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A i BERM TREAMRAR, P8 KR 030031; 2. PHZHEIRHNY: AR TSR, B % 710055)
# OE: ERRENRX, R Xz 7 OB T KR mE I, SRISVERIA B R R
s, R I B 1 BIHE T R . RSO R TR FFIEAETE . e e Ly 3 A B AP
NS, SRFH. (1) FLEETHFESZ 8000kN-m & 12000 kN-m R iR b G, HARFLEREM, T
RN, 8m J 12 m IRFEVE R PG LZ MBI O, HARS &0 ARG MR, MRS
BRI, AR IIFIEEAR/NT 200 kPa; (2) WA L EIETTHIZEZ 3 000 kKN-m J% 10 000 kN-m R8RS ib
G, MR REERTIE 250~461 kPa, AMYAERH R IHESR, HHIEH BRI %404 (3) FE L
EE TR ZE 25 000 kKN-m BEZSRIS IO S, A AU ERE HEF TMEFEA/NT 18 m, 7E 0~20 m JE [ P1-F413)
IR AT R 2.0~7.9 5, HbIEAI IIRFIE(E KT 200 kPa.
XHEIR: AL B WA ZEL mIETHE
hESES: TU4T2 XRAFRIRTE: A NERE: 2096-7195(2023)S2-0001-11

Exploration and practice of dynamic compaction for treating high fill
foundation

DONG Bao-zhi!, ZHAO Yi-hao?, ZHAO Xia', WEN Yu-kun', WEN Chen-yu', JI Jiang-feng?
(1. Shanxi Jinbaodao Foundation Engineering Co., Ltd., Taiyuan 030031, Shanxi, China;
2. College of Civil Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, Shaanxi, China)

Abstract: In recent years, a large number of high fill foundations have been formed in mountainous and hilly areas of China
through excavation and filling. Due to the advantages of large treating thickness and high efficiency, dynamic compaction
has gradually been promoted and applied in the treatment of high fill foundations. This article introduces the application
examples of dynamic compaction in the treatment of high fill foundations of loess, miscellaneous fill, and crushed stone.
The results show that: (1) After the high fill foundation of loess is treated with 8 000 kN-m and 12 000 kN-m energy level
dynamic compaction, the porosity of the soil decreases, the dry density increases, and the collapsibility of a large part of the
soil layer in the depth range of 8 m and 12 m has been eliminated. The remaining parts become slightly collapsible after
treatment, and the bearing capacity of the foundation significantly increases. The characteristic value of foundation bearing
capacity shall not be less than 200 kPa. (2) After being subjected to 3 000 kN-m and 10 000 kN-m energy level dynamic
compaction treatment, the characteristic value of the foundation bearing capacity can reach 250-461 kPa, which not only
meets the design requirements but also has sufficient safety reserves. (3) After being treated with 25 000 kN-m energy level
dynamic compaction, the effective reinforcement depth of the high fill foundation of miscellaneous fill is not less than
18 m from the compaction surface. Within the range of 0-20 m, the average number of dynamic penetration hammers
increases by 2.0-7.9 times, and the characteristic value of the foundation bearing capacity is greater than 200 kPa.

Key words: dynamic compaction; loess; crushed stone; miscellaneous fill; high fill foundation
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H T EA A IR R G AR 7, R T LS
DUBRAL S A HEEEN g5 5P R W, BT
SEAPRIEMT L, ATCAINIEIE T 2 R A, 46
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T o PR R IR S M RN 5 S5 AR FH 1 R e R B A
Bl s B2 AR A 012 B2 17 R P i AR U T s S S A
SE TRFY R s X AN i 2 T R A G T kA S L
TR H ARG 45 & W 7 VR A VRN T
S 75 1 PR [ R

I T R — i ph rpCa A ) R LA, DK
AR, F R EE S s, MR
KEMZIEL . ORI HAA SN B
ik SRR, IE4ath s LS ZshiG . Rt

B & I AR T LA SRR . KIS, K33
M= AR R TR SR KR TE o« TRl E
APLE AT Sea . TRk B AL
R, AN HAN T INE AR B, HAEE N IERME A,
VAR S EI S — R A AR )8, F [E 5504 J@ 5 2
RIS R LA 5875 e I AR R BB e e, 2
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SRR L) 50.4 77 m?, BESEHANL 27.4 77 m?,
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Fig. 1 Typical stratigraphic profile of loess high fill
foundation original site

