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d Conventional density-based methods of unbound materials
compaction gquality assurance (QA) using nuclear density gauges
(NDG) become less desirable because of safety, regulatory, and cost
concerns.

1 The density is not a direct input to the structural design of pavements
and is not directly linked to the long-term performance of pavements,
Instead the modulus is.

1 Modulus-based compaction QA of unbound materials is gaining
attention, several devices were proposed in the last decades.

1 Modulus-based compaction QA method using the lightweight
deflectometer (LWD) has been employed by a few state DOTs and
countries.

1 Missouri DOT is interested in shifting from the NDG to LWD in
unbound materials compaction QA.

Zorn Lab 3.0 LWD

Dynamic Cone Penetrometer/
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OBJECTIVES

/EI To classify four soils and determine their optimum moisture contentS\
(OMC) and maximum dry densities (MDD).

1 To determine field target moduli for tested soils through laboratory
LWD tests on Proctor mold on corresponding samples at acceptable
moisture contents (MC). (OMC-3% to OMC for MoDOT)

1 To evaluate compaction acceptance of tested soils using MC and

\ field-to-target LWD modulus ratio criteria successively.
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METHODOLOGY
Laboratory and field tests h
Lab/field Tests Results
Soil classification Soil type
Lab Compaction test OMC and MDD
WD test on Proctor mold | 20/ C 0L () and coefisents (e
Field measured LWD moduli (Ef;.14), field
Field LWD test in the field MCs (MCs;e14), and field applied stresses
(Prieta)

o

Compaction acceptance evaluation

*a; IS determined with MCy,3, Pyyp, and Ej,p via EQ. (1).

Criterion [1]:

" Efieta/Etarges™ = 100%:«
Compaction is acceptable

— 1 T

. Moisture content

Compaction is unacceptable

** Etargec 1S determined with MCyjeyq, Prielq, and a; via Eq. (2).
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Eigp = a9 +ay X MCyyqp + ay, X MCliab + az X Pyyp +a, X Plzab2
Etarget = Ao + a1 X MCrigig + ay X MCfj1q + a3 X Prigig + a4 X Prigg  (2)

Criterion [2]:
Field-to-target LWD modulus ratio.

(1)
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SOIL PROPERTIES

/Soils classification and compaction results

~

Soils ‘ IIIII\}\I\I\\IIIIII}\II
Lean clay SGB sand Base agg. Silty clay
USCS CL SW SW CL
OMC (%) 14.2 7.5 9 12.5
MDD
(kN/m?) 16.1 17.6 21.6 18.7
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LWD TESTS ON PROCTOR MOLD

Co-advisors: Drs. Jenny Liu and Xiong Zhang, Missouri University of Science and Technology

solls compacted at a range of MCs depending on their OMCs.
1 Results of LWD tests on Proctor mold, including deflection vs. MC and lab LWD modulus vs. MC, were plotted along with

compaction curves.

 Coefficient a; were determined by fitting results to Eqg. (1) using Excel Solver, which were used in Eqg. (2) later.

/EI LWD tests on Proctor mold were conducted, using Zorn Lab 3.0 LWD shown in the INTRODUCTION, on the four types of\

