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Effects of admixtures on properties of large-size asphalt macadam
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(1. School of Civil Engineering, Fujian University of Technology, Fuzhou 350118, China;
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Abstract; In order to promote the application of flexible base of large-size asphalt macadam in pavement struc-
tures, laboratory tests were conducted to test the large-size asphalt macadam mixed with rubber powder and
glass fiber for its compressive strength, tensile strength, flexural tensile strength, and resilience modulus, as
well as its high-temperature stability, low-temperature performance, and water stability. The types and
contents of admixtures were discussed for their effects on the mechanical properties and road performance of
large-size asphalt macadam. Results show that the mechanical properties and road performance of the large-size
asphalt macadam ATB-30 can fully meet the requirements of the specifications after the admixture is added;
what is especially obvious is the improvement effect of glass fiber on the performance of large-size asphalt
macadam. Under the action of admixed rubber powder and glass fiber, a proper reduction of the amount of
asphalt can not only maintain the mechanical characteristics and road performance of ATB-30, but also reduce
the engineering cost of large-size asphalt macadam.

Keywords: large-size asphalt macadam; flexible base; mechanical properties; road performance;

asphalt content

KRR DI E AT ATRRARAE T 25~63 mm  FRPKTEZEF BA 55 e s B WIS RO R A 00 55
AELE R BCAFEI HIR AR SRR ek, T REA R ] A0 0 0 7 B 1 S S S48 1Y)
AR EAEZ BRI THLA SR Z X 7 s (H A 90% A et 2 B R T B R 4%

ks H#1. 2020-01-07
B—VEERA . ZEEEE(1979- ), L, MR iy e A BBz B 0F98 7 1) B RS54 S TR



513

EHEE,AF . BIGRDS ORARTT A PR RE R I 7

JETCHLS SRR T 454, B T by s R A
TR T AT AR B v R SR A R B
BFSE B AR A A B T S5 P E B E 2
—T BEE GG MIBR R R, R R IR R AR
JE A B N FH 2 2 A AR AR B O T Bl
STk B R U 2 VR R AL BE SR B b
B BURL R AN, T LA
ST N 6 SN B R 3RS e v D
T B B2 e AR AR ) HLIE R 32
I J2 BT 25 A 0 A R A R T, ARATE ST FEAR S By
FUEES LT A4 A S48 530 07 ) KOk 42 03 75 7 00
55 1R R IR AR PR BRI B, BF S M
R KR AR T A7 5 75 Pk B S0, [ IR 92
HMB RIS FORLAR W75 BEAT 1 127 A PR RE

EpA N

1 XKPEFRHEBAMNMEIARIZ T
1.1 MRERMEEE

1.1.1 HE

MR 704 BT 5 , W i W BRAR A5
AJE67(0.1 mm,25 °C) ,ZEMEF 21.6 em (10 C) , 5K
fb 55, 47 °C RS 208 Pa - s(60 °C) .,

1.1.2 &

TR R FH R At S R R 2 A A, R 20 AR R
HatE — e, 3% R (A B TR AR 50 AR )
JTGE42-2005 X FHL 4 52 kL AT 1 45 WPk BB 48 b
Wk, MK 2558 L2 1 Nk 2 Fow .,

x1 fAKPHEREER

Tab.1 Coarse aggregate’s performance index

MR JRRHME, BSOS FA BB ok RBEH/ gl <0.075mm ks &
$i4%/mm % FEIR/ % XEE X % % 1/ % i (KVEEE) /%
PRMEELR <28.0 <30.0 =2.500  SCMME <3.00 <12.0 15.0 <1.0

20~40 15.6 — 2.614 2.538 1.13 6.9 8.0 0.2

10~20 — 10.5 2.632 2.523 1.65 — 9.2 0.3

5~10 — — 2.639 2.531 1.61 — 9.1 0.4
F2 EAERMERRER 1.1.3.2 T4

Tab.2 Fine aggregate’s performance index

IS T FEULARXS et (<0.075mm 1Y
"I FE) /%
PRUEZR =25 <3
3~5mm 2.91 1.19
ay] 2.55 2.5

113 #HmA
11.3.1 BB
FEXAR B (1) Wy B i | 4 3146 s i
T L B R 2 I ASTMD6114 Standard Specifi-
cation for Asphalt-Rubber Binder , £ T H A R 40
#3,
*3 BEMEAREX

