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O WRAX LT SAC-13 4 it 22 4k 1) 3 8 U5 5 AR I U 75 1R
AR PR AL, SR E/R X E SAC- 13 iF IR
Arb A AN 0. 5%, 2 BRRW/N 16~1. 5%, 9. 5
~13.2 mm HERFRIE L, 4. 75~9. 5 mm HERFEW
> VR A R RHE PR 2 3 I B ¥ SAC RIRITH IR A
A, I 9.5 mm DL 52 RE B Y R B AE 3000 ~ 45002
], 4. 75~9. 5 mm SRR B PR E 1E 2020 ~40%6 28], B
4.75 mm DL ERIER B AR KT 60% L £, 2. 36~4. 75
mm EREEAEET 10%, EAEMEHL S 8; AL
Fras BRART, SAC-13 BB 75 1R & 6 B HLEE BL 45 B Ny BT
FEEHFIRA K SACGI3 BT FRA BT 4 2. 36~
4. 75 mm R RIXT 8K LR, REF SR R R8N, 28
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Air Void Variation of Asphalt Rubber Mixture
Grade SAC-13
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Abstract: Based on the design of stone asphalt concrete
(SAC) mixture of plain asphalt, a comparative study was made
of the influence law of air void of SAC-13 grading on plain
asphalt and asphalt rubber mixture with the air void as the
variable by setting the asphalt content first and then fine-tune
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grading. The result shows that for normal SAC-13 mixture,
when the oil-aggregate ratio increases by 0.5% each time, air
void will decrease by 1% to 1.5% instead. With the increase
of 9.5 ~ 13.2 mm coarse aggregate content, 4.75 ~ 9.5
mm aggregate content and the void of coarse aggregates
(VCA) will decrease by degrees. With regard to the SAC
asphalt rubber mixture, aggregate content (>>9.5 mm) is
recommended to be within 30% ~ 45% and the 4.75 ~ 9.5
mm be within 20% ~40% , in addition, the total volume of
coarse aggregate (™4.75 mm) is proposed to be over 60% ,
2.36 ~ 4.75 mm aggregate content is not proposed to be over
10% , and mineral powder to be used little. With the same
objective void, SAC-13 asphalt rubber mixture of coarse
aggregate content is proposed to be slightly less than normal
SAC mixture. As for SAC-13 rubber asphalt mixture, when
the content of 2.36 ~ 4.75 mm aggregate reaches 8% , void
increases much more distinctively than that of normal SAC
mixture, so the content of this grade should be strictly
controlled.

Key words: stone asphalt concrete (SAC); asphalt rubber;

grade; air void
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ARAC-13 7ERFELTu Bl LA S A Z 4, X HFE
F SAC-13 EiUfH FH oA A B 2R 45 4, HORDRL & i
B ARAC-13 £, H SAC-13 # ¥ &S K, HAH
IR SAC-13 ZERR I E MR A L RA 7,
1M SAC HH.3% /23X 5 45, R AT SAC e bz A
BRI IR AR

EEYIH SACI3 RAMAEE ZHHHE
55, N FFERR R W e A R B SE R R 2 Ak s
T W LR T BRUR TR A R T O B R SE i E R T
VEBUH A e, A BLAR M3 1, B RTX SR A 7E B
A A LR L AT R E ORI L R E
A BERSOR =, B kB, S BRI
DR AR R, FL M AF AR I A e B U
TRA B 23 BR S HE K, W75 10 0 B FRAIR, TR K R 3
Ko 12 RE CBERE BF 2458 B HUBY 58 D) At K
I RERRAR, 255 5 Al D, (R, SRR IR A
BHERBM — AL E T LRER A SCGARE
So g SAC BL AR A X 838 U1 B 1R A B 25 PR R
R B, PRI 5T AR B U TR A B 28 BR R R i
TEBL » I % o FEAT Hb 35 DA T Ak 485 L 2 B R AR Ay 22
S, DUME 2 8 U H IR AR SAC-13 LY
LI R BT LR T AR U 7 TR A R 52 B L
WL R AR EEZ AL,

1 REHHEESXESR

IS AR AR A B 13, 2~9. 5 mm, 9. 5~
4,75 mm,4. 75~2. 36 mm f 2. 36 ~0. 075 mm [
B4, XF 4. 75 mm DR ARE, £ R 0 Y 95 B BH Y
ZRA X 2. 36 mm DL 4 SR = b VT 95 FH
A R AR PRI, LB AR P R It Ay 45 2R
W 1.5 fr RS E B R 70 4 W 881K
WEYI NS 1920 R0 20 B 8.

