
1 INTRODUCTION 

The $238 million Trunk Highway (T.H.) 212 Design-Build highway project con-
structed through suburbs located about 30 km southwest of Minneapolis, Minnesota, 
included 19 km of new freeway, more than 21 km of connecting streets, 7 inter-
changes, and 28 bridges. Standard penetration test (SPT) soil borings had been pro-
vided along the roadway alignment and at structures by the Minnesota Department of 
Transportation (Mn/DOT) in the project’s Request for Proposal. Site geology con-
sisted predominantly of overconsolidated glacial till. Based on geotechnical analysis 
of the soil boring information, the winning design-build contractor had planned to 
support all bridges on driven closed-end steel pipe piles, although shallow founda-
tions were considered feasible and worthy of additional geotechnical study for 11 
highway bridges and two pedestrian bridges. Supplemental geotechnical investiga-
tions using seismic cone penetration testing (SCPT) were performed by American 
Engineering Testing (AET), the project geotechnical engineering firm, at several of 
these bridges during the design phase to provide the data necessary for analysis of 
shallow foundations. 
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ABSTRACT: Seismic cone penetration testing (SCPT) was used extensively for as-
sessment and design of shallow foundations for bridges during a design-build high-
way project in Minnesota. Geotechnical information provided during the bid phase 
consisted exclusively of standard penetration test (SPT) borings at structures. Based 
on the existing geotechnical information, the winning design-build contractor had 
planned to support all the highway and pedestrian bridges on piling, although shallow 
foundations were considered feasible and worthy of additional geotechnical study for 
several bridges. SCPT soundings, in combination with laboratory soil tests, provided 
data that allowed a total of seven bridges to be supported on shallow foundations. An 
overview of the methods of investigation and analysis is provided for two bridges, 
both of which had some level of construction monitoring. 
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2 BACKGROUND INFORMATION 

2.1 Local Experience with CPT 

While CPT in Europe dates back to the first half of the 20th century, its usage in many 
areas of the United States, has lagged. Beginning in about the early 1990s, geotech-
nical engineering consultants in the Minneapolis area began using CPT (Reuter 
2009), and since about 2000, Mn/DOT has used CPT regularly for geotechnical site 
investigations (Dasenbrock 2004). However, it was in 2002, during the initial soil ex-
ploration phase of the T.H. 212 project, that CPT was used perhaps the most exten-
sively on a Mn/DOT project to that point. CPT soundings were performed in several 
swamp areas during the planning phase for the project to assess depth of organic 
soils. 
 Research has shown that the OCR for many types of clay can be assessed either 
qualitatively (Lunne et al. 1997) or quantitatively (Mayne et al. 2002) using the shear 
wave velocity, which can be quickly measured during seismic CPT soundings. Be-
cause correlations used to estimate soil parameters can vary based on local geology, 
both consolidation tests and SCPT soundings had previously been performed on 
many projects in the Minneapolis area, determining that the published correlation in 
Mayne et al. (2002) between OCR and shear wave velocity generally provide a good 
estimate for the low plasticity clayey soils common in local glacial till deposits. How-
ever, local experience has shown that a reduction factor of about 0.8 is needed for the 
CPT-estimated values to match laboratory consolidation test results. 

2.2 Other Project Applications of CPT 

CPT was used for other purposes during the project besides geotechnical explorations 
for bridge foundations. For example, in areas of thick swamp deposits, particularly in 
areas where excavation of these soils was performed underwater, numerous CPT 
soundings were performed after the excavations had been backfilled in order to quick-
ly assess the success of the soil correction process. In areas where pockets of organic 
soils had been trapped below the excavation backfill, surcharging was often used to 
reduce post-construction settlements. The speed with which CPT soundings could be 
performed made them more economical than continuously sampled soil borings. CPT 
soundings were also performed through the planned embedment depth of precast con-
crete posts for noise walls on top of large fill embankments meant to serve as noise 
barriers. While density testing had been performed on the embankment fill, the CPT 
data allowed for reliable estimates of soil strength and stiffness used in the lateral re-
sistance design of the noise wall posts against wind loads. 

