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Prediction-based Subgrade Moisture
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Abstract:

performance of pavement structure and life of highway.

Subgrade moisture has critical effect on
Selection of indexes appropriately suggests influence factors
are important for prediction of moisture. First, the factors of
subgrade moisture were merged into climate condition and
groundwater. Furthermore, thornthwaite moisture index
(TMD, which comprehensively reflects influence of climate
and latitude was introduced. Then, the calculation process of
TMI was divided into three steps including calculation of
potential evapotranspiration, moisture balance and calculating
annual value of TMI. Moreover, example was presented to
validate calculation procedure of TMI. Finally, values of TMI
calculated on the basis of the meteorological data collected
from 400 weather stations of China were tabled according to
climatic zoning of highway. The results show that TMI can be

used as new criterion to classify climatic zoning for highway.
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Tab.1 Modified D; of the sunshine duration in northern hemisphere(30 days per month, 12 hours a day)

2R/ () Dy D, D3 Dy Ds Ds Dy Dy Dy Dy D D12
0 1.04 0. 94 1. 04 1.01 1. 04 1.01 1.04 1. 04 1. 01 1. 04 1. 01 1. 04
10 1. 00 0.91 1.03 1. 03 1. 08 1. 06 1. 08 1.07 1.02 1.02 0. 98 0.99
20 0.95 0. 90 1.03 1. 05 1. 13 1. 11 1. 14 1. 11 1.02 1. 00 0.93 0. 94
25 0.93 0. 89 1.03 1. 06 1. 15 1. 14 1. 17 1.12 1.02 0.99 0.91 0.91
30 0. 90 0. 87 1.03 1.08 1. 18 1.17 1. 20 1. 14 1.03 0.98 0. 89 0. 88
35 0. 87 0. 85 1.03 1. 09 1.21 1. 21 1.23 1. 16 1.03 0. 97 0. 86 0. 85
40 0. 84 0. 83 1.03 1. 11 1. 24 1. 25 1. 27 1. 18 1. 04 0. 96 0. 83 0. 81
45 0. 80 0. 81 1.02 1.13 1.28 1.29 1.31 1.21 1. 04 0. 94 0.79 0.75
50 0. 74 0.78 1. 02 1. 15 1. 33 1. 36 1. 37 1.25 1. 06 0.92 0.73 0.70
1.2 BETE . P=E, <
e N il 1 1 G
Py T AT i ) S LR 2 R LA — . e o
. [N - N | 1 1
FE MIAEIKBE 1. B — T T o KA IR R AT K 43 % b : : .
N N s 2pN, e 1) N 0 S-_ S
3t o — 7 il 28 R gV E ek —E B oK . 24 -
R /N T2 e S IR K 4 35 o B P A B BELREEHLENRERS
B KA UK 55 K 24 A KAy 43 25 R 22 TG AT A ik Fig.1 The status of subgrade soils after

— RS SRR GR AN L RIBRK A
CF) 5 100 24 SR B R B PR 28 CRIVERL A5 7K AR
B 2R AR R I 2R . — A4 H ™ 4
AR IR S LRI Z A AR (R, N, 3 32
JE R MIZE K 26 1 B 2 1) AT R 45 2R, [ 1
S R 2R 2 ) R Y 4 PR PR,
K1 S, Fon iy HHEA BEAE KR i R —
Ay S Fon i L A K B2 WA A
Bl IR B HIEL 5 S 78 A SRR K 205 Py R
(Y JE A H BT i s B RoR Y2 AR H B 15 B 2%

moisture balance

KA, P,=E, If,S; =S . I A H 15
Hh RN it /K A2 R K o

Kl “@"FR P.>E;, B3N (GER Z S5 T4
) B K IR B A Z 5 ATHIRA Z R IIBE K X 88 2
REIFEEK AR AL E s “ @7 P>E L 1%
WSS T GE R Z 5 R B BEK Z 5 ATEAR A 5
“©@7FR PoE; AR BIFK ARz & L H A
HAEFF B K sk 17— “ @73 P<<E. A
PRI 1y AT S A o = S ol 2 5 N



1674

RV IPNEE S S (= IR o 7))

%10 %

WAL, B A IR R .

