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The Secretary,

Earthquake & War Damage Commission,

P.O. Box 5038,

Lambton Quay,

WELLINGTON.

Attention: Mr J.L. Gill

Dear Sir,

Geotechnical Report

East Abbotsford Landslide

Green Island, Dunedin

1.0 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. In

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.

2.0 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 direc Lion from Abbots Hill Road to approximately the

central portion of Christie Street. The eastern drainage path

(East Christie St Stream) then extends south-eastward 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 European 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

01 houses. During the construction of the Motorway (No. 1 State

Highway) through Abbotsford iii 1968, a part of the ancient West

Abbotsford Landslide was reactivated; this movement was apparently

. arrested by replacing excavated material with fill which had

originated from the former quarry site (Harrisons Pit).

BRICKELL. MOSS, RAMKINE & 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

overlius 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.

BRICKELL, MOSS, RANKINE & HILL
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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. In 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

BRICKELL, MOSS, RANKINE & HILL
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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 mo. 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.

BRICKELL, MOSS, RANKINE & HILL
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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.

BRICKELL. MOSS, RANKINE & HILL
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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. In 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

27 June 1979, existing survey marks

displacement we understand had been

and was in the order of 300 mm since

surveyed on various dates between 1961

survey carried out on

found to have moved. The

south-easterly direction

marks had last been

and 1977.

were

in a

the

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 Imn per day by the middle of the month and by the end of June

it had increased to about 8 mm per day.

BRICKELL, MOSS. RANKINE & HILL
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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

movement 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,

DRICKELL, MOSS, RANKINE & HILL
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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.

4.3 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, RANK»IE & HILL



November 23, 1979 -12- 51118

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
0

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)
0

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 Mil.ler 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

BRICKELL, MOSS, RANKINE & HILL
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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.

IIowever 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, RANKINE & 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.

5.0 REMEDIAL MEASURES CONSIDERED PRIOR TO FAILURE

The investigation into the nature

the developing landslip was the principal

by the Earthquake & War Damage Commission

addition we were to consider and report u

if any, of stabilising the landslide.

, extent and cause of

task requested of us

on June 27, 1979. In

pon feasible methods,

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 advi sed 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) Regrad ing 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:-

6.1 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
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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. 11 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.

6.3 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.

7.0 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:-

(i) 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.

7.1 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.

7.1.1 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 (0') (based on c' = 0)

0
1.02

0
8 1.14

9
0 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 6.90. The above table gives an indication of the

sensitivity of the analysis to variations in the angle of shearing

resistance.

Using the 0' angle of 6.90 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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0

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 1.01.

7.1.2 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.

7.1.3 Factors Which Do Not Favour the Low Strength Mechanism

1. 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 0' much greater than 6.9' (Refer Plate A-4).
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7.2 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.

7.2.1 Analyses

In these analyses we have used the lowest measured angle

of shearing resistance (0') 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

0
2.5 1.68

0
2.2 1.41

2.00 1.19
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From these results we have extrapolated for a balanced
0

force situation (Fs = 1) a required hydraulic gradient of 1-8 -

Using this hydraulic gradient together with a 0' of 30'
we have determined that the pre-quarry (1962) topography would

have had a factor of safety of 1.37.

7.2.2 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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7.2.3 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.

7.3 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

Quarry is likely to

ultimate landslide

with the benefit of

considered as being

9.0 GENERAL

believe that the cutting of the Harrisons Pit

have had a part in the development of the

of August 1979, it is our opinion that except

hindsight the quarrying action cannot be

entirely unreasonable.

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 Abbotsford 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 -

Plate 6E -

as at August 9, 1979

as regraded on August 24, 1979
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Appendix A Fieldwork and Laboratory Testing

Appendix B Method of Stability Analysis

Appendix C Preliminary Reports
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Consulting Engineers
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November 23, 1979 51118

APPENDIX B

METHOD OF STABILITY ANALYSIS

Bl.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 programme.

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 markedly. It is in this context

that factors of safety are quoted to three significant figures

in order to ill.ustrate the relative effect of specific parameter

changes.

BRICKELL, MOSS, RANKINE & HILL



November 23, 1979 B-2 51118

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.

BRICKELL, MOSS, RANKINE & HILL
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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 Ce have been developed using

information gained from early MWD borings and from our borings.

The logs used are shown on Plate B-1.

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

B5.1 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 MWD.

BRICKELL, MOSS, RANKINE &



it)KIN(; :11. Bl }12 9 L'.,r.' B 3 },·1 115 7 [·n 7'I'C

1.·)CATION Hear Sari Harrisons Harrist)!a Pit Edward Miller Park Nul t.i cnet o f In field to caft of north

Cl 11:j Pit 30 m east of B2 Street Christie Street end of Christie qtreet

SURFACE R.L. 142.6 130.5 131 176.0 120.6 189.2 190 188

BORING DEPTH 14.2 m 14.2 m 7.0 m 32.1 m 28.2 m 17.5 m 9.8 m 7.2 m

HEMARK - 

DEPTH BEI/-,W

GROUND SURF-

ACE

One standpipe one st·t:,Ci:,11'e One standripe Piezometer tubes Piezometer tiabe.3 Piezometer tubes One stand pipe
to depth: to depth: to depth: to denths: co depths: to depth: to depth:

