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Figure 12. Longitudinal and mid-panel cracking on panel 87 (7/27/12) 
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Figure 13. Looking down the creek valley near Sta. 347+00 (7/27/12). 
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Figure 14. Cracks observed on embankment fill slope near Sta. 347+00 (7/27/12) 
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Figure 15. FWD D0 versus distance with applied loads of (a) 80 kN (18,000 lb) and (b) 40 kN (9,000 lb) 
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Figure 16. Joint LTE from FWD tests versus distance with applied loads of (a) 80 kN (18,000 lb) and (b) 40 kN (9,000 lb) 
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Figure 17. I-value versus distance with applied loads of (a) 80 kN (18,000 lb) and (b) 40 kN (9,000 lb) 

[Distance 0 =  Sta 350+50] 

0 100 200 300 400 500 600 700 800 900

In
te

rc
ep

t (
m

m
)

-0.10

-0.05

0.00

0.05

0.10

Distance (m)

0 100 200 300 400 500 600 700 800 900

In
te

rc
ep

t (
m

m
)

-0.10

-0.05

0.00

0.05

0.10

Mid-Panel
(a)

(b)

I > 0.05 mm indicates void
underneath pavement 

(AASHTO 1993)

I > 0.05 (2 mils) indicates void
underneath pavement (AASHTO 1993)

(A) (A)

(A)

(A) - cracked panels

(A) (A)

(A)

I > 0.05 mm indicates void
underneath pavement 

(AASHTO 1993)

CUT FILL CUT FILL



21 

 
Figure 18. kFWD-Static-Corr versus distance with applied loads of (a) 80 kN (18,000 lb) and (b) 40 kN (9,000 lb) 

[Distance 0 =  Sta 350+50] 
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Figure 19. SCI versus distance with applied loads of (a) 80 kN (18,000 lb) and (b) 40 kN (9,000 lb) [Distance 0 =  Sta 350+50] 
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Figure 20. BDI versus distance with applied loads of (a) 80 kN (18,000 lb) and (b) 40 kN (9,000 lb) [Distance 0 = Sta 350+50] 
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Figure 21. BCI versus distance with applied loads of (a) 80 kN (18,000 lb) and (b) 40 kN (9,000 lb) [Distance 0 = Sta 350+50] 
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Figure 22. AF versus distance with applied loads of (a) 80 kN (18,000 lb) and (b) 40 kN (9,000 lb) [Distance 0 = Sta 350+50] 
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Box plots showing FWD test measurements obtained on panels with and without cracks are 
shown along with number of measurements (n), mean, and standard deviation statistics in Figure 
23 and Figure 24 for tests conducted near mid-panel and joint, respectively. Summaries of t-test 
analysis results that compare measurement values obtained on panels with and without cracks are 
provided in Table 1 for tests conducted near mid-panel and Table 2 for tests near joint. 

Following are the key findings from the statistical analysis test results: 

• The D0, kFWD-Static-Corr, SCI, BDI, and BCI values showed statistically significant 
differences between cracked and uncracked panels, with results on uncracked panels 
representing better support conditions than on cracked panels. 

• The kFWD-Static-Corr values were on average about 1.3 times lower under cracked panels 
than under uncracked panels. The COV of the k values were higher under cracked panels 
(38%) than under the uncracked panels (23%). 

• There was no statistically significant difference in the I values between the cracked and 
uncracked panels. The I values were all very low (≤ 1 µm). I > 5 µm is typically 
considered a trigger value suggesting void beneath the pavement. 

• The joint LTE at all panels was relatively high (> 91%) and there was no statistically 
significant difference between the cracked and the uncracked panels. 
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Figure 23. Box plots of FWD deflection basin parameters near mid-panel comparing panels 
with and without cracks: (a) D0, (b) BCI, (c) BDI, (d) AF, (e) I-value, (f) kFWD-Static-Corr, and 

(g) SCI 
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Figure 24. Box plots of FWD deflection basin parameters near joint comparing panels with 

and without cracks: (a) D0, (b) BCI, (c) BDI, (d) AF, (e) joint LTE, and (f) SCI 
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Table 1. Summary of t test analysis results on FWD deflection basin parameters near mid-
panel on cracked versus uncracked panels  

Parameter No crack or crack Mean COV (%) t-value Pr 

D0 (µm) No Crack 99 20 -4.07 < 0.001 Crack 135 32 

I (µm) No Crack < 1 760 -8.1 0.212 Crack 1 473 

kFWD-Static-Corr (kPa/mm) No Crack 29 23 4.06 < 0.001 Crack 22 38 

SCI (µm) No Crack 6 23 -2.82 0.005 Crack 8 41 

BDI (µm) No Crack 9 14 -3.71 < 0.001 Crack 12 31 

BCI (µm) No Crack 9 109 -1.99 0.025 Crack 11 41 

AF (mm) No Crack 808 2 -0.93 0.18 Crack 812 3 
Note: Highlighted cell indicates statistically significant difference at 95% confidence level between the cracked and 
the uncracked panels 

