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Application of aggregate gradation test method of VCA,c
in highway construction
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Abstract: Through the construction of test section for SAC13, this paper introduces the
application of VCA ¢ method. The skill for the application of VCAc method is also put forward.
During the construction of test section, the test for target mixture rate and manufacture mixture
rate is conducted by use of the VCAac method so that the gradation is satisfied with the
requirement of skeleton-dense structure and the performance of asphalt mixture is good. Then,
the test section is constructed and the test is done. Finally,the VCA,c method is used to adjust
the aggregate gradation in order to satisfy the requirement according to the test results. The
results indicate the VCAxc method is used to adjust the aggregate gradation of which the void
content at spot is larger and the gradation adjusted is approved well by the test section. The
research indicates the method of VCA,c is convenient, flexible. In addition, this method also
provides the theoretical reference for the gradation adjustment in actual project. 20 tabs, 11 refs,
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YRR L M 5 A I 5 B + SAC 5
BT S5 M — 35 B AR AT = A B A T 3
FRCS) 42 (%o S B E T o B R A B 45 45 47 i 2 R
R AR RS e AT R AR RSB R A
WL . XERIIIA RS T - e gm
WIHEE Bt FE MERBTRRER ALER
FLR) LR BR1ETr o, FIBE R LB TR AR R K&
EaESTRETERKE. VCALHHEERSE L
HEMERSEORB T ENFENE RELYH
LEMPPFREE L, HE LRGSR L
B 0 S A R VDR U O TR AR B A LB
BEW. Yy SREAH R B R AR N # AT
AR . EAHRNLE. AXHEEGHELS—RNER

FRAH SACIS REBEMWER . N E TR EAE
IaEPHRLH,

1 EFRER

1.1 HENRERER :

AR50 A SBS I F, REIAIT KR ARES
HITRE, EEREGFHELEER. ENEE G
3% 1.031 g/cm®,

1.2 FHERRER

ARBAMN 2.36 mm L EERHURERLF
RRAE OB R RS A KA, HE KR, R
BATHR MBI TR, HEAREREE SAC
HEXTHBEOEAER, R1FHTERNE
B RKBRABER, KEHRFEE G #H3.0515

g/cm’,

1 EENERE BARIKER
7R # M/ mm 13, 200 9. 500 4. 750 2. 360 1.180 0. 600 0. 300 0. 150 0.075
z | EUBEE/(g-cm™®) [2.8213 | 2.8118 | 2.7949 |2.7740 | 2.7500
R| ATHEE/(g-cm™) 2.8335 | 2.8266 | 2.8136 | 2.7986 | 2.7816
B | mkE/Y% 0.429 0.527 0.670 0. 888 1.055
b | EEBUEE/ (g om™?) 2.6538 | 2.6341 | 2,6149 |2.5953 | 2.5756 | 2.5559
| ZXTHEE/(geom™?) 2,6849 126704 | 2,6562 | 2.6417 | 2.6272 | 2.6127
CAET T 1.146 1.330 1.509 1. 693 1.876 2. 060
x| BABUEE/ (g cm™?) 2.5109 | 2.5261 | 25413 |2.5561 |25712 | 2.5863 | 2.6015
R RTHE/(geem™®) 2.5272 | 2.5483 |[2.5691 |2.5895 | 26103 | 2.6312 | 2.6521
W omkR Y 0. 649 0.879 1.094 1. 307 1.521 1.736 1,945
2 EEA’H: Q ‘_I_*A% £3 RIHERHNOHKRABRLER
1 L
L= - Ps/| Gmm/ Gu.s/ V./ [Vvma/|Dvea/| Dus/ Der/
. % [geem ™ )|(g+em™3)| % % % kN ](0.01 mm)
2.1 BUHEERMHE
4.4 2.5994 | 2.476 0 | 4.7 | 14.7 | 67.8(12.97| 28.3

AT BARECE L (R & ) AT AR B A R
JIR 55 30 IX 9 S48 32 3@ R L, 76 X SACL3 L
A VCAwe 1 VCAL T BT T R B R E
TEFERFELEMTHEMCE 2, AR HET H
o LA —BR) B MG R B Py K 4.4%.
®2 HERSACII QLR

?ﬁ%:ﬂ' 13.2] 9.5 14.75|2.36|1.18( 0,6 | 0.3 |0.15]0.075
2 /mm
ﬁj‘azﬁ/ 100 (68.9(31.4|24.9(19.8|15.8]12.5(9.9 7.9

ZORRABBIANRAKBLEHFE (Gum) JRH
ERBEE (GO B RIBE Vi) . 5 F 10 E
(Dvra) B BRIREE E BE (Dys) R F{E (DsL) s B3R 3.

