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Effects of Soil Conditions on the Vibratory Motion of Drilled Shaft
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SYNOPSIS : Non-destructive out-hole tests, impact—-echo and impact-response are widely applied to
evaluate integrity of drilled shafts. In these tests, vibratory motions of drilled shafts are interpreted,
which induced by impacts on the shaft head. In applying the tests to evaluating integrity of shaft,
it has been attended whether the tests have resolutions enough to distinguish existence of slime at
between the shaft end and a bearing soil deposit. To distinguish existence of slime by tests, modes
of shaft vibrations need to be reasonably interpreted, which generally vary according to a shaft
boundary condition such as, a free-free or a free-fixed condition. The boundary condition of a
shaft is, however, found to be significantly affected by stiffness of soil deposits around shaft as
well as penetration depths of shaft into a bearing soil deposit. Thus, these effects on the boundary
condition of a shaft should be considered reasonably in interpreting test results to decide the
existence of slime. To investigate the effects, in this study, vibratory motions of shafts constructed
in various soil conditions and end penetration depths are examined analytically. Based on the
studies, variations of boundary condition are characterized in terms of soil stiffness contrast between
a shaft perimeter and a shaft end, and also the ratio of a penetration depth to a shaft length. The
results can be applied to verify the applicability of tests to identify the slime.

Key words : non-destructive integrity tests, drilled shaft, slime, vibratory motion, impact-echo test,
impact-response test, fixed end condition, free end condition

1. ME

% Bd ZaYE TH()E BHoE ) AME HrE AA wHET AFHA FAWF7IE(Impact

Echo)olyt #7287 ¥(Impact Response)S 2-&3t= Aldl7l F7lsle FA40 ok (Baker 5, 1993; Fino. 5,
1998; Gassman, 1997) ©°]5 A @HdM e SAHYHE 9o AT Sgue AE & RBAde U
Zojut AR wE ZAMolY 9 28 FAHEA "y B AFdAe TH B Al ©E M ¥4

EAeT
9 7hsAol e Aust 71ue Alole) A%d FAZ(slime) EAFTY Hriol olF ANWHE Hgs) 99

-159-



B

gAze) AL 2= oo s YhHoz U % Zolmz e PATASE 2AR FAHE 2
5o) ZolzRe AT EAFTE BE o oluthe FAZol EASA BE Agd duHE B

AFspro] disl A NBARZRE A FAFRFY WHE Brksel WA2e EAGTE FHEE Wio)
Hsdol glth. AUSA FAFAFZ UYehts 29 B4 /5L 9% Tie AvdNe FAZA 5 = 2
FR-A4Y, AHT-THY, L o5 F7Ed 59 wg WHNL BE) AAZAL AT Eafiol
Je FPE L Foly] HEolch

of Wel Hee AAME YABol FANN G BHo| QB FAFAEE Aol YT Yolok Bk we
of BEY FAzA] FVF AFT-AHY F& ARV-TAY 23 490 BEY FAFASE 2EY 7
43 208 9¥ BAYL ou BYUZe] B wAZIANGS A 23 AT EAGA %r RS
% ARE BHo] AFAUY AAZARE TE 22N AFAE 2T YEgov(w, 1997), AnHez
BE FAFRFe A 2o cn AWAgel Mg A HYTh oW WRLR B dFdAE $Aug
ee FH0R BEY FAZA WB] JL AL BFS ANE FAME UF FuT AuR Ao 24
s guR Ave g e 2ol S IRE 2 A9 IS 447 A7E SR,
2. SuEIIY

Weilh B Soz WEe| Tyo| AL AW WA TS U2 AnHUA Be] d¥s} Agely Aw
qA WA mHoE Eoher 54% U olE wAHE FPskm VsAsel wHel BAot o), 7Y

