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General Overview 

The 2012 ASCE Student GeoPrediction Competition involves a prediction of consolidation 

magnitude and time rate of settlement characteristics for an embankment constructed using a 

ramped loading scenario on a soft clay foundation.  This report describes the process and the 

methodology that Zachary Morris and Mason Tuttle applied to solve the GeoPrediction problem 

with some advice and much encouragement from their faculty advisor, Dr. Robert Mokwa.  The 

results are summarized herein. 

Data Reduction 

Data supplied by the organizing committee for this project included CPTu soundings, boring logs 

with SPT results, and laboratory consolidation test results.  The data was synthesized and used to 

develop a subsurface soil model.  This process provided a better understanding of the soil 

conditions and was useful in developing a quantitative model (simplified soil profile) for 

conducting detailed consolidation analyses. 

As is often the case, the quantitative model necessitated assumptions for soil layers that were not 

specifically tested in-situ or in the lab.  The following approach was used to assign soil 

parameters to these layers. 

Soil classification information was evaluated and cross-referenced with consolidation test data 

and boring log information.  Minor discrepancies and or incomplete data were accounted for 

using engineering judgment.  For example, consolidation test data was not available for every 

clay layer encountered in the subsurface investigation.  In these instances, unknown clay layers 

were initially matched to consolidation tests based upon similarity of Atterberg limits.  These 

assumptions were refined as necessary using in-situ test results such as plotting CPTu resistance 

vs. depth for each CPTu test and interpreting the results to verify or adjust previous assumptions.  

In addition, written descriptions of the samples including color, classification on the boring log, 

and stiffness were used to further verify the reasonableness of assigned parameters.  

An important aspect of the analytical soil model involved evaluations of the presence of drainage 

layers and the thickness of each layer.  The authors’ advisor stressed that settlement time rate 

predictions often are overestimated because the presence of seams or lenses of silts/sands are not 

accounted for in the analysis.  In the soil profile, the authors discovered that there were two 

silt/sand seams and one layer with sand lenses.  The discovery of these layers helped aid with 

understanding how the soft clay foundation would settle.  The next critical step was determining 

how to analyze the time rate of settlement by incorporating both the aspects of ramp loading and 

the effects of multiple drainage layers.  

Overview of Time Rate of Settlement 

Settlement consists of three components; immediate, consolidation, and secondary compression 

(Holtz, et al., 2011).  The authors assumed that immediate settlement would occur as the fill is 

placed and that it was practically immeasurable because of the relatively rapid rate of load.  The 

dissipation of excess pore pressure and accompanying settlement during the consolidation phase 

was determined to be critical for this analysis and was therefore evaluated in detail.   
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Secondary compression was analyzed for completeness.  However, based on the evaluation of 

consolidation time rate results and the flatness of the secondary time rate curve, the authors’ 

concluded that secondary compression contributed only a negligible amount to the ultimate 

settlement (St) (in this report, St = Sc = consolidation settlement). 

After determining Sc, time rate of settlement characteristics were evaluated.  In general, 

Terzaghi’s time rate of settlement was applied (Terzaghi & Fröhlich, 1936), with some important 

modifications.  For instance, Terzaghi’s theory assumes the fill is placed immediately, which is 

not the case in this ramp loading problem.  Because of this, an alternate method by Olson (Olson, 

1977) was used, which incorporates the effects of a ramped loading on the rate of dissipation of 

excess pore water pressure and consequently the rate of consolidation settlement.   

Ramp Load Analysis 

Initially, a single ramp load was analyzed using Olson’s approach to bracket the problem on the 

high end of settlement.  This yielded approximately 1.71 m of settlement, or 1.67 m of settlement 

after 700 days.  Subsequently, a more precise approach was used that modeled, as accurately as 

possible, the two ramped loads.  The first ramped load occurred from 0-52 days, in which time a 

linear increase in pressure from 0-118.90 kPa was applied.  The second ramped load occurred 

from 230-254 days, with a corresponding linear pressure increase from 118.90-280.85 kPa, or Δσ 

= 161.95 kPa. 

For the first ramp load analysis, Sc was calculated for an applied pressure of Δσ =118.90 kPa.  In 

order to calculate Sc, the determination of the vertical effective stresses (σ’v), initial void ratios 

(eo), compression indices (Cc), recompression indices (Cr), and preconsolidation pressures (σ’p) 

were required. 

