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Asphalt Binder Property and Adaptability Based on PG Grading in Severe Cold and
High Altitude Regions
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Abstract: To solve the problem of insufficient performance of asphalt in the severe cold and high altitude
regions, based on the characteristics of topography, geomorphology and climate, and relying on the 30-year
meteorological data observed by several meteorological observation stations along the Golmud-Nagqu section of
Beijing-Tibet expressway, the statistical analysis and calculation were carried out on the geomorphology,
climatic characteristics, altitude, and traffic load data. The adaptability of PG grading method for asphalt
binder in high-altitude regions with large temperature differences was explored. The result indicates that the
LTPP high temperature calculation model is modified based on the field monitoring results in Qinghai-Tibet
region. The formula for calculating high temperature of asphalt binder in this region is proposed to improve
the reliability of the formula. In Golmud-Nagqu section, the recommended PG classification value of asphalt
binder reaches the highest PG 76-22. In the severe cold and high altitude region, the effect of elevation
increase on low temperature cracking resistance of asphalt should be fully considered. The low temperature

grade should be increased by 1 to 2 grades. It is recommended to use SBR I -A modified asphalt in Nagqu
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area, and to use SBS modified asphalt in Golmud area. In Tuotuohe and Wudaoliang areas, it is

recommended to develop UV-resistant modified asphalt, and use higher grade base asphalt to carry out SBS/

SBR composite modification on asphalt for its applicability study. The study result provides basis for the

material development technology, construction technology improvement and engineering application of asphalt

binder in severe cold and high altitude regions. It is conducive to improving the construction quality of asphalt

pavement, and extending the service life.

Key words: road engineering; high and low temperature properties; PG grading; asphalt; strategic highway

research program (SHRP)

0 35l

T G 7o % oV A M DX OSP4k 3 000 m DAL, L
A H I A . H ARSI E & . B2 RES
(BERF AT T I 4 e S T P AR A R, IR
PEREXT I T T RE AR B OCEEPE . m IR S ik,
SEO RSB AR S Kk
SEIE B IFR, KL, e E R b X
FRT R S5 X 1 R I R 4 ek 1 R A R
A B R —E SRR, BRIEZEE K, )
G 38 S 7 TR A RHIRLEE B AT, R T B T R
I 3 I 7= A A, W R I TR BT e 2 K
FESE RS JE %5 it T f fm) A, (DR, S 8000
WA | GROSE R i R B T
SlREEFER G, A AEw s B, FRRE
25 5510 BB (10 532 M 3 0 900 7 e 45 ek ) S ki
Wi IR RERER 2 T, B 1 P2 |
PTG 2, 5 R 3 7 6 R R PR Bl
P, TR AR AT it TR B R R R R, Y
TR R T TR ANER

T Hb DX 0 TR ) F 2 9 S 0 UK R il
PG, Horb, I T 24 05 il 1 3K A 75 G b
DX T RN 2, T A AR AR A &
P71 B % T R A R B, W IR 2 L AR SR AA L
KA TS AT EE 0 36% Il 17% T AR HCK
WE AR /N, H LRI UL, VG R DX A A R I X
Wi 5 A PR R OGS RV ), I 3T AR B
o 1) 445 2 B P B TR 1) P 3K 5 R SR R RE S
T ZE SRS 0 T o R 56 P 2 490y 2 o I T 7 0 2R
M RZM R 55, PR, e 2 v IR A M DX X6 10 7 Db sk
(R RE R 5 H AL X A TSR], 75 A IR U
FORHE R RN, LAGE I ) 2 1 T A X A
fiE, Wies B MR S BRI 3

R T v kDX R RN Ay,
STET 2 W AR IR BT 24 e A s TR RE 1Y

il

T, Wi M R ERE S R AR M R R T 4
LR AISEE G is s (TRB) W75 45 & RHH Ik
A€ # Y& ( Superior Performing Asphalt Pavement,
SuperPave) HHEH AT PG PERE S8 B4 T 2 45 1k ik
A, RAESEARNR, hEHAT (AR i
THARMALY (JTGF40—2004) #2H T miifk . I
RS, TR fEREE R, A X 7 AW
B, HAEX B X TR Xkl BT, 20
A TE A AR SO X AN ) 1 X307 7 5% T s P 1 RE E
FIR5r X 5 5 BR T PG AR R RS
FURGESE, —FR BT N Bdsd i B A 5 A e 3R
ot T S IR R A A [ g R A L R R (R Y
RERATE . H 2 Hy T v 2 g Vi 4R 3 DX 2R PR R
G AR Y A3 R R AR M I S B W S B T
FEN ) E AT Z A X 0 T R DX 30 R TR I
BETUAG IR K 3 75 A5 RE PG S35k

R R A (G6) MR AR ZIIR it Byt B AT
FEARAT . ERECE A G M AR5 N, 213
1100 km, AZHFHIRAE 4 500 m DL E, HBHE
JESRPRIE S 2 fie o B e S 2 B A% A RIS il BE £
B T3 B L T, X 5 5 Xl ) 2
1, RIS IR 55 K, O7 8 RARCE 2 A
AEEE X, Wl T8 a2, 4K
I H G E B RB P, AR E R RS
PRI 22 10 DX 5 I 45 8t PG A3 B s i v,
FEHE AR R PERE SR bR . RE R R e, i gE
PRI IX I 4R R R BOR | i T T2
eIt e TR S —E S %,

