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SYNOPSIS

Construction of a wide railway embankment by end 
up to 16 m deep is described. From the results 
struction boreholes and settlement records it is 
cedures for placing the sand fill are given.

1. INTRODUCTION

During the construction of the Richards Bay 
Harbour Works in 1970 large quantities of 
sand were excavated from an area of coastal 
sand dunes near the estuary of the Mhlatuze 
River for the construction of a railway 
embankment across the bay. This formed a 
lagoon 10 hectares in extent with an average 
depth of about 15 m below LWOST (low water 
ordinary spring tide). Figure 1.

The lagoon subsequently became filled to a 
level of approximately -1 m LWOST by an
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tipping of sand to displace slurry and soft clay 
of limit state analysis, model tests, post con- 
shown that this project has been successful. Pro

accumulation of fine sand silt and clay 
slurry. This occurred partly as a result of 
natural silting up, during periods of 
flooding of the lagoon, and partly as a 
result of disposing of dredged material from 
the Richards Bay Coal Terminal by pumping it 
into the lagoon. Although the material near 
the bed of the lagoon, particularly the more 
sandy material, had consolidated slightly 
during the ensuing 10 years, the bulk of the 
soil material in the lagoon, above its sand 
bed, consists of low strength clayey silt or 
slurry.

In 1980 a railway embankment 80 m wide and 
1800 m long across the lagoon was planned as 
part of the further development of a railyard 
for Phase 3 of the Richards Bay Coal Terminal 
A number of construction methods were consi
dered which involved placement of embankment 
fill in layers by conventional earth moving 
machinery or by pumping. However, difficul
ties soon became apparent. The soft clay 
slurry in the lagoon would not be able to 
support a sand embankment greater than 0,5 m 
in height without a bearing capacity failure. 
Sand pumping through pipes on floating 
pontoons would not achieve the very flat 
slopes and uniform spread of sand required. 
The proposed embankment was to be constructed 
to an elevation of 4,50 LWOST and the 
resulting consolidation settlements were 
expected to reach some 3 m or more over a 
period of 10 to 20 years. Removal of the 
slurry by dredging was ruled out on the 
grounds of both cost and the absence of a 
suitable site for the disposal of the dredged 
material. Bog blasting methods were also 
considered but were rejected on account of 
the massive scale of the operation and the 
uncertainties involved. The method finally 
adopted was the displacement method involving 
end-tipping of sand to form an advancing face 
the full width of the embankment.

2. SITE INVESTIGATION

Seven borings with standard penetration tests 
were put down at the site of the proposed

1761



5 /B /2 0

embankment at the positions shown in Figure
1. This method, however, was not sensitive 
enough to measure the low strengths of the 
silts and clays and thus vane shear tests 
were carried out next to each borehole at 
intervals down to the original sand bed of 
the lagoon. Piston samples were taken from 
boreholes 3, 4 and 5 for laboratory determi
nation of Atterberg limits and shear strength 
characteristics. Tine general succession of 
sediments in the lagoon is

Sea/lagoon water

Dark grey, 
extremely soft 
sandy and silty 
clay, slurry.

Dark grey/brown 
extremely soft 
slightly sandy 
silty clay

Dark green/grey 
soft to firm 
silty sandy 
clay

Light grey/green 
medium to dense 
sand. Original 
bed of the lagoon

Depth of water varies 
with tide between 
0,5 and 1,5 m

Extends to between -4 
and -7 LOWST

Varies in thickness be
tween 3 and 6 m increas
ing to 9 m near centre 
of proposed embankment

Extends to bed of lagoon 
at centre of embankment 
but not found to any ex
tent elsewhere.

Encountered at eleva
tions ranging between 
-16,7 m and -9,5 m LWOST

A representative cross-section through the 
proposed embankment is illustrated in Figure 
2 which shows that there is a variation in 
the level of the sand bed of the lagoon.

S o u th -E a s t N o rth -W e s t

The variation in moisture content and Atter
berg limits with depth, for all the bore
holes, is plotted in Figure 3. It is seen 
that water contents of slurry vary, within 
fairly narrow limits, around 180 percent. 
In the underlying sandy and silty clays the 
insitu water contents decrease with depth but 
are generally well above the liquid limits 
which is to be expected for the soft silty 
clay still consolidating under its own mass. 
Vane shear strengths, in Figure 4, reflect a 
consistent increase with depth.
The average ratio between undrained strength 
and effective overburden pressure, cu/p' is 
about 0,14 compared with a value of about
0,17 for normally consolidated clays obtained 
from Skempton's equation

cu/p‘ = 0.11 + .0037PI (1)

A series of immediate undrained triaxial com
pression tests was carried out on cylindrical 
specimens cut from the piston samples. How
ever, in some cases the clay was so soft that 
the specimens collapsed during preparation. 
The remoulded strengths, shown in Figure 4, 
indicate a sensitivity of about 4.

The plasticity index of the infill sediments 
ranges between 16 and 33 and the compression 
index ranges between 0,4 and 0,53.

