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Figure 102. Section 2 modulus of subgrade reaction values from intelligent compaction

mapping: (a) pre-construction, (b) fall 2023, (c¢) spring 2024, (d) fall 2024, (e)
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Figure 103. Section 3 modulus of subgrade reaction values from intelligent compaction

mapping: (a) pre-construction, (b) fall 2023, (c) spring 2024, (d) fall 2024, (e)
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Figure 104. Section 4 modulus of subgrade reaction values from intelligent compaction

mapping: (a) pre-construction, (b) fall 2023, (c¢) spring 2024, (d) fall 2024, (e)
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Figure 105. Section 5 modulus of subgrade reaction values from intelligent compaction

mapping: (a) pre-construction, (b) fall 2023, (c) spring 2024, (d) fall 2024, (e)
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Figure 110. Section 5 resilient modulus values from intelligent compaction mapping: (a)
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Figure A.3. PSD curve of surface aggregate material collected from Section 3 in April
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Figure A.4. PSD curve of surface aggregate material collected from Section 4 in April
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Figure A.5. PSD curve of surface aggregate material collected from Section 5 in April
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Figure A.6. PSD curve of surface aggregate material collected from Section 1 in November
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4.2.1 Surface Course Properties

According to the results shown in Table 4, the initial gravel content after construction was
notably high across all of the rehabilitated Sections 1 through 4, ranging from 55.5% to 77.5%,
indicating that the surface aggregates were predominantly coarse grained. Section 2 contained
the highest gravel fraction (77.5%), followed closely by Section 1 (66.5%). Among the
rehabilitated surfaces, Section 4 had the lowest gravel content at 55.5%, while Section 3 showed
a moderate value of 60.5%. The high gravel content across these sections is consistent with the
intended design of using durable, load-bearing aggregate materials for surface construction.
Ideally, all of Sections 1 through 4 should have had similar gradations, since the same Class A
roadstone was used to construct them. The observed differences could be due to the inherent
variability of the material, segregation in the stockpile, variations in construction, or sampling
error. In contrast, the surface of the untouched control Section 5 had already been in place and
subjected to weathering and traffic loading for some time, so it had a lower gravel content of
39.7% and was classified as a silty sand with gravel.

The sand fraction in Sections 1 through 4 ranged from 15.8% (Section 2) to 33.4% (Section 4)
and was highest in the control section at 44.5%. The silt content was relatively low and uniform,
ranging from 4.5% to 7.7%, and the clay content ranged from 2.2% to 9.3%, with the highest
value occurring in the control section. These low fines (silt+clay) contents, ranging from 6.7%
(Section 2) to 15.8% (control Section 5) are desirable for surface aggregate, as they provide
some binding of the larger particles while helping to reduce moisture retention, limit dust
generation, and minimize plastic behavior under loading.

The Atterberg limits results confirmed the low plasticity of the surface materials, which is ideal
for aggregate surfacing. The liquid limit values were non-plastic (NP) for the control section and
ranged from 23% to 25% for Sections 1 through 4, for which the plasticity index (PI) values
were uniformly low, ranging from 5% to 9%. These results suggest that the surface materials are
predominantly non-cohesive and are unlikely to exhibit significant plastic deformation under
traffic loads or changes in moisture. Based on the USCS (ASTM D2487-11), the surface
aggregates from Sections 1, 2 and 3 were categorized as silty clayey gravel with sand (GC-GM),
while Section 4 was poorly graded gravel with clay and sand (GP-GC) due to its slightly higher
PI. Section 5, which had a moderate amount of non-plastic fines, was classified as silty sand with
gravel (SM), as it consisted of crushed limestone surfacing aggregates that had been broken
down into the range of sand and fines by vehicle loads.

4.2.2  Subgrade Properties

The PSD curves of the subgrade materials are shown in Figure 16 through Figure 18, with a
summary of the classification results presented in Table 5. The gravel content of the subgrade
material ranged from 2.4% to 13.3% across the rehabilitated test Sections 1 through 4, indicating
moderate variation in the coarse fraction. Section 5, the control section, contained the highest
gravel content of 25.5%, consistent with the significant amount of large, buried debris in the
subgrade, while the chemically stabilized Sections 1 and 2 had significantly lower gravel
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contents of 4.7% and 2.4%, respectively. Sections 3 and 4, without chemical stabilization, had
moderate gravel contents of 13.3% and 7.4%, respectively.