12.0 m 12. () m 6.0 n A- 26.53 |R=23. Um A 26.Om B-7.Om A =7.Om B=12.4 m 9.8 m

SEALED .1-0 m 22.0 n .24.8 m 5.0 m 5.0 m 10.5 m
ZONE

LU LU to U0

24.'1 r 27.0 m 8.5 m 13.5 m

DATE OBSERVED WATER LEVEL (DEP'141 BELOW GROUND SURFACE IN MvTRES) 1
L

30.7.79 2.0

31.7.79 a.m. 2.02 0.3

31.7.79 u.in. 2.02 0.44 7.0

1.8.79 2.01 0.51

2.8.79 1.98 0.62 8.6

3.3.79 1.31 0.66

4.8.73 2.21 0.75 3.00 23.95 23.76 9. fj

5.8.70 2.23 0.72 2.42 24.81 23.93* 9.0

6.8.79 2.26 0.73 2.23 24.98 1 2-3.·1 9.1

7.8.79 2.38 0.83 2.16 24.97 ' 23.97* 9.09 4.33 9.2

MAJOR
MOVEMEN-I

8.8.79 1.60 1.10 2.31 9.15i 4.3(}22.93 21.70

9.8.79 Blocked Blocked 4.0 I 23.0 8.05| 4.15 2.50

9.35

Blocked BIO-dked T

13.8.79 7.0 i 6.10 2.30:0

11.8.79 8.15 4.00 2.60 3,

12.8.79 8.10 4.00

LOCAT

1
13.8.7 ) 8.13 3.90 2.60(31

14.8.79 17.2 2).3 8.10 i 3.95 3 Afl
L-VV

-- ---- -·- -------- ---- --- ---- -- Blocked Blocked. i · ---
15.6.79 8.1,· 4.03 1 2.70 (4'

16.8.79 8.1 4.10 i 2.70

17.8.79 8.21| 4.10

ot Notes:

NT

Spiralling of wi]

Blocked at 4m, tic

possibly caused 1
combination of bc

Blocked at 20 m,

re down piezometer tube caused inaccurate readings
D water. Blockage apparenily cleareu

iy flow of water or ground movement or

,th - subsequent blocked at 17.2 m.

no water.

. 70,9

Two niezometers were installed in 85.

Connection between piezometer tube and piezometer

lost during installation of the upper piezometer. OBSERVED
(i) Blocked at 12 m

(2' Blocked at 11.7 m GROUTD LUATEA LEVELS i
,1 Blocked at 11.4 m

Piezometer tube flushed out water

level returned to 2.70 m.

,) Piezometer tube filled with water, level-

returned to as measured i.e. 2.70 m.

BRICKELL, MOSS, RANKINE 8 HILL

PLATE A-3

(4

JUD

ION _ r

NU

CHECKED

3



RELATIVE DENSITY OF COHESIONLESS SOILS CONSISTENCY OF COHESIVE SOILS

MAJOR DIVISIONS SYMBOL TYPICAL NAMES
Corrected SPT 'N• value

(blows/300 mm)

Very Loose Oto 4

Loose 4 to 10

Moderately Dense 10 to 30

Dense 30 to 50

Very Dense > 50

Ve ry Soft - squeezes between fingers

Soft - easily moulded by fingers

Finn - moulded by strong finger pressure

Stiff - dented """"

Very Stiff - dented only slightly by finger pressure

Hard - dented only slightly by pencil point.

0

G VV 0 Well graded gravels or gravel-sand mixtures, little or no fines.

GRAVELS GP . Poorly graded gravels or gravel-sand mixtures, little or no fines.
0 .
-1

(More than 1/2 of

0 coarse fraction > 2 mm) -.. 21.

Layer A relatively continuous planar unit of soil,

limited by difference in composition. texture

or structure.

Lens A discontinuous unit of soil, usually of limited

area and generally less than 300 mm thick.

Bed One distinct soil unit of sedimentary origin,

confined within distinct bedding planes.

W IVI

E 14-4
0

0 }4 %1
A-LINED

GRAIN SIZE STRUCTURE Silty graveli, gravel-sand-silt mixtures.

BOULDERS > 200 mm

GRAVEL

Very coarse 200 mm to 60 mm

Coarse 60 mm to 20 mm

Medium 20 mm to 6 mm

Fine 6 mm to 2 mm

Coarse 2 mm to . 6 mm

SAND

Clayey gravels, gravel-sand-clay mixtures .

000

2 00
Well graded sands or gravelly sands, little or no fines.

14 Poorly graded sands or gravelly mande, little or no flnes.
SANDS

./

(More than 1/2 of

Z

000

SP

SM

ML

CL 

VIH

CH

¤H

coarie fraction < 2 mm)
Medium .6 mmto.2 mm Silty iandi, sand-sllt mt,rture,i.

Homogeneous Uniform properties within a soil unit.Fine .2 mm to,06 min

SILT & CLAY < .06 mm
Interbedded Alternate beds of soil within a major Clayey unds, land-clay mixturei.

soil unit.

GRAIN SHAPE

Subangular

Subrounded

Rounded

Angular Showing little or no evidence of wear; edges

and corners sharp, secondary edges present.

Showing some effect of wear; faces virtually

untouched but edges and corners slightly worn.

Showing considerable wear; edges and corners

rounded off to smooth curves, original faces

considerably reduced.

Original faces almost completely destroyed, but

some comparatively flat surfaces present. All

original corners smoothed off to broad curves.

Laminated

Banded

Mottled

Slikenside

Distinct, fine layers each generally less than

3 mm thick.

Alternate layers of soil with distinct colour

differences.

Irregularly marked with spots or zones of

different colours.

Smooth, polished sometimes striated planar

structures resulting from insitu movement.

05
111 -
Z1

RE

eE

1L

GILTS & CLAYS

(L L < SO)

8108 & CLAYS

(LL>50)

Inorganic allts and very find iandi, rock flour, milty or clayey
fine sandi or clayey :Uts with slight plaiticity.

Inorganic clay, of low to midium plaiticity, gmvelly'days,
sandy clays, illty clayi, lean clays.

Organic milt, and organic silty claye of low plasticity.