B GYIRE LN, B VCAL FE#T
FREARKEN . EXRADHRRMGERBEE
G 9 1.015 5. WRBEFANIE A

Iyea, = Ivorra,e + Ivour,. +Ivoums, +V,

R Ton, 105 4 98 88 £ 8 K 0 B4 &
(VCAL) s Ivoura, AT H R EE L G ERE BB
(VOLFAN) s Tvouer,, 30057 168 o 4 B4 B
(VOLFlae)s Ivos, W E R BT H A B 2 &
(VOLMBL;V, I ERE+FH S AR E
(BEME,BHEH 3N~4%,

HHERRLRK 4,

24 QITREN VCALHZRBFBYIE

JRpRp WA RE LR ERINER/ (g cm™?) Wi REL RGP & BORBRIR/ %
PMMA,c | PMCAL | PMFA,. | PMFIyc PMB, PuB, Pus, Iveape | Ivorra,e | Ivousry | Tvoums,
itELR 2.407 22| 1.651 35 | 0.565 70 | 0.190 17 | 0,105 92 | 0,001 38 | 0.105 92 | 41.08 21,36 6. 26 10. 14

BE v, . +Puich . ~PuF g Py e s, Fl oy, 5B HHREE £ 002 B H R RN KR B 5 BB ® R R

HHFE.
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BV, =4%b, EAFBRESHEMNNR 41.76%,
FRESHMHKELREL HHEBALRE V.=
41.76%—21.36% —6.26% —10.14%=3.32%, It
HAT L.

2.2 VCA, W HREMEWHZHERAREI

B VCALFERRBREAFTBRAA, X THIK
Rkt G, HEBRMILEEN S, B IEE
K R EHE 3 PHDRRIRM G 2 HE
BERMERE RERRAEFFEITEB MR
2V,= IchAC - (Ivor,r--AAC +1vomAC + Ivoums, ) Bl
FIFFFILER., WEXBEBRAH G, 1 1.015
AT VCALHERE, T HiEADHK/R RS G,
B L ol5 fERR B RIS T E T B E, il
B h A R R M ERRE N BRI
MM ER, FiW.£3F.53KRKEAE G. M
LOISERUBR KEECEE, il B H.2.476 0 X
1.015/2.599 4=3.32%,5 b RHEE EHF.
2.3 BiRESLEH VCAHERE

RESHEMMES> TEHB RS LR
%8 %.(10~15)mm, (5 ~10) mm, HL B . XK
BOKBHHGIR3TY% :37% ¢« 11% : 8% * 7%,

BRRALARERAES. 5% 2 RitARM

WA S R A R0 0. 3%, T BB AR A

WAMEEH RSN, B, AFRA AT

VCAm M A KR HEHTT VCACRRBES .
%5 BREALSNER

LA

M 13.2] 9.5 |4.75(2,36{1.18| 0.6 | 0.3 |[0.15(0.075

#/mm

JEL;;*/ 100 | 68.9|81.1|24.7)20.3)16.8(12.37 9.5 8.6
0

2.3.1 BERAE

B RORS B B & 7 E I i IR A R FEFn iR

B % 180 'C,H LR 160 C~165 C;dsEk ¥
ARERHEL 5K, RRERLESG,
%6 BREAHMNSHRRIBLER

Ps/ | Gum/ Gh.o/ | Vi/ [Vyma/|Dvea/| Dus/ |  Der/
% ((g+cm HDgeem™ )| % % % kN [(0.01 mm)
4.4 2.596 6 2.4746 | 4.7|14.8]68.3(12.49 29.4

GHREV HERELSERNRTREN DK
RIRBERWEEE, B VCALT BA R AR &
BN TS, TR BAREL & Wil VCA B R B
RRZARGWHARESRELEMMER. HTIE
LA B HENFREN TR T(RBHRREMS
Gy .89 1. 015 fEHITRE).

