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; Earthquake motion was analyzed by the the 5 x 5 m vibration table for S 1mu-~

he method of determinij method of elastic o
ning lumped Parameters was ﬂtudl}lzéfs;gice—iumzaed oY
5 ematically. It was

the vibration of footin
radiation damping ' 1c loading could :
Ping of the foundation and it seemz?i ii;ieiizd effec‘;lw;ely
mass o O~

uld be avoided to increas '
g¢ion €O d : €. Vibration t :
da 1atA agreed with the theoretical I‘esultzgt of the foundation showed that the

while t

in Harb:'_m, Changchuen and Tianshui. The
foundations were excited by exciter with
resonance method, the measurement results

were shown in table 2.

' IgTHODUCTIOT"T

the 5 X 5 m seismic vibration simulation
+ ijnstalled in Institute of Engin-

+able tha : :

saring Mechanics is the bigest one in China

i present- The maximum exciting force of
500 KN in one direction, the

+he table wWas
table could move in two horizontal direc-—

+ions and in vertical direction. Because the

frequency of the exciting force varied 1n a
the foundation would be in re-

ion sometime. If the design of
t suitable, the strong vib-

dation and environment
and the vibration table
rmally. Therefore,the

systematical study for the design of the

soumdation was done. The dynamical charac-—
teristics of the soil in the site were mea-

sured, including dynamical three-—axes test
and wave velocity measurementj the theore—
tical analysis and vibrational measurement

for the dynamical res

and its surrounding ground were done.
The soil in the site was yellow powder

olay since the surface of ground to 20 m
depth, mid-density and plasticity,
wet, Some solid clay layers appeare
ground about 2m , Tm and 15 m depth. Four
holes that was 18 m depth were drilled in
the site, no underground water appeareds
Four soil cores were taken out from each
hole. The main mechanical characteristics
of 80il were measured and shown
In order to examine the reliabil
analysis theory for the vibration O
tion, vibrational measurements
11 times for 7 different size foundations

+he footing 1s no
ration of the foun
would take place,

would not operate no

14ty of

ponse of the foundation

iJl'talﬂji 1e

£ founda~

The dynamic response of the foundation was
analysed with the method of elastic half
space-lumped parameters, considering the in-
fluence of soil-foundation interaction. The
study was focused on these main problems g
the mathematical model of coupled horizon-
tal and rocking vibration of embedded foot-
ing, the effect of embedment and modified
the radiation damping formula and other lu-—
mped parameters. The vibration parameters
Wwere inverse-response calculation by means
then compared the

theoretical curves based on the lumped para~
meters method with the measured data. The
comparision between theoretical curves and
measured data shown in table 2 could be
found in references (Ha_n,1983a,1985). '?he
research was significant for the dynamical
analysis of the of fshore rigs, nuclear power

station, high buildings and 1§rge gcale
foundation under dynamic loadinge
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elastic half space,all

‘ the s
foundation was regarded as
of infinite thin elastic layers. Assume the

footing as a absolute rigid body, sub jected

vertical exciting force P‘zeu"’t, horizontal

exciting force F ev*Wfand Tocking momentl: Ty
e Wi, the verticaf, horizontal and rocking

vibration of footing were caused.

The coupled influence from vertical vib-
ration was very little, it could be neglec-
ted. The influence of coupled horizontal
and rocking vibration of foundation was

considered. The equations of embedded foun-—
dation vibration are:
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M= mass of footing;

Ig= masg moment of inertia
centre of bage;
Kz, Kx y Kp= vertical,
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to bottom of footing. That jg

footing was gimplified as ¢y,

on the gurface of ground,
T Was ( Han,1985 ] 9
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where, Os= ghear modulus of o4 da \J)
1 = embedment depth o »
Suly Swe= Tesistance functigy

sxpressed By Beasel 7,50,
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petermining the vibration gtipe

damping of footing is an i”iporta;it,:“f’i

tance in studying soil-structyp, Pty

i+
- "’E:TL':.'.&

tione. The key of 1uInped parame.g.em La0.

” ™= | &

ig selecting the vibration N
foundation correctly. The most m*w
characteristic of soil for detem;::“_
stiffness and damping of foundati;;‘ist:;
shear modulus G. The shear modulyg n..

