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PREFACE 

This report deals with the geotechnical aspects of 

the landslide at Tuve in 1977. 

In June 1978 the Swedish Government commissioned the 

Swedish Geotechnical Institute to investigate the 

geotechnical conditions in Tuve prior to the slide 

and if possible, to determine what factors caused 

the slide. 

The investigation was led by the Director of the 

Institute Dr Leif Andreasson. After the tragic death 

of Dr Andreasson the concluding part of the inves­

tigation was delayed but has now been finished in 

a joint effort by the staff of the Institute. 

The investigation has been performed in cooperation 

with a number of Swedish institutions and individuals 

as well as colleagues abroad. The investigators have 

greatly benefited from their help and experience. 

All institutions and individuals do not necessarily 

share all the views expressed in this report. 

Linkoping November 1982 

Rolf Larsson Mats Jansson 
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1. INTRODUCTION 

The landslide at Tuve occurred on November 30 1977 

just after four o'clock in the afternoon. The initial 

slide occurred suddenly and the events that followed 

took place in rapid succession. In about five minutes 

the appearance of an area of 27 hectares (270,000 m2 ) 

changed completely. As a consequence of the slide 

65 one-family houses were completely destroyed. A 

further 84 houses, of which many were severely damaged, 

lay close to or were hanging on the back edge of the 

slide and were in the danger zone for further slides. 

Nine people died from injuries caused by the slide. 

The reason that the death toll was not higher was 

that many people who lived in the area had not yet 

returned from their work or from school. The direct 

costs resulting from the slide amounted to about 

150 million Swedish crowns (corresponding to about 

US$ 30 million). 

The length of the slide area was 800 m and the 

greatest width was 600 m. In the upper central parts 

the ground level was lowered up to 10 m and in the 

lower parts the ground heaved about 5 m. Horizontal 

displacements of nearly 200 m took place. 

The landslide at Tuve is no unique occurrence. Another 

large landslide in an urban area took place in 

September 1950 at Surte 8 km north-east of Tuve 

(Jacobsson, 1952). Tuve, however, was fairly densely 

popul ated and therefore the consequences were un­

usually severe. Some similarities between the Tuve 

landslide and a number of slides in soft clays can 

be found. Larger landslides with an area exceeding 

1 hectare occur in Sweden every 2 or 3 years on the 

average, though only a few of them take place in 

urban areas. Similarities to the landslide at Tuve 

can also be found in a number of landslides in Norway. 

The frequency of landslides in clay is also high in 

the province of Quebec in Canada. 



8 

The frequency of landslides in Sweden has been in­

creasing during the last century as a result of the 

building or railways and roads, urbanization and 

other human activities (Viberg, 1982). 

Landslides constitute a considerable danger and great 

efforts have been made to build up the knowledge re­

quired to evaluate the stability of slopes and to 

take suitable steps to improve it. The mechanisms of 

landslides and the external factors that release 

slides have not yet been made sufficiently clear. 

After the landslide at Tuve the Swedish Geotechnical 

Institute (SGI) was commissioned by the Government to 

investigate the geotechnical conditions prior to the 

slide and, if possible, to determine what factors 

might have started it. The investigation was made in 

cooperation with the Geological Survey of Sweden 

(SGU), the Geotechnical Department and the Geological 

Department at Chalmers University of Technology in 

Gothenburg and the Municipal Authority of Gothenburg. 

A number of research projects concerning slope stab­

ility were started with grants from the Swedish 

Council for Building Research. A special grant to 

investigate the geohydrological conditions at Tuve 

was given to the consulting firm VIAK (SGI Report 

No 11c). 

The landslide at Tuve attracted much interest and 

discussion among soil mechanics engineers in Sweden . 

To benefit from their experience consulting engineers 

were invited to SGI to take part of the results from 

the geotechnical investigations and to give their 

view of the cause of the slide (SGI report No 10). 

Their contributions as well as those from all others 

who have taken part in the discussion and given other 

kinds of help and information are gratefully ackknowl­

edged. 
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To benefit from the experience in other countries with 

similar problems a symposium was held in Linkoping in 

March 1982 with specially invited participants from 

Norway and Quebec (SGI Report No 17). The contri­

butions to this symposium have been very helpful in 

the investigation of the landslide at Tuve. 





Some symbols used in geotechnical investigations. 

On maps 

i) Static cone penetration or weight sounding 

0 Undisturbed sampling with foil sampler or 

'?-
9 
6 

standard piston sampler 

Field vane test 

Penetration test to firm bottom 

Measurement of pore pressure 

In profiles 

Type of soil 

s Sand 

Si Silt 

:s} 
Coarse silt 

Mf} Fine silt 
Mj 

L Clay 

G Gyttja 

Sk She lls 

Vx Organic matter from plants 

V va rved 

m layer of coarse silt 

Capital letters are used for the main type of soil. 

si L means silty clay. 

In diagrams for undrained shear strength and 

sensitivity 

Undrained shear strength determined by fall cone 

tests 

Undrained shear strength determined by field vane 

tests 

Sensitivity determined by fall cone tests 

11 
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In diagrams for water contents and bulk density 

~ Natural water content 

~ Liquid limit determined by fall cone 

1--- Plasticity limit 

'O, 
b.. Bulk density 

In diagrams for cone penetration tests 

RESISTANCE 

DEPTH 



2. DESCRIPTION OF THE SLIDE AREA 

2.1 Location 

Tuve is a suburban area within the municipal region 

of Gothenburg. It is situated in the middle of 

Hisingen island about 10 km north of Gothenburg city 

centre, Fig 1. The landslide took place in a side 

valley of the main valley of the Kville brook. The 

main valley stretches across Hisingen island from 

north to south from Nordre River to Gata River. There 

are no visible scars from earlier landslides in the 

Kville valley. Probably earlier slides have occurred 

but so long ago that their sharp edges have been 

smoothed out with the passing of time. The Tuve area 

is located within one of the regions in Sweden hardest 

hit by landslides in soft clays, Fig 2. 

2.2 Topography 

The topography within the area is typical for this 

part of the country, Fig 3. The lowest parts of the 

slide area are within the main valley of the Kville 

brook . The ground level here is only a few metres 

above sea level. The ground surface in the main 

valley is almost horizontal. The side valley in which 

the slide took place was surrounded by higher areas 

with exposed bedrock. The valley was filled with 

clay on a layer of silt and sand on bedrock. 

A smaller brook flowed through the side valley. The 

brook had created a gully a couple of metres deep. 

The banks of the gully were steep in places with an 

inclination of between 1:5 and 1:3. The upper part 

of the brook had recently been put in a conduit and 

the gully had been filled in. The small brook dis­

charged its waters into the Kville brook. 

The topography of the side valley is shown in detail 

1 3 
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FIG 1. Location of Tuve . 
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FIG 2 , Located landslides in southern SWeden. The investigation 
is not corrrplete and the number of slides in some ar eas 
probably far exceeds the numbers given in this map . 
(From Inganas & Viberg , 19?9.) 
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FIG 3. Topographical map of the Tuve area. 
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i n Fi g 4. The Kville val ley is at the bottom of the 

figure. The Kvi lle brook i s in t he mi ddle and New 

Tuve Road (Nya Tuvevagen) runs along the west side 

of the Kville val ley. The ground inclination bet ween 

t he road and the brook was 1:50. 

In the area between Tuve Church Road (Tuve Kyrkvag) 

and New Tuve Road the i nc l ination was steeper and 

amounted to 1:12. 

The steepest parts were the gully bank£ just east of 

Tuve Ch urch Road where there were inclinations of 1:5 

and even 1 :3 locally. The difference between the 

bottom of the gully and t he surface of the road has 

been estimated to 4 or max 5 m from aerial photographs 

taken in 1970 (Fig 5). West of Tuve Church Road the 

ground level flattened out partly due to the infil l ing 

of the gully. The maximum difference in ground l evel 

between the highest and the lowest points in t he s l ide 

area was 22 m. The horizont al distance between these 

two points was 700 m. 

2.3 Development of the area 

The area was developed mainly during the last two 

decades before the slide. 

The location of Tuve Church Road had been largely 

unchanged for a lon g time (Fig 6 ). Formerly the road 

was called "Old Kungalv Road " . Extensive r econstr uc­

t ion work was carr i ed out i n 1936 . The road was 

widened and raised by between 0 . 4 and 1. 0 m. After 

reconstruction the road ran on an embankment for a 

distance of about 80 m where i t crossed the small 

brook. The largest rise in road level was at the 

crossing of the brook where a new culvert was in­

stalled. The embankment had an average height of 3 m 

at this point . According to the informati on received 

only minor adjustments had been made since 1936. 
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Tuve in 1970. 
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FIG 6. Tuve as a rural area in 1930. 



New Tuve Road, which also was affected by the slide, 

was constructed in 1962 to take over the through 

traffic previously using Tuve Church Road. 

The urbanization of the area was started in 1957 when 

rows of two-storey one-family houses without base­

ments were built at Tangenvagen. (Names of roads are 

shown in Fig 4. Short list of words: vagen road, 

berget hill, stigen = path or road, lund 

back= brook.) 
grove, 

Development was continued in the middle of the 1960 's 

when the Tangenlund area was built with linked 1½ 

storey houses without basements. A couple of years 

later the houses in the Almhojd area and the Snarberg 

area were built. At Almhojdsvagen rows of 1½ storey 

houses were constructed with basements and in the 

Snarberg area detached one-storey houses were built 

with and without basements. 

During the same period two areas with multifamily 

houses were built west of and above the slide area. 

During the construction of these areas the storm 

water system was connected to the small brook flowing 

through the slide area. Thi s increased the catchment 

area of this brook considerably compared to what it 

was before. 

Development a l so involved laying large a reas of im­

pervious surfacing which further increased the maxi­

mum discharge of the brook. 

Parallel to the brook a waste water sewer was laid 

straight through the slide area . This sewer served 

not only the houses in the side valley but also some 

surrounding areas. 

During development of the area the upper part of the 

21 
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small brook was laid in a conduit and the gully was 

filled in. This was done in two stages. The first 

stage was performed in 1965 and comprised the part 

of the brook located west of the houses at Tangen­

lund. In 1970 the work was continued south of the 

Almhojd area on to Tuve Church Road. This part of 

the work also involved a raising in the ground level 

west of the Tuve Church Road 1-2 m to ensure local 

stability for the south row of houses at Almho jds­

vagen. 

3. GEOLOGY OF THE SITE 

The geological conditions at Tuve prior to the slide 

have been investigated by a group of geologists from 

the Geological Survey of Sweden and the Geological 

Department at Chalmers University of Technology. The 

results from this investigation have been reported 

in detail in SGI Report No 11b (Cato et al, 1981). 

The different quarternary deposits and their distri­

bution in the area of interest are shown in Fig 7. 

The thickness of the clay layer increased from 5-10 m 

at the back scarps of the slide to 20-25 m in the 

central parts of the s lide area. Down in the Kvil l e 

valley clay layers more than 35 m thick have been 

found. In t h e bottom parts of the c l ay and between 

clay and bedrock there are layers of sand and silt. 

The bedrock at Tuve is characterized by trends in 

no rth-south directions dipping towards the west with 

mainly gneissic structure and granitic composition. 

A diabase dike, the Tuve dike, also runs through the 

area in the direction west-northwest to east-south­

east , Fig 8. The distribution and orientation of 

existing cracks and jointed zones are important for 

the hydrology in the bedrock and the ability to 



Symbols 

D Bedrock 

[:::I Tilt 

D Sond and s ilt 

E::;:J Glocifluviol sediments 

CJ 
CJ 
~ 

® 

Cloy 

Alluvial sediments 

Fen peat 

Bor ehole 

~o m 

Sl ide area 

-+- Railway 

-:r- Watercourse 

FIG?. Surface soils in the Tuve area (after Sandegren & 
Johansson , 1931). 
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transport water. From knowledge of the bedrock at 

Hisingen island in general and geological experience 

from the field it can be assumed that water-carrying 

zones exist in a north-south direction some ten metres 

west of New Tuve Road and along one or both of the 

contact zones between the Tuve dike and the surround­

ing rock . In the middle and eastern parts of the 

slide area the bedrock is heavily jointed and often 

weathered. The permeability ought to be relatively 

high and hydraulic connection with a large drainage 

area may exist through large intersecting crack 

systems. 

The geology of the soil in the slide area has been 

reconstructed by means of grain size analyses, 

chemical-physical analyses and bio-stratificational 

analyses on samples taken inside and outside the 

slide area. Exhaustive studies have been made on two 

cores (18 and 20, see Fig 9) taken outside the slide 

area. The first of these cores was taken in the 

Kville valley and the other was taken behind the back 

scarp of the slide. From the results of the investi­

gations it is evident that the stratigraphy of core 

20 corresponds to sequence of the lower part of core 

18. The stratification in core 5, taken inside the 

slide area, is similar to the sequence of core 20. 

This implies that the clay layers in core 5 were 

originally l ocated in the upper part of the slide 

area. 

Based on the results from the investigations and 

present knowledge of the geological development in 

western Sweden during the last 13000 years a good 

idea can be obtained of the deposition of the various 

soil layers . 

During the last glaciation gigantic ice sheets 

covered millions of square kilometres i n northern 

25 
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FIG 9 . Distribution of some chemical and physical parameters 
and a diatom spectra from cores taken in the vicinity 
of the slide ar ea at Tuve (Cato et al , 1981). 