%7 BREAWK VCALHZRERABNSE

PR PMMAAC/ PMCA L ,VCAAC/ ‘DMFAAC/ PMF]AC/ PMBAC/ PMB'/ PMB./ IVOLFAAC/ IVOLFIAC/ [VULMBe/
(g » cm™3)|(g » em™3) % (g+ cm (g em (g » em™3)|(g » em~ (g » ecm™?) % % %
TEER 2. 405 8611.557 64 | 40.85 | 0,541 32 |0.206 90 | 0.105 86 | 0.001 32 | 0.104 54 | 20.54 6.78 10. 14
BV, =4%kf, HAFBHANN 41. 46%,% ®3 EFRARANGRE
SHMBE L REIL, WA BB B LR V.= ﬁf&nﬁ 13.2] 9.5 [4.75(2.36[1.18| 0.6 { 0.3 [0.150.075
0/ — 0/ — 0 0/ — 0 =
40.85%—20.54%—6. 785 —10. 146 =3. 396, I ﬁ%f*/ 99.2(68.5|31.8(25.1}20.4(15.9|12.3] 9.5 | 8.0
B AEZ. -
£ 4FREALNGHRRABEGR
2.3.2 BAMELEE : i
_ L (1] sip 4= Ps/| Guom/ Gy.o/ | Va/ [Vyma/|Dvea/| Dms/ | Dsr/
T EHRERE K EBATHE I E T T A % lgeem™igem™| % | % | % | kN [0.01 mm)
HRK., RUBRTEYSI%. BRTEN 7 487 4.4 2.5969 | 2.4734 [4.8114.7|67.7 12,40 33.8

W/mm, KA R 2. 54%, 55 il iR 10 0% IR L
A5 8 243X 1075, B ) E R B 1 875 MPa, B
KEBNO.BBABW.EMHERESIHHR 1.1
mm # 0.9 mm, % R YHEER,
2.4 EAFMALH VCALH ERE
BEMECHEIBILEREE N 4 54,3
E42858.1 50 KBHLEIN AT 2 18% ¢
8% :20.5% : 6.5%, ., AMEMNES. 52K
R HERERSRA L 0. 4%, HFE MR
HEAHLOEESRE/N. B, £FREE KR
BT VCAe MIE KRR, A HE#H 1T VCAL KL
B, R ESEFDRRAR.E5RAEI.

REAFESKHRREE, TABETEKS
HARREBRELEWHER.

3 REEEL

20054 9 A 26 B, AFRERLABAMILEF
BAAHEFTNOmKEENET, ETHSE
K23 C,bmBRELAN 2T C, B, NAKK.
3.1 EAHMEHM

BGRB8 . T4 6 s, 188 40 s, WHHFMA
HEEEA 173 C~178 C. 5Bk RER TH &G
B 20 C~25 C,E5BIRRARMEATRAHHH
BEE,HERE LA TIRER 180 T~1% C.



REBB TR ERGHERTEH, £ 12
FI i 2B BB R LE.
212 BHENASAMELRER

42 KEXRFFHRGAAFR) 2008 4
3.2 BERHHME 3.4 ARBRAEFRANER
REBXA1 & ABGS2s BMAHMN, HEHFW  3.4.1 BEBRRXB
HEAHSEE S B E MM, R EERN 2.5~3.0 BRI R R LE 10,
m/min, W4 BB 1. 125CEEEE R 4.5 cm), ®10 SHRAREALR
B A g 2 I Fo/] Gom/ Gos/ |V Vvsa/|Dven/] Dws/ ] Diny
3.3 ENﬁmmE " . Vi (g'cm‘“)(g‘tmﬂ) % %A \;A kMt\S' (0.0Ime)
P . CC-422 B HL (T IR G i 2 ), B JK: 4.63) 2.5969 | 2.4432 |5.9]16.062.910.7| 28.6
DD-130 FE#HL+CC-622 ERRHL(BHRE 2 8) +K 4.44] 2,596 9 | 2.4568 |5.4|15.4|650]11.9| 31.8
WA RSPl 1 5B +DD-110 ERILGEE 1) ; 3.4,2 WEBESRE
#1k:DD-110 Eg AL IE Z B L), WA RRLE R E 11,
' %1l HERSRRER
AL FL B/ mm 16 13.20 9. 50 4.75 2.36 1.18 0.6 0.3 0.15 0.075
4.37 100 98.6 | 64.5 | 30.8 | 22.9 | 18.6 | 14.4 | 10.4 7.3 4.9
AR Pe(%)TF
4.63 100 97.9 | 63.9 | 3L6 | 23.4 18.4 | 14.2 | 1L5 9.0 7.1
BB/ %
444 100 99.0 | 68.6 | 33.1 2.2 | 18.1 129 | 10.7 9.3 8.3
3.4.3 ApilmE .
4 NMHA VCAKFZHERA

