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Estimation of Air Voids of Asphalt Concrete Using Non-destructive Density Testing
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Abstract

The air-void is known to be one of the influencing factors for estimating long-term performance of asphalt concrete. Most of all, confirming air void
or density of pavement layer is important for quality control of field compaction level of asphalt concrete pavement. In this study, a non-nuclear type
non-destructive density gage (NDDG) was used to estimate compacted air-voids of asphalt pavement as a non-destructive test method. Asphalt concrete
slab specimens were prepared using 6 types of asphalt mixes in laboratory (lab) for lab NDDG test. Four different base structure materials were used
to find out if there were any differences due to the type of base structure materials. The actual air-voids and NDDG air-voids were measured from
6 asphalt concrete slabs. Four sections of field asphalt pavements were tested using the NDDG, and actual air voids were also measured from field
cores taken from the site where the NDDG air-void was measured. From lab and field experimental tests, it was found that the air-voids obtained by
NDDG were not the same as the actual air-voids measured from the asphalt concrete specimen. However, it was possible to estimate air voids based
on the relationship obtained from regression analysis between actual and NDDG air voids. The predicted air-voids based on the NDDG air-voids
obtained from 50mm depth were found to be reliable levels with R*=0.9. Therefore, it was concluded that the air-voids obtained from NDDG could
be used to estimate actual air-voids in the field asphalt pavement with a relatively high coefficient of determination.
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A DA AAez vl S el 4= gl g e 1. Zj2 ¥ gHY
g ol 71219l thijo] 7hs kAl ol FEde 7t &l T
sttt '

OATE T A BUT FYY oprBE Fyme gy Jh OIS
A A AZEY s FolE B3l 1oE 2L 244 Aol A ARETE oA EE Iujofld ZHE dubzlow
¥ W 2], 2z)7k0] 2olel s 9ol Zo @ olF] X} AE-El= PG64-22532] AP-59) STE(Styrenic thermoplastic
7} W= 4= 9] 31(Romero, 2002; Sargand et al., 2005; Kim elastomer) 2575 AM-811L, PG76-225-F9] OfAZE HEQL
et al,, 2009; Kim et al., 2015), 0|2 R95}7] 9J3t Woto 2 = SBS (Styrene butadiene styrene), LDPE(Low density poly
NDDG A2 A5} 9t} 849t NDDGE 225}7] <] ethylene), CRM(Crumb rubber modifier)?] Z&|H=Z 7§14 ¥
A= el ARl = tlokst 2ASS weel 21 OFAEE 3TRE ARSIl & 571A|9] veld el Histed
A0l Azo] Ad = ©asl 9rKAllen et al, 2003; AU A7), A3k AIE7], = A1@7], DSR(Dynamic
Henault, 2010). shear rheometer), BBR(Bending beam rheometer) 5= ©|-8-5F

webd B o] B4 NDDGR 24E 338e) 5y ©f dHE UKL ofelle] Table 19f o] opag=e) 54
S slelsha, ARd W Al FAARRE de 4z g & HASHA:
3 vl BAst] AEE Qe ARSSEY 8 Wk
ANBHE Zolck. o2 9Js) A uelH Z4e ot 3 - =M
AAe] AZ FT3E 4t NDDGE Z4H 328 gk 7ol =AY 52 B Y ofAEBE EEY 9ok 54 9
B|AEALS AWetth. Eo AY AFolA do sgus B 380 T8 FFE A= 83l0)aL A R
BES HAo| ALslo] AZ ke 2A sl o] 24 gke  UEEE AR Aol S84 SAS mhefsto] Aol A
AR HAF Fo] ZAHQ] A 228 7} vjmEAEo s HA] WEEA] Eelafof itk 2 At AR A= SHIet
A A% 9= ofAmE Ao ZA3Ha] Hlolo & NDDG (Granite) © = 244 F-> =Ae} 2k =A(Screenings) & A&}
o &% A4 ehAS AR 0, A2 A (Mineral filler) 2+ 434 E-& o]-&slick & A

a2l tiet =214 B4 Elsk] Sl KS F 25030 25}
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Table 1 Properties of asphalts

Classification Specification AP-5 STE SBS LDPE CRM
Penetration, 1/10mm - 71 48 40 35 38
Softening point, C - 49.6 51,7 78.6 80.1 83.3
Viscosity, cP, 135 C - 415 713 1,904 2,152 2,025

