%455 % 3 A A 4 Vol. 45 No.3
20256 A JOURNAL OF CHINA & FOREIGN HIGHWAY Jun. 2025

DOI:10.14048/j.issn.1671-2579.2025.03.002 XEHS :1671-2579(2025)03-0009-09

E T ANN /Y 2% & £ 058 R 508 B 1 2 R 50
TR 8 I T iR 2 B T

FHEFE MG BRE, HEE,KER, T2
(LR VIR TR S B, W KU 41011452 0 AR 3G BHEBIIE B WD AR B 25010253, 13255 — A B ¢
PO BFSE B AT IS 71 M0 BRI 43005634, 85 VIR B bR IS 71 M0 RO 430200)

FEE WG BB ] SR Y R A R BSORN T R A B AT U6 AR B R S T vk 2 T RE 2 R 1 N T R TA] A = PR
32 B R0 B S PR, TUIORG AN A2 o O SR o T X T A AR R, % S0 o 2 P Bl = Rl g AR 5 RS
K EE RGP U0 A A [ B S (5 e R L 45 G O A SR B S S8 RS S R S8, iy
T8 B A T A T e 2 I 45 T AR R SR T 0 R e TR R R R BORT AR BRI 0 R s T . BT R
7K 2T MR AE RO 8% B A [ AT ek 5 o 58, T 0 9 R ORI T IR AE B AT R R 00 2 e R ) R o 12 RE
AR 0 32 0 A 2 B30 T 1A PR R R 2B TRUA G R R

SCHER PRI TR IR 5 B R R R B TR PR TR R G N A G 2% e O 5 i R S p Ak

R E S U416.1 XEAARERD A

Prediction for Humidity Adjustment Factor and Dry-Wet Cycle Reduction Factor of
Resilient Modulus of Subgrade Soil Based on ANN
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Abstract: Existing methods for determining the humidity adjustment factor and dry-wet cycle reduction factor of
the resilient modulus of subgrade soil are mostly based on laboratory tests that consume a large amount of
manpower and time, and the prediction accuracy is limited due to the constraints of specification value ranges. In
order to achieve fast and accurate prediction of these two factors, the effects of stress state, moisture content, and
the number of dry-wet cycles on the resilient modulus of subgrade soil were investigated through laboratory
dynamic triaxial tests. Based on existing literature, physical parameters, state parameters, and stress parameters of
subgrade soil were selected, and an artificial neural network prediction model optimized by a genetic algorithm was
developed to enable rapid prediction of the humidity adjustment factor and dry-wet cycle reduction factor of
subgrade soil. The results show that moisture content and dry-wet cycles have a significant influence on the resilient
modulus of subgrade soil, while the humidity adjustment factor and dry-wet cycle reduction factor show stress
dependence. The intelligent prediction model demonstrates high prediction accuracy for both the humidity
adjustment factor and the dry-wet cycle reduction factor.
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Table 1 Basic physical performance parameters of

soil samples
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Figure 1 Dynamic triaxial testing system
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Figure 2 Relationship between moisture content and time

during humidification and dehumidification processes
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Table 2 Loading sequence of fine-grained soil for subgrade

FR/ RN ISR AL B R Ahie gk Rz

I 5 kPa 0.205/kPa Jj/kPa hjJj/kPa (/i o /o,

O-Th 4% 30 6 55 61 2 000 2.83
1 60 12 30 42 100 1.50

2 40 9 30 39 100 1.75

3 30 6 30 36 100 2.00

4 15 3 30 33 100 3.00

5 60 12 55 67 100 1.92

6 40 9 55 64 100 2.38

7 30 6 55 61 100 2.83

8 15 3 55 58 100 4.67

9 60 12 75 87 100 2.25

10 40 9 75 84 100 2.88
11 30 6 75 81 100 3.50
12 15 3 75 78 100 6.00
13 60 12 105 117 100 2.75
14 40 9 105 114 100 3.63
15 30 6 105 111 100 4.50
16 15 3 105 108 100 8.00
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Figure 3 Relationship between resilient modulus and
deviatoric stress and confining pressure under

different moisture contents
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Figure 4 Relationship between resilient modulus and