Inorganic illts, micac,ous or diatomaoeous fine sandy or

stlty loill , elaitic illti.

Inorganic clayI of high plaitictty, Cat claym .

Organic clly, of midium to high plasticity, organic silty clays, organic silts.

Well rounded No original faces, corners or edges left. The

entire surface consists of broad curves; flat

areas absent - virtually spherical.

HIGHLY ORGANICSOIL Pt mit and other highly otganic oolli.

DEFINITIONS OF DESCRIPTIVE TERMS CLASSIFICATION CHART

(Unified Soil Clalitfication System)

80

5D

40

X3ONI
30

20 CL Z 011 IVIETHOD OF
&

/
ML & OL

20 30 40 50 60 70 10 00 100 SOIL CLASSIFICATION

10

0
0 10

L;QUID LIM )T

PLASTICITY CHART
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SHEAR STRESS ( k Pa)

0 100 Zoo 300 400 500 Goo

1

AB'/119

4%41 f.----50 81 kle UUMBER
R Xs ./\=25 r-DEPTH I U METBES

/13·0 1

held \
\ scarp 1

\o

100

46
200

\\

300 I.\\
I \\

400 \
\0
\9

\ il

4
\

 M 3/je b VA
/30.0. i

33*<)1/
Ministnj of Illorks
Boring Number
\

grlearina  1   fettoge (09500
o

1 8468.0\9 B4/28·o

600 \ \ \ \
NOTE : 0 - Maximum effective stress

• - Residual effective stress

Rates of strain :

M 3 samples : 0· 3 mm/min.
Headscarp sample : O · 0073 mrn/min.
Allother samples : 0 - 014- mm/rnin.

RESULTS

BORIA]G SURCHARGE MAXIMUM RESIDUAL

NUMBER DEPTH PRESSUAE SHEAR SHEAB

C 14Pa) SIDEr ST;S
M3 30.0 409 323 308

32 - 0 Uo 926 72 _
34..2 _510 449 417

H€94.scgrp 80 52 -
IZI 74 _
256 160 -

Rernoining results are shdwn-to ffiEIVI offhe-*GAng Logs;

STRET®TH TESTS
BRICKELL, MOSS, RANKINE & HILL

PLATE A-4

t-5 ll--  ·i.C___ rric-bb<ral-M©ur_. B_ ClO ___DAT·__ SURCHARGE PRESSURE
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November 23, 1979 51118

APPENDIX A

FIELDWORK AND LABORATORY TESTING

Al.0 FIELDWORK

Al.1 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-lA

through A-lF, Boring Logs. An explanation of abbreviations and

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

The soils have been classified in general accordance

with the Unified Soil Classification System, a summary of which

is attached as Plat A-2, Method of Soil Classi fication.

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 Groundwater

As described above, piezometers were installed in bores

133, 84 and 85. In the remaining boreholes Bl and B2 and in test

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

BRICKELL, MOSS. 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-lA through A-lF 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-lA to A-lF Boring Logs

Plate A-2 Method of Soil Classification

Plate A-3 Observed Ground Water Levels

Plate A-4 Strength Tests

BRICKELL, MOSS, RANKINE & HILL
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BORING 1
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CASI:Ki DEP,H : -
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BORING AND TEST PIT NOTES. ABBREVIATIONS & SYMBOLS

I. The buringg were drilled between 27 July and 7 August 1379 wlth trailer mounted rotary waah equip-nt
The test pit, were Jrilled with Caldweld rig (1 inetre di Imp ter shaft).

V/ m :ize and 76 min size camng wai used in th, borings.

2. I

H

Undivturbed sample recovered in split barrel, 60 1 I.D. ring lined ·u,mpler.

Undisturbed sample recover-4 in 60 Irm I D. thin wall Shelby tube (op•rated off a fixed piston) sampler.

Und.,turbed gample atiempte.I, but missed nE disturbed rn reeo·iery.
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0/4 sample attempted, but mi,it· I in recovery.
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lin..ervert >,tatic glour,i! water level.
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h
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icated depthi are in mftrei, bel'i. th- existi,14 1-oul,J surface.
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Tatlated eheay 9#re,1114 VOAL,€9, C*'e PHOXIP·l-4•*1 /r¢*idual.

BORING LOGS
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BORING 2

El,VATION : 131 5 m

Light grey/buff yellow SILTY SAND (SM)
(moderately denw)

8879 .4

1..

24 24.0 1537 --703;1

26.1 1591

4-.

(gradel yellowish-brown)

2
4

ON¥161 -N
21.8 1598 (gradev light grey/huff)

(contains isolated patches of

yellowlih-brown sand,oderately twili to
d.rnse)

20.3 1620

cd--ii.s. 1620

cd D.S. 135 23.8 135/103 23.8 1591¥K

S. 30

for 250 mr

S - 34

for 250mm

"-III * . (grades greyish-buff/yellowish-brown
r™,ttled)

/2

P 2O 19.0

7-. Dark grey SILTY SAND (SM) ,
(dense)

for 250=m

S - 61

14- .

'hc-Lk-

Pg
0-
U. 1-

E.2
212

for 170- BORING DEPTH : 15.2 m

CASING DEPTH : -

1-

L

BORING LOGS

BRICKELL MOSS. RANKINE & HILL
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Sand matrix)

4

4 An IAnlleD
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15-- O

O 1

0

0

0 0

2
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0

(grades dense, ruitic yellowl,h bro,1.
S - 63 217.8 1650 o contains random .solated rock•" of
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0

Iie_ o

23 0 zawe -------
15.8 IM,1 S • 57

9 :for
for 2500,m

{graden• 11.;ht grey, beco-* fle:ked

and patchy}
I f

21 1

.·· BORING LOGS

2.

