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Impact Resistance of Modified Asphalt Concrete for Airport Runway

ZHANG Bingyang, XIE Jianguang, ZHANG Zhiying, TANG Lin, LYU Yanwen, QI Guotao
(College of Civil Aviation, Nanjing University of Aeronautics &. Astronautics, Nanjing 211106, China)

Abstract: In order to study the effect of two modifiers of NRP and SBS mixed with high viscosity agents on
the dynamic performance of AC-13 asphalt concrete at medium and high strain rates, the paper used SHPB
device to carry out impact compression tests. The failure modes and stress-strain curves of different modified
asphalt concretes are obtained. Research shows that the dynamic stress-strain curve of asphalt concrete is
divided into three stages: elastic deformation, plastic strengthening and plastic failure, and the failure modes
are divided into four types: crack, damage, block crack and fragmentation; both modifiers can improve
asphalt concrete. The impact resistance of NRP has a certain impact on the peak stress and strain rate
sensitivity of impact toughness. In different strain rate ranges, the two modifiers have different impact
toughness enhancement effects. NRP has better peak stress enhancement effect than doped high viscosity.
When the strain rate exceeds 130/s, the elastic modulus of asphalt concrete will degenerate, and NRP can
improve the elastic modulus.

Key words: asphalt concrete; SHPB; impact load ; modifier; peak stress; impact toughness; strain rate
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Fig.2 Asphalt concrete specimen sample after forming
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Fig.4 AC-13 dynamic stress-strain curves

(1) 5Pk B Be o A 2k B fe b o 3 3 1Y
750 B, AR AL T B AR B B, WA 5 N ) B R
PESC A, B AR AR A3 O, R RGO R

(2) W PESR AL B Be o Bl o i A T A 38 i, X
T P9 T D s 2 B MR 2R 4 R A AN W ™ R AR i, 11X
PR 7 AR AN AT P A 40, 2 i 0 A 38 R B
BTt B T AR G AL I AN RS fE £
Dy 7 R ik A AR AR P AE 0 B — E P
P,

(3) BPER IR B Be o 10k 38 B W (6 1 1 ), ik
(RPN S VRS IESE N iS5
ALAE i, 30 Ao A2 W WA A i A [R] I R ) e 7R AN W T
Wi, 2578 JE R SR T e Jie B) — 5 R LI, AR AR

HT T 0 7 R R D ML R A R ISR TR AL R
HAT B0 0 S L R B, 7000 ) -0 A8 28T B B
B, M 80 I ELEAE AR 0GR, T B B g m
T 22, 2 BN Dy« A AR AR, 7 R B

A F IR AR AR, by AR S 22 T A i A B
A AR A I 0 R B L K B AR T A W
ARR,
3.3 HERBLMERE

WAL IV 7 i o T 3 R o 8 e R T L, B AT B
AN AR AR AN . A IR R T AR B
w45 i A ) 2 ek HG et R A B
A SC T A 00 7 R R e Ve (L ) A5 AR SR 5C A
K5 s

45¢
& 4ot
2 L
B )
R 35t . "
= AC
¥ 30 - * S-AC
4 N-AC

25 L 1 1 L 1 1 1 1 1 J

60 70 80 90 100 110 120 130 140 150 160
R /s

PS5 UREAF R g - R 28 3 G AR i 4k

Fig.5 Peak stress-strain rate curves
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Table 4 Peak stress and strain rate fitting relationship
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Table 5 Parameters of fitting relationship between im-

pact toughness and strain rate
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Fig.8 Peak strain-strain rate relationship curves

i 07 A8 R G 180 0 T YRR A AR N AR L
B Ok BRI 1 N AR R B R N o B N AR R,
N-AC AC i W i 1 A8 18 5 521 K 3, S-AC
T A2 e 7 7 14 U 2% 5 A A () N AR SR AE T L A
BF ACIM, N-AC 2 {4 0 {57 A8 0 S0/ 5 76
79~145 s 'R A R N, S-AC IR 1 06 1E I AR B
TR N o I (o el e DSR2 =% TR )
SB'S 3 Ao 1 i ARG O AE B AN O 2Ok £ 8 o

4 & &

A 37 AL M0 W T IR BE OS2 B g
i B B9 IR 3, R 1 SHPB 2% &% 4 1A A
Tl 2 BRI AC-13 AU IR 8E + , i AT T AT
N7 T b e, MR e AR A
-

(D iR, 7 1R BE L W B IR B 25 nl 43
h BB AR, BRI L (0 P O R X 3 7 R BE
T IR S BEA 3 5L 5 1 ) AR it 2 BAR T 43
Shy B S [ BB Ak I B AT B 1 1 A B 3
Moo

(2) 1 7 R BE 1 /9 We A8 N g A op s I PE R 5
VAR S8 e i o SEN R QB DO N S (SRR R
XA AR E VR R (R s e R U TR B Y
IO 78 FRAURNEA — E S .

