repeatedly encountered in excavating holes
through the thick overlying boulder layers and precluded this

method from being an effective short-term remedy.

Measure 1 (replacing some material back over the quarry
floor) was considered in more detail. On the basis of the somewhat
sketchy and certainly incomplete information available late in
July, a stability analysis of the existing situation was run
based upon an inferred section through the slip mass. Assuming
that the then-existing terrain had a factor of safety of 1.0,
we calculated that the addition of a blanket of 3 metres of
filling (approximately 50,000 cubic metres) over the entire surface
of both quarry benches could increase the factor of safety by
some 4%. This order of increase in safety factor was considered
to be of relatively low reliability having regard to the
limited information from which it was deduced. Also, we were
not satisfied as to the true effect of providing additional toe
weight and there was the further question of the feasibility
and difficulty of carrying out such a major earthworks operation

in the short term.

As the investigation proceeded, further information was
obtained regarding the possible influence of the East Christie
St Stream on the slide mass groundwater. On 2 August the piping
of the lower portion of the stream above Christie Street was

carried out. As discussed above, attempts were made close to
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the stream bed in the Education Board property to sink a series
of shafts down into the underlying Abbotsford Formation. Ideally
these shafts were then to have been utilised as pumping wells

for removing groundwater. However, difficult ground conditions
encountered within the colluvium layer prevented the sinking

of these shafts from being a speedy operation. Similar well
shafts were attempted in the floor of the quarry, near Boring B2
but due to rapid caving in of saturated sand during boring, these

attempts at providing well locations were also abandoned.

As a general conclusion we considered that stabilising
the slip mass with quick remedial measures was not feasible in

the prevailing circumstances.

6.0 RELEVANT FACTORS

As previously discussed in our progress report dated
July 16, 1979, we believe that the landslip must be considered
in relation to a number of factors, all of which may have

contributed in some degree to the ultimate failure.
These factors are:-

B.l Geology

Large portions of the general Abbotsford - Green Island
area are considered to be geologically unstable terrain. Significant
areas of ancient landslip have however been residentially

developed as have adjacent areas.

The ridge area (which Christie, Edward, Mitchell, Gordon
and Charles Streets occupy), is the remnant of a formerly more

extensive land surface. The ridge is bounded on both the east

BRICKELL, MOSS, RANKINE & HILL
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and west sides by former large slips. Ultimately, in the course
of natural long-term geologic processes, this ridge would continue
to be lowered and redeposited by the adjacent stream system.

We note however that until this recent event, this
particular ridge does not appear to have suffered landslip

movement.

6,2 Rainfall

We understand there are a number of rain gauges in the
vicinity of Abbotsford. The Southern Reservoir station was used
by us as being relevant to the upper Christie Street area.

Based upon the rainfall records from this station, the months of
January, February, March and April 1979 had a relatively low
rainfall, being 81%, 56%, 76% and 84% of the monthly normals,
respectively. May 1979, had a marked increase to some 159% of
the monthly normal. Such an influx of water, after a prolonged
period of relatively dry conditions, could have produced a rapid
increase in groundwater pressure. Prior to this time, in late
1978 when signs of some movement were evidenced at No. 1l Edward
Street and No. 16 Mitchell Street, there had been a preceding

7 month period when the rainfall was well in excess of the mean,

but otherwise there is no information correlating ground movement

with rainfall.

B3 Groundwater

The East Christie St stream, appears to form part of
the southwestern margin of the slip mass and could also comprise
a major source of infiltration for groundwater. The course of
the stream above Mitchell Street has been investigated and in
places relatively clean sand beds of the Green Island Sand

Formation closely underlie its course.
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Groundwater may also have been supplemented by direct
infiltration from the land above, particularly where the cover of

the less permeable loess is very thin or non-existent.

An additional source for ingress of water into the
existing natural flow system could possibly be the Dunedin City
Corporation water main which extends along the north side of
Abbots Hill Road immediately above the slide mass area. We
understand that in the past this main has had a number of leaks.

6.4 Quarry

The Harrisons Pit quarry was developed between 1964 and
1969 at the base of the hillside, east of Charles Street and

north-west of Armstrong Lane.

Landslipping is often induced by undercutting the toe of
a slope. This usually occurs in nature by gnawing away of the
hill base by stream, river or sea erosion. The rate of subsequent
failure is then largely dependent upon the geomorphological
factors such as topography, slope, soil properties and groundwater.
Once undercut, the induced change in stress conditions causes
strain to develop and over a period of time gradual changes
within the landmass occur until ultimately failure occurs, more
often than not finally triggered by a significant increase in
groundwater pressures; i.e. due to heavy rain, snow melt, etc.
After the quarry had been opened up the ground above would have

been subjected to stress change and minor adjustments to reinstate

equilibrium would occur.

6.5 Seismic Events

Information regarding seismic events which would have been
felt in the Abbotsford area since 1965, has been supplied by the
Geophysics Division of the D.S.I.R. According to these records
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the area has been subjected to nineteen shocks, of which only

two are likely to have produced an Intensity in excess of MM V
within the Abbotsford area (i.e. an intensity at which most
people would be awakened from sleep, some windows crack, unstable
objects displaced). One event occurred on April 9, 1974 and

had an Intensity of MM VII and was followed by several lesser
aftershocks, within the following two hours. On May 4, 1976 a
shock registering an Intensity of MM V was recorded.

In our opinion, these recorded seismic events prior to
the failure in August 1979 would have been felt more or less
equally in all Abbotsford and the surrounding areas. It is
difficult to determine precisely what effect these earthquakes
would have had upon the development of the slide. It is however
reasonable to infer that such shocks could have been detrimental
to stability in the event of any pre-existing or developing

stability problem.

1.0 MECHANISM OF LANDSLIDE AND ANALYSES

The slide occurred along a plane having a slope of about
7 degrees. This is very close to the general dip of the Green
Island Sand - Abbotsford Formation interface. The slope is
substantiated by examining the displacement vectors of particular

points picked on the pre-slide and post-slide topography.

The slope of 7 degrees is a very flat one for a landslide

to occur and requires either:-

(a) Low Strength Mechanism

a very weak soil layer existing along the

shear plane;
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or (b) Water Pressure Mechanism

high water pressures developing which partly

"float" the mass down the slope;
or (c) a combination of the above factors.

Before moving on to the site we were aware of the need to
identify these factors and our work was principally aimed at
recovering undisturbed samples for strength testing to
investigate item (a) and installing field piezometers in specific

strata to investigate item (b).

The work carried out by us (and we understand all other
work carried out so far at the site) has failed to clearly
identify the specific combination of factors which caused the

slip.

Stability analyses consist of determining the resisting
forces which are available because of the inherent soil strength
and dividing by the driving forces which are produced by gravity;
the resulting ratio being a factor of safety (Fs). This applies
to a slope which has not failed. However, when a slope is at
the point of failure or, having failed is moving at a constant

velocity, then the factor of safety is equal to unity i.e. Fs = 1.

Taking the lowest strength value measured from the
recovered samples and the highest measured water table (the
worst combination factors) a stability analysis gives a factor
of safety of 4.1. For the condition that prevailed at the time
of our investigation (i.e. failure at almost constant velocity)

this figure must have been 1.0.
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In our analyses we have therefore carried out a

parametric study in that:-

(1) we have taken the water level as measured
and determined the shear strength that the

soil would be required to have for Fs = 1.

and (ii) we have taken the minimum measured shear
strength and determined the water pressure

that would be required for Fs = 1.

It is likely that these represent the two limiting
conditions with the actual condition at the time of failure lying
somewhere in between. While the further work being carried out
at present under the direction of D.S.I.R. and M.W.D. may enable
the limits to be further refined, they are hampered by the fact
that the slip has now occurred and the pre-slip groundwater

conditions can no longer be measured.

Using these derived parameters we have carried out analyses
of the effect of fluctuations in water pressure and have examined
the relative stability of the slope as it existed in 1962; i.e.

prior to the main excavation of the quarry.

2:1 Low Strength Mechanism

If the failure was caused by an as yet unidentified stratum
of weak soil, then at some stage the maximum shear strength of
this material will have been exceeded. As shear strain develops
resisting strength may then tend to reduce to a residual value
thus giving a driving force greater than the resisting force,
leading to an acceleration of movement. This will continue

unless either additional resisting forces are encountered (e.g.
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at the toe of the landslip), or driving forces are reduced
(e.g. by lowering of the water pressures). Such changes may

result in a steadying or stopping of the motion.

111 Analyses

Analyses based on this mechanism using the method detailed
in Appendix B with water levels as measured have given the

following results:-

Angle of Shearing Factor of Safety
Resistance (@') (based on c¢' = 0)
1.02
g© 1.14
9© 1.26

Extrapolation of these results gives for a balance of
forces (i.e. factor of safety = 1), an average angle of shearing
resistance of 6.9°. The above table gives an indication of the
sensitivity of the analysis to variations in the angle of shearing

resistance.

Using the @' angle of 6.9° we have considered the effect

of fluctuations in the water table. Results are as follows:-

Water Table Factor of
Height (m) Safety
+ 1 (m) 0.97
As measured 1.00
- 1 (m) 1.04
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Using an angle of shearing resistance of 6.9° and a
water table as measured we have determined that the factor of
safety for the pre-quarry (1962) topography was 1.01l.

Talk o Factor Favouring Low Strength as the Likely Mechanism

1, Montmorillonitic minerals have been identified from
samples taken from the site area. This mineral has
an inherent ability to produce low residual shear
strength parameters. It has the capacity to swell and
absorb water into its basic soil structure and its
activity, (which is expressed as a ratio of the Atterberg
Plastic Index to the percentage of clay fraction) is
significantly higher than other clay minerals such as
illite and kaolinite. The magnitude of the shear
strength in a montmorillonitic soil is subject however
to variation depending on the amount of clay fraction

within a sample.

y o Factors Which Do Not Favour the Low Strength Mechanism

La No continuous band of fine-grained material has been
identified at or close to the depth of the shearing

surface by our investigations.

2 Where seen in shafts sunk after the failure it has been
reported to us by MWD that the failure surface consists

of a highly sheared zone up to 2 metres thick.

3 All test results performed by us gave residual strength
values of @' much greater than 6.9° (Refer Plate A-4).
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7 Water Pressure Mechanism

In this mechanism it is postulated that water infiltrates
from a recharge zone into a confined aquifer which is adjacent
to (probably slightly below) the potential failure plane. From
this zone the water pressure reduces mainly due to head loss
through flowing in the porous medium of the aquifer, is not
specifically influenced by the ground surface topography, and
can exist at pressures which would result in a static head
higher than normal hydrostatic pressure indicated by the ground-

water table and perhaps even higher than the ground surface level.

