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SYNOPSIS : The bearing capacity of piles driven in soils of set-up tendency increases with time.
Though WEAP(Wave Equation Analysis of Pile Driving) is an excellent tool for evaluating the
driveability of driven pile, it has some limitations to predict reliable bearing capacity of pile. It is
because the existing method can not take into account time dependent soil properties. The
set-up effect should be accounted for to obtain a reliable bearing capacity by WEAP.
Unfortunately, there are no sufficient methods to take the set-up effect into cosideration in wave
equation analysis. This paper suggests an alternative to consider time effect in order to improve
the reliability of wave equation analysis.

Key words : WEAP, set-up, damping, quake, driven pile

1.
Smith(1960) (Wave Equation Analysis of Pile Driving, WEAP)
(at EQID) . WEAP
(Restrike) .
WEAP
WEAP
WEAP
WEAP

, (quake, damping)
WEAP
Hunt (1988), York (1994) WEAP
WEAP . Rausche  (1996)



WEAP

(set value)
WEAP
WEAP 610 mm Square Prestressed Concrete Pile
(305 mm Diameter of Hollow Center)
9 4
. WEAP :‘g . Js=Jse+kt //
’ ’ § [ yse=1 oals k=0.145 | | |‘Js'5=':".778 k=0.082 |
% . ) v - th ] Y —
£ B e —
- sl T [ | |
Svinkin(1998)  WEAP S 1 | T Trecanoce
& oh | ] .
(o] 2 4 6 8 10 12 14 16 18 20
damping WEAP Time after EOID, t (days)
damping
( 1 ) O Standard Smith m  Case > Coyle-Gibson
Svinkin FIG. 3. Shaft Damping-Time Relationship
WEAP
damping 1
quake
Svinkin
WEAP
WEAP
WEAP
(quake, damping)
WEAP )
set-up
2.
(set-up factor : / ),
(quake, damping) 26
. 2
46
CAPWAP(Case Pile Wave
Analysis Program)
Davisson » (
)




(S, ©, (SM), (sG) 4 :
(). ©), (S™M) 3
CAPWAP signal matching
, signal matching (match quality)
CAPWAP
WEAP .
WEAP 6 WEAP
4 24 .
WEAP WEAP (EMX),
(FMX) 10% m (blows per meter, BPM)
. EMX  FMX EMX
( , , , ) CAPWAP
WEAP WEAP
(probability density function)
0 oo
(log normal probability density function)
3.
2 , (set-up factor)
m , SD , N
1.5,
1.5, 2.5 WEAP FHWA(1996)
( 1 )
10.00 . 1.
WEAP STANDARD.
8004 | S (15504711 S :1.0
SM(1.51, 0.29, 21) SM:12 15
s C (258,1.83,22)|| C :20 ( )
5 6007 (m, SD,N) o Clay 20
2 4004 ° Silt — Clay 1.0
’ Silt 1.5
2007 Sand - Clay 1.5
0.00 , , , Sand - Silt 1.2
s M ¢ Fine Sand 1.2
Sand 1.0
Ly 2 set-up factor Sand - Gravel 1.0

set-up

set-up



5.0 2.0
. I 'WEAP STANDARD _ BE— WEAP STANDARD
4.0 4 S (207,036, 7)|| S (1.89,0.80, 7) S :25mm S (0.77,0.11, 7)|| S (0.65,0.11, 7) None cohesive
- : SM (1.76, 0.96, 20) || SM (2.12, 1.12, 20) SM:25mm A SM(0.61, 0.17, 20) || SM(0.57, 0.20, 20) :0.16
€ C (1.80,0.98,19)|| C (2.25,1.26,19) C :25mm @ C (0.61,0.25,19)|| C (0.63,0.33,19) cohesive : 0.65
%3.0« (m, SD,N) (m, SD,N) = (m, SD,N) (m, SD,N)
T | 210
c 201 e S
1.0 A -
0.0 T T T 0.0 T T T
S SM C S SM C
3 4.
guake damping
3 quake
quake 3 ,
quake
2.0+0.2(mm) WEAP , 2.5 mm
4 damping
damping
damping 0.65%0.1(s/m) damping
WEAP . WEAP
damping
, 2
damping
2.
(VMX) (EMX)
0.94 0.89 1.69 3.26
0.19 0.19 0.87 4.80
() 43 43 43 43
30.0 2.0
_____ S WEAP N — WEAP STANDARD
SG( 7.76, 6.10, 9)|| SG(3.22,2.55, 9)|| STANDARD SG (0.27,0.17, 9)|| SG(0.75,0.47, 9)|| None cohesive
S (933, 590, 9)|| S (7.33,819, 9) — S (0.22,0.07, 9)|| S (0.50,0.40, 9) :0.5
'5\20.0 1 | SM( 6.59, 5.16,21)|| SM(4.79, 3.31, 21) D/120 % SM(0.27, 0.19, 21) || SM(0.38, 0.32, 21) cohesive : 0.5
§, C (1452,11.27, 7)|| C (4.55,2.51, 7) ; C (0.25,0.09, 7)|| C (0.33,0.18, 7)
% ( m, SD,N) (m, SD,N) ] 510 4 (m,SD,N) (m, SD,N)
2 5
£10.0 S, et 2
0.0 T T T T 0.0 T T T T
SG S SM C SG S SM C
5 6

