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Abstract

In the compaction process of road subgrade, the mechanical parameters of soil change in real time
with the compaction process, but the current research still assumes that the parameters remain
unchanged. In order to solve this problem, this paper established the compaction degree of the
relationship between K and the strain ¢, carried out the indoor test and cleared the compaction
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soil K and the intensity index (cohesive force c, internal friction Angle ), the relationship between
development of the fem software ABAQUS UMAT subroutine, implemented the compaction of sub-
grade soil quality more accurate calculation, and comparative analysis, the model assumes that the
compaction quality intelligent subgrade soil compaction was verified the accuracy of the calculation
results. On this basis, orthogonal tests were carried out on the factors affecting the degree of com-
paction (frequency, excitation force, weight) and sensitivity analysis was carried out. The calculated
results are more stable and accurate. The related research results can provide guidance and basis
for the research of precise control of compaction quality of subgrade and pavement.

Keywords

Intelligent Compaction, Numerical Calculation, Dynamic Change, Orthogonal Test

Copyright © 2020 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. &g

WCAESR, B EASIT N B S it B i 15, AR AR BUEAE R IN[1] . RS BRI, 3] 2020
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B0 T 7 TR N P PRI 50 0 7 99 T 55 IR U8 T R AR 22 7 B0 AH IS bk /N[ 15] o PRI G 1 T B iR Bh e R 9
B N7 35 T -5 SRR T F R AL 22 £ AR D e SR B PR PR AR [ 7]

2004 FFEFEIFUGE T AU RRESL, REBHAAMRAM 7 “FHWA % 62k 528 111 7 [16]. 2012
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8] “377 87 SRAEILIN ) BN 5 M SRR SR BT AR AR IR F o R, ASSCIH R ST B R (7 ok
FESLIRSRE K 5 NAHR R .

FERNLHEAERZ R/, A 3 BB

1) BB RS R R AE A, MRS AR R (K 58 0l oy ) EEAR /D, #R
RIRIR AT A

2) R AIER RS FE T, Yy 2 FRAERINAES N v e &30

3) MRBLHARKIRIAG S K = 0.8,

W 1 s, BREONESEZ AT, BN R Sl R R

/
A X

Figure 1. The model deforms at the beginning of
compaction and during compaction
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WL LA IR RSERE K 5RAR ¢ BIRAR, KL 1A IR T HUE 07 F b SR SR HUR SR K
FE R PRSI SE L K 5 R ARSRERRR o o EINRR, b SCB RS B Ik S A v S A2 4K

22. ESEE K 5Xfbc. o HZEBXHR
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(ARG H R 2240 BB S I RS S R ol o HIFIK R

221 HBHR
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Pamax—— LI KT 5 B (glem®):
K—— RS2
o——F KK (%);
V——H ERAFR (em®).

DOI: 10.12677/hjce.2020.912151 1427 T ARTHE


https://doi.org/10.12677/hjce.2020.912151

{TIEN %

Figure 2. Direct shear test in room
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Figure 3. Curve of shear strength and vertical pressure
3. EBESEEE LR
B 3 RIR 25 B AT BUA R R SERE N B4 ¢, o {H, WK 1 Fis:
Table 1. Shear strength indices with different compactness
%= 1. A EEXEWRERE RN
JESRE K% ST c/KPa FEESR ol
0.8 11.58 27.08
0.85 38.02 29.06
0.9 57.67 30.84
0.93 60.29 30.45
0.94 65.76 31.74
0.96 62.74 34.22
1 76.33 36.83
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Figure 4. Compactness-cohesion curve
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Figure 5. Compactness-friction Angle curve
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2.3 ARTHENEREEYT

)

(10)

AR ABAQUS A IRTCTHEA M, IRINIESERE K A NEAI R, 'S TR UMAT, SEif i

TR ey ev €5 LARSEE K i) ae &, WISl 44712 S8 R Sl 12 K 3h 24K .