Table 2. Summary of t test analysis results on FWD deflection basin parameters near joint 
on uncracked versus cracked panels  

Parameter No crack or crack Mean COV (%) t-value Pr 

D0 (µm) No Crack 106 20 -3.73 < 0.001 Crack 147 35 

LTE (%) No Crack 96 2 -0.11 0.46 Crack 96 3 

SCI (µm) No Crack 10 32 -2.73 0.006 Crack 13 36 

BDI (µm) No Crack 12 22 -3.54 < 0.001 Crack 16 32 

BCI (µm) No Crack 10 24 -3.88 < 0.001 Crack 13 32 

AF (mm) No Crack 777 2 -1.35 0.094 Crack 783 3 
Note: Highlighted cell indicates statistically significant difference at 95% confidence level between the cracked and 
the uncracked panels 

Box plots showing FWD test measurements obtained in cut and fill areas are shown along with 
number of measurements (n), mean, and standard deviation statistics in Figure 25 and Figure 26 
for tests conducted near mid-panel and joint, respectively. Summary of t-test analysis results 
comparing measuremet values obtained on panels in cut and fill areas as provided in Table 3 and 
Table 4, respectively. 

Following are the key findings from the statistical analysis test results: 
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Figure 26. Box plots of FWD deflection basin parameters near joint comparing panels 
located in cut and fill areas: (a) D0, (b) BCI, (c) BDI, (d) AF, (e) joint LTE, and (f) SCI 
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Table 3. Summary of t test analysis results on FWD deflection basin parameters near mid-
panel in cut versus fill areas 

Parameter Fill or Cut Mean 
COV 
(%) t-value Pr 

D0 (µm) Fill 101 25 -1.77 0.039 Cut 109 28 

I (µm) Fill 0 791 -0.47 0.319 Cut 1 644 

kFWD-Static-Corr (kPa/mm) Fill 29 21 2.04 0.022 Cut 27 31 

SCI (µm) Fill 6 30 -2.46 0.008 Cut 7 32 

BDI (µm) Fill 9 14 -2.15 0.017 Cut 10 26 

BCI (µm) Fill 10 142 0.342 0.367 Cut 9 34 

AF (mm) Fill 808 2 -0.42 0.337 Cut 809 2 
Note: Highlighted cell indicates statistically significant difference at 95% confidence level between the cut and fill 
areas 

Table 4. Summary of t test analysis results on FWD deflection basin parameters near joint 
in cut versus fill areas 

Parameter Cut or Fill Mean COV (%) t-value Pr 

D0 (µm) Fill 105 21 -2.78 0.003 Cut 118 31 

LTE (%) Fill 96 2 -0.08 0.467 Cut 96 3 

SCI (µm) Fill 10 36 -2.35 0.010 Cut 11 33 

BDI (µm) Fill 12 25 -2.42 0.008 Cut 13 28 

BCI (µm) Fill 9 24 -3.07 0.001 Cut 11 31 

AF (mm) Fill 780 2 0.92 0.180 Cut 777 2 
Note: Highlighted cell indicates statistically significant difference at 95% confidence level between the cut and fill 
areas 
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CHAPTER 4. SUMMARY AND CONCLUSIONS 

This report presented the field observations of the ISU research team and results and analysis of 
in situ falling weight deflectometer tests conducted on US34 WB between mile posts 194.5 and 
196.7. FWD tests were conducted to evaluate differences in the deflection basin parameters and 
the modulus of subgrade reaction (k) values between the cracked and uncracked panels, and cut 
and fill areas. Statistical t-test analysis was conducted to compare the measurement values 
obtained on panels with and without cracks and in cut and fill areas. Pictures documenting the 
distresses observed on the pavement surface and cracks observed on embankment fill slopes are 
presented in this report. 

Follwing are the key findings from this study: 

• All of the cracked panels were located in the cut areas. Distresses observed on the 
pavement surface included longitudinal cracks, transverse cracks, mid-panel cracks, 
corner cracks, and faulting. 

• Tension cracks were observed on the slope where about 10 m thick embankment fill 
was placed, which suggest possibility of slope movements. 

• The D0, kFWD-Static-Corr, SCI, BDI, and BCI values showed statistically significant 
differences between cracked and uncracked panels, with results on the uncracked 
panels representing better support conditions than on the cracked panels. 

• The D0, kFWD-Static-Corr, SCI, BDI, and BCI values showed statistically significant 
differences between cut and fill areas, with results in the fill areas showing better 
support conditions than in the cut areas. (Note that all cracked panels were located in 
the cut area). 

• The kFWD-Static-Corr values were on average about 1.3 times lower under cracked panels 
than under uncracked panels. The COV of the k values were higher under the cracked 
panels (38%) than under the uncracked panels (23%). 

