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Analysis of vibration impact of ultra-heavy rapid hydraulic compaction
technology on surrounding environment
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(1. Shandong Academy of Building Research Co., Ltd., Jinan 250031, Shandong, China;
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Abstract: Rapid hydraulic compaction technology has wide application range and good reinforcement effect in foundation
treatment, but the vibration impact of ultra-heavy technology on the surrounding environment and the effective reinforcement
depth still needs to be further discussed. This paper takes Jinan International Airport Phase II renovation and expansion project
as research background. In the shallow layer of the site, 2-7 m silt is difficult to be compacted and can be liquefied, which is easy
to cause liquefaction hazards during airport operation. Therefore, before the formal construction of the airport project, six
different levels of compaction energy were designed for on-site trials, with special attention on the vibration impact on the
surrounding environment of the 150 kJ ultra-heavy rapid hydraulic compaction technology (150 kJ compaction for short). The
standard penetration test was carried out before and after 150 kJ compaction test, and the effective strengthening depth of
150 kJ compaction was analyzed. The research shows that 150 kJ compaction meets the requirements of peak vibration
24 mm/s at a distance of 10 m from the vibration point, and 12 mm/s at a distance of 15 m. When the distance from the
vibration point is greater than 15 m, 70 kJ, 110 kJ and 150 kJ hydraulic compaction all have small vibration effects on the
surrounding environment. 150 kJ compaction has obvious reinforcement effect in the depth of 2-8 m, and has a certain
reinforcement effect at depth of 10 m. When the distance from the vibration point is greater than 15 m, 150 kJ compaction
can not only meet the permissible vibration value of residential buildings, but also increase the reinforcement depth and
improve economic benefits.
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Table 1 Design parameters of dynamic compaction test Table 3 Test time sequence under different conditions
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Fig. 2 Location of field test area
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Fig. 3 Six different working conditions in field test area
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Fig. 4 150 kJ ultra-heavy hydraulic compaction field test
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Table 4 Peak vibration data for dynamic compaction test and
150 kJ ultra-heavy rapid hydraulic compaction
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6 103.28 198.01 207.49 38.41
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15 22.46 17.71 19.91 9.17
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100 0.87 1.89 2.23 1.21
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Fig. 5 Peak vibration curves for dynamic compaction test and
150 kJ ultra-heavy rapid hydraulic compaction
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Table 5 Peak vibration data for 70 kJ, 110 kJ and 150 kJ
hydraulic compaction
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m (mm/s) (mm/s) 75 /(mmy/s)
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8 22.10 24.65 26.74
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15 7.27 8.03 9.17

25 467 4381 475

50 175 1.77 1.73

100 226 1.17 121

150 0.82 0.83 0.70
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Fig. 6 Peak vibration curves for 70 kJ, 110 kJ and 150 kJ
hydraulic compaction
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Table 6 Average value of standard penetration blow count

before and after foundation treatment with 70 kJ,
110 kJ and 150 kJ hydraulic compaction
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6 39 4.1 4.8 5.0 4.7 6.3
8 6.5 6.6 7.2 6.8 6.7 8.3
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12 113 12.5 13.7 13.2 11.7 11.5
14 140 13.7 15.3 14.8 15.3 14.7
16 137 13.6 15.3 17.0 16.7 17.1
18  25.0 252 29.0 28.5 28.5 27.7
20 375 38.6 36.7 35.9 40.7 36.7
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Fig. 7 Comparison of standard penetration test before and
after foundation treatment with 150 kJ ultra-heavy
hydraulic compaction
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ASCE Rt A RO E TR
WiRE, Xt ELAHT 150 kI 8 R R DL 95 SRR
X JE S IR BN S, FERIEFL T 150 kI B E R
JE 95 A ROMBEREE, FEZE R

(1) XSRS 150 kI 8= AL SRS
SUMAFEAT X B2 AT, 150 K 8 3 R R 5 78 R R AR
10 m P2 /NTEET 24 mm/s (AR SHE 2
K, TEFERAZMS 15 m B E/NTFET 12 mm/s (1)
BVFIRENME 2K .



W

JraE, Sl R PROE ST SEHAR T A B IR B 53 b 51

(2) X 70kJ. 110 kJ 5 150 kJ ¥ JEF5 %} JH14L

BRI IR B 5 W BEAT R LL A AT, FERE RIR UK T
15 m I, B0 A IR 7 AR BN IR B M, LI
KT 150 ke 7 = 931 55 R e s /e X e A A SR A
VFIRENE ZER, SCRERG KN TR, SR a2 B Rt o

(3) 150 kJ EHE MWK FT7E 2~8 m JE AN

BRI, F 1om I, INESCRA —EriEE;
MVRFE R 10 m B, InfE R AN & .

