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Technical Memorandum 

To:  Jeff Uhlmeyer  

From: Gonzalo Rada, Gary Elkins and Kevin Senn 

cc: Mustafa Mohamedali 

Date: October 10, 2019 (original) 

Re. Forensic Desktop Study Report: Mississippi LTPP Test Section 28_5025 

 
The Long-Term Pavement Performance (LTPP) General Pavement Studies (GPS) test section 28_50251 was 
nominated for a desktop study under TPF-5(332) “LTPP Forensic Evaluations” to investigate the influence 
of short transverse crack spacing on the performance of this continuously reinforced concrete pavement 
(CRCP) structure. The test section is still active after 41 years (1978 to date), and it appears to have 
performed well when viewed in terms of IRI, rutting and deflections, but not so in terms of transverse 
cracking – there were 178 transverse cracks observed during the last manual distress survey in 2014. The 
focus of the proposed investigation is on the factors affecting transverse cracking, including the amount of 
reinforcement used and the influence of climatic conditions. 

SITE DESCRIPTION 
LTPP test section 28_5025 is located on US Route 84, westbound, in Lincoln County, Mississippi. US Route 
84 is a rural principal arterial with two lanes in the direction of traffic. It is classified as being in a Wet—No 
Freeze climate zone with an average annual precipitation ranging between 43.6 inches (2000) and 78.9 
inches (2012) and an annual average air freezing index ranging between 0 Deg-F degree-days (multiple 
years) and 85 Deg-F degree-days (1989 and 1996) during the performance period in question (1978 to 
2017). The coordinates of the test section are 3 31.54636, -90.44317. Photograph 1 shows the test section 
at Station 3+50 looking westbound in 2014 (last distress survey), while Map 1 shows the geographical 
location of the test section relative to Jackson, Mississippi and to Baton Rouge and New Orleans, Louisiana. 

 

                                                 
 
 
 
1 First two digits in test section number represent the State Code [28 = Mississippi]. For LTPP GPS test 
sections, the final four digits are unique within each State/Province and they were assigned at the time the 
test section was accepted into the LTPP program. For LTPP Specific Pavement Studies (SPS) test 
sections, the second set of two numbers indicates the Project Code (e.g., 02 = SPS-2) and the final set of 
two numbers represents the test section number on that project (e.g., 13). 
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Photograph 1. Picture of test section 28_5025 in 2014 (Station 3+50 looking westbound).  

 

Map 1. Geographical location of test section relative to Jackson, Mississippi. 
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BASE-LINE PAVEMENT HISTORY 
The information included in this portion of the document presents the baseline data on the history of the 
pavement structure and its structural capacity, climate, traffic and pavement distresses, rutting and 
roughness.     

Pavement Structure and Construction history 

The initial pavement structure was constructed in 1978, and it was incorporated into the LTPP program in 
1987 as part of the GPS-5 Continuously Reinforced Concrete Pavement (CRCP) experiment. The original 
layer structure is detailed in Table 1. This corresponds to CONSRTUCTION_NO = 1 (CN = 1). The layer 
structure has remained as is (i.e., no maintenance or rehabilitation applied) since its construction in 1978 to 
date, and consequently there are no additional CN events beyond CN = 1. 

The CRCP structure conforms to the Mississippi standard design as noted in the paper by T. C. Paul Teng 
included in Appendix A. The longitudinal reinforcement consisted of number 5 (5/8 inch) deformed bars 
with a 6.5 inch spacing in the nominal 8 inch thick PCC layer. This represents 0.6% longitudinal steel 
reinforcement. The transverse reinforcement consists of number 4 (0.5 inch) bars spaced 36 inches apart.   

The average coefficient of thermal expansion (CTE) for the portland cement concrete at the test section is 
6.05x10-6 /°F, which is a typical average value – i.e., not an extreme CTE value.   

Table 1. Pavement structure.  

Layer 
Number 

Layer Type Thickness 
(in.) 