1.3 RISACIEER

AR TRRGEH EERYI & brm . RHER
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(1) XIRIRA 8 000 kN-m REZK TR, 43 3 i

AT SR, FAmENE 2 R, B 2l
KH 8000 kN-m REL riFy, FHFAKHIETEATE,
Iy RN 7 m, BRI AT RIS TR
B IE 7 T (R HCy s R 3 i 75 R FH BR AT Bk 4T it
T, %—. ZEIEFRMELS N &G P S UTEA K
T 200 mm; =3~ 2 000 kN-m BEZIH TS, HF
75 2, AEEDPEILIEE 14, TGRS
AT SH R 2 fis.

(2) XIRIEKH 12 000 kN-m BER5RTS, 435

WFATISSL, F5 A EWE 3 iR, . ZHEX
F 12000 kN-m el 575, S RBIEREAE,

5 A BN 10 m, 2RSS AL TS S5 ST
TE BRIV IE T3 T oy, Wi 58 5 R F BB AT Bk 4T e
T, 55— ZimICER AR B P I IS UL E A
KT 200 mm; 5 =34 6 000 kN-m ft 2 I 255,
5 AT AT IE 4 AT bty WCEERR L B S R
dPFHFTEARAKRT 150 mm, F5idisemi)E &
FFYUE; S 00N 6 000 kN-m RS 5 T5, 75 AL
THE— = ZWFABIET RO E 5
Fuikih 2 000 kKN-m BEZLI#Fy, BEai 25, 1/4 F5ED
P8z, DS IR . BRSBTS 40
2 P

®1 ATERYIENFMRIERSITR

Table 1 Statistical table of physical and mechanical property indicators of soil
e fobr TokE WE AL R ZEMR WM At R4 RH R4iE FERS) NEE
wi% Gs e o/%  wp/% Bk L an/MPal Eqo/MPa  c/kPa  ffi ¢/(°)
NN 10.50 2.70 1.183  23.60 1450 1030 —0.31 0.73 22.80 23.50 13.20
Do £/ ME 4.30 2.69 0.722  21.60 12.90 7.80 -1.72 0.09 0.00 11.50 5.90
QA “EH{E 7.80 2.70 0.969 2280 13.70 9.10 —0.70 0.32 8.50 16.70 9.40
R 2 3.86 1.31 0.480  10.99 6.62 438 038 0.19 5.31 8.41 4.79
5 KAl 15.70 2.72 1.162 2390 1490 11.00 -0.07 0.73 22.00 2140 13.90
. OBUME 4.90 2.69 0.751  21.60 12.60 720 -1.06 0.09 3.20 13.20 6.20
O RS 7.60 2.70 0941 2280 13.70 9.00 —0.70 0.28 9.10 17.10  10.10
bRt 4.00 1.35 0.480 11.41 6.89 4.53 0.37 0.17 5.50 8.63 5.18
5 KAl 16.70 2.72 1.160 2380 1490 1040 0.07 0.65 24.50 2430 43.50
1 B/ ME 4.90 2.69 0.692 2130 12.80 7.30 -1.25 0.08 2.90 13.50 6.30
@Q7 S 7.40 2.70 0.897 2280 13.80 9.00 —0.73 0.24 9.40 17.90  15.30
bRt 3.87 1.35 0.450 11.37 6.88 4.50 0.38 0.14 5.38 8.91 9.72
5 KAl 18.70 2.80 0974 2480 1540 11.60 0.23 3.23 20.60 26.80  44.20
N B/ ME 6.30 2.68 0.602 2130 12.40 7.70 —0.86 0.09 0.50 10.80 7.60
@:Q A 10.60 2.70 0.754 2270 13.70 9.00 —0.38 0.23 10.30 19.00 21.20
bRt 5.38 1.31 0.370 10.92 6.59 4.34 0.23 0.23 5.78 9.72  13.57
PN 21.60 2.80 0.679 — — — — — — — —
- E/ME 720 273 0626 @ — — — — — — _ _
@ SEHE 1050 277 0.650 0 — — — — — _ _ _
bRt 6.42 130 0340  — — — — — — _ _
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Table 2 Design parameters for dynamic compaction of loess high fill foundation

