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INTRODUCTION 

Background 

Interstate 40 is one of Arizona's major east-west trucking routes. It is a four lane divided highway 
located in the northern portion of the state. Approximately 4% of its 718 miles (total, both directions) 
consists of plain jointed concrete pavements (JPCP). Although the oldest concrete section was 
constructed in 1946, the existing concrete roadways were constructed between 1%7 and 1972. The total 
Vehicle Miles Traveled (VMT) on 1-40 was 3.75 million in 1987. VMT on the concretc pavement 
sections amounts to 7.2% of the total VMT on 1-40. 

As 1-40 concrete pavements attain their 20 year design lives they have typically experienced more 
traffic loading than their design traffic and presently require extensive rehabilitation. One form of 
rehabilitation utilized is cracking and seating followed by an asphalt concrete overlay. Although the 
oldest 1-40 concrete pavement section was cracked and seated in the early 1970s, this technology has 
had little use in Arizona since then. 

In 1986, project I-40-3(31) was designed for rehabilitation with the crack and seat construction 
prior to the placement of a 4inch Hot Mix Asphalt Concrete (HMAC) overlay. This strategy was 
selected because of the faulting and material deterioration of the existing concrete pavement. 
Experience across the United States at that time indicated varied results with crack and seat 
techniques. Several states had tried the procedure and believed it to be ineffective. Other states used 
it on a routine basis. Due to the contradictory experience and ADOT's limited usage, the FHWA 
required that the aack and seat projects be classified as experimental. Additionally, they requested 
that several aack patterns be investigated. This resulted in the development of the test sections on 
project 3R-40-3(59). Two test sections and three crack spacing intervals were incorporated into the 
projcd. The objective was to study both the effectiveness of the crack and seat strategy and the effect 
of crack spacing on the mitigation of reflective cracking. 

PROJECT DESCRIPTlON 

Existing Pavement Seetion 

The original conaete construction project extended from milepost 152.1 to 158.6 and included 
both eastbound and westbound roadways. Each roadway consisted of two 1 2 4  concrete lanes with 4-ft 
and 10-ft asphalt concrete shoulders on the inside and outside, respectively. The pavement bas a aoss 
slope of 0.015 f/ft to the outside shoulder and incurs approximately 12,000 AADT with 38% 
commercial vehicles. 

The pavement section consisted of 8 inches JPCP on 4 inches CTB over 6 inches of subgrade seal 
as shown in Figure 1. The existing EB roadway was opened to traffic in 1%8, while the WB was 
opened in 1967. The eastbound and westbound roadways were constructed from different aggregate 
sources as evident in color differences in the concrete. Transverse joints were established at 15 ft 
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Figure 3- Typical section of the cracked and seated pavement with overlay 

Construction specifications required seating to be accomplished by at least two passe& of a %ton 
pneumatic roller or until the concrete pieces were assured of b e i i  seated. During construction, this 
was accomplished by a "wagon-like* tire roller fitted with sand ballast. Cracked pavement segments 
were required to be seated not more than 24 hours prior to receiving the asphalt conaete overlay and 
not more than 72 hours after cracking. Tr&c was allowed on the cracked and seated concrete for no 
more than 72 hours. Evaluation of the seating effectiveness was based upon the judgement of the 
Engineer. 

The drainage trench was constructed after the crack and seat operation and prior to overlay 
placement. The trench was installed at the edge of the JPCP shoulder to a depth of 18 inches. A 
perforated collector pipe was utilized within the granular trench backfill. Lateral drain pipes were 
placed every 400 ft. The drainage trench was typically located adjacent to the outside lane since this is 
the Iowest point in the pavement seaion. In areas which had h i  superekvations the trench drains 
were located at the inside sbouldtr. 

The 4 i d  overlay was placed in two 2 inch lifts of 1/2 inch dense graded AC. The fm Lift was 
placed as a leveling coum and the second as a surfaa course. Both Lifts utilized AC-30 in the mix and 
as a tack coat. During placement of the leveling course cumpaction problems were experienced. The 
required density was not obtained for all lots. Additionally, bumps occurred in the kvcling course at 
random locations over joints in the underlying JPCP. This apparently was due to a reaction between 
the joint 6Uer material and the hot mix. The bumps were milled off prior to placement of the surfact 
mum. During plaament of the surface course compaction probkms were again experienced. The 
required density was not obtained for dl lots.' 

PROJECT LOCATION 

The projcd is located approximately 10 miles west of Williams in north central ArizoM. It is 
situated within the b i b  National Forest at an average elevation of 3900 ft. Vegetation in the area 



consists predominantly of Juniper trees and grass. Soi in this area are residual soils derived from 
volcanic parent rock and range from well graded sand (SW) to days (CH). 

The project is situated within Climatological Zone 8 of the ADOT Preliminary Engineering 
Manuala Mean annual precipitation is approximately 20 inches. The mean daily temperature is 60D F 
with extremes between P F and -22O F. The freezing index in this location is 700. 

The thirty year average annual high and low temperature is shown in F w e  4? The 
meteorologid data obtained during and since consbudon is supcrimp04 on this plot. As noted in 
the figure, weather during and since construction has been typical for the area. 

Figure 5 indicates a histogram of the daily mean temperature difference since construction. The 
maximum mean temperature difference was 32O F and the 80th percentile value was 2g0 E 

The referenced meteorological data was recorded at the National Weather Services Station at 
Williams approximately 10 miles from the project site. 
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Figure 4- Thirty Year Average High and Low TemPeramres 
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Figure 5 - Qaily Mean Temperature difference on the Project Since Construction 
EXISIlNG PAVEMENT PERFORMANCE 

Traffic on this section has increased at an average rate of 33% per year. The 1984 ADT was 8300 
with 24% commercial vehicles. Figure 6 indicates estimated ESAh sina construction of the JPCP. 
These data are shown since 1968 even though the westbound roadway was opened io 1%7. 

