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Table 1 The key technical indexes for coarse aggregates

R ATl A A Bt 6 5 SR
1Rbx s | 4750 | [95.19) [[19.265)

B 9.5) mm mm mm

FEREAE/ % <26 24.7 20.5 18.4
SRy

ﬂig‘ifj <22 11.9 9.5 8.8
WAREEN 0

B2/ T 0.075 mm
¥ A5 < 0.8 0.7 0.5
BAFRESER | <5 4.1 3.7 2.9

K2 WEMIZHARER
Table 2 The key technical indexes for fine aggregates

i HFARZR R I 2
F L% <2 0.6
T i ko £ 53 550/ % <0.25 0.17
Fite/NF 0.075 mm A4
) - <17 9
LAY S FE AR

F3 KRB A F AR

Table 3 Physical and mechanical indexes of cement

LD FARTR JEN A e

HIEERS ] /h >1.5 33

LIS 1] /h <12.0 43
L ol Erid

UNGE 353l 3d =3.5 3.8
YUY E /MPa 28 d >6.5 71
ENEES Sl 3d >16.0 15.0
P 5 /M Pa 28 d >32.5 34.8
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Table 4 Basic performance indexes for rubber particles AW 574 B 2 I 9 BBl 4 [0.26.5) mm. R
16 h% HART R RIa s R FAAE AL i 07 =X K SRR IR T ML 43 B 12 8%
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MR R 1Y T vk R AR A B 25 RS AR R Y T & 4 B

K53 1% <8 6.2 P .

o EVRH & R, W S,

RS A ERAR
Table 5 Gradation of aggregates %

W 3 AL A SRR A B 43 B

e 26.5mm | 19 mm 16 mm |[132mm | 95mm |[4.75 mm | 236 mm | 1.18 mm | 0.6 mm | 0.3 mm | 0.15 mm | 0.075 mm
A 100.0 82.0 74.0 68.7 57.5 39.8 26.4 17.3 11.6 7.9 5.2 3.2
HWC R | 100.0 86.0 79.0 72.0 62.0 45.0 31.0 22.0 15.0 10.0 7.0 5.0
HWET R 100.0 82.0 73.0 65.0 53.0 35.0 22.0 13.0 8.0 5.0 3.0 2.0
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W T IR AR R FE 1R, B 58 AR I 1.0 L ZBE UL S DV 7 CR AL R IR & 767 Il
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% (Urea) # T-10.0 LK "hIFAEH IR T % 3 d, 43
RAEEFE VIR, B2 58 20, T R IR AT UL A% ks, D)
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KH560 % i i) pH {4 8 ~ 10, ] KH560 1 8 1 % B 4.5%. 15 PR 15 5 A0 18 B0 H ar N &

% A& W 3t http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



70 kv EIXFEFER(OEAHFRK)

2023410 A

550 WA B R I AR BN [2.36,4.75) mm AR 4
REEAMRFLY 57.0% . 7K 09 IR 3h o S2 i 56k
15 T KRN 5.4% 5 K T3 8 0 2.298 g/em’,

PR - 7K e B A A R R Sl e 1 1 A
2, PG B 0 2% B 5 B o i 22 [l i) 22 K
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m
A s R R P BTSRRI TR, g5 m, oA n TR
FE R e IR Y B, g
Hi & 2 AT LU Y i 728 A 3 Bl 3 R Rl R Y
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Fig.2 Mass change rate under different circles of

freezing-thawing
A WIPEBA L2 n R R LG B 5 1 BE U it JEE 45
K By W (2) 15
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K RN ARRIXAF IR K 24 h 5 09 To 0 R 1 % %
JE 5 Ry 24 n VR G B4 05 10 1 IS M BR B0 s 5 i
3 3 R D A A R Rl S ) T R BT
JE s BE, IF A 2 (2) 355 A0 L ) BT o oim B2 4 2k
ABFFEIRAE 28 5 U VR B 0 I 1) J0 M FR Bt Hs 58 i
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Table 6 Compressive strengths and antifreeze coefficients

< x 100 (2)

before and after the freezing and thawing for different rubber-

cement stabilized macadam

PR _/éz};f:jf il R/MPa | Ry/MPa | By./%
E NS 5.12 4.25 83.008

NaOH gt 4.05 2.50 61.728
NaOH-Urea i1 7.55 6.30 83.444
KH560 i 8.50 7.00 82.353
Na,Si0, it 2k 4.30 1.75 40.698

I 6 A AT, 28 5 R R R AE 3R )5 , 45 5 Fh iUl -
IR YRR RE T A1 2 AT VR 58 B 40 G by R ) /N HE PP 4K
UK : NaOH-Urea B PEARIZ — K P A2 i A7 AR BL
PEAR S - /K Je e a2 W A7 \KH560 BUHEAR -7k e Fa

