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Soil Dynamics for Vibrating Machine Foundation

%jz’“, Chun-Su Chon
(F) A x o8 3%, Vice chairman, Daewoo Engineering Company

Synopsis : In this presentation, soil dynamics for vibrating machine foundation is briefly stated, and
the result of a model pile test is presented. Analystical methods used in solving for the stiffness
and damping factor for pile-soil system are also treated and the results of the test and the
calculated values are compared.

F 8 0] (Key words) : Machine foundation, Pile-soil interaction, Dynamic shear modulus,
Laterally loaded pile
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1. DETERMINATION OF KINEMATIC SEISMIC RESPONSE
a. FREE-FIELD(SITE) RESPONSE
One dimensional elastic or inelastic wave propagation theories
Two and three dimensional elastic wave propagation theories
b. SINGLE PILE RESPONSE
Beam-on-Dynamic~Winkler-Foundation(BDWF) model
Extended Tajimi formulation
Finite-element formulations
Semi-analytical and boundary-element-type formulations
c. PILE GROUP RESPONSE
simplified wave-transmission model
Extended Tajimi formulation

Semi-analytical and boundary-element-type formulations

2. DETERMINATION OF PILE-HEAD IMPEDANCES

a. SINGLE PILE

Simple expressions

Extended Tajimi formulation

BDWF model

Novak's plane-strain formulation

Novak-Nogami's axisymmetric formulation

Finite-element formulations

Semi-analytical and boundary-element-type formulations
b. PILE GROUP

Superposition method(using dynamic interaction factors)

Extened Tajimi formulation

Finite-element formulation

Other simplified solutions

Semi-analytical and boundary-element-type formulations

3. DETERMINATION OF SUPERSTRUCTURE SEISMIC RESPONSE
Must account for SSI through frequency-dependent foundation ”springs” and “dashpots

"

from step 2 and must use the seismic response from step 1 as foundation exciation.
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Soil Profile Nonlinear Effects
- Basic properties - Global, due to seismic excitation
(Ve 05, vs, B9 ~ Py curves
- Nonhomogeneous - 17z curves
(stiffness increasing with depth) - Quality of pile cap contact with the soil
- Markedly layered media - Pile-soil separation. gapping
- Pile-soil slippage
Pile Tip Condition - Local effects, radial nonhomogeneity
~ Fioatingtfriction) ~ Cracking of concrete pile sections
- End bearing

Physical Altributes
- Pile spacing s/d ~ Group effects
- Angle of loading for a group, @
Slenderness ratio, L/d
- Stiffness ratio, £,/ E;

- Mass density ratio, 05/ 0,

Pile batter
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Pile Design Size, cm Length, m EI (x10° kg-cm?) Weight, kg
RP3 0OD=8.89 2.75 297.35 28.81(22.09)
RP4 OD =11.43 2.59 795.25 53.17(49.41)
SP3 B=8.26 2.44 327.46 36.28(29.26)
SP4 B=10.80 | 2.35 813.83 46.71(40.65)
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Initial Static Load

Embedded PI’ | P2 P3’
Piles Soil Condition
Length(ft) | fo, Hz D, % fo, Hz D, % fo, Hz D, %
RP3 3’ 8.3 5.7 7.4 6.7 59 12.8 Drained
3 8.3 17.2 9.3 134 - - Submerged
4’ 7.8 - 6.9 3.8 6.7 2.9 Drained
5' - - 8.1 41 77 2.7 Drained
RP4 3 125 7.8 106 156 8.0 17.9 Drained
3 9.5 214 8.0 139 7.4 10.0 Submerged
4’ 111 12.1 10.0 149 8.0 12.0 Drained
SP3 3 8.7 46 8.1 54 - - Drained
4’ 10.2 6.2 9.1 7.0 7.4 6.2 Drained
4’ 125 214 9.8 125 9.4 10.6 Submerged
5 10.0 5.6 9.1 7.2 79 6.6 Drained
SP4 3 182 10.0 11.1 16.6 9.1 17.0 Drained
4’ - - 182 175 115 16.6 Drained
4’ 20.0 20.0 159 312 14.7 531 Submerged
5 182 15.22 16.7 27.3 154 326 Submerged
* P, 1b(kg) P2, 1b(kg) P3, 1b(kg)
Drained 36(16.32) 73(33.11) 111(50.35)
Submerged 50(22.68) 100(45.36) 150(68.04)

Af AFAPE 1Y 10904 BelFE uts Lol B ARFE el £3 FHAFL tea
Ao HF) AFY AR B BH A5WF] YJUIES st Yotk 1Y 11
g maAs P4 L e FHeld YPS RP3) U@ SE-AZ SHIMelc

