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INTRODUCTION
Several pavements constructed in the energy sector have experienced premature distress due to
high volume, heavy traffic. Farm to Market Road (FM) 624 located in La Salle County and
between SH 16 and La Salle County Line experienced premature distress. The Laredo District of
the Texas Department of Transportation (TxDOT) asked the Texas A&M Transportation
Institute (TTI) to perform an investigation to determine the causes of the premature distress.
The pavement investigation included information gathering, field testing, and evaluation.
Historic information from the Laredo District was provided, and soil survey information was
reviewed. Field testing included a visual condition survey, ground penetrating radar (GPR),
falling weight deflectometer (FWD), dynamic cone penetrometer (DCP), ride quality or
roughness, and coring. This technical memorandum provides a summary of the information and
analysis performed on FM 624.
INFORMATION GATHERING AND ANALYSIS
Pavement Cross Section
The typical pavement cross section prior to construction consisted of a surface treatment with
4 in. flexible base on top of 8 in. of Portland cement treated base.
The repair project was let in July 2011, and construction was completed in 2011. The
construction operations involved the following activities:
 Remove 6 in. of the existing roadway base material.
 Portland cement treat 6 in. of the remaining base material.
 Place geogrid reinforcement on top of the cement treated material
 Place 6 in. of new flex base.
 Apply emulsion (MS-2) as a prime coat.
 Place a two course surface treatment.
Figure 1 shows the proposed typical section.

Figure 1. Typical Section on FM 624 after Base Repair.

TM-15-01 Page 1

In December 2014 through February 2015, TTI conducted testing on the section to monitor the
performance and to establish potential causes of premature distress. This was approximately
three years after opening the pavement to traffic.
Soil Survey
Figure 2 and Figure 3 show the soil survey information for plasticity index and gypsum,
respectively. Figure 2 show that localized pockets of high plasticity clay exist along the
pavement section. Figure 3 illustrates the project may have gypsum in the subgrade with
concentrations up to 3 percent. The expected location of gypsum matches the expected location
of highly plastic soils.

Figure 2. Soil Survey – Plasticity Index – FM 624.
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Figure 3. Soil Survey – Gypsum – FM 624.
Figure 4 shows the rated limitations for roads and streets. About 50 percent of the project is rated
very limited due to low strength, flooding, or shrink-swell. A sizeable portion of the limited area
surrounds the Nueces River, where the pavement is elevated with fill.
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Figure 4. Limitations for Roads and Streets.
Visual Observation
The pavement exhibits roughness. Other observations include localized failures (potholes likely
due to debonding of the surface treatments), longitudinal cracking, and rutting. Figure 5 shows
pavement roughness, which seemed prevalent throughout the entire section. Figure 6 shows
examples of failures; some of these locations appear to be structural problems, while at many
locations the problems appear to originate from debonding of the surface treatment. The
debonding distress was predominantly at the pavement centerline. Figure 7 shows a location of
longitudinal cracking with rutting in the wheel path.
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Figure 5. Roughness on FM 624.

Figure 6. Failures on FM 624.
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Figure 7. Longitudinal Cracking with Rutting on FM 624.
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GPR
The primary observation from the GPR is that the antenna bounce in the GPR signal throughout
the radar profile indicates the entire pavement is rough. The base interfaces are also observed
between 5 and 12 in. down periodically throughout the profile, depending on which interface the
GPR is detecting. Figure 8 presents an example of typical GPR data from the project.

Figure 8. GPR from FM 624, Highlighting Pavement Roughness and Bottom of Flex Base
Layer Reflection.
Ride
TTI performed a ride survey to quantify the International Roughness Index (IRI). Figure 9 shows
the IRI for the westbound and eastbound directions. The ride quality is poor and almost always
exceeds 150 in./mi.
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Figure 9. IRI on FM 624.
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FWD-Prior to Repair
TxDOT collected FWD from SH 16 to the LaSalle County Line in January 2010 prior to the
rehabilitation (Table 1). Based on this information, the following conclusions are presented:
 The pavement exhibited poor structural condition, with an average sensor 1 deflection of
36 mils and locations with deflection exceeding 70 mils.
 The flexible base was weak. Stiffness values typically varied between about 12 and
50 ksi. Localized areas, probably patches, did exist with modulus values exceeding
150 ksi.
 The 8 in. cement treated base layer is relatively weak as most of the stiffness modulus
values for this layer hit the lower allowed threshold of 100 ksi in the backcalculation.
 The subgrade is poor, with average sensor 7 deflections exceeding 3 mils and the
backcalculated modulus about 8 ksi.
Table 1. FWD from FM 624 in Year 2010 prior to Rehabilitation.
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Table 1. FWD from FM 624 in Year 2010 prior to Rehabilitation. (Continued).