The quantity of water needed to obtain high groundwater
pressures would not necessarily be great, provided the aquifer
is reasonably confined. The most likely source would be from the
East Christie St Stream which, above Christie Street, flows close
to the level of the Abbotsford Formation. A further possible
source is from the conduit formed by alluvium in old buried water
courses, either in the relic landscape or in any stream subsequently

covered and redirected by landslip movement.

Lok Analyses

In these analyses we have used the lowest measured angle
of shearing resistance (@g') of 30° and have considered a number
of hydraulic gradients from the assumed recharge point. The

results are as follows:-

Hydraulic Gradient Factor of Safety

1.68
. 1.41
0° 1.19
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From these results we have extrapolated for a balanced

force situation (Fs = 1) a required hydraulic gradient of 30"

Using this hydraulic gradient together with a @' of 30°

we have determined that the pre-quarry (1962) topography would
have had a factor of safety of 1.37.

1242 Factors Which Favour the High Water Pressure Mechanism

1. With fines contents from 18 to 35 percent, both the
Green Island Sand and Abbotsford Formations are generally,
relatively impermeable. With the type of drilling
used, detection and recovery of thin permeable sand
strata were not feasible; however, there is some field
evidence to support the assumption that they exist.
Pockets of grey sand were noted near the slip plane in
boring Bl and caving occurred in the shaft attempted

near boring B2.

2. There is some evidence of differential piezometric
pressure from the results recorded at B2 where the water
level in this boring is 1 to 2 metres above that in
adjacent TP2A pit. This is however only indicative,
as the water level in the boring was from a standpipe

only rather than from a sealed piezometer.

3 There was the sand which in flowing out at the toe of
the slip exhibited a liquefaction type behaviour which
is related to high water pressure. However this may have
been generated as a result of movement and is not

necessarily indicative of a high initial water pressure.
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) Factors Against High Water Pressure Mechanism

In the field measurements taken, no significant water
pressure heads were recorded. There was however a particular
constraint on the measurements taken in the bore holes located
in the slip zone as these were drilled when movement was at the
rate of about 100 mm per day and it was thus not feasible to
install piezometers below the plane on which shearing was then

occurring.

T3 General

As has been discussed above, for the slip to have occurred
parameters other than those measured in our investigation would be
required. We consider that our analyses have demonstrated the
relative effects of parameter changes at either end of the likely
range of possible conditions and that the true behaviour

probably lies somewhere within this range.

Because of the early identification of montmorillonitic
material in the site soils, we did consider, prior to commencing
the fieldwork, the most likely mechanism to be the low strength
mechanism. On reviewing available data, it appears that the
more likely mechanism involves excess water pressures but with

soils having strengths lower than we have been able to measure.

8.0 SUITABILITY OF SITE FOR DEVELOPMENT

The area east of Christie Street has developed sporadically
since the early 1940's, with the latest development, generally in
the Charles Street area, continuing into 1979. Since the
recognition of the developing landslide in June 1979, a number of
opinions have been made public upon the suitability of the

failed area for residential purposes. Much of the criticism
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against the area having been developed has been on the basis
that geologically the general area of Abbotsford is well known

for its instability.

The fact that the Sun Club property contained a large,
geologically very young, bowl originating from former land slipping
could perhaps have highlighted the presence of some risk of
developing in this area. However, such a feature would not
necessarily have indicated that adjacent land would be unsuitable

for residential development.

Awareness of the former slide at the Sun Club should
perhaps have suggested the desirability of a pre-development site
investigation, in keeping with the more recently accepted "State
of the Art". Nevertheless we believe that it is extremely
unlikely that a conventional site investigation for a proposed
residential area would have determined the likelihood of the
nature and extent of the failure which ultimately occurred. One
has only to look at the difficulties and expense of the investigation
carried out to date in order to determine the nature and possible
cause of the landslip which actually occurred and can be readily
defined, in order to understand the difficulty involved in
anticipating the possibility of the August 1979 event. We are
of the opinion that the forecasting of the likelihood of such
an event occurring, based upon conventional site investigation
within the bounds of reasonable cost and experience deemed adequate
for residential development, would have been virtually impossible.
Had the east Christie Street area been proposed as the site for
a comprehensive development of high capital value (e.g. a major
hospital, an extensive commercial plant, power station, etc) then
adequate funds may have been available such that a detailed and
exhaustive site investigation may have more accurately predetermined

the true risk of large scale landslip.
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It is our understanding that prior to June 1979, the
only other known problem in this area was at No. 5 Christie
Street in 1972. At that time, we understand that the apparent
behaviour of the house foundations suggested settlement, rather
than landslipping, as being the most likely cause of the damage.
Considering the record of apparently stable behaviour for this
area generally over the years, we would see no specific reason
why conventional residential development should not have been
allowed, other than perhaps within close proximity of the large
natural failure immediately to the north-east of the subject
block (i.e. the Sun Club slide) and of the quarry face.

With respect to the effect of the quarrying operation at
Harrisons Pit, apart from the points which arise from stability
analyses, we would take this opportunity to make further comment

on the suitability of this excavation:

The previous small scale quarry was developed in a
large way during the late 1960's. It is our understanding that
the opening up of Harrisons Pit quarry was a result of fill
requirements for the nearby Motorway construction. At least
a portion of the excavation could be considered as a direct
response to an emerging stability problem then being encountered
on the Motorway - reactivated area of West Abbotsford Landslide.

The quarry face slopes, as finally cut, appear to have
remained remarkably stable over the approximate 10 year life since
excavation. In fact they remained largely intact even after the
main landslip. This would suggest that with respect to localised
stability problems, the quarry was adequately designed and

constructed.
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It could also be claimed that in consideration of former
slipping as evidenced by the nearby Sun Club slide, design for
local and even moderate sized failures was appropriate at that
time. However, conventional investigation would have been unlikely
to identify the true risk of a landslide on the scale that

finally occurred.

While we do believe that the cutting of the Harrisons Pit
Quarry is likely to have had a part in the development of the
ultimate landslide of August 1979, it is our opinion that except
with the benefit of hindsight the quarrying action cannot be

considered as being entirely unreasonable.

90 GENERAL

This report presents the results of our investigation
into the nature, cause and possible remedial works of the East
Abbotsford Landslide, as requested by the Earthquake and War
Damage Commissien. Field information was obtained principally
during the month prior to the main movement of 8 August 1979

and during the emergency period.

Investigation and analysis has continued under the direction
of DSIR and MWD. A Commission of Inquiry has been set up to

consider and report to Government on the event.

The East Abbotsford Landslide in our opinion may be
classified as a translational block slide of a substantial land
mass which before movement was an integral part of the natural
terrain. As such, it is within the definition of a landslip as

defined under the Earthquake and War Damage Act and Regulations.
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Remedial measures discussed in the report relate only
to items considered or implemented prior to the final movement.
Up to that time long term remedies had not been defined and

further consideration became of academic interest only and

hence was not pursued.

In regard to cause it should be noted that seldom if

ever can a landslide be attributed to a single definite factor.

The process leading to the development of the slide has its beginning
with the formation of the material itself when its basic physical
properties are determined. Subsequently a number of contributing
factors such as those discussed are likely to be involved prior

to some action setting the mass of material in motion. The last
action which might make only a very minor contribution cannot be
regarded as the only cause, even though it was necessary in the

chain of events.

The following plates and appendices are attached to

complete this report:-

Plate 1 Locality Plan

Plate 2A Site Plan - Abbotsford Area
Plate 2B Site Plan - East Abbotsford
Plate 3 Post-Slide Topography

Plate 4 Displacement Plan

Plate 5 Abbotsford as Developed in 1942

East Abbotsfeord Landslip:-
Recorded Ground Deformation

Plate 6A = as at July 4, 1979

Plate 6B - as at July 24, 1979

Plate 6C - as at August 1, 1979

Plate 6D - as at August 9, 1979

Plate 6E - as regraded on August 24, 1979

BRICKELL, MOSS, RANKINE & HILL



November 23, 1979

Appendix A
Appendix B
Appendix C

-31- 51118

Fieldwork and Laboratory Testing
Method of Stability Analysis

Preliminary Reports
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APPENDIX B

METHOD OF STABILITY ANALYSIS

B1.0 Analytical Procedure

To determine the factor of safety (Fs) for the failure
surface chosen on our cross sections, we have adopted the method
of analysis presented by Janbu. This is a modification of the
simplified Bishop Method of slices for non-circular slip surfaces.
In developing this method, some simplifying assumptions were made
regarding inter-slice forces but it has been shown that the values
of factor of safety approximate closely to those determined by

more rigorous methods.

The governing equation involves an iterative process and
accordingly our slope stability studies were performed using a

computer programne.

The sections analysed were divided into strips, and pore
pressure, geometry and strength parameters at the centre of each

strip were determined.

As described in the text following we have had to make
a number of assumptions regarding the geometry of the subsurface

shape of the failure surface.

We have found that whilst the absolute results obtained
may be significantly affected by variations in geometry, the
relative results do not change mafkedly. It is in this context
that factors of safety are quoted to three significant figures
in order to illustrate the relative effect of specific parameter

changes.
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We have allowed for three dimensional effects in our

analyses as follows:-

. The safety factor for a given set of parameters
for all sections has been determined by the

method described above.

. A weighted safety factor has then been computed
using the ratios of total weight per unit width
of the soil for each cross-section multiplied

by the corresponding plan areas.

B2.0 Cross Sections Selected for Analysis

For the purpose of our stability analysis we have developed
four cross sections, three of which AA, BB and CC were aligned

through the main block, and the fourth DD through the Sun Club

area.

In order to determine the alignment of the cross sections
and hence the most critical shape geometry we considered
directional movement of specific features contained within the
main block before and after the slip. Accordingly the alignment
of our sections corresponds to the general direction of such
movements as depicted on Plate 4, Displacement Plan contained in

the body of the report.

The locations of the cross sections are shown on Plate 2B,
Site Plan also contained in the body of the report. Details of
the cross sections are presented on Plate B-1, Inferred Subsurface

Sections.
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B3.0 Cross Section Topography

The pre-slip surface topography used for the cross

sections has been taken from a survey plan supplied by E.R.

Garden & Partners, details from which are presented on Plate 2B.
Details of the ground contours subsequent to mass
movement of the soil block have been taken from the post-slide

topographical survey plan as shown on Plate 3 in the main report.

The pre-quarry ground surface has been determined from
a topographic plan based on the 1962 aerial photograph.

B4.0 Subsurface Details

Sections AA, BB and CC have been developed using
information gained from early MWD borings and from our borings.

The logs used are shown on Plate B-1l.

In the present absence of specific subsoil data in the
Sun Club area, the profiles for section DD have been extrapolated
using the above borings. We have assumed uniform lithology
across the bedding planes to the position of section DD. This
approach is subject to confirmation by fieldwork currently being

carried out by DSIR and MWD.