Europe. Deglac i ation started about 18000 years ago 

as the climate became milder. The area of Tuve became 

clear of ice about 13000 years ago. During the de­

glaciation huge volumes of melt- water raised the sea 

level and areas such as Tuve, which had been de­

pressed by the load of the former ice sheet, were 

submerged by the sea. In the lowest parts of the 

Kville valley the water depth was nearly 150 m. The 

main part of the clay sediments was deposited during 

a period of 4000 years. Because of the sedimentation 

and the isostatic uplift of the depressed crust which 

exceeded the rise in sea level, the water depth 

gradually decreased and large areas emerged out of 

the water until the whole Tuva area finally became 

land. The istostatic uplift is still going on but at 

a decreasing speed. 

The sediments have been deposited in a marine environ­

ment with varying salinity, depths, currents and 

distances to the shore line. The thickness of the 

sediments is greatest in those areas where the water 

depth was greatest. New particles were deposited on 

the sea bottom and the previously deposited soil con­

sol idated for the increasing overburden pressure. 

The inclination of the different layers depended 

greatly on the bottom contour and consequently the 

clay layers sloped towards the lowest part of the 

bedrock surface. At Tuve this part is located be l ow 

New Tuve Road. A generalized picture of the strati­

graphy at Tuve is shown in Fig 10 and the distribution 

of some parameters in cores 18 and 20 in Fig 9. 

A varved glacial clay (Zone E), characterized by 

several layers of sand and silt rests directl y on 

the Precambrian bedrock . This zone was deposited 

close to the retreating ice front. After the land­

slide it was found that the silt/sand layers were 

highly permeable (SGI report No 11c). Very high pore 

27 
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pressures were measured in the upper part of this 

zone after the slide and the slide surfaces seem to 

have followed the zone. 

As the ice front retreated towards the north due to 

the change in climate the sedimentation conditions 

in the area became more stable. The more homogeneous 

clay in zone D was then deposited. The presence of 

marine-arctic planctic diatoms in the upper and 

middle part of the clay shows that it has been de­

posited in a marine-arctic environment at a great 

water depth. 

In zone C, which is about one metre thick, there are 

several thin silt layers. Zone B consists of a homo­

geneous clay characterized by a very high clay con­

tent, 75-80%. Both zones C and B have very low 

calcite contents, below 1.5%. The deep water planctic 

diatoms in zone D have been replaced in the lower 

part of zone C by species living close to the shore 

line. In the upper part of zone C there is a pro­

nounced decrease in salt water species among the 

microorganisms and a corresponding increase for the 

fresh water species. In zone B there is an extremely 

high incidence of planctic fresh water diatoms 

( MeZosira islandica ) , originating mainly from the 

region of the Lake Vanern basin in central Sweden. 

The sediments and diatoms have been eroded and trans­

ported from this region and redeposited in the 

Gothenburg area. This process is a result of the 

melt-water flow and the drainage of 10000 km 3 of 

water from the ice-dammed Baltic basin into the 

Skagerrack about 10000 years ago. 

As the water containing the particles flowed out into 

the Skagerrack it was spread over vast areas . The 

current decreased and the particles and organisms 

came into contact with the higher density underlying 

sea water and sedimented. In spite of the fresh water 

29 
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character of the diatoms the clay was thus redeposited 

in a relatively shallow (estuarian) environment domi­

nated by sea water. 

The youngest soil, zone A, is present only in the 

lower parts of the Kville valley. It consists of 

gyttja-clay which has been formed mainly during the 

transgression of the sea 9000-7000 years ago. 

During the transgression the sea level rose and pre­

viously dry areas became flooded. The top soil was 

eroded and organic material and clay particles were 

transported to lower parts where they sedimented. At 

this time the Kville valley was a relatively shallow, 

warm and calm bay with a rich organic life. The lowest 

part of the Tuve area emerged from the sea about 

1000 years ago. 

Many of the clays in western Sweden and among them 

the clays in Tuve have thus been deposited in a marine 

environment. The clay particles of the non-expanding 

minerals have sedimented in a flocculated state 

(aggregates) due to the sa lts in the sea water. The 

clay has therefore become a very open structure with 

large pores and high water contents. 

As a consequence of the topography at Tuve and the 

permeable layers at t h e bottom of the clay an ar­

tesian pressure often existed at the soil bedrock 

contact. If a hydraulic connection existed through 

the jointed parts of the bedrock with larger areas 

this situation may have been further accentuated. 

Due to the artesian water pressures, diffusion and 

percolating surface water a leaching process has 

taken place and has reduced the salt content in the 

clay to various degress. Chemical changes such as 

reduction and complexing of several ions man have 



occurred. The original structure of a clay may remain 

after leaching but it will have lost some of its 

strenth and become much more sensitive to mechanical 

disturbances. 

The salt concentrations in the samples confirm that 

leaching has occurred. In the upper part of the slide 

area where the thickness of the clay is only 10-15 m 

the whole soil mass seems to be leached. In the lower 

parts where the clay thickness is up to 35 m only the 

bottom and top layers are obviously affected. This 

confirms that leaching has occurred from the permeable 

layers below and from percolation at the ground sur­

face. 

Geological investigations of landslides in western 

Sweden have previously been made for instance in 

connection with the landslide at Surte 1950 (Mohren, 

1956). The methods and techniques used in the two 

investigations differ but in general there are certain 

similarit i e s in geology and soil stratification be­

tween the a reas at Tuve and Surte. 

4. HYDROGEOLOGY AND HYDROMETEOROLOGY 

It is well established that the frequency of land­

slides in western Sweden has a peak during the rainy 

months in the autumn (Viberg, 1982) . High water 

pressure s are considered as one of the main factors 

in the initiation of landslides. 

After the landslide at Tuve the consulting firm VIAK 

receive d a grant from the Swedish Council for Build­

ing Research to investigate the geohydrological con­

ditions a t Tuve prior to the landslide. 

The investigation , which has been reported in SGI 

report 11c, comprised test pumpings at three 
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locations. Hydrometeorological data has been col­

lected from meteorological stations nearby and have 

been compared to tong term observations of ground­

water level and pore pressures. Other data have been 

obtained from the borings and observations after the 

slide. 

Contrary to the assumptions of the geologists the 

investigators conclude that the bedrock in the slide 

area in relation to overlaying layers of silt and 

sand can be considered impervious. The main ground­

water aquifer in the valley therefore consisted of 

the coarser layers on top of the bedrock. It was a 

closed aquifer with a limited capacity. The aquifer 

was replenished at the sides of the valley where the 

coarser layers came to the surface. Due to the topo­

graphy and the fact that overlaying clay which 

reached some way up the valley sides acted as an 

impervious seal the water pressure in the valley 

could often become artesian. This artesian pressure, 

however, was limited as the groundwater after the 

aquifer was filled to the brim (where the coarser 

layers surfaced) was discharged on the ground sur­

face. 

At the time just before the slide the aquifer was 

brimming over and the investigators have calculated 

that the groundwater pressure in the bottom layers 

in large parts of the area corresponded to a ground­

water level of more than two metres and in some lower 

areas more than four metres above the ground surface. 

The accuracy of the calculation is estimated as 

+1 metre of water pressure. 

Records from the meteorological station at Save near­

by have been studied. In general 1977 was a year with 

a high precipitation without being exceptional. The 

month of November, however, was the rainiest month 



since 1970 when the last stage of the deve l opment of 

the area was finished. There are other factors than 

the precipi tat i on which are important for the re­

ple nishment of groundwater . If the net of precipi­

tation (precipitation minus evaporation) is studied, 

1977 is found to be an exceptionally wet year and the 

month of November 1977 an unusually wet month. See 

Tabl es 1a and b. 

H o n t h 

Year 

1971 63 

72 28 

73 69 

74 79 

75 104 

76 47 

77 98 

78 41 

mm 

2 3 

33 62 

20 29 

53 18 

42 19 

7 20 

22 19 

48 81 

29 118 

4 

43 

70 

64 

0 

42 

21 

83 

15 

5 6 

32 72 

97 104 

54 26 

28 34 

37 23 

51 29 

42 66 

20 58 

Average 66 32 46 44 45 52 

Average 

1945-
1978 58 37 38 44 45 52 

71 

109 

24 

52 

106 

16 

69 

29 

60 

66 

8 

119 

36 

64 

66 

39 

7 

14 

108 

57 

77 

9 

88 

20 

75 
149 

117 

55 

93 

127 

91 

77 

10 

67 

31 

35 
54 

41 

101 

80 

32 

55 

72 

11 

89 

63 

92 

106 

76 

103 

EQ 
70 

90 

72 

12 

40 

98 

75 
87 

48 

95 

53 

26 

62 

66 

Table la. Precipitation measured at the meteorological station 
at Save . 

H o n t h ( rrr.i ) 

Year 2 3 4 5 6 8 9 10 11 12 Accumu 1 a ted 
for the year 

1971 48 18 45 19 -18 -23 - 29 19 45 35 74 24 +257 

72 28 5 11 46 45 34 9 -49 -18 3 43 78 +235 
73 54 35 -6 40 6 -64 - 76 -21 29 13 82 67 +159 
74 63 24 2 -34 -20 -49 - 31 - 19 94 31 88 71 +220 

75 104 -8 2 18 -17 -67 6 - 61 53 9 59 32 +130 
76 47 7 19 -4 3 -64 -84 -93 13 75 84 95 +98 
77 98 48 64 64 -6 - 34 - 31 -86 51 48 lQ~ 43 +362 
78 26 29 95 -8 - 28 -37 -66 13 89 0 48 26 +187 

Average +59 +20 +29 +26 -4 - 38 -38 -37 +45 +27 +73 +55 +206 

Table lb. Net of precipitation (precipitation minus evapor-
ation) . 
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As the groundwater level could not rise more than to 

the brim level the investigators assume that there 

should have been an extremely high surface discharge 

of water in November 1977. Witness reports from in­

habitants in the area seem to confirm this assumption. 

5. THE SLIDE EVENTS 

5 .1 Events according to eye witnesses 

After the landslide people who lived or were present 

in the area at the time of the slide were inter­

viewed about their observations and experiences be­

fore and during the slide. The interviews were made 

by the staff at the Geological and Geotechnical 

Departments at Chalmers University and have been 

collated and evaluated in a special report (Falt, 

1 978) • 

In spite of the relatively large number of people 

living in the area the number of actual eye witnesses 

is limited. Fortunately many people had not yet re­

turned home from their work or from school. Most 

people present were indoors as it was in November 

and the weather was foggy. 

The combination of foggy weather and dusk made accu­

rate observations with a greater perspective im­

possible. In fact the whole extent of the slide be­

came known only the next morning at dawn. The visi­

bility at the time of the slide has been estimated 

as about one hundred metres. 

Witnesses have reported that first the lights went 

out, then creaking and cracking noises were heard in 

the house and a short while after the house started 

to move and the ground cracked up. Other witnesses 

standing at the bus stop on the corner of Tuve Church 



Road and the exit road from the Snarberget area 

reported that first a lamp standard for the street 

lighting started to swing as if it were were stand­

ing in water. A short time after this cracks opened 

up and the landslide started. 

Some of these observations are inconsistent. Power 

cables usually break due to large movements. Houses 

do not creak and crack in an alarming way unless 

they are subjected to considerable strains and lamp 

standards do not swing in the way reported if they 

are standing in stable ground. 

It is quite possible that the soil started to move 

so smoothly and slowly that it was not percepted 

among the more obtrusive visual and acoustic sen­

sations at the initiation of the slide. It was later 

found that the slide followed the contour of the 

bedrock which was uneven. After limited travel the 

slide masses therefore had to start to break up. At 

this mome nt, when cracks opened up and houses nearby 

started to move in relation to each other the move­

ments must have become obvious. There is also at 

least one witness in the area that was first observed 

to move who perceived that the whole area was moving 

before cracks started to open up. The eye witnesses 

can thus not give an exact idea of how and where the 

slide started but a rough picture can be drawn from 

a summary of their accounts. 

The first obvious sign of large soil movements was 

the formation of a crack in Tuve Church Road. The 

crack ran from the bus stop at Snarberget down to the 

exit from Tangelund, Fig 11. In the following moments 

parts of Tuve Church Road were seen to move down 

towards New Tuve Road followed by the houses at Snar­

bergsstigen and Snarberget in succession. At about 

the same time as the houses at Snarberget were seen 
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FIG 12 . Displaeements of buildings , New Tuve Road and the 
Kville brook during the slide . 
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to be in motion the eastern houses in Tangelund and 

the houses at Hedlundsvagen started to move. The slide 

then retrogressed and the houses at Tangenvagen and 

the rest of the houses in Tangelund followed. The 

slide area then reached Almhojdsvagen and the rows of 

houses started to slide away one after another. The 

sequence in which the houses were observed to set in 

motion is shown in Fig 11 and the horizontal dis­

placements of the individual houses are shown in Fig 

1 2. 

The retrogressive slide in many places reached firm 

ground before it stopped. 

There are reliable witness accounts for the final 

phase of the retrogressive slide and the time has 

been established by automatic recordings of power 

cable failures. No less than seven power cables were 

broken between 16.05.33 and 16.09.29. These cables 

served not only the Tuve area but also large parts of 

the surroundings. The first cables to break may have 

been involved in the initial slide but can also have 

been broken during the retrogression of the slide. 

The last cable failures occurred in the Almhojdarea 

and coincide with the fina l phase of the retrogressive 

slide. The first signs of anything happening were 

observed " a few minutes" past four o'clock. All larger 

soil movements during the landslide thus seem to have 

taken place within about five minutes. Nobody observed 

what happened below Tuve Church Road. It is therefore 

impossible to conclude from witness accounts whether 

some part or parts in the shaded area (area 1 in Fig 

11) moved first or if the initial slide comprised all 

this area . 