By
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RP3 L=SFr P=50185 SUSMERGED
1.525m  22.88kg

4 TIME,SEC

VELQCITY, IN/SEC
o
2]

-

8 To
TIME, SEC

VELOCITY, IN/SEC
°

a9 11 B9 25 RP39 AFA 2 AxAe AR5 dE 23

_13—



by \* 1
fd=§1;;<‘,;) (1 —D%*% ®)
ojth, T4 HE A AZREH Ul 74 08 e 2R E oA 98 i E It
_, AL _ _ 2aD
2d 25E9 g3 AFAsdde] AA4E F 49 A RdE €59 =], g4 2929,
F713st5 3 Ag/oese) AM 2AL FEIIJY. EE TEJE 2y FUOE 86cmEHE Fol

658kg®) A3tF e MA A,
E 49 Aol B 2 s QU nFE Gtk Axde FA AFFE 0F R0 %

oA met Frhstgon 27 8 AsFel 4Y4E gastach pau: v

Ao, 27] 3% AFe| A& e ABFLE A Gy w3

AU Zagtel MFENe W urh YwHen BYY W 2Ee £Fo Yo 54

4 el Jure we Aoz od gg ITL AT nASA gt

3.3.2 AIRZE AEHAI M ZHItele] Hiw

& 29e] Anta TE olFH HHLFA o AP g
o A4 24F Ay digk 249 BE &3 9 F2 TS
E FANE £& AEolth. oA FRE-AW AAY FARLE 93

T AL 9% dold. Kuhlemeyer(1976)4 &4 uixle] ZUE 5o gk #3
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FREQUENCY, My
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o] d& #3td FA 65.76kge] AHE ALESRoT ojdf H4 HZko] o3 LAY £33 e
Q.= m, e w’ ®

ol m, e=0.0010kg/sec’o)® wi 3HZ& 5ot} (rad/sec)
oldd e HF 5 g8 oA =L AFTFAAMY TFAEFLS

m, e/ m ( = 0.00102cm)
o A " .

28 12004 BAE oelM At A SAAFI 703kg/em™d W RE-F Axde) Tz )

& Hlg ZPFo] 1.5m WidE RP3d digh AAEddY 2749 fAg 235 A Xmol
g3 Yebd 248 AF XM Alad FHLHS e Xm SAdAM 73 A4 2 24 g
EL A4AEF AN ARZRE Ao gESR FFstAor gt AL ZRaPorRY f, = T.9cps
o g X, =0.071cm, kx=165kg/cmolx C,= 0.3lkg sec/cmolt}. o]E FE& (9ol i3t
A Z4¥ D, = 46%°ltt. f,="7.9cps% D, =46%= ¥ 29 w2 1.5m =i¢]¥ RP3 &9
2R f,=8.1cps® D,=41%% & Zevh #FAS ALS wiezdo 12m ZY$ RP4ol o))
A BW FAZ f,=10.8cpsst D, = 149%°) wis AL £, = 10.2cps®) 3 D, = 11.0%°]t}.
opn} Alzagle] ALY ¥HY FY AdEide HIAE 2™ 694 'in k, = 40in(1.02m)AA 9 X, 3
FA" ZAeo]l BAFRE AW Ao $FL  Aolth o] 29 C,=4.43kg sec/in,
k,=910kg/cmolx, X,=0.00472 448 ¥ ¢ e Aoz & F4E vepdo, AFHAY
e Lol e ZHn] D,=0.29%9 £3 5L T4 FHsFH dFo] AFZHeEFH 1.02md
AR 7] Wl ST

a9 1291 " X, for h,=10.12in(0.30cm)" 231 FAH U=
0.30cm ol AAE Y& THE-Auk Aj2ge] AxAGAA e &
9} h,= 0.003m L o AEHAS] ¥ A ZHHA AI-E— <
FEY 298 2R 53 $HE AZWG =FH e TEFES o&dAM AAY F Y&
etk RP3$H RP4el i@ Ads 4d23ss 7+ 2 %lilé‘}‘—:— G#e 7.03kg/m’olate we g

AR =g

TAL AFY FAo] AFHOZRE
48 wodFEvh 6576kgol £, =1.02m
A FE 71-&0l7] utgn. oA

o

2% AF AWE Lazan®l 7144 BANAAF P9 AFFAT AHgstel A AW 4dg 4
AT o] VAL £ AY HA1Ze 274 wuiRgos FAsts BYAFE nANA o o w4
s 9A™d ga FRALT) ANAFS doss FARM #FY A7t 7 HAE nAY F
Mo e B AFa @ Aol 2 AR Apold AFAe WANA 2AsHA Hol Ak, o W F