HAGRBEMARTEL, RRBRH AR
BN SRR R B ERR R, A

B% | Gou/geom™) | Gan/(geem™ | BHVIY ERREERELEH BT P RESE>R
! 2.4515 5.6 BEHH—BHREEFTEEN. TERSRNLES
2 2.406 8 .3 HE NXMREE VCALHFEHITHAE., BFHET
3 23936 T8 B R KRR, T AR B B i 7] 2 T % 11
‘ 2As 7 PR ZHRARERET HBEABREN 3%,
2.415 3 2.596 9 7.0 4.1 BETHOTENRAE
° 24030 L H& 1RO BB KB e AR %
! i >0 PSRRI A BRI R T B MR K (& 13),
8 2.462 3 5.2 42 BEREE
9 2.3919 7.9 .
HHREEEHNE R LE 14,
213 AHEENMNERSRAR
5 fLFL42/mm 13.2 9.5 4.75 2.36 1.18 0.6 0.3 0.15 0.075
EUHEEE/(goom™) | 2.8213 | 2.8118 | 2.7942 | 2.7430 | 2.6255 | 2.5898 | 2.5810 | 2.5838 | 2.5787
ETHE/(g+cm™) 2.8335 | 2,8266 | 2.8129 | 2.7688 | 2.6607 | 2.6277 | 2.6231 2.6303 | 2.6324
RKE/ % 0.3690 | 0.5270 | 0.6700 | 0.8880 1.330 0 1.509 0 1.693 0 1.876 0 2,060 0
24 LERRAEYE
Gb.ca Gh.ta Ga g . ma Ged. ma G. Gy, P

HEHR | Pa/% Pu/% Pu/% (g bcm/“’) (g I'c;n/*) (g c:n/‘3) (gG-bcmg) (g '“:’:m‘/B) (g* crx/1_3) (g Is’:m/‘3) ;/
itRE 66.9 24.8 8.3 2.8026 | 2.6502 | 3.0515 | 2.7817 | 2.8023 | 2.7859 1,031 4.44
HE 5 omma, /| Pucay/ | Iveaye/ oueny /| omer/ ous, ./ ems, / pus, /| Ivoiea,e / | Ivoue, / | Ivoums, /

(g em™®i(geem HHg s em™ (g em 3)j(g s em ™) |(g» cm™ (g * em H)|(g* em™) % % %
WHAH | 2.35236 | 1.57373 | 43,85 | 0.583 38 | 0.195 25 | 0.104 44 | 0.001 29 | 0.103 15 | 22.01 6. 40 10.01

H:Pa Pu Psit Sl AT HER S HER R SR EBRI G

asGb. 13 Goma G ma Ge S HIABEH K BEBBE AEHKEARR

EE . 2RTVHNERREE SRR RTHEENTRNEREE.

YV, =3%0f, BAEFBHAEMA 41. 42%, %
BEAWNEMAER K, HE VCAL K, HBHNE
B:43.85% =P, X 2.352 36/2. 650 2+6.40% +

10.01%+3.0%, A[78%]. P,'=27. 534 43,0 P+
P, +P,=102. 734 43, @& )§ P.=65.1,P, =
26.8,P;=8.1, AEIGHEREALE 15.