During the design phase, eight subgrade samples, four from each roadway direction, were 
retrieved to characterize the quality of the subgrade. R-value tests were conducted as well as Atterberg 
Limits and Moisture Density relationships. The results of these ttsu are shown in Table 1. 

These test results indicate considerable variability in the subgrade properties, ranging from 
essentially non plastic, well graded sand (SW) to medium to high plasticity, clays (CH). - The subgradc 
conditions exhibited moisture contents typically 3-1296 below optimum. It should be noted that at MP 
T55.9 EB and MP 153.0 WB the in situ moisture content was above optimum. Tbe moisture content at 
MP 155.9 is especially notable since it is essentially non-plastic with only 18% passing the number 200 
sieve size. 



Year 

Figure 6- Traffic on the Crack and Seat Project since Original Constuction 

The subgrade variability is not uncommon for soils in the vicinity of this project which are of 
volcanic origin. However, a six inch subgrade seal was utilized in the original construction and it is not 
known whether these test results characterize the subgrade seal, the subgrade soils beneath the seal, or 
a combination of both. 

TABLE 1 - SUBGRADE TEST RESULTS 

1 
%Passing Moisture Content k 

Location R-value P.I. 6200 Optimum In-plaa (pci) 

1523 EB 32 21 36.7 21.8 9 8  238 
1533 EB 75 1 10.1 18.4 8.9 1048 
155.9 EB 68 1 183 20.5 29.0 823 
158.2 EB 45 19 22.7 24.0 215 372 

159.0 WB 58 16 17.4 8.8 600 
1565 WB 80 4 10.6 17.6 U.4 1250 
155.0 WB 34 14 28 3 21.0 126 260 
U3.0 WB 12 34 803 29.6 30.6 150 

*Calculated from ADOT correlation between R-value and k. - 
~ C l l O N A L  PERFORMANCE 

The functional performance of the roadway can best bc desaibed by its serviceability. In this 
report the present strviceab'ity is described in terms of roughness, measured by the Mays Ride Maer,  
and frictional characteristics asscsstd using the Mu-Meter. 



Arizona performs an annual inventory of its highway network and records this information on a 
route-milepost basis. Roughness, skid, patching, and faulting are measured in the travel lane and 
entered into the pavement management system database. 

Roughness is determined by a Mays Ride Meter (car) traveling at 50 MPH which obtains 
continuous readings between mileposts. The readhgs are summarized in inches per mile and the 
results assigned to the milepost location at which the readings begin. Once the field data is obtained it 
is normalized to 1971 calibration values to provide consistency with time. 

Skid (friction) is determined by a Mu-Meter which is a continuous recording friction measuring 
trailer. Continuous readings are obtained for a five hundred foot section of wet pavement starting at a 
milepost location. The readings are averaged and assigned to the milepost. 

Roughness Data 

Roughness data as a function of time since construction are shown in Figures 7 and 8 for each 
roadway direction and milepost location. These data indicate that the various milepost locations have 
performed similarly, increasing in roughness approximately 10 to 11 inches per year. Linear 
regressions were performed on these data to establish the trend of roughness increase. The results of 
these analyses arc shown it1 Table 2. The estimated roughness at original construction has been taken 
as the value of the 1972 data sina it was the first year that Mays Meter measurements were available. 
Milepost 152 and 158 data were dropped from the analysis because of contaminated data due to only 
partial contribution of JPCP to the roughness measurement. Roughness measurements obtained from 
the asphalt conaete pavements adjacent to each end of the project are included in the measurements 
recorded at MP 152 and MP 158. 

The results shown in Table 2 indicate that the estimated initial Mays Roughness for the WB 
direction ranged between 91 inchw/mile and US inches/mile with an average of 106 inches/mile. The 
rate of inaeasc varied between 6.7 and 14.1 inches/milc/year with an average of 10.1 
inches/mile/ycar. The average Mays roughness just prior to rehabilitation (1986) was 255 hches/rnile. 
The initial roughness for the EB diredion ranged between 98 hches/mile and m) inches/mile with an 
average of 148 inches/milc. The rate of increase varied between 7.9 and 16 inches/mile/year with an 
average of 112 inches/mile/year. The average Mays Roughness just prior to the rehabilitation (1986) 
was 318 inches/miie. 

Skid Data 

Skid data as a fundon of time for each roadway direction and milepost location are shown in 
Figure 9. Regrwsion quations were developed for each of the milepost locations for the years 1980- 
1985. The results arc shown in Table 3. All the milepost locations have performed similarly. 
R e g r d o n  results show that the anragc rate of skid decrease was 0 3  and 2 Mu-meter units per year 
for the EB and WB directions, respectively. Milepost 152 data was not included in the balysis. The 
PMS Mu-meter data colltcted at this location includes only AC pavement. 
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Figure 8- Mays Meter Roughness vs. Time 
9 



TABLE 2 - ROUGHNESS REGRESSION RESULTS 

r 

l nitial Roughness Rate of 
Roughness at Roughness 

Direction Milepost (1972 Data) Crack/Seat Increase R~ 
@/mi) @/mi) (in/mi/year) 

WB: 
153 95 203 6.7 0.84 
154 102 209 7.1 0.90 
155 116 285 122 0.90 
156 128 324 14.1 0.90 
157 91 253 10.4 0.83 

Average T?r m r  
EB: 

153 220 377 7.9 0.49 
154 174 294 75  0.71 
155 114 240 10.2 0.74 
156 W 369 16.0 0.88 
157 98 312 14.6 0.94 

Average 148 318 KT- 

TABLE 3 - SKID REGRESSION RESULTS 

1 

Predicted Skid Rate of 
Milepost Value at Time Skid 

Direction Location of Crack/Seat Deaease R~ 
(units/year) 

EB: 
153 51 4.0285 0.0003 
154 53 4.11 0.002 
155 52 -1.085 0.12 
156 57 0.890 0.18 
lS7 58 134 0.45 
158 52 0.8 0.M 

Average -56 mu- 
WB: 

153 62 1.46 0.76 
W 64 1.257 0.45 
155 62 151 0.45 
156 54 254 0.64 
157 45 134 0.56 
158 49 277 0.45 

Average 37- mi- 



West Bound 
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Year 
Figure 9 - Mu-meter Value vs. Time 
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STRUCI'ORAL PAVEMENT PERFORMANCE 

Testing PulOrwd and Purpose 

The structural condition of the pavement was evaluated by pavement distress surveys, dynaflea 
testing, and extracting and testing PCCP cores. In addition to the historical cradr, patch, and faulting 
data available in ADOTs PMS database, pavement distrw surveys were conducted during the design 
pbase. 