Fo) #7 5 waAUE NBBS FARYY

£

33 a9 N _
4% g Ath(aY 1) o] ABPeRE BFY ANE
4% & QAT oz U L uuxe) whde
/\ d FASAE R0 2E9 wEA wae 240 8
A7 A THEE Avde % @9 d¥d(impedance)
ES \ / 2 &5 (mobility) ] ¥MsE FHE + s A
akis :;:D _— 7t EA M FASH7IE ) Z—i%iﬂtﬂﬂr .
snnz —7 FRY WAbske Azelge 27 e Fisg
T A ARE FRY Hh BTl enT Yux
RN RN o2 ¢ BFAD o|& Fis GHoR n% ¥
A ol W@sA By @ BE W IAF
Ak S vhDh = 51 3 FEC 0] z]E
8 23% + vk APARERY THY FF
@ PR, 42 9@ 2= FA(V, 45% £2)3% Zo|
(L), 2f FAR(L)0 BAZREY BE Qo]
Te AYe FAY F Yok 2 P4 Lo,
2 A5 29 A £ QuHoz AF-A4Y
28 L SRR A9 Ass e AfU-24T 2102 MRE 2E Ty
dgolAe) AAxAC we wsx A 1 %2 2 47 FdE,
V
- AAzAY BY: fo=ngp, n=123--- D
o Y
Agd-nde AAZAY B f=ngf, n=135 ®)
ghob wo| 7pgolt ol FAolw Byo] Y& A oF e FIAFAS 1A, 4 o EH 24
% Zols BANQ 4 () o2 RE T+ U o] AL wHel A=V Aégle] FYsA HgLch
V
_ 2
Af= 27 (3

-160-



26 & SR 2 e 95 T &7@94 dolo] me e FAzY WHE Yvus) GaAME 2
z WFAE(£)9] Wkl F2spolof @

N
Lo
of4
>
M
X
_/{l,
\
% ¢
rE
pe
e
of
2
)
k
i
ol
>_u
1:
3
td
I
2
2
oft
ok
rir
OH

27 g ZIYE TELS 489 AAHE 47 Hs) 25 AEE Ay Ao wjmA Z A
(d& 9, 9 ool o= Fr 2dst ARt THEL A AASe AP R FH Auke
A% 24l g AKE-ZAHY, AFE-2Z}G, £L& o5 F 2 wE FH AL A
gt AqriAE oleld TE F¥ X7 Wgd wE g AAxdY WIE 43 ux ste Aol

A i 2EL o7t 20 m ol ARL 1 m 24, 28 2 oA y_g npe} o] R FHO ZEE
1 m E&39 *—iil 3 XIE*_P% Zol L, Jir T3te ol Lb g Ag e 24lEo

0m1m2m3m4mi‘:ﬂ§}/\]]1 &l
‘ﬂ}Q} 2 2o BWEAZ BLES A ol %‘% Zl‘ﬂ“l/“*‘fﬂl el FAH3 T g
B9 T AFE AdodsMoz 3l I AHRE FANYVIHOZE Ao AHEsted THe =H
of me B F3 e
F L FH A9k Ad 2k E43
I 1m
3 =
B :]i (J;gc) A g erc) Ve/ Vi
¥5d 2| 190 19
] . . dok ¥ | 250 25
S s 1 | =« | 100 1M E 350 35
- g | 439 | 44
| 2R 1166 | 117
- , Ao HE | 250 13
// / %/ 39 YAHE 350 18
2 190
/( //, =l 2o 439 2.3
v SBY 1166 6.1
//// / / ane | 0 | 14
ek
29 2 Az w294 3 | ye | B0 RBEq} 439 18
QHE_Z)u A A S8 1166 47
4. sHA CHA UEo| FERALHM
HZASE ANEE dAdes Aty As E-Ad Al2gE 3¢ 3 o Bl vie} 22 1 39 &
$oiz RAYAYC oyl 2EE PYFAFS b Edx R4, BEI} AW Aol w4l
= ouba AYn Bme] Hu A 2ALS AXY 849 P 222 27 ol4ssdch ~zw g4
o] 22 AlFe T 949 A AFe X 2 4 B FAZRE FAsAY. FASFES 4 4 2

-161-



HH=P, sin(%)t (4)

FA3F9 AXA} Ta = 15%10-3 sec Z, Fg A
Z,Po & 15570 N 22 7148} AsiHe U= =
B3 (r) ©] 25 mm ¢ YPo =z NAsIT, o WF
A FAFo] TRIEE Aoz AAFLG
Z

o3 Zo] sFA% 1 Y YE-XH §dQ s 2ES
MEAAN T2 199 ABAQUSE |83t sjastn ol
N AsdE FANYIYoR ANsAgegr).