quake damping



5 quake

quake
. 5 quake
quake
quake Davisson
3 quake
3
WEAP
Davisson quake , D/120(D ) ( D/52, D/94)
quake
quake SM
, SM
3. quake
(EQID) (Restrike)
() () (
c D 0.53 10.31 D 0.64 2.07 7
25 a0
s = 0.52 7.06 | 0.45 9.53 9
SM D 0.21 5.40 D 0.34 3.59 21
62 a7
SG 7[:11 0.54 7.36 7][737 0.61 3.17 9
D 0.28 764 | D 0.39 5.10 46
52 9
D D
58 0.10 3.83 102 0.54 4.07 23
D D
i 0.34 10.14 o 0.32 6.03 23
47 88
quake quake ,
quake plugging
6 damping
damping
2
damping
damping
damping 0.25%0.02(s/m)
WEAP (0.5 s/m) , damping WEAP




WEAP
WEAP
4
4, WEAP
(EQID) (Restrike)
set-up
quake |damping quake damping | quake |damping quake damping | factor
(mm) | (s/m) (mm) (s/m) | (mm) | (s/m) (mm) (s/m)
2.0 0.65 D/25 0.25 2.0
(2.54)| (0.65) (D/120) (0.5) 20 0.65 D780 0.5 (2.0)
2.0 0.65 D/50 0.25 1.3
(2.54)| (0.16) (D/120) (0.5) 2.0 0.65 D770 0.5 (1.0)
2.0 0.65 D/70 0.25 2.0 0.65 D/180 0.5 -
2.0 0.65 D/60 0.25 2.0 0.65 D/90 0.5 1.5
1.2 1.2
)( ) WEAP
( i)
b )
4
4 set-up factor
WEAP (Restrike)
(
)
5 WEAP 5
WEAP
WEAP (FMX) (EMX)
7 10 WEAP 5
7 8
WEAP 9

