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Climate Zoning and PG Grading for Highway Asphalt Pavement
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Abstract: The terrain and topography in Tibet area are complex and diverse, the average altitude is high, the
annual and daily temperature differences are large, the rainfall distribution is uneven, and the harsh
environmental factors seriously affect the performance and life of the asphalt pavement in the area. In order to
supplement and improve the climate zoning of road asphalt pavement performance and the PG classification of
asphalt and asphalt mixture in this area, relying on the statistical data of 26 meteorological stations in Tibet
and its surroundings in 30 years, applying the principle of statistics, according to terrain, topography,
altitude, season and climate characteristics, the relevant data of the meteorological stations in 30 years are
calculated, divided and classified. Through the establishment of the mathematical models, the laws are find
out, the 4 typical natural climate zones and the 8 asphalt pavement performance climate zones in Tibet are
listed, which facilitated the requirements and selection of the asphalt material performance in different zones.
At the same time, referring to the idea of grading asphalt pavement performance proposed by SHARP research
plan and the PG grading method in some areas at home and abroad, the PG grading of asphalt used in Tibet
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area is developed. This research result can improve the quality of highway construction in high altitude, high-

cold and large temperature difference areas, and provide a reference for selecting asphalt varieties, asphalt

mixture design and determining asphalt pavement construction technology.
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Tab.1 Meteorological data Characteristic values of 26 meteorological stations in Tibet area its surroundings

7 Ay 7T dEYE B 30 a RS KHTHR AT ERE BT XGE Ty

”X“jﬁ i BECUR FCUREE RICUR W2 B(nes) 2(mes) (mes) gy
Tyn/C Z0ou/C  Tup/CT 0,/ T g 1A 6 A 1A 6 A 1A mm
Cl 22 25.5 0.038 -5.3 0.5 2.7 1.9 0.19 0.203 1.47  2.44  792.3
2 R (ZF) 19.2 0 -14.7 0.5 4.2 4.4 1.08  0.905 2.85 2.4l 640
3 BhK 15.6 0.053 -19.1 0.6 5 5.8 0.27 0.479 4.55  4.58  654.3
4 M 22.8 0. 049 -13.7 0.5 2 2.3 0.27 0.167 2 1.59  692.6
cs B (Uil 28 0.09 -11.6 0.5 1.7 1.5 0.7 0.656  1.11 1.25  497.3
6 kM 22.7 0. 049 -15.8 0.5 1.9 1.8 0.17 0.105 1.46  1.55  702.1
7 E 24.7 0. 076 -14.5 0.5 2 2.1 0.23  0.236 1.51 1.49 891
8 A 21.8 0.038 -17.8 0.4 2.8 2.2 0.27 0.248 1.64 1.93  458.3
© R 23 0.048 -19.1 0.6 2.8 2.9 0.36  0.228 2.33  2.26  328.5
Clo %Y 24.3 0.038 -18.2 0.7 2.7 2.6 0.18 0.29 2,12 231 3846
cll \fE 26.3 0 -16.9 0.6 3.7 2.8 0.27 0.371  1.91  2.89  259.9
C12 7 20 0 -23.4 0.6 1.8 1.2 0.16 0.199 1.36 1.5 641. 1
C13 AW 20.8 0 -23 0.6 2 1.8 0.14 0.274 1.25 1.78 456
Cl4 Kk 22.4 0 -22.1 0.6 3.4 3.6 0.26  0.328 2.85 2.92  421.9
Cl15 B 24.5 0 -20.7 0.6 1.4 1 0.12  0.109 0.8l 119 489.3
Ccl6  BATTFR 22 0.038 -23.1 0.7 2.8 3.1 0.15 0.2 2,62 2.53  556.2
Cc17 I 21. 4 0.053 -23.9 0.6 3 3.1 0.36  0.345 2,24 225  276.9
C18  EW (HIF) 21.5 0. 496 -27.6 0.8 1.2 1.5 1.07 0.914 1.09 0.97  481.6
Cc19  EH 20.7 0.038 -27.7 0.6 3 3 0.27 0.369 2.46  2.32 289
20  F5F 20.3 0 -29.4 0.6 2 1.8 0.19 0.258 1.33  1.63  608.5
21 21.3 0 -29.4 0.8 4.3 3.6 0.22 0222 3.1 3.95 150.7
22 M 17.9 0.053 -32.5 0.7 3 3.2 0.28 0.399 2,06 2.41  477.9
23 ARk 16.3 0 -37.6 0.8 3.1 3.2 0.24  0.468 2,49  2.63  449.6
24w (HiE) 15.5 0. 447 -45.2 1.1 4.3 5.2 0.68 0.457 4.3 3.8 293.9
25 20.5 0.053 -44.6 0.9 4.1 5.1 0.3 0.511 3.8 3.6 171.4
26 Wi 21.7 0.053 -36.6 0.9 3.6 3.1 0.21 0.384 2.3 3.2 66. 4
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Fig.2 Average minimum temperature of Tibet area and its

