
The confluence of Interstate Highways I-94, I-43 and I-794 immediately 
southwest of downtown Milwaukee, Wisconsin comprises the Marquette 
Interchange.  The original interchange opened in 1968 and was supported 
on low-capacity H-pile and pipe pile foundations.  By 2000, the interchange 
handled over 300,000 vehicles per day, or roughly twice the intended 
capacity.  The Wisconsin Department of Transportation (WisDOT) had the 
interchange completely reconstructed from 2004 through 2008 to meet 
the increased traffic demands and to improve traffic safety.  

The reconstructed five-level interchange occupies the same general 
footprint as the original one, and is supported by more than 120 km (77 mi) 
of 32, 36 and 41 cm (12.75, 14 and 16 in) outside diameter closed-end pipe 
piles.  These pile sections were installed at a cost of 19.3 million dollars to 
support maximum design loads of 1334, 1779 and 2224 kN (150, 200, and 
250 tons), respectively.  Maximum design loads of this magnitude had never 
been previously used by WisDOT.  

Early in the design process, Milwaukee Transportation Partners LLC (MTP), 
the designer, determined that high-capacity pile foundations were the most 
cost-effective foundation solution for this project.  High-capacity pipe pile 

foundations were chosen over a lower capacity pile foundation design 
because of the reduced substructure size, the reduced utility impact, and 
the significant cost savings provided.   The use of higher capacity piles 
also meant that there were fewer piles to drive, which contributed to 
maintaining a very aggressive project schedule.

The interchange covers a large area with highly variable soil conditions and 
high soil set-up potential.  On average, a nearly six-fold increase in shaft 
resistance occurs between the end of initial driving and one month later.  To 
achieve cost-effective foundation construction, the soil set-up was quantified 
and incorporated into the production pile installation criteria.  Wagner 
Komurka Geotechnical Group (WKG2), working with GRL Engineers, 
used the results from an extensive 2003 design-stage test program during 
which 88 indicator piles were driven at select locations throughout the 
interchange footprint.  Those indicator piles were dynamically tested by 
GRL during initial driving and during multiple restrike events to quantify 
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DID YOU KNOW?
    

     
    
     

   

Fyffe House, Built in NZ in 
1860,  by people in the whaling 

business, rests on whale 
bone piles.

Marquette Interchange, completed project. 
Photo by WisDOT Marquette Interchange Project Team

both the time rate and magnitude of soil set-up.  GRL used a Pile Driving 
Analyzer® (PDA) for the dynamic tests and performed CAPWAP® analyses 
on the collected data. GRL’s 15 ton APPLE system was used to effectively 
perform the long-term restrike tests on the indicator piles and to mobilize 
the large soil resistances.  The design stage test program also included 
six axial compression load tests and six lateral load tests so MTP could 
optimize foundation selection.  

During production pile installation, GRL Engineers performed dynamic 
pile monitoring with the PDA on the initial production piles driven at 
each substructure location.  These production piles were also dynamically 
tested during restrike after a period of one to three days.  GRL once 
again performed CAPWAP analyses on the collected data from end of 
drive and restrike.  Approximately 10% of the production piles were 
dynamically tested in this manner.  WKG2 compared the long-term soil 
set-up information quantified in the design-stage test program with the 
short-term soil set-up information gathered from the production piles, 
and then established driving criteria for the remaining piles at each 
substructure location. WKG2 used depth-variable driving criteria that 
considered the reduced end of driving capacity required as pile penetration 
depth increased, and the additional capacity achieved with penetration 
depth through soil set-up.  Incorporating set-up and depth variable 
criteria into the pile installation criteria meant driving the piles as short as 
possible. Individual driving criteria was thus developed for each of the 254 
substructure locations that comprised the Marquette Interchange.

The contractor, Marquette Constructors LLC, routinely operated 6 pile 
driving rigs at the same time and at one time had as many as 10 pile driving 
rigs operating concurrently.  Single acting diesel hammers with rated 
energies of 54,500 to 223,200 Joules (40,200 to 164,600 ft-lbs) were used 
to install the over 5000 production piles.  These hammers were significantly 
larger than those typically used on other WisDOT projects.  The use of the 
larger hammers resulted in improved production installation rates.  

The dynamic pile testing program contributed to an efficient foundation 
installation during the rebuilding of the congested interchange.  The project 
was completed in August 2008 ahead of schedule and below the estimated 
cost of 810 million dollars.  



2009 Calendar of Events Highlights
For a complete listing visit www.pile.com/events

Pile Dynamics, Inc.
4535 Renaissance Parkway
Cleveland, Ohio 44128 USA
E-mail: info@pile.com

Phone: +1-216-831-6131 
Fax: +1-216-831-0916

Visit us at  WWW.PILE.COM

California • Colorado • Florida • Illinois • North Carolina • Ohio • Pennsylvania

GRL Engineers, Inc.
Main Office: 4535 Renaissance Parkway
Cleveland, Ohio 44128 USA
E-mail: info@pile.com

Phone: +1-216-831-6131 
Fax: +1-216-831-0916

Printed on Recycled Paper

FRank RausCHE aWaRDED PREsTIGIous GBE aWaRD
Frank Rausche, PhD, PE, has been awarded the 2009 G. Brooks Earnest Technical 
Lecture Award by the Cleveland Section of the American Society of Civil 
Engineers (ASCE).  The award is presented yearly to an outstanding individual 
of prominence in the field of Civil Engineering, who delivers a Technical Lecture.  
Previous recipients include Ralph Peck, T. William Lambe, Elio D’Appolonia, 
Gerald A. Leonards, George Goble and many other distinguished engineers.  Dr. 
Rausche will deliver the Technical Lecture in Cleveland this Fall.

