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Effect of 14 000 kN-m ultra-high energy level dynamic compaction on
collapsible loess in southern Shanxi

DONG Bao-zhi!, XU Wen-tao?**, XU Xiao’, YU Yong-tang>3*, YAO Zhen-wang'
(1. Shanxi Jinbaodao Foundation Engineering Co., Ltd., Taiyuan 030031, Shanxi, China;

2. China United Northwest Engineering Design and Research Institute Co., Ltd., Xi’an 710077, Shaanxi, China;
3. College of Civil Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, Shaanxi, China;
4. China Automobile Zhicheng (Luoyang) Geotechnical Engineering Corporation, Luoyang 471000, Henan, China;
5. Shanxi Survey Design Research Institute Co., Ltd., Taiyuan 030013, Shanxi, China)

Abstract: In order to assess the impact of 14 000 kN-m dynamic compaction on collapsible loess foundation in southern
Shanxi, a compaction test was conducted during the site leveling project of an industrial park in Yicheng County, Linfen
City, Shanxi Province. The investigation involved ground elevation observations, exploratory well sampling, indoor tests,
dynamic penetration tests, and foundation bearing capacity detection. The test results indicate that the settlement from a
single-click tamping decreases with increasing tamping times. Furthermore, the number of blows required for the tamping
settlement to stabilize reduces with increasing tamping times. After compaction, the dry density of foundation soil increase
by 9.3%, the compression modulus increased by 106.3%, the void ratio is reduced by 20.1%, and the compression coefficient
is reduced by 48.1% compared with that before compaction. Within the detection depth of 9 m, the collapsibility of loess is
wholly eliminated. After dynamic compaction, the characteristic value of the bearing capacity of the foundation is not less
than 200 kPa, and the number of dynamic penetration blows of soil layers at different depths ranges from 3 to 13, with an
average of 6. The test results can provide a valuable reference for the design and construction of dynamic compaction

treatment of collapsible loess in southern Shanxi.
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Fig. 2 Stratigraphic section of the test compaction area

® 1 RRMWETOFEVRENFMFHERGITR

Table 1  Statistics of main physical and mechanical property indexes of natural foundation soil
fabr wi% Gs pl(g/em®)  pa/(glem?) S/% e avi2/MPa!  Eqa/ MPa

SN i 20 20 20 20 20 20 20 20
o =N 23.50 2.700 2.020 1.730 89.200 0.783 0.260 10.300
+ T mMA 14.10 2.700 1.820 1.510 55.000 0.559 0.150 6.300
FHME 17.70 2.700 1.950 1.660 75.500 0.632 0.210 8.000
Wil 22 2.59 0.000 0.056 0.057 8.663 0.057 0.028 1.050

Gt 144 149 149 149 149 149 149 149
©Nl I YN[ 19.90 2.700 1.750 1.520 64.000 1.258 0.990 8.400
g wME 5.90 2.700 1.280 1.200 14.100 0.771 0.220 2.200
+ M 11.60 2.700 1.510 1.350 32.900 1.003 0.480 4.600
P2 3.16 0.000 0.110 0.073 11.627 0.111 0.161 1.393

Gk A4 85 85 85 85 85 85 85 85
OLIL >IN | 21.80 2.700 1.920 1.630 76.600 0.903 0.390 8.900
Wgw  m/ME 10.30 2.700 1.600 1.420 33.600 0.658 0.190 4.900
+iR+ FHE 6.70 2.700 1.760 1.510 57.600 0.790 0.260 6.900
Witk 22 2.68 0.000 0.072 0.053 9.892 0.062 0.034 0.785

- éﬁ:ﬂ‘iﬂz 56 56 56 56 56 56 32 32
. IEYN | 26.30 2.710 2.010 1.730 96.400 0.794 0.370 13.500
I R/MA 14.70 2.700 1.880 1.510 70.400 0.559 0.120 4.600
2Ll 20.80 2.700 1.960 1.630 84.700 0.661 0.240 7.300
PRk Z 2.68 0.003 0.026 0.048 5.946 0.050 0.062 1.946
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Fig.3 Layout of tamping points for dynamic compaction test
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Table 2 Parameters of dynamic compaction test parameters
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Table 3 Detection content, method and arrangement of measuring points
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Table 4 Statistical results of physical and mechanical properties of foundation soil before and after dynamic compaction treatment
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Fig. 5 Scatter diagram of collapsible coefficient and compressive modulus change after tamping in test tamping area