¥ 2 228 249 74 849 A4 (Liao. 5, 1997)

TE FH AR T5 A AN

Lo

84 ke (N/m)| o (kg/m-s)| Koy (N/m') |Cop (N-s/m)

BEAN | 23 Gs | 27 pVsrp |4Gsra/(1- v 5)| 0.85ky,ra/Vs

5. &5 FWH =20 mes

=L
L -
A1 %2 & o83t 29 2 o B A4 iy D g 1 A mE9 37 FH5E Z 7ad

1425 Hz, 2
AAzAL %
F1o B
o2 713}
3s Ao
o gy} T

e

.5 z, 3325 Hz . BOR :rLzs}]Zh:]» Z Eg;
ze g2 V/4L g B -Zr—’l'-r o A
Bl dg 1 2 R=e] FRFH
Sl da oA 731 A RE F
g, oS d2REH 3219 72 F

Tyl Astol]l A FFo 2 AA FEIA A

x 8 r‘r ro —{o

Ad Agkel] 29" 259 29Z07 1 m A TH(L/L=0.05)°] i3] 2% F9 Axnto] Bo|u
A Aol el Wete =21 E(F 19 “B9 19 A8 4 A 259 32 Fa4E 73
a9y 4 o Jed EEI} T FH Aol Tatd EPY o A kel FAel WIe 21 B

(% 1’] uﬁ_?_ 2");4 =z L]_-o] 9_}: X—]EO‘__:]‘ [LH 0:"31 7]—7(] A%, X]H]’_—] 701' oﬂ EH";SH Z—}' A% 19]
“ﬁ°3Uﬂﬂ“”9J%ﬂw¥'¢%%%ﬂlﬁ59}6ﬂzﬂ¥4ﬂﬂq

-162-



6.00E-010 — ‘
lateral soil layer = sand, Vs 2 VJ ] 2.50E-010 | lateral soil layer = saturated sand, Vsz/ Vsl
—13,——18,—23, ——37
5.00E-010 | 19,125 3s—a4 0 N | 4 7’ ........ 54) ........ 6 ,’
—— 7.0, 9.0, 105, 7 -
2.00E-010
X i S,V V. 24T
4.00E-010 /1V3%5 200 [7s20sl
A o 1.SOE010 | <an) |
J‘% 3.00E010 - i E ;
= b B i
g L 0o 5 ool 2iata =47 |
2.00E-010 | V.oV '
V5V, 2 90) /fz‘ 52 s <47 :
£203% <39 S :
toosoto - \ARY S35V Z90) S00E0L

0.00E+000 L ! 1 L 1 ! 1 : 0.00E+000 L 1 L 1 L 1 n J

100 200 300 400 500 600 100 200 300 400
frequency(tz) frequency(Hz)

O9 4. DE9 F¥ Adlo] Bejoln 71z A 9 5. B59 F¥ Aol xag EYolx vx

ghe] Zba W3 A| R Fmas A wkel 3 WE A I3 Fag

0at0 29 4, 29 5 9 1Y 6 o B ARZEE

latemlsoil!aycr=soﬂmed1umc!ay,VS2/Vsl %E‘Q‘ u.H '—g‘ﬂ ‘_7[___\_1}_?_9] }35}% _7r__t£ Z]‘{‘_oﬂ EH
—14,—18,—3,——36 - -
RN I T s F 71z Aol FAguel whet @Fo) 1) Afw
o2 AT T 2) AFdAM mFdoez
1,047, <42) Astets WMol 3) AR Agse Tt
1Vs2's :

