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Failure of Embankment in Kinkai Bay

Rupture d ’une digue de protection dans la baie de Kink ai

by Y . Is h i i , D r. Eng., S. K u r a t a , T ran sp o rta tio n  Technical R esearch  In s titu te , M in istry  o f  T ran sp o rta tio n ,T o k y o , 

and

S. H a s e g a w a , C h ief o f  C onstruction  Office, K inkai Salt M anufac tu ring  C o., O kayam a, Japan

Summary

The authors describe soil investigations and detailed analysis 
of the sliding action after the failure of the Kinkai reclamation 
embankment occured in 1958 during construction.

This failure was of the typical circular arc form. The influence 
of the length of the sliding surface on the factor of safety against 
the sliding computed by the current method is discussed. By 
considering the results of soil studies and circular arc analysis 
on the probable causes of failure, the repair work was planned 
and carried out efficiently.

General D escription of Em bankment Construction

A reclamation embankment was constructed in January 

1957 at the mouth o f Kinkai Bay, Okayama Prefecture, 
Japan. A very soft alluvial clay layer with a  thickness of 
about 22 m underlies the m ajor part of the embankment. 
Profile of the underlying soil strata along the embankment 
is shown in Fig. 1. Mean void ratio of the clay soil is about 
3-0, and unconfined compressive strength is 0 08 kg/sq. cm 
for the upper portion, and 0-5 kg/sq. cm for the lower stratum.
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Fig. 1 Location of embankment and soil profile.

Emplacement de la digue et coupe du terrain.

Som m aire

Après la grande rupture en fondation de la digue de Kinkai 
survenue pendant la construction, en 1958, les auteurs ont procédé 
à l’étude du sol et à des analyses détaillées du glissement. Leurs 
études ont montré que la rupture était du type circulaire. Les 
auteurs discutent l’influence de la longueur de la surface de 
glissement sur le coefficient de sécurité déterminé par la méthode 
courante. Le projet des réparations et leur exécution tiennent 
compte des études du sol et de l’analyse en rupture circulaire 
des causes probables de la rupture.

According to soil investigations, the clay is considered to be 

in normally consolidated condition.

In Fig. 2 the typical schematic cross section of the embank­
ment before failure is shown. Vertical sand drains were driven 
into the soft clay layer a t the interval o f 1*7 m and the soil 
was consolidated by the weight of embankment materials, 
which were transported over the embankment by dump 
trucks from a  borrow pit near the site, and were placed in 
five layers every four months in order to ensure adequate 
consolidation.

Before each stage of filling, counterbalances were placed 
on both sides o f the main embankment so that the computed 
safety factor of stability of the embankment against sliding 
was at least 1*2 at each phase o f construction. After the third 

layer was placed, the cofferdam for the embankment was 
closed by gates constructed on the bed rock at the north 
end o f the embankment in May 1958, and then the water in 

the cofferdam was gradually pumped out.

Failure Conditions and Soil Investigations after the Failure 

and the R ate of Settlem ent of the Em bankm ent during Cons­

truction

On the August 12 th 1958 large scale failure of the embank­
ment, o f which the crest length was 380 m, suddenly took 
place a t the centre. When the embankment failed, the inside 
water level had been drawn down to 0-5 m below the datum 
level, and the outside sea level had been 0-6 m above the 
datum level. The fifth layer and parapet concrete blocks 
were under construction and these works had proceeded from 
the north end o f the embankment to the south end of the part 

which failed.

Transverse and longitudinal cross sections o f the embank­

ment before and after failure are shown in Fig. 3. The max­
imum settlement o f parapet concrete blocks was about 6 m, 
and the blocks were slightly inclined outwards the central 
portion of the embankment which failed having been comple­

tely submerged. The inside counterbalance and the inside 
sea bottom were heaved upward, and the maximum heaving
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CROSS SECTION BEFORE THE FAILURE

Fig. 2 Cross section of the embankment. 

Sections transversales de la digue.

amounted to 3 m o r more. Any movement in the outside of 
the embankment was not observed. According to these obser­

vations the failure seemed to be of the circular sliding type.
Before, the failure, it had been assured by soil tests that 

unconfined compressive strength o f clay soils increased by 
sand drain procedure were not less than the expected values. 
In an unconfined compression test on clay, deformation 
corresponding to maximum strength becomes larger and 
strength decreases if the soil is remoulded.

+ iom
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Fig. 3 Displacement of embankment crest.

Déplacements du couronnement de la digue.

Undisturbed sampling and unconfined compression tests 
were performed shortly after the failure, in order to find 

the sliding surface by the decrease o f soil strength in the 
failure zone resulting from remoulding caused by the large 
sliding deformation. In Fig. 4 a typical result of these surveys 
is shown. Unconfined compressive strength of soil at a depth 
of 14 m to 16 m is comparatively small, but corresponding 
compressive strain is large, which may be caused by remoul­
ding o f the clay along the plane of failure. In Fig. 5 these 
are indicated by thick lines. The maximum decrease o f uncon­
fined compressive strength found by soil tests was about 
40 per cent of the original value.

In the original design, unit weight of soil materials in the 
main embankment was assumed to be 1-8 tons per cub. m. 
Nevertheless, measurements after failure gave a  value of 
from 2-02 to 2*33 tons per cub. m. in the upper layer o f the 
embankment. This increase o f unit weight was considered 
to be due to compaction by heavy traffic of dump trucks. 
However, this effect might not reach to soils in the lower

layers o f the embankment which had been transported by 
barges and placed in sea water. Therefore, the average value 
of the unit weight of the main embankment materials may be 
somewhat smaller than the average value obtained by measur­

ement. This increase of unit weight o f the soil is sure to  have 
been an important cause of failure.

q u  (kg/cm2) STRAIN (%)

----------ORIGINAL DESIGN

---------  REPAIR DESIGN

Fig' 4 Unconfined compressive strength after failure.