Fig. 3 Layout of tamp spots in Area II
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X e Sty Filie/ ETE/m A AR R
FHE o s 0 e e O g " moEn

(kKN-m) (kKN-m) (kKN-m)
X 351 8 000 8 2 — — — 2 000 2 1 0.76 Tx7 =
XEIT 12 000 10 2 6 000 8 2 2 000 2 1 1.33 10x10 =
1.4 RIIBHR 0.070, ATRFEVERRET, AL VR FEVE N ) AR R 4
K 4 HXIRIZ 8 000 kKN-m REERTS 5, 48 WA 4.1~12.7 MPa; 2 SHRHACFRIE TGN )

T SR I R BE IR FE (AR a3, K] 4 FmT B
Fi: 1 SEIELE 8 m AT A HBREMYE, ©
PRI R ECN 0.003~0.014, E4ifiEN 2.7~
13.1 MPa; 2 SHIHAE 8 m BEVEHIN, HARAIE
R 0N 0.009~0.024, HARIFFFAZIRELE 1 m.
2m. 5m. 6 m. 8 mALINEMRENT 0.015, H
JEEMAEERE L, 3 m. 4 m. 7 m HIERRECHN
0.015~0.030, AIBFEHEREM, EARiEN 3.10~
11.0 MPa; 3 SHEHAE 8 m AFETGHIN, TR AR
4 0.007~0.031, HAFRIFFFIZHRELE 1 m. 2 m.
5m. 7 mREEREUNT 0.015, & CHARRR
PERE T, 3m. 4 m ARHERRECH 0.015~0.030,
IBFATERT, 6 m AR R %A 0.030~0.070,
REraE .

K 5 NIXERIZ 12 000 kKN-m BER5RF5n, J&
AR R SR R EE R R AR S, S AT
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10 m ZLHITERE REUNT 0.015, AR L,
11 m AL IRERE R EN 0.015~0.030, AHEIE A,
Ab B R Y L A ) AR R 4 52N 6.2~9.6 MPay;
3 SR AL FRIR EE VO N R Fa R 2O 0~0.060,
HABRI 2R ELE 2m. 3m. 4m. Sm. 7m.
8 m. 9m. 11 mAEHIERRECNT 0.015, HNAEE
FAYETE 1+, 1 m. 10 m AR RE R %08 0.015~0.030,
NIRRT, 6 m AR RN 0.030~0.070,
TE SCNTRREPE AR AE,  AhHE R VI [ Y A R 4 A R
5.2~13.2 MPa.

RO Rt T A 28k i R P A DT R O F it 2k dn
Blo6 Frox, B 6 AJA1, I 7 B oK %
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2 EIENEBRBFHALSEL I
E sl

2.1 TiEWR

P94 SRl e 10 e AlopA k1t 5 i i
FRZ) 20 75 m?, SESMRZ 13 FF m?. ZUHFE
BAHE 2 ANFRUES s TR AR S BIFERE . BT
AR FECE R 55 M R it TR . AR s &t 3t
FEAs i X BUR bR s v B, TR i) i KAy

W, JBRIEG L, WERER N 0.5~42.0m; @R
Fit: K. KEE, WY, RS ERE,
TR, ToamE s, FIMR, BEEEEN 1.0~
3.9m, FFEHEAYE ARG 3
Firs @R A: AR RALFEE AT 43 @) 25K
W B E K@), J2 KA R -1 JZFIG), |2
VIRmEA B, KR4, JRY, FEERNF L
W, ERERFEEFNVE . WA AR
YIEL 2V R AR R GE i R 4 R .