64 C 1,21 2.81 - - -

&'/sine . kPa 70 C > 10 0.57 1.33 2.58 2.50 2.54
76 C - - 1.40 1.36 1.48

82 C - - 0.88 0.81 0.90

After (R)TFOT

64 C 2.6 2.31 - - -

&'/sine «Pa 70 C > 20 11 1.08 6.78 5.20 7.28
76 C - - 3.25 3.02 3.84

82 C - - 1.97 1.86 2.06

PAV residue

Stiffness, MPa -12 C < 300 190 124 152 160 156
M—value -12 C =0.3 0.35 0.32 0.31 0.31 0.42
PG grade 64-22 64-22 76-22 76-22 76-22
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Table 2 Properties of aggregates

Classification Apparent specific gravity Absorption Abrasion
Specification ) 2.45 { 3.0% Y 35%
25mm 2.69 0.67 211
) 19mm 2.7 1.33 30.7
Granite
13mm 2.65 0.81 19.5
Fine aggregate 2.67 1.01 -
Filler 2.75 - -
100 [T T 11110 ))7?3
g0 || M Max. 25mm }j
20 &~ Max. 19mm /
70 1 © Max 13mm J
s 60
2
i pali
©
o 40 /:é,/
30 ! //
LA
20 1 %;g,/
L1
10 1
25
0 | 1 1
001 01 1 10 100
Sieve size(mm)
Fig. 1 Gradation curve (25mm, 19mm, 13mm)
of w2t A7kE Alghe AAlsto] Fig 13} o] &2 =4 2 A=Y T 2 ol 24 59 WA Al ERlshks 3ol
AJ5e) 25mm, 19mm, 13mme] T FHL Aol Ag  Beskk ueba okehe] 4(1)~A3)1S olg5te] el
sh3ich Az E sHE FAAE A A3 2 FAAE ez
A BAS shelstn.
2. A& d
b AEA HM=E VTM =2 x 100 = 100(1 — 2mb) (1)
Vi Gmm

OAHE THEE ALFH] ) ORARE waicier 2
F o 10CoJA] 141719] §7] 23 (Short term aging)
APk, FH|E 305%305x100mm EEof ofAZE S5}
Hot thalstel A B39 4 £ oF Somms of
Azstelc ol FEEE 1~5% ]
HESES Sha 63570 UYE LeH FAA o)
Alzstich. thiE ol Ego)
g EAel °l AAEAL S ZE= F=E (Voids in total mix; VIM),
=4 7F=& (Void in the mineral aggregate; VMA), X3}

(Voids filled with asphalt; VFA)7} Q1o o]2jst QAES
OJATE F3lE0] 2 T Ao ¢3ke n|z 4= Q)8 o

O:]7IA_1 VTML_ oﬂg(%) VVL_ O'!"] Z‘”X‘] VT‘—‘ ]:}-X]
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Fig. 2 Density test using NDDG on (a) laboratory slab specimen and (b) field pavement
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Table 3 Specimen composition and test condition

o uf ] sk W 24 ARE AASA ofATE B
Zejne] SRkl Fig Aa)et o] Z44H|E Lefpe
Aol A S, 5 PHE WS Sevtel 3 g
A 9 60E0] ZHER FHE) YobiaA] 63] ZAHS At
%At} Fig. b= ok BE ZAe|Esl ATE AR T d4
4318 XMATE] 5Sm 7HEnjt) 7F2 50em A2 50ecm HEY U

oA v] Tt W= 2A7]|E o|EA)A <F 107] XHE AH
T A AR S P o R 60xe] 2R 963 &
Ayste] o 450xS0cm el oF 60815 ZA5HL, Hak
& 48 Boad UIE 4 ds 22 24 Sl 1
oF Table 3t AMAIBS W3t 2Hze] Al 22l 9 v) 53]
W 248 9lo) A8 BAA FHS ol

O:

O:

Depth of Base type below
Method P No. e . Detailed base materials below asphalt specimen
measure asphalt specimen
1 Lab, floor Lab, urethane floor on top of concrete slab
2 Con, slab Concrete slab specimen
50mm
3 Asp. pavement Asphalt pavement parking lot
Non-= 4 Con, floor Concrete slab floor
nuclear
gage 1 Lab. floor Urethane floor on top of concrete slab
2 Con, slab Concrete slab specimen
30mm
3 Asp. pavement Asphalt pavement parking lot
4 Con. floor Concrete slab floor
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Fig. 4 Dry core specimens

Ch 8% 2z A . gz ¥ o
olATE ZIu|E I AFHOA 37 A HL AAstaL B =
g 2] & AFHoNA 371 A= [l 1 ZaN EA AR

