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Abstract

Dynamic compaction technology is a common technique of foundation reinforcement in highway
engineering. However, the adverse effect of dynamic compaction on the surrounding structure se-
riously restricts the application of dynamic compaction technology. In this paper, numerical si-
mulation method was used to analyze the vibration isolation effect of air cushion and lightweight
treated soil, and optimized the technical parameters of the two kinds of vibration isolation mate-
rials. Numerical simulation showed that the optimum vibration isolation depths of these two ma-
terials were 6 m and 9 m for vibration frequency of 20 Hz and 10 Hz. Considering the dynamic
compaction with the characteristic frequency of 10 Hz, the suggested vibration isolation depth was
9 m. The vibration isolation efficiencies of the two vibration isolation materials were 73% and 39%
in the horizontal direction, and 68% and 35% in the vertical direction, respectively. The elastic
modulus of air cushion had minor effect on the vibration isolation efficiency. The density and elas-
tic modulus of lightweight treated soil had significant impacts on the vibration isolation efficiency.
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Figure 1. Drucker-Prager constitutive model
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Table 1. Subsoil parameters

=1L RS

+1k 25 (m) 25 8 (kN/m) $i 2% 71(kPa) PR A () VAR E HiPE AR E (MPa)
gsiE 9.8 18.7 52.0 7.6 0.35 2.6107
b 10.2 19.4 37.0 14.4 0.33 3.9348

Table 2. Model parameter
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Figure 2. Size of numerical calculation model
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Figure 3. Mesh generation of numerical calculation model
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Table 3. Conditions of numerical simulation

=3 BEENIR

T4 9% (kg/m®) PR B (MPa) R HR IR B (m) B (Hz)
1 0 0 3 1~40 Hz
2 0 0 6 1~40 Hz
3 0 0 9 1~40 Hz
4 31 0.063 3 1~40 Hz
5 31 0.063 6 1~40 Hz
6 31 0.063 9 1~40 Hz
7 900 580 3 1~40 Hz
8 900 580 6 1~40 Hz
9 900 580 9 1~40 Hz
10 31 0.041 h f
11 31 0.063 h
12 31 0.097 h f
13 700 580 h f
14 900 580 h f
15 1100 580 h f
16 p 348 h f
17 p 580 h f
18 p 1187 h f
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Figure 5. Layout of monitoring points
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Figure 6. Dynamic compaction impact
load diagram
6. I AT EEHREE

Table 4. Comparison between numerical simulation calculation value and actual value

4. BERTEESSUNE R

I BB RVEAL E (m) SEPIE (m/s) T SHAE (m/s) ZH
3H 4.5 0.0458 0.0439 3.98%
3V 4.5 0.0735 0.6882 6.38%
4H 6.5 0.0324 0.0294 9.14%
4V 6.5 0.0439 0.0405 7.68%
SH 8.7 0.0291 0.0260 10.64%
5V 8.7 0.0038 0.0033 13.29%
TH 19.7 0.0143 0.0129 9.48%
A% 19.7 0.0033 0.0029 10.57%
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Table 5. Empty ditch test results
5. TR

T % (kg/m’) PR E(MPa)  FRIREREE(m) $il % (Hz) AL (m/s) ] (ms)
1 1 Hz 0.00550 0.00539
2 SHz 0.00556 0.00536
3 10 Hz 0.00516 0.00519
4 0 0 20 Hz 0.00685 0.0049
5 30 Hz 0.00554 0.00489
6 40 Hz 0.00378 0.00419
7 1 Hz 0.00522 0.00533
8 SHz 0.00491 0.00527
9 10 Hz 0.00431 0.00423
10 0 0 20 Hz 0.00438 0.00355
11 30 Hz 0.00407 0.00398
12 40 Hz 0.00289 0.00386
13 1 Hz 0.00480 0.00491
14 SHz 0.00346 0.00386
15 10 Hz 0.00237 0.00267
16 0 0 20 Hz 0.00346 0.00293
17 30 Hz 0.00321 0.00330
18 40 Hz 0.00223 0.00313