B5.0 Assumed Failure Plane

5.1 Principal Slip Surface

Where relevant, the position of the principal shear
plane has been based on recorded inferred shearing depths of

inclinometer tubes installed by MWwD.

BRICKELL, MOSS, RAMKINE & HILL



DATE O .10 7
aE .

CHEC

BY IRl

ARPOIT =i

LOCATION

.

LA

CLIENT _L.g49 ‘M.

Lir
A T =

g

MAJOR,
MOVEMEN

1
BUORING NO. 11 BZ | L H3 B4 i“5 Tha TPC
LOCATION Near Sun Harrisons Harrisons Pit Edward Miller Tark Horth ené of In field to cast of nortn
Cluxn Pit 30 m east of B2 Street Christic Street end of Christie Street
SURFACE R.L. 142.6 130.5 L3 176.0 120.6 189.2 190 188 '
BORING DEPTH 14.2 m 15.2 m 7.0 m 32.1 m 28.2 m 17.5 m 9.8 m 7.2 m
REMARKS & One standpipe | One standpipe One standrine Piezometer tubes | Piezometer tubes | Piezometer tubes One stand pipe -
DEPTH BEL"W to depth: to depihn: to depth to denths: Lo depths: to decpth: to depth:
GROUND SURF- : k _ o e — - — “ :
i 12,6 i 12.0 m 6.0 m A'EE.am‘ETZE,hV A-26.0m|B=7.0m A =7.0mIB=12.4 - 2.8 'm
AL |
SEALED 0.0 m | 22.0m 4.8 m 5.0 m 5.0 m 10.5 m
ZONE b ) E o to Jto to to to . 3
ONE 29,0 m | 24.0 m 27.0 m 2.5 m 8.5m | 13.5m
DATE BSERVED W ATER LV E L (DEPTA BELOW GEOUND SURFACE IN METRES) +
T I
30.7.79 2.0 . |
o R s L ] } | —— L=
31.7.71S: A 2.02 s 1 . | [
31.7.79 p.m. 2.02 0.44 ! 7.0
1.8.79 2.01 051
2.8.79 1.98 0.62 ; 8.6 '
35 7S 1. 9% Q.66 :
- - | o fi el L boe_alL) e
4.8.7 2.21 .75 3.08 23.95| 23.76 9.6
|
i L. =en Ll
5819 =23 0.72 2.42 24.81 | 23.93%* 9.0
6.8.79 2.26 .78 2wl 24.98 | 23.9u* 9.1
7.8.79 2.38 0.83 2.1%6 2487 23.37H 9.09 4.33 2.2
8.8.79 1.60 k.10 2.30 22.99 2% 7 9,151 4.30 | 0.+35
E= SEe ’ r t = horeit
9.8.79 Blocked Blocked -0 | 29.0 8.25] 4.15 b 2L50" J
] 1 3132keca B13ea ) [ == == T [ 1
13.8.79 | 7.0 6.10 i 2iapl
11.8.79 8.15! 4.90 I 2.60 ' T
12.2.79 8.10| 4.00 e 8 i
13.8.7 g2.17 3.90 ] 2.600 i
_\ 1 I .ﬁ *‘1 = | - *')*\* 5_} 1 ‘3 ! 3 3-[)_ t . - = = = e | L
i3 .9./ Ll atd ) i : 2.60 :
: — —— 1 Blocked Blocked —— i % - - — J
15.8.79 ; 39 §.090 2..70%
16.8.79 i B8.1n < 00 | 2.70
17-8:79 8.2 4.10 : 2 T
Notes:
Two piezometers were installed in B5.

* Spiralling of wire down piezometer tube caused inaccurate readinas.

combination

Blocked at

Blocked at 4m,

no water.

of both -

20 m, no water.

Blockage apparently cleared
vossibly caused by flow of water or ground movemenrt or

subseguent blocked at

17.2 m.

Connection between piezometer tube and pilezometer
ost durina installation of the unper piezometer.

]

1" Blocked at
£2 slockeada at
{3} Blocked at
4 Mlezometer
level
Piezometer
returned to

L1

(5

12 m

1 =7 m

11.4 m

tube flushed out w
2. 70 m.

returned to
tube filled with water,
a5

measured 1.e.

OBSERVED

|

GROUND WATER LEVELS |

ater

level
2.0 .
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RELATIVE DENSITY OF

COHESIONLESS  SOILS

CONSISTENCY OF COHESIVE SOILS

Corrected SPT 'N' value

Very Soft -
(blows/ 300 mm) Y
Soft -
Very Loose 0w 4
Fl -
Loose 4 10 10 A
Stiff -
Moderately Dense 10 to 30
Very Stiff -
Dense 30 to 50
Hard -
Very Dense > 50
GRAIN SIZE STRUCTURE
BOULDERS — 200 mm Layer
GRAVEL
Very coarse 200 mm to 60 mm
Coarse 60 mm to 20 mm
Medium 20 mm to & mm Lane
Fine bmmto 2 mm
SAND el
Coarse 2mm to .6 mm
Medium .bmmto .2 mm
Fina .2 mm to J6 mm Hotlogensou s
SILT & CLAY < .06 mm tntasbacied
GRAIN SHAPE
Laminated
Angular Showing little or no evidence of wear; edges
and comers sharp, secondary edges present,
Banded
Subangular Showing some effect of wear; faces virtually
untouched but edges and comners slightly worn,
Mottled
Subrounded Showing considerable wear; edges and comers
rounded off to smooth curves, original faces
considerably reduced.
siderably reduce Slikenside
Rounded Original faces almost completely destroved, but

Well rounded

some comparatively flat surfaces present, All

original comers smoothed off to broad curves.

No original faces, comers or edges left., The
entire surface consists of broad curves; flat

areas absent - virtually spherical,

squeezes between fingers

easily moulded by fingars

moulded by strong finger pressure
dented * % " L

dented only slightly by finger pressure

dented only slightly by pencil point.

A relatively continuous planar unit of soil,
limited by difference in composition, texture

or structure .

A discontinuous unit of soll, usually of limited

area and generally lass than 300 mm thick.

One distinct soil unit of sedimentary origin,
confined within distinct bedding planes.

Uniform properties within a soil unit,

Alternate beds of soil within a major

soil unit,

Distinct, fine layers each generally less than
3 mm thick.

Alternate layers of soil with distinet colour

differences.

Irregularly marked with spots or zones of
different colours.

Smooth, polished sometimes striated planar

structures resulting from (nsitu mevement,

DEFINITIONS OF DESCRIPTIVE TERMS

INDEX

PLASTICITY

Liouip  LimiT

PLASTICITY CHART

MAJOR DIVISIONS SYMBOL TYRPICAL NAMES
o
Gw K O ‘Well graded gravels or gravel-sand mixtures, little or no fines,
e i 2 ]
GRAVELS :
—_— B p L Poorly graded gravels or gravel-sand mixtures, little or no fines.
»

(More than 1/2 of

coarse fraction > 2 mm)

Silty gravels, grevel-sand-silt mixtures,

GC

Clayey gravels, gravel-sand-clay mixtures.

SANDS

(Mors than 1/2 of

(More than 1/2 of soil > 0.06 mm)

COARSE GRAINED SOILS

coarse fraction <<2 mm)

L -
SW °.°.7|  Well greded sands or gravelly sands, littls or no fines.
8 & 8
. & »
..
sp |

Poorly graded sands or gravelly sands, Little or no fines.

Suty sands, sand-silt mixtures.

sSC

Clayey sands, sand-clay mixtures.

SILTS & CLAYS

(1L < s0)

ML

Inorganic silts and very find sands, rock flour, silty or clayey
fine sands or clayey siits with slight plasticity,

CcL

Inorganic clays of low to medium plasticity, qnvouy'dayl.
sendy clays, slity clays, lean clays.

oL

Organic silts sand omganic silty clays of low plasticity.

BILTS & CLAYS

(More than 1/2 of soil < 0.06 mm

FINE GRAINED SOILS

MH

fine sandy or

Inorganic silts, mi or diat
sllty solls, elastic sllts.

CH

NN\

Inorganic clays of high plasticity, fat clays.

(LL>50) .
s //
#
nH i Organic clays of medium to high plasticity, omanic silty clays, omanic silts
//
HIGHLY ORGANIC SOIL. pt == Paat and other highly orgenic solls.
=]

CLASSIFICATION CHART

(Unified Solil Classification System)

METHOD OF

SOIL CLASSIFICATION

BRICKELL, MOSS5, RANKINE & HILL
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Bl B NN NE Ne

SURCHARGE PRESSURE (kPa)

8

&
o

&
o}

&
Q

g

SHEAR STRESS

200

200

(kPa)
400

500 600

NG NUMBER
H IN METRES

\ fip'i!.l 0.?\

gnIarin 9

forec!' =0

—
L5

(#)

Boring Number

ofillorks

\ resistance

\

o
B4/280

Maximum effective stress

NOTE: o =
e = Residual effective stress
Rates of strain -
M3 samples : 0:3 mm [min.
Headscarp sample :0-0073 mm/min.
All other samples ~ : 0-024 mm/min.
RESULTS
T
BORING | ooy |oRecoone | OMEAR | SHEAR
(KPa) siriggi_ STREDSS
L W3, . | 300 | SO0 323 | 308 |
P s 320 1o 926 72 __
s 24-2 510 449 B I 2 e (O
Head scarp = . _F 88 52 ~
LT | - - ] A2 74 - ¥
L - e 5 2 N X S AR
Remaining resulfs are shown to the feft of the Boring Logs

STRENGTH TESTS

BRICKELL, MOSS, RANKINE & HILL
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APPENDIX A

FIELDWORK AND LABORATORY TESTING

Al.0 FIELDWORK

Al.l Drilling

Five exploratory borings were drilled at the site with
truck-mounted rotary-wash equipment supplied by the MWD, Green
Island, drilling unit. All borings were 100 mm diameter, with
the exception of boring B5 which was 76 mm diameter. The holes
were partially cased and extended to depths varying between

14.0 metres and 32.0 metres below ground level.

This fieldwork was supervised on a full time basis by
one of our field engineers who in conjunction with our project
engineering geologist and project geotechnical engineer
determined the boring locations. The field engineer logged the
soils encountered and carried out soils sampling at intervals

in the borings.

The locations of the borings are shown on the Site Plan,
Plate 2B, contained in the body of the report. Logs of the
borings, as recorded in the field and amended where necessary
by the results of laboratory testing, are shown on Plates A-1A
through A-1F, Boring Logs. An explanation of abbreviations and

symbols used on the boring logs is given on Plate A-1A.

The soils have been classified in general accordance
with the Unified Soil Classification System, a summary of which

is attached as Plate A-2, Method of Soil Classification.