moisture content

B : 4 1.3woue T AR FEE R 15 kPa, A [\ i B 7
7 (30 kPa .55 kPa .75 kPa 105 kPa) [ [m] 5 452 £ 1 i
P R B R 64.6% . 52.1% 44.5% .36.1% . IX
F W < [l X6 [l S AE e 1) 24 SRR FH A2 8 7K 3R 00 52 i)
BN A 7 7 % [a] 35 AR e 119 BY D) 800 37 1 K R
SR AL o 7K FR KT [ SRS ek A 9 A% £ FH AT DAAE 4
i R - A A Y K TE A O T EL A — T AR
F o 2485 KR UB/INI A J00RE 2 T 9 7K IR 4, 4
Kz (8] 19 AH X RS sl R, DR o i R S B A8 JE 1 B 0k
MR Bl K S R 2 - UK R G KBRS K
L B] B A T B 35 A BT B, AR IR R R 1 RE )k
2L DRI, B KO R 1 R 2 a1 7 AR R 1 R
AEAE T, BB 55 K S8 003wy, 0] 88 (1 2 W R
23 FiRBEHRERESHZMN

P 6 Sy fie A B K St AN TR 3 AR B [l B A
it B T VAR PR R A AR

Hy & 6 AT 1 .

(1) 7EAA TR L SRS, 4R 2 245 0] 3 A5 i Bl
A B U KRG B B R R R A, H Y R A R



% 34

FHF F A TFANNGK L L @343 08 F A% 2 3 A TR 2RI M & 2T 13

Lol
—e—15 kPa/55 kPa
—v—30 kPa/55 kPa
—0—40 kPa/105 kPa
—0—60 kPa/105 kPa

0.5} Bl 1 A 157 1
—m—15 kPa/30 kPa
—A—30 kPa/30 kPa

1 32 8 B R Bk,
(=1

04 _¢—40kPa/75 kPa X
—A—60 kPa/75 kPa
02 1 1 1 J
0.9 1.0 1.1 1.2 1.3

FHx 5 7k %
Bs5 BEERAERHSEMEKEXR

Figure 5 Relationship between humidity reduction

factor and relative moisture content
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Figure 6 Relationship between dynamic resilient

modulus and dry-wet cycle
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Figure 7 Relationship between reduction factor of one

dry-wet cycle and confining pressure
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Figure 8 Neural network structure for predicting

humidity adjustment factor
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Table 3 Parameters of subgrade soil

BATE RIS AR
W/ W W
bRk s T BRSO ks ay

% % FEE o % %

1 KOk MH 517 37.1 146 162 226 956
BEFE)

2 EX® CL 344 214 130 1.95 132 635
3 Ky® CH 574 291 283 1.56 235 96.0
4 Ky R 708 352 356 1.72 185 76.1
5 MR CLS 420 229 191 189 125 535
6 &I CH 500 27.0 23.0 180 17.0 99.3
7 /AE®CH 540 34.0 200 176  18.0 96.8
8 MEM/RPT SF 213 142 7.1 198 134 9.6
9 EEP ML 264 17.8 86 203 115 652
10 AR CcL 275 165 110 1.94 136 86.0
11 #E=% CcL o 308 184 123 180 165 688
12 EE™ CcL 278 198 80 181 142 563
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Table 4 State performance and stress state of subgrade soil
F5 Rk FESLJE /% HRXF & K [l J& /kPa 7 P i 17 7 /kPa W PR R B %
1 KU ORBI) 93 0.90,1.00.1.10.1.20.1.30 15.30.40.60 30.55.75.105 32.7~127.1
2 e 90,98 0.77.1.00.1.23 15.30.45.60 30.55.75.105 71.6~151.0
3 STl 90.93.96  0.90.1.00.,1.10,1.20.1.30 10.,20.,30.40 10.20.30.40 45.6~140.5
4 Kbt 87.90.93  0.84.0.92.1.00.1.08.1.16,1.24  13.8.27.6.41.4  12.4.24.8.37.2.49.7.62.0  51.7~170.6
5 P 85.90,95.100 0.84.1.2,1.4,1.6,1.8 10.20.30.40.,60.80 10.,20,30.40 66.9~150.3
6 £k 88.95.100 1.00,1.42.1.72 20 20.35.50.70.,105 7.8~100
7 SRt 88.95.100  1.00.1.40.1.51 20 20.35.50.70.,105 13.9~100
8 R 91,96 0.78.1.00,1.22 15.30.,45.60 30.55.75.105 82.6~156.0
9 Ly 91.96 0.75.1.00.1.26 15.30.45.60 30.55.75.105 30.1~177.3
10 ik 91.96 0.78.,1.00,1.22 15.30.45.60 30.55.75.105 30.4~176.8
11 B 100 0.88.,1.00 13.8.27.6.41.4  13.8.27.6.41.4.55.2.68.9  100.0~158.4
12 5 [ 100 1.00.1.14 13.8.27.6.41.4  13.8.27.6.41.4.55.2.68.9  70.7~100.0
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