%5 HEE, &

14 000 kN-m 7 = BE 2 5 75 A0 B Rl b X R B 1 358 = O RCR M 419

gE LRTR, A TR 14 000 kKN-m i &
REZLRTS e, HhEE LT R, LB, W
Mtk iR R RS 6/ T 0.015), E4itHER
TRKIRE, F#H 14 000 KN-m A8 = e R T E AL
#HERELE GMEL+ERED +PERE LR
JE AR A BB D B R S R A S R
HLA BT (0 R
2.3 RFHERIAE SIEHEE

W5 X 505 f5 1 B Y3 ) e i 26 an i 6
Fim o BRI AT, ARURT I8 S5 XI5 R 9.5 m
RIETER N A ReERgi s E L (QmD. b
BEigE Lt Q) WE, L LEEE 1.5m, &
RGHES) 1 PR Ee T BN T 3~ 10 d 2z [a], ~Fi
s i N EERE 8 m, A EHES) S iR
RETHEANT 4~13 26, P 7 &, B
(RS FEAGTINF AR IIEY (JGT 340—2015) 1161
IR H G AR IR R, GRS )R
TR EIBIEEEZ N 1.5 m (ERIE L, HiJERER
FTIRFEE ATHCA 210 kPa; FHEEEZN 8 m [ L
B gt AR RHIE(E AT ECH 265 kPa. 5
M5 SR, TR EEZ 2 AR ES, +
R SERURT, BRIAE 4m IREVEEN, 75 A4Ar
iR R I 3) w5 GRS 1. A&
M 2),

N63.5
0 4 8 12 16 20

0
2
£ ¢ e B
= 6 — I A3
8
10 *

6 BRI EERINNMIRIAL L
Fig. 6 Heavy-duty dynamic penetration test curve after

dynamic compaction

FARTT X PR A 156 110 af 28— P o0 R it 28
W 7 fros, BERAL, St s 7E i K o
400 kPa NIYARKAEBIN, InHEmiEcy 200 kPa i,
TR A “s/d” (s NUIBERE, d NEERER)
T 0.005 0~0.009 3, H/NTF 0.010. HHEH
JE[16] 71 & T AR s 1050 HUE ()AL e, M Jk

ARSI E BN 12 & RnEE, ARFXE
14 000 kN-m BEZR SR ITALE 5, MR AR H I IRHIEE
A/NT 200 kPa.

1%, P/kPa
0 100 200 300 400 500

LR s/mm

—+—S]1 —8—S2 ——S3

5 *
7 FAREGR A L
Fig. 7 Curves of plate load tests
:l: ~
3 én 'lo%

(1) 14 000 kN-m B2 5RITAEFERS, 55—
B R, SEPUIME A B e U I 13
11 8 &Rl 6 iy, & fa w1 P I Ui a 5 5
A EHIEE 25 cm. 25 cms 15 cm I 5 cm.

(2) HhEE 55 58 S5 AP 34 T % i 4
9.3%, JE4EFEREL 106.3%, FLE LKL
20.1%, JE4E R BUIHKL) 48.1%. AR E 9 m JEIH
B IR AT B, MBS AR HR AR R AT

(3) FIEAFERE 230 iR BT
3~13 o, “FHEE 6 &, RIBMIE[16]HA% K
7R, 330 L AR ST RFIEE N 210 kPa, TR
JE I AR RN 265 kPa, 45 &R
g WLNT ) 5R T 5 Hh 3 RO A AEE A N T
200 kPa.

S0k

[1] BRI, BRAAAE, BYEm, & B S e S Stk
[]. A& TREEEK, 1986, 8(6): 1-17.
QIAN Jia-huan, QIAN Xue-de, ZHAO Wei-bing, et al.
Theory and practice of dynamic consolidation[J]. Yantu
Gongcheng Xuebao, 1986, 8(6): 1-17.

[2] FEWH, KGR, ZE0A. HEEST 40 FZHARCH
[J]. HbJE4bER, 2022, 4(1): 1-16.
DONG Bing-yin, SHUI Wei-hou, QIN Shao-jie.

Technological innovation of dynamic compaction in China



420

o

i

2023 £ 9 H

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

for forty years[J]. Journal of Ground Improvement, 2022,
4(1): 1-16.

Jrst, WA, KEEIE, 45, mReg R 5 1AL BER 5 R
W LI PRI [T]. 5 AROR 24 M BRAL A2,
2021, 51(5): 1560-1569.

SU Liang, SHI Wei, SHUI Wei-hou, et al. Field test of high
energy dynamic compaction on hydraulic sandy filling[J].
Journal of Jilin University: Earth Science Edition, 2021,
51(5): 1560-1569.