BRICKELL, MOSS, RANKINE & HILL
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Al.2 Sampling

The field engineer specified procedures for the recovery
of undisturbed samples. These samples were, where possible,
recovered in a 60 mm internal-diameter, split ring-lined
sampling barrel which was advanced by hydraulic pressure in
soils having a soft consistency. When firmer more dense soils
were encountered, the sampler was advanced under a series of
blows delivered by a drop hammer. The number of blows required
to advance the sampler a specified distance was recorded and
these blowcount records are shown on the attached logs. Dense
soils, which were encountered in most borings, were sampled

using a thin walled cylinder, again advanced using the drop

hammer.

Al.3 Piezometer Installation

Piezometers were installed in borings B3, B4 and B5 and
these comprised an 0.6 metre length of 42 mm diameter, perforated
plastic tubing protected from contamination and blockage by a
double wrap of towelling and an outer sheet of brass gauze.

The piezometers were connected to small-bore thin-wall plastic
tubing which was sealed at the ground surface by a plastic cap.

The piezometers were located at predetermined depths
in the above borings. The surrounding zones were isolated by
forming a cement grout plug above and below each piezometer. Two

piezometers were installed in each of the holes.

Al.4 Groundwatgg

As described above, piezometers were installed in bores
B3, B4 and B5. In the remaining boreholes Bl and B2 and in test

pits TPA and TP2A, open standpipes were inserted. Water level

BRICKELL, I40S5, RANKINE & HILL
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readings were measured, where possible, on a daily basis with
the aid of a water level indicator. The measured water levels
in the borings and piezometers are tabulated on Plate A-3,

"Observed Ground Water Levels".

A2.0 Laboratory Testing

A laboratory testing programme was carried out on
representative samples to evaluate their soils engineering
characteristics appropriate to this study. These tests can

be summarised as follows:-

(a) Water content/dry density tests carried
out on undisturbed samples for use in

correlation.

(b) Strain controlled, consolidated drained
slow direct shear tests performed at selected
surcharge pressures to evaluate strength
properties. Three of these tests were performed
on samples of sandy silt retrieved from the
head scarp north of Christie Street, from a

level 5 metres below the top of the scarp.

(c) Percent fines (passing 75 mm sieve) tests
were performed on representative samples to

aid in assessing relative permeabilities.

Test results are shown to the left of the boring logs on
Plates A-1A through A-1lF where appropriate and are also presented
graphically on Plate A4, Strength Tests.

BRICKELL, MOSS, RANKINE & HILL
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The following plates are attached to complete this

Appendix: -

Plates A-1A to A-1F
Plate A-2
Plate A-3
Plate A-4

Boring Logs
Method of Soil Classification
Observed Ground Water Levels

Strength Tests

BRICKELL, MOSS, RANKINE & HILL
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BORING AND TEST PIT NOTES, ASAHEVIATIONS & SYMBOLS

Tha borings wers drilled betwesn 27 July and 7 August 137% with trailer
The teat pits wers Jdrilled with Caldweld rig (1 petre diameter shafe).

L5 ren slze and 76 mm size casing wvas used in the borings.

Undisturbed sample recovered in split barrel, 40-mm [.D. ring lined

Undisturbed sample recoversd in 60 mm I D. thin wall Shelby tube fog

Undisturbed sample attempted, but missed or disturbed in recovery.

thumber of blows to drive mampler 300 mm with 5PT hammer.

Sampler driven by hydraulic preasure.
Core sample obtained in triple tube, rotary core barrel.
orw sample attemppted, but mliaed in recovery.

Core length remowed for laboratary

itatie

ground water Tovel

4 from the pre-slip

he wlevat lons of the borings have be

sround surface.

existing

Indicated depths ace In Petren balow the

€d DS = Strain cont onsolidated drained, shear test at natural

CLASLILILATION DATA STHINGTH  DATA ST - O NITY DATA] | FI0LD DATA B 0 R l N G 1
T T z
TEsST TisT MATURAL FEMETRA= "
T INES - LIGUID | PLASTICITY ::"m“'; o morsTuNg | SAR WATER Owy TION =3
I-we e ) LT ino ':“ rrrssung | contawr, | FTTIRETH] orier, | PIRSITY | L s 114
O % »Pa * Ny fmd OF guvATion 3 142 5 m 1
! LR
r‘l Pale yollowish-brown SILTY SAND (5M) i
] I (roderarely densa)
_ L. {grades light browm/buff)
-l |
i - = I e == SRR 1 -
PUSH WY ;-
o
i o =N SR =t a— o 1
(] - 1
o |
o'
- - r——= -—— 2
4
U
: o
o, - N (—— | — - lgrades buff/brown, slightly mottled)
t 4.8 1565 PUSH 8 ' Wty 2!
5.1 1558 |
=
- - N i I 523 i |
26.1 1554 Z'
oy
= (grades more sil s andy s18Y | o]
— - — P—— 4 Fraden ra Y. With 4 ilc
L] 7.1 1568 PUSH . i = v-e g_
{
P i |
|
| {grades yellow-brown with patches of grey) !
- e i
|
!
1% — i — — 1 5% [ s | s (slight mottled texture) ! <
(grades deep rustic yellow-brown: slignhtly |
28 cd D.5. 59 23.4 B4 23, 1651 5 =9 flecked mottled a ance ion. -
3 od DLE.[I0T 28.0 1:'-1?3? 280 164 SP-ghay and) Eme 1 oupe el Sorhets
4 0.5, 139 23.0 153/20] 23.0 1660 ot R
o by 2 < ¥ . § = 11 Dark grey SILTY SAND (SM) [}
n r 2.1 1695 for l40wm (moderataly dense) ?g
4 t o4 0.5.] 149 2.0 1adfigal 77o0 | IeET | [Ty o | '
W od 0.5.] 170 22.5% 171138 22.5 1621 for 200we 5:4
23 i ed 0.5.] 204 24.1 194/154] 24.1 1571 15
2tp
- — ——— . P 4
B Bz [ ew |[S°1 :
OF. L. BORING DEPTH : 14.2 =
CASING DEpTH -
“w—

mounted rotary wash squipment.

sampler.

rated off a fixed piston] samplec.

topographical plan.

water content;

Tordated t::hr.r-dw strength voluies ave maxipmaven ,’nzqndual

BORING LOGS
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CLASSIIICATION DATA STAENGTH  DATA woistune-DensiTy Dara] [ #15u0 oara BO R I N G 2
4 w

I x
. st | resr MATURAL PEMETRA= o
% HiNIS | LOWO | PLasTicry | TYPE OF ! ung | SMEAR | e FEX TN iE
(=Nt 200 ) | LIMIT INOEX “T‘:m PREssuRg | cowtewt, | PTRENGTHI o rew. | PEMSTY. | lapsismamct -1 _
| R 5 “¥a % ng/m? 83 quvarion : 1315 m "
Wl Light grey/duff yellow SILTY 5AMD (5M) l
! {moderately densae) |
.
== LSS L 8,5?3 —q !_' .
55—+ P et e —t— 4 115 51T F s (grades yellowiah-brown) {
l 26.1 1591
o
e i S FRSEST. SERSTE. TR ) 5 2
4
w
|
I 3 — - —— ey —— e — = =T Q:
2|
4|
. -1
— L L Ll _-4 TR | S | (S - o
2
18 e e e e e e e e N T G . Faey e (gradaw light gray/buff) m
[l
(contains isolated patches of O
- — L P B =N ac Eas - —— yellowish-brown sand mederately sanut to
dl dense)
- iy i = - = FEs—sig B = =% 3 0. Y IEI0 || 5 = fl-';}_4
for 250 me
= . | —la5a1—ss — T Terre e e |1::::::d;;uyt:h—huuzy-uw:.-h-b:m
2 ed D.§ 135 23.8 1]'),.’!05 2.8 1591 for 250=m
- = — e = = = == 9 — £ e
Dark grey SILTY SAND (SM)
({dense)
S Day 100N 18 | I | B ol
o~ ) 10 Te60 5= 50 o
- for 250mm 0:0
0:_ ik
i | - o & I ([ = niq
b2
[++]]
it
- . L (T
0 5 T 6 i 5 = 61 ‘
for 170mm BORING DEPTH : 15. 2 =
L CASING DEPTH : -
o
£
o
L=
C
3
7
koS
O
o
B
£y
O
<L
un
LS
e
O BRICKELL, MOSS, RANKINE & HILL
=
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EE N N N N e e Em

