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Results 
Rohne, Ryan J; Burnham, Tom. Investigation of Joint Deterioration in MnROAD Phase 1: Jointed Concrete Pavement Test 
Sections.  Minnesota Department of Transportation; Minnesota Department of Transportation, 2010, 31p 
https://trid.trb.org/view/1212521  
Abstract: A comprehensive forensic investigation was conducted at MnROAD in 2008. This investigation focused 
principally on joint performance, as little panel cracking had occurred. The most interesting observation was a unique 
distress phenomenon in the transverse joints. This distress occurred where jointed concrete pavements were built on 
undrained gravel bases. Cores showed that a significant amount of concrete material was missing from the middle 
section of the joint, with the area of greatest distress just below the saw cut, approximately at mid-depth. To determine 
whether this distress was unique to MnROAD test sections, six other Minnesota concrete pavement projects, of similar 
age and materials, were examined. While similar types of distress were found, the extent of the damage was not as 
severe. This may be due to much less traffic loadings being applied to those sections compared to MnROAD. In all cases, 
though, sections with base layers that adequately drained water within the joints performed significantly better. A 
discussion of the potential causes of the distress revealed that it is likely a combination of freeze/thaw damage and 
erosion due to fast-traveling trucks ultimately caused the distress. Findings show: for High Volume Traffic (1) Undrained 
portland cement concrete (PCC) on Class 5 base has resulted in significant joint distress (regardless of seal condition), (2) 
Drained PCC on Class 5 base with edge drains and well sealed joints performed better than undrained PCC, and (3) The 
combination of drainable base layers and edge drains worked best; and for Low Volume Traffic (1) Undrained PCC on 
Class 5 base with well sealed joints performed excellently; and (2) Undrained PCC on Class 5 base with poorly sealed 
joints exhibits significant distress. 
 
 
Gisi, Andrew J; Brennan, James Joseph; Luedders, Charles G; Manandhar, Chandra Bahadur; Hossain, Mustaque. Kansas 
Experience with Drainable Portland Cement Concrete Pavements. Transportation Research Board 86th Annual Meeting, 
Transportation Research Board, 2007, 19p 
https://trid.trb.org/view/802080  
Abstract: Pavement drainage is critical to performance of the Portland Cement Concrete Pavements (PCCP).  Since 1988, 
the Kansas Department of Transportation (KDOT) has been using a drainable base layer as an option for the PCC 
pavements.  However, the majority of PCC pavements in Kansas do not incorporate a drainable base because the traffic 
volume is low to medium.  This paper discusses Kansas Department of Transportation (KDOT) experience with drainage 
of six in-service PCCP projects.  Four of these projects were the experimental sections chosen from the Kansas SPS-2 
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project located on Interstate route 70 (I-70) and incorporate a permeable asphalt treated base (PATB) layer with edge 
drains.  The other two projects, US-50 and US-400, had daylighted drainable base layers. These projects also 
incorporated some alternative drainage designs and instrumentation for drainage monitoring. Both daylighted and 
partially daylighted drainage systems of various configurations can perform as well as a system using a positive drainage 
system of pipes and outlets.  Both systems do not have the inherent problems of a pipe system clogging.  However, the 
winter freeze condition can affect the outflow of water from the base and this condition may not be desirable in harsh 
freezing environments.  On the SPS-2 project, the drainable PCC sections with permeable asphalt treated base (PATB) 
have performed the best.  These sections were built smoother and remained so after 13 years of service.  Kansas 
experience has also reinforced the need for an acceptable separator layer in the drainable PCC design. 
 