• The kFWD-Static-Corr values were on average about 1.1 times lower in cut areas than in 
fill areas. The COV of the k values were higher in the cut areas (31%) than in the fill 
areas (21%). 

• There was no statistically significant difference in the I values between the cracked 
and uncracked panels and the cut and fill areas. The I values were all very low 
(≤ 1 µm). I > 5 µm is typically considered a trigger value suggesting void beneath the 
pavement. 

• The joint LTE at all panels was relatively high (> 91%) and there was no statistically 
significant difference between the cracked and the uncracked panels and the cut and 
fill areas. 

  



35 

REFERENCES 

AASHTO. (1993). AASHTO design guide for design of pavement structures. American 
Association of State Highway and Transportation Officials, Washington DC. 

ASTM D4694-09. (2009). “Standard Test Method for Deflections with a Falling-Weight-Type 
Impulse Load Device.” American Standards for Testing Methods (ASTM), West 
Conshohocken, PA. 

Barenberg, E. J., and Petros, K. A. (1991). Evaluation of Concrete Pavements Using NDT 
Results, Illinois Highway Research Project IHR-512, University of Illinois and Illinois 
Department of Transportation, Report No. UILU-ENG-91-2006, IL. 

Crovetti, J. A. (1994). “Evaluation of jointed concrete pavement systems incorporating open-
graded bases.” Ph.D. Dissertation, University of Illinois at Urbana-Champaign, IL. 

Darter, M. I., Hall, K. T., and Kuo, C-M. (1995). Support under Portland Cement Concrete 
Pavements, NCHRP Report 372, Transportation Research Board, Washington, D.C. 

ERES Consultants Inc. (1982). Techniques for Pavement Rehabilitation: A Training Course. 
U.S. Department of Transportation, FHWA, Washington, D.C. 

Foxworthy, P. T. (1985). “Concepts for the Development of a Nondestructive Testing and 
Evaluation System for Rigid Airfield Pavements.” Ph.D. Thesis, University of Illinois at 
Urbana-Champaign, IL. 

Hoffman, M. S., and Thompson, M. R. (1981). Mechanistic Interpretation of Nondestructive 
Pavement Testing Deflections. Transportation Engineering Series No. 32, Illinois 
cooperative Highway and Transportation Research Series No. 190, University of Illinois 
at Urbana-Champaign, Champaign, IL. 

Horak, R. (1987). “The use of surface deflection basin measurements in the mechanistic analysis 
of flexible pavements,” Proc., 5th Intl. Conf. on Structural Design of Asphalt Pavements, 
Vol. 1, University of Michigan, Ann Arbor, MI. 

Ioannides, A. M. (1990). “Dimensional analysis in NDT rigid pavement evaluation”, 
Transportation Engineering Journal, ASCE, Vol. 116, No. TE1. 

Jannsen, D., and Snyder, M. (2000). Temperature-Moment Concept for Evaluating Pavement 
Temperature Data. Journal of Infrastructure Systems, 6(2), 81–83. 

Kilareski, W. P. , and Anani, B. A. (1982). “Evaluation of in-situ moduli and pavement life from 
deflection basins.” Proc., 5th Int. Conf. on the Structural Design of Asphalt Pavements, 
Delft Univ. of Technology, Delft, Netherlands. 

Ott, R. L., and Longnecker, M. 2008. An introduction to statistical methods and data analysis, 6th 
Ed., Duxbury, Pacific Grove, CA. 

Schmalzer, P. (2006). LTPP Manual for Falling Weight Deflectometer Measurements–Version 
4.1 (Report No. FHWA-HRT-06-132). Washington, D.C.: Federal Highway 
Administration. 

Smith, K. D., Wade, M. J., Bruinsma, J. E., Chatti, K., Vandenbossche, J. M., Yu, H. T., 
Hoerner, T. E., Tayabji, S. D. (2007). Using Falling Weight Deflectometer Data with 
Mechanistic-Empirical Design and Analysis, Draft Interim Report, DTFH61-06-C-0046, 
Federal Highway Administration, Washington, D.C. 

Substad, R. N., Jiang, Y. J., and Lukanen, E. O. (2006). Guidelines for Review and Evaluation of 
Backcalculation Results, FHWA-RD-05-152, Federal Highway Administration, 
Washington, D.C. 



36 

Vandenbossche, J. M. (2005). “Effects of slab temperature profiles on the use of falling weight 
deflectometer data to monitor joint performance and detect voids.” Transportation 
Research Record: Journal of the Transportation Research Board. No. 2005, 
Transportation Research Board of the National Academies, Washington, DC, pp. 75-85. 

von Quintus, H. L., and A. L. Simpson. (2002). Backcalculation of Layer Parameters for LTPP 
Test Sections, Volume II: Layered Elastic Analysis for Flexible and Rigid Pavements, 
Research Report, Long-Term Pavement Performance Program, Report No. FHWA-RD-
01-113, Federal Highway Administration, Washington, DC, October 2002. 