Table 6. Air cushion test results

= 6. SEMRLER

T 9 F (kg/m’) LA (MPa) FRAR IR % (m) % (Hz) ACFEE (m/s) B (m/s)
1 1 Hz 0.00554 0.00571
2 5 Hz 0.00593 0.00577
3 10 Hz 0.00573 0.00584

31 0.0063
4 20 Hz 0.00760 0.00533
5 30 Hz 0.00653 0.00548
6 40 Hz 0.00434 0.00486
7 1 Hz 0.00544 0.00530
8 5 Hz 0.00527 0.00517
9 10 Hz 0.00469 0.00467
31 0.0063
10 20 Hz 0.00512 0.00387
11 30 Hz 0.00479 0.00438
12 40 Hz 0.00351 0.00419
13 1 Hz 0.00500 0.00503
14 5 Hz 0.00410 0.00441
15 10 Hz 0.00249 0.00280
31 0.0063
16 20 Hz 0.00377 0.00314
17 30 Hz 0.00368 0.00359
18 40 Hz 0.00278 0.00360
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Table 7. Test results of lightweight treated soil

=7 MABRREER

T % (kg/m’) PR E(MPa)  FRIREREE(m) HF (Hz) AKPHEms) R (ms)
1 1 Hz 0.00649 0.00641
2 5 Hz 0.00706 0.00669
3 10 Hz 0.00718 0.00712

900
4 20 Hz 0.01061 0.00747
5 30 Hz 0.00966 0.00817
6 40 Hz 0.00710 0.00786
7 1 Hz 0.00659 0.00643
8 5 Hz 0.00687 0.00679
9 000 10 Hz 0.00688 0.00710
10 20 Hz 0.00958 0.00686
11 30 Hz 0.00917 0.00775
12 40 Hz 0.00657 0.00757
13 1 Hz 0.00656 0.00646
14 5 Hz 0.00655 0.00639
15 000 10 Hz 0.00565 0.00576
16 20 Hz 0.00873 0.00635
17 30 Hz 0.00858 0.00745
18 40 Hz 0.00625 0.00721
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Figure 7. Isolation efficiency of different embedded depth and vibration frequency
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Table 8. Vibration velocity after vibration isolation of different material properties

= 8. TRMKLEMRIREHRENERE

T ¥ (kg/m®) BWVER R (MPa)  FEARIAE (m) $i#(Hz) AP (mls) B (m/s)
1 (53 31 0.041 9 10 0.00259 0.00294
2 (K HY 31 0.063 9 10 0.00249 0.00280
3 (R 31 0.097 9 10 0.00248 0.00285
4 (BJ5) 700 580 9 10 0.00591 0.00587
5 ()57 900 580 9 10 0.00565 0.00576
6 (7)) 1100 580 9 10 0.00551 0.00566
7 () 1100 348 9 10 0.00608 0.00599
8 (3% J7) 1100 1187 9 10 0.00393 0.00422
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SO R P 5 oF T8 5 TR Rk S M 50 /I o S [) 25 8 | P AR o () SRCER A 32 R BB AR B an 1] 8 BTl

WK 8 i, SHEMEHFPERE M 0.041 MPa #2555 0.097 MPa i, 7K F. B bR 5 538
TET 3% 2%, DR, S AR R (R ) XA R BR R 285 S AR A R0 . YRR E K% 5 A 700 kg/m”
FEEE 1100 kg/m® B, ACE BAFRIRCEIRT T 6%, 5%, #PESE M 348 MPa 3 1% 1187 MPa Y,
KL B RRIRBCRIEF T 23%. 20%. PRIULAESEhRS IS, R 24 2 FE 0 DA A 0 e 1) 2% F8E R e A
&, M E AR B R 343
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Figure 8. Isolation efficiency of different density and
elastic modulus
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