HIBT FE AT AN[18], e SEad R Fp R ENASAE K P [ S RVE I Z108 5 mo R, BE R 9820500 10
mo ESEPRit Tl A, #A5IE Y 20~30 cm, ASCH 30 cm, FERMUIEEK 3.7 mo R SR, B

DOI: 10.12677/hjce.2020.912151 1429

TARTHE


https://doi.org/10.12677/hjce.2020.912151

{TIEN %

TR RS R R, AAAE ST 2080 B4 G s, R DY AN T DA 2 T ¥ B A [ e 295 . AR
I B HUIRENFE (D FEFE N 2.0 m, IRBNFELEFTIETS 7] 5 R LI He b 56 B2 9 20 cm~30 cm, ASCHL 25 em,
DAL S it e 29 — AN R SRIE IR IR T far 3o THImr B FH 0 A0 2L, SR — 3 REEHLI B &, 55 H0 0 N
W77 IR N 2 SCPRIRS) R ER L 250, L B 3l >R A7 2K/ : (3000 + 2600)/(0.25%2.1)
=10.7 kPa. [AEE, BIRIIFTH R RN 11.4 kPa, HIARZHEEEALI M5 E N 219.8 rad/s, T
I 220 rad/s. PRI, 0 ) B ST 408: P = 11.4 + 10.7sin220t (kPa).

Table 2. Parameters of roller

* 2. EBNHNELSY

PrahFe o & BUALF & IR PRBN 5 5T BRI
my (kg) m; (kg) R (m) L (m) F(H2Z)
3000 2600 0.625 2.1 35
PR S A R TR FE AR FE R AR JE L
[0) (kN) K1 C1 Me
(rad/s) (x10° N/s) (x10° N-s/m) (kg-m)
219.8 60 3.489 8.08 3.4456

Pk BRI S HIE 3.

Table 3. Mechanical parameters of soil

#® 3. T HhFESK

= HE S A KRS BEAR [

SR plkg/m? E/MPa c/KPa ol kit
R 1634 15 11.88 27 0.33
TR 1859 30 55.8 31.15 0.35

AL BUE AR R 1A 6 FTs o

Figure 6. Numerical model diagram
& 6. BERETEE

24. BETARTBENENERZ AL

FEMRT, AXCERARTCEEN R T RTINS, S ERESSE R, SRR fiatr
fEhas2. BT NEUES A T FR AL, RNy 170 B LA RS S H00 TR 52 i &
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RIS . ATTESLIEA b, BB =R A RS RIR 7%, SRR SR & DR 3008 e SRR B A i)
FEPE. BT IREUNEBHUANSE 3 MAER, BARERA 3AAFMARE. Fik, £ THa 3% =27
H, WEIESR I TE, R EAT 9 HTOUHTHERIAT, RORREE L3l 1 it EReR.

B PRME. RERHL A SR B SCEE D B, RN AT B AN R R R A S U = ]
RN PR ARIE. REALE E. BAEERXN 3 K, K 1 5K 3 NRZEIREIAS
B KE S B/ME, AR 2 MR Padis, BEATIEHG AT, 3L A) =P =K P IR lie T AR,
N 4 B

Table 4. 3 factors and 3 levels orthogonal test table

F 4 ZER=KFERIREE

5E B (Hz) PRI (kPa) H & (kPa)
K1 25 90 90
KF 2 33 120 120
KT 3 40 150 150

W 4 BRI R, PERIEAAER K 9 2H L0 & R3O B ACHEE I, W3R 5 R

Table 5. Orthogonal test conditions
F 5. EXRAIIRE TR

Bi# (Hz) #R 1 (kPa) I 5 (kPa)
T 25 90 90
T2 25 120 120
T3 25 150 150
T4 33 20 120
TS 33 120 150
THL6 33 150 90
THT 40 90 150
T8 40 120 90
T4 40 150 120