x1 ERTER
Tab.1 Specific gravity of aggregates

" 4 RWERE/ BHEBEE/ KR/
ﬁ 3
RREX BR/mm U (geem ) %
9.50~13. 2 2.933 2.910 0.79
ZRE  4.75~9.50 2. 925 2. 890 1.21
2.36~4.75 2.881 2. 881
AR 0~2. 36 2. 581 2. 581

AR 5T K F B BROR BEit 7 i XU 7 58 75
UK. R R AR B A B R BRI A R
BRI 2 B R, R R B R U A B

VNS S B 44 £
2 HALEHIME

AR FE T T [ A EL R RTHR T SR T2 B
RAFACIBFST . B R T A L Bt AR OR [R) % 31 2 Bk
IRVETHIT IS H I E 0, AL B E A L B IZE T
Wi b I AE — S HE W T AR AR AT 42 3% 19 3 R
P SR BE B RO A 45150 . SAC Ui IR-& R B AR S
BREEE R 3% ~5%, RAHM 70 # R WiH, LU H
FRES PR AR UE, YEB 4. 5%.,5. 0% ,5. 5% =Fl A
LA TR , I8 2 P R L3R 2, S BRFB LS R LR
3 4N 1 FFR.

2 HALBESERLE ARG
Tab.2 Mixture grading to find the best oil-stone ratio

%
IHFLRF/mm
RRHS B
10~13  5~10 3~5 0~3
1 32 38 6 16 8
2 28 37 8 19 8
3 25 35 10 22 8

T JHFLRST B2 mem; SRS P A5 RORH G R8RSk
7R B Y0, TR

*3 ZRELZR(IGIHEE)
Tab.3 Air voids at different oil-aggregate ratios
(design procedure)

WG/ % RS BRISHE/ BHRREE/ 2P %

(g*cm™®) (g*cm™?)
1 2. 653 2. 463 7.2
4.5 2 2. 644 2. 507 5.2
3 2. 636 2. 530 3.9
1 2.633 2. 475 6.0
5.0 2 2.625 2.528 3.7
3 2.616 2. 548 2.6
1 2.614 2. 486 4.9
5.5 2 2. 605 2. 540 2.6
3 2.597 2. 560 1.4

45 R AT, M9 A A T 4. 5% ~5. 5%
AL AR B 1 2 BREEAAE T B AR BRZSb.
XFFRER 2.3, A LR T 5 %00, 25 BRERAw /N, T A
ek 4. 5908 R 2 M BRERTF 5%, 458518,
ARZEINIRL, EMA A 4. 8%. Kk 3 HHIZSER
5 A HASCE AR A 52 1.

L EPH SACIRA R IHEAR Z b BT
H SAC WETAE ZEHEA 1. 5N MKRBREBSEED
KOsk, EBRIRE g 70 4, Bk 40 B B B
BMBRANBIY. BB I EFNM LT TZERE
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Fig.1 Air voids at different oil-aggregate ratios of
3 types of grades

£ 185°C £5°CF , R B AR AU T SR 3L
# 90 min, A LLBUE K 6%, A HuBf g i 7 B R
F 558 SACIRARHY T 8RB 8 MR,
BEAHBE.
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3.1 HEENEBETH

AT ESE Y SAC IR A R L F A EL
FES R AR R, IR 2 FRREL. Bk 2,3 K&
B 1w 0,4, 75 mm Ml EHERSSER 70%—
65 20—>60 Yo I It A2 1, 23 BR R Al B 22 s/, KL AR
BEES BN, dBHE 2, A ZS BRERAR I /A B
R R B RWNZH 73— H, SAC M B R%
ST HLE RN, HER R £, S RCE IR
KHEMAS. #% SAC KL, BRFELEME BT
LG o PR SRS /2 5920 ~60%.
FHR 60 N BB IE L TRRE, &’/
65 N IEH R — M B ARG, F R AE TON A2
B EH IR

il SAC-13 KR IT=E T A LM HE,
AHXT - E SAC-13 HELR TSR UL, IR Wi F SAC
Bo e a4k, &2 70 %—>65%—>62%—>60%, WL
4,73 PR GE R 5.