F,wr 4 incb diameter cores were retrieved from the concrete pavement during the design phase. 
Compresion tests with strain measurements were conducted on these cores to assess the structural 
integrity of the concrete. The results of this testing are shown in Table 4. The laboratory test results 
indicated that even though the compressive strength was 7000 to 9000 psi, the modulus was only two 
million psi. This rather low modulus was reported in the design summary as an indication of the poor 
concrete condition. Although the actual laboratory test conditions are not known at this time, the ACI 
relationship between compressive strength and modulus suggests that the modulus is of the order of 
fie million psi? 

TABLE 4 - CONCRETE TEST RESULTS 

Laboratory Calculated 
Compressive Determined Modulus 

Location Strength Modulus (57000pf'c) 
of Core (psi) (psi) (PS;) 

153.02 EB 7180 2.12xl4 
s.lx106 

159.98 EB 90 19 2.41~106 

1521 WE 6614 1.54~14 
5.0~106 

159.0 WB 8860 1 3 ~ 0 6  

F m  10 aad 11 indicate the magnitude of faulting as a function of time for each roadway 
direction and &post location Data are not shown before 1981 because this information was not 
included in the PMS databast. Faulting typically ranged between 1/10 inch and 3/10 inch throughout. 
A hear regression of traffic loading ( e x p r d  in million W) and faulting (expressed in 1/10 
inch) resulted in the following equations: 

EB Faulting = 0,1038 + 3.46 ESALs R~ = 038 



The correlation for the EB direction is poor and the WR direction suggests no correlation. The 
sIopes suggest that on the average, faulting in the WB direction was increasing less than the EB 
direction which is also reflected by the lower roughness in the WB direction. 

Table 5 indicaies the measured faulting at each milepost as reported in the PMS database io 1986. 
As noted, the faulting in the EB direction was approximately 3/10 inch while in the WB direction it was 
2/10 icch. 

4 7 
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1 2 4  
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Figure 10- Fault vs. Time for the €6 Direction 



1981 1982 1983 1 984 1985 - 1986 
Year 

Figure 11- Fault vs. Time for the WB Direction 

Crack Data 

F w e  12 indicates the percent of aackiog as a function of time for both directions of travel for 
each milepost location. No aacking is evident prior to 1981 because this data was not included in the - 
PMS prior to this. It should be noted that at the time of construction (1986). aacking averaged 33% 
and 3.2% for the EB and WE roadways, respectively. Both roadways ranged between 0 and 5% 
cracking throughout the reportiog period. At about 1984, most of the mile post locations s h o d  a 
significant inaease in aack devdopment. 

Table 5 shows the percent aacking at each milepost location for 1986 prior to the crack and seat 
project. It should be noted that the pavement design summary indicated that thc project exhibited 40% 
sacking in the travel lane and l5% in the passing lane. The reason for the large dispariv on thc level 
of cracking reported in ADOTs PMS database and that reported in the design summary is not known. 
However, the mnaete pavement exhibited 'D' aadcing on both roadways. It is therefore e b l e  that 
the 'D' cracking tended to inflate the dwigners estimate of aacking. 

Only minimal patching existed on this project prior to the uack and seat construction. As evident 
in Table 5, patching was generally 1% or less throughout both roadways. 
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Figure 12- Cracking (%) vs. Time 



TABLE 5 - STRUCTURAL DISTRESS DATA FOR 1986 

Location Faulting (inches) Cracking(%) Patching(%) 

153.0 EB 03 5.0 1.0 
154.0 EB 0.2 4.0 0.0 

155.0 EB 03 3.0 2.0 
156.0 EB 03 4.0 2.0 
157.0 EB 03 3.0 1 .O 
158.0 EB 03 1.0 0.0 
159.0 EB 0.3 0.0 0.0 

- - - 
Average 0.29 3.3 1.0 

153.0 WB 0.01 4.0 0.0 
154.0 WB 0.02 2.0 0.0 
l55.0 WB 0.01 0.0 0.0 
156.0 WB 0.02 5.0 1.0 
157.0 WB 0.02 3.0 1.0 
158.0 W B  0.03 5.0 0.0 
159.0 WB 0.01 0.0 0.0 

- - 
Average 0.17 3.2 03 

Material Relateti Roblcms 

As previously discussed, both roadways exhibited considerable 'D" cracking prior to the crack and 
scat project. Since ADOTs PMS docs not report "D' sacking, no rcmrds are available on the 
development of this distress with time. 

Dynaflect deflection testing was performed in April 1985 to cvaluate the strudural capacity and 
load transfer effiaency of the existing pavement. The peak to peak test load was approximately 1100 
pounds at a. Erquency of 8 MHz A total of 429 &fledion tests wwc conduded bctwcen MP 1525 and 
MP 158. Tcsts mre  conducted at various locations at half mile intervals in each lane in both 
directious. The dentaion test results on the travel lancs at half mile intervals are shown in Appendix 
A. A statistical analysis comparing the deflection readings of the number 1 and 5 sensors was 
performed. At a sigdicance level of 5% there was no difference in the two sensor &fldons for 
either roadway. This suggests that structural behavior of tbe PC8 was essentially sirnilax for both 
directions. A summary of the dynaflect results are shown in Table 6. 