3. &R

T ERBUETE, B3 7 RS RS 2R, SRR T AR RSN . RS DL
J. CMV {HARL I

3.1. SRR MR 54T

Wk SE AR AL RS W N U] 7 BT

H & 7 w4

1) RSV, A — BRI E R, 201 om.e X2 T RS LARE b Bk, BT
BEHLE SR ST, AR SRR AR PR TR AR, X B AT R D s e SR

2) EARBNESIFEN(0~3 s), HUR AR R [ A 88 M R BN S A . BRRTE, B fe
LRI, RIVEE A R 0BG R R R SRR Z 1 o 7E 3s I, R SEAPRHTTRE Y 5.5 cm.
Wt FERT 3 SEM T 90% L ERBHI RS
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Figure 7. Displacement response diagram of compacted soil
7. WESE AR NG R E

3) RAYIMHE 3s )5, BT FRES59cm, HI5.9cm AR EATIME. Hhah, (EABR A
2N 0.2, TARERE K 30 cm, FIFPIEEN: 30 cm*0.2 = 6 cm, SEEITE LR 5.9 cm AHIE, TTAN
BUE TSR B ) T B A R

32. ESRHERESKE K EURED

oI T IE R AT CLE AR — AR A A, ERSIESERIE RN, HoACH i E(XOY) L LR /)N,
A ZWEATE . PR R B ) RS Us AR SRR AL SE T
JESERE K AT 4% T AT o 6

K =/ e 11
o, p=mN, prax = MV, [RIE, RS2 K FEIRERT DL HE R 2005
K =V /V (12)
PRERE R — LR AE, T2 x y A%, B, ESCEE K o] HB AR Us RAEH K-
K :U3min/U3 (13)

Horfr
Vinin— 12 B f5e KT SE I RO AR 5
v—— R S TR S AR
1 (13) AT 15 IR Sk S I TR )R AR 2R, a0 8 o
i S S, PR EIE 5 s N, R SEEEBE N [ AL B R

t-1.337 t+2.018

2 2
K= 1.011e_( = 0.2867e_( = (14)

HAHZEA$ R =0.9911,

MRS K S 5¢ R 26 spa] DL

1) JESES¥ K B IR SR TR ETE K, 78 0~3s 1, RS2 K M 0.8 iZ#i k%] 0.98, HiaTHE.
0~3 s ™Y, FEIRSERE K BRI RErR, JFRICR fhek 240N EAR, HUIZREH/DN, BIESLRE K #0K
TR B TP

2) {EHESCHTE] 3 s LG, HSE K MR T-FFa, M 0.98 ZZ123 K F) 1, UiuIw & sep kb
S TEIRES, BEHEKTHE.

DOI: 10.12677/hjce.2020.912151 1432 T ARTHE


https://doi.org/10.12677/hjce.2020.912151

TR 25

0.98 ®
0.96
0.94
0.92

A 0.9

H 9.8
0.86
084 '@
0.82

0.8 *
0 1 2 3 4 5

ATE (s)

Figure 8. Curve of compactness K and time
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CMV {2 TR R FMERE, B8 7RSI HAR. HE . iR, JRIBSEHWESLREREER, &2
—ANE P BB R B I S BRI S AR . S A I

cmy ¢ Ba (15)
A,

A

Ay = IRBIFE I EE IR B Hh HE A A 5

A+ IRBNEE I LR ANIE h — I R A

C: WERH.

HUTRE T LAE H, HARAE 0~3 s TR A A 3 . CMV 51T R [F)RE T DL S i 256 1) He 52 o o
UEAh, CMV EITHER R T — e B B 5 b A 8dE Rl D, T CMV ETHEA R R
B Z, W CMV X} R8s BUX ) 223870, 38 CMV B B D, 85K 7 i 8 R A Fa e 1.
B, 276 LA ER R, RSO CMV ERITHR 0TI 0~3's, 4 0.5 s TH5E—Ik CMV {H, Lit-5 6 X CMV
fH.