10




5. (CAPWAP) WEAP
ER ES RR RS ER ES RR RS ER ES RR RS
1 0.90 | 1.19 | 1.00 | 1.00 | 1.12 | 1.10 | 1.11 | 1.11 | 0.94 | 1.04 | 0.93 | 0.88
2 1.01 | 1.21 | 0.98 | 1.11 | 0.97 | 0.93 | 1.10 | 1.05 | 1.04 | 1.12 | 0.89 | 0.98
3 1.00 | 1.24 | 1.20 | 1.36 | 1.05 | 0.97 | 0.91 | 0.91 | 1.04 | 1.13 | 0.99 | 1.11
4 1.02 | 1.27 | 1.27 | 1.51 | 0.95 [ 0.91 | 0.91 | 0.92 | 1.04 | 1.16 | 0.94 | 1.11
1 0.99 | 1.19 | 1.09 | 1.26 | 1.05 | 1.04 | 0.94 | 0.92 | 1.01 | 1.11 | 1.00 | 1.09
2 0.99 | 1.15 | 1.17 | 1.51 | 1.05 | 1.05 | 0.92 | 0.92 | 0.98 | 1.08 | 0.98 | 1.11
3 0.96 | 1.16 | 1.10 | 1.37 | 1.07 | 1.07 | 0.90 | 0.90 | 1.00 | 1.11 | 0.99 | 1.10
4 0.96 | 1.12 | 1.09 | 1.25 [ 1.09 | 1.11 | 1.06 | 1.06 | 0.94 | 1.10 | 0.97 | 1.10
1 1.02 | 1.27 | 1.03 | 1.14 | 1.01 | 0.97 | 0.99 | 0.98 | 0.98 | 1.06 | 1.02 | 1.15
2 0.96 | 1.22 | 1.00 | 1.10 | 1.02 | 0.97 | 1.01 | 0.99 | 1.05 | 1.14 | 0.99 | 1.14
3 1.04 | 1.10 { 1.01 | 1.06 | 1.00 | 1.00 | 1.10 | 1.08 | 0.95 | 1.07 | 0.93 | 1.12
4 1.03 | 1.23 | 0.97 | 1.00 | 0.98 | 0.95 | 1.04 | 1.04 | 1.11 | 1.16 | 1.00 | 1.17
1 1.13 | 1.13 | 1.07 | 1.06 | 0.94 | 0.94 | 0.99 | 0.99 [ 1.08 | 1.05 | 1.06 | 1.06
2 1.09 | 1.09 | 1.11 | 1.11 | 0.95 | 0.95 | 0.96 | 0.96 | 1.05 | 1.02 | 1.00 | 0.99
3 1.07 | 1.06 | 1.03 | 1.01 | 0.97 | 0.97 | 1.02 | 1.02 | 1.03 | 0.94 | 0.91 | 0.87
4 1.03 | 1.15 | 1.08 | 1.08 | 0.94 | 0.93 | 1.01 | 1.01 | 1.03 | 0.98 | 0.92 | 0.90
1 1.00 [ 0.96 | 1.08 [ 1.00 | 0.93 | 0.93 | 0.92 | 0.94 | 1.28 | 1.48 | 1.18 | 1.48
2 1.05 | 1.00 | 1.07 | 0.99 | 0.99 | 0.99 | 0.92 | 0.97 | 1.13 | 1.35 | 1.12 | 1.40
3 1.06 { 1.00 | 1.10 | 1.00 | 1.02 | 1.03 | 0.91 | 0.95 [ 0.99 | 1.15 | 1.04 | 1.24
4 0.98 | 0.96 | 1.00 | 0.94 | 1.06 | 1.07 | 1.02 | 1.09 | 1.04 | 1.42 | 0.96 | 1.17
1 1.02 | 1.02 | 1.10 | 1.14 | 0.93 | 0.94 | 0.91 | 0.92 | 1.14 | 1.39 | 0.99 | 0.96
2 1.01 | 1.18 | 0.99 | 1.08 | 1.01 | 0.93 | 0.99 | 0.97 [ 0.96 | 1.18 | 1.04 | 1.05
3 1.11 | 1.11 |{ 1.09 | 1.09 | 1.01 | 1.02 | 1.00 | 1.00 | 0.94 | 1.08 | 0.84 | 0.84
4 1.02 | 1.13 | 1.26 | 1.31 | 1.02 | 0.97 | 0.96 | 0.93 | 0.93 | 1.19 | 0.98 | 0.99
1.02 | 1.13 | 1.08 | 1.15 | 1.01 | 0.99 | 0.98 | 0.98 | 1.03 | 1.15 | 0.99 | 1.08
0.05 | 0.09 | 0.08 | 0.16 | 0.05 | 0.06 | 0.06 | 0.06 | 0.08 | 0.13 | 0.07 | 0.15
) ES, RS :
ER, RR :
6
C . [ )
5 — RR (0.99, 0.07) — ER (1.03, 0.08)
— RS (L.08, 0.15) —— ES (1.15, 0.13)
4 4
3 3
2
1
0 0
0 0.5 1 1.5 2 0.5 1 15 2
( ) ( )
7. WEAP 8. WEAP
( ) ( )




w N -

10 10

[ ) C . )

8 —— ER (1.02, 0.05) 8 — RR (1.01, 0.05)

—— ES (1.13, 0.09) —— RS (0.99, 0.06)
6 6
4 4
2 2
0 0

0 0.5 1 1.5 2 0 0.5 1 1.5 2
( / ) ( / )
9. (FMX) 10. (EMX)
WEAP ( ) WEAP ( )
WEAP
46
WEAP
WEAP (damping, quake)
WEAP
, WEAP
set-up
relaxation

. GRL Associates, Inc.(1996), CAPWAP User Manual

. GRL Associates, Inc.(1996), GRLWEAP User Manual

. Hunt S.W. and Baker C.N.(1988), "Use of Stress-Wave Measurements to Evaluate Piles in High
Set-up Conditions"”, B. Fellenius (ed.), Proceedings of the Third International Conference on
the Application of Stress-Wave Theory to Piles, BiTech Publisher, Ottawa, pp.689-705.

. Rausche,F., Thendean,G., Svinkin,M. and Likins,G.(1996), "Wave Equation Correlation Studies",
Proceedings of the Fourth International Conference on the Application of Stress-Wave Theory
to Pile, pp.144-162.

. Svinkin M. R and R. D. Woods(1998), "Accuracy of determining Pile Capacity by Dynamic
Methods", Conference Papers, 7th Int. conf. and Exhibition on Piling and Deep Foundations,
Austria, 1998, pp.1.2.1-1.2.8.

. York D.L., Brusey W. G., Clemente F.M. and Law S.K.(1994), "Setup and Relaxation in Glacial
Sand", Journal of Geotechnical Engineering, ASCE, 120(9), pp.1498-1513.