TABLE 6 - DYNAFLECT DEFLECTION TEST RESULTS 

Note: AU deflection readings are in mils 

The average coefficient of variation for deflections was 43% and 37% for the EB and WB 
roadways, respectively. 

WB Roadway 

I* 2* 3* 4* 5* 

.89 .70 .62 .44 .32 

-456 .252 -197 ,134 .I10 

51% 36% 32% 31% 34% 

52- 5- .48- 33- .24- 
1.91 1.1 .92 .63 .48 

- - 

Statistic 

- 
X 

Std. Dev 

C.V. 

Range 

, 

Deflection testing was also conducted to determine the load transfer effectiveness of both cracked 
and unaacked joints. Tbe test locations and the results are shown in Appendirt A. Tests were 
conducted in both lanes of both roadways. The load transfer efficiencies of the deteriorated and 
undeterioratcd joints in the travel lana were compared statistically. At a significance level of 596, 
there was no difference between the load transfer efficiencies of deteriorated and undeteriorated joints 
for any direction. Statistics regarding load transfer effiaencies of the joints for both lanes of each 
direction of roadway are shown in Table 7. 

Sellsor number. 

EB Roadway 

I* 2* 3' 4* 5* 

.70 .65 50 36 .26 

297 2.55 .I99 .I68 .I18 

42% 39% 40% 47% 45% 

-43- .4- .33- .06 .W 
157 1.37 1.07 .76 .49 

The results in Table 7 show that the cocffaeats of variation of the load transfer effiaenacs of the 
joints in the EB direction for the travel lane are very high for deteriorated and undeteriorated joints 
The average load transfer efficiencies for the travel for the EB direction for both deteriorated and 
undeteriorated joints were much less than thost for the WB diredon. The joints in the EB direction 
appeared to have serious load t r d w  problems which is also evident by the higher average faulting 
(3/10 inches) in that diredon. The pavement in the EB direction was built one year later than 
pavement in the WB diredon and also had a different aggregate source. Assuming that the 
environment and loading conditions were similar for those two dircctioas of roadway, construclion and 
material related problems can be attributed to the varying structural performance of the pavements in 
lwodiredions. 



TABLE 7 - DYNAFLEn LOAD TRANSFER EFFICIENCIES 

*~ravc l  Lane 

MAINTENANCE COSTS 

Significant maintenance activities were performed on this project just prior to the aack and seat 
project. Appendix B shows the maintenance activities and associated costs for this project during the 
period 1980-1986. 

Figure U represents the reported ma in t cwa  costs assodated with 1-40 w i t h  the construction 
project limits for the period 1980-1988. As noted, very high maintenance casts are evident during 1985 
and 1986 just before the aack and scat constnrction. High maintenma costs wcre also incurred during 
the year immediately following construction (1!?87). This was due to the application of a flub coat to 
the newly constructed overlay to prmnt stripping and ravelling approximately six months after the 
m e o n .  

Maintenma prior to the construdion project typically consisted of leveling with p r e e  filling 
a a d y  and flush coats on the AC shoulders. 



Year 

Figure 13- Roadway Maintenance Cost for the Crack and Seat Project for the Years 1980-1988. 

DESIGN EVALUATION 

Since ADOT does not have explicit design procedures for overlaying oonaete pavements, 
engineering judgement was utilized to develop the pavement design. Field testing consisted of 
conducting dyEanea testin& retrieving cores, and obtaining subgrade samples. Once the material 
properties were assessed, the design practice of other agencies was reviewed to assist in the decision 
process. Three alternatives were considertd; (1) aack and scat with 4" overlay, (2) seal joints and 
aacks, place Stress Absorbing Membrane Interlayer (SAM) and 3" overlay, and (3) pulverize existing 
conacte and plaa 8 l/2' AC surfacing. 

The mcl ;  and seat with 4' overlay resulted io approximately the same estimated construction 
costs as Alternative 2. Alternative 3 was considerably more expenshe. Since the design 
recommendatioas were to provide additional structure to tbe sedion and redua roughness, the aack 
and scat alternative was selected 

CONSTRUCI1ON PROBLEMS 

During the paving of the bottom 2 inch lift of the HMAC overlay, bumps were observed directly 
above the transverse joints in the PCCP dab. The a r w  with severe bumps (height qua1 to or greater 
than 118 inch) were milled off. The bumps were attributed to the rubber sealants in the joints. It 
should be noted that tbe bumps were not seen in the tcq 2 inch Iift. 



The AC density attainment was difficult at times. The bottom 2 inch lift of HMAC produced a 
total of 19 failing lots, while the top 2 inch lift produced 12 failing lots. 

For the t a t  sections between MP 152.1 and MP l523 WB, lots 35 and 39 showed 55% and 86% 
compliance, respectively, for the bottom 2 inch lift, while for the top 2 inch lih, lots 62 and 56 showed a 
17% and 91% compliance, respedve1y.l 

Problems were also experienced with the trench design. During construction lane closures, traffic 
tended to wander ovcr the trench drain location ove~trwsing the AC surfacing. The minimal 2 inch 
AC surface over the trench location was inadequate to sustain the traffic loadings. 

FIELD INVESTIGATION SINCE CONSTRUCTlON 

Pavement Distre~s Surveys 

Since the completion of the project in November of 1986, there have been three visual distress 
surveys. Survcys were conducted by the ATRC at 9 months, 17 months, and 26 months. The first 
evidence of pavement distress was nded after only 3 months when four aaclrs were noted between MP 
155-156 on the EB roadway. At the 9 month survey only two aaclrs wrre noted in the WB roadway. 
These were evident between MP 157 and 158. In the eastbound roadway, several cradrs were reported 
between MP 153 and 154 and MP 155 and 156. AII the aacking reported on both roadways was 
observed in the trawl lane and on sedions located on an uphill grade. No aaclcing was observed in the 
passing tanw or on level grades. Occasional longitudinal aacking was observed ovcr the trench drain 
behvcen MP 153 and MP 154. 