29
.H 8.9 1688- - - s --56

(grade< more silly)

(grades yell,- brown/light gwy and mttled)

17

for 240 mm

S - 50

for 160 M.

! Illa
b ,

1 p/' .re, St LTY SAND (SM

- tillie}

3, Cd ts 26/ 22.1 207/205 22.3 1617
34 135 24.4 368/33| 24.4 14,2

Joo

31 1
101

BORING :EPTH : 32.1 m

·ASING DEPTH : 26.0 m

3 2 394-4 - BRICKELL, MOSS. RANKINE & HILL-
i r 14 »en
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rr O

O C[
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2E
Si

BORING 4

N.vATioN : 120 6 m

£., Dark brown slightly gravilly S:LT {16 (topioil)
Dull greyish brown SILT IML)

{contaln, soli brick rubble)

26.5 155') PUSH

Dull greyish brown/brown mottled slightly SANDY SILT(ML) i
(contains pockets of dark brown .andy 'ilt.

;3adylwY117=Z: I::=ts d

-56.1 FF PUSH

I
 / Brown SANDY GRAVEL (GP)

4- (m,derately don„)

58.5 10BO

Ilim

PUSH

..

22.4 15.10 PUSH

23.6 1555 6 - 63 .4
for 160mm

7-

Dark brown SILTY SAND (SM)

(moderately denle)

Light grey buff SILTY SAND (SM)
{moderately dense) I
{grades greyuh ygllow) i

Light grey SAND (SP)
(den:e; contains pockets of allty INnd also

black flocks and faint brown irregular
bandlng)

21 26.3 1553 s - 71

rdr-2ZO·-·m
(grades greyish gr•en/brown contains occasional

.. irregular banda of brown silty sand and
pockets of grey ailtl

19
25.5 1600
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S = 89 .TH. i

(dense)

for 200 mm

27.6 1465
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10
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1 0
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and mottled>
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1- P giving a speckled applarance)

1•

0- .-07

for 1 EC)™m
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22 24.9 15r)4
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.

2,

S - 64 I i , 0 (grades yellowish-brown)
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24 0 1004

22
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. .1.

'I.I.

24 - -

(grades rustic yellow brown gilty SAND (3!•)

18 20· 0 1574

C
514 26.7 568*31 26.7 1 50

s = 64 .-20
for 165mm

1.,1

S - 63 2, S - .4
for 90mm

S. 86 ./

for 16>Orm J
27 - 0 1

J

S • 125

for 120mn

DMrk grey slightly SILTY SAND (SM) 7-
(moderately dens®)

R
Coccaqional fine, disc/ntinuous seami

of black carbonous silt)

BORING DEPTH : 28.2 m 4 
CASING DEPTH : 6.0 m
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... patchii of darker brown sand bitimen
2.2-2.3 m)
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11.

_L
Brown SANDY GRAVEL (GP) 1

(large gravel bouldors and cobblem

in yellow brown sand matrix: /
conta ins some dark brown staining on fractur• 2
planes)

1 1 1, 61

Yellow brown RAND (SP)

(contain, occasional black flick, and

some faint band, 02 dull r®d brown

sand, modirat ely d•Ase)

70.0

Grey SILTY SAND (SM>
1/oderately den,e)

0

(contains fine. discontinuou, kni.. of

black carbonous silt - hard and intact

at 10.2 m)

12- 01.1 (containg fine discontinuous lenwom of

black carbonous silt}

19·t 1766
.L

(contains more black carborous milt

lenses)

BORING DEF'r}, : 17.5 m

CAS ING DEPTH : 8.0 m
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z.TEST PIT A
/

- 194» ApproxEL

l.

5-

a

7/11.7• Brown SILTY CLAY ((11 J
(fir•)

Llcomr CLAYEY St[.7 (ML)

(firm. dry)

1

Brown SILTY GRAVEL (GM)

(gravel becoming nore co"")

10 -/////i
(boulder, - excavation discontinued)

TEST PIT DEPTH : 10.0 m

m.TEST PIT B

- 18€ m ApproxEL
0

Yellow Brown SILTY CLAY (CL)

IX
lrown St[.TY GRAVEL C GM)

(gravel fine. weathered)
3

(gravet beco/ing Mor- coarve - ..eathered}

0

0

7
-E (boul,lers - ex, avation di·,continved,

bae dry)

TEST PIT DEPTH : 7.0 m

M 1 1.-
.TEST PIT C

I-

1--

ET. - 197 m Approx

Yellow Brown CLAYEY NILT (MLI

Ight Brown GRAVELLY CLAY (CL)

i
Bro.m S ILTY GRAVEL MM) 3

I- 7 (1'01. C.V,n, in"

TEMT PIT DEPTH . 7.1 m
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BRICKELL, MOSS, RANKINE & HILL
CONSULTING ENGINEERS AND SURVEYORS

John D. Mois BE. FICE. FNZIE. FIE Aust. FASCE

John Rankin, BE, MS(MIT), ME{UCal), MNZIE, FIE Au

Harry W. Priddey MI Struct E. MNZIE

David E. Hollands MICE, FNZIE. MNOS. FIE Au,t.

lan C. Smith ME, DIC. MICE, MNZIE

William D. Champion BE, FICE. Fl Struct E, FNZIE
Keith H. Ginesple BE, MNZIE

Warwick S. Wyatt MN21S
Frank N. Blackwell RE. MI Mech E, MIHVE, MNZIE

David G. Cox ME, FNZIE. FIE Au,t

Wilson E. Lattey MNZIS

Robert L. Bighop DE, MNZIE MIE Au,t

July 19796

OTAGO SAVINGS BANK BUILDING

106 GEORGE STREET

DUNED]N

P.O. BOX 5243, MORAY PLACE

TELEPHONE: 773-203

CABLES: 'FIANHILL' DUNEDIN

Al,o at:

