
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Ballina test field 
 

 

 

 

 

 

 

 

 

 

 

 

363.  Fellenius, B.H., 2016. Embankment settlement 

prediction. www.Fellenius.net, submitted to the 

Australian Research Council of Excellence, 

Geotechnical Science of Engineering, CGSE, 

Prediction Symposium, Newcastle, September 9-10, 

12 p. 



 

 

 

 

Embankment Settlement Prediction — Preamble 

 

 

On January 20, 2015, I received the following invitation: 

 

The Australian Research Council-funded Centre of Excellence for Geotechnical Science and 

Engineering (CGSE) invites practising engineers and academics to make and submit predictions 

of the performance of an embankment constructed using prefabricated vertical drains on soft 

clay ... . All manner of predictions are encouraged and invited. 

 

Field observations and the time history of the embankment behaviour, as well as the various 

predictions of that behaviour will be presented and discussed in a special Prediction Symposium 

to be held in Newcastle, Australia, on 9 and 10 of September 2016. 

 

As I find predictions events combine great entertainment with good education on the state-of-

practice spicing it with stimulating humiliation, I registered my interest to participate and, on 

August 5, 2015, I received the link for downloading pertinent information. The information was 

compiled in a rather unorganized manner and required a good deal of effort to sift out the 

relevant records, assisted by several questions to the organizers during the next couple of 

months. I devoted time on and off sorting out the data and on June 13, 2015, I submitted my 

prediction in the assigned format, as attached. 

 

I had a few additional exchanges of information about release of the actual measurements and 

was told that the data would be made available to all who had registered their interest. Then, on 

August 2, I received a message that a payment of $440 was required for the prediction to be 

included in the conference proceedings! I participated in the prediction event considering it a 

professional effort and expected, of course, no remuneration for my time. The invitation included 

no requirement for payment for a prediction submission—had it been, I would not have bothered 

to produce and submit one, and the extensive correspondence regarding the data and prediction 

requirements before I submitted my prediction never stated that a payment was required. To 

require one after having received predictions in response to the invitation is an ambushed hold-

up for money. I find the organizers' for-profit approach most unprofessional and unethical. I 

know of no past prediction event where a charge to predictors was associated with a prediction 

event. Moreover, I do not give in to blackmail, however petty it is. As I did not pay the charge, 

my prediction report (attached) was excluded from the conference proceedings. 

 

During the course of my correspondence prior to August 2016, I was told that the actual 

measurements would be made public at the time of the September Prediction Symposium. 

However, the  records have only been released to some individuals and pubic release is held back 

for unknown reason. I have seen some on-line results—it is amusing in these days of the Internet 

that the organizers would believe that information available to a few persons would stay 

confidential. However, I will await the official release of the records before comparing my 

prediction to the actual measurements, assuming that the release is imminent. Nevertheless, a 



 

 

few comments are needed: (1) The information provided regarding the site conditions did not 

include measurements of organic content. Now available information indicates that the organic 

content of the clay is about 5 % or more. Such organic content will result in a larger secondary 

compression than usual for inorganic clays. For example, as the results of the Mellösa test fill in 

Sweden (Chang 1972; 1981) showed that the secondary compression in such organic clay could 

even be so large that the compression could trigger a "self-induced consolidation" (Chang's 

term). I worked with Chang in the Mellösa test field and would have made other assumption as 

to the secondary compression than I did had I known the actual organic content. (2) Moreover, 

the information disseminated prior to August 2016, did not mention that the site had been 

flooded during a part of the observation period (July 2013 through June 2015). Of course, 

flooding reduces the weight of the surcharge and will temporarily slow down the consolidation. 

This fact has similar weight (pun intended) as the thickness of the fill, which, in contrast, was 

reported in detail. The flooding effect would simply have been included in the analysis as a 

temporary unloading and reloading of the site similar to the effect of the soil settling below the 

groundwater table. 

 

Once the actual records are made public, I intend to add a comparison of my prediction with the 

actual data along with a discussion. 
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Abstract. My prediction addresses immediate compression, consolidation settlement, and 

secondary compression at the center of the 3.0 m thick embankment placed over the 25 by 95 m 

area with a 15 m by 80 m crest. Wick drains (PVD) at c/c 1.2 m in a square configuration have 

been inserted to 14.7 m depth over the 25 by 95 m footprint. The calculations employ the Barron-

Kjellman consolidation for radial flow combined with the Asaoka relation for simultaneous 

vertical flow, as quoted in Fellenius (2016) and correction for gradually reduced stress due to 

buoyancy. The calculations were performed using the UniSettle4 software (Goudreault and 

Fellenius 2011) and the results showed that the total settlement of the embankment center after 

700 days would amount to 1,200 mm. 