Material Code Description 

1 Subgrade (untreated) 214-Coarse-Grained Soil: Silty Sand 
2 Unbound (granular) 

subbase 
6.8 308-Soil-Aggregate Mixture (Predominantly 

Coarse-Grained) 
3 Bound (treated) base 4.3 319-HMAC 
4 Portland cement concrete 

layer 
8.2 6-Portland Cement Concrete (CRCP) 

 

Pavement Structural Properties 

Figure 1 shows the time history average FWD deflection plot under the nominal 9,000 lb. load from the 
sensor positioned in the load plate. The deflection of the sensor located in the load plate is a general 
indication of the total “strength” or response of all layers in the pavement structure to a vertically applied 
load. This deflection can be influenced by pavement temperature at the time of testing, precipitation, and 
changes in pavement structure. As shown, the original pavement structure had maximum deflections less 
than 3 mils in 1990, which increased over time to between 3 and 4 mils between 1995 and 2005 and then 
to more than 4 mils in 2012, which is when deflection testing was last performed on the test section. These 
deflections appear reasonable for a CRCP pavement structure with a treated base. They also clearly show 
that the pavement structure is steadily deteriorating with time under the influence of traffic and local 
climatic conditions. 

Table 2 shows the layer moduli backcalculated (using EVERCALC 5.0 software) from the deflection data 
measured between November 1989 and May 2003 (four rounds of FWD testing; there is no 
backcalculation information from the fifth deflection data set).  The pavement structure was modeled as 
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consisting of an 8.2 inch CRCP layer over 4.3 inches of asphalt treated base, 24.0 inches of combined 
unbound granular subbase and subgrade, and a semi-infinite subgrade.  

 

Figure 1. Time history of average deflection for the sensor located in the load plate 
normalized to 9,000 lb. drop load. 

Table 2. Backcalculated layer moduli over time. 
Layer Type Thickness (inches) Test Date Modulus (ksi) 

CRCP 8.2 

11/06/1989 7.028 
10/31/1994 5,682 
12/02/1999 5,675 
05/09/2003 4,803 

AC Treated base 4.3 

11/06/1989 429 
10/31/1994 269 
12/02/1999 166 
05/09/2003 719 

Subgrade and 
Unbound Granular 

Subbase 

24.0  
(6.8 inches of  granular 

subbase and 17.2 
inches of subgrade) 

11/06/1989 20 
10/31/1994 23 
12/02/1999 10 
05/09/2003 15 

Subgrade Semi-infinite 

11/06/1989 52 
10/31/1994 48 
12/02/1999 53 
05/09/2003 53 

 

As shown in Table 2:  

 The backcalculated modulus values for the CRCP layer appear to be reasonable and they also appear 
to confirm the steady deterioration of the pavement structure noted earlier. These layer moduli also 
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go hand in hand with the distress survey results presented later in this memorandum, which show a 
steady increase in the number and length of transverse cracks over time.   

 The backcalculated modulus values for the asphalt treated based also appear reasonable and they too 
appear to confirm the steady deterioration of the pavement structure. The only exception is the 
modulus backcalculated from the deflection data collected during the 2003 (last visit for which 
backcalculation information is available), which shows an unusually high modulus. It is hypothesized 
that this may be due to compensating layer effects during the backcalculation process, especially when 
viewed in light of the decrease in the modulus value of the combined granular subbase and subgrade 
layer in 2003.  

 The backcalculated layer moduli for the two unbound granular layers appear to be reasonable. It is 
somewhat surprising, however, that the moduli values for the semi-infinite subgrade layer remain so 
stable – between 48 and 53 ksi – over the 14 year period (1989 to 2003) for which backcalculation 
information is available, despite pavement deterioration and changing climatic conditions. Further 
investigation into the stability of these moduli is warranted and it should consider the effects of 
climatic condition and stress sensitivity. 

Climate History 

The time history for annual average precipitation since 1978 is shown in Figure 2. In 2012, the amount of 
precipitation appears to be a local high (78.9 inches) at the site, while the low (43.6 inches) was recorded in 
2000. These measurements as well as the remaining measurements do not deviate significantly from the 
mean at the site (61.1 inches for the time period in Figure 2), and hence there are no specific precipitation 
events that would have affected the performance of the pavement, whether accelerating or decelerating 
deterioration rates.    

 

Figure 2. Time history of annual precipitation. 

Figure 3 shows the time history of the annual freezing index over the history of this test section. The 
freezing index is the sum of the difference between 32 degrees F and when the average air temperature is 
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less than freezing and 32 degrees F for each day, which is summed over a year’s time. This index is an 
indicator of the harshness of the winter season relative to issues such as ground frost and low temperature 
cracking in pavements. Except for minor spikes (all else than 90 Deg-F degree-days) on multiple years, the 
annual freezing index at the site has remained at or close to zero, which implies winter issues are not major 
contributors to the performance of the pavement test section.  