 
Gisi, Andrew J; Brennan, J; Luedders, C G. DAYLIGHTED DRAINABLE BASE RESEARCH.  Kansas Department of 
Transportation; Federal Highway Administration, 2004, 38 p. 
https://trid.trb.org/view/740790  
Abstract: Modern highways are built with flat grades and gentle side slopes.  The flat grades and shallow ditches that 
result are not conducive to the construction of edge drains and outlet structures.  The Kansas Department of 
Transportation proposed using a drainable base to enhance the performance of pavements and to evaluate the 
performance of drainage features such as edge drains and daylighted Bound Drainable Base (BDB) without edge drains.  
The objective of this research project was to study the effects of moisture content and drainage characteristics of the 
daylighted BDB and edge drain sections on pavement performance under less than ideal conditions.  The test sections 
were constructed on two lane highways with 10-ft Portland Cement Concrete (PCC) shoulders.  The surface was PCC 
Pavement (PCCP) that was non-reinforced with doweled joints. Beneath the PCCP was a 4-in. BDB and a 6-in. Lime 
Treated Subgrade (LTSG).  The LTSG was supposed to act as a separator layer.  Four test sections were constructed at 
each location: (1) BDB with edge drains and outlet pipes; (2) partially daylighted BDB using denser aggregate wedge; (3) 
fully daylighted BDB using BDB material for the wedge; and (4) partially daylighted BDB with a filter fabric above and 
below the BDB outside of the shoulder.  The test section performance indicates that a daylighted drainage system can 
perform as well as a drainage system using edge drain pipes and outlets.  Both types of drainage systems are susceptible 
to freezing weather causing ice buildup in the drainable material resulting in reduced flow.  The vibrating strip 
piezometers were not reliable for measuring the effectiveness of the drainage layer's ability to remove moisture by 
measuring pore pressure.  Several of the test sections on the US-50 site failed to maintain open drainage when the fines 
from the LTSG migrated upward into the drainable base layer.  There needs to be a separator layer below the drainable 
layer to prevent the migration of fines.  It is suspected that the LTSG on the US-50 site was not thoroughly mixed which 
resulted in incomplete hydration.  This weakened the stabilized base and, when exposed to moisture, resulted in the 
fines migrating upward into the drainable layer. 
 
 
Dunn, Curtis; Bold, Tom; Fuchs, Bryon. Crushed PCC for Drainable Base Material.  North Dakota Department of 
Transportation, 2001, 37p 
https://trid.trb.org/view/1636150  
Abstract: The project was designed with the objective of comparing the cost and effectiveness of three drainable bases 
containing of 100% crushed PCC, 100% virgin aggregate, or a 50 - 50 blend of each. This study was implemented to 
determine if the degree of leachate would increase or decrease as compared to the previous year. And whether the 
leachate would accumulate to the point that it threatens the drainage performance of the pipe and ultimately the 
durability of the pavement structure. An optical camera was used to evaluate the condition of the 4" perforated pipe 
used in the edge drain system. There appears to be no correlation between the amount of sediment or leachate 
detected and the amount of crushed PCC present in the permeable base course. Initial observations immediately after 
construction and this final evaluation (six years later) found no evidence of leachate or sediment clogging the drainage 
system. Ponding water observed in the drainage system is due to construction of the drainage system (not maintaining 
the proper grade) and not the result of leachate or sediment clogging the drainage system. The final evaluation showed 
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there is no significant amount of sediment/leachate in the edge drains; this is true for all types of permeable bases.  It 
is recommended that 100% recycled PCC pavement that is crushed be utilized in the construction of permeable bases. 
 
 
Hagen, Mark G; Cochran, George R. COMPARISON OF PAVEMENT DRAINAGE SYSTEMS. Transportation Research Record, 
Issue 1519, 1996, p. 1-10 
https://trid.trb.org/view/464057  
Abstract: Pavement drainage systems have become a common addition to construction and reconstruction plans.  
Several types of transverse and longitudinal drains that vary in shape, size, and cost are often included in designs, 
although little is known about their performance.  The drainage characteristics and pavement performance of four 
drainage systems under jointed portland cement concrete pavement are described and evaluated. Included are the 
Minnesota Department of Transportation (Mn/DOT) standard dense-graded base, two dense-graded base sections 
incorporating transverse drains placed under the transverse joints, and permeable asphalt-stabilized base--a design that 
reflects current Mn/DOT drainable-base thinking.  All sections contain longitudinal edge drains.  Experiment variables 
include drainage flows, percent of rainfall drained, time to drain, base and subgrade moisture content, and pavement 
and joint durability.  Two primary conclusions were reached.  First, although all systems appear capable of removing 
drainable water from the pavement base, the permeable asphalt-stabilized base usually drained the most water within 2 
hr after rainfall ended, while providing the driest pavement foundation and the least early pavement distress.  Second, 
sealing the longitudinal and transverse joints temporarily reduced all rain inflow.  After about 2 wk inflow resumed, 
although the joint sealants appeared to be intact. 
 
