0 Pass 1Pass 2 Pass 3Pass 4Pass 5Pass 6 Pass 7Pass 8Pass

. (1) (2) (3) (4) (5) (6) (7) (8)
Static | "] o e @ o e 0 [ ] e e 0 o e 0 ' LI I ]
Compaction 12 3 12 3 12 3 123 12 3 12 3 12 3 123

TESTBED 1: Untrimmed Base
Low Amplitude (0) (1) 2) (3) (4) (5) (6) (7) (8)
Compaction s e e 20 0 s e " ] [ ] " s e e 0 e LI N ]
12 3 1 2 3 12 3 1 2 3 123 1 2 3 12 3 12 3 123
. (1) (2) (3) (4) (5) (6) (7) (8) (9)
Static | es e |®*e ]| oses |0e0e |[oas |[00s]oee |eee |00
Compaction 1 2 3 12 3 1 2 3 12 3 1 2 3 12 3 12 3 12 3 1 2 3
TESTBED 2: Trimmed Base
Low Amplitude (1) (2) (3) () (5) (6) 7) (8) (9) (0)
Compaction e e 0o |goe |00 |0 oo ) o o0 |oeoe oo o |o e |o e
12 3 1 2 3 12 3 1 2 3 1 2 3 1 2 3 12 3 1 2 3 1 2 3 12 3
0Pass 1Pass 2Pass 3 Pass 4 Pass 5Pass 6 Pass 7Pass 8 Pass 9 Pass

Figure 8. TB1 and TB2: Test bed layout

TB1: Untrimmed Base (RPCC)

TB1 consisted of two lanes, one compacted in static mode and one in low amplitude vibration
mode. Results of the two lanes are presented separately in the following.

Particle size distribution curves from one sample obtained in each segment compacted to passes
1 to 8 are shown in Figure 9. Ksat and F200 from 0 to 60 and 60 to 100 mm depths for each
segment are shown in Figure 10. Moisture and dry density measurements from NG are presented
in Figure 11. Elastic modulus measurements from LWD test are presented in Figure 12. DCP-
CBR profiles are shown in Figure 13. MDP* measurements are presented in Figure 14. The
results from the static compaction lane are presented in Figure 15 to Figure 20.

All the measurements are compared in plots showing each measurement value versus
compaction passes in Figure 21. The results indicated that the moduli values from PLT and
LWD, dry density values and CBR values were all slightly higher in the lane compacted in
vibratory mode. F200 values were generally higher in the low amplitude lane, although all were
within the maximum allowed F200 0f 6% for the granular subbase material. MDP* values were

higher in the static lane although it must be noted that MDP* values are influenced by the
compaction mode.
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Figure 15. TB1: Particle size distributions after static compaction passes
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Figure 16. TB1: Ksat and F2o0 after static compaction passes
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Figure 19. TB1: DCP-CBR profiles after static compaction passes
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TB2: Trimmed base (RPCC)

TB2 consisted of two lanes, one compacted in static mode and one in low amplitude vibration
mode. Testing was conducted after compaction and trimming operations were performed by the
contractor. Results of the two lanes are presented separately in the following.

Results from the lane compacted using low amplitude vibration are presented in Figure 22 to
Figure 25 and the results from the static compaction lane are presented in Figure 26 to Figure 30.
No significant differences were observed between measurements from the two lanes. Statistical
analysis is performed on this data to assess statistically significance and is presented in the
following sections of the report.
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Figure 22. TB2: Ksat and F2o00 after low amplitude vibratory compaction roller passes
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Figure 24. TB2: ELwb-z3 after low amplitude vibratory compaction roller passes
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Figure 25. TB2: DCP-CBR profiles after low amplitude vibratory compaction roller passes
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Figure 26. TB2: Ksat and F2oo after static compaction roller passes
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Figure 29. TB2: MDP* compaction curves after static compaction roller passes
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TB3: Virgin Crushed Limestone and RPCC

MDP* results obtained from TB3 from the two lanes are presented in Figure 32Figure 33.
Average MDP* values per pass are shown in Figure 34 for the two lanes. Results indicated that
the MDP* values obtained in static mode were higher than in vibratory mode, which was also
observed in TB1. As noted earlier, MDP* measurements are influenced by vibration mode.
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Figure 32. TB3: MDP* compaction curves after low amplitude compaction roller passes
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35




160

140 - @ - @ @ - @ oo @ - @ e )

.k
ol
A 120 ~
=

100 ~

—&— Low amplitude
80 T T T T T T T
0 1 2 3 4 5 6 7 8

Distance (m)

Figure 34. TB3: Comparison of MDP*after low amplitude vibratory and static compaction
roller passes

Statistical Analysis Results

In this section, results obtained from TB1 and TB2 are presented as box plots that show the raw
data and identify the mean, median, and 5™, 25", 75™ and 95" percentiles. Box plots are
presented for each measurement value separately in Figure 35 to Figure 42.

