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Abstract: To explore the dynamic characteristics and influencing rule of gravel soil reinforced with rapid
hydraulic impact compaction, the field test of box culvert abutment backfill gravel soil reinforced with rapid
hydraulic impact compaction was carried out based on the abutment backfill project on Weifang-Qingdao
expressway. The test used embedded soil pressure gauges, strain gauges and other monitoring elements to
monitor the stress and strain development rule of gravel soil and culvert back during the tamping
process. Taking dynamic stress, residual stress, tamping settlement, standard penetration number and culvert
back strain as evaluation indicators, the dynamic stress propagation rule of rapid hydraulic impact compaction
was explored. The influence of tamping times, tamping energy, tamping spacing and other factors on the
reinforcement effect of gravel soil was analyzed; meanwhile the influence of construction vibration on the
bridge culvert abutment back was analyzed. The result indicates that the dynamic stress generated by rapid

hydraulic impact compaction is mainly transmitted along the vertical direction. The effective reinforcement
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depth can reach 2 m, and the attenuation speed is fast in the horizontal range of 0.5 m. Due to the
reinforcement effect of tamping on surrounding soil, the dynamic stress increases obviously when the tamping
point is close to the tamping point. Increasing tamping can effectively improve the reinforcement effect, and
the reinforcement effect is more significant when using high-grade tamping. The reinforcement effect increases
with the increase of number of tamping times, but the compaction effect produced by each blow gradually
decreases. For the gravel soil subgrade, the number of tamping times should be less than 9. Appropriately
reducing the tamping spacing can improve the reinforcement effect, and the appropriate tamping spacing is
1.5 times of the hammer diameter. The strain of culvert back structure caused by tamping, which has little
effect on the safety of box culvert and other structures, is far less than the standard value. The study result can
provide the design and construction references for similar bridge culvert abutment back subgrade filling
compaction projects.
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Tab.1 Physical and mechanical properties of gravel soil
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Fig.2 Test layout (unit: cm)
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Fig. 4 Strain gauges and ramming points arrangement

3 HBERSN

B S R HE IR

K5 g5t 1 Ut & i B =X 0 R 0 345 19 3)
N Ao AR (A T MHE RN, B R bR TE) o
XTEEE S (a) ~(c) AIH, FEF505 2, 3 d50R), 75
SURITEN S ¥R T o5 A1, X B 75 i %t & ]+
PRI R 2L HEVE ], (54525 208 Bl R R R 1
PRI R BE S W2 IG5, AN, A 1 2R
THIE A HE AT A, FEIFEEINZ% 0.5 m AR BN J1°F
KIHZ) Ny 45 kPa, 5 HAKIREE T 10 2.0 m ALY B 1
JHEAMIE, /N T 5 AOE T FIREE 0.4 m Ak 398 ~
437 kPa MZHIN I H . X R WY S5 i 76 B ™ A 14 3
B F BT AL 3, X5 R T HOR N AR 5

3.1

(unit; cm) 9
MR AEA—2

75 il 75 12 75 13 I3 rid
] ° [ [ . [ ° ° o . ° .
11 41 398 50 437 43 426 49 10 46 12

218¢@ L4 ° °

20

135 [ ° o

Sle ? ° [ °

48 @ ° [ o
(a) Frwil (b) F5 2 (c) i3 (d) F5 x4

Bs5 FEH1 AT EEASH (BAL: kPa)

Fig. 5 Distribution of soil dynamic stresses when ramming once (unit: kPa)

K6 Zxf %y s 1 itfr g5 i, HAE T L4k 3)
N TR T I AR A2k, HiR R 6 (a) AT
FrirRET S 5 R AREE RN, B6 (b)
HEL6 (a) B I 5 UESHI S W i BREE T Y
PG ML, AT, Bh )RR EE T ) AR 2 4R
BOEAEW, 0.8 m AN IR FEACHR, 95y 9 it
0.8 m ARy B 1AL K 0.4 m ALK 54%, ifi A E

M 1/kPa
0 100 200 300 400 500 600 700 800

0.4
08
i
¥ 51 —— 51K
' —e— 53K
—— FFi5K
L6 - —v— J5EHTIR
—— FFiok
20t
(a) NFIF5 o IR L
& 6