The σ’v values were determined at the center of each layer.  The water contents (w) were 

assumed to be linearly distributed between clay layers if no w data was provided.  The sand/silt 

layers, seams, and lenses were assumed to have w values of approximately 20%.  Initial void 

ratios were obtained from the consolidation test data, and these eo values were used for the first 

ramp load.  The Cc, Cr, and σ’p values were determined using Casagrande’s method (Casagrande, 

1936) with the laboratory consolidation test data provided.  The σ’p values were verified using 

Pacheco-Silva’s method (Pacheco-Silva, 1970). 

An initial Sc of 0.75 m was calculated for a fill height of 5.8 m (Δσ = 118.90 kPa) to determine 

the degree of consolidation at 230 days.  In order to apply Olson’s method, the length of the 

longest drainage path (Hdr) was estimated for each clay layer.  Hdr for each clay layer was 

assumed to equal the clay layer’s initial height (Ho) for the first loading condition; we justify this 

assumption because most clay layers in the soil profile were between surrounding clay layers, 

and it was assumed that excess pore water pressures would transfer vertically from one clay layer 

to another; thus, slowing down the consolidation of these adjacent clay layers.  However, a 

compensating effect occurs in that these clay layers also have the ability to drain three 

dimensionally and, because of this, the authors used their engineering judgment and determined 

that the drainage assumption of Hdr = Ho was reasonable unless a distinct clay layer was between 

sand and or silt layers, in which case, Hdr = ½ Ho. 
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After determining Hdr for each clay layer, a linear loading condition from 0-52 days (0-118.90 

kPa) was implemented, followed by a constant load for 178 days.  At 230 days (where the 

second ramp load begins), the settlement was 0.74 m (Sc = 0.75 m).  This indicates that the clay 

layers were almost completely consolidated for the load of 118.90 kPa at 230 days.  Note: 

Coefficient of consolidation (Cv) values were estimated using the consolidation data, plotting Cv 

vs. load, and then interpreting the data using a smooth line approach for a given load.  

Next, because each clay layer achieved nearly 100% Sc prior to the second ramp load at 230 

days, the authors adjusted the original thicknesses of each clay layer to account for changes that 

occurred in Ho and Hdr during the extended loading period.  The iterative analyses were 

continued for the next fill height based upon the adjusted Ho, Hdr, σ’v, σ’p, and e values. 

After completion of the initial 230 day loading period, the σ’v and σ’p values were increased by 

118.90 kPa.  It was assumed the Cc and Cr slopes would not change substantially over the load 

range caused by the fill.  However, because of the relatively large amount of settlement during 

the first 230 days, the e values for the clay layers would decrease and consequently the values of 

e were systematically adjusted for the second ramp load to reflect changes in the soil layers that 

occurred during the initial 230 day loading period.   

By applying the adjusted data and the change in the clay layers’ overconsolidation ratio, a total 

settlement analysis was conducted using the remaining fill height of 7.9 m (Δσ = 161.95 kPa), 

which resulted in Sc = 0.65 m.  Applying Olson’s method and assuming a linear loading 

condition from 230-254 days (0-161.95 kPa)
1
, the settlement at 700 days (470 days for this 

loading condition because it started at 230 days) was 0.64 m, which also shows that the clay 

layers were near 100% Sc.  For accuracy, the two ramped loads were super-imposed, which 

resulted in a combined settlement of 1.39 m at 700 days, and a total settlement, Sc of 1.41 m.   

Final Results 

In conclusion, the authors expect the ground surface to settle approximately 1.4 m over the 700 

day period.  A plot of ground surface settlement over this period is shown in Figure 1 for the 

complete double ramp loading of the soft clay foundation.  Figure 1 represents a summary of the 

authors’ results for the 2012 ASCE Student GeoPrediction Competition.  

 

Figure 1.  Plot of settlement vs. time. 
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1 - It is important to note the cv values from the consolidation tests for the second Sc analysis were based on a load from 118.90-280.85 

kPa instead of 0-161.95 kPa due to how consolidation tests are conducted, and the degree of consolidation of the clay layers at 230 days. 
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Appendix 

Results – Zachary Morris and Mason Tuttle’s plot of the time rate of settlement for the ASCE 

2012 Student GeoPrediction Competition. 

 

 

Figure 1.  Plot of settlement vs. time. 
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