F-h_
| ¥ " o
*-'-':.

with depth, the larger the valug o »

"

the deeper the position of soil was
When a foundation vibrated.sligshi1, -

d
L'E L e

value of G that calculated based on o

- |

ing formula approached those one that o
verted from measured shear wave velooit

2
EME (}E' f’fcmz ‘1:

G-=.3_26O e

6, = effective stress of soil in
typical pointbeneath footing
@ = void ratio of soil in the i
ical pointbeneath footing.
The elastic half space was compared !
lumped parameters system and a series o
calculating formula were obtained. HOW™
80il was divided into some layers geré™
the elastic wave would be reflected ™™
the boundary surface between layers ?Odi*'
that the energy of viberation CDUlimttqq;i
sipate as the assumption from theon: taja
on a lot of measured data, we knev 2,
radiation damping of foundation wa Sfﬂ i
than that one from theory, it was shﬂfu
figure 1(Han,1984), For clay medi™™ .,
Owing approximate formulaewas recont
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where,
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Damping ratio for vertical vibratio®
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_ o)os-13| ° ! (19Q0 : LONn and measurement
Nﬂﬂ'ﬂk(‘l 97 ) -0 T 1 1 82"25 | -
e o065 ¢ ™ (1 : 2 'he shape and ai- o |
v M0r5(1971 ) 0-031§ 982) 150 1 5 x 5§ ;p .Lf-‘ | size of the foundation of the
- o - J i 288 1 s wrd e 4 4 . :
b Sl AR S A o A R 3eismic vibration simalation was
Lmi]t_)'.:[']"'i 1n Bt . -~ 13
0 . n in figure 2. The weight of the fc
e i ing was 26300 ¥N. The ¥ 3ight of the foot-
' = a——— - - r L B9 (N o "I'Lﬁ.}' | ; :_?a_ —— 2 s
0b lumped _parpmeter | o6f previte hé o O K R P LS of the center
o v gy ah : i Al A b R exciters were
g W shown in figure 2.
2 y | #lal Wi it e Ceaie A G : :
Ho3—o€ ] > & ~ W S e he lumped parameters method
g s i E ;’__'._:F | B " s 3 . - -
g it found T calculating the vibration of
Y. ‘ & |‘ ; = B 9 abl:urh One of them was that the mass
- To 49/ / L d 'L?Dtlng was constant but stiffness and
“ am ln = r- 1 ... vy ,.- |
0 R J P %ﬁ g :jre rariational parameters, called
L ag varliatio: ~ 3
D (0 a.BBIEI‘at io %D ‘M/ES solid s j:" 2 Gn?“l parameters method, shown Dby
0 m Zt ?\rnb Qlid: line in figure 3, 4 and 5. Another

ratio for vertical

quivalent radius of footing.
rocking vibration were
ing ratio of rocking vib-
alculated like this:
1/ be(1 + by/4) (6)
by = Ig/ Prs.

¢ vibration test, it was
sulated curves by the mo-
piad param hased on equation 4 and.
it :th the measured data generallys

Qe
gk 003 *

mass I‘a‘bio
times ©O

tione The regearch WwOT

spbedment DY M .
(1972) were suthoritative.

paper proposed the
model of coupled horizontal
vibration of buried footing

nathematical
The foundation in one
tests was a soncrete bloc
1.5mx 1.5m X 1.5m o«
« 0,00, 0.53, ‘
exciting force petWt,
force Fx = 460 T,
ration test were that,
litude-displacements meagured were
#y9.3and 3.TH (Han,1983b). TB
that, the stiffness and damping of
were increased with the embedment O
The vibration of foundation was re

the embedment.

and rocking

d with testse

1,24 and 1.7 qub jected the

12Tk 44

a test showed

one was that the stiffness and damping of
footing were constant but the maaa'wﬁ;
exchanged, called as constant parameters
method,shown by dashe@® line in figures. The
vibrational parameters of the 5 X S m table
foundation shown in table 3} were calculated
based on the latter.The mass density of back-

0.7 §

correspondingly.
From the shear wave velocity measured 1n

the site, the shear modulus G could be
gotten. Then, the values of G, ¥ and §
substituted into the formulas of lumped

parameters,and
made use of , as8 a result the values 1n

table 3 could be gotten.

were
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as shown in figure 5. 8wy,
W
B e o Yhe g,

eed with the theoretigy; Y

. B¢ 1.:
it not only the varieg tﬁhden;g Ve
oximate but also the Va,lueg OFf Y wa;:;
4 were approached T ;'lmmh.?
response * 1T HHG%HL”?

the mathematics model ang Paramgy, = thy
tion for the dygamlo analyghatﬁ_fﬁfﬁi
were suitable, LK1 the mea‘nti[ﬂe, +,;Gunj%;'
ing accuracy was Very good, ot W
From flg- 3’ 4 and 5, : iy - Couldw ,
that, when ae>1, the calﬂulatign ® Nt
based on variational Parameteng , °
better than that one bageg on thm*:nqd ,

parameters method.

