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Abstract

In recent years, with the rapid social and economic development of China's northwestern region, the
rapid growth of traffic volume, road vehicles, heavy overloading and other increasingly prominent. As most
of the roads built at present to semi-rigid base asphalt pavement, in the arid desert area of the natural
environment and the characteristics of semi-rigid materials and other factors, rutting, cracking and other
road surface diseases occur frequently. Although the existing flexible base asphalt pavement can solve the
above problems well, it is difficult to be popularized in the arid desert region of Northwest China due to the
lack of strength and high cost. Therefore, this study proposes to promote the design concept of oversized
flexible grass-roots pavement in arid desert areas, and the preliminary study shows that oversized flexible
grass-roots asphalt pavement has good structural performance, which can effectively solve the structural
damage problem of the current flexible grass-roots pavement, thus prolonging the service life of the
pavement. The existing design standards and test methods are mainly for asphalt mixtures with aggregate
nominal maximum size <37.5mm, which are not applicable to the super-large particle size asphalt mixtures
SLSM-50. Therefore, this thesis carries out the research on the design and performance of super-large
particle size asphalt mixtures based on the characteristics of the climatic environment of the arid desert
area, and the main work is as follows:

(1) The three-dimensional mechanical strength numerical test model of SLSM-50 was established by
PFC3P discrete element software, including uniaxial compression and splitting numerical models, and the
reliability of the numerical test method was confirmed by comparing the results with those of the indoor
test; on this basis, the changing rule of the mechanical strength of SLSM-50 was investigated with the
indoor test in different specimen sizes and the reasonable specimen size was determined by combining with
the empirical relationship between the specimen size and the maximum nominal particle size of the
aggregate. On this basis, the change rule of mechanical strength of SLSM-50 under different specimen
sizes was investigated with indoor tests, and the reasonable specimen size of SLSM-50 was determined by
combining the empirical relationship between specimen size and the maximum nominal size of aggregate.

(2) The coarse aggregate grading was determined by the indoor grade-by-grade filling test with the
minimum gap rate as the criterion; the strength of asphalt mortar under different values of i was studied,
and the fine aggregate grading was determined by the criterion of the optimal mechanical strength; the
changing rule of the mechanical properties of SLSM-50 was investigated under the different ratios of
asphalt mortar and coarse aggregate, and the mineral grading of SLSM-50 was determined by the principle
of the optimization of the mechanical properties and on this basis, the optimized grading to meet the

mechanical strength was proposed, and the reasonable specimen size of SLSM-50 was determined. On this



basis, the optimized SLSM-50 strong embedded skeleton compact grading range that meets 95% guarantee
rate is proposed.

(3) By studying the influence of VV, VFA and VMA on the mechanical properties and road
performance of SLSM-50, the relationship model between volumetric parameters of SLSM-50 and
mechanical properties and road performance was established respectively; the volumetric parameter design
standard of SLSM-50 was proposed on the basis of the optimal performance.

(4) Based on the research results of SLSM-50 mineral gradation and volumetric parameter design
standard, the design method of SLSM-50 is proposed; based on the characteristics of arid desert region
climate environment, the research on the designed SLSM-50 high temperature stability, low temperature
crack resistance and water stability is carried out comparing with the conventional large-size ATB-30 and
ATB-40 mixtures, and it verifies the superiority of SLSM-50 in road use performance.

Key words: highway engineering; super large size mixture ; PFC3P; strong embedded skeleton dense

gradation ; volumetric parameter criteria
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1.1.2 AREX