The sand fraction was the predominant subgrade component across all sections, ranging from
61.0% to 81.9%, indicating that the subgrade material across all sections is primarily sand with
some fines and gravel. The clay content was relatively low across all sections, ranging from
0.8% to 4.4%, suggesting low plasticity behavior, which was later confirmed by Atterberg limit
results.

The liquid limits for Sections 1 to 4 were relatively consistent at around 30%. Section 5 showed
the highest value at 39%. The PI showed more variation; Sections 4 and 5 had the highest PI
values of 18% and 19%, indicating a greater amount of plastic fines toward the north end of the
test sections. Section 1 also had a relatively high PI of 16%, while the PI values for Sections 2
and 3 were lower, at 10% and 9%, respectively. Based on the USCS, the subgrade materials in
Sections 1, 2, and 4, were all classified as clayey sand (SC), while Section 3 was classified as
poorly graded sand (SP) due to its lower fines content and lower coefficient of uniformity. The
control Section 5 was classified as clayey sand with gravel (SC) due to its much higher gravel
content.
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Figure 18. PSD curves of subgrade material collected during construction in August 2023
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Section 5

Table S. Index properties of subgrade materials from test sections

Parameter

\ Section 1 \ Section 2 \ Section 3 \ Section 4 \ Section S

Particle-size analysis (ASTM D422-03)

Gravel content (%) (>4.75 mm) 4.7 2.4 13.3 7.4 25.5
Sand content (%) (4.75 mm-75 pm) 79.5 74.0 81.9 76.6 61.0
Silt content (%) (75 pm-2 pm) 12.6 19.2 4.0 12.4 9.4
Clay content (%) (<2 pm) 3.2 4.4 0.8 3.6 4.1
Do (mm) 0.0267 0.0092 0.1165 0.0263 0.0272
D30 (mm) 0.2042 0.1031 0.2896 0.2178 0.3434
Dgo (mm) 0.5880 0.3461 0.9115 0.8968 2.4753
Coefficient of uniformity, Cu 22.01 37.47 7.82 34.16 91.02
Coefficient of curvature, C. 2.65 3.33 0.79 2.02 1.75
Atterberg limits (ASTM D4318-10el)
Liquid limit (%) 30 30 30 31 39
Plastic limit (%) 14 20 21 13 20
Plasticity index 16 10 9 18 19
AASHTO and USCS soil classifications (AASHTO M 145-91 and ASTM D2487-11)
AASHTO Classification A-2-6(0) A-2-4(0) A-2-4(0) A-2-6(0) A-2-6(0)
USCS group symbol SC SC SpP SC SC
USCS group name Clayey sand | Clayey sand gr;:i(;(:iﬂs};n d Clayey sand Sj?tfgr:ir;?
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Figure 41. Removal of old corrugated culvert pipe for replacement

These procedures rebuilt the road’s cross-sectional shape while increasing the surface elevation,
narrowing the width, and re-establishing the crown and side ditches to improve drainage. The
combined reclaimed and in-place materials were compacted throughout the construction process
to improve density and stability. After the cross-sections were rebuilt, the rehabilitated width of
Sections 1 and 2 was 28 ft, whereas the width of all other sections was 22 ft. Rebuilding the
aggressively rehabilitated profiles of Sections 1 through 4 required all of Day 1 (August 14,
2023) and half of Day 2 (August 15, 2023, shown in Figure 42). In the afternoon of Day 2,
Sections 3 and 4 were completed by spreading Class A roadstone on the rebuilt surface, followed
by spraying water and compacting (Figure 43 and Figure 44).
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Figure 43. Spreading Class A roadstone on surface of Section 3 on Day 2 (August 15, 2023)
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Figure 44. Spreading Class A roadstone on surface of Section 4 on Day 2 (August 15, 2023)
On the morning of Day 3 (August 16, 2023), water was sprayed on the surface of Sections 1 and
2, and the top 6 in. of material was scarified in preparation for applying the stabilizer (Figure 45).
The stabilizer was incorporated into the top 6 in. of Sections 1 and 2 at the manufacturer’s
recommended rate of 1 gal per 160 yd® of soil. For the 28 ft width of these two sections,
incorporating the stabilizer over their combined length of 3,000 ft to a depth of 6 in. resulted in
the following calculated amount of stabilizer:

3,000 f£X28 fEX0.5 ft 1gal \ _
2718 X (160 yd3) = 9.7 gal (12)
ya3

A total of 10 gal of stabilizer was therefore used, which allowed for 3% loss due to handling and
runoff.
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6.2 Field and Laboratory Tests After Construction

After construction, several series of field and laboratory tests were conducted over two fall-
spring cycles to evaluate the relative performance of the test sections through changes in their
subgrade and surface properties after the sections were subjected to freezing and thawing
conditions. The field tests included ADCP and LWD tests to measure the strength and stiffness
of the test sections. Samples of the top 4 in. of the roadway surface were also collected during
each round of testing by using a hammer drill with a flat chisel bit to loosen the crust. The
laboratory tests performed on the surface aggregate samples included sieve analysis, hydrometer
tests, and Atterberg limits tests to evaluate changes in particle size distributions, particle
breakage, and soil index properties over time.

6.2.1 Results of ADCP Tests After Construction

ADCEP tests were performed to monitor changes in the strength of the aggregate surface layer and
the subgrade. Selected results from these tests are presented in this section, and the entire data set
of ADCP results from all testing periods after construction is provided in Appendix B.

The ADCP data were analyzed using the equations described in Chapter 3 to calculate the DCP
index and estimate the field CBR values through empirical correlations. The lowa SUDAS
ratings shown in Table 8 were also computed for the surface and subgrade layers based on the
CBR values. A summary of the results is provided in Table 11 through Table 14, with
corresponding graphical plots of the data in Figure 71 through Figure 79.
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Table 11. Summary of fall 2023 ADCP tests

Thickness of Surface| Avg. DCP- Avg. DCP-CBRs¢
Section | Test Point Course (in.) CBR4gG (%) | Rating (%) Rating
1 34 165 E Refusal at 8.0 in -
1b 3.7 117 E 121 VG
Section 1 2 3.7 430 E 68 _ VG
3 4.4 711.2 E Refusal at 5.1 in -
3b 33 831.6 E Refusal at 3.7 in -
Avg. 3.7 451.0 E 94.5 VG
1 3.2 571 E Refusal at 6.8 in -
Section 2 2 3.8 706 E Refusal at 3.9 in -
3 5.3 382 E 136 VG
Avg. 4.1 553 E 136 VG
1 3.7 143 E 35 VG
2 3.7 90 E Refusal at 8.0 -
Section 3 2b 5.7 93 E Refusal at 8.0 -
3 3.5 107 E 68 VG
Avg. 4.2 108.3 E 51.5 VG
1 2.6 87 E 48 VG
2 2.7 96 E Refusal at 12.9 in VG
Section 4 2b 3.0 84 E 39 VG
3 2.8 88 E 36 VG
Avg. 2.8 88.8 E 41 VG
1 Refusal - - - -
1b Refusal - - - -
Section 5 2 3.7 670 E Refusal at 3.7 in -
3 Refusal - - - -
3b 2.3 556 E Refusal at 2.3 in -
Avg. 3.0 613 E - -

E = excellent, VG = very good
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Table 12. Summary of spring 2024 ADCP tests

Thickness of Surface | Avg. DCP- Avg. DCP-CBRs¢
Section | Test Point Course (in.) CBR4gG (%) | Rating (%) Rating
1 39 590 E Refusal at 15.5 in -
1b 3.9 704 E 87 VG
Section 1 2 3.9 533 E 171 VG
3 4.0 726 E 80 VG
Avg. 3.9 638.3 E 112.7 VG
1 3.8 918 E Refusal at 4.9 in -
2 3.1 453 E Refusal at 7.1 in -
Section 2 2b 5.2 328 E Refusal at 7.1 in -
3 4.1 200 E 38 VG
Avg. 4.1 4748 E 38 VG
1 3.6 93 E 72 VG
2 4.1 87 E 88 -
Section 3 3 3.7 186 E Refusal at 10.2 -
3b 3.8 128 E Refusal at 9.9 VG
Avg. 3.8 123.5 E 80 VG
1 3.8 99 E 45 VG
2 4.2 79 VG Refusal at 8.2 in -
Section 4 2b 4.2 88 E Refusal at 8.4 in -
3 49 107 E 32 VG
Avg. 4.3 93.3 E 38.5 VG
1 39 1140 E Refusal at 3.9 in -
2 3.9 855 E Refusal at 3.9 in -
Section 5 3 Refusal - - - -
3b 4.6 382 E Refusal at 4.6 in -
Avg. 4.1 792.3 E - -