surroundings over years from 1981 to 2010
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Fig.3 Average rainfall of Tibet area and its surroundings

over years from 1981 to 2010
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[ 2 B4, T3S B 0 [ AR I R R SR AR AR Y, A
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Tab.2 SHRP PG grading criteria for asphalt
e S RIS

PG46 -34 -40 -46 — —
PG52 -10 -16 -22 -34 -40 —-46
PG58 -16 -22 -28 -34 -40 —
PG64 -10 -16 -22 -28 -34 -40
PG70 -10 -16 =22 -28 -34 -40
PG76 -10 -16 -22 -28 -34 —
PG82 -10 -16 -22 -28 -34 —
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SHRP -RIFERFIE s f8 SRk T, 5
TR P R A R D R Y, T I R P IR JE E
ZImmRERE, TR (1) Fr7.

P = HEERPHRRE A + Y H + S5 «
AT - BRI (1)

TESZBRIE F R N T fRiAE T, Huber (1994) X
SEE 5 A X TR R R AT O BT AR B
FEARSEIAT T ISR, BT T TS I e e TR
A, BRI SRS B s R,

T 3k 0 R [ A X, PG A3 2 T 11 SCRik B8 43
Br, PG B FE ity i i R F SHRP 28 206 < i 5% 46t
FALT 20 mm TEAR P EETH T R Tag o

BT 20 mm YR EEATE L (2) AN
Ty = (T, —0.006 1812 +0.228 9L, +42.2) x

0.9545 - 17.78, (2)
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In(H +25) + Z(9 +0.6152,)0.5,  (3)
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®3 ABREALMEXBEERSEEMNESGR
Tab.3 Predicted maximum pavement temperature in

Tibet area and its surroundings

A T/ oun/  HHIE RS Taomm” Tpa\]/
il G HbIX

o C °C I3 m C C
Ccl g=m 25.5  0.038 28.39 2327 48.3 53.3
2 K (=) 1920 27.33 3400 42.4 48.6
3 EBRK 15.6  0.053 28.11 3200 38.9 45.6
4 M 2.8 0 29.4 2980 45.6 51.1
Cc5  EgE () 28 0.09 29.2 3300 50.6 55.2
6 Kk 2.7 0 28.65 3700 45.6 51.1
c1 WE 24.7  0.076 29.52 2750 47.4 52.5
8  FAM 21.8 0 29.3 4873 44.6 50.3
O Rk 23 0.048 29.05 4010 45.8 51.3
C10 %4 24.3  0.038 29.15 3551 47.1 52.3
clr - AfE 26.3 0 29.67 3260 48.9 53.8
c2 TH 20 0 31.25 3873 42.7 48.6
C13 A5 20.8 0 29.4 3750 43.7 49.5
Cl4  %pE 2.4 0 30.45 3200 45.1 50.6
Cc15  B#% 245 0 31.09 3240 47 52.1
Cl6  S|ITT R 22 0 29.83 4000 44.8 50.4
Cl7 Ik 21.4 0 28.55 4040 44.4 50.1
CI18  EM (HH) 21.5 0.496 36.4 4200 43.2 49
C19  EH 20.7 0 28.38 4300 43.7 49.6
20 F3F 20.3 0 30.97 3810 43 48.9
21 2z 21.3 0 30.17 3900 44.1 49.8
22 M 179 0.053 30.29 4200 40.8 47.1
23 Fph 16.3 0 31.29 4507 39.1 45.7
C24 IR (W) 15.5  0.447 34.05 5500 37.9 44.7
25 gk 20.5 0.053 32.09 4415 43 48.9
€26 Jilisg i 21.7  0.053 32.3 4295 44.1 49.8
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MR B B2 2 48— PRIEZE T B 4544 2 N
APRIRLIRL B2 o AT ] P R DG SCHR Hh B e e I I8 T 3
TR BE A X — ek R LA