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



#2045 % 5

BANEF AT R\ IR —KRAL T I B AR R 71

SE WA NaOH 2l PE A G - 7K Je B2 a2 8 A1 Na,SiO,
AR K VR AR R R A o A EL T A 1 e A
(RIAR I — 7K e B 5E TE AT, NaOH - Urea i M Al KH560
AT AR — 7K T R R R B B R R A S A 25 R
TR AR 3 5 Rl S 04 TG0 BIR T ik R A R
R, ¥ R AR AR - K AR WA 1 1S A A
o 3% JE A NaOH-Urea Fl KH560 BCPEH B3 T
P TR 5 7K e AR 2 ik SR T ) 59 6 &G L (AR
J 5 7K e B A PR ) A8 T g g 3 i, N g 43K
RO GF, PRT ZEAR IR 2 T ot 5 AR i -k
Ve e e it AYERE R4, 5L, 28 NaOH
1 Na,Si0, 73 51 et Ak B A9 45 i — 7K e B e A
(R BL VR e B 408 2R MR R B, 43 Sl B T 25.6% il
51.0% , LV Rl A1 J5 04 I8 00 BR 470 e 5 B -t A 1
NI AT g2 PR O NaOH b i B M I8 T, 16— R
JE 1 15 A e AR % T S 2K 4 TR) st AR e R
AT B 8 e e AE . FEASHIEZE T NaOH X
BB JE b A b = S AE L il NaOH B HE A i -
7K U B W A A TG B T R R R B R R
Na,SiO, iP5 — 7K B e A B4 T ) B 47 7 5t
JE AR U AR - /K e R A AT AT, 1T
J2 T Na,SiO, A R AR K 7 A B e iy e PR ROR: , #
ISR CBE NGy B A R AR R P S
AT R R T o
2.2 TFHEMERE

45 A5 I 2 K U8 B R R A e 5 Y AR R AR
T | X e G 3 K, £ ol JHE 3 1+ s 1 g
T 5L, ™ 5 K Je R WA T AHE o AR
8 SR FH AN 2 75 WA e — /K e B e s A 64 4 1
RN 2, [R] AR AG I — 7K Ve B WA 1 6 AN —
4, Hor 34U B R D e i 4 AR T i, 55 410 3
AT 4R R KR

H D A5 3 0 5 4l 45 SR 4% 5 (3) ~ (7)) IR
AR S — /K Ve A W 1) T 48 28, 5 PP S e — K e
T W A B[R] SR 47 1 1A P 1 1 400 g A8 L T 4
RBOrAWE 3 ~ 4R .

JeAKFw TN (3) i

w, = (m; = m,;.,)/m, (3)
T4 5, I (4) s
5. = (ixi_j - ixm,)/z (4)

TANLAE & TN (5) PR .

e, =06,/ (5)
a, = &/w, (6)

BT R A o N7 FR -

DY (1)
2w

ENOMGLRSE TS RADSIE /)

WA Bt mm s o g5 IR RS 30, 58 10T

G T m, N UM TR g5 X, 05 6K

IR 5754 T 43 4 B, ms 47 R B )

I s b HERPERL TR (0458 T it g

a(l

120

—— Rk
100k —e— NaOHtt:
i —+— NaOH-Ureagf 4
j —v— KH5608 1%
. 80rf —¢— Na Si0, #tk
s
& 60,
=
§ 40
H_
20 T § z
T ——%——3% — 3
0O 20 40 60 80 100 120 140 160

i alite 40|
B3 RERPSEHAGTHETRRER
Fig.3 Test results of dry shrinkage strain at different ages
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Fig.4 Test results of total dry shrinkage coefficients at

L L L
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different ages

B 3 H]LLE 5 AR i - 7K e Fa e i A 1Y
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45 1 AR 1k B e K BE S SRS R il £
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Study on the frost resistance and cracking resistance of rubber-cement

stabilized macadams based on interface enhancement

LYU Songtao', DING Xinglan', LIU Chaochao', HUANG Hui’

(1. School of Traffic and Transport Engineering, Changsha University of Science & Technology, Changsha 410114, China;
2. Guangxi Delivery Group Co., Ltd., Naning 530007, China)

Abstract: [Purposes] In this study, in order to solve the problem of insufficient adhesion performance of
rubber-cement interface. [ Methods] Firstly, sodium hydroxide oxidation (NaOH) , sodium hydroxide oxidation
and urea ammoniation (NaOH-Urea) , silane coupling agent KH560 and sodium silicate (Na,Si0,) were used to
treat the surface of the rubber particles. Next, the rubber-cement stabilized macadams test pieces were prepared
based on the rubber particles treated with different modification methods. Finally, the temperature shrinkage ,
drying shrinkage and freezing-thawing test were carried out on the prepared samples. [ Findings] The results
show that rubber-cement stabilized macadams have almost no change after NaOH-Urea modification and
KH560 modification. But the unconfined compressive strength of those samples before and after freezing is
increased by about 1.5 times. Drying shrinkage performance of the five examined rubber-cement stabilized
macadams is in turn: NaOH modification rubber-cement stabilized macadams, KH560 modification rubber-
cement stabilized macadams, NaOH-Urea modification rubber-cement stabilized macadams, Na,SiO,
modification rubber-cement stabilized macadams, Unmodified treatment rubber-cement stabilized macadams.
The KH560 and NaOH-Urea modification methods improve the temperature resistance of rubber-cement
stabilized macadams, while Na,SiO, and NaOH lead to insignificant improvement. [ Conclusions] In summary,
NaOH-Urea and KH560 can provide better modification efficiency than their counterparts and are able to
enhance the freezing-thawing resistance and cracking resistance of cement stabilized macadams.

Key words: cement stabilized macadam; rubber particle; chemical modification; frost resistance; cracking

resistance
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