There is a general feeling about the observations 

before the slide that there was much water in the area, 

in fact more water to be seen at the surface and in 

the brooks than ever before. 



5.2 The extent of the slide 

The full extent of the slide became known the next 

day at dawn. 

A total area of 27 hectares (270,000 m2
) was involved 

in the slide which makes it somewhat larger than the 

slide at Surte. The final shape of the slide area was 

governed by areas of solid ground on both sides of 

the valley and was triangular with a base of 600 m 

and a height of 800 m. The western part of the slide 

area did not reach firm ground but ended with back 

scarps of clay up to 10 m high. A few patches of clay 

remained in the southern part. The slide went deep 

and for the greater part of the slide area it largely 

followed the contour of the firm bottom. Well defined 

slip surfaces could be seen in the clay at several 

points along the back scarp. These exposed slip sur­

faces also followed the contour of the firm bottom 

and here the remaining clay had in general a thickness 

of only a metre or two. 

The back scarps were often vertical or almost vertical 

and a f e w superficial slides occurred afterwards. 

The ground surface fell by up to 10 m in the upper 

half of the slide area. Soil displacements of nearly 

200 m we re measured here. The average rise of the 

surface in the lower part was 5 m. 

As a rough estimate about 6 million cubic metres or 

10 million tons of clay were involved in the land­

slide. 

5.3 Consequences of the slide 

The slide took place within a suburban area. Build­

ings, roads, cables, pipes and other constructions 

were deformed, displaced and broken up in pieces, 
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Appendix C. During the event 8 people were killed and 

afterwards about 40 injured were taken to hospital. 

Only 8 of these had to remain for care in hospital 

but one man later died from severe injuries received 

during the slide. 

65 one-family houses - detached houses, linked houses 

and terraced houses - were carried away with the soil 

masses. Another 84 houses were located in the danger 

zone for further slides. About thirty of these were 

standing right on the back scarp of the slide in 

various states of demolition. A total of 436 persons 

became homeless; 230 from the actual slide area and 

206 from the danger zone. Of the roads in the area 

only New Tuve Road provided a through route. The 

regional traffic could therefore be diverted around 

the slide area without great inconvenience. The rail­

way which runs along the eastern side of the Kville 

valley was not affected by the slide. Apart from some 

local disturbances the landslide did not cause any 

serious communication problems. 

The breaking of cables and pipes stopped the supply 

of power and water to surrounding areas for a short 

while but temporary supplies were soon connected . 

The Kville brook was dammed by the slide masses but 

the high point and natural water divider in the 

valley was just a few hundred metres to the north and 

insignificantly higher than the lower part of the 

slide area. The water divider therefore moved a few 

hundred metres to the south and no flooding resulted 

from the slide. 



6. REMEDIAL MEASURES 

6.1 The rescue operations 

The first alarm from the catastrophe went to the 

firebrigade which had people on the spot within ten 

minutes. The first task was to rescue people who were 

trapped in the slide area and in the first actions 

some 60 persons were brought to safety. The operations 

were very difficult due to the fog, the dark and the 

lack of electrical power. When the extent of the 

catastrophe became clear the head of the firebrigade 

asked the County Authorities to take charge of the 

rescue operations, which they did the same night. At 

the same time the head of the firebrigade was com­

missioned to lead the relief work at the site. During 

the following days about 70 men from the firebrigade 

were continously at work in the slide area. A large 

number of people from the homeguard and other military 

units were also put into the operations. The County 

Authorities remained in charge until December 5, one 

week after the slide. A detailed report on the rescue 

operations has been written (Lansstyrelsen, 1977). 

The engine e r s from the Municipal Authority of Gothen­

burg were in charge of the geotechnical activities 

from the start. Close cooperation was established 

between the geotechnical staffs a t the Highway and 

Street Department and the Department of Planning and 

Building Control. The former team led the act ivities 

at the site and the latter handled the administration. 

This organization remained for the whole period of 

reconstruction work in the area which lasted for two 

years. 

Two consulting firms, Jacobson & Widmark AB and VIAK 

AB, were retained to take part in the geotechnical in­

vestigations and estimations. The Authorities a lso re­

quested an advisory group of three specialists from 

outside to take part in the geotechnical estimations. 
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Members of this group were Dr Leif Andreassen, 

Swedish Geotechnical Institute, Mr Gosta Berg, 

Ludvigssons Consulting Engineers and Prof Allan Berg­

feldt, Chalmers University of Technology. The con­

sulting firms and the advisory group assisted during 

the whole period of reconstruction. 

The geotechnical activities were started on the night 

of the slide by collecting and studying previous in­

vestigations in the area. The next day temporary roads 

were laid into the slide area. Investigations for 

evaluation of the risk of further slides were also 

started. 

The most important task for the geotechnical engineers 

directly after the slide was to define what area was 

in danger of further slides or movements. Apart from 

the 65 houses which were carried away in the slide 

another 130 houses were considered in danger just 

after the slide. For a short while yet another 100 

houses were considered unsafe and an evacuation of 

these was started. However, after preliminary geo­

technical investigations this evacuation was stopped. 

The investigations required to establish the limits 

of the danger zone were carried out during the first 

week after the slide. A boundary for the danger area 

was drawn on December 9, Fig 13. This permitted the 

inhabitants to move back into 46 houses while 84 

houses were considered unsafe. This boundary was kept 

in the first stage of the reconstruction work. 

6.2 Reconstruction of the area 

After the first week the geotechnical activities were 

directed towards saving what could and ought to be 

saved and to producing the necessary basis for a new 

plan of the area. The engineers made cost calculations 

for different solutions to the reconstruction problems 



and a large number of alternatives were studied. These 

calculations were considered when decisions were taken 

on which buildings should be saved and which should 

be demolished. 

FIG 13. Boundary of the evaouation zone. 

Directly after the slide a number of temporary s t abil­

izing measures were taken . At an early stage f i bre­

concrete was sprayed at parts of the steep back scarp 

of the slide area to prevent superficial slides in 

the clay. This measure proved to be successful. Some 

houses were suppor ted by beams and struts . Others were 

secured by temporary lightweight f ills . These meausres 

were aimed at prevent i ng f urther destruction of the 

houses before they could be restored or in some cases 

at enabling safe removal of per sonal property before 

demol ition of the buildings, Fig 14. 

The reconstruction work was carried out with the in­

tention of giving remaining houses "quite sufficient " 

protection against further landslides . This meant 

that extensive stabilizing measures had to be taken 
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for the Almhojdarea in the northwest and for all 

buildings along the southern boundary of the slide 

area. No extensive measures had to be taken to ensure 

stability for the buildings at Snarberget as these 

were founded on bedrock or firm ground. Only one of 

the remaining houses here, in the southwestern part 

of the group, had to be stabilized as one corner of 

it was hanging free in the air. The greatest problem 

at Snarberget was to construct an access road to the 

area. 

The stabilizing method that was used most extensively 

was to excavate the clay and replace it with rockfill. 

From a technical point of view there were more elegant 

and somewhat cheaper solutions but from a psychologi­

cal view the rockfill "felt" safer. The economic gains 

of using other methods were insignificant and as the 

rockfill solution also had some practical advantages 

it was used in almost all locations. 

South of the Almhojdarea , which was the largest hous­

ing area in the danger zone, two back tied sheet pile 

walls were put into place before the soil between them 

was excavated and the rockfill was tipped in, Fig 14. 

Back tied sheet pile walls were also used in some 

places north of Tangelund. When making calculations 

the sheet pile walls were onl y supposed to ensur e 

stability during the e xcavation period. For long-term 

stabil ity calculations on l y the effect of the rock­

fi ll was taken into consideration. 

In o ne small area the clay was too deep for the 

excavation-refill method and other methods had to be 

used. Here the clay was stabilized with both circular 

sheet walls and lime columns. 



P"lacing of rockfill 
between back tied 
sheet walls 

FIG 14. Reconstruction work in the s lide area. 

Temporary support 
for houses . 

_ _,. _ ~-

Lightweight fill to 
improve stability . 
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The new roads in the slide area were, whereever 

possible, constructed on top of the rockfill. In the 

central part of the area, however, they had to be 

bui l t floating on the clay. Settlements are expected 

on these roads. This is especially valid for New Tuve 

Road which was reopened for traffic as early as 

January 1978. 

Light fill (expanded clay pellets) was used in the 

Almhojdarea and at Tangenvagen to form pleasant slopes 

without overloading the ground. 

In other places a suitable slope was obtained by 

flattening out the steep back scarp. This was the case 

at the "tongue" in the western part of the slide area. 

Here the two remaining rows of houses which were 

damaged were torn down and the ground was evened out. 

Several buildings had their foundations improved by 

piling to prevent settling as the groundwater level 

was lowered close to the slide area. Most of the 

houses had to be repaired to various degrees. 

The houses in the Almhojdarea were the first to be 

restored and the inhabitants could return to their 

homes on July 1, 1978. The stabilizing measures for 

the houses south of the slide area were finished in 

spring 1 979 although some repair work remained. 

The Municipal Authorities in Gothenburg together wit h 

the consulting firms retained have given a comprehen­

sive account of all the measures taken in connection 

with the reconstruction work; stabilizing measures, 

geohydrological investigations, measuremen ts of de­

formations, prognoses for future settlements and a 

report on what future checks should be made. 

The people who became homeless and those who had to 



be evacuated from the danger zone were first given 

shelter by friends and relatives, accomodated by the 

local authorities or in military cantonments and then 

as soon as possible offered alternative accomodation. 

After the landslide at Surte new residential areas 

were immediately constructed in the vicinity but this 

was not possible at Tuve. The authorities worked on 

the principle that nobody should be hurt further, 

either economically or emotionally. All the homeless 

people were therefore offered the full value of their 

old houses and were given priority in the queue for 

new houses and sites in the Gothenburg region if there 

was something in that housing program they preferred. 

This offer was also open to the evacuated people whose 

houses were later reconstructed as some of them could 

not face the prospect of going back. 

Even some people outside the evacuation zone had their 

houses bought by the authorities. 

From the insurance point of view the situation after 

the slide was not quite clear but the insurance 

companies short ly afterwards decided to pay for the 

demolished houses, lost personal property and repair 

work on the houses. 

7 . GEOTECHN ICAL INVESTIGATIONS 

7 .1 Earlier investigations 

One of the main problems in investigating a landslide 

is that a ll the original material has gone and only 

displaced, disturbed and sometimes mixed material 

remains for investigation. In most slides no inves­

tigation has been made prior to the slide. 

In this respect the investigators of the landslide at 
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Tuve had some advantage as at least some investi­

gations had been made before the slide. The develop­

ment of the area was carried out in steps. Local geo­

technical investigations were made in connection with 

planning the different parts. Each investigation nor­

mally comprised weight-sounding or penetration testing 

in a net pattern adapted to the terrain with a dis­

tance between the penetration points of about 40 m 

and some sampling with a piston sampler. The geotech­

nical reports concerning areas close to the small 

brook mentioned the risk of local slides in the gully 

slopes if the ground near the gully was loaded. For 

this reason zones without a load increase were re­

commended close to the brook. These recommendations 

were considered in the planning of the area. To elim­

inate the risk for local failures in the slope south 

of the Almhojdarea the brook was put in a conduit and 

the gully filled in. An extra fill of 1-2 m was put 

on the lower parts of the ground. 

Within the area affected by the slide there were about 

60 penetration points and samples had been taken in 7 

holes. The number of investigations is normal for a 

survey in the planning stage aimed at obtaining enough 

information about the soil to find suitable locations 

for buildings and to choose a method for foundation 

construction. No investigation had been made regard­

ing overall stability of the area. 

Most of the investigations had been made by weight 

sounding, which is a very coarse method for investi­

gating clay. The results, however, show that there 

was soft clay all over the area and all the way down 

except for a metre of sandy material between clay and 

bedrock. 

In the later investigations penetration testing with 

continuous registration of the total penetration force 



and a slip-coupling to separate rod friction and tip 

resistance was used. These investigations were made 

in the Almhojdarea, in the area of Snarberget and 

Snarbergsstigen and further down to the small brook. 

The latter area is of particular interest as the 

slide seems to have started here. A plan of the pen­

etration tests, weight soundings and sampling in this 

area is given in Fig 15 and the results are gathered 

in Appendix A. 

The penetration tests generally show that the tip 

resistance, which normally increases with depth, only 

increased during the first ten metres of penetration, 

then became constant for some metres and finally de­

creased towards the bottom. In many cases there was 

hardly any tip resistance at all for the last three 

metres before the tip reached the sand layer on top 

of the bedrock. The penetration results indicate that 

there was a layer of very loose silty clay/clayey 

silt or clay with loose silt layers between the clay 

and the sand. 

. 
The samples were usually taken with an older type of 

piston sampler and their degree of disturbance may be 

discussed. However, in all sampling points the liquid 

limit rapidly decreased towards the bottom indicating 

a higher s ilt content. 

Typical values for the lowest samples which were taken 

at some metres from the bottom were liquid limits of 

30-35 %. The water contents were generally 10-20% 

higher indicating a high liquidity index and loose 

material. 

The general pattern conforms to the geology of the 

area and to what has later been found in the inves­

tigations inside and outside the slide area. Unfortu-
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nately no vane test s wer e made to measure the un­

drained shear str e ngth prior t o the slide. 