2.0 m ARSI T (E E BN 0. 4 m 43R
PIER 129 Ze Ay, A R RA D . 97 i = AR A g
LR RIE AR £ P AT L 3%, R N Y
Ptk AL AR BT A A R AR, T
LI 3 A 136 3 7 v 2 52 B A 1 JB0RE 8] 52 45 )
JeFEBL I, AEAEREREAE T R g R U
ORIEEDT B # =, 73 5h, KRR LIFE 3

BN F1/kPa
0 100 200 300 400 500 600 700
04+ _ -
y=1055-0.25+13 _-
-
g 08¢ _* -
= .
K2t ~
7
/ s
1.6 F /-’ =I5 SRS
, - — WA
200 o
(b) 5 SIRILLA 2

B N6 R 7T 1 2L £k

Fig. 6 Variation curves of dynamic stress along depth direction



9 4

eI S RS INE A G PRI 117

TIWOREE T 1) W R 5 95 th IR BUE AR TE G, 31X
AR R FRA T v R TR 75 X UR 2 AR B S R R
TP AHEES )RR,

K7 Ry BIES S 1, 3, 4 FFdi 1 kI, 0.4 m
UREERL AR ) B 3 W Ko7 i iy 22 fe it 4, mT LUE
e, BN IR KT Dy ) SR AR B o, ik
2B N T BE T B 75 s 2 HFEAR, BB A 0.5 m
AL B T C R A F5 A AL SR I E R 9. 2%, iX
P R R F5 W KCE 52 A R £ 24 0.5 m LAY
FEFF 5 2.5 m &b, CEARWEMRRI SN 1, ULH R
JEF5 A3 i 1 B8 A - 3 35 14 e KK T 5 T i LS
2.5 m,

500 -
w FF S
400 o F5 A 3SIE
b A FFEAYIIE
H - - FAIA L
£ 300 i —e— TR
S % mA A i
R \
2 iy
& 2001 %
\}
ool &
i \s y=a-b*+c
0 0.5 10 15 20 25

PR3 B0 2 10 KFFE S /m
B 7 BRAHEKEFENEL ML
Fig.7 Variation curves of dynamic stress along

horizontal direction

P 8 AN [A) R BE Ak AR BT 32 3 W ) 5 95 il U RR
KEML, MEATLIE L, LRPrZ s J by i
YR s A 5 B R g 18 B0 U K, LR E
0.4 m kb EMANH], 26 1 W5 AR ST B A F)
400 kPa Zefy, WiJmissil 2505 8 MIZE 9 iy, Hz)
N IESEARRRELE 750 kPa 2247, BEBHRE N5 ik 4
XRS5 i SRR A B TR A BR Y, 2455 i Bk
Bl—E(E)m, FEGINF d YOBOC A5 T [ 28R A 19
BARTE, B TS5 e R L 0K ) A B BE ) 5 g
B IR, N R AR R B RER KT,
Sl 87 Y e R I 75 ok RS A 498 T i i AR
L TR ER, WUENET T ERE T, L
KO R RS, CikEIESbriE,
3.2 FEERMATHAE

SRR N # S VA RN N KW s s A R a il
T IR AR EEAL LR 2 B R L) 555
WEC R M, ATLUE Y, 5 AR AN i
Wt 5 o YR g o, 55 Bl R R R B A
IR, BRO.4 m RSN, HORTREE AR5 AN

8001 VEFEO4 mill &g y=542 + 0.78821
700 o TRIZ0.8 mitl £y i 25 /-—,-——-
(A WEL2mi AL oY
600} //(
= = X,
A - =211 0744821
=< 500} -
3 ,
= 4
% 400F  w .-’-."—-._‘_._—*_-‘
i ‘
300F L y=-306 * 0.66"+417
/‘ _-4--——A-——*———-A----,‘
200 ¢ —___A_____‘,_
ke
e
100 L )

0 1 2 3 4 5 6 7 8 9
i R/ IR
B8 FARERELEHENEFHRHXER
Fig. 8 Relation between dynamic stress and tamping

times for soil of different depths
TE5idi 3 R B HAE THE , Ul T30 Lk
(0.4 m LIFH4K) Skud, F5ififl 3 i nlib B
IR 17K

v

—=— %04 m
—e— RF0.8 m
—a— RE12m
—v— FE1.6m
—o— FEE2.0m

0 1 2 3 4 5 6 7 8 9
Iy i RH/ IR
B9 ARREANEFHRHXR

Fig. 9 Relation between residual stress and tamping times
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Fig. 15 Relation between standard penetration times and

penetration depth of rammed soil
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