CaLL FoR PaPERs: ASCE GEOTECHNICAL SPECIAL PUBLICATION 
HONORING BENGT H. FELLENIUS
The ASCE Geo-Institute is soliciting abstracts for technical papers to be 
considered for inclusion in the Geotechnical Special Publication (GSP) entitled 
Role of Full-Scale Testing in Foundation Design honoring Prof. Bengt H. Fellenius, Dr. 
Tech., P.Eng., M.ASCE.  Technical papers covering all aspects of foundation testing, 
design, and construction practices will be considered.  Papers documenting 
case histories are particularly welcome.  Deadline for abstract submission is 
September 30, 2009.  Finished manuscript is expected in late 2010.  Please e-mail 
abstracts (up to 300 words) to Mohamad H. Hussein at: MHGRL@pile.com.

InTERnaTIonaL FounDaTIon ConGREss anD 
EquIPMEnT ExPo ‘09
The International Foundation Congress and Equipment Expo ‘09 in Orlando, 
Florida, was attended by over 2700 individuals from around the world.  Mohamad 
Hussein chaired the successful event, where 240 papers were presented and 
twelve panel discussion sessions held.  The exhibitors – indoors and outdoors – 
totaled 150.  The Geo-Institute of ASCE, ADSC and PDCA all held their annual 
meetings at the event.  Garland Likins was awarded the PDCA Presidential 
Award for Distinguished Service during IFCEE.  

FuLL LInE oF PDa sEnsoRs noW avaILaBLE WITH 
WIRELEss TRansMIssIon
Pile Dynamics has expanded its line of wireless Pile Driving Analyzer® (PDA) 
sensors to include Piezoelectric (PE) accelerometers.  While Piezoresistive (PR) 
Accelerometers have been available with wireless transmission option for many 
months, and are suitable for any testing application, some PDA testers prefer using 
PE accelerometers when testing concrete piles.  Wireless sensors avoid the use of 
cables; data is transmitted to a PDA model PAX via a dedicated radio transmitter.  
The wireless option is only available with the model PAX.

PDI customer Aksan Kawanda, 
from Geotech Engineering in 
Jakarta, says that the engineers in 
Indonesia call the wireless option 
“the future thing”, adding “It is 
very, very helpful and amazing”.  
Geotech used wireless sensors on 
an near-shore jetty, part of a Coal 
Fired Power Plant (300-400MW) 
located at Indramayu, in West 
Java, Indonesia.  Dynamic tests 
with the PDA model PAX-8 were 
conducted on a test pile, both at end of driving and at a 10 days restrike.  During 
production, several piles were monitored with the PDA model PAX-4 using 
wireless sensors, keeping the PDA safe and dry on shore. See photo above.

Red circle:  Wireless sensors attached to pile;  
Blue circle: Engineers conducting the test with the PDA model PAX

May 11-14, Phoenix, AZ: 34th Annual Geotechnical Engineers 
Conference. Sponsored by Arizona DOT & FHWA. visit the PDI/
GRL exhibit booth. Info: NWetz@azdot.gov.   

May 31-June 5, Honolulu, HI: Conference on Ocean, Offshore and 
Arctic Engineering (OMAE 2009). Sponsored by American Society 
of Mechanical Engineers (ASME), International Petroleum Technology 
Institute and University of Hawaii. Frank Rausche will present. 
www.asmeconferences.org/OMAE09/ 

June 4-6, San Francisco, CA: Super Pile 09. Sponsored by Deep 
Foundations Institute. George Piscsalko will present. visit 
the PDI exhibit booth. www.dfi.org 

June 14-20, Utah State University, UT: Professor’s Driven Pile Institute. 
Sponsored by PDCA. Frank Rausche and Pat Hannigan will 
present. www.piledrivers.org/profdrivenpile.php  

July 1-3, Lisbon, Portugal: 1º Congresso de Segurança e Conservação 
de Pontes - Bridge Safety and Maintenance (in Portuguese). Sponsored 
by ASCP.  www.dec.fct.unl.pt/~ascp/index.htm. visit the booth of 
PDI representative Tecnilab. 

July 20-24, Porto, Portugal: 3rd International Conference on Integrity, 
Reliability & Failure. Sponsored by School of Engineering, University 
of Porto and University of Toronto.  visit the booth of PDI 
representative Tecnilab.

August 31-September 6, Maputo, Mozambique: International Fair of 
Maputo. Sponsored by SOGEX, S.a.r.l.. Info: sogex@sogex.com. visit 
the booth of PDI representative Tecnilab. 

September 14-16, Stockholm, Sweden: European Offshore Wind 
Energy Conference. Sponsored by European Wind Energy Association.  
www.eow2009.info visit the booth of PDI representative 
G-octopus. 

september 23-25  Philadelphia, Pa: High strain 
Dynamic Pile Testing Exam, preceded by Preparatory 
Workshop. sponsored by PDCa and Foundation qa. 
Dr. Julian seidel will present.  www.foundationqa.com 

October 21-23, Kansas City, MO: DFI 34th Annual Conference on 
Deep Foundations. Sponsored by Deep Foundations Institute. visit 
the PDI exhibit booth. www.dfi.org

November 2-4, Hershey, PA: 24th Central Pennsylvania 
Geotechnical Conference. Sponsored by PENNDOT and Central 
PA Section of ASCE. visit the PDI/GRL exhibit booth.   
www.stegmanengineering.com/asce-pa2009.htm

November 19, San Francisco, CA: Design and Installation of Cost 
Effective Piles (DICEP). Sponsored by PDCA.  www.piledrivers.org.  

PDI aDDs REPREsEnTaTIvE In EGyPT
PDI now has a presence in Egypt, as it welcomes Market 
Leaders to its network of worldwide representatives.  
Visit www.pile.com/pdi/agents to locate one in your part 
of the world.