(1) SHRP 1A, 4 B 1w % 3 1 il B2 i
e N 5 R ARARAR TR, THEA

Tmin = TairZO (4)
(2) fnEEK C-SHRP 2 225X
Tmin = 0‘ 859 TairZ + 1‘ 7 ’ (5)

K, T WA BT T, V34 ik
Al
(3) LTPP A"
T..=-1.56+0.72T 5 - 0.004L} +

6.26In(H +25) - Z(4.4 +0.520°,,)"°, (6)
K, T MBS N A ARBE R EE ;. T i fiiaS
SIREE; LSRR G, H T T T B
0 a N 30 a SARIRAREZE s Z AR IR A 4,
Z=2.055, WJ5ERE 98%

VU b, DA TSR 5 SR DL 4 DAV gl XA
Wit E 45 /AT LLVE §, SHRP A X i+ H < LTPP
NI EAE < C-SHRP #iHEAE, 3R 22
255 CH115.8 C, ik, RHA SHRP AXIHE W
T O TR 1 L R A A A, 5 R B DY K b XY
M PRI M SRR, 3E BRI SHRP 243 it 5
T 0 77 5% DI U BT E R E . TSR & R C-
SHRP 24 AT+ 58 B 1 0 K I 152 3 I B2 R 3 A AR I
WA %4
4.4 AEFMXHTEERITREEE PG R