(3) vhif fif 4T, P 7 1R ok b o M A i 7 A
R 5 TR O, 2 AR R 1o R S R A

i R B ZEAS SCH B R 130 s NRP P 51
X 0 T TR R - s AR A R

S E WK

(1] X0 P R B AR e Sc b (D] Kb H
B B2 AR R4, 2007.

LIU Hai. Research on constitutive model and experi-
ment of asphalt concrete[ D]. Changsha: National Uni-
versity of Defense Technology, 2007.

[2] TEKALURS A, SHUKLA A, SADD M, et al. Me-
chanical characterization of a bituminous mix under
quasi-static and high-strain rate loading[J]. Construc-
tion &. Building Materials, 2009, 23(5): 1795-1802.

[3] ZHANG H, LIF, GAO Y W. Study on the dynamic
performance of asphalt concrete under passive confined
pressure[ J]. Applied Mechanics and Materials, 2012,
226-228: 1755-1759.

(4] 3. ol o B0 TR £F 2 0 7 IR B + 20 1 PR ARl
BWE[D]. Kb BRI, 2010.

PENG Shan. Experimental study on dynamic proper-
ties of fiber reinforced asphalt concrete under impact
loading[ D ]. Changsha: Hunan University, 2010.

[5] R4k, Dk . BERE 40 &KW &R E L b

JE 45 R fig mo s e [T]. 4 4E 5 o i, 2016, 36(2) :
279-284.
WU Jinrong, MA Qinyong. Influence of polyester fi-
ber on impact compressive characteristics of permeable
asphalt concrete[ J]. Explosion and Shock Waves,
2016, 36(2): 279-284.

[6] WG, sREBE, (T F0, % . AR B i B i AR

XTI IRBE B A 1R R g [T, I TR
AEdR, 2012,34(11) : 72°77.
XIANG Xiaoyan, ZHANG Chunxiao, HE Xiang, et
al. Effects of temperature and strain rate on dynamic
mechanical properties of asphalt concrete with finite de-
formation [J]. Journal of Wuhan University of Tech-
nology, 2012,34(11): 72-77.

(7] ey . ol ger AR 0 T ARIE D& IR BE L3 & 127
PEREWFSELD]. Kb IR K2, 2011
HUANG Hailong. Dynamic properties of rubberized
asphalt concrete under impact loading[ D ]. Changsha:
Hunan University, 2011.

(8] v UMz R . RT3 i # : MH/
T5010—2017LS ], db5t: v [ R AL Hh ikt , 2017.
Civil Aviation Administration of China. Design code
for asphalt pavement of civil airport: MH/T5010—
2017[S]. Beijing: China Civil Aviation Publishing
House, 2017.

[9] e R MR [ 22 5l A . 20 B AR W M R 5 Rk
WIGFRE . JTG/E20—2011[S]. db 5t : AR 338 H
., 2011.



%13

KUK A5 WL R B I 5 R R 0 bt R e

145

[11]

[12]

[13]

Ministry of Transport of the People’s Republic of Chi-
na. Standard test methods of bitumen and bituminous
mixtures for highway engineering: JTG/E20—2011
[S]. Beijing: China Communications Press, 2011.
MA L, LI Z, LIU J, et al. Mechanical properties of
coral concrete subjected to uniaxial dynamic compres-
sion [J]. Construction and Building Materials, 2019,
199: 244-255.

KMK A, SL A, JYC B. Effect of maximum coarse
aggregate size on dynamic compressive strength of
high-strength concrete[ J]. International Journal of Im-
pact Engineering, 2019, 125: 107-116.

PHAM T M, CHEN W, KHAN A M, et al. Dynam-
ic compressive properties of lightweight rubberized
concrete[ J]. Construction and Building Materials,
2019, 238: 1-14.

YANG R, XU Y, CHEN P, et al. Experimental
study on dynamic mechanics and energy evolution of
rubber concrete under cyclic impact loading and dy-

namic splitting tension[J]. Construction and Building

[14]

Materials, 2020, 262: 120071.

ZHANG T S, DUAN X L, YANG Z Y. SHPB test
and microstructure analysis on ready-mixed concrete in
uniaxial load and passive confining pressure states[J].
Shock and Vibration, 2019, 2019(2): 1-16.

U IR . ek A P T IR B A 5 g P RE UG B Y
KABRITAHID]. KW K, 2013.

SHUAI Xiaolei. Mechanical properties experimental
study and finite element analysis of concrete under the
impact load[ D ]. Changsha: Hunan University,,2013.
CHEN Lianjun, ZHANG Xixin, LIU Guoming. Anal-
ysis of dynamic mechanical properties of sprayed fiber-
reinforced concrete based on the energy conversion
principle[J].
2020,254: 119167.

LI N, LONG G, FU Q, et al. Effects of freeze and

Construction and Building Materials,

cyclic load on impact resistance of filling layer self-
compacting concrete (FLSCC) [J]. KSCE Journal of
Civil Engineering, 2019, 23(7): 2908-2918.

(¥ RER)



