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] R A BHI B 5 S5 5 DR L 38 SCR AT CBR 845 (0 A A7 4 5t i £ 1 J 8 S . AR T » 3@ i %8 4 CBRIK
Bl 5 BRI A BE A HLASRE B Z F X ik £ 0 A2 M B, HL CBR I3 7 55 % o I {6k % i

Mo ad BT K. 3 AF R, 0B I SO B FUL B R & R R &1 SBSHEMRHERAER
i 7;5\: R PEC?P ﬁﬁﬁ 6] ?Fkﬁ:fh YZFEFH F B A Bk Tab.1 Technical properties of SBS modified asphalt
PR B () TR A M I 51 35k Sk R A R R W AL H R
5 L T 48 08 09 3. %*M(Z;CA’;;;ﬁ;O-lmm> 72:903 ;Ojji
AT ATOR PECTAESTHE T 17k CER 9% Ak s (FRBRE) /C 57.5 >55
(RS0 5 i - 16 AT S PR B0 E 9 SR Al E L L AC-16 B 135°C B R /Pa + s 1.3 <3
FIRARB XL R T & B 4K CBR ZE 1L #L . FEJF (5°C . 5cm/min) /cm 31 =30
FHL AN AL ) EE A7) % TR A& kM BE 5 ) BLAE L F 4 AC- SRR (25°C) /%% 87 =65
16 93 1R A ko i BF B 2 8% S e . IF E AT I R Wi/ C 266 =230
BETRIE. AR/ 2 99. 32 =99
HEA5C) /g em ? 1.01 S
1 R A BT 48 h AL 2/ C 11 <25
ik % —0.09 <1.0
COYFTF R SBS 1C MLV SUEARIER W0 0y .
S Pt HR B G (5°C) /em 26.9 =20
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Tab. 2 Technical properties of coarse aggregate

BRI /mm RWHE /g - om™® WK/ RS R/ EWE/ 0 BERRE/ S SRR

19~16 2.730 0. 27 11. 8
16~13.2 2.725 0. 45 19. 2
22.8 20 S
13.2~9.5 2.730 0. 45 14. 2
9.5~4.175 2.732 0.58 6
R3 PEHPIRUZE
Tab. 3 Aparent density of fine aggregate
AR A% /mm 4.75~2.36 2.36~1.18 1.18~0. 6 0.6~0.3 0.3~0.15 0.15~0.075
FKWHEE/ g+ cm 2.729 2.73 2.726 2.729 2.715 2.733
Y A x4 UHEARER
2 7 CBR b % HE & s wRERER
ab. 4 Technical properties of mineral filler
7 HL
o R M L, WK i,
EiEgin Jg+ cm—? FAKFRE S0 HP A v
2.1 CBR¥ERBAE ¢ :
0 izt o I
2,11 EAEA Ak Wik 279 079 <21 EERgHE LWl
M =>2.5 <0.8 <4 TEPREHR BTN

CO B 2B 1 R T i 2 wall A i —
FKFRE R o R R BB AR O o 35 1A BT B RC Y D3R R RO s A 1A TN B AL A A B A A R A
L o I 30 e M) A ol % R A AURE 1) T R ) R 5

(2) GEIC AR AY A2 B« M i ball 7830 A A= B AR RHBURE L I 38 3 W 00 A FsCR0RE B ThD AR F4 o A B
A% SRR HI & LAGS B H AR RAC 5

(3D MEAPLIRC A A9 BB < B THUTET ) 7K P Bt A4 (2 i 7 R “ A8 00 T Al ) DA o 3 188 L J) 1 4 3l o LA S5
L Y Y REBORE . 1 2 0 s BEAT S 20K B SR s A SR an B 1 i g B UL A AR <R
5 15 em X 15 cm.