- 3 EFFECT OF MASS OF FOUNDATTOy
O |ri e —
3| 0 ( frequency | interaction, radiation damping o g
tal vibration of footing, depended on the mass ratio , _ 1/ rh
Fj zure 4. Horizon vertical vibration. The lESSZthE m:q;:r.r
, measured data was, the larger the damping of fourz.j;;;f*
S'(HO"?) was. For the same mass M of fODtin;-S __
o the equivalent radius r, of footin;.gl :
~| & signed as large as Polssble, thatqm;h::
;3 mass ratio to be reduced, the 1arge.,fr‘;_ff
- tion damping would be obtaineg, then 41,
e vibration of footing would he reduged 1,
igg e R SR _.—Hz) the meantime, the stiffnesg of ground H
i & 5 [0 freq{:?enc}' a( increase with the increasing of o, . O “
Figure 5. Rocking vibration of footing other h§nd, J?OI' & constant radius p, o
_ foundation, if the mass M of footing varie
Because the size of the fOlHld&thn was the dyna-[nic response of the fOOtiﬂg wouls
very large, the non-dimensional frequency be different. Assume the mass of a #ou.
i g A n?}/vs Madaiien Jymalhibi tion with a cavity to be a certain valy
usncy of footing vibration. The o Sl b = 2.5, then the mass was 1ncreased 1o )

cideres in o3 damping with sshad been con- 'z = 2 cavity, so that, the mass ratio a

damping would change. The dynamic T8 pars:
o the foundation was calculated 3-”1?115}**';'-_
ecceniric mass exciters were used, the max- :}n figu_?e 6.It could be seen tl'zat, fl“
1mum exciting force was 80 KN. The horizon- ihcreasing of jche mass o1 footl?lg;‘:;
tal and vertical displacement were measured Placement amplitude of the foundation i :

with 701 type pick up. The picks up were Creased, the acceleration of thepfx’fiﬂ;‘&i
arranged on the different locations of the reduced and the velocity of the footlng!
top and the hole bottom of the footing, In almost constant.

For horizontal excitng force, the S;e
by itg exciting force, ation would be more complex, because

i Fores s Sorod 7 0 0 I ok MoTisonter s monvie et o
it of digplagene. "0 10 figures( the sod generally. Take the parameters of ¢
Prom the so;ﬁ:@nt was u ), foundation of the 5 x 5 m table as g 0f
which compute pr;mn °f equation 1 and 2 ample, its mass was M. Assume the ;339.5.“.
the theoretiga) ogcﬁlme had been maqe for, the foundation to exchange to 0.7 ) g 1
Obtained, The theoret ated curyeg could he and 0,7 My the dynamic response cmtha‘tf
Sured data fop verti igal Curves ang Me g shown in figure 7. It could be Beende qout
N8 Was shown in pio, - iOTation of poor the horizontal displacement amplifu®
horizonta] and rocking V'i];r:ho coupled reduce with the reducing of the mass

ut
tion wepe Caused footing in lower frequency range: ’
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PiEUre

on ver?
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5 [0 freq&noy 20(Hz )
gffect of mass of foundation

on hori =zontal vibration.
the situation was

nigher f requency Trange,

contrarye | ‘
The shape of foundation, including radius

r,and mass M, should be designed suitably.
ponsidering the soil-foundation interaction,

ation damping was increased as large
a5 possible and the material of footing was
gaved as more as posible. From these analy-
sis,we could say that, increasing the mass
of footing was not always beneficial to
~educe the vibration of footings

4 DYNAMIC RESPONSE OF SURROUND ING GROUD

Both P-wave and R-wave would attenuat,with
the distance from the exciting 1 oundation.
But the R-wave attenuation was glower than
P-wave did. Therefore, the influence of the
exciting footing on the surrounding ground
depended upon the attenuation of R-—-wave
mainly, while the influence of P-wave S

be considered suitably.
In the vibration test of the foundation
of the 5 x 5 m table, the horizontal and

hould was prove

e

force
v
-

agplitud

S

iting

excl

| vertical

30 uﬁ@k" o 3H_ measured data

X 9Hz measured data
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distance(m)
Figure 9. Horizontal vibration of surroun-
ding ground of foundatidn.