TEX—{R Rk 2 ep, A AR AR AR 2
5 MR K R Sl 6, BRI T 2
A HAR S AR T BARFLE K O (5K 00 5
FEm sz 25 h 2 BH. BESE IR — M 7E 0. 6
~2.5 m Z[A]S 0, 2 g v 4548 4 5 7K L BELK 5L
N ARSI SRR U B R IRE ol 1.2 m

T FE A 8 b 3 T B I (R ) U
Kig Sy, B5 HIEAPGIREROA &, HE%S T+
BRI RS KR 0, (TR I, BRI 3 4 R St T2 A9
TR REIR S AT R T B RO, HLHLR 5 KR 1
BAEFAKR S5 L ZEE A2 m)ZHL

AN AR K 0, SRR IRFL S KR
0, BUH N 2 FioR.

2 AETANFUEETREKER
Tab.2 Characteristic values of volumetric water

content for different soil types
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Fig.2 Calculation procedures of moisture balance for

subgrade soil
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Tab.4 Meteorological data of weather station in Nanjing, China

Ay 1 2 3 4 6 7 8 9 10 11 12
ZAF A $E /C 2.37 4. 21 8.68  15.17 20.46 24.40 27.82 27.45 22.81 17.07 10.42 4.48
LA BN R/ cm 3.743  4.707 8.176  7.344 10.207 19.343 18.548 12.922 7.210 6.513 5.083  2.445
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BRI A B TMUE R <. FFLL, ZE S8 3X — X R 1Y Tab.6 Calculation process of annual value of TMI
i P/  E/ ami/ S’/ S/ R/ Fi/
i% 5 Ei i+gﬁ*¥ 7 cm cm cm cm cm

cm cm
Tab.5 Calculation process of potential evapotranspiration 1 3.74 0.21  3.53 44.33 44.33 0 0
Ay t;/°C hi E//em N;/d D; E;/cm 2 4.71 0.48  4.22 48.56 44.40 4.16 0
1 2.37 0. 32 0.23 31 0. 89 0.21 3 8.18 2.17 6.00 50.40 44.40 6. 00 0
2 4. 21 0.77 0. 60 28 0. 86 0. 48 4 7.34  5.67 1.68 46.08 44.40 1. 68 0
3 8. 68 2.31 2. 04 31 1.03 2.17 5 10.21 10.70 —0.49 43.91 43.91 0 0
4 15. 17 5. 37 5.25 30 1. 08 5. 67 6 19.34 13.94  5.41 49.32 44.40 4.92 0
5 20. 46 8. 44 8.70 31 1.19 10. 70 7 18.55 18.28  0.27 44.67 44.40 0. 27 0
6 24.40 11. 02 11. 71 30 1. 19 13.94 8 12.92 16.98 —4.06 40.34 40.34 0 0
7 27.82 13. 44 14. 62 31 1.21 18. 28 9 7.21 10.77 —3.56 36.79 36.79 0 0
8 27.45 13.17 14. 29 31 1. 15 16. 98 10 6. 951 6.49 0.03 36.81 36.81 0 0
9 22.81 9.95 10. 45 30 1.03 10. 77 11 5.08 2.45 2.63 39.45 39.45 0 0
10 17.07 6.42 6. 40 31 0. 98 6. 49 12 2.45 0.60 1.84  41.29 41.29 0 0
11 10. 42 3. 04 2.78 30 0. 88 2.45 it 88.72 17.02 0
12 4.48 0. 85 0. 67 31 0. 87 0. 60 I 19.19
®7T AEBAXK. . AELTHH TMIEEE
Tab.7 The range of TMI with different climatic zones and soil types
ANl 441 TMI Fi
' THRIX ] ik HAbwbk + M+ Him +
KM B/ME F¥E BKE BAME CEHE BRKE SAME PHE BRME SME FHE