®4 HBEAMARE(EESZBEEN)

Tab.4 Mixture grades (coarse aggregate contents

variation) %
fFLR F/mm
A R RS
10~13 5~10 3~5 0~3
4 40 30 12 10 8
5 35 30 12 15 8
6 32 30 15 15 8
7 25 35 10 22 8

FIE 5 AL X TR A = b3l A L B
TR AR B AR E R R B B 1 el T 2 B

6020 72 A5 2 Ak 1 5 S 465 4 [R) B B 08 S 45 4 1Y 40 A
MR SHAEAN—MERGEH, TRE
TONLER BB BIRGEH. 456 SAC13 LEIH
R R ZS BRRAE L, AT, AR S /AT 600
HIRTHR T » R ZE SRR B P SERE BB 2R 45 1 FY)
B4R T . & MR R D R I R R 2
BREAKE BE =t B/ NI X — R E R SAC 5
B SAC RIK—3 H-BZRE5HM H 5% 3R &
K23 B R AR B R R T 2. 36~4. 75 mm — 4
BRI IR A28 BR A R R M R E 1.
x5 HEMASXNZREXMEER
Tab.5 Effect of different coarse aggregates contents on

air voids at different grades

gy HoTeRlL EERER e
4 2.622 2.399 8.5
5 2.613 2. 497 4.4
6 2.612 2.511 3.9
7 2. 600 2. 546 2.1

3.2 fAKMAELGIBEXEL

AVRIRE BT P EE B PR 45 7000 B R B S
B, SO PR RLAER AR X & BEARE, W HXHE &
FE2s BRI O, BB A e 4. 800,30
BRBC I 6,25 BRAEERILK 7.
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Tab.6 Mixture grades (variation of relative content of

coarse aggregates) %
AR /mm
ZA e vk
10~13 5~10 3~5 0~3
8 10 60 6 16 8
9 20 50 6 16 8
10 40 30 6 16 8
11 50 20 6 16 8
12 60 10 6 16 8

®T AKMAEENTEANEREHEMER

Tab.7 Effect of different coarse aggregate contents on

air voids
HhHS HEWE SACERE/ YN BREWH SACERE/ %
8 8.1 7.7
9 7.2 6.0
10 4.4 4,2
11 3.1 4,2
12 3.0 3.1

225 AT, 9.5 mm Pl BRI &R H 10% ~
60 % LA 10 % 2 1] bR 33 3% , [RIR 4. 75~9. 5 mm¥H £
B BB, TR AR 2 BB IR R W /. X 4. 75~
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9.5 mm MRS EBKE,9. 5 mm UL FHER D
AR — AR Z (8], TorkAH B fi , PR b X F 38
MERIE R RTWER, SR EH# P 4. 75~
9.5 mm MHERPE BH & HETF , RBOH S RHE PR Z
HR. FEAEE R R X I HEAZ BT, R
AR BRARMRIE R, MR, 24 9. 5 mm DL KA
SRR NG Y Y R TR S A g i)
AT A 4. 75~9. 5 mm FHFE A b B A 2 (1 2 X
bR EE R ] B B S R AR R IR B R ) B Rk
NBTHEERMAER ERMTENERE, BE
P23 B 2 2 IR N

29.5 mm DA FHIEER 1026~60%0L) 10%0K
Vi) Bz 3, [RIBR 4. 75~9. 5 mm HLA RS B W, 1R
Bk 2s BRFR IR B RN 25 PR A A AR A U
H SAC IR Gk z PR AR b AR B A HH W], EL B i
HIR AR A AL A AR A B R IR AR [R]. X TR B 1
HORUL, B PR B F R RN A R LU
X 4.75 mm DL AR RE BT W AE R, R HI4E
2. 36 mmpLfE AR E TR T , Kok BURLZE 1R
AR ACERBETEEM, B2 9. 5 mm D)
SRS IR 4000 )5, B E K8 —2
I, TR LS R RS/ N IR BE 4R AR /N

4 HERBETUXNZIRRAFM

SAC-13 GEBLJR T IH] Wr g e, i AR 4% ¢ e B2 A
1FI] 7 4% B B B BT E ST R 5 2. 36 ~4. 75 mm i AR
AEXE TR B SR A SR IR AR A AT B
4 S WA A SR 5 F AR A X U 7 TR B R 2 B R
L.