By the 17 and 26 month sumys, considerable refltdion aacking had occurred on this project. F i e  
14 indicates the number of trarrmrse aacks obsemd in the travel lane during these sumys. The 
eastbound roadway exhibited considerably more aacking at the 17 and 26 month surveys. The 

- 
eastbound roadway also experienced the largest inaeasc in the amount of aacking between the 17 and 
26 month surveys. Both roadways urhiited inaeased aacking when proceeding from the west end of 
the project in an easterly direction until milepost =I57 where the cracking occurrence diminished 

The 17 and 26 month surveys consisted of s visual reeonnaksanct of the roadways. The aacking 
was determined by driving along the shoulder at 10 to 15 MPH and counting any transverse aack 
which existed in the travel lanc. 

No d k m i i l e  rutting was evident during the 'windshield' sumys. Hawever, slight raveling was 
evident throughout, particularly at the longitudinal construaion joints. Illthough, no measurements 
were taken, there was no evidence of vertical displaament across the tramverse aacks in the overlay. 
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Figure 14- Transverse Cracking on the Project since Crack and Seat Construction 
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NON DESTRUCTWE TESTING 

Purpasc and B n c w u n d  

Non destructive testing (NDT) was conducted at 9, 17 and 33 months after construction and 
consisted of deflection testing using a falling weigbt deflectometer (FWD). The FWD testing was 
performed with a Dynatest model 8002 with sensor locations of 0,12,24,36,48,60, and '72 inches from 
the center load at load levels of 6,000, 9,000, and 12,000 pounds. The testing was performed at 39 
locations in 1987,43 locations in 1988, and 17 locations in 1989. Figure 15 indicates the locations where 
the FWD testing was conducted and the locations of the two test sections and the 3 ft  by 3 fi "control" 
section. The FWD test location mileposts are shown in Appendix C. 

UP. U P .  UP. UP. 
9w.e I ~ D U  ~mnr 1n.o 

EB ROADWAY 

PISS*(CI LANE - I I 

INSIDE SHOULDER 

U P .  UP.  Y*. MI. YC. UP. 
1s.1 tlzf (SLY (YO 1n.0 r n 6  

UP. - UP, MP. UP. 
1~211s tuln tam tar 

Figure 15- NDT Test Locations (1 987,1988 and 1989 Testing). 

The FWD testing was performed to estabtish the effectiveness of the aack and s u t  operation and 
to determine how the effective modulus of the concrete pavement changed with time. Since the 
Michigan Whiphrunmtr imparted so Little frame energy into the pavement during construction, it was 
assumed that the effeaive modulus would decrease with time as the effects of thermal changes and 
frcuc thaw acted to reduce the aggregate interlock at the f r a m  locations. 

Analysis Mtthoddogy 

The F W D  deflection data were analyzed lrsiag the BKCHEVM ebstic layer computer program to 
backcalculate the layer moduli5 Two test seaions (2 fi by 2 ft and 6 ft by 4 ft  crack spacing) and one 
"coatrol' d o n  (3 €t by 3 ft crack spacing) were selected for back calcuhia-n of Layer moduli The 
pavement was assumed to be a 4 - l a ~ r  flwa'blc pavement system. Layer 1 was the AC overlay, layer 2 
was Be aached and seated PCCP, layer 3 was the Ctmeat Treated BdCTB),  a d  layer 4 was the 



subgrade which was assumed to be semi-Mite. The dcflecti~n values corresponding to the load level 
dosest to 9000 pounds were used for backcalculation of layer moduli. 

The results of the backcalculation analysis are summarized in Table 8. The individual tcst 
location restilts arc included in Appendix D. As shown in Table 8, very high conaete pavement moduli 
were obtained for the 1987, 1988, and 1989 analysis. The average JPCP moduli typically ranged 
between 33 and 7 million psi. Individual tcst results ranged from a low of 140,000 psi to a high of 11.7 
million psi. The large standard deviation and coefficient of variation existed for the 1987, 1988, and 
1989 data. The average moduli for test sections 1, 2, and the 'control section' suggest a fluctuation of 
cracked PCCP layer mcduli with time. No d e f ~ t e  trend was evident to support a deaease of aacked 
PCCP layer modulus with time. 

TABLE 8 - BACKCALCULATED LAYER MODULI SUMMARY STATISTICS 

T w t  SecHan 1 
~ Y U  

Test SIctlon 2 Control Section 
Year MP 152.2 152.3 WB Y P 1 5 2 . 2 - 1 5 2 1  WB UP 156.035 156.290 WB 

Tx2' W x 4 '  3' x 3' 

Av .ng .  Std. M U  A m  916 b.)lhknl A- Sld. Cdl#mi 
W u k .  D o v h t h  d kdu4aa D.rWbn d Y o d u b  Dor*tkn d 

(PI) (pl) V . w l m  (PI) (p.l) v*- (-1) (pl) V.vi.tkn 

~ ~ ~ h ~ l t  concmw 1487 189.702 103.491 0.515 P3.237 43.6% 0.215 208254 45.602 0.22 
(AC) 1988 165.640 39.730 0.214 241.225 13.054 0.054 401.610 332.017 0.W 

1989 664.745 341.633 0.514 6W.WO 3 7 3 , s  0.516 1.019.351 309.652 0.30) 

B~o~.,, pamnd 9 6.491.0n 3.315.974 0.51 6.671.760 Z4M.314 0.52 5.771.662 3.489.824 0.605 
C e m e n t C o n c n t r  1- 3.909.532 2.186.911 0.56~ 4.87LXU 3.598.m 0.730 6.223.633 3 . ~ . 9 2 9  0.576 

(pee) 1988 8.m.204 4,151,620 0.513 5,576,111 5553,163 0.978 3.343.581 3.106.757 0.929 

C o m n t e c J ~ r o a t u i  :E 43.333 iasn 0 . s  ~1.125 11.250 0.193 11.633 62.617 0.767 