D

{1y R4
b

CLASSIRCATION DATA STHINGTH DATA OISTL®E DU TY GATa) | FIELOD DaTA B O R ( N G 3
T x
TEsT Tisr HATURAL PERETRA = s
Y 1iNES | wOUID masnaTe| YT OF waum M!tull.[ Setan WATER oy Tion ]
Tele® 208 b | LiMT INOAE ":'.:‘:"tnum | comrpnr, | STRENGTH] conrinr, | PEVSTY | tngsisTance Az
. Pa . hPa * agfm? | ﬂf ELEVATION @ 176 Om = i !
| T l
! Yollowish-brown SANDY SILT (ML) |
! } (fiem grading seiff) I}
- - — ||
™
m
bl - u
| | J
! |
|
- |l I | e — —4 | |
S Brown SANDY GRAVELS (GP) k:
LI {coarse gravels boulders and cobbles i |
e i TRl - rounded to sub=rounded in brown silty
sand matrix) |
- |
.
== -— et §— |
4
4 o |
- i == =i — e
i < !
| a |
- — o - oY N—— ey 1— )
- 3|
- A 2|
>
o S ce B — L M 3
- 3
|- o
—l - — @ v
. ]
™ {
- H
- - - — — 4 | -t |
L
. H
a9
> i n—
. -
LI
Michidd E W +f Light grey/buff yellow SILTY SAND (3%)
(méderately Jdense)
1] 1
ol |
= e e w— | }
lofr ';
.3- 1
S ) ——— ot
b iy 1566 PUSH L R :
- - |
Pl {
e | L ST uw—s |
= e ] w—i." |
e " |
o ]
— n—f «"° |
.
o
- . |
L AT - i T S b — | S— " o°
| -
-
-
. 0
el = 0l | PN i T I “POSH vl - 2
a (grades light yellowish=brows) 4
| w
le
d |
S— - - R S — 3 $5%63 0 o s (grades dense, rustic yellowish brown, p
1.8 1650 tor 170 o contains random isolated pocikmts of 2
s | light grey sandy silt) q
wl® A
= = b — } n—e | w
| Is s
yaem_ |-
.
S=E L 2
] =k us
[ o o
- LLd
| la
! L iy
|
ras |
' 10—
|
l R {grades light grey, becomes flacked
n 15.8 163d 8 = 57 1] and patchy)
for 250mm i
I'.
o
2 5
a
»
' i ¥ R I N G L O G S
| n—g*
.
| | -
|} } T P lgrades more silty)
| -
| a,
! al® arades e b " g - srl
o 19,9 e 15 ="% MWt {grades yellow brown/light grey and sottled)
for 240 o 1
1 H | - %0 02
54 ] | for 160 s g o
|
-+ 8- <
I 3
| g 0
30 ed 08 15 22.1 | 207f208] 22.2 -
3 [ . 445 : 4.4 | 368/330] 1404 P STt BRICKELL, MOSS, RANKINE & HILL
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e LAl ATION DATA STHINGTH Dala woisTuns-censiTy oara] [ Fiein oara " B 0 R | N G 4
| omesr | masy AT URAL PEMETRA = “w
Yo bints  LOWID  Pasticiry | TTTE OF !wpcnucliltommﬂ SHLAN WATER - Tiow 41
tewerond vt wmorx | MR s | contier, [STRE™ comrpnr, | PO | Larsistanct 3
} boave | % A Pa % | agfm S quivarion 1 1206 m i
| Y Dark Grown sbightly gravelly SinT (ML (topsoill [ §
| | | | tull greyish brown SILT (ML)
| Nl [containe some brick rubble)
{ == el s =l
| I | oull greyish brown/brown moctled slighely SANDY SILT(ML) |
| - ol {contains pockets of dark brown sandy silt, H
! 26.5 1559 PUSH uy | H l grades dull grey, with occasional fragments 3
E _ :__[ | | of decaynd wood and other fibrous matter) =t
- [ i
I | |
|
| |
) I O L e 'II 1
58.5 1080 l
Brown SANDY GRAVEL (GP)
== WS =1 (soderately dense) |
|
b
PUSH park brown SILTY SAND (SM)
= e = (moderataly dense) i
2.4 1510 pusH Light grey buff SILTY SAND (W)
(moderately dense)
{qrades grayish yellow)
T T Light grey SAND (SF)
3.8 1855 8 = B3 (dense; contains pockets of silty sand also
for '160mm black flacks and falnt brewn irregular |
. banding)
e —t— — - fe ] |
H
|
k] 26.3 1553 §=1 (grades grayish green/brown contains occasional’
[ oY II0 I irregular bands of brown silty sand and i
pockets of grey silt).
p— — Light grey/brown SILTY SAND (SM)
! 5= 89 (dense) .
8 5.5 1600 for 200 =m
{grades brown/yallowish brown)
1465 8 = 71 (grades light buff/pale yellow brown
w =P ] n ack fle - tly mottled)
for 200ma contains blac lecks - faintly
(grades light grey/yellow brown and mottled)
= >
- — — i D
5.9 1551 5 = B4 {contains pockats of grey silty sand also -
for 200wmm with lenses of brown friable silty sand) :’;
. — S— =¥
-
q
22.7 5 = B9 (grades light grey with slight faint
¥ ST for 2i0mm | yellow brown stalningcontains occasional -
pockets of sandy silz) :?_
i
L
| ) e : (grades vary dense) it
4.9 1568 5 = 107 ({grades light/pale yellow brown/Light grey o
l Eor 30w and mottled)
24 5.6 | 193C || s =96 (grades light grey/brown; contains numercus
| for 210mm discrete small pockets of rustic brown sils
I qiving a speckled appearance)
|
|
l - -—_ —_— e -
o~ 23.6 | 1641 5 =89
- ] for 150mm |
o rAE e + - w—y e
-1 i
|} |a |
™ |
. ___-{" N S| (T [ 5= 75 o~ " fgrades moderately dense) H
for 170mm e
o ol
L |
h |
— - S e - FIE
L 1594 5 = 64 - - {gradas yellowish-brown)
for 170mm k"
% 1 11— i*l |
I |
-
| silty i
11 24.2 604 5 = 66 . n - {occasional inclusions of grey silty sand) |
= = L for 165mm | " \
¢ | (R i
L | ol |
2 |
[ (grades rustic yellow brown silty SAND (58}
A= " 5= 64 e
3 1.1 1M1
for 165mm "'I":' Dark grey slightly SILTY SAND (SM) 21
P [0 {moderately dense) O
=~ g AR -
+g 1l F
5 R 4
3 x i £ |
19 5 = 61 - foi® e
far Smm | ‘(_|)|
A - {occasional fine, discontinuous seams 0!
8 W0 1514 £ of black carbonous silt) o'
for 160mm 9|
|
B
g’;
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John D. Moas BE, FICE, FNZIE, FIE Aust, FASCE OTAGO SAVINGS BANK BUILDING

John Rankine BE, MS(MIT), ME(UCal), MNZIE, FIE Aust 108 GEORGE STREET
Harry W, Priddey M) Struct E, MNZIE DUNEDIN
David E. Hollands MICE, FNZIE, MNZIS, FIE Aust. P.O. BOX 5243, MORAY PLACE

lan C. Smith ME, DIC, MICE, MNZIE
Willinm D. Champlon BE, FICE, FI Struct E, FNZIE
Kelth H. Gillesple BE, MNZIE

TELEPHONE: 773-203
CABLES: "RANHILL' DUNEDIN

Warwlick S. Wyatt MN2IS Also at:

Frank N. Blackwsll BE, MI Mech E, MIHVE, MNZIE ; LAND. LOWE!

David G. Cox ME, FNZIE, FIE Aust ;EH":::;L%’:; g Buikomphgisid

Wilson E. Lattsy MNZIS U, LEVIN, TAKAPUNA
PALMERSTON NORTH

Robert L. Bishop BE, MNZIE MIE Aust

6 July 1979 79140

The Manager,

Bird & Associates  (Otago) Ltd.,
Loss Adjusters,

P.0. Box 564,

DUNEDIN.

Attention: Mr Hillsmith

Dear Sir,

Re: LANDSLIP
ABBOTSFORD-GREEN ISLAND

This confirms our verbal advice of 4 July 1979 that following dis-
cussions between our Mr A.G. Mahoney and Mr I. McKellar, of
Geological Survey, on-site inspections and discussions on 4 July
1979 of the above area, it is our opinion that this ground movement
is definitely a landslip. Consequently, we believe it comes under
the E.W.D.C. Act and we recommend that it be defined as such in
order that property owners affected can be advised accordingly at
the earliest possible time. We recommended that you should clear
this with E.W.D.C. in Wellington and take whatever follow-up action
is necessary as a matter of priority.

Since we have been engaged by E.W.D.C. we have sent them a copy of
this letter direct. We see a clear need to get together with your-
selves, E.R. Garden & Partners and ourselves, to clearly define
respective positions in this matter, thus avoiding any potential
conflict of interest. We suggest this could be done next week,

and will contact you to arrange this early in that week.

Yours faithfully,

P.P. BRICKELL, MOSS, RANKINE & HILL

David G. Cox

ASSOCIATES:

C. J. Konnedy OE, MNZIE J. P. Furness M| Mach E, MNZIE N. W. Lea MI Struct E, MNZIE K. C. F. Spring MI Struct E, MNZIE MIE Ausr
T. ). Lester MN2IS G. K. Stdwall BE(Hona), MNZIE J. H. Christianson MICE, MNZIE W. H. 5. Nixon Fl Struct E, MNZIE
F. N. Macindos BCom, ACA, CMANZ J. H. Travars ME, MNZIE fi. F. Hince ME, MNZIE, MASCE A. Brickeil BE(Hons), MEngSc, MNZIE

A. G Malionay BSe, AMAIMM
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. July 16, 1979

P IV SE P Py Y R

The Secretary, bl e
Earthquake & War Damage Commission,

P.0. Box 5038,
WELLINGTON.

Deary 81y,

Progress Report
Landslip
Green Island - Abbotsford

Dunedin

As requested by telephone with our Mr Travers on 27 June
the writer has inspected the above site, met anq discussed the
situation with various parties involved and advises the

following:~

1. The ground cracking presently affecting properties

in Mitchell and Edward Streets appears to be the
tension crack of a very large landslip. The ground
deformation and resulting damage to man-made
structures within the Patterson property on the _
lowver portion of Christie Street probably defines the

lower limit of ground movement.

2. At present, structural damage is apparent on sSome
eight properties but in the long term a substantial
increase in this number is a distinct possibility.

and 4 July, two houses

s At the time of inspection, on 3
hat the owners had

had incurred sufficient damage t
evacuated them.

T Lester RANZIS
F M Macindos BCom, ACA, CMANZ
A G Mohonsy B5¢, AMAW

ASSDTIATES
CJ Keoaeay HE, MNOE J . Furi=ss Ml Mach E, MNZIE
G % Sovuoll BEIHans) MNZIE JH Chostinson MIGE, MNZIE
It Trwrs MIE, MNZIE HF Hince ME MNZIE, MASCE
FS Grean BE. MINAE PAE Al N J Morgan DEfHens), MNZIE

NAV, Lea MI Struct E, MNZIE
W HS Niuson Fl Struct E, PANZIE
A Brck=il gE{Hons), Meng5e MNZIE
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Immediately to the northeast of the affected portion

of residential land, there is a very extensive bowl
shaped depression which has resulted from massive
slipping in the very recent geological past. The head
scarp of this former landslip is less than 100 metres
away from the most northerly point of known ground
cracking, presently developed within the Education
Board property, to the north of Mitchell Street. Mr I.
McKeller of the New Zealand Geological Survey considers
that a similarly extensive landslip in the recent
geological past has occurred in Abbotsford in the close
vicinity and just west of the present site. Since
slipping, the area has been residentially developed.
The rapidity of such large scale land movements is not
known hence any inference upon similarity of likely
behaviour to the present slip problem cannot be usefully

inferred.

After inspection of the area and discussion with Messrs
D. Brathwaite (of E.R. Garden & Partners, Consulting
Engineers), and I. McKeller it is my opinion that the
problem of ground cracking and associated house damage
is attributable to a landslip as defined by the Act. 1In
this respect, please see our letter dated 6 July, 1976,
addressed to Bird and Associates, Dunedin.

The engineering work presently being carried out on the
site and instigated by E.R. Garden and Partners in
association with Mr McKeller, comprises =

a) the drilling of three exploratory borings;

b) a survey control over the affected block of
land.

To date the drilling programme has
shallow hole approximately opposite No.1l4 Mitchell Street
and another in the floor of the former Ministry of Works
and Development quarry, immediately below the termination
of Charles Street. The third boring is proposed to be
drilled in the street at the intersection of Gordon and

Edward Streets.

In addition to the existing survey control which has
already been established down Mitchell, Edward, Charles
and Penrich Streets, it was suggested that the survey
cover should extend over the likely toe zone of the slip
i.e. beyond the termination of Charles Street, down the

BRICKELL, MOSS, BANKINE & HILL

comprised one relatively
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cut batter face and well out over the quarry floor.
Likewise further coverage of the presently suspected
'toe zone' between lower Christie Street and the
adjacent rugby club grounds is desirable. MessIs
Brathwaite and Mahoney discussed the desirability of
this extension of-the survey cover and agreed upon its
implementation by the former. The survey control

will be necessary for defining the full extent of the
slip and provided it is regularly monitored, will also
serve a prime function of showing up any trend such as
acceleration in the rate of movement hence possibly act
as an early warning device for any further, seriously

damaging movement.