BEHL. AR I AE TR HOAR B b 1 Ak B
FIR T, NERKIT, 2021, 520387 2): 145-148.

LUO Wei-bang. Application of high-energy dynamic
compaction in the treatment of dry, loose, thick, and
collapsible soils[J]. Yangtze River, 2021, 52(S2): 145-148.
SRZEML, M, B, S5 T IHOKK RS IR
TRV [ S X 5 A e ARG T AT 0], KOO B AR
T, 2022, 49(1): 117-125.

ZHANG Jun-jian, LI Peng, YIN Kun-yu, et al. An
experimental study of the dynamic compaction method
based on relay drainage in foundation treatment of the
coastal backfill area[J].
Geology, 2022, 49(1): 117-125.

ik, MAETT, HKORA. PEEESE RN, &
1155 TREEER, 2007, 26(7): 1297-1312.

XU Zhang-jian, LIN Zai-guan, ZHANG Mao-sheng.

Hydrogeology & Engineering

Loess in China and loess landslides[J]. Chinese Journal of
Rock Mechanics and Engineering, 2007, 26(7): 1297-
1312.

R, XEE, ATIUE. @A LIRS A
HRAN] T TRESR, 1999, 21(4): 383-387.

MIAO Tian-de, LIU Zhong-yu, REN Jiu-sheng.
Deformation mechanism and constitutive relation of
collapsible loess[J]. Chinese Journal of Geotechnical
Engineering, 1999, 21(4): 383-387.

B W RPN (D). A R TR AR, 1998,
20(4): 87-91.

LUO Yu-sheng. Assessment of collapsibility of collapsible
loess foundation[J]. Chinese Journal of Geotechnical
Engineering, 1998, 20(4): 87-91.

EIERE, FFIRZE, AU, & hERS =D T
LR, 2015, 4538 F) 1): 836-843.

LI Lian-xiang, FU Qing-hong, ZHENG Ying-jie, et al.
Dynamic compaction in China for thirty years[J].
Industrial Construction, 2015, 45(S1): 836-843.

KUZRIE, 175, w0, TR0 LR S5 V0 Ak P e
TR THOR[T]. M THAR, 2017, 46(18): 103-106.

[11]

[12]

[13]

[14]

[15]

[16]

LIU Ji-peng, YAN Fang, GAO Yi-fan. Dynamic
compaction ground treatment for collapsible loess in
western mountain of He’nan[J]. Construction Technology,
2017, 46(18): 103-106.

WSS, PhEAE, ML, S NS E ERR R L
7 M R 4k B e B AU D). A EOR, 2016, 47(3):
213-217.

YAO Xue-gui, YAO Zhi-hua, ZHOU Li-xin, et al.
Foundation treatment of self weight collapse loess of
removal airport project[J]. Architecture Technology, 2016,
47(3): 213-217.

BoKME, EIZR, SitEE, & S0y ML R
oL AL FRILIZR IR FC[0]. 5 TR, 2022, 44(6):
1027-1035.

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

BHCH, MR, 5. BA XA LR S5 2
BRI FI]. A 115, 2012, 33(10): 2903-2909.
HU Chang-ming, MEI Yuan, WANG Xue-yan.
Experimental research on dynamic compaction parameters
of collapsible loess foundation in Lishi region[J]. Rock and
Soil Mechanics, 2012, 33(10): 2903-2909.

TOATE, BhAHIM, B, 5. mRE RIS AL BRI
PEBE LML B RIF 7E[C//2016 44 [ TR 52 e R
Rz sc&E (B, KJE, 2016: 125-130.

HAO Dong-lei, HAN Fu-zhou, ZHAO Xiao-lei, et al.
Application research of high energy dynamic compaction
in collapsible loess foundation[C]//Proceedings of 2016
National Engineering Survey Academic Conference
(Volume I). Taiyuan, 2016: 125-130.

e N RIEFI N 55 A 2 d 0. 4 k8 J7 ik b
#: GB/T 50123—2019[S]. dbxt: o [E vh &l th fi
2019.

Ministry of Housing and Urban-Rural Development of the
People’s Republic of China. Standard for Geotechnical
Testing Method: GB/T 50123—2019[S]. Beijing: China
Planning Press, 2019.

e N RSN 55 AR 2 2 B0HE. A SR Ao U0 14
RIIE: JGT 340—2015[S]. Jbxt: HE@H Tk ik
#t, 2015,

Ministry of Housing and Urban-Rural Development of the
People’s Republic of China. Technical Code for Testing of
Building Foundation Soils: JGJ 340—2015[S]. Beijing:

China Architecture & Building Press, 2015.