1 L1, 12 0 0 0 0 0 0 0 0 0 3.43 0 0. 50
2 11 24.16 0 6. 39 18. 68 0 3.62  25.99 0 7.46 29.64 0 9.95

3 Il as 1505 0 —8.40 —0.8 0 —6.27 —0.51 0 0 0 0 0 0
4 s 4.47 —1.35 0.35 0. 02 0 0 5.95 0 0.77 8.91 0 2.02

) I 0 —11.61 —3.22 0 —9.61 —2.13 0 —2.70 —0.20 O 0 0
6 ViV 54. 36 14.39  20.62  50. 31 9.98 16. 35 55.71 15.86  22.05 58.42 18. 80 24. 89
7 V2 29. 18 0 8. 71 25. 30 0 5. 85 30. 47 0 9.84 33.06 0. 02 12. 31
8 Vs 39. 11 29.77  34.44 35.36  25.96 30.66 40.36 31.04 35.70 42.85 33.58 38.22
9 Nis Vs 60. 65 11.13  44.43 57.01 8.23 41.03 61.86 12.09  45.56 64.28 14. 02 47.83
10 Vs, IV6a 89.83 41.13 65.98 85.87 37.56  62.25 91.14 42.32 67.22 93.78 44,70 69.71
11 1V, 52. 68 7.40  28.92  49.84 4.44  26.03  53.63 8.39 29.88 55.52 10. 36 31. 81
12 Vo, —5.64 —14.68 —10.16 —4.76 —13.75 —9.26 —1.22 —10.06 —5.64 0 —7.29 —3.64
13 A\ 0.40 —9.20 —1.43 0 —7.43 —1.03 1.75 —0.34 0.18 4.46 0 0. 96
14 Vo 22.31 0 6. 88 18. 43 0 4.77  23.60 0 7.80 26.19 0 9.82
15 V2 35. 04 32.31 33.67 30.65 28.33  29.49 36. 51 33.63  35.07 39.44 36. 28 37. 86
16 Vs 62. 14 14.05  35.68  57.55 10.23  31.48 63.67 15.32  37.08 66.73 17. 87 39. 89
17 Vi 17.19 0 8. 60 12. 88 0 6. 44 18. 63 0 9.31 21.50 0 10. 75
18 Vi 41.13 0. 33 17.87  36.48 0 13.64  42.68 1. 83 19.02 45.79 4. 83 22.05
19 Vs 37. 30 16.10  29.59  33.77 12.20  25.84  38.48 17.41 30. 84 40. 83 20.01 33. 33
20 Vsa 31. 05 16.64  23.85 26. 29 12. 11 19.20 32.64 18.15 25.40 35.82 21.17 28. 50
21 VI 0 —25.99 —8.62 0 —23.69 —6.87 0 —14.48 —1.87 0 —7.58 —0.59
22 WV 1. —19.75 —28.35 —24.30 —17.41 —26.24 —22.12 —8.04 —17.79 —13.37 —1.01 —11.45 —6.81
23 V2 —17.10 —47.55 —34.54 —14.35 —46.26 —32.52 —3.34 —41.07 —24.45 O —37.19 —18.55
24 Vs —21.59 —21.59 —21.59 —18.99 —18.99 —18.99 —8.63 —8.63 —8. 63 —0.86 —0.86 —0.86
25 V4 —11.80 —40.55 —25.81 —9.08 —38.70 —23.63 0 —31.30 —15.13 0 —25.76 —10.57
26 Wi —17.91 —20.98 —19.45 —15.56 —18.84 —17.20 —6.12 —10.29 —8.20 O —3.25 —1.63
27 W 0 —22.99 —11.50 0 —20.96 —10.48 0 —12.82 —6.41 0.82 —5.99 —2.58
28 L —9.18 —39.43 —25.50 —6.15 —37.56 —22.89 0 —30.04 —13.09 0 —24.41 —7.18
29 [z —21.80 —32.06 —28.96 —18.71 —29.17 —26.22 —6.36 —19.86 —15.26 0 —13.39 —7.76
30 WI's 41. 61 0 14.29  31.44 0 9.97  45.00 0 15.85 51.78 0 19. 41
31 W4 0 0 0 0 0 0 0 0 0 0. 49 0 0. 25
32 W5 47,57 4,98  26.28  39.39 0 19. 53 50. 29 7.22  28.57 55.74 11. 71 33.17

33 W 6a 0 0 0 0 0 0 0 0 0 0 0 0
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Tab.8 Calculation results of TMI in climatic zone V,

higz2 e 37 Wi TMI {4
1 56096 FHB —7.43
2 57034 o —0. 80
3 57127 W 0
4 57143 M 0
5 57232 AR 0
6 57237 T 38.73
7 57245 TR 0
8 57259 22" 0
9 57265 O 0
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