E = excellent, VG = very good
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Table 13. Summary of fall 2024 ADCP tests

Thickness of Surface| Avg. DCP- Avg. DCP-CBRsg
Section | Test Point Course (in.) CBR4gG (%) | Rating (%) Rating
1 53 122 E Refusal at 16.4 in -
Section 1 2 3.7 176 E 72 VG
3 3.9 154 E 41 VG
Avg. 4.3 150.7 E 56.5 VG
1 3.7 328 E Refusal at 6.4 in -
Section 2 2 32 136 E Refusal at 5.5 @n -
3 3.2 240 E Refusal at 5.4 in -
Avg. 34 234.7 E - VG
1 3.9 61 E 29 VG
Section 3 2 3.6 67 E Refusal at 7.4 -
3 3.9 82 E 82 VG
Avg. 3.8 70.0 E 55.5 VG
1 4.5 64 VG 62 VG
Section 4 4.0 54 VG Refusal at 9.1 in -
3 4.4 54 VG 52 VG
Avg. 4.3 57.3 E 57.0 VG
1 Refusal - - - -
Section 5 3.8 622 E Refusal at 4.9 @n -
3 2.3 290 E Refusal at 3.7 in -
Avg. 3.1 456.0 E - -

E = excellent, VG = very good
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Table 14. Summary of spring 2025 ADCP tests

Thickness of Surface | Avg. DCP- Avg. DCP-CBRsg
Section | Test Point Course (in.) CBR4gg (%) | Rating (%) Rating
1 6.7 157 E 57 VG
Section 1 2 6.7 193 E 65 VG
3 6.6 217 E 48 VG
Avg. 6.7 189.0 E 56.7 VG
1 4.1 123 E Refusal at 6.9 in -
2 4.2 91 E Refusal at 5.0 in -
Section 2 3 4.3 433 E Refusal at 4.4 in -
3b 39 414 E Refusal at 5.4 in -
Avg. 4.1 265.3 E - VG
1 5.8 82 E Refusal at 7.4 -
Section 3 2 6.1 45 G 41 VG
3 6.4 98 E 29 VG
Avg. 6.1 75.0 E 35 VG
1 5.1 61 VG Refusal at 7.5 in -
2 5.4 53 VG Refusal at 8.4 in -
Section 4 2b 5.8 72 VG 38 VG
3 4.3 48 VG Refusal at 6.2 in -
Avg. 5.2 58.5 VG 38.0 VG
1 5.6 330 E 27 VG
Section 5 2 5.5 288 E 74 . VG
3 32 376 E Refusal at 3.4 in -
Avg. 4.8 331.3 E 50.5 -

E = excellent, G = good, VG = very good
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Figure 71. Surface ADCP results for fall 2023
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Figure 72. Subgrade ADCP results for fall 2023
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Figure 73. Surface ADCP results for spring 2024

TR-823 Camp Dodge ADCP Tests 04-9-2024 & 04-23-2024
(Subgrade)

X- Refusal

0
o
3
w
(ox
3 Section 5

Section Section 4

Section 2

Section 1

Sections

Figure 74. Subgrade ADCP results for spring 2024
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Figure 79. Variation of CBR of test sections over time: (a) surface layer, (b) subgrade layer
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Overall, surface conditions across the test sections showed minimal to moderate levels of distress
during the observation period. Sections 3 and 4, which did not receive chemical stabilization,
exhibited the most visible deterioration beginning in spring 2024, with the development of
moderate rutting and depressions along the wheel paths (Figure 93 and Figure 94). By fall 2024,
these untreated sections also showed signs of shoulder material migration, indicating lateral
displacement of gravel under traffic.