 

INTRODUCTION 

The Australian Research Council of Excellence, CGSE, has invited the geotechnical community 

to submit  predictions of the settlement of an embankment constructed on soft clay through which 

wick drains, i.e., prefabricated vertical drains (PVD), had been installed in order to accelerate the 

consolidation process. The following is a summary of the site conditions and my prediction. 

 

THE SITE 

The test site is located to the north of the town of Ballina, New South Wales (NSW) and lies 

within the Richmond River floodplain (Kelly et al. 2013). It is bounded by two small streams: 

Emigrant Creek to the north and Fishery Creek to the east. The area was previously used to farm 

sugar cane. The organizers have provided an extensive amount of soil information to use for the 

prediction effort from which I have selected the following information as pertinent to my 

calculations. Figure 1 shows the results of the two CPTU soundings pushed at the site; one 14 m 

deep and one 38 m deep. As guided by the two CPTU soundings, the soil profile consists of an 

about 1 m thick silt and sand layer with organic material on about 10 m soft estuarine clay, 

underlain by a 2.0 m thick transition zone comprised of silt and sand, followed by an about 5 m 

thick sand layer deposited on about 15 m of soft to firm clay on stiff Pleistocene clay. The 

groundwater table lies at 0.5 m depth and the pore pressure distribution is hydrostatic. 

The laboratory measurements of consistency limits, grain size distribution, and total density 

are shown in Figure 2 diagrams. As a qualitative reference, the qt-distribution of the 14-m CPTU 

sounding is added to each diagram. The soft clay is silty, indeed, for most of the depth, the sieve 

analyses showed the silt content to exceed 30 % indicating silt and clay rather than silty clay. 

Below 3 m depth, the water content of the soft clay exceeds 100 % and is close to the liquid limit, 
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which is indicative of a highly compressible soil. No information was provided on the soil details 

from below 12 m depth (other than the 38-m CPT sounding). Presumably, because the prediction 

effort is directed to the upper 15 m depth. 

Results of five compressometer tests were provided from samples recovered from 1.9, 2.3, 2.5, 

5.5, and 9.8 m depths. Figure 3 shows the strain-stress diagrams from the tests. The results allow 

a cursorily evaluation of the tests that indicates virgin condition compressibilities of the soft silty 

clay: the Janbu modulus number range from 8 at 1.9 m and 2.3 m depths to 7 at 2.5 m. At 5.5 m 

and 9.8 m depths, the modulus numbers are 5 and 4. These numbers indicate highly  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 1 Two CPT and CPTU diagrams (the spikes in the record occurring at regular depths 

   are considered due to the cone rods slipping during adding of the next rod) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Results of laboratory tests for Consistency Limits, Grain Size Distributions, and Total 

Density (Note, the qt-diagram is for qualitative reference, only) 
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Fig. 3  Strain-stress diagrams from compressometer tests 
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compressible condition. The recompression modulus number, mr, appears to be 200 at 1.9 m 

depth, which value I consider to be unrealistic. At the other test depths, the recompression 

modulus numbers range from 30 through 90, which are more realistic values, considering that the 

reloading compressibility is usually about ten times the virgin compressibility. The range 

between upper and lower values of coefficient of consolidation, cv, reported for the tests differ by 

one to two orders of magnitude! 

The site was prepared by removing about 0.3 m of the silt and sand surface layer and placing 

a 0.6 m thick working platform of sand over an approximately 25 by 95 m area. The test 

embankment's height above the working platform was 2.4 m and the crest was 15 m by 80 m. The 

sides sloped 1(V):1.5(H) making the embankment 22 by 92 m. Prior to placing the embankment, 

vertical drains were installed to 15.0 m depth in a square grid at a center-to-center spacing 

of 1.2 m. The drains were placed over three equal part areas, the part under the embankment 

center contained conventional PVD wick drains with a 100 m width and 3 mm thickness. 

The site was instrumented to measure settlement (eight depths) and pore pressure distributions 

(eighteen piezometers) underneath the center of the embankment. Four inclinometers were 

installed to measure horizontal movements at the bottom of the embankment slope and four 

settlement plates were placed at the bottom of the working platform to measure fill height and 

settlement. 

Figure 4 shows the cross section of the embankment and settlement anchor depths. The line 

at 0-m depth denotes the original ground surface before removing the 0.3-m top soil layer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Cross section 

 

Figure 5, shows the fill height (sequence of construction of the platform and embankment) as 

height over the ground surface after the initial 0.3-m excavation. The placing of the fill started on 

July 24, 2013 and frequent observations continued until June 15, 2015, 690 days later. Assuming 

that Day 0 is June 15, 2013, construction of the 0.6-m working platform started on Day 10 and 

was completed on Day 15. Placing the first 0.6 m of embankment started on Day 25 and was 

completed on Day 31. Placing the remaining 1.8 m started on Day 58 and the full 3.0-m height 

was in place on Day 66.  
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Fig. 5 Fill height versus time 

 

The primary objective of my prediction effort is to calculate the settlement over time for the 

first 700 days of the 3.0-m embankment (at the ground surface and at the depths indicated in 

Figure 4 coinciding with the observation dates ("time-settlement curves") including upper and 

lower bounds of estimates. I have also made an estimate of the distribution of horizontal 

movement at the embankment slope location (as also desired for the prediction effort). It is 

simple to also calculate the settlement of the embankment along its sides. However, without 

having reference to actual observations of settlement along an embankment side that were 

correlated to horizontal movements in a similar geology, the numbers would be rather 

uninteresting. I have therefore refrained from presenting such results. 