The results are analyzed using t-tests to assess if statistically significant differences exist
between the different test lanes. Comparisons are made between untrimmed (UT) and trimmed
(TM) base layers, and low amplitude (LA) versus static (ST) compaction lanes. Results of
statistical t-test analysis are shown in Table 3 and Table 4 for these two comparison cases. These
tables also summarize the mean and coefficient of variation (COV) of the measurement values.

Following are the key findings from the statistical analysis:

e On UT base, CBR, yd, F200, ELwp-z3, and Ev1 showed statistically significant differences
in the measurement values between low amplitude and static mode of compaction. The
lane compacted with low amplitude mode resulted in higher values. There was no
statistically significant difference in the k, Ksa, Ev2, and w measurements.

e On TM base, only Ksat, Ev2, and w measurements showed statistically significant
differences between low amplitude and static compaction lanes. The lane compacted in
static mode showed higher Ksat values. Evz2 was higher in low amplitude compaction lane.
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There was no statistically significant difference between the static and low amplitude
compaction lanes in the remaining measurements.

e For lanes compacted using low amplitude vibration, all measurements except CBR
showed statistically significant differences between UT and TM base. vd, F200, ELwp-z3, K,
Evi and Ev. were higher in TM base, while Ksa was lower in TM base. These results
indicate that trimming process resulted in higher fines content, and a denser and stiffer
base layer but decreased the permeability values.

e For lanes compacted in static mode, the t-test results show similar conclusions as the
above case with low amplitude compaction. All measurements except CBR showed
statistically significant differences between UT and TM base. yd, F200, ELwp-z3, K, EV1
and Ev. were higher in TM base, while Ksa was lower in TM base.
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Figure 35. Box plots of DCP-CBR (UT indicates untrimmed; LA indicates low amplitude;
TM indicates trimmed; ST indicates static)
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Figure 36. Box plots of Ksat (UT indicates untrimmed; LA indicates low amplitude; TM
indicates trimmed; ST indicates static)
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Figure 37. Box plots of fines content, F200 (0-60 mm) (UT indicates untrimmed; LA
indicates low amplitude; TM indicates trimmed; ST indicates static)
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Figure 38. Box plots of moisture content, w (UT indicates untrimmed; LA indicates low

amplitude; TM indicates trimmed; ST indicates static)
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Figure 39. Box plots of density, ya (UT indicates untrimmed; LA indicates low amplitude;
TM indicates trimmed; ST indicates static)
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Figure 40. Box plots of ELwp-z3 (UT indicates untrimmed; LA indicates low amplitude; TM
indicates trimmed; ST indicates static)
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Table 3. Summary of t-test results to compare low amplitude (LA) and static (ST)

compaction on untrimmed base (UT)

Condit Cov Condit cov
Parameter ion Mean (%) t P, ion Mean (%) t P,
UT/LA 11.7 45 TM/LA 94 38
CBR (%) 3.01  0.007 1.80 0.048
UT/ST 5.5 43 TM/ST 7.2 18
UT/LA 1585 3 TM/LA  17.78 4
ya (KN/m3) 297  0.005 1.05  0.16
UT/ST 15.18 3 TM/ST  17.47 3
UT/LA 2.7 37 TM/LA 8.9 23 .
Fa00 (%) 2.13 ~ 0.019 0.16
UT/ST 2.1 44 TM/ST 9.5 21 102
k-value UT/LA 54.6 25 TM/LA 908 16 .
162  0.064 0.406
(kPa/mm) uT/ST 46.1 16 TM/ST 928 21 024
UT/LA 40.4 87 . TM/LA 3.1 103 .
Ksat (CM/s) 0.482 <0.001
UT/ST 41.0 124  0.05 TM/ST 9.0 67 414
ELwb.z3 UT/LA 50.7 15 TM/LA 611 7
426 | 0.001 111 0.141
(MPa) uT/ST 38.3 11 TM/ST  59.2 5
UT/LA  138.0 1 . TM/LA 1404 1 .
MDP* <0.001 <0.001
UT/ST 141.4 1 6.33 TMIST 1442 1 7.11
UT/LA 38.0 25 TM/LA 63 16 .
Ev (MPa) 1.83  0.046 0.34
UT/ST 31.0 17 TM/ST 65 20 042
UT/LA 1139 13 TM/LA  189.0 14
Ev2 (MPa) 0.09  0.467 295  0.004
UT/ST 1134 10 TM/ST  155.8 15
UT/LA 7.7 7 . TM/LA 4.1 13 .
w (%) 0.167 <0.001
UT/ST 8.0 8 101 TM/ST 5.5 15 440

Notes: UT indicates untrimmed; LA indicates low amplitude; TM indicates trimmed; ST indicates static. Cells
highlighted indicate statistical significance at the 95% confidence level.
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Table 4. Summary of t-test results to compare low amplitude compaction (LA) on
untrimmed (UT) base and trimmed (TM) base

