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Abstract: Low density polyethylene (LDPE) modification to improve low temperature performance of bitumen
1s still controversial at present. In order to accurately evaluate the low temperature performance of LDPE modi-
fied bitumen, bending beam rheometer tests were carried out to obtain stiffness modulus (S) , modulus change
rate(m), and then the low temperature accumulated stress , dissipation energy rate were calculated. Based on dy-
namic shear rheometer test and the principle of time temperature equivalence, the master curve of complex mod-
ulus, the glass transition modulus and crossover frequency were obtained. Based on the force ductility test, the
tension-ductility curve was measured, and the yield strain energy, breaking work and other index values were
obtained. The results show that with the increase of LDPE content, the S of the modified bitumen increases,
the m decreases, the low temperature cumulative stress increases, the dissipation energy rate decreases, the
glass transition modulus increases and the crossover {requency decreases, which shows that the low temperature
performance decreases. However, the breaking work required for the failure of LDPE modified bitumen is great-
er than that of base bitumen, which shows the better low temperature performance of LDPE modified bitumen
from the point of view of failure energy. Therefore, low temperature performance of LDPE modified bitumen
may be underestimated only based on the evaluation index of S, m. So breaking work should be considered as

one of the supplementary evaluation indexes.
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Fig.1 Five parameters generalized Kelvin model

E

E 2,
I S P WIS SROY
D(1)= E + E X(1—e " )+ E, X(1—e ™) (3)

K EEE, ARESE Gy, . AR SEL

i A I AR R AT LS TS B R A S S
S SR B TR DA A RE 10 i AE L B ar T LA
i e A FE, G B S S R S
TR, A RAE MR BE A A7 FFECRE 1 0
BOBEH Gk AEBE W (2) FEHLRE W, (r) & DER 15
W

W ()= om’[ E + oF, (1—2¢ " +e " )+
1 E, 28,
_ M2 72
oL, (1— 2e +e )] (4)
1 iy 1 2y
Wd(t):GBBR_[TEl(lie s ZEz(lie )]
(5)
W)
DER — W.(0) (6)

S 2 0 A S TR AR (SRR /N v 3 RN
1.3.3  Ja RN AZfE(E,) A

ek Al 10 A% B B2 B T 10 7 B RE AT IR A5 T $1) i il
WY B, A1 35 05 7 b RE I ARG ), LA ORI A
REPY R R BN Sy, S E 2k L

fk[16].
1.3.4  FIWiTh(W,)iH5
EATRID: E i R A A N RTTR AT 28 3 N
3 W IR A ek i 5 A0 ) D), T R A A RE A
N
1.3.5 BEIASBE (G, M3 IR (L) 5A
K CAM it 78 455 78 %of 5 B0 i 3= iffy 42 gk A7 40
AT SRAS B A R A8 U R
1.3.6 S PERL I A0 B (K5 )
SR FH R 20 SRR AR G 25 PR ARG 56 (2 A 56 ) ok A
LDPE 48 A 5 AR il B2 FR N 7 02 75 38 1 5 3 1

AN

2 FEHRRSH

21 MERERESTUE

i BBRIAE , £ —6.— 12, — 18 CHM T, 15
B 107 4 4E ] 60 s IF LDPE Bk 5 75 10 £ A& S
R AR o, TR 1R

*1 LDPEX & BBRIXKER
Table 1 BBR test results of LDPE modified bitumen

Group Wyppe/ Y0 Temperature/C ~ S/MPa m

0 —6 96 0. 385

B 0 —12 183 0. 339

0 —18 382 0.282

4 —6 117 0.326

ALDPE-B 4 —12 201 0.292
4 —18 396 0.241

7 —6 147 0.276

7LDPE-B 7 —12 233 0.255
7 —18 423 0.215
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Fig. 2 Stiffness master curves of LDPE modified bitumen
under different reference temperatures
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Table 2 Spring parameters, glue pot parameters of generalized Kelvin model and DER

Parameter/MPa
Bitumen Wy ppp/ Y0 Temperature/C DER
E, E, E, 7 7,

0 —6 346.7 50. 5 291.7 12 970 3 866 0. 80

B 0 —12 565. 6 116. 3 577.3 26 810 5738 0.74

0 —18 981.1 335.3 1378.0 58 990 12 490 0.65

4 —6 354.7 80.1 334.4 17 070 4 006 0.73

4L.DPE-B 4 —12 533.2 190. 2 719.7 35650 7 313 0. 64
4 —18 890. 5 422.9 1484.0 70 200 13 140 0.57

7 —6 391.2 133.0 466. 4 24 450 4 876 0.65

7LDPE-B 7 —12 575.2 228.3 805.0 39 130 7 345 0.62
7 —18 892.7 521.5 1694.0 78 200 11 680 0.53
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Fig. 3 Low temperature stress of LDPE modified