 

INPUT TO CALCULATIONS 

The site information is approximated to the parameters shown in Table 1. The times (days) of 

consolidation (90 %) listed refer to only vertical consolidation or only horizontal consolidation. 

The consolidation modulus numbers input for all layers, but the soft silty clay layer, are input just 

to smoothen the calculation results and avoid too sudden deformation to appear as kinks of the 

curves. A secondary compression index, cα, equal to 0.03 and a 6 months consolidation time is 

chosen so as to obtain 50 mm secondary compression in two years after Day 0. 

The only parameters directly provided from the organizers of the prediction effort used for the 

prediction calculations are the soil densities and the virgin modulus numbers of the soft silty clay 

(as interpreted from the lab data illustrated in Figure 3) along with the dates of placing the 

embankment fill (Figure 5). All other input is from judgment or plain guessing. The calculations 

are performed using conventional settlement and consolidation theory as summarized in my text 

book (Fellenius 2016). 

The net 0.3 m, 0.6-m and 1.8-m lifts are estimated to result in 6, 11, and 33 kPa stress to the 

ground, respectively, to a 50-kPa total applied stress. The lifts are assumed applied at Days 20, 

30, and 70. Because the soil is unloaded due to buoyancy when it settles below the groundwater 

table, the applied stress was reduced by 6.0, 2.5, and 3.5 kPa at Days 75, 105, and 120, 

respectively.  

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

0 30 60 90 120 150 180 210 240 270 300 330 360 390 420 450 480

F
IL

L
 H

E
IG

H
T

  (
m

)

TIME  (days)

SP1

SP2

SP3

SP4



Bengt H. Fellenius 

 

Page 6 

 

TABLE 1 Input Parameters 

Soil Type   Depth     Density,  ρt   mi    mir   Δσc    m   mr  Time (d) required 

    (m)   (kg/m
3
)  (--)    (--) (kPa)  (--)  (--)  for consolidation 

                     Vertical  Hor. 

Clay, Silt, Sand  0  -   1.5  1,800  400   400   30   200  400    5d.  5d. 

Sandy Clay Silt 1.5 -   3.0  1,500  200   400   20     50  200  30d.  5d. 

Soft silty Clay  3    - 7.5  1,400   50   100   10     6    50  50 yr. 100d. 

Soft silty Clay 7.5  - 15  1,400   50   100   10     5    50  50 yr. 100d. 

Dense Sand  15   - 20  2,000  400   400   20  200  200    1d.    1d. 

Soft to firm Clay 30  -  33  1,900  300   800   50  100  600  4 yr.  - - 

Stiff Clay   33  -  40  2,100  400   900  500  400  900  4 yr.  - - 

mi = modulus number for virgin immediate compression 

mir = modulus number for immediate re-compression 

m = modulus number for virgin consolidation settlement 

mir = modulus number for settlement for re-loading consolidation settlement 

Δσc = preconsoldation margin 

 

RESULTS 

The calculations are carried out using the UniSettle software (Goudreault and Fellenius, 2011) 

with the above mentioned input. Figure 6 shows the calculated settlements: Immediate 

Compression, Consolidation Settlement, Secondary Compression, and Total Settlement. Figure 7 

shows the total settlement versus time for the depths of the anchor points. Figure 8 shows the 

distribution of settlement versus depth at Day 700. The results pertain primarily to the location of 

Sp2. 

As estimated by judgment, only, I expect the horizontal movement curve measured in the 

inclinometer tubes to be about 50 to 100 mm at the ground surface increasing to about 300 mm 

at 3 m depth and reducing from there to about 200 mm at 6 m depth to insignificant movement at 

12 m depth. Figure 9 shows the estimated distribution of horizontal movement along a vertical at 

the edge of the embankment. 
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ANNEX 

Tables (Table 2 through 4) containing the data plotted in Figures 6 through 8 are attached. 
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Fig. 6 Calculated ground surface settlement versus time 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7 Calculated settlement versus time at depths of anchor points 
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Fig. 8 Calculated settlement versus depth at Day 700 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9 Estimated horizontal movement versus depth at Day 700 
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TABLE 2. Data used to plot Figure 6 
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TABLE 3. Data used to plot Figure 7 
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TABLE 4. Data used to plot Figure 8 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