WELLINGTON, AUCKLAND. LOWER HUTT

PARAPARAUMU, LEVIN, TAKAPUNA

PALMERSTON NORTH

79140

The Manager,
Bird & Associates (Otago) Ltd.,
Loss Adjusters,
P.O. 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

%DJU'.1/1,1,-J:
Keinned, DE. :,1'JZIE J. P. Furne,9 MI Fech E, MNZIE N. W. lea MI Struct E. MNZIE K. C. F. Spring ?.11 Struct E, B.INZIE MI

. It·147 KINTIS G. K. Sldvall BE[Hon,J, MNZIE J. H. Christianson MICE. MNZIE W. H. S. Nixon Fl Struct E, MNZIE

f.laclitdo, 1!Corn, ACA, CMANZ J. H. Travers ME, MNZIE R. F. Hinc, ME. MNZIE, MASCE A. BrIckeil BE(Hor,), MEngk, MNZIE

, Mationey 930. AMAIMM

C. J

T. J

A. C

E Au,r



:RICKELL, MOSS, RANKINE & HILL
CONSULTING ENGINEERS AND SURVEYORS

J.An D MA,iv. BE. ACE FNZIE. FIE Ausi. FASCE

J jh, ft.ink·n, BE, MS{MIT). MECUCal). MNOE, FIE Auit
h J-,v ".· Pr•dd-v MI St,uct E. MNZIE

Or.,d E Ho,lands MICE. FNZIE. MNZIS. FIE Atist

4. C Sm,th ME. DE MICE. UNZIE

'.V'ti,ar' 0 Ch,rrpion BE. ACE. Fl Siruct E. FNZIE
Ke•:h H G,114%11/ BE, MNZIE

LV/,w·a S Wy A MNZIS

Fr.ink N Blackwell BE. MI Mech E, MIHVE, MN21E

D,v·J G Co• ME. FNZIE, FIE Aust

'Ailion E Lattey PANZIS

Robeit L hhop BE, MNZIE 61:E Aust

Kew.n C F Sp,ing Mi Struct E, MAZIE MIE Aust

COPY

'FC-'

7 DALY STREET

LOWER HUTr. N Z

P O BOX 30499.

TELEPHONE 653·928
CABLES RAN,ill-L' LOWER HUI

Also At

WELLINGTON. AUCKLAIWD. DUNEDIN

PARAPARAUMU, LEVIN. TAKAPUNA

PALMERSTON NORTH.

51118

July 16, 1979
r./., . , TH=G LOSS

The Secretary,
Earthquake & War Damage Commission,
P.O. Box 5038,
WELLINGTON.

Dear Sir,

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 and 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
lower portion of Christie Street probably defines the
lower limit of ground movement.

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

3. At the time of inspection, on 3 and 4 July, two houses
had incurred sufficient damage that the owners had
evacuated thorn.

C. J Ki

3 . If

I':T'S
7· 4 Itt. P.LP.£,3

,•.·· ·It F:F,}1·.nt) P.t>eli-

1··,· '.1 2. 'al':tIE

··· ·, 1.£ 9.1,•65 WEA,.t

J P Fu„i··gs MI M...h E. PA.NlIF
J'I Ch„,01..„iwn MICE, f.1NLIE

H & HA, ME MANZIE. MASCE

N J M.i,• in [1€*Hons), BANZIE

N W le., P.11 St·uct E. /,1>•ZIE

W 11 S N.on 1 11-ct E. F.INZIE
A tirick·41 dEfH•,n,i. MingSC Fil'.ZIP

T.1 Leste, P.1NOS

F N F.lar,nito- BC·,n. ACA. C'.1,\Nt
AG M.,honey 95<. AVA.,MI'.4
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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. In

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)

b)

the drilling of three exploratory borings;
a survey control over the affected block of
land.

To date the drilling programme has comprised one relatively
shallow hole approximately opposite No.14 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

. beyond the termination of Charles Street, down thei.c

BRICMELL. T.1053. MARLINE & Hill

...

0,



51118

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. Messrs

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
tc) the present problem or possibly a more restricted
movement, of part only of the apparent present large scale
movement.

At this point in timer we would not recommend the expenditure
of significant orders of insurance monies as making repairs
to the affected structures. Because of the scale of potential
slip, the chances are that structural repairs at this stage
to damaged properties are probably destined to be ultimately
useless hence the maximum amount of cover on the properties
in the event of future 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 motorway.

BRICKELL. MOSS, HANXINE & }mL
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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 over-
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
muds tone 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.

10. 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:-

a) 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.

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

BRICKELL, MOSQ. RANAINS & 1#ILL
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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. compris ing 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.

C) 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. Th is

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

With respect to the various parties and their respective
responsibilities, involved in the landslip, we understand that
12 1, Garden & 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,

BRICKELL. P.1053, DANKINE A
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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. Garden
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 infor-
mation on the behaviour of the subject land, be made
readily available through the Green Island Borough to
any genuinely interested parties.

BMRE,iI involvement will comprise actioning any request
made either directly by the Commission or by Bird
and Associates (Otago) 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.

- In general terms, we see the Green Island Borough as
being the organisation best situated, and possibly
obliged to advi.se various property owners on aspects
of safety. Should the question arise of advice to
property owners to remain or evacuate their respective
dwel].ings, the Local Borough and perhaps the associated
Civil Defence organisation would be the appropriate
organisation.

CRICKEUL, MOSS, RANKIN ...
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In the event that monitoring of·the slip suggests
an increase in rate of movement and concern lS
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 misleading. 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 li.kely behaviour.