In terms of effective stress the cohesion 
intercept, c', of the silty or sandy clays 
underlying the upper few metres of slurry 
ranges between zero and 15 kN/m^ and o' 
ranges between 29,2 and 32 degrees. Average 
values are c1 = 5,5 kN/m^ and <t>‘ = 30,7. 
Corresponding parameters for the dune sand at 
the bottom of the lagoon are c' = 1 kN/m^ and 
<̂' = 31 degrees. A similar sand was used 
for the construction of the embankment. 
Drained box shear tests were carried out on 
dune sand mixed, in various proportions, with 
sandy silty clay slurry to establish whether 
there would be any significant reduction in 
c‘ and (J>‘ in the event that the sand fill 
became mixed with slurry during end tipping 
into the lagoon. As to be expected it was 
found that, in the fully drained state, 
admixtures of slurry had little effect on the 
shear strength of the sand.

3. SCALE MODEL TESTS

Very dark grey and dark brownish grey, extremely soft, 
very silty CLAY.

Dark grey to brownish grey, very soft, slightly sandy 
to sandy, silty CLAY.

Dark grey to dark greenish grey, very soft to soft, 
silty, very sandy CLAY.

Light grey and light greenish brown, loose to medium 
dense, fine and medium grained SAND.

V... Average Lagoon Water Level.

Fi g. 2 Cr oss - Sec t i on at  Chaî nage 9800

A detailed analysis of stability was carried 
out to establish the minimum height of em
bankment required to initiate a shear failure 
in the clayey sediments in the lagoon, and 
progressively displace them, as the face of 
the embankment advanced. The results indi
cated that proposed height of the embankment 
of 4,5 m above LWOST would be sufficient to 
induce the required shear failure and dis
placement. However, the exact mode of 
failure could not be predicted accurately 
from the limit state analysis and a scale 
model was constructed to investigate it in 
the laboratory.

The model was constructed to a scale of 1 in 
50 in a perspex tank 1800 mm long and 500 mm 
high. The tank was carefully filled with

Distance m
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successive layers of bentonite slurry each 
mixed to a predetermined shear strength to 
simulate the layers of sediment in the 
lagoon. Each layer was given a different 
colour so that its deformation could be 
readily plotted after failure of the model 
embankment. Although ideal equivalent den
sities could not be achieved in the bentonite 
model, the results of the tests did provide 
valuable information on the dynamic behaviour 
of the system as the model sand embankment 
advanced, as listed below.

3.1 It was found that both the shallow 
slurry and the underlying very soft clay 
provided significant lateral support to 
the advancing dry sand fill.

3.2 The slope of the sand fill, both above 
and below the surface of the sediments 
decreased markedly as the height of the 
sand fill was increased above the sur
face of the slurry.

3.3 When the slurry was pumped out of the 
perspex tank the at-rest slope of the 
sand fill reduced to about 1 vertical in
5 horizontal.

3.4 The amount of slurry trapped under the 
sand fill appeared to vary at random. 
However, from the results of both the 
model tests and the laboratory box shear

tests on mixtures of slurry and sand, it 
was apparent that small amounts of 
slurry which became mixed with the sand 
fill were not likely to have a serious 
adverse effect on the performance of the 
embankment.

3.5 The sand fill did not displace the lower 
zone of very soft model clay. This had 
the highest undrained shear strength 
equivalent to approximately 10 kN/m2.

3.6 Hydraulic placement of the model sand 
embankment indicated that flow of the 
saturated sand was likely to take place 
along the lower horizons of of firmer 
clay, resulting in a very flat 
embankment slope.

From an assessment of the behaviour of the 
model it was considered that some 15 to 25 
percent of sandy silty clay or slurry would 
be trapped in the mass of the sand embankment 
close to the bed of the lagoon, and be mixed 
to a certain extent with the sand fill. On 
that basis post construction settlements were 
estimated to range, at random, between about 
250 and 550 mm over a period of 1,5 to 3 
years. Effects of secondary consolidation 
and lateral creep are expected to increase 
these settlements by about 2 5 percent over a 
further 10 years.
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Fig.4 Vane Shear Strengths

Because of these features of the proposed 
embankment and the anticipated random varia
tion in settlement due to variation in the 
depth and the mechanical properties of the 
slurry and underlying soft clay, it wasrecom- 
mended that the embankment be placed to a 
level 1,0 m above the required final forma
tion level. From the behaviour of the model 
it was expected that the increased height of 
the embankment, during construction, would 
also increase the efficiency of the displace
ment operation and accelerate settlement. 
Surplus sand would be removed later, down to 
required formation level.

4. CONSTRUCTION OF THE EMBANKMENT

The embankment was constructed in two por
tions' simultaneously, from the north and 
south ends of the lagoon. The maximum quan
tity of sand placed in one month was 422 000 
cubic metres using 15 scrapers, 7 dozers and 
33 trucks. Total volume was 1,3 million 
cubic metres.