7.2 I nvesti gat i ons aft e r t he s lide 

The day after the lands l i de compr ehensive geotechnical 

investigations were started. Samplings, penetrations, 

vane borings and pore pressure measurements were 

carried out by field crews from the Municipal Authority 

of Gothenburg, the consulting firms J acobson & Widmark 

AB and VIAK AB, the Geotechnical department at Chalmers 

University of Technology and the Swedish Geotechnical 

Institute, and samples were examined in the labora­

tories. During the first week activities were concen­

trated on the housing areas adjacent to the slide to 

evaluate the stability close to the back scarp of the 

slide. The results from these investigations were 

used to establish the danger zone for further sli des 

and movements. When this task was finished the i nves ­

tigations within the actual slide area started. 

These investigations aimed at creating a basis for 

reconstruction planning and the evaluation of necess­

ary stabilizing measures . Very high pore pressures 

were measured in the slide area and large future 

settlements were expected in the masses invo l ved in 

the slide. Penetration tests with a pore pressure 

probe were carried out to i nvestigate homogeneity 

a nd thereby to lear n something about the consolidation 

characterist i cs of t he soil . Small test fie l ds were 

made to exami ne the effect of prefabricated drains 

for lowering the pore pressure and the behaviour of 

lime columns in the Tuve clay. The objectives of t he 

different investigati ons varied and they have been 

reported in different ways and at different times, 

e.g. Torstensson , 1979 . 
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Meas urements of movements in the a r ea were carr i ed 

out by obser v i ng a number of houses c l ose to t he 

boundary of the s l ide. The firs t clear day after the 

slide the area was photographed fro m the air. To i n ­

vestigate eventual changes new aeri a l photographs 

were taken in the middle of January 1978. 

Staff from the Geological and Geotechnical Depart­

ments at Cha l mers University interviewed eye wit­

nesses of the landslide and Lars - Gunnar Hellgren from 

the Department of P lanning and Building Control 

tracked the original and final locations of bui l dings 

involved in the slide, Fig 12. They also investigated 

the topogr a phy of the area before a nd after the s lide 

and the topography of the bedrock . 

Photographic documentation of the slide area was also 

made, Appendix c. 

A special investigation was made by the Department of 

Building Construction at Chalmers University which 

studied how the buildings involved in the s l ide had 

sustained the very severe strains imposed by the 

slide. Some houses had moved over a hundred metres 

practically without any damage while others were 

totally destroyed after a displacement of only a few 

metres (Johan nesson & Johansson, 1979). 

In spring 1978 VIAK AB received a grant from the 

Swedish Council of Build i ng Resear ch t o investigate 

the hydrogeological conditions at Tuve prior to the 

slide. This investigation i nvolved test pumpings in 

the area and collection of meteorological and hydro­

logical data from surrounding areas. 

The Swedish Geotechnical Institute was not officially 

commissioned to investigate the landslide until seven 

months after it occurred , although the work in fact 



started earlier. The investigation was performed in 

cooperation with the Geotechnical Department at 

Chalmers University and with the Geological Survey 

of Sweden and the Geological Department at Chalmers 

University. The two latter institutions investigated 

the geology of the area. 

7.3 Field investigations made for the slide 

investigation 

These field investigations were made in two stages. 

The first stage was carried out in the period January 

to March 1978 and comprised: 

• Penetration tests and weight sounding tests to 

determine roughly the thickness and relative 

firmness of the soil layers. 

• Field vane tests to determine the undrained 

shear strength. The tests were performed with 

standard vane size 65 x 130 mm and recording 

instruments. Equipment with and without outer 

casings was used. 

• Penetration tests with pore pressure probes 

for continuous registration of the soil strati­

fication and to find any permeable layers. 

• Undisturbed sampling with the Swedish standard 

piston sampler. 

• Taking continuous cores with the Swedish metal 

foil sampler. 

• Measurements of pore pressure. 

• Measurements of electrical conductivity in the 

field by "salt sounding" to detect a slip sur­

face. 

When the results from these tests had been analyzed 

and the laboratory results were available it became 

evident that the slide had gone deeper than previously 
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assumed. Suppl ementar y i nvestigations were ther efore 

made dur ing February and Mar ch 1979. They wer e carried 

out down to firm bottom and comprised: 

o Field vane tests i n four locations in the central 

s l ide area . The tests were made with standard vane 

size 65 x 1 30 mm outer casing and recording in­

struments. 

o Undisturbed sampling with standard piston sampler 

in two locations. 

A plan of the investigations into the slide is shown 

in Fig 16. Two of the borehol es, 18 and 20, are 

located outside the slide area in places unaffected 

by the s l ide. They were taken to obtain an idea of 

what the soil properties in the slide area were before 

the slide and have also been used in the geological 

investigation. Results from the field and laboratory 

investigations are shown in Appendix B. 

7.4 Laboratory investigations 

The samples from the continous foil sampler were 

brought into the geotechnica l laboratory at Chalmers 

University where they were investigated by staff from 

Chalmers and SGI. The samples were then photographed 

at various stages of drying to illustrate the strati­

fication , Fig 17. The samples from the standard piston 

samplings were tested in the geotechnical labor atories 

at Chalmers Un i versity and SGI . The geologists at 

Chalmers Un i versity and the Geological Survey col­

lected the specimens they required and made their 

tests i n their respective laboratories . 

The geotechnical laboratory tests comprised determi­

nation of natural water content, consistency limits, 

bulk density , resistivity, grain size distribution, 

undrained shear strength measured by fall cone and 

sensitivity. The preconsolidation pressure has been 
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FIG l?a. Stratification in the lower part of core 18. 
Photograph taken at natural water content. 

FIG l?b. Stratification in the lower part of core 18. 
Partly dried. 



determined in oedometer tests with constant rate of 

strain. Drained and undrained shear strength has been 

tested in active and passive triaxial tests and direct 

simple shear tests. Special tests to illustrate the 

effect of increasing pore pressure and large shear 

strains on the shear strength have been performed, 

Some chemical and bacteriological investigations have 

also been made, The Norwegian Geotechnical Institute 

kindly offered to run a series of undrained tests 

according to their practice, which was gratefully 

accepted. 

Results from the geotechnical laboratory investi­

gations are shown in chapter 8 and Appendix B. 

8, RESULTS FROM THE FIELD AND LABORATORY 

INVESTIGATIONS OF THE SLIDE 

8,1 General limitations of the results 

The results from all the investigations within the 

slide area are more or less affected by the slide. 

The soil has moved, broken up and in some parts become 

partly remoulded and mixed. The second stage of the 

investigation was not made until 15 months after the 

slide and reconsolidation and decrease in water con­

tent may have occurred in the deeper layers during 

this time. 

However, the geological investigation indicates that 

the stratification in the area was very uniform and 

the picture emerging from the old investigations , the 

investigations within the slide area and the reference 

investigations outside the slide area is consistent. 

Within the slide masses there were also large blocks 

of soil up to 20 m thick which seemed to be relatively 

"unaffected" by the slide which helped to reconstruct 

the soil properties, 
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8,2 Topography 

After the slide the upper part of the slide area 

sloped at an average of 1:40 while the lower part was 

almost horizontal. The topography of the firm ground 

and the present thickness of the soft soil have been 

determined mainly from penetration tests and weight 

soundings, old and new, Fig 18. The contour of the 

firm ground is steep in parts along Tuve Church Road 

and at Snarberget. 

As a rule the upper part of the slide reached sur­

rounding areas with firm ground. The thickness of the 

remaining clay in the western part of the slide area 

is 2-8 metres. The depth to firm bottom increases in 

an easterly direction towards New Tuve Road. In the 

central parts of the slide area the thickness of the 

soft soil is now about 20 metres and in the eastern 

parts it is about 40 metres. 

The topography of the area before the slide has been 

determined from old maps and aerial photographs and 

is shown in Fig 1 9. Different cross sections before 

and aft er the slide are shown in Fig 20. 

8.3 Ordinary soil properties 

The investigations show that the clay in the upper 

part of the slide area and behind it is a varved clay 

which becomes more silty with depth and has silt and 

sand layers in the bottom. This type of material is 

found at the bottom of the soft soil in the whole 

area investigated. Further down the slope the varved 

clay is overlaid with a fairly homogeneous clay con­

taining some shells. The upper metres contain some 

organic material and some infusion of clayey sand. 

Iron sulphides are found in different forms in the 

clay throughout the area. 
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FIG 18. Topography of the . fum ground at Tuve . 



60 

FIG 19, 

\ 
I 
\ 
~ />. 

" 

,, 

\ ___... 3 

Topography at Tu of cross sectio ve before the sz ·ae ns . i. and Zocat . i.on 



I TUVE CHURCH ROAO) 

TUVE KYRKVAG 

SECT ION A-A 

~t :·:-- ¥Ak=wen= ·~ ------... _______ _ 
I NEW TUV E ROAD ) 

NYA TUVEVAGEN 

-ccs:s::c:s:s·J.:ki:.::.s...s. ™ S.S..'G.S s::.s:.:cu:<SSss.::.:ssiliS:S.\SSSS\SS~ 

---.,o 

-,0 
0 O20 X>t,() 9)6() 70tx,) 900) 

SECTION 8-8 
(TUVE CHURCH ROAD) 

::~ M TUVE KYRKVAG I NEW TUVE ROAD) 

~0277"~ NYA TUVEVAGEN 
·a:i - -.... _ ____ _ CTtz?ZZZr::rz:::: m:c::.:::<s:::s:.cs::::s::m 0 
• IO ' ,, =- --.c:c:s:s:.cum:s::::s:::<.&:S.S.c:;::ss:s:s.:;;;.s:sm:s..s:sli\SSSSS3...S.m 

0 - __ , __,__ ____ _ 

-,0 ------ ----- - - ----- -

0()20 JJ40506070l!Og)O) 

SECTION C-C 
(SMA LL BROOK) 

:~l~~~~~----------------~---~---~_=_?-_~~- ,:z::---IT'~'""-;,,"':"~"'""~"'-"'~=-= __ =_~_-__ -__ -_- _-__ --
o 1J2030J,OS06070aJ!D1)() 

FIG 20. Cross sections in the s lide area at 
Tuve before and after the slide . 
The location of the cross sections 
is shown in Fig 19 . 

a-, ..... 



62 

The natural water content in the clay decreases with 

depth and normally varies between 70 and 40%. In the 

organic surfacial layers down in the Kville valley it 

reaches 120%. The liquid limit shows the same vari­

ation but is in general somewhat lower than the 

natural water content. At some points where the sen­

sitivity has been high the liquid limit has been con­

siderably lower than the natural water content. In 

the bottom layers of the clay the liquid limit drops 

to 30% or lower. 

The plasticity limit of the clay varies between 40 

and 20%. 

The bulk density increases with depth from about 1.6 

t/m 3 close to the ground surface to about 1.9 t/m 3 

in the deepest layers. 

The resistivity of the clay has been measured by in­

serted electrodes. There is some variation but nothing 

indicating layers with a pronounced lower salt content 

than the surrounding clay. Thus no indication of a 

slip surface has been found. The lowest resistivities 

indicating a high salt content have been measured on 

samples taken down in the Kville valley. Further up 

the slope the resistivity increases indicating a lower 

salt content. The measurements are consistent with 

the picture drawn by the geologists, chapter 3, and 

with t he theory of leaching of the clay. 

Furthermore the measurements of resistivity clearly 

indicate which borings have reached the coraser 

bottom layers. 

The values of undrained shear strength obtained in 

the upper part of the slide area vary very much. Very 

low values alternate with quite normal values through­

out the profile indicating that the clay is heavily 



broken up and kneaded by slide movements all the way 

down to firm bottom. (Borings 4, 5 and 22.) 

In the lower parts of the slide area the situation is 

different. With the exception of the dry crust the 

values of undrained shear strength in this part in­

crease almost linearly down to depths of 25 to 30 

metres. Below this depth the shear strength radically 

decreases and stays on this low level down to firm 

bottom. The results indicate that the clay in the 

lower part of the slide area has been displaced in 

large blocks and that a zone of up to 10 m above firm 

ground has been subjected to heavy disturbance during 

the slide. 

The sensitivity of the clay generally varies between 

20 and 40 which is somewhat higher than normal for 

Swedish clays but nothing alarming. 

There are some layers in borings 1, 5, 6 and 25 where 

the sensitivity varies between 50 and 220 but it 

should be observed that this soil had been displaced 

about one hundred metres and there is no indication 

of any greater disturbance in these layers. The 

highest sensitivities are found in borings 1 and 6. 

According to the measured displacements of the houses 

(Fig 12) the soil in borehole 1 originates from Snar­

bergsstigen and the soil in borehole 6 comes from 

Hedelundsvagen. 

In the previous investigations from these areas sen­

sitivites up to 50 and occasionally 80 have been 

found. 

Some analyses to determine the grain size distribution 

and clay content have been made. They confirm the 

results obtained by the geologists, chapter 3. 
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8.4 Preconsolidation pressures 

A number of oedometer tests with constant rate of 

strain have been run. This type of test has shown to 

give a reliable value of the preconsolidation press­

ure in soft clays (Sallfors, 1975). Tests have been 

made on samples from boreholes 3, 5, 6A, 22, 25 and 

26. 

The oedometer curves show that the clay in the upper 

part is so disturbed that the preconsolidation effect 

has disappeared and the earlier preconsolidation 

pressure cannot be evaluated. At a few levels in 

boreholes 6A and 22 reasonable preconsolidation 

pressures have been obtained, which shows that there 

are smaller blocks of moderately disturbed clay also 

in these parts of the slide area. 