TE TS 9T o 5
27 100mm= o] ZAHE
oF 20cm Zo|2 A3 sk P FAAL] A 8] why
e 2A7)9] Zd =4 zlo|o|A} AA| EAEAQ oF Sem
2 Adksla A7 35S AZ8gtt Fig 4= 3 €
Al79 AZAHE Hoﬂt‘:}-

Table 4 Actually measured physical properties

OFAZE B3ME9 A& F=E(Actually measured air-
voids) H] o] Wi SA7|2 S F=E(Air-voids by

non-destructive gage) X]2| A== Jg }o]] 293} 9otk
o|2HdjdEe} dRY| H|To| WE F=F A I=E £
Sk 5ol £el4 BAS 24T A Table 49} 2eh o
% 28 YolEt v ok AFow 245 T8 gl
BlaLof A= 3Tt

. Thickness Density (g/cm®) Air void VMA VFA
OAC(%) Asphalt type (mm) Db Tipe %) (%) (%)
5.4 ARMA(13mm) 50.2 2.457 2.481 1.2 14,2 915
4.8 STE(19mm) 50.5 2.438 2.504 2.6 14.0 81.2
4.4 STE(25mm) 50.5 2.449 2.520 2.8 13.3 78.7
4.7 AP-5(13mm) 50.4 2.439 2.551 4.4 17.3 747
4.5 LDPE(13mm) 50.0 2.432 2.510 3.1 16.0 80.5
4.7 SBS(13mm) 50.0 2.475 2.563 3.4 14.8 76.8
a: Optimum asphalt content, b: Bulk density, ¢: Theoretical maximum density
Table 5 Test results of air voids by non—destructive gage
AP5 SBS LDPE CRM STE STE
Class Depth | No. Base (13mm) (13mm) (13mm) (13mm) (20mm) (25mm)
Actual Total - - 4.4 3.4 3.1 1.2 2.6 2.8
@ Lab, floor 9.8 8.7 8.2 1.9 46 54
50mm @) Con. slab 10.7 10.2 8.6 2.5 4.3 8.4
©) Asp. pavement 9.1 8.0 7.8 1.4 3.2 46
Non= @ Con, floor 13 10.2 10.2 34 49 6.1
destructive
gage @ Lab, floor 1.3 8.9 10.7 57 6.2 9.5
30mm @ Con, slab 10.9 9.3 10.1 54 8.0 8.4
©) Asp. pavement 10.7 8.3 10.0 5.1 75 9.0
@ Con, floor 10.7 9.6 1.4 6.1 8.8 9.9
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Fig. 5 Relation of actual air voids and the air voids measured by
NDDG for the asphalt concrete slab on top of lab urethane
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Fig. 7 Relation of actual air voids and the air voids measured by
NDDG for the asphalt concrete slab on top of asphalt
pavement parking lot,
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Fig, 6 Relation of actual air voids and the air voids measured by
NDDG for the asphalt concrete slab on top of concrete slab
specimen
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Fig. 9 Relation of actual air voids and air voids measured by
NDDG for asphalt concrete slab at the depth of 50mm
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63 o] A 385 oS3kl clSet 374 S=5(Table
62] Predicted air voids)¥} Fo] ZA|IA2HE ZH 3
=E(Table 69] Air voids of field core) Ho|E 2] 3]
sestglct 1 At o] 50mme] % R*=0.9, Zlo]
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S op bR B 24 Aol 2% Zo] Sommt H
2o] 9l Ao v
200] 30mm A/ Sommo] vlaf thi
Ui A o 4 Ak 2 A3

o Fel A wol Yeh=

-
=4
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= ==

. . . Air—voids at the depth of 50mm | Air—voids at the depth of 30mm
Section OAC Test Air—voids of NDDG ai id Predicted NDDG ai id Predicted
(Max agg. size) | (%) site | field cores (%) air=voids ) re _IC € air=voids ) re ,'C €
(%) air—voids (%) (%) air—voids (%)
Sectioni 1 37 7.1 3.14 12.1 437
ection 56 2 3.0 7.8 3.33 7.6 3.28
(13mm)
3 2.7 6.4 2.94 9.6 3.79
Secti | 1 4.4 13.7 472 15.6 5.12
ection 5.5 2 2.7 8.6 3.54 12.2 4.39
(13mm)
3 3.0 9.1 3.66 13.8 474
Sectionl 1 5.4 12.6 4.48 23.2 6.55
ection 5.4 2 58 16.9 5.38 20.9 6.15
(20mm)
3 6.0 21.3 6.21 15.8 516
. v 1 6.4 201 5.99 25.6 6.96
ection 5.4 2 5.9 195 5.88 248 6.82
(20mm)
3 75 23.1 6.53 249 6.84
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