L2OE0I0 by v v 2> 42 o A TR Yo ndd £ Jdee ¢ F
3 L £V, >4 Atk ¥ 4 9 Ao gelAE= FAus o
= o o -

e 35 Btk & Asole 2 mxe B Fasvt
g 8 00E-011 L S Z42) = o

5 °F 82 Hz, 165 Hz, 250 Hz 522 YELU 2AHt

°2 AEFE ¢ & Utk WEd g 19

sonson |- ATl ZAEF o 90 2 BeolE 2 RES

Fatg5 oF 35 Hz, 120 Hz, 204 Hz, 290 Hz %
oz Yt nA@os ASFL ¢ £ Aok
T e e w . w m 2@y AW 35 A 90 Alell B $so)
frequency(Fiz) daiE TR Fage WZo) Fujgoz Fo}

3 6. TEo W Xdle] Aok HEom 7z °lE BHIA TRV oY
o) 744 W Al B Frs a4 A B A$EL A

)

4 Hr g 2

Hel Aol AA FaSEZ 199 ARZHYH BE AH
A7 RA B AT 3 4 9 2B e vhsh fabekAl o) ABRE(2H 5 9 O
AAzAC) A% Fgulel wstel wet WolHE 2AE AFHoz den ok
qul7k ok 4 AEO) gk FHA THe AAzc A%T 2Pow WHUYD
)43 Te 2AE EYE A% v 29® BEe 2dUols} | 7
W Aol W MW AW FANIE o 35 ol A9 Af
nRgoe nestE ol MPAY Aoz B
2o 2PPolt wAAE Aol WY Ao o

oo 2 P

ki

o2

u\)

o

)

offl

1

-

S, N

ok

X
w4 of

it
X,
[o
b
ol

ox [
—
rir

SO =X

2]

s
8 oox 4R
it o 1o

-163-



5.2 Mt xjutoll U Ko 2 H0| ¥

lo,
ol
o
2
E
ol
-
rir

L,

m2m 3mé&4m 2 AAA

Aol dsf 4 TR FuasF Hse

19 A% 1", & 2% 29 Auo] Reolm, de A
1

i
N
o
i)
"
®
ay
H
ry
1A
By
o
N
o
3
S
&
<
DN
2
N
¢
<
w
B8
&
&
=)
a
R e}

6.00E-010
top layer = sand, Vs2‘ VS ! S Q0E-010 & fateral soil layer = sand, VsZ/ VS ;
5.00E-010 19, 25, 35, 44 —19,—25, 3.5,——4.4
it e 7,0, e 9.0, 10,5, w b N ] e 7.0, 9.0, 10.5, -+ 117
4.00E-010
(VY 210
4.00E-010
2 ; 4 oo F
3 * 2
£ 300E-010 =
g E
Fsg¥ss 3 2.00E-010 £V V. <25)
2.00E-010 | ' 17s27s1 7"
Z(V:Z/Vxl 290)
IZ(V:/VH(:‘S)
LOOE-010 b 1.00E-010 |
0.00E+000 N 1 . I N 1 N 0.00E+000 N 1 s 1 . 1 R
100 200 300 400 100 200 300 400
frequency(Hz) frequencv(Hz)
S99 7. AuANe) 298 BHe 29 Wolb  IY 8 AuAwel 2R 2He 29 o7t
0 m(Lv/L = OY e 3 Fo= 2m (Ly/L =01Y #e 33 F3
5.00E-010
top layer=sand, V _,. V. top layer =sand, V, 'V,
5.00E-010 |~ s2" sl e | L9, 3. N a4
19, 25,——35,---44 Q0 K | 70 9.0 e P 17
-------- 7.0, 00 9.0, e 105, 117 4.00E-010
400E-010 v v s V.V, 2 44)
12 Vs ® 49 1€
) & 3.008-010 (AR
g sooe010 FI\: o ; 3
. ] R
= =] 3
= £ b
: .l
v s § 2008010 F i
2.00E-010 VAV <29 ; VY, < 25)
4 = 4.4) y
? f’(’V/V /’V 2 LTV, 3 49
<
2 1% L V.V, <25
1.00E-010 | 58 1.00E-010 \ ‘/,( V<29
L 7
0.00E+000 — s : + . 0.00B+000 bowmincd L1y L :
100 200 300 400 500 600 100 200 300 400 500 600
frequency(Hz) frequency(Hz)
a2y 9, Auxde ZYE TEe 2¢ Holrk ¥ 100 AuAute 294" TE 29 et
=] — <L 2~
3m (/L = 0159 wWe T3 F35 4m (Ly/L =02)Y e gJF35

2o =Yo7t 0m A B4 29 7 9 B 2Pt 1m QA9 29 4 o 2t
Ao gAstez 2PAolel Aol Y TAFFE/L WA ¥ASE &+ Ak

-164-



Sis

2 A
A5 (29 4) = g8 ZA9¥st 20 2o &

=

°l17F 2m 1 4% 2149 8 o A3}

[o]
e

zrel A 2

o
.