The conditions in the lower part of the slide area 

are different. Oedometer curves and preconsolidation 

pressures agree well with what could be expected from 

a fairly undisturbed normally consolidated clay. Tests 

on clay from this area have been run on sampl es from 

boreholes 3 , 25 and 26. The tests on samples in bore­

hole 26 taken below 26 metres gave oedometer curves 

typical for heavily disturbed clay and no preconsoli­

dation pressures could be evaluated. 

Preconsolidation pressures evaluated from tests on 

fair l y undisturbed samples are shown in Fig 21. The 

results indicate that the clay below 7 metres was 

normally consolidated for a groundwater level 1 m 

below the ground surface. In wet seasons there was 

artesian water pressures in the bottom l ayers , which 

could reduce the effective stresses by 20% at the 

most. Observations of groundwater fluctuations , how­

ever, indicate that there was a large variation of 

groundwater leve l in these l ayers and the temporary 

high water pressures should not have affected the 

preconsolidation pressures significantly. 
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FIG 21 . PreaonsoZidation pressures in the aZay at Tuve. 

8.5 Shear strength 

The values of undrained shear strength measured with­

in the slide a r ea are more or less affected by the 

s lide. Most determinations were made about 2 months 

after the slide. At that time the pore pressures in 

the soil were still very high and the effective 

stresses in the slide masses were low, at many points 

almost zero. 
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Investigations by Ladd and Foot (1974) have shown 

how the undrained shear strength decreases in clay 

when the pore pressure rises, Fig 22. This happens 

even if the c l ay remains undisturbed. Disturbance 

such as kneading and partial remoulding further de­

creases the undrained shear strength. 

1,0 

0,5 

0,0+------~-----------------~---

o,o 0,1 0,2 0,3 0,4 0,5 

6. u/o~ 

0,6 0,7 0,8 0,9 

a' C 

1,0 

FIG 22. Decrease in undrained shear strength of clay after 
a rise in pore pressure. Replotted from Ladd and 
Foot , 1974 . 

There are, however , empirical relations for how the 

undrained shear strength measured by the fie l d vane 

test or the fall cone test varies with the precon­

solidation pressure and the liquid limit in Scandi­

navian clays. The relation proposed by Hansbo (19 57 ), 

'VANE = Ot•0,45•wL, has been found to give good esti­

mates of the undra ined shear strength in normally 

consolidated or sli ghtly overconsolidated marine 

clays in western Sweden. 
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Hansbo's relation has been checked against the un­

drained shear strength measured by field vane tests 

and fall cone tests in boreholse 18 and 20 which were 

located outside the slide area, Fig 23. The comparison 

shows that the empirical relation seems to be largely 

valid for the clays in Tuve and nothing unusual about 

the undrained shear strengths from that aspect was 

found. 

UNDRAINEO SHEAR STRENGTH UNDRAINEO SHEAR STRENG T H 

0 10 20 30 40 50 60 •tu kPo 0 10 20 
0 

30 40 •tu kPo 

"" 
Borehole 18 Borehole 20 

"" 
- _., 

"" ,x 
Q X 5 'x 

I .. " "' .,, ,. ' ,. 
SQ " 

,.,. 
.,.,. ,"'" ... ,. 10 '• I • Q X 

I • 1>< 
Q • X >- • '" a. 

I w <> •x Cl 
., 

" Qlt X 
\ 

• Q . )( 15 
• lit .,., J -• ll{ 

• " l( 

" .,. " F ield vane test 

Q .,. 
" Foll cone test 

Q • X 

• l(Q • 0~ · 0,45 WL 

l( • Q 

FIG 23. Undr>ained shear strength measured by field vane and 
fall cone in undisturbed clay from the Tuve area 
compared to Hansbo 's (195?) empirical relation. 
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The field vane tests were performed at two different 

times, 2 to 6 months and 15 months after the slide. 

Many of the first borings were not carried out all 

the way to firm bottom and when it was later realized 

how deep the slide really went supplementary borings 

were made. In one of the first borings, number 3, the 

vane tests were continued all the way down but the 

sampling stopped at a higher level. In the supplemen­

tary boring number 26, close by boring number 3, new 

vane tests and sampling were carried out down to firm 

bottom. There are thus vane borings in two adjacent 

boreholes made 6 months and 15 months after the slide, 

Fig 24. 

The undrained shear strength 6 months after the slide 

in most of the profile was about two thirds of what 

could have been expected from the empirical relation. 

In the lower layers it was less than half. In the new 

tests thirteen months later the undrained shear 

strength was unchanged in the upper part of the pro­

file but had increased considerably in the lower 

layers. In this part the undrained shear strength 

approaches the values calculated with empirical re ­

lations and the new measured groundwater l eve l in the 

sand layers a t the bottom of the clay. 6 months after 

the slide some reconsolidation may be expected already 

to have occurred in these l ayers and the results of 

the vane tests 15 months after the slide certainly 

indicate reconsolidation. Concerning the other pro­

perties of the clay a reconsolidation would mainly 

have affected the water content, which may be expected 

to have been higher in these layers before the slide 

than was measured later. 

Undrained triaxial and direct simple shear tests were 

carried out at the Norwegi an Geotechnical Institute 

and at SGI. 
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Also for these types of tests there are empirical 

relations between the undrained shear strength 

measured in the different types of tests, the precon­

solidation pressure and the plasticity of the soil 

(Larsson, 1977 and 1980). The results from tests on 

clay from Tuve conform to these empirical relations, 

Fig 25. 

The undrained shear strength in Tuve thus seems to 

conform to what could be expected considering the 

preconsolidation effects and the plasticity of the 

soil. The main thing unusual about Tuve, although 

not exceptional, is the very rapid decrease in plas­

ticity with depth and the loose layers close to the 

bottom. This condition makes the undrained shear 

strength profile deviate from the normal pattern 

where the undrained shear strength increases with 

depth. Instead the undrained shear strength at Tuve 

decreases below a certain level in the profiles and 

becomes a minimum in the low plastic silty layers 

close to firm bottom . 

The rapid decrease in plasticity with depth in the 

lower parts of the profiles is probably partly due 

to leaching of salts caused by contact with fresh 

water in the permeable bottom layers and artesian 

water pressures in these. Leaching may, apart from 

decreasing the plasticity , also cause an increase in 

sensitivity and a decrease in undrained shear strength. 

The undrained shear strengths in the deeper layers 

are in this case of particular interest as the slide 

surface or zone seems to have been located here. 

There are, however, particular problems in sampling 

and handling very soft silty clays/clayey silts and 

so far the number of cases where really undisturbed 

samples of this kind have been tested in the labora­

tory is limited. 
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A special effort to investigate this type of material 

was made by the Norwegian Geotechnical Institute after 

the slide at Furre 1959 (Bjerrum et al, 1960). From 

these investigations it emerged that the shear strength 

in low plastic soils could be as low as 0.12 times 

the preconsolidation pressure (Bjerrum, 1961). This 

low value is further supported by the investigation 

of the slide at Bekkelaget (Eide, 1955). 

Borgesson (1981) in his investigation of properties 

of inorganic silts illustrated how the undrained shear 

strength in simple direct shear tests decreases with 

decreasing clay content. The undrained shear strength 

in rather loose clayey silts was found to be of the 

order of 0.13 Oc. 

The empirical relation for undrained shear strength 

measured by the vane test also gives minimum values 

around 0.12 Oc and strength values of this order were 

measured in the bottom layers at Tuve. 

Some drained t riaxial t e s t s and dire ct she ar tests 

we r e run to inve s t igate the she ar s t r e ngth at low 

effective str esse s under draine d conditions. Empiri­

cally the friction angle for Sca ndinavian cla ys a nd 

silts without dilating effects is about 30 ° (Borgesson, 

1981, Kenney, 1967, Larsson 1977 and 1981). The tests 

on high plastic clays and on silty clays from Tuv e 

also gave friction angles close to 30°. 

Some special tests to illustrate the effect of rising 

pore pressure s in a soil subjected to shear stresses 

have bee n run. In a triaxial test a sample was recon­

solidated to i n situ stre sses with a vertical stress 

of 150 kPa, a horizontal stress of 100 kPa and a pore 

pressure of 50 kPa. The pore pressure was then raised 

in small steps and the sample was allowed to absorb 

water. The result is shown in Fig 26. Very small de-



formations occurred until an effective angle of 30 

was mobilized. Then the deformations increased and at 

a slightly higher effective stress relation the sample 

failed. Identical results have been obtained in direct 

simple shear tests in connection with other investi­

gations. 
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FIG 26. Result from a triaxial test where the sample has 
first been reconsolidated to in ~-<-tu stresses and 
then subjected to a rise in pore pressure. 

8.6 Sensitivity and rapidity 

The sensitivity of a clay is generally assumed to play 

an important role in the evaluation of risks in con­

nection with landslides. The risk of progression and 

retrogression of slides and the inf l uence of vi­

bration on the strength properties is often connected 

with sensitivity. 

To become highly sensitive a soil has to have a natural 

water content higher than the l iquid limit and thereby 
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a liquidity index higher than one. This was the case 

for almost al l soil strata in Tuve and the sensitivity 

generally varied between 20 and 40, which might seem 

high in an international perspective but is not at 

all unusual for Scandinavian c l ays. As mentioned 

earlier there were some layers in the middle of the 

clay profile in the area at Snarbergsstigen and Hede­

lundsvagen where the sensitivity varied between 50 

and 220 but the clay in these layers remained largely 

intact during the slide. 

In the two boreholes taken outside the slide area the 

sensitivity increased with depth and was found to vary 

between 50 and 70 in the low plastic bottom layers. 

This higher sensitivity in the bottom layers has not 

been found within the slide area but it should be 

considered that these layers l ost most of their un­

drained shear strength during the slide and probably 

has become a reduced water content due to reconsoli­

dation. 

Clays with a high salt content and clays with high 

plasticity are normally not very sensitive. Leaching 

can decrease the plasticity of clays and thereby in­

crease their liquidity index and sensitivity. There 

are also indications that some chemicals such as 

cleaning agents (tensides) in waste water might cause 

changes in the clay. In Tuve the highest sensitivities 

are generally found in the upper parts of the slope 

and in the bottom layers while the lowest are found 

in the high p l astic clays in the lower parts of the 

s l ope, which is also consistent with the measured 

salt contents. 

In l ater years investigators have tried to find a 

concept other than sensitivity to describe the break­

down of undrained shear strength during disturbance 

of the clay . 



In 1955 Kjellman pointed out that it normally does 

not matter very much if a clay is quick and loses 98% 

of its original strength or if it is a medium to low 

sensitive clay and loses 90% of its strength at com­

plete remoulding. The main questions usually are how 

much disturbance is required to break down the strength 

by a certain degree or how much the strength is re­

duced by a certain disturbance. 

In 1974 Soderblom proposed a new concept termed rap­

idity to classify the breakdown of clays after a 

certain amount of pounding. The method is very little 

used as it is somewhat subjective and is not applicable 

for stiffer clays. Another method specially designed 

to determine the effect of piledriving on soil ad­

jacent to the pile was suggested by Massarsch 1976. 

In 1982 Tavenas et al presented results from an in­

vestigation on Canadian clays aiming at determining 

what properties of a soil did increase the risk of 

retrogression of landslides. They proposed a method 

where the rate of decrease in undrained shear strength 

during cyclic direct shear tests was used to deter­

mine a remoulding index. The investigators concluded 

that low plasticity was a better indicator of rap­

idity than sensitivity or liquidity index. 

A similar study has been made on Swedish soils at 

SGI. In this study samples were consolidated for the 

in situ effective vertical stress and then sheared 

back and forth under undrained conditions in a direct 

simple shear apparatus. The shear strain was an angular 

rotation starting at 0 and then going from +0.15 

radians to -0.15 radians. A full stroke was completed 

in 10 seconds and the stress and strain relations 

were recorded continously. The highest shear stress 

in each cycle was then plotted against the number of 

strokes. The peak shear strength in clays is highly 

rate-dependent and to obtain a reference strength 
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parallel direct simple shear tests were run at the 

standard testing rate. The peak strengths in the 

cyclic tests were 1.35 to 1.85 times the undrained 

shear strength in standard tests with an average of 

1.55 times. 

The tests were evaluated in terms of how many cycles 

were required to reduce the undrained shear strength 

to half the undrained shear strength measured in 

standard tests. The results were plotted against 

liquid limit, sensitivity and liquidity index. Re­

lations could be obtained for all of them and rapi­

idity seems to be dependent on not one but all of 

them. In soft clays a decreasing plasticity is often 

accompanied by an increase in liquidity index and 

sensitivity and this was also generally true for the 

tested clays, Swedish as well as Canadian. The results 

from the Swedish and Canadian tests are plotted in 

Fig 27. The number of cycles for 50% strength re­

duction or remoulding index IR = (Tfu-T)/(Tfu­

TREMOULDEo), where IR is evaluated after an energy 

input of 40 time s the energy required to achieve 

initial failure, are plotted against liquid limit. 

There is a clear trend that clays become more sensi­

tive to a limited disturbance the less plastic they 

are. There are some examples of medium plastic c l ays 

which are relatively easily broken down a nd they also 

have a very high sensitivity. Sin ce , on the other 

hand, the sample with the highest sensitivity >600 

followed the general trend there must be other factors 

than sensitivity playing a role. All the samples which 

were relatively easily broken down (IR > 70 or n < 15) 

had a high sensitivity. 