asphalt and significance test analysis
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51 190 Table 3 G, and f, of LDPE modified bitumen
" 180
41 170 Bitumen G,/kPa J./Hz
g 160
& 3r o B 307 163. 32.15
= 50 € 307 163. 07 32.15
o 21 e, 140 4% LDPE-B 409 221. 26 8.19
1+ T 130
i ° G'of B - 0of B 1920 7%LDPE-B 666 511.03 0.38
0 F Lo * G'of ALDPE-B - 0 of 4LDPE-B |7
o ° G'of 7LDPE-B = 6 of TLDPE-B ]| . N
~1 fEDPED ool PR P26 LDPE SrE 75 1 S BRI S 15 B 25

1 1 0
-5 -4 -3 -2 -1 0 1 2 3
Reduced frequency/Hz
4 LDPE ok I 75 5 Btk KAy 32 i 26
Fig.4 Complex modulus and phase angle mastercurves
of LDPE modified bitumen
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FHIE, 5238 OB 3 2 A OC . Rt , A BBR U \DSR
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Table 4 Relationship between stiffness and glass transition modulus, cross frequency

Svs. G, Svs. f.
Temperature/°C
Regression equation R* Regression equation R’
—6 G,=7262.9 S—406 950 0.977 8 Ji=—0.608 8 S+ 86. 326 0.859 6
—12 G,=6398.3 S—838 608 0.9612 S=—0.5222S+ 119.05 0.8824
—18 G,=17079.6 S—2x10° 0.978 8 f=—0.601 5S4+ 253.71 0.8109

2.5 AR B EE B R BT I

LDPE s PE 75 0 J fi 7 722 g M 4 W o) fn 3% 5
Frs RS A, 5P E AL, & B E LDPE &
PEW T 0 J IR AR e TR, U6 WL AE T iR 52 0 B
IR AT B4 iz A B B oA SR AR N g TR g N ) A Bt g
F1 2B R N, BE % LDPE &8 5934, Wi 7 1Y
R IR P B8 R AIG . o7 BT ) R AR A RE N TF 05 A7 ) B 58 4
T SR BT 5 A0 3 D R IN , BIBA E IR  # PR it
H e 5] L, 5 5 BT 7 AH L, LDPE BCHE W & ) hir
Wi oy 5K, BB SR LDPE sk Wi 3 BT s 22 /9 40 i ol
BRI, 7E R A AR IR A5 F T, AN W7 24 1 1 A
FESRYE, LDPE S 7 A5 I P A 5535 BT 0 7 310k
X5 BBR.DSRIAS 5 4518~ — 2.

%5 LDPEXI%iE 8IS IR 5 25 B & hi B 1)
Table 5 Yield strain energy and breaking work of LDPE
modified bitumen

Bitumen E,/] w,/1
B 0.248 1.399
4%1LDPE-B 0.759 2.908
7% LDPE-B 1.303 4.436

2.6 RBEFNFAR
At — 2L LDPE XF i & A AG JR 18 3 L)

X LDPE $PE i # E 47 9% B U 34, 45 R &l 5
fizs . Hod ok LDPE, SB35 S o8 Wi . i &l S
AL, B LDPE £ & 934 i, LDPE 7 91 % WP i 43
A W1 %2, H LDPE $0RL % 81 JE i 2R £F 43X 7]
RETE I T R IE B 1 i 735 " ML 57 e by 24
BF, s 1 A0 B R

2 LTk, N BBR A1 DSR iz 56 15 5] A4 1% Ui e g
PEM AR (S m DER.G, . ) ELERKE, 5HF
Wi AH L, LDPE SletE I 5 19 0 ) A st fig ) 31 22,
FOHAR IR RN B, BB LDPE ik I 5 A9 K iR 1
REAC L R 2222 . 50 4h , N IR B A8 BBk B, LDPE
SOV T R AT IR SR AR ) AR R T R, XAl
B FCN )R e ) 2% IRIR PR R R 22 AR B (]
S R FEARIR A T, LDPE SO I 75 57 W7 0y 45
FE T TR R, 33X d B SR DR R T 2 B A Y AR R
Kk, FRE ARG 514 F , LDPE el v Wi 5 §i T 24 ik
FT R IR YERE) 58 , 3% 5 BBR A DSR2 5 % L1k
REVEA 48 A5 AT A5 2518 RN — 20 X Ui B, # 4% LDPE
LR TN o (A~ O VA /A LA | W N R A | SN
A PR 1 A T 5 DT 4 i e 2 T K

Wi B T AIOR TT A BT R TR PR
T IR AR AR IR R A K SRR KR b
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K5 LDPE otk 15 ¢t W i 13
Fig. 5 Fluorescent micrograph of LDPE modified bitumen
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