Bas@ (CTB) 44.375 7.111 0.162 4 2 . W  (1.660 0.104 78.007 26.W 0.346 
l W 7  89.375 11350 0.162 56,250 13.346 0.237 122.822 167.300 1.36 

Subgnk 1900 23.349 3 . m  0.137 26.858 6.161 0.229 34.m 6.592 0.27 
1- 23.m 3.437 0.149 14547 3.117 0.117 1 t . l b  5.517 0 . m  

Backcalculations were performed on FWD test results from four locations within section 1 and 
four locations within section 2 Ten test locations were adyzcd for the control d o n .  If the 
backcalculation results are valid, they suggest that little reduction in effedivc modulus has resulted 
from the crack and scat process. The backcalculated moduli arc comparable to the results calculated 
from the comprtssiw test res& (5 million psi) of the concrete cores obtained during tbe design phase. 
Additionally, higher 1 W  avttagt moduli ia the coatrd section corresponds to a h-r inadcna of 
reflective aacking obscmd betweea MP W a d  157. 

It should be noted that the uistena of a rigid-laytr (aacked and seated PCCP) between two 
flexible layers violates the basic configuration of r layered elastic system where moduli arc assumed to 



decrease with depth. Similarly, the effect of a rigid bottom was not accounted for in these analysis as a 
semi-iufinite subgrade was assumed. Therefore, the backcalcuiation analysis is of questionable validity. 

Dettrmlnatlon d Structuml Layer Cocmcients 

The results of the backcalculation analysis were used to calculate the structural layer coefficients 
~lsing both the 1986 AASHTO Guide procedures and the modified NAPA  procedure^.'^^^^ The 
AASHTO procedures are explained in the guide. The AASHTO procedure is valid for aacked and 
seated concrete moduli up to 950,000 psi. Since most of the backcalculated PCCP layer moduli values 
of this project were far above 950,000 psi, the layer coefficients corresponding to the moduli values 
greater than 950,000 psi have been taken as 0.44, the maximum layer coefficient for aacked and seated 
conaetc in the AASHTO Guide. 

The NAPA equation for computing structural layer coefficient of cracked and seated concrete is 
a5 follows: 

where: a e ~  = Structural layer coefficient of aacked and stated conaete 

E, = Effective modulus of aacked and seated layer (psi) 

a2 5 Layer coefficient for the base (CTB) 

E2 = Layer modulus of the bast (CTB) 

The cement treated base layer coefficient and modulus were held fued throughout the analysis for 
a valid comparison of change in effective modulus over time and also between the crack spacings. 

a Backcalculaticm for determination of effedivc modulus of aacked and seated conaetc was done 
by BKCHEVM. Only the equation for computing structual layer coefficient of aacked and 
seated concrete in NAPA procedure has h e n  used. Tht ament treated base layer coefficient 
and modulus were assumed to be 0.12 and ~ , 0 0 0  psi respcuively. 



TABLE 9 - VARIATION OF PCCP STRUCTURAL LAYER COEFFICIENTS WITH CRACK 
SPACING AND TIME 

PCCP Structural Layer PCCP Structural Layer 
Coefficient Coefficient 

Year Crack Spacing ( M H T O )  (NApA) 

1987 2' x2' 0.44 0.27 

3'xT 0.44 0.255 

6'x4' 0.42 0.24 

1988 2' x 2' 0.44 0.23 

3' x 3' 0.44 0.26 

Gx4' 0.44 0.24 

1989 2'xT 0.44 0.29 

Tx3 '  0.44 0.206 

6'x4' 0.39 0.229 

The calculated structural layer coefficients for both the AASHTO procedures and the modifled 
NAPA procedures are shown in Table 9. These results indicate the variation h layer coefficients with 
both time and spa* These variations are shown graphically in Fwes 16 and 17. The modified 
NAPA procedures tended to give the highest coefficient for the 2 ft spacing for 1987 and 1W data. 

. . . -  . Year . --. .- . 

Figure 16- Stwcbval Lay.; ~wfficients vs. Tme 
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P i e  17 indicates that the modified NAPA procedures resulted in deaeased coefficients with 
time for only the 6 ft  by 4 ft  crack pattern. 

The NAPA coefficients werc generally less than the magnitude of the AASHTO coefficients. In 
most of the cases, AASHTO coefficients have been taken as the highest coefficient tabulated in the 
Guide. It should be noted that calculation of structural coefficient of crack and seated concrete in the 
NAPA procedure is very sensitive to the structural coefficient of the base layer. Since the base layer 
coefficient and modulus have been selected arbitrarily, no comparison between AASHTO layer 
coefficients and NAPA layer coefficients are valid. Also, by comparing the structural layer coefficients 
no reasonable conclusion can be drawn about the performance of one crack spacing over another. 

Legend I 
0 1987, AASHTO 

x 1987, NAPA 

V 1988. AASHTO 

+ 1988. NAPA 

0 1989, AASHTO 

1 
1 2 3 4 5 

Crack Spacing, feet 
Figure 17- Structural Layer Coefficients vs. Crack Spacing 

PAVEMENT PERFORMANCE SINCE OVERUY 

The crack and scat overlay projed resulted in an average decrease in roughntss of 254 
inches/mik for the eastbound roadway and 16.5 inchcs/mik for tht westbound roadway. The current 
roughness values are probably hnwr than that attained by the a m a d e  pavement when it was first 
construdcd. The recent construction projta wixi very suocesshrl io reducing rough==- 



Only one year of Mu-meter data is available since the construction of this project. With the 
systematic errors attendant to the Mu-meter operation comparisons with past performance are 
difi~lcult. However, the PMS data indicates an inaease of 11 units and U units for the eastbound and 
westbound dirdons, resptctively. 

Maintenance Costs 

The historical maintenance costs previously shown in Figure U indicate a signif~cant maintenance 
cost in 1987 and a sharp reduction in 1988 expenditures. Although the 1987 expenditures resulted from 
the need to flush the surface course to prevent further ravelin& the expenditures in 1989 are also 
anticipated to be high. Extensive aack sealing has occurred during the current year. The authors do 
not believe the recent construction project has been effective in reducing maintenance expenditures. 