[ Py AhIE B AT VOB R R R (RSEL TR, S5, REBEAH
RO SR B BT PR RE, A B TR RO e E B 0, KRAR I R A R
(Large Stone Asphalt Mixture, L FfEiFR LSAM) #75E N K AR T 25mm &
63mm Z [A AR TR A k. 1R T R ARl I R AR KRR, RETEE T
T B 25 5 T AR (B R I 24, g g T M el M. tk4h, BT LSAM
SERRLAR R, bt o A% v n] SEIOR R BE R, ANOCRT DU Rt Tk, /b it T
AR RIERK, BRI RIH KRB S 71, AR R R, K
SERF IR D2 B B FIRE AL, LSAM k3 2 B PR T RZ I AN 1) [ B B2 T
P& S PR RE . (H 2 T E N A B AT 3 A v AR AR ORL B R A FRORL A% <37.5mm 1)
LSAM, K, A#F5ZENSMEFBCR, JEMWERRSIIME R R, FgEra kR
NFRRIAEN 53mm B Kk 2 AR (Super Large Size Mixture, LL N f&#x SLSM-
500, HTEERRSF RN 1) B2, HEeRH KRG ERR A A ER T
SLSM-50, HARKIAELLT JLANJT1H:

O RS IT T MBS RONEEI T, &40 LSAM A8 FH 89K 5 BioR AT R
P EAE 152.4mm, SJE 95.3mm CANE T SLSM-50. At BFFT SLSM-50 F & B
PFRSE X6 F HE TN 37 1R & R B A R B

QN BB S g R T : B AT T SLSM-50 A B ECAH S i e b, &2
A I TR AR WA I TR B AT TR SR R SR S, T DU AR T R R
EMPTERORERE S " Y. Ik, SLSM-50 78 2% Bt 5 i1 i i) BE RS T BB 2R 45 4
NERRESL, j& SLSM-50 75 E R R a e — . [FIF, XT3t kst &
B SN SLSM-50 BRI RE CRiAsse it IRIEPTRME JoKEE ) ZEIR,
Aiedt— 2.

@it 5w 7T : B WA T SLSM-50 (AR ZHk v itk Xt J7
EIA OB A LD o X T RRIAR I E IR G KL SLSM-50,  BiF 7t H BT iR RS B A
TR IC, X H RS0 HARFI S Jp) Wt br e 48 B sk, BRIk, Wl e
SLSM-50 F AR S Bt hnifE S it 771, 25T SLSM-50 X — K 7]

PN BRI AR, ARSCHUIT R KRR T IR GRS RE 7T, W LU
R VG AL S X I 7 B TR ATUR 54 4% . ZRA0S i 35 1 R, B2 s 7 B T T A 12
HEEMREFR T dsh, W RRARDHIRA R R E A S AR bR i 58 8 A7 H 2
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1.2 EASMAZINIR
1.2.1 KKEZHEEARHA R TR IR

WERE BHENRE LA RLIE L, RIS, AR R = A2 i Rk
IS 2 5 T )15 7 VR A 1) 77 2 1 R A i F I e S 10, RS 2k Bl i SR IR 2R A RS R
/NI 2 A i (5 B S B P, 0 T AR AR KRR /N T 26.5mm P E R G RE, 1
WK AR E S BUR (0101.6mmxh63.5mm) Ao 17 6T 2 kLA Fr i Kok iz i i
26.5mm BIIEGL, BT LSAM BRI 2 I H B sy ) s FE AN B e . 1970 4R, R
T2 A7 35 ) A8 38 BT 6 bR e AR B 5 BOR AR (408 ©101.6mmxh63.5mm Al
®152.4mmxh95.3mm) WIWEE K J1 7R AT T RGBT FE, R LSAM [ AFREK
KRR HITE 37.5mm LAY, FFR A K2 5 8RR 50 77 v B TR A R L A L 18,
Kandhal 210 b 4 FH A4 T BOR o SEACRTIE R R S il 4 7 LSAM R4, JExTte T
PR AR AN [E) RS A 1 S BROR A€ 1 TR R s B2 AN B AR TR 68 0, R B ELAR N
101.6mm M| 152.4mm I, S BHEARHAR FYERRAC, FULHER R B2 152.4mm
R BEHI/E LSAM. Mahboub 25O E]REA I B A28 152.4mm () K2 B BiUR o Se4 ] 4
WeE, FEESMA A ERE, RIS S % I LSAM 75% FEf 2
RO, BUCR RS T LSAM R4t it . Newtson 25 RUfK S B FE SR
Ftath, ShntESHURIRAAEE, KRR BOR AT AR E EAIE 7 0l T 2.25 £
A 150 fiF. AFHMREERE T IR AR RS X KR HEK I S A (OLSMD PERER)
S, RILEARN 152.4mm B RETE LS R B OLSM ¥ R SERFPE AT ) 20, [l
Vb A 7 RS 47 OLSM B Re Il s o k48 R E BLAT Ve (JTG E20-
2011), 4T IRA BHOERI AR KRBT 26.5mm i, =4 13 ) 2= MR
A B4R 152.4mm. & A 93.5mm AR RS I BROREE R AT