AR T AR TT X 2 EEORL N 1 T b B A vy DA
PR LE, FERE LR AR A 2H
BRIIEAT 1



6 oo b 2023 412 H
~DQ) &+
- Q" HE A+
RORHE VATt
®L3 RIS
FifE/m 7K374 ZK375 ZK376 7K377
442 5;313 44050 440.10 40,00 240.00
AN S R 80(436.30) AN A B0(435.40) L
e ¢4 7 G 7 ;? ° ) ; ;4; ’\(W \,//\{(/)\\.//Q 3.50(436.50)
jCééﬁéé/W%%%@;@ﬁww%- «g ~¢}_&m“”°®
42511, / 74 % f’,&'}"g N 83
W XA HEL3. S0 RO, )
0/ GNZDRVANA CNQVNNQY / \¢ K
1 /’2"\5 153}/0};12\??7\5*)\ ?’?’ W% Q\j/\\ X2”7718.00(422.00)
el AN S R S s
g §§'\|1"§="2l O 25.00(415.10)  25.00(415.00)
02200125059 .00(411.50
2050 £430.0 840740)
N ://)\
R
»
3957 41.50(395.90)
&7 BALTEEGERIR R R E
Fig. 7 Typical stratigraphic profile of crushed stone high fill foundation original site
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Table 3 Statistical table of physical and mechanical property indicators of silty clay
fabr TAFEEL i P2 Frife 22 A5 RE ARG
B wi% 30 22.9~29.0 26.4 1.30 0.05 —
P pl(g-em3) 30 1.85~2.01 1.93 0.05 0.02 —
tLE G 30 2.70~2.71 2.70 0.01 0.00 —
FLBRLL e 30 0.65~0.87 0.78 0.06 0.07 —
IR wL/% 30 30.90~37.20 34.10 1.58 0.05 —
YBRR wp/% 30 15.30~22.30 19.70 1.58 0.08 —
IIEFRHL I 30 11.40~16.50 14.30 1.36 0.09 —
WPERR S L 30 0.28~0.68 0.46 0.11 0.23 —
JE4E 2 H avio/MPa™! 30 0.22~0.39 0.30 0.05 0.18 —
JEGER & Eqo/MPa 30 4.82~8.29 6.19 1.04 0.17 —
FE 71 c/kPa 30 25.00~42.00 31.00 4.23 0.13 30.0
W EEIE A 0/(°) 30 12.40~18.90 15.00 1.55 0.10 14.5
#*4 WEREEAYENEMRIERSEITER
Table 4 Statistical table of physical and mechanical property indicators of sandy mudstone
#=A LS AR FieN i T bR 2 B 2 PRt
FIRE P pl(g-em™) 100 2.35~2.18 2.29 0.04 0.02 —
AL N
N BRI R R
FEE 100 3.07~0.46 1.49 0.50 0.33 1.44
RJ/MPa
FIREE pl(g-em™) 210 2.57~231 2.43 0.04 0.02 —
o KA N
N LR AN
FEE 210 12.09~1.16 5.88 1.71 0.29 5.76
RJ/MPa
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Table 5 Design parameters for dynamic compaction of crushed stone high fill foundation

FEI R/ BiisRy o RERE X 75 5 Wi 4
AbFX 35 T HL 51 A= I}l o
(kN-m) (kN-m) E/m W=, T
1 =3 3 000 5.0m EHE <5cm
X 3 000 2 J 3 000 — 5.0m EJ <5cm
3 W 1500 1/4 5 e84 st —
1 =3 10 000 9.0m EHE <20 cm
. 2 g 10 000 B — ik 7] 47 A EHFTE <20 cm
HITIX 10 000 8.0 » - )
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Table 6 Statistical table of dynamic penetration test results for miscellaneous fill

peEl Guit A 0 3%k izl L5 R
SEME 175 3.0~9.0 52 1.407 0.267
BIEE 175 2.8~6.1 4.4 0.812 0.183
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Table 7 Design parameters for dynamic compaction of existing thick miscellaneous fill high fill foundation

Pk 25 REZL/(KN-m) 7 EATE 75 B EE/m i
1 REF 25 000 T % 10 12
2 MF 25 000 EFTE 10 12
3 Bl 12 000 EJi % 10 10
4 bl 55 4000 ET7 % 5 8
5 W7y 2000 FEHERY 1/4 F5EN$44 2
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Table 8 Average heavy dynamic penetration test results before and after dynamic compaction

N S2aill #E AR SR ) bR

RV Fl/m = - - = o
18 5 Ql % FH1H 15 25 FEIAE FEE A L

0~3 4 6 5.0 43 36 39.5 7.9
3~6 4 7 5.5 39 39 39.0 7.1
6~9 5 7 6.0 32 26 29.0 4.8
9~12 5 7 6.0 23 22 22.5 3.8
12.0~16.5 5 7 6.0 15 14 14.5 2.4
16.5~20.0 5 — 5.0 — 10 10.0 2.0

= i 18 m, 7E 0~20 m i [ P73 3l 7 b PR e o 542 =
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