% 54 EE R, F . VCANBREARFELAXEIPHER 43
15 BEEFAGR 4.3.2 BAMEGER
'gf;nﬁ 13.2| 9.5 |4.75]2.36|1.18| 0.6 | 0.3 |0.150.075 Xf R 8 5 R A B A LU AT T B R RE RS
’E’;ﬁﬁ/ 100 |71.3(34.9|27.3|21.4|16.8]13.2{10.3] 8.1 B SRYHELEATREER . RERRR &
- BRBEEN 3%, B EEN 5 123 K/mm, H Xt

4.3 HAEFEHERATESRS LG
HFRAZEETHRESIFRITREMEELSER
KBEFEL LB CERBHFL TER B4
MALKKERNAESE3ER250.186. KR
BB R 41% :19% : 10% : 24% : 6%, HES
REMAE 16, 5% 5 WHEEMAL, FHALE
SEBEAHEE L 2%, Wik, afEFREeHEHE

KATEAER 2.68% B HIRWBIRNIE R 10 946X
107°, ZnZ A E N 1 109 MPa, B K R ¥R 0,1
BARAWSEREMWMBAEREDF N 0. 8 mm
#10. 7 mm,
BBRSHEREHMMHALESFAEATALL,
BRBRBRETENTMAR BN ESFE 6. 9%
32, 700 H T L (B 3 R R BE A 38 TR B 70 ) BRI

AT VCAAcgim&ﬁogmmimaAm T 3L.5%M 27.3% ., AL, AN L P RBEFEE
16 g & s B \
BESEHTAEN-BHERZEFEER. WU
gi‘i&l 13.21 9.5 |4.75(2.36|1.18]| 0.6 | 0.3 {0.15(0.075 &ﬁﬁi*%{/\ﬂﬁ\ﬂugﬁj%ﬁmmawf&&’%
JELUZ?/ 99.3(72.5{35.9|27.8|22.3|17.0(12.8| 9.6 | 7.8 {i@%&ﬁﬂzﬁﬁ'%ﬁﬁﬁﬁii&‘k%&“ﬁ,
4.4 FABRERAREMNEIALD
R HEBRARHDERRRBERILE 17, TR IR R I 45 B 3% 18,
®17 £FERALHBHRRIRER 18 DHRARRONESD
Py/| Gum/ Guv.s/ | Ve/ Vvma/|Dvea/| Dus/ | D/ Po/ | Gom/ Coid Vo) Vourn/IDven/ | Dus/ 1 Dri/
% (g em Hl(g e em™)| % % % | kN (0.0l mm) % [(geem™H(geem )| % | % % kN [(0.01 mm)
4.4 2.5905 2.4906 |3.9(13.9(71.9|14.64 34,0 4.32| 2.5905 2.4729 [ 4.5114.4(68.8]12.8 36.3
%Fgﬂ?ﬁ"ﬁf‘ﬂ%lﬁiﬁ%%ﬁ@?,VCAmﬁ 4,32| 2.5905 2.486 0 [4.0(14.0]71.4{13.9 33.2
%E‘ﬂ?&ﬁﬂ?ﬁiﬁlﬁ Eﬁﬂ'&ﬁﬁ%%’(ﬂ(iﬁiﬁ&@ Gb 4.48| 2.5905 2.4922 |3.8(13.9]72.7120.5 28.6
HEL RV, =3 0% MHEHEREREMER 442 BRBIRE
RAHLHERLAANNERELEH. MM MRBERAE 19,
%19 BEMBOSRBER
L fL42/ mm 16 13.20 9. 50 4.75 2,36 1,18 0.6 0.3 0.15 0.075
4,32 100 97.9 71.9 35.1 27.1 22.1 17.7 13.7 10.4 8.7
AR Ps(Y%)TF
4,32 100 96.5 71.7 34.2 27.1 22.1 17.3 13.2 10.2 8.1
B/ %
4.48 100 97. 4 71.0 36.3 28.3 23.6 18.2 13. 8 10. 4 8.7

4.4.3 ABHILHE
REBEETERE, FRFHB T, £ 20
FIHTREEEHENAGILERRRBER.
220 BROAGARERELER

F& Gh.s/(g*cm™2) | Gum/(g+ cm™?) A% V./ %
1 2.433 6 6.1
2 2.468 5 2.590 5 4.7
3 2.438 2 5.9
mEPBIFENESL, G REHEHRLER,
5 & &

(DVCAAH HHR B K B 77 3 BEAR 48 7 TAROL
0 R D A 2 B B A R B LA R B RER R,
B 4R 44 T % P U O IR KB

(2)VCAxH R FC Ky 5 77 14 TR  F T4
ORMT VCALT B RE KR J7 1 8 B A £
T, BT R RT .

BE W
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