The addition of a 4 inch AC surfacing has certainly increased the structural capacity of the 
pavement. However, the extent and severity of transverse aacking suggests that the aack and seat and 
four inch overlay were not successful in mitigating reflective nacki i .  At this time it is not possible to 
determine whether the aack and scat operation was ineffective, the asphalt conaete mix design was 
inappropriate, or a combination of both. The rapidity with which the conaete joints reflected through 
the four inch overlay suggests the need to design "special' AC mixtures for overlaying concrete 
pavements. The use of standard mixes designed without special consideration for prevention of 
refledve aaclring appears inappropriate. 

CONCLUSIONS AND RECOMMENDATIONS 

The aack and scat with four inch overlay strategy was very successN in reducing roughness. 
- 

However, it was ineffective at preventing reflective cracking. It is wry questionable as to whether it 
was even effective at mitigating the reflective cracking problem. 

The roadway between MP 156 and MP 158 has exhibited & i f k a n t l y  more transverse cra.cking 
than the other sections for both roadway directions. 

Large variations in the effective modulus of the aackcd conaete pavement were obtained from 
the backcalculation procedures. Unreasonably high PCCP moduli values appear l o  have been 
computed througb this process. PCCP moduli for differeat aack spacing tended to fluctuate over time. 
No &ent trends were evident. 

AASHTO procedure for computing structural layer eocfficicnt was not applicable in most of the 
data for this project becaw of unusually high aacktd and seated conaete moduli AASHTO 
procedure has tabulated values of structural layer coefiidents for aadted and seated conaete moduli 
up to 950,000 pai 

The structural layer coefficients predicted by the modified NAPA procedures appw to d e a e a ~ ~  
with time for 6 ft by 4 ft spacing. Layer coefficient analysis did not indicate any advmtagc to any of tht 
aack spacings. 



Future aack and seat projects should include a control section which is not aackcd and seated. 
This will provide a basis for comparing whether the mad  and seat procedures are effective. 

Asphaft conaete overlays placed upon conaete pavements should be designed to mitigate 
reflective aacking. Standard mix designs should not be used. 

Future research on this project should evaluate the' asphalt conaete mix properties and 
perfonnana, the significant differena in transverse aack occurrence throughout the project, and any 
longitudinal aacking occurring over the trench drain. 
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TABLE A-1 - DYNAFLECT DEFLECTION TEST RESULTS FOR THE TRAVEL LANE 
IN THE EB DIRECTION (MP 1523 - 158.6) 

Dynaflect Readings (mils) ( MP Loution #I* #2* #3* #4* #5* I 

/ Std Dev.= 0.297 0.255 0.199 0.168 - 0.118 1 
I 1 

* sensor number 



TABLE A-2 - DYNAF'LECT DEFLECTION TEST RESULTS FOR THE TRAVEL LANE 
IN THE WB DIRECTION (MP 1523 - 158.6) 

Dynaflect Readings (mils) 
MP Lacation # I *  #2* 13. #4* #5* 

15250WB 057 0.54 0.49 036 0.27 

C.V. = 51% 36% 32% 31% .34% 

sensor number 



TABLE A-3A -AVERAGE LOAD TRANSFER EFFICIENCIES 
FOR EAST BOUND ROADWAY 

Undeteriorated Joint Deteriorated Joint 

Milepost Lane 1 Lane 2 Lane 1 Lane 2 

15250 0 .!XI 0.90 

153.00 1.0 0.95 

153.50 0.97 033 

154.00 0.97 0.05 0.98 0.04 

15450 0.95 0.10 

155.00 0.96 0.45 0.48 I 1514 0.99 0.0s 0.97 031 

156.00 0.93 0.86 

156.50 0.98 0.89 1 .O 

157.00 1.0 10 1.0 

1573  1 .O 1.0 

158.00 0.99 1 .O 



TABLE A-3B - AVERAGE LOAD TRANSFER EFFICIENCIES 
FOR WEST BOUND ROADWAY 

Milepost 

15250 

l53.00 

15350 

W.OO 

15450 

l55.00 

155.50 

156.00 

15650 

157.00 

l57.50 

158.00 

Deteriorated Joint 

Lane 1 

O.% 

0.72 

0.48 

0.93 

Undeteriorated Joint 

Lane 2 

0.99 

0.91 

0.66 

0.61 

033 

0.49 

Lane 1 

0.97 

0.99 

0.98 

0.97 

0.98 

0.96 

O.% 

0.98 

0.88 

0.98 

0.92 

Lane 2 

0.98 

0.98 

0.98 

0.94 

0.92 

0.72 

0.47 

0.45 



TABLE A 4  - PAIRED t-TEST RESULTS FOR TESTING THE DIFFERENCE RJ #l AND #5 
SENSOR READINGS IN EACH DIRECTION 

Mean Difference 
Variable Between EB & WB Direction t td/Zdof Conclusion 

#l Sensor 
Reading 1.81 1.18 2.26 Not S i c a n t *  

#5 Sensor 
Rtadihg 0.083 138 2.26 Not SipXcant* 

at 5% Level of Si@~cance. 

TABLE A-5 - PAIRED t-TEST RESULTS FOR TESTING THE DIFFERWCE IN LOAD 
TRANSFER EFFICIENCIES OF UNDETERIORATED AND DETERIORATED JOINTS FOR 

THE TRAVEL L;WES 

Lane Mean Differena t d.0.f. ta/&dof Con Jusion 

E2 0.09 1.76 3 3.182 Not S i c a n t '  

W2 0.0275 0.742 4 2776 Not S i c a n t o  

at 5% Level of Significana. 