___________________________ 1 T —
5 20 | 25 17.7 | 1.4 22
4.5 41 19.5 | { 17.65 | 12 1 21.8
4 | { 19 | 5 { 176 | ' {1 216
~ 35} 1 185 F | = 17.55 f’:::‘ | ~ 1 1214 5
E 3| 118 % g Z g 1227%
‘a’ - | A 1L5 F 41 17.5 ,5/ | ;‘I 0.8 . ,5/
25 ¢ 1175 3 | § {1masg | 2 121 §
z% 2t 1 17 E | é 1 1 174 E | z% 0.6 1 208 E
e 7] Z -
A1st 1165 | A {1735 & | A4 1 206 2
Lr 1 16 | 0.5 {1 173 | 1 204
0.2
0.5 4 155 | 4 1725 | 41 20.2
0 15 | 0 17.2 | 0 L L 1 20
8 24 3 4 5 6 7 8 9 10 11 12 13 4 5 7 8 9 10
MC (%) | MC (%) | MC (%)
—>¢—p=75kPa —O— p=106 kPa —&5—p=130 kPa —&—p=150 kPa l ——p=75kPa —o— p=106 kPa —6—p=130kPa p=150 kPa l —>¢— 75 kPa —6—105kPa —&—130kPa 150kPa
—B—p=168 kPa —¥— p=201 kPa —A—p=265kPa —@— D1y unit weight | —B—p=168 kPa —¥— p=201 kPa —#— p=265 kPa —@— D1y unit weight | —B— 168kPa —¥— 201 kPa —A—265kPa —@— D1y unit weight
— . —MC = 14.2% —_— . MC=11.2% | — - -MC=9% — - MC=6% | — - =MC=75% — - MC=45%
Lean clay (CL) — Defl. vs. MC : SGB sand (SW) — Defl. vs. MC : Base aggregate(SW) — Defl. vs. MC
120 . I 20 80 17.7 90
. 19.5 l 4 17.65 l 80
100 | | 70 : |
_ N |~ 41 176 | =70
% 20 18.5 t@ | § 17.55 f:g | % 60
. 118 2 g 17s & 2 5o
2 60 1175 5 = | = £
= 40 1165 B | 2 % | s = | 2 30
- = | = 20 5| = 50
20 X 116 | {173 |
<= 1 155 | 10 { 1725 | 10
0 : . : : 15 0 . ' 17.2 0
8 10 12 14 16 18 20 22 24 | 3 4 5 6 7 8 9 10 11 12 13 |
MC (%) | MC (%) | MC (%)
—— p=75kPa —E— p=106 kPa —o—p=130 kPa —fr— p=150 kPa | —*—p=75kPa —O—p=106 kPa —o—p=130kPa p=150 kPa | —*— 75 kPa —S— 105kPa —6— 130kPa 150 kPa
—H&— p=168 kPa —k—p=201 kPa —A—p=265 kPa —@— D1y unit weight | —H—p=168 kPa —¥—p=201 kPa —A—p=265 kPa —@— D1y unit weight | —H&— 168 kPa —k— 201 kPa —A—265kPa —@— D1y unit weight
— - =MC=14.2% — - MC=112% | — - =MC=9% — - MC=6% | — - =MC=175% — - MC=4.5%
Lean clay (CL) - E,, vs. MC _} SGB sand (SW) - E, vs. MC _L Base aggregate (SW) - E_, vs. MC
6 20 140 20 | ..
a 193 ol 1o : Coefficients a;
19 - | _
.l Z g 100 | O SGB Base .
g 185 7 & 18.5 7 | . Lean S'Ity
2 < Z 80| 2 Soils lay (C sand agg. lay (C
g3} 18 5 E 118 5 | clay (CL) (SW) (SW) clay (CL)
o L = 60 F ‘D |
= 17.5 2 = 17.5 2
A2 = =
o 5 = w0 | o5 : a, | 101.5083 | 72.34699 |-35.96733|270.54287
1} i
165 20 16:5 I aq -3.54272 | -4.63602 [17.988002|-25.59477
0 - ' : : : : 16 0 16 |
6 8 10 12 14 16 18 20 22 6 22 | ar -0.09918 | -0.21032 |-1.869550(0.5445991
MC (%) |
—— 75 kPa —=— 106 kPa —o— 130 kPa 150 kPa —3— 75 kPa —&— 106 kPa —&— 130 kPa 150 kPa | ag 1488916 3500368 402 13784 28761439
—H— 168 kPa —¥—201kPa —2&— 265kPa —@— Dry unit weight —5— 168 kPa —¥— 201 kPa —A— 265 kPa —@— D1y unit weight
— - =MC=12.5% — - MC=9.5% — . =MC =12.5% — .. MC=95% : CZ4_ '128.78 223.637 '751.2629 '663.0138
k Silty clay (CL) — Defl. vs. MC Silty clay (CL) - E,, vs. MC | /
l
/ Lean clay (CL) site: SGB sand (SW) site: B SW) site: I Silty clay (CL) site: | o \
me ?3146'40»3055"117‘6 Latitude: 38°4623.22"N e gt o) sie ¥ / o o 6‘28.)5;1"\? | 4 I 3878 3879 , 4421

Longitu

Longitude: 90°18'35.65"W

8.37"W

-~

23t O

=21t

Moisture content (%)
(=
0]

Longitude: 90°15'30.58"W

three field-version Zorn 2000 LWDs (shown on the right).

ratio (Efie1a/Etargec) Criteria, successively.

[1] T OMC-3% = MCfield < OMC:
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Lean clay (CL): 0/28 = 0%
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Base agg. (SW): 55/65 = 85%
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4 Field LWD tests were conducted at four corresponding sites (shown above) using

4 Results of field LWD tests were plugged into Eq. (2) to determine E;qyge:-
d Compaction acceptance was evaluated according to moisture content and modulus
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[2] If Efield/Etarget = 100%:
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SGB sand (SW): 25/36 = 69%
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CONCLUSIONS

-

4 The lab LWD modulus generally increased with the increase of applied stress and decreased with the increase of moisture
content, moreover, it showed a constant value when the moisture content was higher than a cutoff.

 The deflection in LWD test on Proctor mold generally increased with the increase of moisture content and applied stress.

d With measured field moisture contents and LWD modulus ratios of measured to target field LWD moduli, the proposed QA
criteria concluded that the lean clay (CL) and the silty clay (CL) were unacceptable because of overall high moisture
contents while the SGB sand (SW) and the base aggregate (SW) were mostly acceptable.

d The modulus-based construction QA method for unbound materials using LWDs was promising.
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