gk LRk, EWAMT LSAM P93 ) e brilli, FERA KD EURIE. ek
JE SR B B R AL ) 4 ©152.4mm X h95.3mm ) LSAM Bk a:, H iR Sk
g K ) LSAM &R K AFRKAZ5I<37.5mm. MR RPN, W EaAR
H/ANTERE R AR 4 fEEEN, KB SRR R CA R 2 SLSM-50 F
J& I RERIG B SR, BRI, BFFT SLSM-50 & B i T e i i Bl 7 8 &
BHERE AR BN,

1.2.2 RAZIHF R SR SIRBEOHI IR

W R AR BB B BT T, B BB R T UMENE, SRR T
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HREBZR, HESLPRE LA S SEEN. REARSEZERAEH T T n HIEM K E
PR R IR b, SR T AT IR AR SIS R | R T, o T iE R
I A E B S PRE L2, Weymouth?717E 1938 A H 7 Bk T4 #EiS, 1IZHE L TR
AL, BIEGEAYRRAAEDT R B RS, SRR IEE, 8RS
BOR . ZEIR R O RV RS E B A, AIERMA BUE R TR, N LSAM HICix
THRf T EESE,

HET, EANAT LSAM 5 R R0 78 AR 0 T . 1993 4, 3€[E NCHRP
Report 386 (National Cooperative Highway Research Program Report 386) 25 H! | Rk
FCRA CEESZRIC. JFRED) KRR RA R R ECEE28, fifE, E. 3
RSP AN 32 R 25 [ S AR A L SE i 0, i€ T AHMEY) LSAM BB LR -
WIIEUTG F40-2017) B3 Ak KRIAELE 26.5mm~37.5mm 75 Bl N 1K) LSAM BRI
PEH T HARE SR . x| A AR - R s LSAM-30 YR ARHE 1 ERE LI T BiF
S, SRR T R TR E R E M BT vk . B RAEBOR 1 A i
5. HAETHE . BYHE R DL R AR RIERE T LSAM-30 i RHR L, FX) LSAM-
30 A7 % MR I SRR Be I e Mer EUAfE 7R, S5 REEH]: LSAM-30 BA BUF I il A
EVE KFRE EAVIRIR BT . AP ICARBISR AR 0 vk, ORI DR VRN SRR R ALk AT
Rorfa, R, sl TR AR | EMBUEYEE, FFIH VCA Al CBR
EXTEER | BT TR, BRE AT OLSM-30 & iTZic. YLRREZEBARFR T
LSAM-40 FIZLIC 3 TERRE, $RH 73T 480 bR H IR AR T 7. RE
ST R 0 AR IR AN B A BRI T B T HUET R L) LSAM-30 KL, I
BTt Y EC ST I R Bo AT MERe g X b, WlIess SRR LSAM-30 &£id it
BIUIREL e, HPIBUIEREA R T BER . BRIGEBIEGINT “HHE b
R, RAE T IUFE VAR LSAM [RT4T 1. 2 BPURYE Z ML E T LSAM
IOCEETR L, $RH T RACIFE 75, ESREERA CAVF 7 BRI st 38, T 0
BENAERNEAT R 2, IR GE IR i E 0 e . AR, BIANH
WO & I A XA RS B A XS HEHR TR, 1R TR T HAR TR
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gx bprik, EWS LSAM B RMREL B 77 ik E AR DU BYUEAE 55
Witk & i vk SAC k5%, H BRSCER B L1 LSAM HE R K AR KA 1
<37.5mm. T SLSM-50 FEkHR KARRKAES 53mm, 2% B i o] BE BB T et 5
BRgEN, MREPRIEEESL, A& SLSM-50 7 BLff vk () S i) il — .