1 HEBREEBEESR

WA ERRIPIM AR &) T A ABE . R, PG T
RESMSL 3 N RJEW B, 1987 4F 10 H, N THRFUITH
BT BT i, S ] S T d A v S A [ A AF 5
P14 ( Strategic Highway Research Program, SHRP)
DA e s 1o PR RE 0 H BOBIFSE U 75 O IFAN O vk, v



80 VS S

SIS 3 4%

SuperPave Wi T FEIEHT, AR £ Hh X A9 1 T EE 1 AE
EEOL, $&iH SHRP 5 AR AF WIS 2T PG 2
F, MTIHE R TERAICZRE LR, b5
SO AT (BLAE AR K AR [R]) )
G, B, miR s R AR SE 7 d s ORI
SRR, MR T 20 mm RAREE, W
AR A0 7 3 N A AT B IR, X T AR
SR, A NG A BT, T T I S
P 1~2 ARG, R, AR BOTHR B AR R AR
RN, BRI,

BEE T I PR RE BTSSRI A IR, U B
T Rt — LB, A BRI
TR P2 D LTTP R, AR Pahr

IEA A I 0] 58 R B 2 B B R, PR
TR 43 9%, 2005 4F, X LTTP $2 H i) i A A
HATIEIE, 4215 LTTPBind3. 1 & iR A HG iR A
TS LTTP IR AR —5

2 SESHMSESX

N THEIH AR PG /39, ABFFERA T #%
IRAC, TR JEIET ., BB 4 4S50 BT
WY 30 a SR EAIETORE, THE I 6 Hipi%sk 7 d
BRI . 4L 7 d SR SIRMIAREX | 1
AR FERARV , R EZE . BIREXRT
10 CAHERUR (4~9 Ar) BFIME ., A F YR =
SRR, ICRTE L,

®1 FEREEABREBRIGEERSKYEEHEE

Tab.1 Meteorological data characteristic values of stations along Golmud-Nagqu section of Beijing-Tibet Expressway

. . 7dVPHEE 7 dPERER FRESE ERERIERR 10CUEE ERER R . g4 L,/
sk Wmo o " , H BRI/
SR Ty, /C IRbRHEZE S,/ °C T,,/°C W% S, /C B T,/ C mm (°)
FEIRAR 2 807 28.78 1.99 —19.85 1.51 4 460 250~500 3 000~3200  36.40
FIE 3 4612 16.74 2.01 —29.70 2.03 1 080 500~1000 2200~3000  35.22
TETET 4533 18.56 1.58 —30.95 3.13 1 680 293.9 2200~3 000  34.22
s ih 4527 19.25 1.23 —26.81 2.24 2210 449.6 2200~3 000  31.46
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Tab.2 Temperature design layers for high and low

temperature grades (unit; mm)
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Tab.3 Forecast results of maximum temperatures at different layers of road surface along Golmud-Nagqu section of

Beijing-Tibet expressway (unit; °C)

SHRP i LTTP #4574 LTTP Bind3. 1 %!
il A,
THP,ZO THP,70 THP,14U THP,ZO THP,70 THP,M() THP,ZO THP,70 THP,]4O
FIR AR 54.2 48.3 43.1 55.4 50.5 46. 8 64. 1 59.2 55.6
HiER 43.0 38.0 33.7 46.2 41.3 37.7 33.4 28.5 24.9
JETEI 44.0 38.9 34.4 47.5 42.6 39.0 40.2 35.3 31.7
ARl 44. 4 39.2 34.7 48.3 43.4 39.8 45. 4 40.5 36.9
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Tab. 4 Model calculation and measured maximum pavement

temperature at 20 mm depth from pavement surface (unit; °C)
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Fig. 1 Correlation analysis of high temperatures calculated by

different models with actual measured high surface temperatures
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Tab.5 Simulation calculation results comparison before and

after correction (unit; °C)
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Tab.6 Equivalent values of vehicle speed and traffic volume for
determining asphalt high-temperature grade with U. S.

LTPP model
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Tab.7 Statistical data on monthly traffic volume of Qinghai-
Tibet expressway G109 in 2021

Aty B AREE T/ HEBATT
1 1 644 3910
2 1 448 3036
3 2242 5 656
4 3040 7775
5 3853 9 768
6 3789 9521
7 3916 9182
8 3 836 9 549
9 3512 8 933
10 3170 7968
11 2679 6714
12 2 508 6143
Ml 2970 7 346
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Tab.8 Predicted results for maximum temperatures in different

layers of pavement with revised high-temperature model (unit; °C)

— M i B R i Br
il A,
THP,ZO THP,70 THP‘ 140 THP,ZO THP,70 THP,14O
FIRA 69.9 65.0 61.4 73.9 69.0 65. 4
FIER 61.3  56.4  52.8  65.3 60.4  56.8
NArAL) 59.6 54.6 51.0 63.6 58.6 55.0
TR i 58.5 53.5 49.9 62.5 57.5 53.9
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Tab.9 Predicted results for the lowest temperatures and
actual measured surface temperatures in different layers of

pavement (unit: °C)
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TE —28.0 —26.1 —23.5 —23.0 —20.4 —18.6
HATA ] —31.3 —29.4 —26.8 —252 —22.6 —20.9
TS ity —25.9 —240 —21.5 —20.4 —17.8 —16.0
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Tab.10 Recommended PG grade values for asphalt binder of
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Tab.11 Different asphalt types for various expressways
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Tab.12 PG grading results of different asphalts
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