It thus seems that the material s most sensitive to a 

limited disturbance are also highly sensitive i n the 

ordinary terminology although there is no direct 

correlation. Low plastic clays and silts are more 

likely to be sensitive to a limited disturbance than 

soils with a higher plasticity. 
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It should be observed though that even the most sensi­

tive soils require a considerable amount of disturbance 

to lose half their undrained shear strength. Normal 

testing rates in Scandinavia are chosen to eliminate 

peak effects due to the rate. For Canadian clays where 

this is hardly possible, the undrained shear strength 

to be used in calculation is evaluated from slow tests 

as post peak strength or strengt at large strains 

where the shear strength is only slowly decreasing 
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with strain (Lefebvre, 1982, Trak et al, 1980). The 

deformation required in the most sensitive samples to 

reduce the undrained shear strength to half the value 

from standard testing was about one hundred times the 

deformation required to reach failure in a standard 

test. 

8.7 Chemical and bacteriological investigations 

Quantitative analyses have been made on ten samples 

from the bottom layers in boreholes 25 (depth 31-35 m) 

and 26 (depth 39-43 m) to find the amount of methylene­

blue active substance. The contents were found to vary 

between 0.02 ppm to 0.18 ppm which means that the 

amount of surface active substances (e.g. tensides) 

in the samples was very small and thereby also an 

eventual content of active waste water. A bacterio­

logical analysis of the groundwater in the slide area 

shows a total content of bacteria of less than 5 per 

ml and a content of coliform bacteria of less than 

2 per 100 ml. Also this investigation indicates that 

there is no or very little waste water in the area. 

The Geological Survey of Sweden has made comprehensive 

chemical analyses on soil from boreholes 18 and 20. 

The results are reported in chapter 3 and SGI report 

No 11b. 

8.8 Pore pressures after the slide 

Measurements of the pore pressure were commenced about 

a month after the slide. The pore pressures were then 

found to be very high and in the upper parts of the 

slide area they were almost equal to the new overburden 

pressure. The effective stresses in these parts were 

thus almost zero. This condition prevailed in the 

larger part of the profiles. Also in the lower parts 

of the area considerable overpressures in relation to 



the hydrostatic pore water pressure were measured but 

the pore pressures in these parts did not go as high 

as the total overburden pressure. 

The pore pressures in the permeable bottom layers 

corresponded in January 1978 largely to a groundwater 

level in the new ground surface for large parts of the 

slide area. Below the Almhojdarea pore water pressures 

corresponding to a groundwater level 2 metres above 

the new ground surface were measured in the bottom 

layers. Also in some of the lower parts of the slide 

area artesian water pressures were measured in the 

bottom layers. Here they corresponded to a ground­

water level about 3 metres above the new ground sur­

face. 

The continued pore pressure measurements show that 

the high pore pressures in the slide area generally 

dissipate very slowly. In areas where vertical drains 

have been installed, however, the pore pressures have 

been considerably reduced. Measurements in the bottom 

layers show that the pore pressure levels measured 

a month after the slide were largely unchanged. The 

artesian water pressures in the lower part of the 

slide area were also the same. In general, there has 

only been a local reduction of the pore pressures in 

those areas where steps have been taken to lower it 

(e.g. by install ation of drains or lime columns). 

Water pressures measured in the bottom layers in 

December 1979 are shown in Fi g 28. 
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FIG 28. Grounib.,;ater levels in the bottom layers in December 
19?9. (Blomqvist and Gustavsson , 1981) 

8.9 Soundings with pore pressure probe 

Soundings with pore pressure probe are normally 

carried out to investigate the soil stratification 

and to find layers with higher permeability than the 

surrounding soil. Combined with measurements of tip 

resistance they can give a very good picture of the 

soil stratification . 



Experience of soundings with pore pressure probes in 

slide masses of partly disturbed and remoulded soil 

is limited and it is therefore difficult to interpret 

the results. Within the masses large blocks of seeming­

ly unaffected clay have been found. The pore pressure 

generated during the penetration of the probe has 

dropped here and there in the profiles but no con­

tinuous layers with abnormal properties or discon­

tinuities indicating a slip surface passing through 

a larger area have been found. 

The results indicate that the whole soil mass has been 

involved in the slide and disturbances are found all 

the way down to firm bottom. 

8.10 Soundings with the salt probe 

A special probe, the salt probe, which measures the 

resistivity of the soil has been used in previous 

investigations to find variations in salt content and 

slip surfaces. A slip surface can show up as a dis­

continuity in the resistivity of the soil (Soderblom, 

1969). The salt probe was used at Tuve and generally 

confirmed the distribution of salt contents found in 

the laboratory investigations. No clear discontinuity 

or layers with differing electrical properties were 

found. 

8.11 The slide surface 

It was at first assumed that the slide surface or 

sliding zone was located somewhere in the clay layers 

and a number of the investigations were aimed at 

finding out exactly where. 

The first samplings and also some of the other in­

vestigations were stopped at a depth of 25 m in the 

passive zone. As the investigation progressed it 
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became evident that the whole soil mass all the way 

down to the coarser bottom layers had been involved 

in the slide. In the upper part of the slide aera 

there were numerous slip surfaces within the clay 

mass and all soil except a layer of a metre or two 

on top of the bedrock had been involved. In the 

middle part of the area the upper part of the soil 

was broken up in large glocks and below them the soil 

seems to have been remoulded in a large zone that 

reaches down to firm bottom. In the lowest part of 

the slide area there were very large blocks of rela­

tively undisturbed soil, up to 25 m deep, on top of 

a partly remoulded zone of soil which was up to 10 m 

thick. In the passive zone a series of what seemed to 

be forward sloping slices could be observed from the 

surface. 

The sliding zone seems to have followed the contour 

of the bedrock. It is impossible to say how thick the 

actual sliding zone was and how much of the final 

disturbance was an effect of kneading when large soil 

masses were transported long distances over uneven 

bedrock. The heavily disturbed zone comprises the 

layers of low p l astic silty clays and the zone with 

silt and sand l ayers in the clay. 

9. GEOTECHNICAL CONDITIONS AT TUVE BEFORE THE 

SLIDE 

For evaluation of the geotechnical conditions at Tuve 

before the s lide t he information gathered from earlier 

investigations and geotechnical, geological and geo­

hydrological investigations after the slide has been 

considered together with empirical relations and 

general experience from geotechnica l conditions in 

western Sweden. 



The following picture of t he p r obable conditi ons 

before the slide has emerged: 

Th e s i de valley of the Kv i lle valley and the part of 

the Kville valley in which the sli de took place were 

filled wi t h a fairly homogeneous marine clay. The 

upper metres had some organi c content and some 

infusion of sand and silt . The clay content decr eased 

with dept h and so did the plasticity. Be l ow the homo­

geneous clay there was a thick l ayer of soft silty 

clay and clay with l oose s i lt and sand layers. The 

thickness of this layer varied between 3 and 10 metres 

and is estimated to have been 4 to 5 m in most of the 

area. The total thickness of the soft layers increased 

from 1 4 m in the upper part of the side valley to 

about 40 mat the middle of the Kville vall ey. On top 

of the bedrock there was a permeable layer of sand. 

Along the sides of the valley the bedrock was exposed. 

The covering clay reached some way up the sides and 

enabl ed a limited artesian water pressure to develop 

in the permeable sand l ayer. 

In the middl e of the side valley there was a small 

brook which had eroded a small gully with locally 

steep banks. 

The clay was normally consolidated for a groundwater 

l evel about a metre below the ground surface except 

fo r t he dry c r ust and a limited area around the small 

brook wher e it was slightly overconsolidated . 

The water content in the upper organic clay could be 

as high as 120 % but mostly decreased from about 70 % 

in the upper clay layers to about 40 % in the bottom 

layers of silty clay. The liquid limit was in general 

about 10 % lower than the natural water content. The 

p l astic limit varied between 40 and 20 %. Large liquid­

ity indices existed in layers with high sensitivity. 
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The bulk density increased from 1.6 t/m 3 in the upper 

layers to 1 .9 t/m 3 at the bottom. 

The undrained shear strength of the clay largely 

follows empirical relations for how undrained shear 

strength varies with preconsolidation pressure and 

plasticity. With the stratification and preconsoli­

dation found in Tuve this resulted in a shear strength 

as measured by the field vane of about 15 kPa down to 

about 5 m depth. From this depth the undrained shear 

strength slowly increased with depth but from a dis­

tance from the firm bottom of about one third of the 

thickness of the clay layer it decreased again. The 

undrained shear strength had a minimum in the silty 

clay and the clay with layers of loose silt and sand 

at the bottom of the clay profile. 

The sensitivity of the homogeneous clay generally 

ranged between 20 and 40. The least sensitive clay 

was down in the Kville valley and the most sensitive 

was in the upper part of the side valley. There were 

layers of qui c k clay in the homogeneous c l ay in areas 

close to Tuve Church Road. 

The silty bottom layers in the whole aera had a high 

sensitivity between 50 and 70. These l ayers also had 

the best prerequisites for high rapidity which means 

that they probably required relatively limited de­

formations for their strengths to be considerably 

reduced. 

The overall inclination of the ground surface was 

about 1:30. There were local areas below Snarbergs­

stigen where the inclination was 1:5 and locally in 

the gully banks the inclination rose to 1:3. 

The bedrock below the clay and the overlying permeable 

layer had steep inclinations at Snarberget and below 



Tuve Church Road. The groundwater basin formed by the 

permeable layer was concave and had a limited capacity. 

It could be filled after periods of heavy rain as in 

the period before the s l ide and then brimmed over at 

the sides where the bedrock and permeable layers came 

to surface. Further rainwater then had to be d i scharged 

at the ground surface. As the clay cover reached some 

way up the valley sides an artesian water pressure 

corresponding in general to a groundwater level from 

2 m above the ground level to 4 m above at the lowest 

points could occur. The period before the slide 

occurred was the worst period from the precipitation 

point of v iew since the final development of the area 

seven years before. 

Development of the area was carried out during 1957-

1970 and comprised the building of about 300 one 

family houses of different kinds in the upper parts 

of the side valley . Roads were constructed and pipes 

laid. A sewer was constructed along the brook. The 

upper part of the brook was laid in a conduit and the 

gully was filled in along the highest parts of the 

valley. On top of this a fil l was placed in the same 

area to ensure local stability for the houses in the 

Almhojdarea. Behind the valley itself large develop­

ment programs were carried out but it is uncertain 

whether these affected the situation in the side 

valley in any way other than the waste waters and 

storm waters from these areas were discharged in the 

sewer and brook respectively. 
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10. CONDITIONS IN AREAS WHERE LANDSLIDES IN 

SOFT CLAY FREQUENTLY OCCUR 

10.1 General 

Numerous landslides have taken place in Norway and in 

one region over 500 scars from slides have been ident­

ified (Loken et al, 1970). Large landslides seem to 

occur at intervals of about 3 years (Helland, 1896, 

Jorstad, 1968). In Sweden the reoccurrence of land­

slides in soft clay with an area of more than one 

hectare is one every two or three years and the rate 

has been increasing during the last century (Viberg, 

1982). Landslides in the Champlain clay in Canada 

are common. More than 700 slides are known in the 

St Lawrence river valley alone (Eden & Mitchell, 

1973). 

The geological conditions during and just after the 

last glaciation about 6,000-14,000 years ago have 

created very large and often very deep deposits of 

soft clays in the Scandinavian countries and in 

Canada. Scandinavia and large parts of Canada and 

northern USA were pressed down below sea level under 

the weight of the glaciers. After the deglaciation 

the clays deposited in the sea gradually emersed due 

to t he isostatic uplift. 

In the southwestern part of Sweden the bottom layers 

below the clay are often permeable layers of silt and 

sand and such layers sometimes exist inserted in the 

clay profile. Due to the topography the water pressures 

in these permeable layers are often artesian. 

In Scandinavia three factors have essentially been 

the main cause of the creation of soil conditions 

where landslides occur, namely, the isostatic uplift, 

erosion and the reduction of shear strength and in­

crease of sensitivity due to leaching of salts from 



the clay. The effective weight of the soil has been 

increased by the lowered groundwater level. Due to 

the settlements the ground surface has formed an in­

creased slope in areas with variations in the thick­

ness of the clay layer. 

In valleys there is usually a brook or a river at the 

toe of the slope slowly eroding itself down into the 

slope. 

The soft clays in Scandinavia are generally normally 

consolidated or slightly overconsolidated while the 

Leda or Champlain clays in Canada are generally over­

consolidated. These Canadian clays therefore normally 

have a considerably higher strength than the Scandi­

navian soft clays. 

Most of the landslides in the Champlain or Leda clays 

start as rather superficial slides in steep river banks 

due to a combination of erosion and high pore pressures 

following melting snow or heavy rainfalls. These initial 

slides may spread over large areas due to retrogression. 

This type of slide is also common in Scandinavia but 

due to the more complex stratification, the generally 

lower strength and a different variation of strength 

with depth there are many other types of slides, such 

as flake-type slides, slides progressing forward and 

often slides caused by minor man-made changes in the 

stress situation. 

10.2 Topography 

The first prerequisite for a landslide to occur is 

generally that the ground surface is inclined. There 

are cases in Sweden where large volumes of soil have 

been displaced sideways even when the ground was 

rather flat but these displacements have been limited 
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to 0.2-0.3 m and are not quite landslides. One excep­

tion is the landslide at Froland 1973 (Bjurstrom and 

Broms, 1982). This slide is assumed to have started 

due to liquefaction of loose silt. 