SR U DB P I o =TI (3 A T W S
T T PH R X5 75 1 PG 452, DARLAH X A 41 -
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$£ PG - 22 IIRIR SR LLRPRT - 19. 1 CHIFR 1o
1E PG52 - 22 25 GBS 9 m . ARG Bl SEPRml 5
JEw, XRERATEbRE Sz [ ) 6 FF 22 5 Hom) B
BB TS, X i) B BUE A 7 R 45 A R BB
TR, Wb, TEWE S G R 28 ni 5 il #2 v e
FEAFTERX R (0] B, B RE P 25 5 R AR B A v i
FER IR B o] L3 5 B A bR e, (H R AR HE S G 2 (R AF
TE6 FEMES, MR85 PR R T — D900,
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Tab.4 Predicted minimum pavement temperature in Tibet area and its surroundings
Uiy M‘I'Jlﬂﬁﬁfﬁ T,/ unt WEE/(0)  Hd/m SHRP A4 C-SHRP B3t LTPP Axlit
%5 FEHLIX. 16 T/ C BT/ C BT,/ C
C1 41t} -5.3 0.5 28.4 2 327 -5.3 -2.85 10. 86
c2 iR (=) -14.7 0.5 27.3 3400 -14.7 -10.93 4.32
C3 Shi AR -19.1 0.6 28.1 3200 -19.1 -14.71 0.96
C4 =2 -13.7 0.5 29.4 2 980 -13.7 -10.07 4.57
C5 By (i -11.6 0.5 29.2 3300 -11.6 -8.26 6.13
C6 KA -15.8 0.5 28.7 3700 -15.8 -11.87 3.24
Cc7 W -14.5 0.5 29.5 2 750 -14.5 -10.76 3.97
C8 A -17.8 0.4 29.3 4 873 -17.8 -13.59 1. 67
9 LS -19.1 0.6 29.1 4010 -19.1 -14.71 0.74
C10 Y -18.2 0.7 29.2 3 551 -18.2 -13.93 1.33
Cl1 J\1E -16.9 0.6 29.7 3260 -16.9 -12.82 2.18
C12 TH -23.4 0.6 31.3 3873 -23.4 -18.4 -2.89
C13 Veownt -23 0.6 29.4 3 750 -23 -18. 06 -2.15
Cl4 KR -22.1 0.6 30.5 3200 -22.1 -17.28 -1.75
C15 E#h -20.7 0.6 31.1 3 240 -20.7 -16.08 -0.9
Cl6 BT -23.1 0.7 29.8 4 000 -23.1 -18. 14 -2.36
C17 DAL -23.9 0.6 28.6 4 040 -23.9 -18.83 -2.6
C18 EM (FIE) -27.6 0.8 36.4 4 200 -27.6 -22.01 -7.36
C19 EH -27.7 0.6 28.4 4 300 -27.7 -22.09 -5.3
C20 1555 -29.4 0.6 31 3 810 -29.4 -23.55 -7.14
C21 e 2% -29.4 0.8 30.2 3 900 -29.4 -23.55 -7.01
C22 M -32.5 0.7 30.3 4 200 -32.5 -26.22 -9.23
C23 AR il -37.6 0.8 31.3 4 507 -37.6 -30.6 -13.19
C24 e (HFi) -45.2 1.1 34.1 5 500 -45.2 -37.13 -19.52
C25 il -44.6 0.9 32.1 4415 -44.6 -36. 61 -18.47
C26 Wi 5% ] -36.6 0.9 32.3 4 295 -36.6 -29.74 -12.77
*5 EEXHTERISEAER PG SREWE
Tab.5 Suggested PG grading values for asphalt and asphalt mixture in Tibet area
W gy PRIEC seeec mpee e rG ””“:”“ wspr  BOTRECC g e g g PG
T S yfj EC I S T
Cl %P 53.3 -5.3 PG58-16 PG64 -16 PG70 -16| Cl4 %k 50.6 -22.1 PG52-34 PG58 -34 PG64 -34
C2  fHER (=TE) 48.6 -14.7 PG52-16 PG58 -16 PG64 —-16 || C15 E#L 52.1 =20.7 PG58 -22 PG64 -22 PG70 -22
C3  EhiR 45.6  -19.1 PG46 -34 PG52 -34 PG58 -34|[Cl6 AT TF 50.4 -23.1 PG52-34 PG58 -34 PG64 -34
C4 ME 51.1 -13.7 PG52-16 PG58 —16 PG64 —16 || C17 Ik 50.1 -23.9 PG52-34 PG58 -34 PG64 -34
C5 B¥E (pul) 55.2 -11.6 PG58 -16 PG64 —16 PG70 -16|[C18 EH (FHifF) 49 -27.6 PG52 -34 PG58 -34 PG64 -34
C6 KAk 51.1 -15.8 PG52-16 PG58 -16 PG64 -16|/C19 FEH 49.6 -27.7 PG52-34 PG58 -34 PG64 -34
C7 % 52.5 -14.5 PG58 -16 PG64 —16 PG70 -16| C20 K155% 48.9 -29.4 PG52 -34 PG58 -34 PG64 -34
C8  FARM 50.3 -17.8 PG52-22 PG58 -22 PG64 -22|C21 =% 49.8 -29.4 PG52 -34 PG58 -34 PG64 -34
9 hifk 51.3 -19.1 PG52-22 PG58 -22 PG64 -22 | C22 Yk 47.1  -=32.5 PG52-34 PG58 -34 PG64 -34
C10 ¥4 52.3 -18.2 PG58 -22 PG64 -22 PG70 -22| C23  FHl 45.7 -37.6 PG46 -40 PG52 -40 PG58 —40
Ci1t \15 53.8 -16.9 PG58 -22 PG64 -22 PG70-22|C25 jeieil (i) 44.7 -45.2 PG46 —-46 PG52 -46 PG52 -46
c12 T 48.6 —-23.4 PG52-34 PG58 -34 PG64 -34|C25 g 48.9 -44.6 PG52-46 PG52 -46 PG52 -46
Cl13 Ko 49.5 -23  PG52 -34 PG58 -34 PG64 -34 || C26 Jifi SR in] 49.8 -36.6 PG52-40 PG58 -40 PG64 -40

T AP, TR BOHRE N -44.6 C, 24 PC -46 WIS H LY RT —44. 6 CHIE>, FREBOTIRZ N48.9 C, Ak
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