2.3 Use of SCPT to Facilitate Shallow Foundation Design 

As previously mentioned, the preliminary design for each bridge on the project in-
cluded foundation support by closed-end, cast-in-place, steel pipe piles either 31 or 41 
cm in diameter. This foundation type would be consistent with typical Mn/DOT prac-
tice for bridges supported over soil. However, early in the project two pedestrian 
bridges were redesigned for support on shallow spread footings, and one of these uti-
lized SCPT soundings to better define site stratigraphy. Supplemental SCPT sound-
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ings were also performed to provide design recommendations for spread foundations 
of five roadway bridges. Four of these bridges were for secondary highways con-
structed over T.H. 212 and were located in areas of cut, ranging from about 3 m to 8 
m at pavement elevation. All substructure foundations for these four bridges were 
founded at least 1 m below original grade. 

An overview of the methods of investigation and analysis for the project is hig-
hlighted by the examples of two bridges, located about 2 km apart and both founded 
on clayey glacial till. The supplemental investigation for the first bridge (referred to 
as the T.H. 41 Bridge) included both SCPT soundings and an additional soil boring to 
collect samples for laboratory consolidation tests. The second bridge (referred to as 
the C.R. 110 Bridge) was redesigned for spread-footing support at the abutments 
when foundation analysis revealed that compression of the underlying soils under the 
height of new embankment fill would cause significant downdrag on the piling, re-
sulting in highly inefficient foundations. SCPT data were used in the foundation anal-
ysis for the C.R. 110 Bridge and allowed for correlation of consolidation parameters 
to the T.H. 41 Bridge site. 

3 T.H. 41 BRIDGE OVER T.H. 212 

3.1 Bridge Information 

The T.H. 41 Bridge over T.H. 212 is a two-span bridge with 1.83-m deep prestressed 
concrete girders and a total length of about 71 m. T.H. 41 is a four-lane divided 
highway, and the approximate width of the bridge is 42 m. The abutments are cast-in-
place reinforced concrete cantilever retaining walls. Bearing elevations for the spread 
foundations were about 1 m below original grade at the abutments and about 5 m be-
low original grade at the pier. The T.H. 212 roadway alignment below the bridge was 
cut about 3 m below original ground surface. Approach embankment fill behind the 
abutments was about 5 m above original ground surface. 

3.2 Geotechnical Information 

The 10 SPT borings performed for the T.H. 41 Bridge indicated predominantly stiff 
to very stiff sandy lean clay and clayey sand glacial till. Occasional layers of relative-
ly dense sands and silty sands divided the cohesive till layers into a maximum conti-
nuous thickness of about 6 m. Unconfined compression testing had been performed 
on many thin wall samples collected during the borings; resulting values of undrained 
shear strength ranged from 60 to 240 kPa. 
 Additional geotechnical investigation consisted of six SCPT soundings with an 
SPT boring adjacent to one sounding. The SCPT sounding adjacent to the supplemen-
tal soil boring is shown in Figure 1. Two of the SCPT soundings included pore pres-
sure dissipation tests at a depth of 6.1 m. The dissipation tests indicated a coefficient 
of horizontal consolidation ch of about 5x10-3 cm2/sec. Two specimens trimmed from 
thin wall samples of sandy lean clay retrieved from depths of about 2.5 m and 9 m 
underwent laboratory consolidation testing. Based on the test results, the specimens 
tested had been somewhat disturbed by the sampling process, making an accurate as-
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sessment of the OCR difficult. However, unload-reload cycling during the consolida-
tion test provided useful data about the recompression properties of the soil. 

 
Figure 1. Example SCPT sounding performed for spread footing design of T.H. 41 Bridge. 