SE R

(1]

w2, BRI, BB, S BB AR ST SEROR Je
Bt LS50 € Tk 0], MR AR, 2023, S(HE T 2):
48-53.

ZHANG Zhan-kui, CHEN Chong-xin, HOU Zhong-
cheng, et al. Rapid hydraulic compaction technology and
determination method of its construction parameters[J].
Journal of Ground Improvement, 2023, 5(S2): 48-53.
BRORAR. DRV IE R 5 S A B HOR 1 82 AT 9 [D].
HrEa: AR, 2022,

CAI Zong-kun. Application research of rapid hydraulic
compaction foundation treatment technology[D]. Jinan:
Shandong University, 2022.

AISEUN, FRAEK, FRAK. PRIERT S5 AL b B o
B 23 e (0], o B AR A4, 2013, 11(2): 175~
178.

SI Gui-mao, ZHANG Yan-fei, ZHANG Cheng. Applicable
analysis on high-speed hydraulic compactors during
foundation treatment[J]. Chinese Journal of Construction
Machinery, 2013, 11(2): 175-178.

QKM IR, ik, & mEIT NIRRT 1
HFEAE 7RG [T]. &+ TRE2ER, 2022, 44(6):
1027-1035.

LIANG Yong-hui, WANG Wei-dong, FENG Shi-jin, et al.
Field study on treatment of collapsible silt for high-fill
airport project[J]. Chinese Journal of Geotechnical
Engineering, 2022, 44(6): 1027-1035.

T ARFY . 95 x40 T A A AR S R e A K
Br[J]. T EEA, 2019(4): 57-58.

SHI Wei-dan. Test and analysis of the influence of dynamic

compaction construction on the vibration of adjacent

[11]

buildings[J]. Henan Building Materials, 2019(4): 57-58.
ML, mE, BRI, & T hscllrsn s rhd
S0l B A0 A SR 5 R VT A (7], BQLEE TR 4R, 2012,
34(10): 101-105.

LIN Hong, HUANG Zi-wu, CHEN Ying-bo, et al. Effect
assessment of adjacent buildings subjected to dynamic
compaction based on field measurement[J]. Journal of
Wuhan University of Technology, 2012, 34(10): 101-105.
g PO ST L AR R Bl i R RORL 25 T
PiF BB FE[D]. TN SRR E TR, 2017,

LI Jian-cheng. PFC dynamic response simulation and test
on impacting subgrade with rapid impact compactor[D].
Guangzhou: South China University of Technology, 2017.
ORI, EBE), FHRIE, & RIS SHLE R TR
FEACH AR I, B LHEIR, 2012, 41(7): 28-30.
YUAN Qiu-wu, WANG Rui-jin, LI Xiao-hui, et al.
Application of RIC used in foundation treatment of some
project[J]. Construction Technology, 2012, 41(7): 28-30.
Ak, BAS, R PR ST S L EM LIRS
Xof M A % K e 3 A SR R i [0, e [ R A R
2022, 42(2): 70-73.

XU Ji-wen, HUANG Zhi-wen, LI Shu-tang. Influence of
construction vibration by rapid impact compaction on
monitoring instrument and adjacent buildings[J]. China
Harbour Engineering, 2022, 42(2): 70-73.

AR AR HU A 2 VU PR 5 S Ml 5 5R A o -
T/SDCEAS 10006—2021[S]. #Frd: o E @AM Toll ik
#t, 2021.

Shandong Civil Engineering and Architecture Society.
Technical Standard for Rapid Hydraulic Compaction of
Foundation: T/SDCEAS 10006—2021[S]. Jinan: China
Building Materials Press, 2021.

e N BRI A P AR 2 2 e, ob BN RS A0
P 50 i B R e R . R LR A VR IR B ARk
GB 50868—2013[S]. dt5%: ETHKIH AL, 2013.
Ministry of Housing and Urban-Rural Development of the
People’s Republic of China, General Administration of
Quality Supervision, Inspection and Quarantine of the
People’s Republic of China. Standard for Allowable
Vibration of Building Engineering: GB 50868—2013[S].
Beijing: China Planning Press, 2013.