Attempts are being made to classify the stability 

conditions of slopes where the inclination of the 

ground surface is a major factor. However, the fail­

ing slopes in Canada are usually rather steep river 

banks, the stability of natural slopes in Norway is 

considered if the inclination is more than 1:15 while 

the limit in Sweden is proposed to be as low as 1:50. 

Inclination of the ground surface must therefore be 

seen in relation to the overconsolidation ratio, 

existence of permeable layers with high pore press­

ures and other factors to give an indication of the 

risk of initial slides. During recent years the topo­

graphy of the bedrock and of permeable layers has 

been taken into account. The inclination of the bed­

rock in western Sweden is often very steep and the 

surface of the bedrock and the closest overlying layer 

is often pervious . If the water pressure in this layer 

is high enough the soil mass overlying the steep sec­

tion is not stable in itself but leans on the soil 

masses beyond the toe of this slope in the bedrock 

for support. Models for calculation of stability and 

leaning forces from such soil masses have been pre­

sented by Broms 1 978 and Sallfors 1979. Similar 

studies have been made on how high the pore pressures 

in inclined permeable layers within the clay may be 

before they start to affect the stability of the 

ground (Massarsch, 1979). 

The topography of the surrounding areas is also im­

portant as it determines the catchment area for the 

rainwater that will de discharged through the slope 

area and the prerequisites for artesian water press­

ures to develop in permeable l ayers (Viberg, 1982) . 



10.3 Factors initiating landslides 

The main natural factors initiating landslides are 

rainfall, snow-melting and erosion. Rainfalls and 

snow-melting result in high pore pressures in per­

meable layers, increase of the bulk density of the 

dry crust, waterfilling of cracks and with time a 

decrease of the shear strength in low permeable 

layers. In overconsolidated clay many cycles of high 

pore pressures may be required to reduce the strength. 

During this process the clay gradually absorbs water 

and creep movements, cracks and fissures occur. 

In normally consolidated clays the rise in pore press­

ure in surrounding layers has to be of a certain 

duration to penetrate into the low permeable clay 

layers. The effects do not accumulate for many years 

as they will be counteracted in dryer periods. The 

effects of high water pressures in normally consoli­

dated clays are thus confined to zones relatively 

close to draining layers or cracks but these zones 

increase in size with duration of the high water 

pressures. Considering the anisotropy in Scandinavian 

clays the increase in pore pressure in a normally con­

solidated clay has to be considerable to have an 

effect on the shear s trength anywhere other than in 

the active zone (Larsson, 1982). 

Statistics have shown that the frequency of landslides 

is highest in the snow-melting period in spring in 

the Champlain c l ay area in Quebec and northern Scandi­

navia and in the rainy autumn months in southern 

Scandinavia, Fig 29 . 

When trying to analyze the influence of rainfall a 

number of factor s have t o be taken into account, such 

as the amount of rainfall during the previous day, 

week and half year, the evaporation and discharge 

during that period and possibly very dry periods when 
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the ground surface might have cracked up before the 

wet season started. 
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FIG 29. Slide frequency versus month of the year in Quebec, 
Norway and SWeden (from Tavenas and Leroueil, 1981). 

In analyzing the effect of snow-melting not only the 

amount of snow but also factor s such as the time for 

melting, whether the ground below the snow is frozen 

or not and the groundwater level before the s now­

melting have to be taken into account (Rosen, 1982). 

Erosion increases the inclinati on of a slope and 

thereby the shear stresses . It may also erode stiff 

layers of soil exposing weaker l ayers which may start 

a type of retrogressive slide or onl y reduce the 

average s t rength of the soil. In areas with high 

artesian pressure in lower per meabl e layers the 

e r osion might with time cause hydraulic bottom heave 

at the t oe of the slope and thereby cause the whole 

slope to fail. 

The most common human acti vities causing l andsl i des 

are excavati on at the toe of a slope or loading at 

the top of a s l ope and piledriving. 



Excavation a t the toe has t h e same effect as e r osion 

b u t t he process is much fas t er. The l andsl i de at Ri ssa 

in Norway 1978 is the worst landsli de known to be 

caused by human activities at t h e toe of a slope 

(Gr egersen, 1981). An excavation was made in quick 

clay. The excavated masses caused an initi al failure 

at the toe of the slope which developed into a retr o­

gress i ve slide comprising 5 - 6 million m3 • 

Loadings on the top of slopes are common in urban 

areas where houses are built on high levels. The 

houses themselves may have foundations that do not 

a f fect the slope stabi l ity but very often patios and 

terraces are placed in front of the houses. A good 

example is reported by Karlsrud 1982. Al so in rural 

areas this type of loading occurs in connecti on with 

movements of soil during landscaping. Constructi on of 

road and railway embankments also belongs to thi s 

category. 

Piledriving and installation of sand drains have 

caused a number of slides and soil movementes even in 

areas which were considered very stable. Piledriving 

causes some increase in horizontal stresses and a 

decrease in the shear strength but mainl y very high 

pore pressures in soft soils. Pore pressures higher 

than the total overburden pressure have been measured 

close to driven piles . In c l ay these high pore press ­

ures are confined to a small area ad j acent to the 

p ile but when permeabl e l ayers are present high press­

ures can spread over l arge areas. 

Piledrivi ng in clay has caused failure in some slopes 

where the safety factor before piling was l ow but 

sufficient. For example Aas 1975 has reported a case 

where piledriving decreased the factor of safety from 

1 . 3 to 1 . 0. 
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Piledriving through silt layers has caused soil move­

ments even when the ground surface was almost flat 

but the silt layers were inclined. 

Vibrations of different kinds, for example from 

traffic, are often mentioned as factors contributing 

to landslides . Large vibrations from blastings have 

started landslides. An example of this is the land­

slide at Froland in 1973 where a large area of silty 

clay with silt and sand layers was set in motion by 

blasting in an adjacent quarry. Earthquakes can start 

landslides and are supposed to have done so in the 

18th century in the Gota river area but Scandinavia 

has in general been spared from earthquakes of any 

significant magnitude, which is probably a major 

reason why there are so many natural slopes with low 

safety against failure. 

11. MECHANISMS OF LANDSLIDES IN SOFT CLAY 

11.1 Initial slides 

Many landslides develop in stages where there is first 

an initial slide which afterwards spreads backwards, 

retrogressing,or forwards, progressing,or both. The most 

interesting from the engineering point of view is the 

initial slide because if this i s prevented neither of 

the o ther types of slide will occur. 

The most common type of initial slide is the failure 

of river banks and other steep slopes due to erosion 

and high pore pressures . These slides are often r ela­

tively superficial and can be calculated with the use 

of effective stress parameters and maximum pore water 

pressures . Even if the pore pressures vary with season 

and climatic circumstances the most dangerous pore 

pressure situation during snow-melting and rainy 

seasons can be estimated. More comprehensive slides 



can occur if the clay under the dry crust is normally 

consolidated or only slightly overconsolidated and 

especially if a load is added at the top of the slope. 

In these cases the load and the increase in shear 

stress due to water filling of cracks and softening 

of the surface layers will further increase the pore 

pressures in the softer clay. A predicticn of the 

magnitude and distribution of these pore pressures is 

very difficult to make. A relatively simple way of 

avoiding this problem in calculating the stability of 

the slope is to compare the undrained and the drained 

shear strength for each element of the assumed sliding 

zone and to use the lowest value to calculate for the 

most dangerous case (Larsson, 1982). In this case the 

undrained shear strength should preferably be deter­

mined by tests simulating the actual loading case for 

the different elements. In most cases undrained shear 

strength from field vane tests corrected from experience 

for plasticity is used in the calculations. The cor­

rection factors, however, are heavily influenced by 

experience from full scale failures of embankments 

and footings and loading cases where the sliding zones 

include equal parts of active zones, passive zones 

and zones with direct shear (Bjerrum, 1973, Larsson, 

1980). Considering the anisotropy the corrected field 

vane often gives too low values for undrained shear 

strength in steep slopes where the sliding zone is 

dominated by the active and direct shear zones. This 

is particularly valid for low plastic clays, Fig 30. 

Excavations cause similar slides. Stability is often 

calculated on the basis of undrained shear strength 

but the possibility of softening of the soil due to 

access to free water and the consequences thereof 

must be taken into account. 
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Flake-type slides often occur in areas where a stiff 

surface clay overlies a weaker soil. If the conditions 

are such that a locally instable soil mass is leaning 

on the soil in a lower area and the passive resistance 

further away in this lower area is either exceeded by 

an increase in downslope forces or reduced by erosion 

or excavation a flake- type slide can occur, Fig 31 . 

The increase in downslope forces may be due to load­

ing, softening of the active zone in the stiffer clay 

due to waterfilled cracks and increased pore press­

ures or high water pressures in an inclined permeable 

layer. The weaker layer may be normally consolidated 

clay under a thick dry crust, a clay that has been 

weakened by leaching or other chemical changes, a thick 

layer of si l ty clay or clay with loose sand and silt 

l ayers or a permeable layer with high pore pressures. 



When calculating the stability of these slopes both 

the drained and undrained shear strength in all 

elements of a sliding zone and in the different soil 

layers must be taken into account. If the undrained 

shear strength from corrected field vane tests is 

used the stability may be overpredicted in cases 

where the active zone is small or fully softened and 

the passive zone is relatively large in comparison to 

the direct shear zone or the drained shear strength 

is dimensioning in the direct shear zone. 

Erosion .. v// w 
r /,,,,,-; ///.,,.. .,_,,_,,-;p- - {dry crust 

///~ 1,,::rt1 ,;7/N~ w Stiff soil overconsolidoted cloy 
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Weak soi l loose: silt 
permeable soil with 
high water pressures 

Bedrock 

Loading 
,,-- - ~ ... 

Softened soil 
(du e: to roin and high 
water press ures} 

Permeable soil w ith 
hi h water ressures 

FIG 31 . Typical conditions in which flake - type slides occur. 

The use of partly drained and partly undrained analy­

ses in clay is used in a very simple way by Swedish 

engineers in that a water-filled crack is usually 

assumed at the top of the sliding surface and the 

strength increase in the dry crust is usually neglected. 

In the analyses of slopes at the Norwegian Geotechnical 

Institute the active zone is considered softened and 

a water filled crack is assumed. 

Instead of varying the correction factor for un­

drained shear strength different ttrequired calculated 
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factors of safety" against failure are used in Sweden. 

It should then be remembered that these "safety fac­

tors" are the relations between resisting and driving 

forces in the actual cases calculated with standard 

procedure that experience has shown to be required to 

ensure stability. 

Recent research has shown that undrained shear strength 

is the end result at failure of the change in stresses 

and pore pressure and thereby effective stresses. 

Anisotropy of undrained shear strength is due to the 

different response in pore pressures at different types 

of loading . It would therefore seem scientifically 

more correct to use effective stress analyses in all 

cases. However, in normally consolidated clays every 

increase in shear stress brings an increase in pore 

pressure which becomes larger with shear stress level 

and in the case of direct simple shear becomes many 

times the increase in shear stress as failure approaches. 

This means that in this case the available resisting 

forces decrease at t he same time as the shear forces 

increase . Safety factors for slopes are given as the 

relation between avai l abl e resisting forces and driving 

forces. A safety factor calculated with existinq 

effective stresses in a slope may thus well be, for 

instance, 2.0 when an increase in shear stress of 20 % 

is enough for failure in the slope. Such safety fac -

tors are meaningless. 

In cases where the pore pressures ri se due to the 

stress change the available resisting forces and the 

safety factor should be calculated on the basis of 

undrained shear strength for the particul ar l oading 

case. Bearing in mind that the undrained shear strength 

is also the strength obtained with effective strength 

paramet ers at the effective stresses prevailing at 

failure the use of undrained shear strength is an 

effective stress analysis taking the rising pore 



pressures into account. In more overconsolidated 

clays where the stress changes result in decreasing 

pore pressures that will rise with time the drained 

effective stress parameters should be used in calcu­

lation of slope stability. In all types of soil where 

the strength is due to effective stresses the case 

with the highest pore pressures and lowest effective 

stresses should be considered. 

The pore pressure rises in the most common types of 

loading can be predicted from the standard types of 

testing (active and passive triaxial tests and direct 

simple shear tests) but in some complex loading situ­

ations special tests simulating the special case might 

have to be run (as demonstrated by Bernander et al, 

1979). 

11.2 Retrogressive slides 

Initial slides often leave high and steep back scarps. 

When the passive support from the soil in the initial 

slide is removed the stability of the soil behind the 

back scarp is decreased. Very often the slide retro­

gresses and the final slide area can be enormous com­

pared to the initial slide. How far a slide can retro­

gress seems to depend on the sensitivity and the 

rapidity of the soil. If a low sensitive clay fails 

the soil masses will not move very far and the passive 

resistance partly remains, Fig 32 . 

If the surface of the s l ope above the slide is only 

slightly inclined the average angle of the irregular 

slope formed after a few retrogressive slides will be 

small enough to prevent further s l ides (Kjellman, 

1954). 
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FIG 32. Mechanics of retrogressive slide according to the 
Geotechnical Commission of Swedish State Railways. 

If, on the other hand, the clay is highly sensitive 

and has a high rapidity each failing slice of the 

soil will disintegrate and flow away like a fluid. 