4.1 AERBEAKERHEX RELLE

JA%E 4. 75 mm DUT PIARS 40 5089 AE X A L

B, 5 B R L L% 8, 25 BRFEER LK 9.
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Tab.8 Mixture grades (variation of relative content of

fine aggregates) %
fFLR F/mm
EANE e i)
10~13 5~10 3~5 0~3
13 40 30 6 16 8
14 40 30 8 14 8
15 40 30 10 12 8
16 40 30 12 10 8
17 40 30 15 7 8

AFTEE 4. 75 mm YA FRERESE R 70% .5
AR 2. 36~4. 75 mm&E k5 & (0. 075~2. 36 mm#E

*®9 HAERAEENTUNEHRENY NG R
Tab.9 Effect of variation of relative contents of fine

aggregates on air voids content

FIeHES  HEPEH SACERR/ U BBWH SAC Z=HE/ %
13 4.4 4.2
14 5.8 5.2
15 6.1 7.3
16 8.0 8.5
17 9.0 10. 1

B Z AR s WFR 9 AT IR B R S BRI E 2. 36
~4. 75 mm RS 5 G TG K, eV A R
4. 8V BIZMF T LR RS B0 6 Yo it IR A RS PR
A A% AT HiRa BRERTEE . BB IZ AR &
BN IE-A RS B N H AR B R 5 R iR
BHE R 104025, 2 BRI IRMR K. 7 2. 36~
4. 75 mm EREFEE 60~10% WA LT F ., h
F 0.075~2. 36 mm JHEE R E WD, IR BT
FLAERHE B R BRIE A 2 B IR & 82 PR
A FrHE N, FORSE AR /N T2 AR gk —
HHERE 10% U LI, 2. 36~4. 75 mm SR B
Z 5 FHERIE B B REMED T — 2T
YER MHEE BB ZR 5T, o5 —  TH , SRS =
— N AT E IR AR 25 B R G0 fin k.
3R 9 ME R, TR 2.

10 SHERBTRRAR
o IR 2K

§
|
|

6 8 10 12
2.36~4.75SmmEERE /%

—

5

B2 WAEASEAELRGINEREZMAER
Fig.2 Results of air voids at 5 types of grades which
have different fine aggregates content on 2.36~
4.75 mm and 0.075~2.36 mm

FH 2 AN AR R A i 2 B S AR AR A
— B, B PRRIBPEREE 2. 36 ~4. 75 mm R R
IS K. R E IR AR Y 2. 36 ~4. 75 mm
SRS EIAE 8% LUG , & A R B A 3, 28
Bt R 3 MR B B B R T E U IR AR TE B IR
Z R R R TR AR R A AR R UR 2 R
PiEES5T 2.36~4. 75 mm — 4R T 1
A FAMZER R F IR AR IZS R T 4. 75 mm
DL SR R B SR A M T /R FE B B,
HE—2 MR, PSR R X T SAC IR A8
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4.2 RAEAEASEHEST BHEXAERG
R PTHREL LR 10,28 PR R IR 11,

R10 KBFARE(ASHST HEBEXAEEL)

Tab.10 Mixture grades (variation of relative contents of

mineral powder and fine aggregates) %
FLR ~F /mm
RS )
10~13 5~10 3~5 0~3
18 40 30 10 12 8
19 40 30 10 14 6
20 40 30 15 7 8
21 40 30 15 10 5
F 11 HAERETHHENAETUZREAM MR
Tab.11 Effect of different relative contents of mineral
powder and fine aggregates on air voids at
different grades
FIHS  HEE SACE=BE/ N BRI SACERE/ %
18 6.1 7.3
19 7.7 8.1
20 9.1 10. 1
21 9.7 10. 8

B3 11 @ T SAC 23 B R AR i W AE
RIE, ATRE 3.
2.36~4.75mm#E R & L5

o 0~2.36mm&ER} 2 Ll
201 = R

Leil/%
=

S W

3 LEFE SAC SEETHE
Fig.3 Variation of air voids of common SAC

asphalt mixture

A 3 AL, L 2. 36 ~4. 75 mm —F4 R &
RSB E] 10908 1, Teie /b it 2 4kl 38
B S BRRE U B, B R i, =
BRI RAR BT R, T8 7 U TR P IR
B T A B S B RE 0 SE 5 , DR b BE B 2R ML
AT, I TR SRRHa] B, 17 40 T T £ A AR R
B2z, R, (R S5 A D /0 5, BB B
FEUFREGBHEBRRIERES.

ez 11 IRRIR I SAC 23 B SR AR LA WA
AR AT 4. fi & 4 ATHDL,7E 2. 36 mm DA_EAER
F R RFF A BRI T BB b 7 f2E 1T 0 40 4R
k&R IR AR 2 BRI R, fh & 4 1 AT
B AT R AR SR S 3N 2. 36~4. 75

mm SRS 7L IRE RS RRAE R X RH TR
BLH 2. 36~4. 75 mm —R4ERN S HIE L, 5HF
TR Y 22 78 U T I R JBURL R R4 R, X 4. 75
mm LA R A BRI AR T WA, #E— 2
PRI T MR B ARG , IR, AR S FE 4 F B 40 SR Rt
B ¥y & B, FECR SR BRI R, X RUT
¥y FEAE R T 40 AR, (B2 B T M W
W 5 K B RE 158 AR R BRI T B 1R
ARk b B U 7 R BE A B BT R A TARIEAR
JEE W TR Bk R S P RE.
2.36~4.75mm#E R} & LA

o 0~2.36mmEER} & L)
201 =R AR

B4 %BEHEE SACHEAER ST BHNAE
Eb i 36 73 P 2R R4 M b 45 SR
Results of the influence on air void caused by
different contents of 2.36 ~4.75, 0.075~2. 36
mm fine aggregates and mineral powder of
asphalt rubber SAC