Tab.3 Technical requirements for rubber powder

Wl ak® amah Ghak
RIFE IR

(em) % % %
MIEESR 1.1-12  <0.75 <0.010 <0.50
REEHE 111 <0.62 <0.008 <0.07

TR LT Sk 4.,

R4 WBAERAREX
Tab.4 Technical requirements for glass fiber
pihr Wi s
SREE/ R iR
MPa #/%  MPa
346.0 36.4 4 286.0 169 0.91 N

5 a5/ R/ TS
C (g- em™) P

1.2 #MREE it
1.2.1 ERZWRIT

HFEXT G KRR W F WA ATB-30, H AL
W nER 5 s,
1.22 HEAE

T I T BRI G B 0 1 Y ATB-30 Kok 4%
WEWA R EHEN 3.3%, AE T8N
FUXE 5 H O A R, SR A 2 Ak
2.4% 2.7% 3.0% 3.3%H1 3.6% .
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Tab.5 Gradation of ATB-30

§ififL./ mm R/ % i L/ mm W%/ %
31.500 2 2.360 7
26.500 10 1.180 8
19.000 18 0.600 5
16.000 6 0.300 5
13.200 9 0.150 5
9.500 10 0.075 5
4.750 10 — —

1.2.3 BmAlHAE
S5 SCHR [ 15 ] WF 9T 45 1 ve BB A B 15 2 4
FTHIRERN 0.2% , 452 % k[ 16 | HEHL
JEIHAZ BB oM i &1 15.0% , 1R 45 ATB-
30 KRR H A REETHERN 3.3%, 4
e AR I E IR AR 0.5%
2 BmMFIKPNEISEAIFEHE
BE 2 M A9 AFF 3%

MAB IR R AR W 75 A TP 8 L
FRSREE USR5 L ] s () 5 IF S A8
FIXFH I R 2 ARG 34 2R K 5 BUR
B R 95.3 mm, B2 150.0 mm,

2.1 BIFIX KRR EEA AR E 2N

HHIVEB IR A BT 4E , hE &
WK 2.4% 2.7% 3.0% 3.3% 1 3.6% )k
U WA, 7E SANS J7 BEIR I AL b gE AT
15°C B2 iR g2 SR sk 6,

3% 6 nl UL, BUA FLYEXT TRk X 8 T
HIREE LB 2SR E N 0.6~ 1.0 MPa , 4 JCAMB
I TR & A ATB-30 1Y BE 2408 B #0 BE
AEREESR , BN KT ATB-30 $Livis i,

SR R T 3 358 £ A ) ORI U 7 A AT o
B, BINFUERI R BT, ATB-30 BHLhisem
WA BTG, U I S48 7 B3 KRR A2 U 5 6 A
PIPTRGREE . MASMBRIE , i & &N 2.7% )
FIBT P o B B 2k B AN BRI i &2 N
3.3% J% 3.6% W 5R FE , B i ASME R D 5
i, JORLAR W T W AT () B PL o P A K B 3 #

£ 6 AEBMFIK ATB-30 Fi B EIXWER
Tab.6 Tensile strength test results of ATB-30

with different additives

Tt &, ANREBFI ATB-30 Hrhiis &/ MPa
%o T i) PiImar
2.4 0.610 0.654 0.650
2.7 0.621 0.664 0.668
3.0 0.647 0.674 0.678
3.3 0.662 0.724 0.923
3.6 0.660 0.676 0.685

2.2 BIMFIF KRB BRAERE RN

TSR T 1R AR e 4 e kel o
ORI BT R B B B 20°C, R
A2 mm/min, EEIREALAY A SANS J7 figidk
IoAN RIS A R IR 7 PR

RT AEBMFIE ATB-30 1 EEE
Tab.7 Compressive strength of ATB-30 with

different additives

WESR,  ANFEBINFIE ATB-30 b ERE/ MPa
% JoEsn g I AT 4
2.4 3.2 3.4 3.4
2.7 3.5 3.6 3.5
3.0 3.6 3.8 3.8
3.3 43 4.5 4.6
3.6 4.5 4.5 4.6