Me] & 3A Aol AV 109 & 314 A FAL 2A st
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149 :
g ¢
z.“‘ m 6».03' —RL‘
o L=122m Z L=1.22m
a §=20° o &
= 2
g z
02F 5.02"
g 2
X o
z
z <
.01 O1F
< 3
Z 4
2 L
e 8
0 a ° . —
0 5 [ 5 10 15 20 25
FREQUENCY, HZ FREQUENT, HZ
19 16. Lazan 4¥ Z 29 17. Lazan 43 A3
E 5 292Z0] 153m2 w9 o9 Lazan 24 A
RP3 SP3 RP4 SP4
o
Ar, (in) (mm)| D(%) | Ar, (in) (mm)| D(%) | Ar, (in) (mm)| D(%) | Az, (in) (mm)| D(%)
0.004 0.004 0.004 0.004
5 cotoi6) | P2 ime | 22| (108 | 0| ime | @8
0.014 0.014 0.014 0.016
10 ©03556) | 40| (ozse) | 0| (o3se) | 13O | (oaoeey | 114
0.033 0.033 0.028 0.033
20 08382 | 07| sy | 04 7 | P osssy | 102
fn, Hz 13.2 135 175 17.8

AU g v Hr] Y] Kuhlemeyer(1976)<}
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ks Sl sl 2A AT
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4.1 Kuhlemeyer?2| 78t 24 i
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gt F7rgdl wet Axde 33 sHUY AFx a4 vjdsts S5 AR a0l
Fotebd ar7)oh & R A A2 25 ASdAM ¥y 22 33 JeF, 3 IR AFE, agan &

7Ha]u)7} ek

9E Trol ANY AF TAL FAsed we 9% 29 18 2ol Fa Ak 2N
29 A A 27N W0ke7H B ek BAY $A ASA%E 13694 052 3
s 3 AESFE 260 HeolM 35 Hz2 #2439 o

52 970l 89cmel 93 dEo
153cm 245 S “H AFHOZHY 069m=A = A HANAM 2H-&3t3

Z74ete) wel 33 ABSFE 2t gn dEe] ddas Kre T4 stgon 7

F7hd. (F 5)

e
)
o ofy

KR= EP IP/ES L

¥ 5. Kuhlemeyersl| Holl Al Xjute] gt A9 wslo] o3

Es, kg/cm? a, Kx, kg/cm | Cx, kg-sec/cm Ky fr, Hz
7.03 0.2767 434.3 2.711 0.1705 16.30
10.55 0.2627 598.6 311 0.1137 18.95
14.06 0.2529 752.7 3.39 0.0853 21.07
21.09 0.2406 1,042.0 3.85 0.0768 25.56

(RP3, L=1.53m, =5, y=1.02t/m°, w=50.7Tkg, { ,=68.6cm, A;=0.176mm)

AEsF e ol 0.15moA 15mz 7719 T2 AE4E 17HzolA 158HzE #Aasldn ¥
A FANEZL AF A 1.80014 1.89=2 F7+3tA o 7L&4Hlt 20.4%°) X 275%= 7+AstSith

Novake] SiHE SHo] JoJAM FASE 23S B9k, Chon(1977)e] 98 Novaksh o] 223
FotFoule A vAs dFE muF Aoz ¥ Ho,

21730] 89cm] Y HHo] I A g5 A A 2 4ot 09moAlA 1.5mE F
7h3t® Novake] aliAe] <lsty ¥z F= 58HzoA 11.2Hz2 F7}eal, Z4u = 21.2%
ol A 2564%= Fhstd e, a9 A AEFL FAFEHANA 2400 2002 4T o) Yol
A T8 Zanle AEsF A S ne A&F o Fhe

4.4 @3l Hlm

Lazan Q71§ ol &3tel 98 APdele) FHAGAAst fe2iaagn 2AdHen o
Ashe vima 2y, BEe 2YFL 15mE A9 2R ASGAFTL 102 ymloln, A7
WER e AEol 9uehl FA8n WAL AAHAT Lazan 25719 A 507kgol
wo EWozye 686emold AAHN oM 5 o WAL AsdAATh ® 7€ FHE A@e
59} RP3st RPAZE <) B ddolA Ate HEE uelrh

b o rlo
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10 RP3 (3.5 OD)8.9 cm)
L= 5 Fr(1.525m)
Lg=2.25 FT(0.686m)
=50