3.3 Analysis 

The strength of the glacial till soils was evaluated using the unconfined compression 
test results, as well as through correlation with corrected cone tip stress (Lunne et al. 
1997), using an Nkt value of 15 based on the typical liquid limit values (about 22 to 
26) of the clay till soils (Möller et al. 1995). The CPT-estimated undrained shear 
strength values were typically in excess of about 110 kPa and averaged at least 140 
kPa. The allowable bearing pressures assumed in design by the structural engineer 
were 190 kPa for the abutments and 230 to 250 kPa for the pier foundation. Conven-
tional bearing capacity analysis showed safety factors of at least 3. 

The OCR profile for the glacial till soils was estimated by correlation with the 
measured shear wave velocities as discussed previously (Fig. 2). Foundation settle-
ments were calculated using both the recompression portion of the consolidation test 
results and as discussed by Mayne (1999), assuming that the glacial till soils behaved 
in a nonlinear elastic manner up to their respective preconsolidation stresses. Analysis 
showed that the addition of the foundation bearing pressures to the in-situ effective 
overburden stresses did not exceed the assumed preconsolidation stresses of the till. 

 
Figure 2. Estimated OCR profile with depth from measured shear wave velocities. 
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 Settlement estimates ranged from 18 to 23 mm at the abutments and from 8 to 15 
mm at the pier. Estimated time for 95% of settlements, using a cv of about 5x10-3 
cm2/sec and assuming two-way drainage, was about 4 to 6 months. 

3.4 Settlement Monitoring 

Settlements of the abutments and the pier were monitored occasionally. (Monitoring 
was not a project requirement, and the owner and contractor were not involved in this 
effort.) Basic surveying methods and equipment (e.g. engineer’s level and survey rod) 
were used to monitor points on the abutment footings and on the pier columns, and 
estimated accuracy was about 3 to 5 mm. After the footings were backfilled, points on 
the abutment walls were monitored. Unfortunately, at various times during construc-
tion, the survey reference points were either obstructed or filled over before reference 
elevations could be transferred by surveying multiple points. Essentially, for each 
substructure of the bridge, there was a break in the continuity of the surveying data. 
 However, because these “breaks” did not occur simultaneously, one can assume 
that the missing increment of settlement at a given substructure would be about the 
same magnitude as that recorded during the same time period at another substructure. 
Using this assumption to add to the data recorded provides settlement curves that 
suggest the estimates of foundation settlement were relatively accurate (Fig. 3). The 
accuracy of the settlement rate predictions is not easily assessed because of the lack 
of data about the loads associated with various stages in the construction of the 
bridge. However, for the south abutment, the time between the completion of backfil-
ling and when the settlements stopped was about 4 months. Recall that a time period 
of 4 to 6 months had been estimated for 95% consolidation. 
 

 
Figure 3. Settlement monitoring data for T.H. 41 Bridge (with notes on construction progress). 
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4 T.H. 212 BRIDGE OVER COUNTY ROAD 110 

4.1 Bridge Information 

The C.R. 110 Bridge has cast-in-place, reinforced concrete abutments and center 
piers, as well as 2.06-m deep prestressed concrete girders. There are two 47-m spans, 
one over Carver County Road 110 and one over Chaska Creek. To maintain an ac-
ceptable roadway profile for T.H. 212, the bridge was designed about 5 m taller than 
required for normal clearance over a county road, resulting in abutment walls up to 
11.6-m tall and grade raises of up to 15 m above original ground surface. Design 
bearing pressures at the abutments were about 290 kPa. 
 The center pier was supported on piling because of the scour potential caused by 
the adjacent Chaska Creek. Downdrag was not a factor at the center pier piling owing 
to minimal grade changes at that location. The bridge profile is shown in Figure 4. 

 
Figure 4. C.R. 110 Bridge Profile. 