At the beginning of the contract the embank
ment was advanced at an initial face height 
of a metre above high water level but as mud 
build-up occurred in front of the fill the 
face height was gradually raised to 3,5 m 
above high water which is + 5,5 LWOST and a 
metre above final formation level as origi
nally specified.

As the gap between the two advancing faces of 
the fill narrowed it became necessary again 
to raise the level of the fill near the 
face. Over the final 150 m of each of the 
two lengths of embankment the height of fill 
at the face was increased to 3 m above final 
design level of 4,5 LWOST. The approaching 
faces were inclined in plan at an angle of 45 
degrees to the centre line of the embankment 
to aid lateral displacement of slurry and 
soft clay. Prior to placement of fill the 
level of the surface of the mud in the lagoon 
was 0 metres LWOST. On completion of the 
embankment, however, the mud level in the 
lagoon had risen by approximately 2,5 m.

Owing to the construction program the excess 
sand could be left in position to accelerate 
settlement for only a few weeks before it was 
dozed over the edge of the embankment. This 
procedure was adopted to increase the stabi
lity of the edge of the embankment, and to 
consolidate any undisplaced clay, and to 
provide a wider shoulder as protection to the 
main embankment which is subject to wave 
action in times of high water or flood.

Some as-built details to the embankment are 
shown in Figure 5.

5. POST CONSTRUCTION SITE INVESTIGATION

Twenty six boreholes and twelve Dutch probes 
were put down along the embankment and across 
it, from shoulder to shoulder, to determine 
the mud profile under the fill. Particular 
attention was paid to the area where the 
north and south fills met to establish 
whether any significant amount of mud had 
been trapped there. A representative cross 
section is shown in Figure 6. Most of the 
soft clay appears to have been displaced, 
particularly where temporary surcharging, to 
heights of 1 to 3 metres above final design 
level, was employed. Tne shape of the sand/- 
mud interface in Figure 5 was established 
from the results of hand shear vane tests 
carried out on the embankment slope and from 
a floating raft on the mud next to the 
embankment.

Levelling studs in concrete bases were placed 
on a grid pattern over the embankment imme
diately after removing the excess sand. 
During the following 8 months the maximum 
recorded settlement was 290 mm. This occurred 
where the embankment flanks the estuary 
mouth, and is attributed to lateral spreading 
of the fill as the displaced mud spreads and 
takes up a lower level under the action of 
tidal forces. Rate of settlement here had 
decreased to 20 mm per month after 8 months.

At the southern end of the embankment where 
the face height was initially only 2 metres
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Fig.5 Procedure for Placing Sand Fill

Im C/i I I ♦

I

F inal Mud Level + 2 ,5

Surcharge above

<f

I à pprox. iâ

Assumed Shape .. .

Direction o f 

Construction

Direction of

Construction

INDIAN

OCEAN

Estuary 

Mouth

Diagrammatic Plan

Bottom  o f  Lagoon 
-1 6 ,0

Surcharge Dozed to 
th is position to provide i 
add itiona l Edge 1 
S tab ility . I

S o ft  CLAY

Section A - A 

80m to 100m

Sand

Dunes

■j +2,5 Final Mud Level

above mud level settlements of up to 165 mm 
were recorded after 8 months, but by that 
time the rate of settlement had reduced to 4 
to 8 mm per month. Over the major part of 
the embankment, constructed by the full face 
displacement method, corresponding settle
ments are less than 75 mm and were continuing 
at a reducing rate of between 1,5 and 3,5 mm 
per month after 8 months.

6. CONCLUSIONS

Both the model study and the monitored beha
viour of the wide railway embankment itself, 
during placement and after completion, have 
shown that the displacement method of con
struction is practical and economical in deep 
very soft clay and slurry. The short place
ment period of some 5 months on this project
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Fig.7 Representative Cross-section Through 
Model

resulted in substantial cost savings, and the 
method obviated the very expensive alterna
tive of dredging the lagoon.

The soft clay and slurry provided significant 
permanent support to the submerged sand with 
the result that the side slopes were steeper 
than anticipated.

The placement water content of the sand 
averaged about 12 percent and it was found 
that this had not increased very much in 
samples taken from below water level in the 
embankment several months after placement. 
This is attributed to the low permeability of 
the clay in contact with the sand fill below 
water level.

As the mud level in the lagoon rose it became 
necessary to increase the height of the 
advancing face of the embankment. The resul
ting temporary surcharge of 1 to 3 m had the 
effect of accelerating the settlement of the 
embankment and the lateral deformation of the 
soft clays surrounding the sand fill. 
Settlement of the embankment after removing

the surplus sand has been relatively small. 
It has averaged about 30 mm in 8 months 
except in two localised areas, discussed in 
Section 5, where settlements of up to 165 and 
290 mm have occurred for other predictable 
reasons.

Although some soft clay became trapped in the 
sand fill in the model tests. Fig 7, there 
was little evidence of soft clay being 
trapped in the fullscale fill. However, a 
layer of soft clay 1 to 3 m thick remained in 
place on the bed of the lagoon beneath 15 m 
to 20 m of sand fill. Fig 6. This was also 
apparent in the model.
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