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Figure [114—Test property curves for hot-mix design data by the
Marshall method (See also Figure I11-3)
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in compacted asphalt paving mixture
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Vma = Volume of voids in mineral aggregate
Vmb = Bulk volume of compacted mix
Vmm = Voidless volume of paving mix
Via = Volume of voids filled with asphalt
Va = Volume of air voids
Vi = Volume of asphalt
Vpa = Volume of absorbed asphalt
Vsb = Volume of mineral aggregate (by bulk specific gravity)
VSH o

Volume of mineral aggregate (by effective specific gravity)

Figure 4.2 — Representation of volumes in a compacted asphalt
specimen




Table 4.2 — Basic data for sample of paving mixture

(a) Consliluenis

Material

Asphalt Cement
Coarse Aggregate
Fine Aggregate
Mineral Filler

(b) Paving Mixture
Bulk specific gravity of compacited paving mixture sample, Gmp
(ASTM D 2726)

Specific Gravity Mix Composition
Percent Percent
AASHTO | ASTM | By Weight | By Weight
Bulk Method Method [ of Total of Total
Mix Aggregate
1.030(Gp) T228 D70 5.3(Pp) 5.6(Pp)
2.716(G1) T85 c 127 47.4(P4) 50.0(P4)
2.689(Gp) T84 C 128 47.3(P2) 50.0(P2)
T100 D 854

2.442

Maximum specific gravity of paving mixture sample, Gmm

(ASTM D 2041) —

2.535

COARSE AGG.

FINE AGG.

MINERAL F.

ofcle

)

Pba

Pbe

VMA

VFA

LOOSE MIX AT
APPROX. OPT.
ASPHALT CONT

ASPHALT
3.5,4,455,.

Pa

(AV)

N

COMPACTED MIX 3.5,4,45,5,..




. P+ Pp +...+ Py
(J-"’mel + P'Z L S, ﬁ-._

G G Gp
where, Ggh = bulk specific gravity for the total aggregalc
Py, Py, P, = individual percentages by weight of aggregate
Gy, G2, Gy = individual bulk specific gravities of aggregate
500 + 50.0 s
Gy = 50.0 500 = ————— _____ =2703
e Yo 841+ 18.59
) 8]
Gge = |)mm - [)h (2)
Pmm - l_il
Gmm  Gp
where, Gge = effective specific gravity of aggregate
Gmm = maximum specific gravity (ASTM D 2041) of paving mixture (no
air voids)
Pmm = percent by weight of total loose mixture = 100
Pp, = asphaltcontentat which ASTM D 2041 test was performed, percent
by total weight of mixture
Gp = specific gravity of asphalt

100 - 5.3 94.7
1000 53 ~ 3945 - 5.5 ~ 276!
2535~ 1.030

Ise ™




where,

b ]
I mm
Py Py

(lsc (_l b

Gmm -

Gmm = maximum specific gravity of paving mixture (no air voids)
Pmm = percent by weight of total loose mixture = 100

Ps = aggregate content, percent by total weight of mixture
Pp = asphalt content, percent by total weight of mixture
Gge = effective specific gravity of aggregate
Gp = specific gravity of asphalt
Gum = C 109 = 3 100 = 2.587
)6 40 3477 + 3.88

2.761 1.030

Gmm = Wmm / Vmm




where,

Ppa = 100 Sse = Usb

Pha
Gge
Ggh
Gp

=
Py =

Ggb Gge

= absorbed asphalt, percent by weight of aggregate
effective specific gravity of aggregate

= bulk specific gravity of aggregate

= specific gravity of asphalt

2761 -2.703 0.058
IR — L UL N Al 20 1) = 0,
100 (2,7(}3)( 2.761) 1.030 100 (?.463) 1.030 0.8

where,

Phe = P —Pim P
be = ¥b s

Phe
Py
Pha
Ps

100 °

effective asphalt content, percent by total weight of mixture
asphalt content, percent by total weight of mixture
absorbed asphalt, percent by weight of aggregate

aggregate content, percent by total weight of mixture

0.8
= —_—— = 5
Ppe = 5.3 100 < 94.7 = 4.°




! (;mh Ps‘
VMA = [00- _—
Ish

where, VMA = voids in mineral aggregate, percent of bulk volume
Gsh = bulk specific gravity of total aggregate
Gmb = bulk specific gravity of compacted mixture
(AASHTO T166: ASTM D 1188 or D 2726)
P = aggregale content, percent by total weight of mixture

2.442 % 94.7
VMA = ](X)—W— 100 - 85.6= 14.4

G 100
VMA = —y M
A = 100 G X TPy |0

where, P, = asphalt content, percent by weight of aggregate.
VMA = 100-2242, 10 __ 100 - 100 - 85.6 = 144