horizontal amplitude
exciting force

Where, W = amplitude of surface of ground
to distance r from the centre
of foundations

W, = amplitude of footing;

= coefficient for influence of

loading, for nature surface of
ground @ = 1;

f = excitation frequency;

‘{&. coefficient of influence of P-
wave, it depends upon Te j

JL = coefficient for absorption of

energy of soil. .3

The calculation and meas

with different frequency of
3 § and 9 H shown in fige

Seen thaxf the measured data agreed

be se .

the calculated curves approximatelys
The solid filling around footing was

better than the void retaining around the

exciting force

8 and 9. It could
with

d with some vibration testst Han,
solid filling of

nt the
e e 4 5m x 5m table was

vertical ¢ | | on the ]

ground alwiﬁsﬁ:;:::i: ﬂiiiﬁieiway from the that, the Vﬂd’r:;l;n vzggzﬁzht one away
footing were measured. The caloulated curves be attenuﬂtet'n 50 me

and measured data were shown in fige O gaveis Sateal Y

9 for vertical and horizontal vibration 57 fo0rt
Parately. The calculated curves were obtain= AND CONSTRUCTION OF THE e




11d be a8

force-—
. The rein
te was 250 3 % somewhat and

ged in

dation,
. of the foun P
. one time, retain

At that time,
Therefore, the

the concrete was poured 1n 6 CONCLUSTONS

ing no construction joiilt.
the weather was very hov.

g ent . W
of the heat of hydration ol cem tical curves of the fgumq VR the 4
¥ 8 pmblefd éttention to and some sm;abli # S Libla very S&tlﬂfa{:toratlﬁn of th;“geﬁ
was pa '®) mater- y l-t 0
TR | The temperature ' L DNag
steps were used. d certain the dynamic response of £o et R
- as reduced and C datig 3
g séizfosogzzew:s mixed into concrete, to caloul?‘bed zy s Bethod of el&st?ccf}uldn
2 delay the peak heat coming and make the spac.e_-:mpi'o Parimeterg_ The eggey imilf
strength of concrete increasing. The tem- requisite ' calcoulation Was that, L

shear modulus @ of ground
determined correctly, the
ment should be determineg

80i] Sh@ul:ghe

ff-‘lnd_ the feumge"

perature inside the concrete of the footing
was measured and shown in fige. 1(5). It show->
ed that the temperature varied with time

ba

'
1

after the concrete had been poured. of’ damping should be modifieq, Ty
The estimation of the vibration of the The suitable geometry shape Of £ori.
om x 5m table foundation could be done, should be designed,reduglng the Q0Ting
based on its vibration test. When the table and lncreasing the radiation damm?lss ati
18 in operation, the horizontal displace- The solid filling around the fplné‘-
ment amplitude would be 0«15 mm and accel- better than the Vold retaininp = -
ération 0.0 55 g by the maximum exciting 4 ocoting. S around ty,

force in one direction.

01l in site,

Unit weight Void
(J‘% F ol 01( ratio SI}&&I' Wave velo- P-wave velooity
3T S 7,59 5.7 Mﬁgm v (m/s) ”
g 1.71 3 1
o £ G B 12.0 . ;5 0.95 173 3!4
12,0 ~ 1810 % 0.68 S 213
: 0«65 3'?7 930
1530
Table 2 Mmlc reﬂp‘)nsa &
"= g S Frequency Date
Harbin 33'2 X 3.0 x 145 no\\"‘"“ ( Hz ) (year, month )
Changeh *S L 2. _ T
Harbin b 12,5 x .951_.,[1_;)5 Slag gt 14, v 4 21 1980, 6
H?_rbin 4.6 X 2.7 X 1 ;7 OI'UBhad 3t0naa : 19! V 322 1980,11
Tlanﬂhul :,,'5 X 1.5 X 1:5 nbl:l‘-d Bturbed "4 !8'!5 1982’9
Harbin 12-0 X 8:8 > 4 8 HG:}]_ P‘ A 0.8 f H : 15 1981,8
5115:49 . T A g 12.5, v s 21 1981,9
" 'H' meang horizon 4 . 0L fy 0:;7,3; 2! +803,0
My S 11 6.5, Vv, 5.5 1984,8
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