FERMETH O AR o s 245 5 3T I, @i MATLAB B U B (FFT) AR e, K I E 5 5%
Bl IAE S, JHEBQA4)THREARE CMV E, i 9 Fs.
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Figure 10. CMV curve over time
[ 10. CMV {ERERT/E) 21 2%

H & 10 i) CMV 1B A5 4k il 25 ] 0«

1) CMV JyAfEEME, JFE—

Vs

SE N R AR, 1K —

2.5

LR BT K E 71056 LA SCHRH (1 45 2R 4

2) 1£ 0~3s JuEl N CMV HAZLZE 2 “M” B, 55 — A pdm T 28—

AP, X B SR

HIEE, CMV EIZEHHE K" K4 E—i.
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bro XEHTAEELRERE —EREZE, $EEMESEBILMP IS8R, HAaEERER, S
CMV {H PR f PR

3.4. EXFEE RN ERBURME ST

S A R SE RO D SR 70, TS BI 9 5 TEACR O 1T SR L IS LI . 3% HLIEHE 15 s I [
P CMV F A (5 0.5 5 H-5— Tk CMV ) A FE S BV A 03667 P SCHLBUR B Bc E 25e,
AT B TR B CMV ERME, IR % 6 i

Table 6. CMV under various conditions of orthogonal test
F 6. EXRIWETRAT CMV B

TS CMV “F{H
TH 1 3.7
T 2 10.6
TH3 11.8
T.0 4 31.0
T4 5 73
T4 6 452
TH7 68.5
T4 8 38.9
T4 9 355

WA B3 6 WS as R, RAMNZE LT IR SER B4R CMV (HEZRZR . Hririd iz
R FIRGE my SR T IRER AT FO B TSR AR R, My O my (KPP M RO T i A
FX CMV M RN, My (RN ZE R #oR, BIR = Max(M; ) — Min(m; ). Ri#K, BiIiZHEZE
Xt CMV B2 AR, Max(Ri)XT ML AR AT 352 i 2L R 2R, Min(Ra) X L AR AT 3R DA BT A AL 2 o R i
MR BRI AT A R AT R 7 PR

Table 7. Range analysis table of orthogonal test
7. ERXREIRE DR

4R g PRI HEH
M 26.2 103.2 87.8
M 835 56.8 771
Mis 1428 92,6 87.6
m, 8.73 34.39 29.28
m, 27.83 18.92 25.7
m, 476 30.86 29.19
R; 38.9 155 358
FRHEE i > iRig > HE

AR ZE W R B 45 R T LA -
1) B IRE B E AW ZE EEERN, 25 D EAL IR0 X 5 SERE BV Fi bR CMV B I RZ IR K
BN o

DOI: 10.12677/hjce.2020.912151 1435 T ARTHE


https://doi.org/10.12677/hjce.2020.912151

{TIEN %

2) MR ANIRME BIBR Z (I KT B EAIRZEE, BIAER DL ARIEXT CMV B 5+ W] X .
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Figure 11. The influence trend of different factors on CMV
E 11. AEIEZR CMV BRI

M BB AT EUE -

1) FEREHU TARVEH 2N, SRR R SE R RO BB K . AR 1, E R AL TR
FIEHIN, R SR RIEAKR, HRSEFUR ARG RTTIG R,  BESER N T/ o

2) fEIREHLE TAREH 2N, VRSB RR 2, MR A BN % . SILFER,
IR -5 4 oF e I S B P 2 A A2 R BRI R DR AR 5 170 A T SEZ ot B B A IR i OB (R K, SR IS i
ER PN <R

3) fEIEEEHLI TARVEE 2 Py, 5 B REOR N SE R, e R Ik AR R LR AR, i
BB LA IR R oM fEHE K T i

4. Z5ig

AT BT SRR P AR TSRO AR S AR L, TP TR RE IS SR B T A, 198 1 LU &g

1) S HRE R NIRRT 7RSSR K 5NARE ¢ MAEARSREIRRR cv o (ICR, 387 1k
5iR FEEFR AR AE e S e T AR SRR AR A

2) BUETHESE RS ARSI Pl N, seid B rh A A BN 5], B Ha T 1A
£ 59cm, ZREHRIGEERIE 6 cm BONER, IUE T HUEL R ERTE.
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