In contrast, the stabilized Sections 1 and 2 demonstrated the least surface deterioration. Their
surfaces remained relatively smooth and dry, closely resembling concrete pavement, with only
minor evidence of rutting or corrugation (Figure 91 and Figure 92). Some shoulder material
migration was observed in these two sections by fall 2024, similar to that seen in the untreated
sections, though to a lesser extent.

Section 5 (control), which had experienced long-term traffic loading prior to the study,
maintained a densely compacted and polished surface. It exhibited minor rutting but showed
more noticeable surface material migration, likely due to the cumulative effects of long-term
loading and the lack of rehabilitation (Figure 95).

6.2.5 Comparison of Sieve and Image Analysis Methods

The particle size distribution of the surface aggregate materials was determined using two
methods: traditional sieve analysis, conducted in accordance with ASTM D422, and digital
image analysis using the lowa DOT Camsizer, performed following AASHTO T 381-181 as
previously described in Chapter 3. To assess the accuracy and practical applicability of image
analysis for gradation evaluation, PSD curves obtained from both methods are compared in this
section.

The comparison focuses on the surface aggregate samples collected during fall 2023, as this was
the only period in which image analysis was conducted both before and after gyratory
compaction tests. To achieve reasonable test durations, Camsizer tests were limited to material
larger than the No. 10 sieve. Figure 96 through Figure 100 compare the PSD curves from both
test methods and demonstrate fairly good agreement for all samples. Based on these results,
digital image analysis using the Camsizer can serve as a reliable alternative or complement to
traditional sieve analysis for the coarse fractions of geomaterials. The Camsizer provides
additional benefits that include greatly reduced testing time and the ability to automatically
determine a wide range of particle morphology parameters such as roundness, sphericity, form
factor, shape factor, roundness index, and angularity, among others (Lamba et al. 2025).
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Figure 96. Comparison of PSD curves from sieve and image analysis for Section 1
Figure 97. Comparison of PSD curves from sieve and image analysis for Section 2
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Figure 100. Comparison of PSD curves from sieve and image analysis for Section 5
6.2.6 Intelligent Compaction Mapping

To evaluate the stiffness and structural support capacity of the gravel road test sections
rehabilitated using the different stabilization strategies, Ingios Geotechnics conducted intelligent
compaction mapping at the test site. The five test sections were mapped with 100% coverage
using a vibratory smooth drum roller equipped with Ingios’ COMP-Score RT system, which was
calibrated to measure the composite resilient modulus (M;) and modulus of subgrade reaction
(k). Mapping was conducted during the same timeframes as the other field tests, both before and
after construction in fall 2023 and during seasonal intervals in spring 2024, fall 2024, and spring
2025, to capture the seasonal variations in performance and support capacity. The methodology
included two passes per mapping session, with the first pass performed to reduce surface
roughness and the second pass for intelligent compaction measurement.

The resulting data were analyzed for quality metrics such as pass coverage, spatial variability,
and compliance with target stiffness thresholds. Summary statistics and visualizations of
modulus values were used to assess spatial uniformity and changes over time. Key statistics and
examples of representative results are presented and discussed in this section. The full Ingios
report, including e-Compaction results, calibration summaries, and statistical analyses, is
provided in Appendix D.

To maintain a reasonable report length, plots having zero data or that are not relevant to the
current project were removed from the original Ingios intelligent compaction report, including
plots of empty i-Score values, pass numbers (one pass was used), and material maps (one
material was represented). Target values of k and M; were set at 100 psi/in. and 3,600 psi,
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APPENDIX A.

PARTICLE-SIZE ANALYSIS RESULTS FOR SPRING 2024 ONWARD
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Figure A.1. PSD curve of surface aggregate material collected from Section 1 in April 2024
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Figure A.2. PSD curve of surface aggregate material collected from Section 2 in April 2024
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Figure A.3. PSD curve of surface aggregate material collected from Section 3 in April 2024
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Figure A.4. PSD curve of surface aggregate material collected from Section 4 in April 2024
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Figure A.5. PSD curve of surface aggregate material collected from Section 5 in April 2024
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Figure A.8. PSD curve of surface aggregate material collected from Section 3 in November