4.3 HEIAERFN 2. 36 ~4. 75 mm ERFIHE A
B
R PTHREL LR 12, 2 BREE R IR 13.

£ 12 KGR (FHER 2.36~4.75 mm
ERpEAETH)

Tab.12 Mixture grades (variation of relative contents of

Fig.4

coarse and 2.36~4.75 mm aggregates)
JFLR ~F/mm

RRHS ok
10~13  5~10 3~5 0~3
22 40 30 12 10 8
23 35 30 12 15 8
24 32 30 15 15 8
25 25 35 10 22 8

HRE 1 FIRE 2 M2 BRRENE, YL
S 5% B 40 b, 28 PR B/,
8 VoREARZE 5%. XYL 2. 36~4. 75 mm R EF BT
12 Y00t , X BB R T Ve R R R 2 KR , 5% %5
Bt 2R f1 T PR 2500 2 SR TR R ) R ) e sk OB
DL B i R 3 S — /MRS &, 3
B 2. 36~4. 75 mm R A, FIHKEC 2 MHE,
FHIRA B2 PR R AR AR b, X 2. 36~4. 75
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mm GRS B, B KRR E AR, T3
YERS BRI R RLRAE A B 2R — R 4 L, BRI L 72
RS S R AARL ORI T RO T R 2 5
BiC 3 Z3 BRATCH ARk, MR 4 WFE—2B U8, 24
2. 36~4. 75 mm Sk A BAE— 2 W B9, AEHE £
ISR FEAE R e 25 B AR S 4.
® 13 fHERIF 2.36~4.75 mm EREHEX AR
TUZEEMZMER
Tab.13 Results of the influence on air voids caused by
relatively different content of 2.36 ~4.75 mm

aggregates and coarse aggregates

BREWEE/ BIRREE/

4 4 R /O
BRAS e R %
22 2. 656 2. 443 8.0
23 2. 643 2. 551 5.0
24 2. 642 2.513 4.9
25 2. 624 2.531 3.5
LY,
5 #ig

ARBFRE RGP 2E SAC FBE A
PIESE IS SAC KR A kL2 R AR 1Ly Ze i, 75
W TS SAC IRA B2 BRR AR (LB B, I
X FHEAT EAE » DT 45 28 B S AR b 1Y) 22 1 40
M. &5 .

(D XHFEHE SAC-13 VHEIR AR, A L f i
0. 5% IRA R BREW/N 1%~1.5%;

(2) X F¥&# SAC-13 FI & SAC-13 iR
Ak BEZE 9. 5~13. 2 mm HIERSERZ 4. 15~
9.5 mm MR B/ B A BRI R R B R A 2
BRI B, HBTFE A U SR SO R 5 ZE 6 2
Hin=BREM R T, SRRV EH SAC13 R A%
HHE, ¥ SAC-13 WiF R AR MHER BRI E
T L E ZR ] ML R, 240 SAC-13 BT
B IR AT LR RS &0 IS T @ T H
BAHE

(3) XFEVE SAC13 BB, L 4% ~6%
hBEFRA R, BT BR AR, AR SCEW 9.5
mm DA _ R B8 ) P £ 110 R BR 2 7E 300 ~45 %0 Z [,

4.75~9. 5 mm AR FH & B R E7E 20%0~40%
Z M8, H 4. 75 mm P\ _FHAERE RN A E] 60% LA
b IR 2. 36~4. 75 mm — Y EREFEAE ST
10%;

4 TN & TE B B R 3 0 B B B
BRI AR T 2. 36 mm DLTF 404 R,
B ¥ W& S EOR &R F R E RN, %
MR AR P RE  BLAE = A AR AR i, X AR T
HIRA R, AT ST ¥

(5) BEWIH SAC-13 BARIH 2 2. 36~4. 75
mm FRE IR B 8% LUE B & % 24 kL 2 1 3
b, s BRRSKIEER RS THEBEFRA . B
I X FAR B F IR AR IR 45 i E AR
W FRA R .
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