Based upon information known to date, it appears that

signs of movement within structures which we now consider

as straddling the tension zone of the slip, e.g. No. 11
Edward Street, were first noted about October/November 1978.
Prior to this the only recorded ground disturbance in the
general vicinity was.in 1972 on the Patterson property
situated on the lower slopes of the general area. The
ground disturbance at that time may be directly related

to the present problem or possibly a more restricted
movemant, of part only of the apparent present large scale

movemnent.

uld not recommend the expenditure
rance monies as making repailrs
Because of the scale of potential
tural repairs at this stage
destined to be ultimately

£ cover on the properties

At this point in time, we WO
of significant orders of insu
to the affected structures.

slip, the chances are that struc
to damaged properties are probably
useless hence the maximum amount O
in the event of Ffuture total pay outs should be insured.
This aspect can be reconsidered at a later stage if the

slip should show definite signs of stabilising.

Located immediately east of the subject block of land just
out from and below the termination of Charles Street there
is a large cut batter face. The average height of the cut
face is in the order of some 20 metres, the base of which
we understand is now owned by the nearby sports club. This
area was formerly the site of quarrying operations carried
out by the then Ministry of Works during the late 1960's.
The quarry supplied bulk filling during the initial
construction of the nearby motorxway.

BRICKELL, MOSS, RANKINE & HILL
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Based upon the results of drilling work carried out

to date, it appears that the former quarry face comprises

a relatively thin upper natural surface layer of loess
(aerially deposited silt) some 1 to 3 metres deep oOver-—
lying some 4 to 6 metres of firm, bouldery clay deposits
(considered to be of colluvial origin). This material

in turn overlies a moderately dense silty sand which
extends down for some 12 metres to Abbotsford Mudstone.

At the quarry location the underlying surface of the
mudstone comprises: a dark grey, moderately dense silty
sandstone facies rather than true mud. The purpose of

the initial three exploratory holes, we understand, is

to provide some basic understanding of the general
lithological nature of the subject site and also to

allow the installation of inclinometers in the completed
holes. The inclinometers can then be regularly checked
along with the survey monitoring and will provide information
on future movement direction and depth. The positioning,
logging and final depth determination of the holes is being
organised by Mr I. McKeller at the request of Mr D. Brathwaite.
The holes are being drilled by a Ministry of Works and

Development drill rig.

The cause of the slip is not yet clear. However at this
stage we would suggest the following factors will have had
a substantial bearing upon the present situation:-—

The area of land presently considered to be involved
in the slip appears to be substantially similar
geologically and topographically to the general
surrounding terrain. The surrounding areas show
several clear examples of large scale landslipping.
Some of these former, identifiable landslip zones
have been residentially developed. In addition,
during the time of the nearby Green Island-Abbotsford
motorway earthworks, some 10-12 years ago a similarly
large area of slipping developed but was apparently
stabilised by immediate reinstatement of filling at

the toe zone.

a)

This general area i.e. Green Tsland-Abbots ford area
is considered as geologically unstable terrain and
hence for engineering purposes only of marginal
stability at the best.

BRICKELL, MO53, RANKINE & HILL
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b) The development of the former quarry between
Charles Street and Armstrong Lane effectively
removed considerable toe support to a large
portion of the land above and hence could be
considered as.comprising a substantial cont-
ributary cause. In this context, it may be
significant that the first known ground move-
ments in the immediate vicinity appeared at
Pattersons. Movement of the ground at this
location seemed to have commenced within several
years of the cessation of nearby quarrying
operations. :

. ¢) The lower portion of the suspected tension zone
of the slip mass appears to more or less follow
down a natural stream valley from Edward Street
southeastward, down through Pattersons property
to the neighbouring playing field. Such a valley
system may well form a zone of weakness both from
the aspect of comprising a defined margin where
the overlying stronger, colluvial deposits are
probably missing (or at their thinnest) as well
as being a general zone of natural waterinfiltration.
Above Edward Street the tension crack appears to
continue northward independently of the adjacent
stream valley.

d) Once gradual movement had been initiated within
the block of land, probably at a very slow rate,
then any undetected fractured services will have
compounded the situation, perhaps to the point of
significant aggravation and ultimately, particularly
in the case of stormwater and watermain disruption
causing a significant acceleration of movement. This
may be an explanation for the apparent major move-
ment experienced in early June. We understand that
the rainfall for some months immediately prior to
this date was not excessive and if anything, less

than average.

GENERAL

ious parties and their respective
responsibilities, involved in the landslip, we understand that
E.R. Carden & Partners were initially involved in the landslip

at the request of Bird and Associates on behalf of the

Earthquake and War Damage Commission. In due course however,

as the significance of the problem became apparent, the Green
Island Borough's involvement in the situation became a necessity,

With respect to the var

BAICKELL, MOSS, RANKINE & HILL
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presumably on the basis of responsibility to local ratepayers
who were directly affected by the slip problem. Because of

E.R. Garden & Partners longstanding relationship as engineers

to the Borough, the principal involved, Mr D. Brathwaite
preferred that his involvement with respect to the Commission

be phased out as ‘early as convenient. You then requested us

to become involved. Therefore in order that the changeover of
the role of the Commission engineering advisers i.e. E.R. Gaxden
and Partners to Brickell, Moss, Rankine & Hill be facilitated,

we suggest the following be implemented:-

E.R. Garden and Partners carry out the regular
survey monitoring, extend the existing survey
control as previously discussed and generally
complete the compilation of investigation drilling
(with the aid of Mr McKeller) up to the completion
of the third boring of the current investigation
programme. This will include the obtaining of a
1:2000 scale (or thereabouts) aerial photo coverage
of the area and a similarly scaled topographic
plan. When available, copies of this information
should then be made available to us for the evaluation
and planning of any future investigations.

E.R. Garden & Partners should carry on with the survey
monitoring and these records plus any related infox-
mation on the behaviour of the subject land, be made
readily available through the Green Island Borough to

any genuinely interested parties.

BMR&il involvement will comprise actioning any request
made either directly by the Commission OI by Bird

and Associates (Otage) Ltd as is appropriate. Presently
we would envisage the inspection of any further claims
or deterioration of structures as being served by our
resident Dunedin Partner, David Cox and any more
significant geotechnical aspects, by the writer.

we see the Green Island Borough as
ated, and possibly
ty owners on aspects
arise of advice to

. In general terms,
being the organisation best situ
obliged to advise various proper
of safety. Should the question
property owners to remain or evacuate theix respective
dwellings, the Local Borough and perhaps the associated
Civil Defence organisation would be the appropriate

organisation.

DRICKELL, MODSS, RANKING & HILL
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In the event that monitoring of the slip suggests
an increase in rate of movement and concern is
developed upon the interpretation and consequently
implementation of the appropriate line of action
necessary required, a consensus of informed opinion
should be readily available. We foresee that a
clear line of communication upon this particular
aspect should be set up between Messrs Brathwaite,
Cox, Bird and any other local qualified person such
as Mr I. McKeller, who has a genuine interest and
ability to contribute to resolving the situation.

CONCLUSIONS

The problem already affecting some eight houses in the area
is considered to be due to the initial tension crack of a
developing large scale landslip. The landslide is definable
as a landslip within the meaning of the Act. Ultimately some
30 to 40 sections could be involved. Based upon surrounding
examples of large scale slipping involving many metres of
horizontal and vertical displacement, ultimate disruption of
the whole block of land cannot be entirely ruled out. At this
stage any more refined forecasting of likely behaviour is really
only guesswork and could well be very nisleading. However we
would suggest that further disruptive movement over the present
winter is to be expected. Further investigation of the nature
and properties of the subsoils and groundwater levels involved
in the landslip may clarify some of the apsects involved in

forecasting further likely behaviour.

Because of the size of the area involved alone, immediate
renedial measures required to stabilise the land appear impractical.
However, considering the ultimate value of the property and land
at risk, some considerable expenditure on relieving the problem
will possibly be warranted. While our initial reaction upon the
scale of the problem, is that stabilisation measures would be most
formidable, such measures will not necessarily be impossible nor
impractical. As all landslipping involves water problems to a
greater or lesser degree, it may well be considered after future
investigation and detailed analysis that deep drainage may be
the key to future stabilisation. '

RECOMMENDATIONS

The Green Island Borough should keep all records of future
ground movements surveyed and act in an advisory capacity to
individual owners on matters of safety and general welfare.
Obviously the Borough should continue its regular inspection of
all street services, particularly in the critical tension zones.

BRICKELL, MOSS, HANKINE & HILL
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The Commission and its agents should process new claims as
they come in and in the event of seeing obvious or likely
dangerous situations to advise the appropriate owner and/or

local body officer accordingly.

Future soils investigation will be required in oxder to
adequately sample the subsoils and analyse the stability in
order to derive any practical means of improving the existing,
apparently precarious situation. In order that such an
investigation be best organised, all the present information
i.e. initial boring logs, topographic and photographic cover
and survey records should be completed, compiled and made

available to us.

In the event of such a future exploration programme being
implemented and practical solutions for increasing stability
formulated, we cannot realistically foresee any specific
improvement on site stability being made before the coming summer.
Consequently the immediate following winter and spring months
will prove to be the critical time for the subject land and
properties involved. At this juncture it appears that the as
yet unaffected property owners within the subject block of land
(i.e. southeast of the tension crack) should be advised of the
possibility of ultimate disruption to their land and properties
in the future. How soon or indeed whether this will happen at
all is an unknown, but nevertheless the risk of such should not

be kept from them.

We trust this progress report upon the lanaslip'at Green
Island covers adequately the respective aspects of current concern
to the Commission.

Yours faithfully,
P-p. BRICKELL, MOSS, RANKINE & HILL

“G. Mahoney

AGM/JHT /reh

c.c. BMRH, Dunedin

BRICKELL, MOSS, RANKINE & HILL
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July 20, 1979

Zarthquake & War Damage Commission,

P.0. Box 5038,

Laxbton Quay,
WELLINGTOM,

Dear 8ir,

Progress Report

Landslip

reen Island - Abbotsford
Dunedin

Furthar to our progress report dated July 16 and our
subsequent meeting on July 18 at your office we wish to claxify
tha following specific points concerning the above landslip.

5 2 The oround cracking presently affacting ‘proparties in
Mitchall and BEdward Streets appears to be the tansion crack of
a very large landslip. The ground deformation and resulting
damaga to man-made structures within Patterson's proparty on
tha lowar portion of Caristie Street probably defines thelower
linmit of the present ground movemant.