APPENDIX B 

TABLE B-1 - MAINTENANCE ACTIVITIES PRIOR TO CRACK AND SEAT 

Activity Description Associated 
Year Number of Activity Cost (S) 

1980 103 Fill cracks 765 
111 Temp. Hand Patch 2%' 

1981 102 Level with Premix 3,400 
103 Fill Cracks 3,677 
119 Pavement Surface Maint. 525 

1982 102 Level with Premix 2,031 
111 Temp. Hand Patch 353 
119 Pavement Surface Maint. 2,762 
108 Flush Coat 938 

1983 102 Level with Premix 2,629 
108 Flush Coat 8,659 
111 Temp. Hand Patch 668 
119 Pavement Surface Maint. 1,322 

1984 102 Level with Premix 3,110 
103 Fi Cracks 1,533 
111 Temp. Hand Patch 631 
119 Pavement Surface Maint. 1,OOo 

1985 1M Levet with Premix 29,714 
103 Fill Cracks 3,410 
104 Spot Seal Patch 2,828 
105 Surface/Basc Replace 2,120 
111 Temp. Hand Patcb 473 

1986 102 Level with Premix 2,027 
103 Fill Cracks 9,973 
108 Flush Coat 9,717 
111 Temp. Hand Patch ' 1,284 
119 Pavement Surface Maint. 2,769 



APPENDIX C 

TABLE C-1 - NDT TEST LOCATIONS 

1987 1988 1989 

Milepost EB WB EB WB EB WB 

l52.115 X X X 

152.126 X X X 

152.161 X X X 

152.179 X X X 

152204 X X X 

152.229 X X 

152.249 X X X 

l52.290 X X X 

155.035 X X 

155.075 X X 

155.115 X X 

155.126 X X 

155.161 X X 

155.179 X X 

155.204 X X 

155.249 X X 

155290 X X 

155312 X X 

155.369 X X 

155398 X X 

* 





TABLE D-1 - BACKCALCULATED LAYER MODULI FROM 1987,1988, 
AND 1989 DEFLECIlON DATA 

Backcalculated Layer Moduli (ksi) 

El(AC) eypccp) W(m) WSubgr~de) 
Lout  on 19B7 1Pss 1989 1987 1988 1989 1587 1988 1989 1987 1988 1989 

lS2.115WB 147 238 656 550 1,814 140 51 35 53 25 26 30 

152.126WB 192 2.56 909 5,823 5,946 1864 51 50 53 17 22 30 

152.161 WB 227 ~7 11000 3.- 2,242 9000 44 35 75 27 29 18 

152.lZ'WB 248 242 167 11,700 9300 11700 75 50 53 2 3 2 8 3 0  

152.204 WB 105 200 317 9,000 6,073 11700 75 XI 53 21 23 26 

152.m WB 329 140 - sm9% 2$65 7 5 3 5 -  22 19 - 

152.249 WB 201 233 1000 2,006 5500 9am 53 50 25 20 24 20 

152290 WB 117 170 6 7  9,000 1.700 3550 75 43 53 18 28 ZS 

156.035 WB 251 176 1300 2.000 2,000 2853 598 53 53 30 29 29 

156.075 WB 167 234 1000 9.000 9,000 309 t 5 7 5 7 5  26 22 15 

IS~.IUWB 179 3s 1300 9,000 9,000 1330 n n 53 m 15 IS 

156.126WB 1W 1,000 loo0 5396 9,000 2752 53 75 60 D l 5 2 8  

~6.161 WB m 2s 1000 9,mO 2,000 5aW 75 75 100 24 16 22 

1~6.179 WB 292 im m 9.m 9,000 im n n w  29 10 34 

156.2~~ WB 180 w 1000 9,000 9,000 m n n n  u 19 31 

lS6.229WB LSO 480 506 w J f J o 2 , z 3 6 U 6 3  75 53 81 ZB 23 19 

1 ~ 6 . 2 4 9 ~ ~  2s1 1,000 uoo 203s 2,000 3358 n LSO 35 29 20 27 

L%290WB 188 1tB UOO 3,684 9.000 Iscs 53 75 35 31 13 25 



TABLE D-2 - PCC STRUCTURAL LAYER COEFFlCIENTS 
FOR 1987,1988, AND 1989 

Localion 

152.115 WB 

152.126 WB 

Crrlr 

sP4 

6' x 4' 

Modulur ot Broken 
PCCP (Ksi) 

1987 1989 1988 

5SO 140 1,814 

S , s U  la94 5,946 

152.161 WB 

152.179 WB 

152.204 WB 

152.229 WB 

152.249 WB 

IS2 290 WB 

156.035 WB 

156.075 WB 

156.115 WB 

156.126 WB 

156.161 WB 

156.179 WB 

156.204 WB 

156329 WB 

156.249 WB 

156.290 WB 

3,664 9000 2,242 

11.770 11.700 9,XO 

9,000 11,700 6,MJ 

5,958 2,365 

2,006 9.000 5,so  

9,000 3250 1,700 

2,000 LRS3 2,000 

9,000 309 9.000 

9,000 1.330 9.000 

23% 2,752 9.000 

9,mO 9,000 2,000 

9,000 1,727 9,000 

9,000 9,000 9.000 

~ ~ . o  I S 3  2,236 

2,034.7 3% 2,000.0 

3,684.4 1W 9,000.0 

2' x 2' 

3' x S  

23 .M 31 

3 4  3 2  .34 

31 .26 34  

2 7  .20 

.19 .n 3 1  

31 .18 23 

.I9 .I9 .21 

31 3 1  .I0 

3 1  .31 . 166 

20 3 1  21 

31 .I9 3 1  

31 .31 .I8 

31 31 .31 

-19 . 20 .I75 

.19 .I9 23 

23 31 -174 

PCCP Stnactnnl h y e r  
Coeff inu (ASSHZY)) 

1987 19%B 1989 

.36 .44 24 

.44 .44 

PCCP Structural L a p  
Coeffvients (NAPA) 

1987 1988 1989 

.I24 .I8 .OW 

27 .27 ,186 