2.1.2 AFBEBHME

(D HE AR P I 25 18 B A7 BORL 1 45 14 e A A JE ek
SRR R T Hertz W 2450 RY A0 A8 14 3R R il A A4 OC &

Hertz W EEALRI I3 T Hertz 1 Mindlin-Deresiewicz B i 5 1 5 — F
PR E Y 122 A TR L ALV e v BT VIR G E S ZE R R J0RL ] g
R AR T A 1 ) FI RN K AU DI W RE KSR LR R U (D #n §
(2 s, Z

: 21 \P 57 57 42 A A
K, — [2(; V2R }/U K. — 2[3G*(1—wR]1/3 ‘Fui ‘1% 28 A1 ®kEWEAEA
3 (1 V) 2—vy Fig. 1 Aggregates model

U Sy ks 42 foh 5 s F, M3 10 3 Mk 975 R OW AT 728 W 422 foh JKE A1) - 2 before vibro-compaction
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T ) 55 A o AR R AL e S A (2) R,
F, = u|F,
K FOoAME s B ) s HEEHE R A F L ) il ).
PRI & 48 3R B URE A B B BT 2 S BCR AR LG v BT DI B i G ORI ER 8 R 4K e
(2) D) BRI R R A4 prop T ELHLE M4 LA 22 S 40, 25 iU 22 BB, 3y 24 2 800 3l
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AR IR BT S A SR AR SO T 8 CBR BUE BT R I U S8 v MG
2.1.3 e Az eg A

(DR FR B 18] 2 PR 8 SRR B RS BRI IR oL I A2 BRI S AR L 2 1T B AR
A ISR AR 73 rd o5 T BELIE Sk L AN IET 3 B 7R TR Sk BARHE VS 2R B 52 ) ©5em.

w ES )

BT A /mm
o

A J1kPa
A2 ®EEEHAERN B 3 CBR &% & 20 3% 14 B 4 CBRRABHMEAEMLE R

Fig. 2 Aggregates model after vibro-compaction Fig. 3 Virtual specimen of CBR test Fig. 4 Numerical simulation results of CBR test

(PG RO, 2 FHE SR 3 rd 5 BB Sk BT A PR 1 et A I BN D% 0 3 1 1
I filh 7. ASEHLFE Sk A P T A A5 8 S T U (3 T A5 0 A 4 R Sk BB 5 B B 6 AR 26
CBOBEILE R AL B T 4 1956 2R g2k op 4 5B R Sk BT AR 2.5 mm Al 5. 0 mm IR %6 B 19
BIAJI 15 CBRfH. RS WMNESH
2.1.4 ’v]‘;’c‘?;'riij.’r)ii Tab.5 Micro-mechanics parameters
DA ESH RIEEN 3 BB A LM CBR, gk AL BUIBR/GPa AR
U O % B RO 5. -2 il o
OBTBI T IENE 3 6 43 th T CBR BTSSR 15 55 045 SR 0 EE L 0] LA Hh D80 RLAT

x6 ENRNEERSHERMUERMXL

Tab. 6 Laboratory results and numerical results

R G AL/ mm BT AR

JLMfE/ e BEEME/ % BE/N

s
Jo

31.5 19 9.5 4.75 2. 36 0.6 0.075
A 100 64 52 40 30 17 7 595 627 5. 37
B 100 61 48 35 30 22 13 518 552 6.56
C 100 61 48 35 26 15 655 676 3.21
D 100 58 44 30 24 15 657 688 4.72
2.2 ERHEER CBR ## 65
13.2~19 mm £k (D). 9. 5~13.2 mm £k (D,) I s Dliﬁﬁé}ﬁ(%)—x—gg
4.75~9. 5 mm BBk (D,) ) BB 10096, DL 10945 K78 -
(L= TR AL A LR CBR LR L 5. £ el
B 5 AT Y DB R <40 %L D BIEF € 35 o0

Dl Dy b B B AR 5 2 D, R AR50 05 g
D, D TGk F A TS DT B B A5 B TR 1 5

1» 1 || 1 1 1 1 1 1 1 1 1
FARR ST A B AR CBR E 5 38 #5824 Dy it 543 50 : 0 5 10 15 20 25 30 35 40 45 50 55 60 65
TE 40%’\’50%5# DM EEZR.D, M1 Dy s R T Dy 4.75~9.5 mmBER} TR 50%
ﬁﬁﬁiﬂ‘i%?ﬁ%l‘ﬁqﬂ#%ﬁiﬁ\%%%m aﬁlﬁ CBR {Eiﬁéjﬁyé’ @ 5 é\)ﬁ%ﬂ%#‘]’ﬁ’] CBR %ﬂ/f?

