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Water hammer tamping energy and the experimental study

on compaction effect

LIU Sule'*, SHI Chong'?, LIANG Bangyan

(1. Key Laboratory of Ministry of Education for Geomechanics and Embankment Engineering, Hohai University, Nanjing,
Jiangsu 210098, China; 2. Research Institute of Geotechnical Engineering, Hohai University, Nanjing,
Jiangsu 210098, China;3. CCCC Fourth Harbor Engineering Co. ,Ltd3, Guangzhou 510000, China)
Abstract : Heavy tamping method is a kind of important method of rubble bed tamping in the construc-
tion, the heavy hammer tamping energy is an important indicator of impact compaction hammer effect ,
the hammer tamping energy can be influenced by hammer type, flow resistence, drop distance and
other effects. Therefore, on the basis of fluid dynamics. First of all, establish the calculation model of
the hammer in water movement, analyse the hammer flow resistance in the process of hammer in water
movement, and then through the indoor shrinkage scale test, analyse the water movement law of the
cylindrical and cone hammer | obtain the experiential tamping hammer water flow coefficient value.
Finally, analyse of the different geometric rammer, different distance to the effect of compaction
effect. The results show that a cone type tamping hammer and cylindrical rammer compared. Because
of the chamfer of a cone type hammmer, flow resistence coefficient is smaller in water and the value is
about 1. 0. under the action of the same tamping energy, different types of hammer has difference in
5% on the rubble mound foundation compaction effect. with a hammer in different falling distance,
the greater the falling distance is,the greater the amount of settlement of riprap foundation bed is, the
bigger the compaction stress is. but rubble mound foundation settlement has a limit value. The re-
search results can provide reference for the selection of hammer shape under the process of compac-

tion.

Key words: rammer; flow resistance coefficient; underwater rubble bed ;effective hammering energy
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Fig.l The heavy hammer underwater free
body diagram
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Tab. 1 Main parameters of laboratory test
. . Lo EEH L
5N TR IR . Gl W 75 ik e B = b Lt P T i e P
T /cm /cm - /kg 5 - h/cm h/D /kPa
D/cm
1 110 95 B &5 754 5.9 11 10 0.99 6.2 AT
2 110 95 iS4 5.7 12 6.4 0.53 5.04 =4

TR , JLIE AR 2 RAESIE KT 500 Hz, KKK
Bl 7K B3R, AT S AN ) B 220 9 2 o o AR Ak
T .

308 3 AR ARG 3 A [ A 70 o el 5 (6] 5 7R R
HEAK RS RLEE, AT T AR T KPR 110
em, FFERVE I 95 em, [B] 5 RIZ5ERE 5.9 kg, ICTHI EL
11 em; [EAEIE S5 HEER 5.7 kg, LA 12 em, HLik
RN 1 i,

1.3 IREER D

i A A, A TN SRR R R R S
I 1) 38 2 P 5l , 5 B 2 3 (4) M A v i A5 T
JEAEIEA TG, A5 B 1 B AL IE 75 i A 5 &5 2 75
S it 255 4 it R X LR s gETTAS Y ) o
{EL, AT RIS 3 5. 7 kg [BIAEIE 75 i 1) ~F- 2 2 i BH
FHN 1.5555.9 ke 815 BF5 R A K TP 2 S8R
BHAAREON 1.0,

AR, A B T R 55 4, [ 5 2L 57
HEAEK SRR 2R BN, 2 BR8N,
PRV S 25 1F T, 0 Se e A 194 5 280 75 il 55 < 4l
AR

2 AEFERITENT A B IR T H X R

AT 3 Rl — A i BE AR R AN (] R B
Yo FER A5 T AOCR BB 5. 7 kg IR B F5 i e
4.9 kg [RIFEAISS 4R AE A X055 15 RE N 879. 83 k)/m?
Xt ) — JBE B A7 FE PR AT 55 i il

N Tl A IR S B T AR R, 4
WL T2l Bl i Ay RS) AT 45 LU 491 4
AT E NI — BN AT T R . ARIRE
WNIER LA 575 18 1 97 RO B A a8 K/ A
RIAR A J5 B | 75 P Vi A B IS DR R, AR A0 B
DT LSRR IR 1:10 FE47 % 40 LRSS
ik

2.1 e

ARAE A7 FE PR AL 55 i 55 oy T B A 55 i B )
R HFEE I RIS I RF A, AS YR 55 o 02 77 M 0 32 FH

MPM426W RIS BEM A 2814 4 o

P R AR T AR B Bl =, 2
KA 5T B Y5 LR 10 kg ~ 100 kg, 38 458 353 4H 1
HPRARTERE 0.1 m ~0.3 m, #Z/R 110 #4745 1L
FOE , AR A R A2 E 8 0.01 m ~0.03 m,
R TS A IR T5 i g B, A FE R S ik
WITEE W MBS 2 A h ik 7. AUGR g HIAE T
BB AL AR B 75 o I 7 WS DA R Tl A A T 25 2%
TEHE Ak, R A R L % WA RS A T [ A
Iy 07 WA S s L B LS S T DR, SRS
o HFLAT FE TE il 2548 b R A A EA
— B JEFEFAELAY 0.01 m ~0.03 mifr 4, {f H AL
BN A SIS

TEFF RS o5 VR R A, W S0 W 4 i 75 28
LA AR — 2P AL Ab B

22 R TR KGR

PRE55.7 kg R 5 ERISFE N 0.3 m, il
RIS, YR 0.3 m X Y T 2 BE R
1.87 m/s,s 4 0.011 3 m*, i@ FHiEARE =