27037 100+ 5.6




VMA =Pa+ Pre

V, =100x Gmm ~ Gmb

Gmm
where, Vy = air voids in compacted mixture, percent of total volume
Gmm = maximum specific gravity of paving mixture (as determined in
Article 4.07 or as measured directly for a paving mixture by ASTM
D 2041)
G = bulk specific gravity of compacted mixture

2.
Va = 100x




AV =100- (Vsb + Pbe)

where,

VFA

VFA
VMA

100 (VMA -V,)
VMA

= voids filled with asphalt, percent of VMA
= voids in mineral aggregate, percent of bulk volume
= air voids in compacted mixture, percent of total volume

14.4 - 3.7
VFA = 100 x — ¥ i 74.3 percent
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Figure 4.3 — Worksheet: Analysis by weight of total mixture

Worksheet for Volumetric Analysis of Compacted Paving Mixture
(Analysis by weight of lotal mixture)
Sample: Date: _
Identification: = e
tion of Paving Mixture o
—— Specilic Gravity, G %
" Wix or Trial Mumber
) [ CER B [ 5
1. Coarse Aggregal (1 Py 474
2. Fine Aggiegate Gz P2 473
3. Mineral Fillar Gia| Py -
4 Total Aggregate Gs| - & Py 247
5. Asphall Cement G| 1.030 - Py 5.5
6. Bulk Sp. Gr. (Gsb). total aggregate o 2703
7. Max. Sp. Gr. (Gmm). paving mix  A3TW — 2 8355/
8. Bulk Sp. Gr. (Gmp). compacted mix o514 | — 2442
9. Effectiva Sp, Gr. (Gse), total aggregate @ 27el
10. Absorbed Asphall (Ppa), % by wgl. total agg. | (4) 0.8
CALCULATIONS
11. Effective Asphall Cantent (Ppe) =
Line 10 x Line 4 P, 45
Line 5 Py — e a0sl neuPa) 5
100
12, VMA =
100 (&) 4.4
13. Air Voids (Va) =
Line 7 — Line 8 ® .
Line 7 B
14. VFA = IS
1 ne @) 743
Ling 12
*Equations fram Chapler 4, MS-2 B

Figure 4.4 — Worksheet: Analysis by weight of aggregate

Worksheet for Volumetric Analysis of Compacted Paving Mixture
(Analysis by weight of aggregate)

Sample: Date:

Identitication

Composition of Paving Mixture

= “ampocition, % by wi ot Apgregal
Mix or Trial Number
0 z B 0

1. Goarse Aggrogate Gy Ll | 50.0

2. Fine Aggregate G2 ee 50.0 B
a_M-\nsml Fillesr G Ea = Pa ="
4. Total Aggregate G = Ps 100.0 B
5. Asphalt Goment cu| tomo Po _- 56

6. Bulk Sp. Gr. (Ggb), olal aggregate Kun 2 702

7. Max. Sp. Gr. (Gmm), paving mix 5T = o

8. Bulk Sp. Gr. (Gmp). compacted mix 2274 | —

9. Effective Sp. Gr. {Gsel. l0lal aggregale 2y B
10. Absorbed Asphall (Pya), % by wot. total agg. | (4) )
CALCULATIONS .

11. Effective Asphal Content (Ppe) =

Lino § Py — Lina 10 5 4.5
ZvmA-
100-N88., 10 . 00| Gk
Une6 100+ Line 5 Pp
13. Air Voids (V) = e
Line 7  Line
o0 Tne7 57
14. VFA e
» 100 ine 1 — Line 13 @) -

e 12

“Equations from Chapior 4, MS-2
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Table 5.3 — Minimum percent voids in mineral aggregate (VMA)

Minimum VMA, percent
Nominal Maximum
Particle Sizel. 2 Design Air Voids, Percent?
mm in. 3.0 4.0 5.0
1.18 No. 16 21.5 225 235
2.36 No. 8 19.0 20.0 21.0
4.75 No. 4 16.0 17.0 18.0
95 3/8 14.0 15.0 16.0
12.5 1/2 13.0 14.0 15.0
19.0 /4 12.0 13.0 14.0
25.0 1.0 11.0 12.0 13.0
375 1.5 10.0 11.0 12.0
50 2.0 9.5 10.5 11.5
63 25 9.0 10.0 11.0
1 - Standard Specification for Wire Cloth Sieves for Testing Purposes, ASTM E11 (AASHTO M82)
2 - The nominal maximum particle size is one size larger than the first sieve to retain more than 10
percent.
3 - Interpolate minimum voids in the mineral aggregate (VMA) for design air void values between those
listed.
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COARSE AGG. 9

FINE AGG.

MINERAL F. 3

VMA

Pba

A

LOOSE MIX AT
APPROX. OPT.
ASPHALT CONT

ASPHALT
3.5,4,455,.

» VFA [« (AV)

N

COMPACTED MIX 3.5,4,45,5,..