Because of the size of the area involved alone, immediate
remedial 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 Is].and 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.
Obvi.ously the Borough should continue its regular inspection of
all street services, particularly in the critical tension zones.

BRICKELL, MOSS. BAN'KINE & 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 order 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 landslip at Green
Island covers adequately the respective aspects of current concern
to the Commission.

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

/1 06

fl,UL
168.- Mahoney

ACM/JI[T/rch

c.c. BMRH, I) unedin

BRICKELL. MOSS, RAN<INE & HILL
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July 20, 1979

Secrotary,
Eclatliquake & War D=age Conmission,
P.O. Box 5038,
Lairb tort Quay,
WELLIN ,-, r-vn·. T

'J.LUL; .

Dear Sir

Progress Report
Landslip
Green Island - Abbotsford
Dunedin

Further to our progress report dated July 16 and our
ubsequent weeting oil July 18 at your office we wish to clai

following specific ooints concerning the above landslip.the

The ground cracking presently affecting·properties in
tchall and Edward Streets appears to be the tension crack of
very large landslip. The ground deformation and resulting

damage to man-made structures within Patterson's property on
thi, lower portion of Christie Street probably defines thelower
limit of the present ground movement.

21

2. Based upon data available to date, the affected block of
land appears to be sliding on the upper surface of the Abbotsford
Mudstona formation. Since initially recorded in June, the
iIi'OVeman t appears to have maintained a regular rate of
approximate ly 10 ima per day.

3. Immediately to the northeast of the affected portion of
re:.li,lential land, -there is a very extensive ibowl shaped depression
which has regul·ted from massive slipping in the very recent

ASSOCIATES

Ketineily 1!F, MNZIF

Sidwell Ill (lion,J. MNZIE

Trayers ME, MNZIE

Morgan BE Illons}, MNZIE

C. 3

G. K

J. 11

N. J

J. P. Furness MI Mech E. MNZIE

J. H. Christiansen MICE, MNZIE

R. F. Hince ME, MNZIE, MASCE

N. W. Lea MI Struct E, MNZIE

W. 11. S. Nixon 1 1 Struct E, MNZIE
A. Elrickell BE {Hons), M Eng Sc. MNZIE

F. N. Macindoe 8 Cori, ACA, CMANZ

A. G. Mahoney B Sc, AMAIUM
F. S. Green BE, MNZIE, MIE Aust
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gaological past. The head scarp of this former landslip is
loss than 100 metres away from the most northerly point of
known ground cracking, presently developed within the
Education Board property, to the north o f Mitchell Street.
It ia also considered that a similarly exten3ive landslip in
the recent geological past has occurred in Abbots ford in the
close vicinity and just west of the present site. Since
slipping, this particular area has been ragidentially davaloped.

4. Preliminary engineering work prepared and presently being
carried out on the site under the sole direction by E.R. Garden
and Partners in association with Mr I. McKeller, of the New

Zealand Geological Survey, comprises:-

a) the drilling of four initial exploratory

borings;

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

We 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 inclinOICaters in the completed holes. The

inclinomaters can than be regularly checked along with the
survey monitoring and will provida information on future
movement direction and depth, The survey control is being
c,trried out:. to determine the extent of the slip and provicled it
is regularly monitored, will also serve a prime function of
showing up aay trend such as accaleration in the rate of movement.

5. The safety of the residential development on the land
involved·in the slip, is depandant largely upon the future rate
Of movement of the slip mass. Because of the siza and nature
of the slip, as under3 tood to date, further movement can
reasonably be anticipated. Any prodictio.n at this time as to
the likely rate of movement in the near future will not
necessarily be reliable. Based upon historical slips in the
locality, movements have generally appeared to be prolonged
and alow processes. However, though it is probably reasonable
at this t.1.If.£3 to infar that similar rates of movement are likely
to Occur on the sibject slip, such an inference cannot be
entirely relied upon. There is the distinct possibility that a
significant increase in movement rate could occur with little
or no warning in the event of very heavy prolonged rainfall
Jul d/or a ground tremor. If such movement occurs, all the
properties within the slip mass and perhaps some of the properties
i enedia toly downhill of the lands;lip area could be endangered.
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Until the soil properties, ground water conditions and the
geometry of tha slip mass is thoroughly investigated, more
definitive forecasting 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) The area of land presently considered to ba
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 araa of slipping
developed but was apparently stabilised by reinatatement
of filling at the tce zone. The Green Island-

Abbotoford area is considered as geologically unstable
terrain and hence for engineering purposes only of
marginal stabi lity at the best.

b) The development of the former quarry between Charles
Street and Armstrong Lane may have effectively
removed considerable toe support to a large portion
of the land above and hence could possible be
considared aS comprising a contributary cause.

c) The lower portion of the suspected tension zone of the
£11.12 mass appears to mor,3 or l.ess follow down a natural
stream valley from Edward Street southeastward, dcwn
through Patterson'n 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,
col.luvial deposits are probably missing (or at their
t.h.!.nnest) an well ar; being a general zone of natural
water infiltration. Above Edward Street, the tension
crack appears to continue north.ward independently of
the, adjacent stream valley..........

I.- ------
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d) Once gradual movement had bean initiated within
the block of land, probably at a very slow rate,
then any undatected fractured services will have
compounded the situation, and will ultimately,
particularly in tha casa of storm>fater and water-
main disruption, cause a significant acceleration
of movement. This may be an explanation for the
apparent major movement experienced in early
June. However, the effect of the preceding very
high rainfall in May following a prolonged dry
period cannot be discounted.

7. Continuous and regular monitoring of the landslip area is
necessary.

8. Adequate inve3tigation of the slip in order to determine
what, if any, remedial measures are engineeringly feasible to
stabiliga the slip will take some months. Alleviation of the

problem through a thorough engineering evaluation cannot be
expected in the short term.