2
mv- g

o EIg g £y 879.83)/m’ 45 5.9 ke
S

[ &5 4E75 HhE R 879. 83 J/m” @it 5t BEA
R ISR B R 1. 68 m/s, 38 1 A5 — 1 1R
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>40.23 m,
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KHEF 5, 15 8045 95 o S0 75 R 5 o i 57
i I 7 W ISR T W 58] 25 o 17 fy /N an e 2 i
o M LUE H UK F5 B 55 5 7 S5 K AB
21.50 kPa, /\¥R 75 I 75 ifi b ) 55 KAE M27. 84 kPa,
TC RS HRREAN A S5 i i 5 o B 7 WA s )
75 E AN 2 Jrs s & b Bk 5 AR AR X
MH:a - (0.35,0.35) b - (0.35,0.4) ¢ -
(0.35,0.45) d-(0.4,0.35) e—(0.4,0.4) -
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Tab. 2 Monitoring stress value of different tamping rammer points by cylindrical and cone hammer ( kPa)

0.3m % iF a b c d e f g h i
PUYRZs ([BAE) 11.20 10.79 10.23 9.19 21.5 5.50 7.86 12.32 13.36
IR ([EAE) 11.83 21.50 13.85 21.21 27.84 16.84 15.03 5.08 7.31
PURFs () 10.8 11.63 10.95 10.5 22.3 6.8 8.42 11.35 12.56
ANRF(RHE) 10.54 22.80 14.15 20.93 26.95 15.38 16.30 7.5 6.84

R3EAHERE BERFEFTARFTNELENAEFRIFRE(m)

Tab. 3 the tamping settlement of different monitoring points by cylindrical and cone hammer(m)

WEI A5 1 W A5 2 WEI A5 3 W A 4 FH{E FULHR%
TR (R 0.023 0.022 0.025 0.024 0.0235 11.8
JNKRF () 0.008 0.011 0.013 0.009 0.0103 5.1
SHE (B4 0.031 0.033 0.038 0.033 0.0338 16.9
k75 (RE) 0.025 0.024 0.026 0.023 0.0245 12.3
ANKRF (& 0.012 0.014 0.011 0.013 0.0125 6.3
FiHE(BH) 0.037 0.038 0.037 0.036 0.037 18.5
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Fig.2 The stress variation of rammer tamping in intermediate point
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Fig.3 Laboratory test arrangement

diagram (top view)
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Tab. 4 Monitoring stress value of different tamping rammer points( kPa)

0.2m a b c d e f g h i
PUYRF5 7.72 6.82 13.3 7.59 10.72 6.89 4.59 13.01 7.45
JNIRTS 3.97 13.71 12.04 7.45 7.74 7.59 5.15 7.31 15.10
0.24m a b c d e f g h i
PUIRFS 9.11 9.53 10.51 11.34 10.30 8.63 16.49 14. 68 9.67
JNIRFF 10.79 7.72 20. 46 25.39 12.04 11.34 10. 65 7.59 10.72
0.3m a b c d e f g h i
PUIRFS 11.20 10.79 10.23 9.19 21.5 5.50 7.86 12.32 13.36
JNIRF 11.83 21.50 13.85 21.21 27.84 16.84 15.03 5.08 7.31
0.4m a b c d e f g h i
PUIR S5 11.27 19.42 23.03 29.92 14.13 9.39 19.07 8.56 5.71
JNIRF 16.35 32.15 17.75 9.26 15.66 11.41 4.04 6.89 6.47
RSAEAFNELENAFINE(m)
Tab. 5 the tamping settlement of different monitoring points(m)
A L AR 2 A 3 A5 4 I VIR
PR/ NS5
o 0.016/0.005  0.021/0.004  0.018/0.006  0.020/0.006 0.0188/0.005 9.4/2.6
(0.2 m %)
SiHE 0.021 0.025 0.024 0.026 0.024 12
MU/ IR S5
0.021/0.008  0.023/0.007  0.020/0.012  0.022/0.005 0.0215/0.008 10.8/4
(0.24 m $£10)
ZiHE 0.029 0.030 0.032 0.027 0.0295 14.8
PR/ K ST
. 0.023/0.008  0.022/0.011  0.025/0.013  0.024/0.009 0.0235/0.010 11.8/5.1
(0.3 m 75H)
Fitl 0.031 0.033 0.038 0.033 0.0338 16.9
U/ N5 IR
0.030/0.008  0.032/0.007  0.028/0.009  0.031/0.011  0.0302/0.008 15.1/4.4
(0.4 m %)
ZiME 0.038 0.039 0.037 0.041 0.039 19.5
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Tab. 4 The single pile vertical bearing capacity characteristic value estimate
MEEAE  HEDbRE ARERK EARE YA 8 i) K B
wsAL s /mm /m /m RE/m AR JIHFE{E/KN
7k77 N LAz LB @1 000 2525 11.9 2.00 hXAL® 4175
d1 200 225 11.9 2.00 ERNI46) 4 832
ZKTT L Cop) FLEE AR ®800 24 25 11.9 2.00 i XAEB 3534
d1 000 2] 25 11.9 2.00 ERNI46) 4 945
B ARYE CRAME SR AR MNE) JGI94 - 2008 115.3.8.5.3.9 3145,
5 i1t
S 230k

(1) Hb BEFERE 7 22 U AR TR A 50 M
WM [ —Fh LAl 5 R AR b AT g O, 4
A LTI L0, 25 AR A R v S A
T %%, T SR U ML AL 5 AL 2400 SF A
SCAF BRASE 3#10 3 ~4F 4% 4#10 SF 2B 15 4
3F KA B 0 SF L5 A MR AR SE At (47
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