Eg100 P51(7.03 kg/cm2)

?W =2000 t8
8900N

Ay

DIMENSIONLESS DISPLACEMENT AMPLITUDE,

20 30

EXCITING FREQUENCY, Hz

Effect of the mass located on top of the
pile (Theoretical results after
Kuhlemever, 1976)

29 18, Kuhlemeyer 1A 2z}
(LEFR X3 Ao 7|9 F3)

TE FHLY EAE Fed M oj¥a
olt}. Novak¥ 311‘@01])\1 Agad At 2 Z
2 7tRstg e 2% Adaxe AdadAsE 246
o FAHLEGS ded AMSE AvgAdASFE
E31=3

Kuhlemeyer®] siyoAs= Aqte] g4 AF7t 9A TE9 FHIFS dAAE F3¢ 247 53
th i FExAL AR E AWt @A ASFE 7.03 kg/om® Fow AY Ao} wjasPe o
obF L& T VY THRE BT

Novake] o

e
]
@)
w
w
oo g
<3
o
o,
RN

X 7 49 23t A4p%e v

RP3 RP4
Pile Method ) )
Ar, in. (mm)| D (%) | fn (Hp) | Ar, in. (mm)| D (%) | f. (Hz)
Lazan test 0.004(0.1015) 25.9* 13.2 0.004(0.1016) 26.0 17.8
Baranov’s 0.0079(0.2001) 25.4° 11.2 0.0065(0.1651) 279 13.9
Kuhlemeyer's 0.0067(0.1702) 28.7° 146 0.0053(0.1346) 394 16.6

( RP3 and RP4, L=1.524m W=496.6N

2 =0,686m, 7=1.018t/m3, =5 )
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Note : 1. Nonlinear Data Reduction

1 mee 1 wr
2 m  Ar wo

D=

in which me_e == exciting force, # = mass on top of the pile, A7 = resonant amplitude
at ground surface, wg = resonant frequency, wo = natural frequency.

2. Baranov’s ( Pure rotational solution, short rigid pile )
D= C¢/ 2 V k¢I¢

in which Dy = damping coefficient, k,= stiffness coefficient, I, = mass moment of

inertia of pile and mass about the point of rotation.
3. Kuhlemeyer’'s (Long pile)

d=Cx/[2 V kym

in which C,= damping coefficient, k&, = stiffness coefficient, 7 = mass on top of the

AND A" A5FS 249 AFFE IANE Jdolle A= FAA 3 Aae 724
S Qoper @t 23 A Awke) @A4AS Got EE WAVEA AFHE ALKEHA

ggol 24z dAse G EE Zed. 3o AdedAse ZHe AR 729 e A4
= paqreo] e do 7|93 BoFr. Novak¥ Grigg(1976)= A Zd 259 Ao 43
g7 ZopAE® AstF APAAM Fophd A v AGERAAT FHE AREHoF o= AL dob
W

& Jle BA A L= gE 58 AFS dPHoz zAEIGen ol 1 AAE v
t}. Lazan 71414 578 ol &3ld A4 AHe AT AELISL Af AF 4FL w9
B APs Y AY, ANESF JF A4F, 9T AI5E PPt AT Atew AFR
Kuhlemeyers} Novakol <3 sl A ¥ = AF8th Kuhlemeyer sl 43 wEA vz X4
2 AaE d F Qi) dEe 25259 27 FA AFEHIUTL

T Auko] =L w3 9l @] Wi Fud A FRo F& otEo] ugith o o=
wEo] 9$Eo] AY Z AR B ATVEAAS e A =Ytk @}H o2 Cross-hole test &
FH 42 G Baranov(Novak)Q]- Kuhlemeyer®] o] 2&j¢t A3 AAAE XA 7])7] A4 SofoF
ok Pl vy AvsdAdseyd dAASE AT B 4 gol FoAY T oY 2F AR &
g gha 2FR TR FA $HE €8 T Ut Kuhlemeyer e gHuE Ad Hrlsh=
AsFo]l 9dth Kuhlemeyerd siHe e A4 T &5 3z 59 og Baranov Y& FAs)
Qom WEY L/y, > 2HBE Z/HASFAY. HId= Novak«] 53 98 Asd gid 494 H5iEH =
2 13 (PILAY2)°) /\] 01] o} glom, Wolf$t Von Arx: Fa 259 G s A+ = sivh
Epo wnd 9 Fn F Liste 5 oo Sgd 475 & o #F&35HA 4%5]71 v,

s

¢
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