There are many examples of this kind of behaviour 

from slides in Quebec and from the Trondheim area in 

Norway, for instance, the slide at Saint- Jean-Vianney 

(Tavenas et al, 1971) and the landslide at Rissa 

(Gregersen, 1981 ). The retrogression has in many cases 

been more than 500 metres. Tavenas et a l (1982 ) have 

shown that the really large retrogression s occur in 

low plastic clays (wL < 40) with a high sens i tivity , 

which are a l so the types of c l ay most l ikely to have 

a high rapidity. 

If there is a layer with low shear strength in the 

clay behind an initial slide the retrogressive slide 

is likely to follow this layer. The slide then retro-



gresses as blocks start to slide along the weak layer 

and are then broken up (Odenstad , 1951), Fig 33. 

FIG 33. Mechanism of a retrogressive slide along a weak layer 
according to Odenstad 1951. The blocks slip and break 
down. A deep cleft is asswned to open behind each 
slipping block and to remain during the first moments 
of the slide. 

The clay in the weaker layer is often squeezed out by 

the overburden pressure (Bjerrum , 195 5 and discussion 

by Meyerhof, 1957). Mitchell and Markell 1974 showed 

that these s lides continue as long as H•p•g ~ 6•tfu 

where His the height of the unsupported back scarp 

after the previous slip. 

The retrogressive slides can be identified by the 

typical steep ridges sticking up in the slide debris. 

11,3 Progressive slides 

After an initial slide in a steeper area the slide has 

often progressed very far down a gentler slope which 

in itself would have been stable. Kjellman in 1954 
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discussed how the shear strength in the initial slip 

surface decreases due to the large shear strains. 

Because of this reduction the active pressure exerted 

on the masses below increases and causes a new failure 

in the adjacent area below. There again the shear 

strength becomes reduced and a new failure develops 

further down. Examples of large progressive slides 

are the landslides at Surte and Svarta (Jacobsson, 

1952). Lundstrom (1956) pointed out that the dynamic 

forces exerted by the moving masses in the initial 

slide and the additional dynamic force from masses in 

retrogressive slides could not be neglected but were 

a main contributing factor to the progression of the 

slide. Bernander and Olofsson (198 1a and b) have 

elaborated on these concepts and suggest that no fully 

developed initial slide is necessary to explain the 

progressing failure. 

It can be questioned how large soil masses can be 

expected to interact as an elastic-plastic body, but 

in practice the present methods have been satisfactory 

to predict the stability even for very long slopes (e.g.) 

Aas, 1982) . 

If an initial slide of significant size develops in a 

sensitive clay the prerequisites for progressive fail­

ures are certainly fulfilled. To predict the extent 

of this the ve l ocity of the slide masses has to be 

known together wi th the reduction of the shear strength 

caused by the disp l acement of the soil masses over a n 

often uneven firm bott om. These factors can hardl y be 

predicted accurately beforehand . At best, some approxi­

mate assumptions can be made about them to study 

possible consequences of a progressive slide. 



12 . STABILITY ANALYSES AND PROBABLE SLIDE 

MECHANISM AT TUVE 

In the first stage of the investigation a number of 

conventional stability calculations were carried out 

on the assumption that the undrained shear strength 

followed the normal pattern in the Gothenburg region 

with an average undrained shear strength of 15 kPa 

down to a depth of 5 m before increasing by 1.3 kPa 

per metre. In these calculations certain areas were 

found to have a locally unsatisfactory stability, 

F < 1.5. The lowest factor of safety was obtained for 

local slip surfaces adjacent to and involving the 

embankment on Tuve Church Road where the calculated 

factor of safety was about 1.0. The uncertainty of 

the material in the embankment, the thickness of the 

embankment, the strength below the embankment after 

more than 40 years of consolidation and the depth 

of the gully makes these calculations questionable. 

For relatively superficial slip surfaces in the area 

between Snarbergsstigen and the brook the calculated 

factor of safety was 1.3. Analyses of more extensive, 

deep slip surfaces gave factors of safety in excess 

of 1 . 7. 

Analyses where the permeabl e layers in the bottom 

were assumed to be drained using the empirical effec­

tive strength parameters c' = 0 and~· = 30° were 

carried out. The water pressure in the friction soil 

below the clay was assumed to be equal to a ground­

water level in the ground surface in the areas above 

Tuve Church Road . Artesian conditions with a head 

above ground l evel of 4 m were assumed at New Tuve 

Road and adjacent to the gully. These calculations 

gave a considerably higher factor of safety than those 

using undrained shear strength. Even if the water 

pressure level in the bottom layers was to be raised 

by 5 m within the entire area the factors of safety 

would still be in the range 1. 8-2.2, Fig 34. 
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FIG 34 . Results from stability calculations through section 
B-B (see Fig 19) assuming a continuous increase of 
undrained shear strength with depth. Increase of 
shear strength under the embankment due to consoli­
dation has been disregarded. 

When a more complete picture of the most probable 

geotechnical conditions before the slide could be 

drawn new stability calculations were made. In these 

calculations the water pressure in the bottom layers 

was assumed to be artesian with a water level 2 m 

above the ground surface in accordance with the geo­

hydrological prediction. A one metre deep water fi l led 

crack was assumed in the active zone and the active 

shear strength was assumed to be fully softened for 

the high water pressures. The undrained shear strength 

in direct shear zones and passive zones was cal culated 

from empirical relations (Fig 25) and the passive 



shear strength in the dry crusts was assumed to be 

12 kPa. The bottom layers of silty clay and clay with 

loose silt and sand layers were assumed to have an 

undrained shear strength of 0.12 cr~. 

These calculations gave safety factors between 1.0 

and 1.1 in areas between the small brook and Snarberget 

and below Tuve Church Road. The slip surfaces with 

the lowest factors of safety were deep and followed 

the weak silty layer. They had a length of 120 to 

150 metres, Fig 35. 

In the calculations the shape and depth of the brook 

gully as determined from aerial photographs in 1970 

has been used. Until November 1977, further erosion 

had occurred but to what extent is unknown. 

Some fills had been placed in front of the houses at 

Snarbergsstigen and the hydrogeological prediction of 

the artesian pressure in the bottom layers allows a 

somewhat higher pressure than the pressure assumed in 

the calculations. 

If these factors are taken into account the undrained 

shear strength in the bottom layers could have been 

higher than assumed and the calcul ated factor of 

safety would still be about 1.0. 

Additional calculations were made using the undrained 

shear strength that empirically should have been 

measured by the field vane test in the particular 

conditions. The conventional assumptions with a water 

filled crack and no strength increase in the dry crust 

were made. These calculations gave factors of safety 

between 1.1 and 1, 3 for the slip surfaces which gave 

factors of safety between 1.0 and 1.1 when softening, 

pore pressures and anisotropy had been taken into 

account. 
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FIG 35. Results from stability calculations assuming errrpirical 
shear strengths and using the lowest alternative of 
drained and undrained shear strength in active and 
direct shear zones . The passive shear strength in the 
dry crust is assumed to be 12 kPa. Safety factors in 
brackets refer to conventional analyses using empirical 
undrained shear strengths as obtained in field vane 
tests. 



A deep slip surface including the houses at Snarbergs­

stigen and extending to the brook gully had a calcu­

lated factor of safety of 1.0. This slip surface is 

within the area first seen to move and passes through 

the bottom layers where the sliding zone was later 

found. 

A process leading to failure in this area would be 

that first the water pressures in the permeable 

bottom layers were rising due to the rainfall. When 

the pressures rose the shear stresses in the middle 

and lower parts of the area increased, the available 

shear strength in the steeper parts of the permeable 

layers decreased and the soil above had to lean on 

soil further down for support. 

At the same time the cracks at the surface started to 

be filled with water and the softening process of the 

clay in the active zone started, This softening process 

went relatively fast in the dry crust and in areas 

where the thickness of the clay layer was limited as 

the permeable bottom layer gave access to free water 

from two s i des, This softening process further in­

creased the shear stress in the lower parts of the 

area. When the groundwater basin became filled and 

all further precipitation had to be discharged at the 

surface the surface cracks were completely filled. 

The down slope forces then increased further and the 

final softening which caused the shear stress to 

exceed the available shear strength occurred. The 

whole process was so fast that no significant dissi­

pation of the pore pressures created in the c l ay down 

the slope due to the increased stresses in these parts 

could occur. 

The conditions in the soil had probably been similar 

for short periods many times before but since the l ast 

time the area had been developed, The houses at Snar-

1 05 



106 

berget and connected roads had been built, the gully 

above Tuve Church Road had been fi l led in and an ad­

ditional fill had been placed on top of the former 

gully. Some erosion had taken place in the gully below 

the road. The development caused only minor changes 

in the stress situation but this was all that was 

needed as the stability had been very poor in previous 

wet seasons. 

Smaller initial slides can have occurred along the 

brook gully due to erosion. They can have taken place 

i n the gully banks or in the road embankment. If so, 

they occurred within a larger area for which the 

overall stability was already critical. 

The masses from the first slide area exerted an in­

crease in driving force on the soil below Tuve Church 

Road and south of the small brook where the stability 

was already low (about 1.1, section A-A, Fig 35 ) 

starting a second large slide. 

First the masses from the first slide and then the 

masses from the first and second slide jointly exerted 

increasing pressures on the soil furt her down the 

large slope as the shear strength in the sliding zone 

decreased and the slide progressed. 

Due to the weaker zone in the bottom l ayers the pro­

gressing slide fo llowed the bottom contour. 

The first and second slides had left high and steep 

back scarps. The value of H• p •g far exceeded 6 times 

the undrained shear strength in the weak zone and 

retrogressive slides mainly in t he pattern described 

by Odenstad 1946, Fig 33 , started. The retrogressive 

slides continued in most places until they reached 

firm ground. Only in a small part of the western 

s l ide area did they end in clay . 



The dynamic forces from the ongoing progressive slide 

aided by forces from the masses involved in the retro­

gressive slide created the final extent of the passive 

zone. 

13. SUMMARY AND CONCLUSIONS 

A landslide occurred at Tuve in November 1977. Due to 

the slide 9 people were killed and 436 became homeless. 
The slide finally involved an area of 27 hectares and 
the direct costs resulting from the slide amounted to 
150 million Swedish crowns ("'30 million US $). 

The slide took place mainly in a weak silty bottom 

layer about 5 m thick. It was initiated by heavy 

rainfalls resulting in artesian water pressures in 

permeable bottom layers, softening of the clay and 

possibly erosion. The stability of large parts of the 

slide area had been poor for a long time and had 

lately been somewhat lowered due to development in 

the area. The main rule that in all earthwork in 

sensitive slopes measures should be taken to improve 

the stability of the slope at all stages had been 

followed locally. The stability of a slope above Tuve 

Church Road had been improved by a fill at the toe. 

This improvement however might have worsened the 

situation in the rest of the valley. For the slopes 

below Tuve Church Road where the slide started the 

effect of the development was a slight decrease in 

the stability. 

The previous geotechnical investigations had been 

aimed at finding suitable locations and foundation 

methods for the buildings. The reports had advised 

against placing larger fills in parts of the area 

because of the stability of the ground sloping towards 

the small brook. No investigation of the stability 

of the whole area had been made. 
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To investigate the stabi l ity of clay s l opes i t is not 

suf ficient to conti nue the bori ngs until a steady in­

crease in shear strength is found. The borings must 

be continued to firm bottom to investigat e the event­

ual existence of weaker or permeable layers and their 

topography. There is of course a depth limit beyond 

which it can be mathematically shown that not even 

the weakest layer could affect the stability. 

If an investigation of slope stability using the 

field vane test and conventional stability analyses 

had been properly made, factors of safety in the order 

of 1. 1 and 1.3 would probably have been calculated 

in large areas and it would have been obvious that 

the stability of the area was insufficient . If the 

safety factor from a conventional stability analyses 

is that low for a built-up area either stabilizing 

measures should be taken or more extensive investi­

gations should be made. 

More e xte nsive inve s t iga tions a nd more advanced methods 

of analyse s would proba bly ha v e shown that the factor 

o f saf ety f or the slope wa s close to 1.0. 

The fina l extent of the slide was due to retrogressive 

f a ilure in the area s behind and progressive failure 

in the sloping ground in front of the initial slide . 

The sliding zone followed t he weak silty bottom layer. 
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APPENDIX A 

Results from geotechnical investigations before 

the slide. 

The investigations in this appendix were made in 

1964-1965 by Brodefors & Mattson AB for the devel­

opment of the area between Snarberget and the 

small brook. 
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APPENDIX B 

Results from geotechnical investigations after 

the slide. 

Borings made by SGI and the Geotechnical Depart­

ment at Chalmers University of Technology for 

the slide investigations. 
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APPENDIX C 

Photographs taken after the slide. 

Collected by Lars Magnus Falt, Chalmers University 

of Technology, Department of Geology. 





C: 1 

Slip surf, the sl 'd aces closet '1- e area . 0 firm bottom · '1-n the upper part of 



C: 2 



Steep ridges sticking up in the debris in the active 
zone (compare chapter 11.2). 

C : 3 



C : 4 



C:5 

The ground surface in the passive zone . 



C : 6 

Demolished houses and bPoken up gPound in the slide aPea . 
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I 

Views of the slide area. 
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clays. 
R. Larsson 
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Y.C.E. Chang 
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T. Lundgren, L. Karlqvist, U. Qvarfort 
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L. Viberg 
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17. 

1 8. 

Metoder - Erfarenheter - FoU-behov . 
E. Ottosson (red.) 
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1 977. 
R. Larsson , M. Jansson 

1983 
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