2. Based upon data available to date, the affected block of
land appears to be sliding on the upper surface of tha Abbotsford
Mudstonz formation. Since initially recorded in June, the
movamank appears to have maintained a regular rate of
approxinately 10 mm pex day.

" Immedlataly to the northeast of the affected portion of
‘egidential land, there is a very extensive:bowl shaped daprassion
which has resulted from massive slipping in tha very recent

Lt

ASSOCIATES;

C. J. Kennedy BE, MNZIE J. P. Furness MI Mech E, MNZIE N. W. Lea MI Struct E, MNZIE F. N. Macindos B Com, ACA, CMANZ
G. K. Sidwell BE (Hons), MNZIE J. H. Christianson MICE, MNZIE W. H. S. Nixon Fl Struct E, MNZIE A. G. Mahoney B Sc, AMAIMM
J. H. Travers ME, MNZIE R. F. Hince ME, MNZIE, MASCE A. Brickell BE (Hons), M Eng Sc. MNZIE F. S. Green BE, MNZIE, MIE Aust

N. J. Morgan BE (Hons), MNZIE
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gaological past. The head scarp of this former landslip is
laess than 100 metres away f£fronm the most northerly point of
xaown ground cracking, presently developed within the

Education Board property, to the north of Mitchall Street.

It i3 also considered that a similarly extensive landslip in
the recent gaological past has occurred in Abbotsford in the
close vicinity and just west of the present sita. Since
slipping, this particular area has been rasidentially davaloped.

4. Praliminary engineering work prepared and presently being
carried out on the site under the sole direction by E.R. Garden
and Partners in assoclation with Mr I. McKeller, of thes New
Zz2aland Geological Survey, comprises:— '

a) the drilling of four initial exploratory
borings; -

b) a monitoring survey control over the affacted
block of land. .

Ve understand that the purpose of the initial exploratory
holes, is to provide some basic understanding of the general
lithological nature of the subject site and also to allow the
installation of inclinometers in the completed holes. The
inclinometers can thea be regularly checked along with the
survey monltoring and will provida information on futuras
movement direction and depth. The survey control is being
carried out to determine th2 extent of the slip and providad it
is regularly monitored, will also servae a prime function of
showing up any trend such as acceleration in the rate of movement.

5 The safety of the residential development on the land
involved in tha slip, is depandant largely upon the future rats
of movanent of the slip mass. Because of the siza and nature
of the slip, as uwnderstood to date, further movement can
raasonably be anticipated. Any prediction at this time as to
the likely rate of movement in the near futura will not
necassarily be raliable. Based upon historical slips in the
locality, movements have generally appearzd to be prolongad

and slow processes. However, though it is prcobably reasonable
at this tire to infar that similar rataes of movement are likely
to occur on the subject slip, such an inferxence cannot be
entirely relied upon. There is the distinct possibllity that a
significant increase in movement rate could occur with little
or no warning in the event of very heavy prolonged rainfall
andfor a ground tremor. If such movement occurs, all the
propaerties within the slip mass and perhaps soie of the properties
frunediately downhill of tha landslilp area conld be endangered.
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Until the soil properties, ground water conditions and the
geomatry of tha slip mass is thoroughly investigated, more
definitiva forscasting of the landslip behaviour is of limited

reliability.

6. The cause of the slip is not yet clear. However, at this
stage wa would suggest the following factors will have had a
substantial bearing upon the present situation:-

a)

b)

c)

The area of land presently considerad to ba

involved in the slip appears to be substantially
similar geologically and topographically to

the gaeneral surrounding terrain. The surrounding
areas show sevaral clear examples of large scala
landslipping. Some of these former, identifiable
landslip zonas have been residentially developed.

In addition, during the time of the nearby Creen
Island~Abbotsford motorway earthworks, some 10-12
yaars ago, a similarly large araa of slipping
davaloped but was apparently stabilised by reinstatement
of filling at the tce zona. The Green Island-
Abbotsford area is consldered as geolcgically unstable
terrain and hence for engineering purposes only of
marginal stability at the best.

The devalopmant of tha former guarry between Charlas
Street and Armstrong Lanz2 may have effectively
removed considarable toe support to a large portion
of the land abova and hence could possible be
considerad as comprising a coatributary cause.

The lowar portion of the suspectad tension zona of tha
8lip wmass appears to mors or lass follow dowWwn a natural
stream vallev from Edward Street south=astward, dcown
through Patterson's property to the neighbouring
playing fi=ld. Such a valley system may well form

a zona of wsakness both from the aspect of comprising
a defined margin where the overlying strongex,
colluvial deposits are probably missing (or at their
thinnest) as well as being a ganeral zone of natural
water infiltration. Above Edward Street, the tension
crack appaars to continue northward independently of
the adjacent stream valley.
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d) Once gradual movemani had bean initiated within
the block of land, probably at a very slow rata,
then any undetectad fractured services will have
compoundad the situation, and will ultimately,
particularly in tha casa of stormwater and water-
main disruption, cause a significant acceleration
of movament. This may be an explanation for tha
apparent major movement experienced in early
June. Howaever, the effact of the preceding very
high rainfall in May following a prolonged dry
pariod cannot ba discounted.

e Continuous and regular monitoring of the landslip area is
nacessary.

8. Adeguate investigation of the slip in order to determina
what, i1f any, remedial measures are engineeringly feasible to
stabilise the slip will take some months. Alleviation of the
problam through a thorough engineering evaluation cannot ba
axpected in the short term.

RECOMMBYNDATIONS

The Green Island Borough should keep all records of future
ground movament survevs and act in an advisory capacity to
individual owners on mattars of safety and genaral wealfare. The
Borough should continue its regular inspection of all strest
sarvices, particularly in the critical tension zones.

Tn the event of practlical solutions for increasing stability
having baen formulated, we cannot realistically fores=s any
spacific improvement on site stability being made baiors the
coning summer. At this juncture it appeara that the as yet
unaffected property ownars within the subjact block of land
(i.e. southeast of the tension crack) and also on the lower
portion of Christie Street should be advigsed of the possibility
of disruption to their land and properties in the future., How
goon or indeed whether this will happen at all is unknown.

Yours faithfully,
P.P. ﬁBICKELL, MOSS, RANKINE & HILL

—
e
/_‘_,../ -

R.L. Bishop

i

A.G, Mahoney

AGM/RLB/xrah
c.¢c. BE.R. Garden & Ptrs




BRICKELL, MOSS, RANKINE & HILL
CONSULTING ENGINEERS AND SURVEYORS

John D. Moss BE, FICE, FNZIE, FIE Aust, FASCE OTAGO SAVINGS BANK BUILDING
John Ronkine BE, MSIMIT), ME(UCai), MNZIE, FIE Aust 106 GEORGE STREET
Harry W, Priddeay MI Struct E, MNZIE DUNEDIN

David E. Hollands MICE, FNZIE, MNZIS, FIE Aust.

lan C. Smith ME, DIC, MICE, MNZIE P.O. BOX 5243, MORAY PLACE

William D, Chamgpion BE, FICE, FI Strucl E, FNZIE TELEPHONE: 773203
Kelth H. Gllleapls BE, MNZIE CABLES: "RANHILL' DUNEDIN
Warwichk S. Wystt MNZIS ! Also nt:
Frank M. Blackwell BE, Ml Meach E, MIHVE, MNZIE -
WELLINGTON, AUCKLAND, LOWER HUTT

David G. Cox ME, FNZIE, FIE Aust
Wilson E. Lattey MNZIS
Robert L. Bishop BE, MNZIE MIE Aust

PARAPARAUMU, LEVIN, TAKAPUNA
PALMERSTON NORTH

3 August 1979 . 79140

The Secretary,

Earthquake & War Damage Commission,
P.0O. Box 5038,

WELLINGTON.

Dear Sir,
Re: ABBOTSFORD LANDSLIP:
CERTIFICATION BY CONSULTING ENGINEERS

Further to recent discussions we confirm the wording as agreed in
principle with yourself and representatives of the Housing Corpor-
ation for certification of individual residences by E.R. Garden &
Partners, and our firm jointly as follows:-

Re: NO.X, SMITH STREET, ABBOTSFORD

"In our professional opinion, not to be construed as a guarantee,
the residence at the above address is being damaged by the landslip/
is within the landslip area, and is now at risk. Further, in view
of the continuing and increasing movement, it is considered probable
that the above will be damaged beyond repair, or become unsuitable
for use as a residence, in the immediate forseeable future. This
professional opinion is furnished to Earthquake & War Damage -
Commission for its purposes alone, on the express condition that it
will not be relied upon by any other person.'

We would rocommend that no cert:flcates be glven to 1nd1v1dual
house-owners, but that they should be warned of risk by E.R. Garden
& Partners acting for Green Island Borough Council, as has been
happening to date, and that upon request a certificate as above will

be furnished to your Commission as appropriate.

We trust this meets with your approval.

Yours faithfully,
p-pP. BRICKELL, MOSS, RANKINE & HILL

David G. Cox

ASSOCIATES:

C. 1. Kennedy BE, MNZIE J. P. Furneaa M1 Mech E, MNZIE . N. W. Lea MI Struct E, MNZIE K. C. F. Spring Ml Struct E, MNZIE MIE Aust
1. J. Lester MMNZIS G. K. Sidweall BE(Hons), MNZIE J. H. Christianson MICE, MNZIE W. H. 5. Nixon Fi Struct E, MNZIE
F. N. Macindoa BCom, ACA, CMANZ J. H. Travers ME, MNZIE A. F. Hince ME, MNZIE, MASCE A. Bricksll BE{Hona), MEngSc, MNZIE

A G. Mahoney HSc, AMAIMM
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In borings M2, M3 and M4, which were immediately
adjacent to our bores B2, B3 and Bl, respectively, shearing
was recorded at depths of 11.9 m, 32.2 m and 12.0 m respectively.
The failure is assumed to be defined by straight lines passing
through the relevant borings at their appropriate shear depths.
This straight line was extrapolated to the position of the toe

slope and the head slope.

Inclinometers M2 and M4 indicated shearing at, or very
close to, the interface between the Green Island Sand and the
Abbotsford Formation whilst M3 showed the shearing to occur some
two metres below this interface. Although the shearing
coincides with the interface in bores M2 and M4 it seems somewhat
anomalous when a study is made of the relevant cores which were
taken during the pre-slide movement period. In these cores
there is a clearly defined sudden change from Green Island
Sand to Abbotsford Formation with no discernible break, fracture

zone, or zone of disturbance.

In the absence of more extensive data we have, with the
exception of the M3 vicinity, taken the principal shearing
surface as coincident with the Green Island Sand - Abbotsford

Formation interface.