RECOMMENDATIONS

The Green Island Borough should keap all records of future
ground movement surveys and act in an advisory capacity to
individual cuners on matter.s of safety and general welfare. The
Borough should continue its regular inspection of all street
services, particularly in the critical tension zones.

In the event of pract Leal solutions for increasing stability
having baen formulated, we cannot realistically foresee any
spocific improvement on sits stability being made before the
Coming nurnar. At this juncture it appeara that the as yet
unaffected property owners within the subject block of land
(i.e. southeast of the tension crack) and also on the lower
portion of Christie Street should be advised of the possibility
of disruption to their land and properties in the future. How
soon or indeed whether this will, happen at all is unknown.

Yours faithfully,
p. p. BRICKELL, MOSS, 14ANKINE & HILL

R.L. Bishop

,»pl
A.G. Mahoney

ACM/RLD/roh
c. c. E.R. Garden & Ptrs
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OTAGO SAVINGS BANK BUILDING
106 GEORGE STREET

DUNEDIN

P.O. BOX 5243. MORAY PLACE
TELEPHONE: 771203

CABLES: 'AANHILL' DUNEDIN

Atio at:

WELLINGTON. AUCKLAND. LOWER HUTT
PAHAPARAUMU. LEVIN. TAKAPUNA
PALMERSTON NORTH

79140

The Secretary,

Earthquake & War Damage Commission,
P.O. 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 recommend that no certificates be given to individual
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.p. BRICKELL, MOSS, RANKINE & HILL

1 Ntl©22:>-

David G. Cox

ASSOCIATES:

Kennedy RE. KiNZIE J. P. Furne:n MI Mech E, MNZIE N. W. Lea MI Struct E. MNZIE K. C. F. Spring MI Struct E, P.INZIE MIE Au,:
Lester M NZIN G. K. Sldwell BE(Hons), NINZIE J. H. Chrlitianion MICE. MNZIE W. H. S. NIxon Fl Struct E. MNZIE

P.1.,cinfloa RCwn. ACA, CMANZ J. H. Trivers ME, MNZIE R. F. Ilince ME, MNUE, MASCE A. Brickill BE(Hons), MEngS€:. 8.INZIE

M.,honey 11:ic, AMAIM>·'

T. J
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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 & ,!ILL
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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 4 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)

I,oess 1700

Colluvium 2000

Green Island Sand 1960

Abbotsford Formation 1990

86.2 Angle of Shearing Resistance (0')

The particular 0' 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).

BRICKEL.L, MOSS, RANKINE & HILL
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The 0' angle for the reverse toe slope, which rises
0

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. P'or 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 & lilli
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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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X marks dislocation ot-services , - marks line of surfhce ddbrmation. AS AT JULY 4,1979

0) IG M,+chell St. som® damage noted October/Alovember 1978. Fbe,Ibilitj oF Gome damage in basement priorte 1974.
® I I Edward St ·. rninor cracwing ofgarag€bagement Floor nated in October/November, I978.
8 5 Christie 94, : movement of groundsurface beneath house first recorded in April, 1972. 51 ATe /3 .
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ili>KING N). 141 112 1 c..;' H 3 b -1 Tt·,1 rpc

1. CATION tlear Sun Harrison: Harrisolth Pit Edward Miller T'ark Ncir tn end of In field Lo cast of north

Clu:, F i L 39 m east of 82 Street Christie Street end of Christie qtreet

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 32.1 m 28.2 m 17.5 m 9.8 m 7.2 m

REAARy - I

DEPN BEL-44

GROUND St:JRF-

ACE

One standpipe one st.t:w:ape One standripe Piezometer tu!.es Plezometter tiibe.3 Picz 3:neter tubes One stand I,lpe
to depth: t- depth: to depth to de,)the : .0 depths : to dcpth: to depth:

12.0 m 12.0 m 6.0 m A- 28.51 B=23.Sm A-26.On B.7.Om A =7.OmB=12.4 m 9.8 m

SEALED 2¢60 n q,18 m 26(} m J.U m 10.5 m

7ONE to to
24.'' r 27.0 r 6.5 m 8.5 m i 13.5 m

DATE OBSERVED WATE

30.7.79 2.0

R LEVEL (DEPTA BELOW GROUND SURF'ACK IN METRIES)

31.7.79 a.m. 2.02 0.3

31.7.79 D.m. 2.02 0.44 7.0

1.8.79 2.01 0.51

2.8.79 1.99 0.62 8.6

3.A.79 1.31 0.66

4.8.73 2.21 0.75 3.08 23.95, 23.76 9.6

2..Lb U./. Z.42 24 . 151 1 23. 9 3 - ..U

6.9.79 2.26 0.13 2.23 24.981 23.+* 0.1

7.8.79 2.38 0.83 2.16 24.97 ' 23.37* 9.091 4.33 9.2

8.8.79 1.60 1.10 2.30 22.90 ' 21.4 9.151 4.30 9.35

.8.79 Blocked Blocked -0 i 20.0 8.05 I 4.15 2.
- 9188ked Bl-Med

A

10.8.79 7.0 1 6.10 2.30'

11.8.79 8.15! 4.00 2.60.2,

12.3.79 8.13| 4.00

-1
13.8.7 ! 8.15' 3.90 2.60"

14.8.79 17.2 · 2.).0 8.10, 3.95 2-60

-- -- ----- --- - -- Blocked Blocked i
15.6.79 8.1'I 4.03 i 2.70"'

15.8.79 8.11, 4.10 1 2.70
-f

* Spiralling of wire down piezometer tube caused inaccurate readings.
** Blocked at 4m, no water. Blockage appalent-ly ciedleu

possibly caused by flow of water or grouna movement or

combination of both - subsequent blocked at 17.2 m.

