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CPT-based Model for Pile Penetration Analysis with Vibratory Hammer
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Abstract: To simulate the process of pile installation with a vibratory hammer, this paper presents a theoretical
model based on the one—dimensional wave equation and develops a prediction method of the results of the in—situ
cone penetration tests (CPT). Computer program is also compiled and verified against an industrial project. Further—
more, the effect of hammer’s working frequency, eccentric moment and additional weight are investigated. It shows
that, the presented model in this paper simulates the penetration process well for a vibrator driven pile; during installa—
tion, the maximum tensile stress in pile shaft is generally smaller than that in compression; the maximum tension stress
happens at the end of pile driving. In addition, parameter studies show that increasing the hammer’s frequency and
eccentric moment improves the hammer’s drivability and makes a quicker penetration, e.g. 67% increase in hammer
frequency from 30Hz leads to a 170% increase in pile penetration rate, and 50% increase in eccentric moment makes
a 240% increase in pile penetration rate; compared with the aforementioned two approaches, a limit positive effect is
shown by increasing the additional weight.
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Fig.1 Force on a pile element
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Fig.3 Model for soil resistance
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K6 45t T ASSCRE T T A S SO (B
BT IR ] AT BEABTREE ) 5 SCHRARGE (ELR X L, i)
B AR SORE R SR A7 AT 2 ) BTN ELRE 255 i
SCHR R AGE A TS5 R & 85k, nl AR SCRERY )
AR Mo T R SO 9 SE PR BT A S 2. B 6 Hh ey
12 m 17 m PR EE L Bl AR DA S 2 F i/ A
5 Hfl CPT ¥mBH T g, fEDS/IN—2, it —2EE I i
S 7 M P S B 472 A REA - S e B S75 TCAE
T FPAESE A B,

eI DU 1 R o B 3 A% BN 8] ) 22

Hif ] /s
0 003 006 009 012 0.15
—4 T T T T -3.0
"N 0 \ "\
g0 \ \ " "\ 0 TN -15
S PRI gy A E
- \ v \ =
SeP RN AT 0 R
w2 oSy N S A i) =
P e O A N N L B A N A =
eSS \\; v BT By -.,_t\;‘_'_ L5
12 . 130
""""" TALRZm= == HAl6m
FA18m ====- AR

B 7 RETNE A A A5 R o] B A4 AE

Fig.7 Tip displacement versus time at different penetration depths

MEFE ST At B AR A o5 — AR AT Z A0 [l
BRyTAR T FEME B I IV RAE. BT 8 45 T MERE B A
R A s 43 0 7E BT AR TS 12 m 16 m 18 m B #E
28w, DN A s i T S A RN A B N s N I
A W BB AR BE A3, A B 5 K b 24 5



5511 0] 2T SET CPT RSN FA S BT e A 191
SRS S RPN T A IR SRR R S R BEAERBA T L, K O Sy FE AR, S i T AR

HLRfE BT ATREE 3N, M B f5 R iy 1 B i
I F e KN B A B de R vy g 38 o i PR ]
RS B N o Al BEL 7 04358 43 1A B A e B B
F1, Pk, B A B 736K A B Pz RN, 383 K. T

Mk B0 g 5 RN 1 2Z 0] ZE(E AR AR A AT e et R R A
i S WAE: N N OE AN WA NS Sy Bl
LIk ESNWINES e
;73 (ZZ2 KR 1E ) /MPa
300 200 -100 0O 100 200 300
: LA
E
TE 'f ;;‘
= 1 1
= ‘ai-m |
\2

----- A 18 m, i Sy
—A.—l—l/\lﬁm j:f‘j] -‘-"fl'gl‘/\lﬁm,?ﬁmj]
—e— HAR2m R ---e--- BLA 12 m filS)

A8 RREFTNREAAMEY KB G 6o H

Fig.8 Maximum stress in pile shaft at different penetration depths

A 18 m,JEN S

WA, BRI g AR R e IV 7 5 B A S
PRI, EmE R BRI B A I o0 FLBR IR AT AR
PRSI Ut PSR 4T A8 R0 Ao B AT
B B EAE R ARV AR IR XIS B A A v
PELY BARLIE 55 5 AL S, T BOE B p Bt b ik
NTEDINPAD NG

3 SHSH

Syt — ARHIR Sl S BRI BT A L AR A5
W RL A, A SCHE Rk B a2 BT T 4R
SRR T AR O T35 | TCEE X A S B
PR 5
3.1 ITiEZE

PR SRR ()R 7777 A 12 B 2 0 A% SR Bl O
s L. S 7E SEBR TR T3 A v A g il e
WETT, PRENAAR A T AR A8 A AR T 2 AE — i Y
N TR, A SO 44 M0 J1 AN AR (350 Nom) , 53531
% 30 Hz.40 Hz F1 50 Hz =R 58 G 55 B A
R

EEIZI 9 25 th A AR BN AR [ 1A AR 6T 10 P Ak s

B o SMPAER BT BRI A RE 10m TEA
2 20 m IREEALET , YR843 4 30 Hz 40 Hz 1 50 Hz
TEOL T B A4 31298 1 520 5,890 s 1 570 s,

L) 30 Hz 34k, 40 Hz i1 50 Hz 39503 %R 45|
BT L7 R5R 2.7 £ REBGX—BE R EE EES
PIAS B 58 A A8 5 10 3 K 2 2 v IR 0 R EL
meaw?, HE NN T YRSNAE N UTITTNE T, 5 80 IRAESE B
A AR ) A= B 5 LR AR TR AR 4 v A
F5 AT - BERBGR AL, PR T AT

A i sz 14 - BH e
FEAHE/ (mm-s™)

0 L%
B9 IAERFEsTIELA TR0

Fig.9 Effect of hammer frequency on pile’s penetration rate
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Fig.10 Effect of eccentric motion on pile’s penetration rate
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