 

Figure 3. Time history of annual air temperature freezing index. 

Truck Volume History 

Figure 4 shows the annual average daily truck volume data in the LTPP test lane by year. The red triangles 
represent counts provided by the Mississippi DOT, while the blue diamonds represent truck count 
estimates derived based on data reported to LTPP by the Mississippi DOT. While not perfect, there appears 
to be agreement between the two counts. The figure also shows that truck volumes have steadily 
increased from around 150 trucks in the early 1980s to around 500 trucks per day in 2010s; i.e., it has more 
than tripled over the nearly 40 year time period in question.   

Pavement Distress History 

This section summarizes the distresses observed at the test section during the period of 1989 to 2014 (CN 
= 1), which is when the last round of measurements was performed. Only transverse cracking and spalling 
associated with those cracks have been observed at the test section during the pavement surface distress 
surveys. No longitudinal cracking, punchouts or patching has been observed at the test section since it 
entered the LTPP program. 
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Figure 4. Average annual daily truck traffic history. 

Figures 5 and 6 show the time history of the number and length of transverse cracks.  They include data 
derived from automated distress surveys (35-mm Black & White continuous photographs) between 1989 
and 2003, and from manual distress surveys performed between 1991 and 2014, the year of the last survey 
to date. As shown in these two figures, the number of transverse cracks increases from 126 in 1989 to 178 
in 2014, while the length of that cracking increases from approximately 500 ft to almost 2,100 ft over the 
same time period. The latest measurements represent a full-lane width transverse crack every 2.8 ft, which 
falls on the low side of the desirable 3.5 to 8 ft crack spacing (which is part of the design process), but 
spacings of 1.5 to 6 ft are not unusual.   

The steady increase in the number and length of transverse cracking over time (and hence the short crack 
spacing) support the hypotheses that the increase in deflections and the reduction in moduli of the CRCP 
layer are directly related to the transverse cracking. However, the load transfer efficiency (LTE) of the 
transverse joints has remained between 88% and 92%, which are considered good values, throughout the 
life of the test section. In turn, this implies that while structural capacity of the pavement is steadily 
deteriorating, load transfer at the transverse cracks resulting from the longitudinal steel and aggregate 
interlock is still performing well.  

The time history plot of rutting on the test section is shown in Figure 7. As shown, rutting of the pavement 
test section has remained close to 0.1 inches throughout the life of the test section. It is hypothesized that 
the measured rutting is associated with ablative wear of the surface, albeit the use of winter traction 
control devices such as studded tires or chains is not expected to be an issue at the test section. 
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Figure 5. Time history of the number of transverse cracks. 

 

Figure 6. Time history of the length of transverse cracks. 
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Figure 7. Time history plot of average rut depth computations. 

Similarly, the time history of roughness measurements is shown in Figure 8. As shown, the IRI has 
remained close to 80 inches/mile throughout the life of the test section within the LTPP program. 

Figure 8. Time history plot of pavement roughness.  

Pumping, which is defined in the LTPP distress manual as seeping or ejection of water from beneath the 
pavement through cracks or joints. In some cases, it is detectable by deposits of fine material left on the 
pavement surface, which were eroded (pumped) from unbound subsurface support layers. The general 
mechanism of pumping is thought to lead to creation of punchouts. As shown in Figure 9, the number of 
rated pumping instances has varied over the years. However, even with the short transverse crack spacing, 
no punchouts have ever been observed on this test section.  Looking at the photograph of the test section 
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in Figure 10 taken during the distress survey performed in 1999, which was rated as the most severe 
pumping event, this appears to be water seeping to the pavement surface at cracks on the outside edge of 
the pavement and not eroding of the unbound subsurface layers typically associated the typical pumping 
mechanism on CRCP.   

Figure 11 is a photograph of test section 28_5025 taken during the last distress survey conducted in 2012. 
This photograph was taken from the leave end of the test section looking back in the direction of traffic. It 
is interesting to note the growth of grass along the outside pavement edge. It is postulated that this grass 
growth is from water pushed to the outside pavement edge due to cross slope and not the traditional 
pumping mechanism associated with CRCP pavements with unbound base.  