 
Randolph, B W; Steinhauser, E P; Heydinger, A G; Gupta, J D. IN SITU TEST FOR HYDRAULIC CONDUCTIVITY OF 
DRAINABLE BASES. Transportation Research Record, Issue 1519, 1996, p. 36-40 
https://trid.trb.org/view/464061  
Abstract: The development and use of an in situ hydraulic conductivity test for drainable bases under existing pavements 
is presented. Six highway test sections were constructed by the Ohio Department of Transportation to test the drainage 
characteristics and durability of four unbound and two stabilized base materials.  The in situ test was then used to 
determine the field hydraulic conductivity of the highway test section bases.  This test uses an approach to Darcy's law 
called the direct velocity technique.  A standpipe is placed in a cored hole in the pavement to establish steady-state 
horizontal flow through the base toward the edge drains.  Two probes along a radial flow line measure differential 
pressure and electrical resistance in the water.  An electrolytic solution injected at the standpipe is used to determine 
the water velocity as the median resistance is noted at each probe.  The in situ hydraulic conductivity is calculated by 
dividing the discharge velocity by the hydraulic gradient.  The in situ test provided results that compare favorably with 
published values from carefully controlled laboratory tests.  It proved to work well for high-hydraulic-conductivity 
drainable bases, and it has the potential to be a valuable tool for condition assessment of bases under existing 
pavements. 
 
 
Hagen, M G; Cochran, G R. COMPARISON OF PAVEMENT DRAINAGE SYSTEMS. FINAL REPORT.  Minnesota Department of 
Transportation, 1995, 36 p. 
https://trid.trb.org/view/454560  
Abstract: Pavement drainage systems have become a common addition to construction and reconstruction plans.  
Several types of transverse and longitudinal drains that vary in shape, size and cost are often included in designs 
although little is known about their performance.  This study describes and evaluates the drainage characteristics and 
pavement performance of four drainage systems under jointed portland cement concrete pavement.  Included are the 
Minnesota Department of Transportation (Mn/DOT) standard dense graded base, two dense graded base sections 
incorporating transverse drains placed under the transverse joints, and permeable asphalt stabilized base, a design 
which reflects current Mn/DOT drainable base thinking.  All sections include longitudinal edge drains. Construction of 
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the test sections was done during 1989. Monitoring of rainfall and drainage began in 1990 and continued through 1994.  
Experiment variables include drainage flows, percent of rainfall drained, time to drain, base and subgrade moisture 
content, and pavement and joint durability.  Pavement performance evaluations will continue over the next several 
years.  This paper presents an overview of the study, examines the data, and summarizes the findings.  The study is 
expected to lead to improvements in the design of positive pavement drainage systems. 
 
 
Daylighted Permeable Bases 
https://www.fhwa.dot.gov/pavement/concrete/pubs/hif09009/hif09009.pdf 
  
DAYLIGHTED DRAINABLE BASE RESEARCH 
https://trid.trb.org/view/740790 
  
DAYLIGHTED DRAINABLE BASE RESEARCH - NET 
https://ntlrepository.blob.core.windows.net/lib/24000/24800/24880/KS035_Report.pdf 
  
Subsurface Drainage Manual for Pavements in ... - LRRB 
https://www.lrrb.org/pdf/200917.pdf 
  
Bases and Subbases for Concrete Pavement Performance ... 
https://www.geosynthetica.com/concrete-pavement-performance-bases-subbases/ 
  
THESIS WRITE-UP - OhioLINK ETD 
https://etd.ohiolink.edu/apexprod/rws_etd/send_file/send?accession=akron1247846052&disposition=attachment 
  
Evaluation of the performance and cost-effectiveness of … 
https://digitalcommons.mtu.edu/cgi/viewcontent.cgi?article=1246&context=etds 
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