Blocked at 20 m, no water.

. /0.'

Two plezometers were installed in 85.
Connection between plezometer tube and

lost durina installation of the upper

01 Blocked at 12 m
a' 3.locked at 11.7 m

(3' Blocked at 11.4 m

Piezometer tube flushed out water

level returned to 2.70 m.

Piezometer tube filled with watel

returned to a, measured 1.e. 2.70

1 /. /3 ./3 4. 1 '. 2

A Notes:

plezometer

piezometer. OBSERVED

GROUWC LUATER LEVELS 

, level

m.

BRICKELL, MOSS RANK:1 a HILL



RELATIVE DENSITI OF COHESIONLESS SOILS CONSISTENCY OF COHESIVE SOILS

MAJOR ¤IVISIONI IYMIOL TYPICAL NAMIB
Cor,ected SPT ·N· vely.

(blows/300 mm)

Very Loose It© 4

Loose 4 to 10

Moderitely Den- 10 to 30

Dense 30 to 50

Very Dense > 50

GRAIN SIZE

very Soft - sque/ze. between Ingers

Soft - eastly moutded by fingers

./. moutcled by /trong finger pre,/ure

Stiff - dented " ·· -

Very Stlff - dented only *lightly by finger pres/u/

Ha / - dented only shghtly by pen/1 point.

STRUCTURE

5
B

Layer A relatively continuous piner unit 01 soil.

limited by diffefence in compoiltion. texture

Of structure.

Lens A discontinuous unlt ot soil. uiually of Imlied

er- and gene/Uy 1/18 than 300 mm thick.

Bed One di,Unct sol unit of iedlmentary 0/gin.

contin-1 with n distinct beck Ing planes.

0:
. 0

Z
-A

ii
8E

S

i

0

0

0

G 'A/ Will graded grevels or grevel-*and mixturei, little or no i inei.

GRAVELS GP Poorly *ded grivel, or g-v,1-,and -,tur,/. little or =0 fln,e.

(MoM th/r 1/2 of

coer- *ctton > 2 mm)

GM allty IN•,Ili. 0-,1-,and-*Itt jur•"•·

BOULDERS > 200 mm

GRAVEL

Very coar,e 200 mm I 60 mm

Coar- 60 - ®0 20 -

Medium 20.m to 'mm

6 -m to 2 mm

2 mm to .6 mm

Fine

SAND

Coarse

ec CliM IM-le. Inviki/-cliy mamm.

W,11 gidd "nd, 0, gr,v,lty .ind.. littl, or no flne'.

SANOI

Poorly 11,/Id ,-10 or Inlly Iondi. lill, 0, no flia .

(Mon th,n 1/2 of

-11 unit.

GRAIN SHAPE

Angular

1,inated

Showing little or no evidene, of wear: edges

ond comm ihal. iecond,ry edo- pre,ent.

Distinct. fine layers each gor-ratly le,1 th,n

3 mm thick. SILTI & CLAY,

Banded Alternate 1/yers of soil with dlstinct colour
Subang'.r Showing some aff,ct of -ar: .ce, vlrtu,1[y

d  ffe fences .

ec m
ML 

CL /

OL

coer- tr,ction < 2 mm)
Medl.I .6 m- I .2 -m Stlty 'Indi. ---,Ut -1,2,-.

FIne .2 m...06 -m Homogenecu i Uniform properties w.hin I .0/ unit.

Interbedded Altern,te bed, of son within a me,or Ct,Ve -idi. sand-clay aliumi.
SILT & CLAY < .06 mm

11 L < SO)

Ino„an,c Illt: and -ry lind -r-. rock flow, ILity or cliley

fli -- 0, ata,I, int/ vie, Ilt,ht KIin/l,

Ii,o,Pate cle/ of low m -dili pllittelty. 9-vIUY'di,i.
oindy Oloy„ Wty al,yi. bin al,n.

untouched but edges end corner: ilightly worn.
Orgint o litte end o,ginic ility ct,yi of low pl*iticity.

Mailed ./.ully mated with spets of zone, of
Subround,d Showing con,Advable w-r: edg,/ 31*1 corne/

dlffer,nt colours.
.....O.U.../clou• O/ dito--ou....Ind, 0/rour¥led IM to *mooth curves. ortel-1./. 1 •Uty .cu...1..tic .ilt..

considerebly reduc,d. .
2 .ILY. a CLAYI

Stikenilde Smooth. poll/hed sometlme, /triated planar

itructures resulttng frotn insitu movement. ./
Aoureed On/nal ta ce, almost com pletely destroy,d. but 1/4//0 01,/, 01 h*h /1,8/0/4. 91 4%/.

-me compers/vely flat lurtice. present. All (LL>50)

original cor,-5 smoothed off to broad curvem.
01,-0 chi of midium te hk,h plittelty. 0,078rlic illty cleys, orgardr ,lits

Well rounded No original faces. comer, or edge, left. Th.

enure surface cnalits of b,ued curves: flat

ar-, absent - virtually 'pherical.

WIGHLYORGANICIOIL Pt -t and oth- hlehly 0/ge,110 'oU..

OEFINITIONS OF DESCRIPTIVE TERMS CLASSIFICATION CHART

[Unifted 8011 Clii,Incition Syot-)

l
..

CH

„ cl ,_ 0,1 METI-100 OF
&

" 1 --

Ii//-80*
. „„..... „ SOIL CLASSIFICATION

LIQUID LIMIT

PLASTICITY CHART

BRICKELL. MOSS. UNKINE A HILL

In1" i' 1, Il -"1 1, Il :Il 1. *.
Job n,w

Client :

Location ·
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