4.2 Geotechnical Information 

Soil borings performed during Mn/DOT’s original subsurface investigation indicated 
soils at the abutments consisted of about 2 to 4 m of soft topsoil and clay over compe-
tent glacially deposited clay till interlayered with sands and gravels. However, settle-
ment analyses indicated that the soils in the upper 8 to 17 m of the soil profile would 
compress under the 15-m thick approach embankments. The resulting downdrag for 
the piles at the abutments would be significant, reducing the useable structural capaci-
ty such that piling was uneconomical (Bentler et al 2009). 
 

 
Figure 5. Example SCPT sounding performed for spread footing design of C.R. 110 Bridge. 
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A supplemental geotechnical investigation, consisting of two SPT borings and four 

SCPT soundings, was performed. A log of the SCPT sounding that encountered the 
softest clay till is shown in Figure 5. An additional CPT sounding was advanced adja-
cent to one of the others to perform a pore pressure dissipation test at a depth of 16.8 
m, with a resulting coefficient of horizontal consolidation ch of about 1x10-3 cm2/sec. 

4.3 Analysis 

Based on the SCPT data, the till was determined to be overconsolidated sufficiently 
such that the foundations and embankments would not load the soils beyond their 
previous maximum stresses; therefore, spread footings were feasible. The SCPT data 
were used to predict settlements of the glacial till assuming nonlinear elastic beha-
vior. Excavation of the upper compressible soils was recommended, to be followed 
by backfilling with clean sand. Estimated foundation settlements were up to about 46 
mm, and it was recommended that 15-m thick preload embankments be constructed at 
and behind the planned abutments to initiate settlement sooner and thereby reduce 
post-construction abutment settlement to not more than the required maximum of 25 
mm. Estimated preload time for 65% consolidation was about 4 months. 

However, while this method of analysis had been used for shallow foundation ana-
lyses of previous bridges on the project, their foundation bearing elevations had all 
been below original grade. The fact that the foundations for this bridge would be 
placed at or above existing grade, on fill soils, in combination with the high approach 
embankments and with a different foundation type at the center pier raised some con-
cerns for Mn/DOT about whether the bridge abutments would meet performance re-
quirements (Bentler et al. 2009). It became evident that predictions and monitoring of 
foundation and abutment behavior during construction were needed. 

While using SCPT data to estimate magnitudes of settlements was relatively 
straightforward, predicting the rate at which these settlements would occur during a 
staged construction process, although possible, was not. Fortunately, the results of the 
SCPT soundings at the C.R. 110 Bridge were similar to those performed at the T.H. 
41 Bridge located about 2 km away; therefore, the consolidation test results from that 
bridge could be used to predict time-dependent consolidation settlements, using 
commercial foundation stress and settlement analysis software. In this way, detailed 
analyses of stresses and settlements were performed for each abutment foundation at 
various stages of the anticipated construction process (Bentler et al. 2009). 

4.4 Instrumentation & Monitoring 

A cooperative instrumentation program was developed to monitor bridge perfor-
mance during construction and provide data for comparison with the anticipated 
foundation response. Monitoring data from optical survey targets, inclinometers, earth 
pressure cells, and tiltmeters indicated overall good agreement between predicted ab-
utment behavior and the measured response. In-depth discussion of the instrumenta-
tion plan, results and findings can be found in Bentler et al. (2009). Settlements of the 
abutments in conjunction with backfill height are shown in Figure 6. It is apparent 
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that settlements occurred relatively quickly during construction as loads were applied. 
Final abutment settlements were just under the allowed 25 mm. 

 
Figure 6. Settlement of abutment walls after start of backfilling (from Bentler et al. 2009). 

5 CONCLUSIONS  

Seismic cone penetration testing allowed for economical and detailed assessment of 
stratigraphy, strength, and settlement characteristics of the glacial till soils at each 
bridge site. SCPT testing has proven to be an effective means of performing subsur-
face investigations for shallow foundation design of bridges supported on soil in the 
Minneapolis-St. Paul metropolitan area of Minnesota. 
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