FWD-After Repair
Table 2 presents the output from the FWD collected in January 2015 after rehabilitation. These
data show a much improved structural response as indicated by the 33 percent reduction in R1
deflection and an improved base modulus. However, using typical design assumptions, the
expected deflection would be 22 mils. Approximately 45 percent of the observations in Table 2
exceed this expected deflection value. The modulus of the cement treated layer in many cases
also was at or near the lower allowed limit in backcalculation of 100 ksi.
Due to the lack of FWD data shortly after construction, it cannot be determined if the layers have
deteriorated with time.
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Table 2. FWD Output from FM 624, January 2015, Eastbound Direction.
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DCP and Coring
TTI selected two locations to perform DCP and coring in January 2015. Figure 10 shows the first
location, at approximately 0.1 mi. west of TRM 486. TTI selected this location to investigate the
cause of longitudinal cracking. This location also exhibited up to a 1-in. rut. The GPS
coordinates of this location are 28.1885 N, 98.7418 W.

Figure 10. FM 624 Location Investigating Longitudinal Cracking.
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Figure 11 shows the CTB could not be retrieved intact during coring over the crack, and the
accompanying core hole shows the geogrid was 5 in. beneath the pavement surface. This base
thickness is more than 1 in. deficient from the plans. Staff observed the total pavement thickness
as 11 in., illustrated in Figure 12, which also is more than 1 in. deficient from the typical section
in the plans.

Figure 11. Coring Result over Longitudinal Crack.

Figure 12. Total Pavement Thickness of 11 In.
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Figure 13 shows the DCP result from the travel lane, which interestingly shows the cracked
wheel path with a higher pavement modulus than the lane centerline. Figure 14 presents the CBR
profile of the front slope, indicated a localized weak zone in the subgrade at 18 in. depth. The
data suggest the longitudinal crack probably originated from the subgrade, which allowed
moisture intrusion and with traffic resulting in the rutting.

Figure 13. DCP at Lane Centerline (Left) and Longitudinal Crack (Right).
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Figure 14. CBR Profile of Front Slope at location of Longitudinal Cracking Investigation.
Figure 15 shows the second location selected. This location was selected to investigate pavement
roughness. The GPS coordinates of this location was 28.146 N, 98.625 W. Figure 16 shows the
DCP results from the outside wheel path and the front slope, respectively. In the pavement, staff
had to drill several times within the pavement because the pavement refused further driving of
the DCP. The DCP profiles did not show any unusual patterns, and the roughness is probably
largely due to the natural properties of the subgrade soil.
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Figure 15. Location Investigating Roughness on FM 624.

Figure 16. DCP Results at Location Investigating Roughness on FM 624.
Note: Left: Outside Wheel Path; Right: Front Slope.
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CONCLUSIONS AND RECOMMENDATIONS





The structural strength of the pavement was improved with the repair. The average
deflection decreased approximately 33 percent. However, the deflection in many cases
still exceeds the deflection expected for typical pavement design values for this structure.
Due to the lack of FWD data shortly after construction, it cannot be determined if the
layers have deteriorated through time since the rehabilitation.
The entire pavement is rough. This problem is likely due to subgrade soils and perhaps
influenced by construction finishing processes. However, no ride data exist immediately
after construction to confirm the ride of the finish immediately after construction.
Locations exist where the seal coat is debonding. These locations present opportunity for
failures in the flexible base layer.

Based on the findings, the following should be considered:
 Evaluate construction processes particularly for the pavement centerline when
constructed in half sections under traffic. Determine best practices for complete
stabilization of the entire pavement width and proper bonding of surface.
 Consider monitoring sections to evaluate the bond strength between the flexible base
course and surface treatments for the wheel paths and the pavement centerline on FDR
projects constructed in half sections while under traffic.
 Revisit the minimum asphalt thickness requirements based on truck traffic levels.
 Consider whether ride requirements should be considered when the final surface is a
surface treatment. However, maintaining ride on rehabs constructed under traffic could
prove difficult to implement.
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