Résistance à la compression sans contrainte latérale 
après la rupture.

Immediately after the fifth layer and parapet concrete 
blocks o f the failed portion had been placed, namely 7 to 14 

days before the failure, the rate of settlement of this embank­
ment suddenly increased and reached to 3 cm per day, in 
spite of the fact that under this load condition the theoretical 
value o f the rate of settlement was calculated to be 0-9 cm 
per day. By these records it could be assumed that the actual
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Fig. 5 Results of analysis by the circular arc method.
Résultats des analyses par la méthode de rupture circulaire.
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sliding action started 7 to 14 days before failure and gradually 
increased until the accident occurred.

Failure Analysis and Causes of Failure

By considering the measured movements of the embank­
ment and the neighboring sea bottom, and the above mentio­
ned results of soil investigations, this failure was probably 
o f the circular arc type. A detailed analysis of the failure by 
the circular arc method was therefore performed. The follo­

wing assumptions were made :
1. Outside sea water level was 2-0 m above the datum level 

which was the highest level since the rate of settlement of 

the embankment had become noticeable, and this value gives 
the lowest sliding stability to the em bankment;

2. Inside water level was 0*5 m below the datum level;
3. U nit weight o f the main embankment was 2-1 tons 

per cub. m ;
4. Seepage force and shear strength o f the underlying 

clay soil were estimated as indicated in Fig. 5 ;
5. Buoyancy was effective only for the embankment 

materials below inside water level;
6. Angle of internal friction of the embankment materials 

was 45 degrees.
In Fig. 5, contour lines of the computed safety factors 

and also circular arcs o f the lowest safety factor are shown. 
Two possible centres of circular sliding arc of the same mini­
mum safety factor 0-98 were obtained. One o f them, namely 
centre No. 1, is located in a  higher position with a large cir­
cular arc, which coincided with the sliding surface found by 
soil investigations. Another centre, centre No, 2, is located 
in the lower position near the main embankment with a  small 
circular arc. In these calculations seepage forces acting as 
sliding forces against soil masses within the circular arcs were

assumed to correspond to items (4) and (5) for simplicity 
o f calculation, and therefore in cases of small circular arc 
sliding, seepage forces were considerably overestimated 
in the calculations. According to the stability computations 
about centre Nos. 1 and 2, considering seepage forces estimated 
by flow net, safety factors were 1-13 and 1T7 respectively. 
Therefore, it is conceivable that the sliding occured along the 
large sliding surface.

By the above analysis it may be concluded that the failure 
is one of typical circular sliding caused by the lowering of 
the safety factor due to the increase o f unit weight o f the 
embankment materials by compaction from heavy traffic.

The circular sliding surface method is quite conventional, 
and the shear strength of clay is also determined by the 

conventional compression test, so that the strain o f the clay 
which might become the cause o f progressive failure is com­
pletely ignored. Therefore the real safety factor cannot be 
found by the current circular arc method.

During construction and before failure, although there 
were several cases in which the computed safety factors 
against sliding became about 1-0, there did not appear any 
indication of failure. In these cases the lengths of circular 
arcs, corresponding to the minimum safety factors against 
sliding, are considerably smaller than those in the case of 
this failure. These facts seem to relate to the difference in 
am ount of the progressively mobilized shear strengths along 
the sliding surfaces which have different lengths.

Repair W orks

The cross section o f the reconstructed embankment is shown 
in Fig. 2. The light weight embankment and reinforced con­

crete wall have been constructed on a  line moved to a distance 
o f 16 m from the crest line o f the embankment which failed,
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in order to  avoid  sliding along the sam e plane o f failure. 

The app lication  o f  sand drain  procedure was difficult, and  

therefore the counterbalance m ethod was adopted . The 

design items were as follows. Considering the decrease o f soil 

strength  due to  rem oulding, shear strength o f the clay was 

assum ed to  be ha lf the value before failure. Inside water 

level was 3 m below the datum  level. C ounterbalances were 

placed so tha t the safety factor becam e n o t less than  1* 2 

which corresponded to  ab o u t 1- 2 times the value a t failure 

and  also values in the original design. R epair work was com ­

pleted in  D ecem ber 1958.

Conclusions

1. A ccording to  the analysis o f  the failure by the circular

arc m ethod the critical safety facto r against large sliding is 

ab o u t 1*0 , and  the estim ated arc o f failure is very sim ilar 

to  the plane along w hich sliding ac tually  occured. Therefore, 

this m ethod can be applied in practice if soil strength  is 

adequately  determ ined.

2. F o r circular arcs o f sm all length, the circular arc m ethod 

gives ra ther low er values fo r the facto r o f  safety so th a t it 

errs  on the side o f  safety.

3. If the circular arc  m ethod o f  ca lcula tion  is used, the 

estim ation  o f  seepage force by flow net m ay becom e com pli­

cated. If  the seepage force is assum ed to  be the difference 

between the outside and the inside hyd rosta tic  pressure as 

explained  above, it gives nearly  sim ilar values for the factor 

o f safety to  those obta ined  by flow net for large arcs, and 

low er values fo r sm all arcs.
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