Condit cov Condit cov
Parameter ion Mean (%) t P, ion Mean (%) t Py
UT/LA 11.7 45 UT/ST 5.5 43
CBR (%) 1.06 0.155 -1.75  0.054
TM/LA 9.4 38 TM/ST 7.2 18

UT/LA 15.85 3 UT/ST  15.18 3

va (KN/m®) 7.21 8.92
TM/ILA  17.78 4 TM/ST  17.47 3
UT/LA 2.7 37 UT/ST 2.1 44
Fa00 (%) -13.96 -16.09
TM/LA 8.9 23 TM/ST 9.5 21
k-value UT/LA 54.6 25 UT/ST  46.1 16
-5.55 -6.36
(kPa/mm)  TM/LA 908 16 TM/ST 928 21
UT/LA 40.4 87 UT/ST 410 124
Ksat (Ccm/s) 5.42 2.93
TM/LA 3.1 103 TM/ST 9.0 67
ELwo.23 UT/LA 50.7 15 UT/ST 383 11
-3.54 -12.75
(MPa) TM/LA 611 7 TM/ST  59.2 5
UT/LA 38 25 UT/ST 31 17
Ev1 (MPa) -5.55 -7.34
TM/LA 63 16 TM/ST 65 20
UT/LA 1139 13 UT/ST 1134 10
Ev2 (MPa) -7.96 -4.83
TM/ILA  189.0 14 TM/ST  155.8 15
UT/LA 7.7 7 uT/ST 8.0 8
w (%) 15.27 6.61
TM/LA 4.1 13 TM/ST 5.5 15

Notes: UT indicates untrimmed; LA indicates low amplitude; TM indicates trimmed; ST indicates static. Cells
highlighted indicate statistical significance at the 95% confidence level.
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CHAPTER 5. SUMMARY AND CONCLUSIONS

The main objective of this field study was to investigate the impacts of vibratory versus static
mode of compaction and number of compaction passes on the granular subbase layer material
properties such as material fines content, dry density, elastic modulus, California bearing ratio,
modulus of subgrade reaction, and saturated hydraulic conductivity. Results from the field
testing are presented above and are analyzed using statistical t-test analysis to assess if
statistically significant differences exist between untrimmed and trimmed base layers, and low
amplitude versus static compaction. Following are the key findings from the field testing
analysis:

e Onuntrimmed granular subbase layer, CBR, vd, F200, ELwp-z3, and Ev1 showed statistically
significant differences in the measurement values between low amplitude and static mode of
compaction. The lane compacted with low amplitude mode resulted in higher values. There
was no statistically significant difference in the k, Ksa, Ev2, and w measurements.

e On trimmed granular subbase layer, only Ksa, Ev2, and w measurements showed statistically
significant differences between low amplitude and static compaction lanes. The lane
compacted in static mode showed higher Ksa values. Ev2 was higher in low amplitude
compaction lane. There were no statistically significant differences in the remaining
measurements between the static and low amplitude compaction lanes.

e For lanes compacted using low amplitude vibration, all measurements except CBR showed
statistically significant differences between UT and TM base. yd, F200, ELwp-z3, K, Ev1 and
Ev2 were higher in TM base, while Kst was lower in TM base.

e For lanes compacted in static mode, the t-test results show similar conclusions as the above
case with low amplitude compaction. All measurements except CBR showed statistically
significant differences between UT and TM base. yq, F200, ELwp-z3, Kk, Ev1 and Ey> were
higher in TM base, while Ksat was lower in TM base.

These results indicate that the use of low amplitude vibration instead of the static mode of
compaction can result in material degradation, as evidenced by increases in fines contents, but
the resulting fines content were within the specified gradation limits. However, the trimming
process resulted in much higher fines content, which in turn resulted in a denser and stiffer
subbase layer but also decreased permeability values
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APPENDIX: STRESS-STRAIN CURVES FROM PLATE LOAD TESTS
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Figure 43. TB1: Stress-strain curves after low amplitude vibratory compaction (0, 1)
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Figure 44. TB1: Stress-strain curves after low amplitude vibratory compaction (2, 3)
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Figure 46. TB1: Stress-strain curve after low amplitude vibratory compaction (8, 9)
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Figure 48. TB1: Stress-strain curves after static compaction (3, 4)
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Figure 49. TB1: Stress-strain curves after static compaction (5, 6)
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Figure 50. TB1: Stress-strain curves after static compaction (7, 8)
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Figure 51. TB2: Stress-strain curves after low amplitude vibratory compaction (0, 1)
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Figure 52. TB2: Stress-strain curves after low amplitude vibratory compaction (2, 3)
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Figure 53. TB2: Stress-strain curves after low amplitude vibratory compaction (4, 5)
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Figure 54. TB2: Stress-strain curves after low amplitude vibratory compaction (6, 7)
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Figure 55. TB2: Stress-strain curves after low amplitude vibratory compaction (8, 9)
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Figure 56. TB2: Stress-strain curves after low amplitude vibratory compaction (1, 6)
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Figure 57. TB2: Stress-strain curves after low amplitude vibratory compaction (7, 8)
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