ﬁi*ﬂ%iﬂ CBR {E IS@ D, Ei iﬁﬁi j][] £ %i j(}é F%{E'E ﬁ Fig.5 CBR Laws on synthetic coarse aggregates
o B CBR W E I (1 Dy 55 5308020k 20 00, 9] D, B
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A I FEAE R 9 7E .
LI CBR fie K NARHERG 2 13. 2~19 mm &8} 9. 5~13. 2 mm HR A 4. 75~9. 5 mm 4R} = Fp AR
RLAE Y B £ o B 3 B L ] 0 45235 20.

3 J T Taibol 7 i 40 & K R T

HLRY I FLIEL 5 6 B2 2096 B ST RLAI Y B 200 55264 L5 0 1 40 4 B O
S KR A0 PO 0. 200 RY B 2 01T 0 B o B 47 95 T 02 6 B0 R A3
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46 (TaiboD) B IE K IR AR S 09 LR I AT (R AT 22 B AR/ Taibol A58 A (D)

P = (&) x100% (3)
AP P ORLAR N d I E 025 D O BUR G ORI S RORLAR 5 0 S i8G5 £
CAWgE Fe 18 n=0. 45 i} x7T BERRE(2=0.45)
éﬂiﬁﬂﬁfﬁﬁﬁi?ﬂﬁ%ﬁ IHS , Zlgxéﬁi Tab.7 The gradation of fine aggregate(n=0. 45)
SRR EE K n=0.45 %W B, UL G L RS/ mm 4.75 2.36 1.18 0.6 0.3 0.15 0.075
7. JRaEEE E sy % 100 73 53 39 29 21 15

4 AC-16 HEREHERFIETERT
4.1 TRREMNERRERAL
PR R A 13.2~19 mm $E44:9.5~13.2 mm R 4. 75~9.5 mm FERRAERE LN
45+ 35+ 20, AR R R FH 3% 7. 3000 ML 4R BBt L 2 55 ¢ 45,60 ¢ 40,65 ¢ 35,70 = 30,75 : 25,
L% 8.
8 BMELRSMERE

Tab.8 The gradation in the study and gradation in the specificationt*]

ik *ﬂéﬁ}% e W T G ALFL AR/ mm Y R AR %

L 1) 19 16 13.2 9.5 4.75  2.36  1.18 0.6 0.3 0.15

55:45  N45 100 95 72.3 56 45 33 24 18 13.0 10

60 : 40  N40 100 95 70.0 52 40 29 21 16 11.5 8

Zé?a 65:35  NB35 100 95 65.5 16 35 26 19 14 10.0 7
70: 30 N30 100 95 68.5 44 30 22 16 12 9.0 6

75:25  N25 100 95 66.3 40 25 18 13 10 7.0 5

HLTE GF 100 95 84 70 48 34 24.5 17.5  12.5 9.5

8 6 ML I T IR AR I A He R S BRI R RS B 9.

oKW, 6 AR PYFHFIRA KA S *®9 HERANERSH
ﬁ%ﬁ*ﬁ . Tab. 9 Volumetric parameters in asphalt mixture
4.2 BERMERE K o T %*‘E?; B OREI PR W
(1) 2% jiF A/ % Jgeem™® VV/%  VMA/% VFA/ %
6 2L 2 TR 0T %5 1 b T R PR N45 4.40  2.453  3.19 13. 43 76. 21
S 08 5 L 10— 1. N40 4.30 2. 41_19 3. 40 13. 40 74. 60
- N35 4.26  2.450  3.38 13. 29 74.58
10~ 11 PRERR A5 R N30 4.18  2.448  3.56 13. 29 73.18
WL T 18 5 A 10 5 2 B 2R SR B2 ) Ay N25 4.00  2.446  3.73 13. 06 71.45
MO W FIR AR 121~ 1. 28 5 Al GF 421 2.454  3.42 13. 24 74.15

1.10~1. 30 %, H: ¥ N45,N40 F1 N35 2
P i 75 TR A B )2 i B B b
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Tab. 10 The compressive strength of 6 groups of grading asphalt mix and the ratio of their and gradation in the specification