 

 

Figure 9. Time history plot of number of pumping locations on section 28_5025. 
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Figure 10. Photograph of test section 28_5025 taken during 1999 manual distress survey. 

 

Figure 11. Photograph of test section 28_5025 taken in 2012. 
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Other interesting distress observations include: 

 This test section experienced no punchouts over its life to date. Traditional CRCP mechanistic 
interpretations indicate that short transverse crack spacing tends to result in more punchouts.  

 There were no patches applied to this test section. Patches on CRCP are usually associated with 
punchouts. 

 The test section did exhibit a significant amount of spalling, although looking at the test section 
pictures, spalling in the left lane appeared to be worse than in the study lane. 

 After 2010, the amount of scaling and surface polishing dramatically increased.  

SUMMARY OF FINDINGS  
In this review of information concerning the performance history of test section 28_5025, the following 
information was presented: 

 The nominal 8” thick CRCP over a 4-inch-thick AC stabilized base pavement structure has performed 
well over the past 41 years without any maintenance. While the test lane qualifies as a zero-
maintenance structure, from photographs, it appears that some maintenance to address crack spalling 
in the adjacent left lane has been performed.  

 The design specification used in Mississippi at the time consisted of a standard cross section modified 
by underlying soil conditions as shown in the 1973 paper included in Appendix A of this document. 
The LTPP database indicates this test section did not have any soil stabilizing material added to the 
subgrade, which appears to be consistent with a coarse grained silty-sand subgrade material.   

 The number of transverse cracks has increased over time, which is consistent with the behavior of 
long-term studies of CRCP. On this site, the average spacing between transverse cracks in 2014 is 
approximately 3 feet. While this average spacing approximates the distance between the transverse 
steel reinforcement, the locations of the transverse cracks do not appear to have a uniform pattern. 
Older design concepts from the 1970’s suggested that transverse crack spacing less than 5 feet might 
result in increased punch-outs. This test section has not exhibited any punchouts or corrective 
maintenance events to address punchouts. 

 IRI of the test section has remained in the 80 inches/mile range, which is consistent with a smooth 
pavement structure. The IRI measurements do not appear to reflect the increased transverse joint 
spalling, number of transverse cracks, or degradation of the pavement surface.  

 Significant pavement pumping locations were reported in some of the distress surveys on this test 
section. The time history of pavement pumping was inconsistent. It peaked in 1999 and by 2014 it was 
just about nonexistent. The importance of pavement pumping on CRCP pavements is thought to be 
due to eroding of the base structure under the outside edge of the pavement. This eroding leads to 
punch-outs at the lane edge that requires maintenance events to repair. This test section has no 
reported punch out or patches. In the pictures taken during performance of the distress surveys, what 
was rated as pumping appears to be water seeping to the pavement surface at the outside pavement 
edge and no eroding of the unbound base layers is apparent.   
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FORENSIC EVALUATION RECOMMENDATIONS  
While sufficient data appear to be available to explain the performance of the Mississippi 28_5025 test 
section, it is recommended that the desktop study be extended as follows: 

 Include this test section in the LTPP long life extended pavement performance monitoring 
classification. After more than 40 years, while some PCC surface distress is being noted, the 
smoothness and structural characteristics are still excellent. This includes continued monitoring until 
2026, or until the pavement section receives an overlay.   

 During the next manual distress survey, have the distress surveyors investigate the reported pumping 
locations in previous surveys. The topic of interest is to see if fines from the unbound base or 
subgrade are being eroded to the surface, or if the reported pumping is due to seep of water from the 
bound AC base layer to the outside edge of the pavement surface. The shoulder on this pavement 
section has a very coarse texture, which could make detection of subsurface eroding to the shoulder 
surface difficult.   

 Additional FWD testing and backcalculation of layer moduli is recommended to confirm the 
hypothesis that the deflection increase with time is likely to continue the downward trend in CRCP 
modulus. As part of this effort, layer moduli should also be backcalculated from the 2003 deflection 
data. 

 To investigate what went right at this test section location, perform coring at locations adjacent to the 
LTPP test section, with the same pavement design, that experienced punchouts to examine the 
differences in subgrade materials and pavement structure. This coring could take place at the time of 
the distress survey and FWD testing to limit the need for traffic control to one day. 
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Appendix A. 1973 Paper by T.C. Paul Teng on CRCP Design in Mississippi 
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