FH 3R 7 FIHL SMEB FIAGR IER FR3E B5 2F 4 13
3 ATB-30 P08 B8 A B3 fin (L 38 i 9 A~ B
A TCAMERINY ATB-30 #8AG 38 K Ay HT 58
W R RE TR . R TR AR TR 8 i R
R R IE= I S A A TTERE R i R N uE WA
s AR i TR bR, AL BT R AR P
ATB-30 1) £ 24545,
2.3 BMFIFNKAFZHEEANZTREEERMN

T 45 K 2 FR S [ () 4 L 2 2 AR, g —
A BRI S5 2 FEAT 4o B E T RAEASTE
B2 _ BRI BT AR T, T SR ) W Bl
fir, R 32 B OKSF- O ] B R T T — 2 1Y
B % S s Sk A A PSS - T T ap v o
PR R R T o B B IR 45 M B e &k
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G52 NEH T AR . S 1 ORIEBK T 2548 (£ ]
PERE AL iy, SR I T8 A AR (1940 25 L 5 2
P R EK

IE IR G R BT S g0 = 2 e
WAL A AT VIR NG | 923 2 78 300 mmx
300 mmx50 mm NJ ) 42 fob B Al 1 DRI
(250+2) mm P& K (30+2) mm . (&K (35+2) mm
BIRAE /NG, IR /INBEAE 15°C IS AR SANS J7
AEIAIA b AT 25 /Nl sl 1 7w IR 45

1 NRE RS R HiH

Wk 8 U, Fig.1 Trabecular bending test and the test piece
£8 AEBIFIA ATB-30 HZ phik I 45 R
Tab.8 Results of flexural tensile test of ATB-30 with different additives
A% , #ﬁ%ﬁﬁ%rﬁmpa | ‘ &l HH%)JEF’Q%/MPa ‘
JeHshn BRI BTy JEH N BIEH i3 Ea e
2.4 0.39 0.75 0.75 24.66 25.21 28.91
2.7 0.41 0.81 0.81 25.11 26.11 30.11
3.0 0.55 0.91 0.91 26.68 26.68 32.93
3.3 0.68 1.01 1.01 27.14 30.14 41.06
3.6 0.90 0.96 0.96 29.81 29.81 38.91

e 8 T, A5 SR R B 35 2T 2 4T 14
T ATB-30 HUBL L Pk BE 5 Ui P TS I3 e £ 4
FAR I I 7 AR ) ATB-30 Y H1 25 3 J3 3 K
EERTEW TR A BRI BB A 4 In T i
454 RV RTAE R B B R Al B9 I T B R
WIS G S 2 e AN R 22 5, Ui & s b
PUAS R0 AT A RO S KAR LA SME R Y
ATB-30 FIHTE RS0 A, P AME 3 AT L/
ot B TR
2.4 IBINFIXTKHIR B REA O A E 200

W TR AR [ A 18 0 i i R FH R 2
PO R A5 T TR AR BRI ZE SANS 7 Bt
AN EWAE B R I E 34 55 o3 B 10 97 48, 1l
JCHETT RE SRR AN AR T R L 2 mm/min
TR, 3t H 17 i 0k, S 4k mt B2 60 s, it
A8 3 T RN T A T I 2, 3 A 1 i o i 2K
MEENE O BG4 A BAE, XA
RS Z IR 2 (R M A% . SRASR RN
KA T Ay Il S e 2 SR a2 9,

1% 9 B HIAME T BT ] B (1 52 1)
ANHA S R R TR 1 ] A i A7 A R R )
R, AR ANB I I A A5 ATB-30 i [a] 345

AN BB IE RN IMASNMB R JG ATB-30 11
Vi B 52 g (] b B3 e 75 oK

R9 ATB-30 HJE3$EEE (15°C)
Tab.9 Resilience modulus of ATB-30(15 °C)

Wit &, AEBIFIE ATB-30 A9 B LR,/ MPa
%o gt B I Y
2.4 2 381.3 2 498.4 25123
2.7 2 413.7 2543.6 2 610.7
3.0 2 458.4 28 643.5 2 653.3
3.3 2 667.8 2892.2 2 894.9
3.6 2 534.7 2 694.9 2 626.5