I T EV L Wi AR B SR JE / MPa G0 G W IR AR E ER E S RE Y JT5R EE E
/C N45 N40 N35 N30 N25 GF N45 N40 N35 N30 N25 GF
5 19 19 18.8 18.6  18.6  16.4  1.16 1.16  1.15 1.13  1.13 1
15 16.1 16.3 15.7 15.6 155 13.2  1.22 1.23 1.19  1.18  1.17 1
25 9.6 10. 3 9.7 9.6 9.1 6.8 1.41 1.51 1.43 141  1.34 1
35 6.9 7.3 7.0 6.7 7.0 5.4 .28  1.35  1.30  1.24  1.30 1
45 6.2 5.22 5.7 5.5 5.0 4.6 1. 35 1.13  1.24  1.20  1.09 1

S5 {8 .28 1.28 1.26  1.23  1.21 1. 00

11 HAZRISREEHNEREERESHEREBEEILE

Tab. 11 The splitting strength of 6 groups of grading asphalt mix and the ratio of their and gradation in the Specification

IH R TV R A R B 2R/ MPa T ENGC Wi T IR A B 400 5 YE S e 5 LU AE
/C N45 N40 N35 N30 N25 GF N45 N40 N35 N30 N25 GF
5 3.6 3.72 3.54 3.5 3.3 3.07 1.17 1.21 1.15 1.14 1. 09 1
15 2.01 2.19 2.0 1.9 1. 89 1.62 1.24 1. 35 1.23 1.17 1.17 1
25 0.92 1.14 1.05 1.02  0.87  0.75 1.23 1.52 1. 40 1. 36 1.16 1
35 0.74  0.76 0.68  0.65 0.63 0.6 1.23 1. 27 1.13 1.08 1.05 1
45 0.58  0.59 0.58  0.54  0.52 0.51 1.14 1.16 1. 14 1. 06 1.02 1

S 4 {E 1. 20 1. 30 1.21 1. 16 1.10 1. 00
(P E ke R12 6AGRTFERANNBEE
6 ﬁﬂéﬁ@ﬂﬁﬁ%ﬁ‘{ﬁ'ﬁ%ﬂiﬂﬁmﬁiﬁﬂﬁ 12. Tab. 12 The dynamic stability of
%:2 12 EF’%:{EU% ,Z'K)‘C 5 éﬂé&@ﬂ/}ﬁ%{ﬁé%ﬂﬁ]iﬁ%\ﬁﬁ 6 groups of grading asphalt mix
NG IR AR 104~ 1. 27 £%. Mk N5, % DS S O SRR

ER /R e min ' /R e min ' /Y RERELE

N40 A1 N35 ZHC Ui # 1 7k 3h B8 € B2 b MLV e KR

122127 4. GF 4705 101.5  2.15 1.0
o N45 5873 190.0  3.60 1.25
4.3 BERHFEREXRR N4O 5 969 192.3  3.45 1.27
Z7 LTI, N45 U N40 HIN3S HECH H A M 35 5717 1764 3.32  1.22
BRI AR, AL R TR B 28 N0 5012 183.2  3.66 1.07
AC-16 BIH IR G B il x 57 B 2R 938 SE e i L L, 38 13. N25 4915 268. 0 5.45 1. 04

£13 ACI6 BT REMNEBRIFERZIRE
Tab. 13 Strong aggregate interlocking structure of AC-16
FEALALAR /mm 19 16 13. 2 9.5 4.75  2.36  1.18 0.6 0.3 0.15  0.075

EEES%E/% 100 90~100 66~72 46~56 35~45 26~34 18~24 12~18 8~14 6~10  4~8

5 4% i

‘o

(DR PEFCP# T 9k CBR BB 06 7 1% - 5 LA U B I 4R B o G2 i 47 7T 5 M 30 0IE
SE IR BB AT 25 TR 5 = P S 2 B 2 R AR 25 R A 706 IF BH AR 8 T D 2% 2 RRE 0 R e 58 2%
P R AN K B S R R X A R, kR CBRBUE L 50 Ty v 2 il FE 1

(2) 5T CBR BUE IS Jr R 74 B AR CBR M. 25 L3R W] 013, 2~19 mm R T B
A R ET 0 E A IR R HO 40 %6 ~50 %039.5~13.2 mm R 4. 75~9. 5 mm £
BHEAG I R B RS BRECTW FE RS R VE A L 4. 75~9. 5 mm R SR AR A B0k 15 00~
25 %. L CBR fig K AFRE B E 13.2~19 mm #EH 9. 5~13. 2 mm R} 4. 75~9.5 mm F R} =45 :
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35 : 20.