B5.2 Toe Slope

The toe slopes have been developed from a study of the
shape of the post-slip topography in the vicinity of the toe of

the main block.

BRICKELL, MOSS, RANKINE & HILL
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B5.3 Head Scarp

We have used a head scarp with a vertical tension crack
to half depth with a slope of % to 1 (horizontal to vertical)
below this; based on observations immediately subsequent to

the main block movement.

B6.0 Parameters

B6.1 Density

For the purpose of our analysis we have adopted average
measured values for the bulk density for the Green Island Sand
and the Abbotsford Formation and have assumed typical bulk

density values for the loess and colluvium soils.

The bulk density values used as the basis for our

analyses were as follows:-

Soil Type Bulk Density
- (kg/m3)
Loess 1700
Colluvium 2000
Green Island Sand 1960
Abbotsford Formation 1990
B6.2 Angle of Shearing Resistance (8')

The particular @' angles used for the principle failure
surface are described in the main text. It has been assumed

that the effective cohesion is zero (c' = 0).

BRICKELL, MOSS, RANKINE & HiLL
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The @' angle for the reverse toe slope, which rises

through the Green Island Sand, has been fixed at 30

We have assumed that a tension crack existed over the
full sloping length and depth of the head scarp, and therefore
there is no component for resisting force along this plane of

failure immediately prior to the main failure.

B6.3 Ground Water Table

Groundwater was, where possible, monitored on a daily
basis subsequent to the completion of our borings. For the
purpose of establishing a water level on the cross-sections we
have plotted the last measured value recorded prior to the

main block movement.

In our analysis we have assumed the water table to be
defined by a line passing through the measured values which have
been plotted on the section. This line has been extrapolated

both in the upslope and downslope direction.

B6.4 Ground Water Pressure

As part of our analysis we have considered the possibility
of sub-artesian or artesian groundwater conditions existing,
confined to the vicinity of the Green Island Sand - Abbotsford
Formation Interface (i.e. in the vicinity of our inferred shear
plane surface). This assumption requires that a low permeability
capping stratum exists immediately above the excess ground water
pressure zone. For the purpose of analysis, we have assumed
infiltration occurs where cross-section DD crosses the East
Christie Street Stream (refer Plate 2B), and have considered

linear variable-angle hydraulic gradient from this point.

BRICKELL, MOSS, RANKINE & HILL
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B6.5 Water Pressure at Head Scarp

Where appropriate we have included the effect of
hydrostatic pressure acting below the ground water table line

in the head scarp tension crack.

B6.6 Attachments

The following plate is attached to complete this

Appendix.

Plate B-1 Inferred Subsurface Sections

BRICKELL, MOSS, RANKINE & HILL
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'EAST ABBOTSFORD LANDSLIP Scale | : 2500 (Approx) RECORDED GROULD DEFORMATIO
X marks dislocation ot services, s marks line of surface deformation . AS AT JULY 4, 1972

) K Mitchell St. : some damage noted October/ November 1978 . Possibility of some damage in bagement prior to 1974,
2 1| Bdward $t. : minor cracking of garage/ bagement Floor noted in October/November, 1978 .
5 Christie St. : movement of ground surface beneath house first recorded in April, 1972.
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BORING 0. i1 B2 Tl H3 Bl (L8] Tl TPC
LOCKTION Hear Sun Harrisons Harrisons Pit Fdward Miller rark Hopth enéd of In field Lo cast of nortn
Clus Pit 30 m east of B2 Street Christic Street end of Christie Street
SURFACE R.L. 142.6 130.5 131 176.0 120.6 189.2 190 188 '
BORING DEPTH 14.2 m 15.2 m 7.0 m 32.1m 28.2 m 17.5 m 9.8 m 7.2 m
REMARXT & One standpipe | Cne stakipipe One standpine Piezomvter tulas | Plezometer tubes | Piezometer tubes One stand pipe -
DEPITH BELW to depth: tv depth: to depth to denths: Lo depths: to douth: to depth:
GROUND SURF- e e | ) e | [———
ACE 12.0 m 12.0 m 6.0 m A=2B.5m 1}1-—23.:::'- h-26.0m|B=7.0m A =7.0m13=12_4 m 9.8 m
L)
SEALED BAMm [ 220m |[24.8m | 5.0m [ 5.0m | 10.5 m
ZONE ) ) h e Bl 2% to ta ) 3
" 3490 m 24 .0 m 27.0 m 2.5 m B.5m | 13.5m
DATE OBSERVED WATER L ENE L (DEPTA BELOW GROUND SURFACT. IN METRES)
] T T
30.7.79 2:0 [ | '
-—— - — - - — i - - —
31.7.79 a.m. 2.02 ). 3 |
31.7.79 B.m .02 0.44 7.0
1.8:712 2.01 0.51
2.8.79 1.498 0.62 | _ l 8.6 o h e daa
3.4, 7 1,91 .06 | ; |
4.8.73 221 ¢ oy L) 3.08 23,95! 23.76 9.6
o e
5.8.72 2.23 0.4 2.42 24.81 | 23.923+ ! 9.0
6.8.792 2.26 0.73 2.23 24,98 23.hw [ P
2.Bi79 2.38 0.83 2.16 29.97, 23.37% 9.09) 4.33 9.2
MAJOR, i B.8.79 l‘l‘\':l- 110 | 2.30 ;;.'-.HI 21.70 ‘.4.1%; 4.30 ] B B.35 i
MOVEMENT 5.8 70 Sicdiad SHesohed 2.0 | *24 8.25] 4.15 2.50% :
P 31828kea r188fea t : Y ———— e
15.8.79 = el 7.0 6.12 z.30'
11.8.79 8.15| 4.00 2.60.%
12.2.79 8.10| 4.00 | =
13.8.7 8.171 3.90 1 2,60 i
14 « ~ ) LR ? 1 *"il H 1 2 o qc‘- i : SR T = == 3 e 3
«B. 7% Y72 260 .10 3.9% 2
; —_— — | Blocked Blocked |— | , 2:80 ] -
5.5.79 | 319 409 2.704
= ! i —
16.8.79 | 8.1n 4.10 2.70
= | i — B
17.8.74 g.22! a.10 ‘ 27008
Notes:
* Spiralling of wire down piezometer tube caused inaccurate readinos. Twa piezometers were installed in B5.
** Blocked at 4m, no water. Blockage apparently viealed Connection between piezometer tube and pilezometer
oossibly caused by flow of water or ground movement or lost durina installation of the upper piezoneter. OBSERVED
combination of both - subseguent blocked at 17.2 m. (1" Blocked at 12 m

*s+ pRlocked at 2J m, no water. 7' Slocked at 11.7 m GROUHD LUATER LEVELS 1

3 Hlocked at 11.4 m
(e Fiezometer tube flushed out water

level returned to 2.70 nm.
(5! riezometer tube filled with water, level
returned to as measured 1.e. 2.70 m.
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RELATIVE DENSITY OF COHESIONLESS SOILS

Comwcted SPT “N' valis

COMSISTENCY Of COMESIVE SOILS

vary Seht - squsesas batween fingers
(blows/ 300 mm)
Boft - seslly moulded by lingers
vary Loose 2w 4
mim - moulded by sirog finger presaurn
Loose 4w 10
sut - danted  * v = h
Moderatoly Denes 18 to 10
suff - hitd tinges prassum
Denigs M o 5 Viry dented only alightly by linge: press
- il nol point.
Very Denas - 30 Hard danted only slightly by pe: po
GRAIN S1TE STRUCTURE
BOULDERS = 200 mm Layer A relatively continoous planar unin of soil,
GRAVEL limited by ditfersnow in composition, loxturs
Very coarsa 200 me= 0 50 mm 9 Wi
Cosrse S0 mm w0 20w
Madium Z0mm o K omm Leny A dipeontinueous wndt of soll, esually of limited
Fine fmmw Imm ares and genamily loss than 300 mm thick,
ann Bt One distinct poil unit of sedimentary ongin,
Coarse lmmtw bmn confined within d¢istinct bedding planes.
Mot am Amm o .l
Fine «3 mm 0 08 me Homogateou s Unifom proparties within o sotl wait,
SILT & CLAY T - Intarbadded Alternate bads of scll within & mame
soll unit,
GRAIN _SHAPE
Lamingtnd Digtinct, fine layars sach ganarally less than
ular o
Angy Showing little of ro svidancs of wanr: edg 3 thick
and comars shetp, seoondary sdges pressnt.
Bander Alterrate laywrs of soil with distinct coloyr
Subangular Showing some stfact of wear: laoes virmslly
diffarsncnn ,
antouched 1 odgas snd comary shightly worn,
Sortled Irrogulary maded with spots or enes of
Subrounded. Show, conslderable wear adge
ing whls wear 4 and cormers et
mounded off to smooth curves. onginel isces
coagidarsbly reduced.
Slikehaide Emooth, pollahed sometimes stristed planar
structures resulling £rom Ineity movesen: .
Rounae: Cigiral faces almoe! complataly destroyed, but

Well ounded

wome comparetively flat surfaces present, Al
original comers smoctied off to broed curves.

Ne arginal (sces, comars &r sdgas laft, The
antire surisce consiets of boed eurves; flat
arsas absent - virtually snharicel.

DEFINITIONS OF DESCRIPTIVE TERMS

PLASTICATY

Liguip

W W L] "

(%

PLASTICITY CHART

MAJOR DIVIBIONS

TYRICAL NAMES

Well greded gravels or gravel-sand minturms, little o no fines,

GRAVELS

Foorly graded gravels of gravel-sand mixtures. lille of no loes.

[More than L/2 of
cosrss frection > I am]

Silty grwveta, grevel-sand-slt sirturee.

Clayey grevals, gravel-sand-clay mistures.

Wall greded sands or gravelly ssnds, Little or o fnes.

Foorly greded sands or gravelly sends. little or no fines.

(Mors than 1/2 of I
cosrse fmction < I mm) swm |

fuors than 1/ of soll > 0,06 ma)

Sty sands, sand-sllt sisties .

sC [/

Claywy sands, sand-clay mizture.

silts and very lind sands, rock flous, silty or clayey
fine sends or clayey slita with slight plasticity,

Inorganic clays of low o medium plasticity, grevally'clays,
wandy clays, silty clays, lesn days,

Orgenic allta and orgenia siity clays of low plasticity,

or d fine sandy or

silta,
sty wolls, slastic silt.

BILTE & CLAYS

Inorgsnic clays of Righ plastistty. fat clays.

FINE GRAINED BOILS

(tL>s08)

Owganic clays of medium o high plasticity, omanis siity clays. ogenic silts

Puat and cther highly orgenic solls,

CLASSIFICATION CHART

(Unified Botl Classiication System)

METHOD OF

S0OIL CLASSIFICATION

BRICKELL, MOS5, RANKINE & HILL
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