2 A%s, 70 i & F

7t 2" 9 9 10 o AfoAE o] H

=
©

7F3m&%4dm =2

J\

el

=

of wgt

=z
=

o A Zdolrt 2o

o BAu Fase A%

2o 2Uolst B AAZAN 2A IBE WA £ Ao

€

Ql
H

¢ 5 o wEA Add Ak 2

2

B2

o

—

O

e
o
Y
ol

28

L
fu—

A9 51 A7 52 HA 4 A

UErE B 3 # Zth

o] 9}

E 3 259 29

~ ol ol o =| «
| & &) <| <]
so | Al A AL A A
—~ | ] GG B G
- ﬂ [N NG B oG NG BN
N
bt
=
‘_,HO
b
| &
X0 i | | ! | i
wr )
wo | F
i
"
Mo
o ~ o)
g o | V| v v] Vv| Vv
Gy = 3 @ 3 3
mxm N I I BN BN
1813|218
(@] (e o [en] (@]
1l i il {l il
SN ISR NSE SR S
o3 N I BN N
™ W S 822
mw gl | €| g €
[en] — o™N o <

o] HA Ao} (20 m)

e
=

o}
=

o) Zaul(Rerst £Ew), L :

}

T

Vs? / Vsl :

o 71 A,

6. dE

"

Ho

& E7se) wRs A Awe] 2AHAY A4 H

ks

|

A

.3

==z
T

3
“

o,

dPold ue} Az}
(2) F Akl g A = uke] g,

rJ

" IAYE FA 2w AT

1553, 247t o 9 ol o]

7

AA Aolol A3 10 % ]l F(Ly/L> 0.1)e] HH Z{ziol7t

Jl

o
i

=

o] §A 7

ojn

o

]
=

pul

wjy

78 Bnzry 3

ol &3t} FAstoiol T

39 BAE

A

Al
&

ooz HJ

Pand
+ 9

KN
=2
T

o] At

==

o

719 HEol oM A

i

#5E WE) A% 24

=
T

gl FAZe

%]

Bl

T

X

(5)

BN
4

Aol Qurgoz ole) LA 9l

= AE

date) ARHolol @t

ojn

-165-



7. &3

Hu
r2t

29 AAE )}, dF7ErE Y HAI=E

LB (1997), “SANI7IE S o] &3 He 7]
2 A3 g d3 gd Zade wEo AANLT Frld #BE sHAH

2. ol (2000) ‘ald &
A7, FFUGAL Y HA=E

3. old, O]t""‘ (1999), “& %4 E}’“ AYE #BEY AME HE A4 FEANEHY Y=
H7l", R EEES 1999 A= st&E¢E 3 | Vol 2, p 275-278.

4. Baker, C. N., Parikh, G., Briaud, J., Drumright, E, E. and Mensah, F. (1993), "Drilled Shafts for
Bridge Foundations”, FHWA Report, No. FHWA-RD-92-004

5. Finno, R. J. and Gassman, S. L. (1998), "Impulse Response Evaluation of Drilled Shafts”, Journal
of Geotechnical and Geoenvironmental Engineering, Vol. 124, No. 10.

6. Liao, S. T. and Roesset, J. M. (1997), "Dynamic Response of Intact Piles to Impulse Loads”,
International Journal for Numerical and Analytical Methods in Geomechanics, Vol. 21, p255-275

7. Gassman, S. L. (1997), "Impulse Response Evaluation of Inaccessible Foundation”, Ph. D.
Dissertation, Northwestern University, Evanston, Illinois.

0%
mi> rH

-166-