3 BmFAI KRG EER MM

HE S MM 53
31 BmANMKHERERASREE
2

K RO AR ST ATB-30 1Y i ke e 1,
AR 300 mm, FE 300 mm,JE 100 mm, A<
B iR o 60°C , A6 R FH sh s e FE AR
b, FEGIAL AR N AR XA Rk 10,
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Tab.10 Rutting of ATB-30 with different additives
AREB IR ATB-30 B 4450/

iy

(K - mm™)
%
PR R IR 4

2.4 3178 3267 3298
2.7 3360 3451 3421
3.0 3 140 3350 3360
33 3 130 3300 3300
3.6 2 860 3175 3 150

i 10 B0, TCie A o8B A, KR4
WA 1 SRR B IR, BT RE TG JE R R, — Rl
T I T 465 #4420 2 BRAE RORE AR U 7 R
JZ , AR MR AT s BRI sh AR B s A
KM Ah 48 7 J5 3 2wk > I F O R 5 e
ATB-3019 il As et

=AU

TR T WA IR B 2 Re 1 R
300 mmX300 mmXx50 mm Zﬁfrﬁﬁﬂ‘ﬁ#ﬂ]}ﬁd\%,d\
ZERSF R 250 mmx30 mmx50 mm , B E 6 /)N
DO AGRIEAL RS R -20 °C PR 2 h 22
Fio LL2 mm/min B0 2% T 2R 3 1725 05 AR i
5, W R R SR 3 P, LA P LAY 0.1 f51E
S I AR I B T 2R Py KGN R AT A
HIE AR RS, e s A — MR s h e 2R, iR
s RaNER 11 P,

FHE 11 RT0, #8050 AR 5 0 A 33k 265 2F 4 %
ATB-30 BRIRHTS RIom B ik, Horp B 3s 21
YIS0 N T ARSI T A BT AS RR
FERS R TEAMB RIS I B I 4T 4R i VE
T, SR ) 3.0% W £ ATB-30 AR IR
brgdrERE,

& 11 ATB-30 7£-20 ‘CEHIZ ik
Tab.11 Bending tests of ATB-30 at —20 °C

P PUB TR/ MPa % i AL/ MPa
H v #=/ % N 1 N N o N
Jeasm L R g Rk SR
2.4 5.79 6.43 9.32 1.87 1.98 2.17
2.7 6.02 6.99 11.23 2.09 2.12 2.36
3.0 6.32 7.76 13.11 2.26 2.73 2.41
3.3 8.54 9.53 19.09 2.89 3.24 3.08
3.6 9.36 11.22 22.65 3.21 3.94 5.62

3.3 BmFIKAZHEREAKEE T

X8 0T A A e RO B £ 248 B FORiAE U0 7
TR R AE R LB A K AR v, it 2R
Wz 12 fioR,

K12 FEBRFNIEEL TSR
Tab.12 Freeze-thaw splitting tensile strength ratio TSR

AN [RIB 0 R) B4 R Rl B LT 5 L HE

WHE TR/
o TSR/ %
Jeusm BREH BEES A4t

2.4 67 75 80
2.7 72 82 85
3.0 81 85 87
3.3 89 90 91
3.6 80 83 88

2% 12 vl TR & B IMASMER], Kkife
Wit ATB-30 [ B Fo e BEAE I 75 & i A/
T 3.0% M4 RE T 2 B EK . B ASME IR
Wy B 41 4 J |, AE BEAR 7 (W75 & sl b R
INF 3.0%) St , R ATB-30 H /KRS E .

4 INGS

FERBLAS I 75 W A0 B8 AU R 1 B 2F
2t |3 i = IR OE S PR RE R PR RE , 25
e ip

D fERFRE RO, ESEANT
3.0% , ILASME TR NS M B HS 2T 4 ) Hobi
SR HUNLHRE P AL R R [ S A )
PERELIAENH AL 2K

2) SBT3y R B 21 24 49 B fik 5 RO
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IHTH A BA R0 iR AR v R DT RE
REFI KRR E M,

3) B I ATB-30 14 ) 2< Rk Fl g M RE Y
IRIG A5 R FE SN B RSB Nk 35 45 4 4E
TR LLE S A E & (AT 3.0%),

A HIIA 0.5% A2 AT 0.29% W B 5 4T 4 ) 1
MPITE T N 3.3% 5 3.0% , 153 45 W 7 1R A
b A S BN IR D AR A -
PEIELAF4EN12.9 1 10 = 4, 0 AAR BN A3k 335 2 4
ANRT LA F-PE e [ i) R A R A ORAR I T A

ATB-30 Y PEREI AT 1535 . B TAREEE Y, o HAE TR b B e 4R Al
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