) F 5T ML AN R L X 7 5 TR A R R RE R . 25 SR 0 ML 44 kL EL 91 24 55 ¢ 45,60 = 40 Fll 65 = 35
BF 5 5 TR A R P B B B S0 B R B R B A B N LT R Y 1. 26 ~1. 28 4% . 1. 20~1. 30 {5 Al 1. 22
~1.27 %, FEDLIERE b B2 AC-16 W7 75 16 4 B0 i 55 40 85 S % i
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Strong aggregate interlocking structure in asphalt mixture

ZHANG Yi'"?, JIANG Ying-jun', YANG Qiu-xia’

(1. Key Laboratory for Special Area Highway Engineering of Ministry of Education,
Chang’an University, Xi'an 710064, China;
2. Quality Supervision Station of Shaanxi Provincial Communications Department, Xi'an 710075, China;

3. Civil Engineering College of Xi'an University of Architecture and Technology, Xi'an 710075, China)

Abstract: In order to optimize the aggregate gradation and improve the performance of asphalt mixture, a numerical test method
based on the particle flow modeling was developed for the California Bearing Ratio (CBR) test and was proved to be reliable. The
CBR laws of aggregate were analyzed based on the numerical simulation,and the Strong Aggregate Interlocking Structure(SAIS)
was developed according to optimal performance of AC-16 asphalt mixture. The road performance of SAIS asphalt mix were stud-
ied and the results indicate that 13. 2~19 mm aggregates are the main skeleton with SAIS, while the proper amount 9. 5~13. 2
mm aggregates and 4. 75~9. 5 mm aggregates provide a properly packed aggregate skeleton structure; the optimal ratio of the
three types of aggregates (13.2~19 mm, 9.5~13.2 mm, 4.75~9.5 mm) is 45 : 35 : 20 by mass Upon the maximum CBR
principle, and the ratio of coarse aggregate and fine aggregate is 55 ¢+ 45~65 * 35 based optimal performance of asphalt mixture.
Compared with aggregate gradation in specifications. SAIS asphalt composite is superior in terms of compressive strength. split-
ting strength and dynamic stability, which are enhanced by 26 % ~28 % .20% ~30% 1 22% ~27% respectively. The achieve-
ment of this study can be used as reference in practice.

Key words: road engineering ; asphalt mizxture; strong aggregate interlocking structure; particle flow code; california

bearing ratio; road performance

Biography: ZHANG Yi, Senior engineer, Candidate for Ph. D., Xi'an 710064, P. R. China, Tel: 0086-13359215488, E-mail:
519885641 (@qq. com
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Research on round-ended plate pier aseismic performance of
passenger dedicated railway line considering soil-structure interaction

ZHU Xi', JIANG Cheng®, LI Yu’, ZHANG Kai'

(1. School of Civil Engineering and Architecture, Beijing Jiaotong University, Beijing 100044 China;
2. CCCC Railway Consultants. LTD, Beijing 100088 China;
3. School of Civil Engineering, Chang’an University, Xi'an 710064 China)

Abstract;: Round-ended plate pier is one of the most popular forms used in Chinese passenger dedicated railway line PDRL
hereafter. It is well known that China is a country with much active earthquake. Studying the seismic behavior of this pier
has a lot of theoretical significance and practical value. By taking round-ended plate piers of PDRL as the research object,
this paper introduces the improved equivalent linearization method recommended by FEMA440 and the application proce-
dure of considering SSI based on capacity spectrum method reviewing the research of SSI at home and abroad, with discus-
sion on the differences of the analytical results between the nonlinear time-history analysis and the capacity spectrum
method. Results indicate that this method is suitable for the displacement-based seismic design method, the soft soil will
increase the role of the SSI, and the seismic energy dissipation will also be increased.

Key words: passenger dedicated railway line; soil-Structure interaction ; time-history anylysis; capacity spectrum meth-

od ; round-ended plate piers
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