1.2.3 KRRIHEFR SR AR iR ER SR IR

FE N A KRLAR I T TR & B T T VR AR B UK WA Superpave (Superior
Performing Asphalt Pavement) &1k KPR & 7K. 1969 45, KEEAEE
ZidIEH ) Kandhal L5\ TiEH T LSAM K S &8RS i, Bl fE#IE R
299 ASTM D 5581 ¥ itkrufkl2l, 3N 20 4 90 454X, £ME K SHRP T H#Esh 1
Superpave J7VEIIRH, BOKHER 7 LSAM [E BE 1 RE, 2 sl B PR B 40450 W 1E 1%
IR RO, T s BT S M 42 3 T Superpave 7715, 45 S A AR ML Hig bR A e T
SEREECR, KA 7 NCHRP Report 386 W 7tfiu i DLt — 45T LSAM HJ¥iHHITEG
281, AR T st RAT T LSAM Wil$67g, HEFEME LM AR 2 B 77, A
AN EFARF S HOR 72 AR AT LSAM i,

X R BRI FIRA R A IR IE AR E D, HILAMTE (JTG E20-
2011) CAIR—HXTRT 26.5mm AR A FR i ORLAR TR A RER R S forkilse . Flit
TGN B DRV R R HEAT B it , S5 SRR KREGRES, ST AR T K
PE LSAM BB 51k XIHF ARSI RN AT LSAM [ 45 R4 P RN =5 P9 38 I 1
DL Kk T s il 2% R 25 SR, HE T — P A i 5 R AR e P AR R R 4R A
LSAM #7772 = SCBHESI T T B KRR TR AR SLSM 45 K445 4 1 77 2 55 B T
HLEE, 424 7 —Fi@ & Hm K AFRRAEA/NT 37.5mm ) SLSM #it ik, 2= )M
TE R Bl AR B AL, BT AR CRRIAE N 37.5mm 1) LSAM it U7
Pio BRMRIEMSIG N TR S RS, FERA NEELM K IHEE, FFR T — MRz
FE/K LSAM IR BEBETT Tk R ZWUET DU VAR SAC RS, $RH T —FiEH
T RRAEA/NT 25mm 1K) LSAM 2 B2 ¥t 77725

ZREATIA, E WA LSAM B9 1F 5k E 2R H RS &R WL, IUEE K&
Superpave Wil /755, 76 FIRSCHERABR T @i SCBH, LB IR T 0 SRRk oK A FRRLAZ #
AHEIE 37.5mm. X T U g SLSM-50 KRR Hbrif Lkt 77k, 25t SLSM-50
T BRI S — I )

1.2.4 RAZIHEREREREMRFRIVR
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AL AT 5 KRR IR B (LSAMD . Brown 288U 31 T VR4 B M g 52 3]
R K AR 25 52, BRI ILTE AR e YA BUIE M SR AR KN RIE LG, [RIE
R BRI AR . R3S E Kentucky M 3575 46 T 4-5A) , Mahboub
20T ST TR RIS, DURTAEZER LSAM HITERE, HAEHRPIK A TE A M ZE Ry
TR, R UL HERE A AR 2 AR e FoR A LSAM. Khosla Z5H91%5 N\ @i %5
SR [ A B RIS X LSAM MERERITFIT, K I LSAM [ [Hl 3bs B 240 i G il 5 VR & k)
MIFRE, I BAEPLAROE R AN A B 7 T B $2F . Park S5P0%E A% LSAM 114
PRI S FLHU AR T AT TIRAIE AL, S5 R W LSAM TEHLERGE ) IR T T &G0
IR GR . EAEE hAAEDU% LSAM IR TG B b 34T i PR A I A R A B0 it
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