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Vertical composite lumped parameter model of
arbitrarily shaped embedded foundations

LIU Zhi-jiu'*, SHANG Shou-ping?, XU Jian’, WANG Yi-sun’
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Abstract: A vertical composite lumped parameter model(CLPM) was developed based on the results obtained with
state-of-the-art formulations of foundations oscillating on a elastic half-space. Vertically dynamic response of a arbitrarily
shaped and complicatedly embedded foundation was calculated by making use of this model and formulas(supported by
results of comprehensive experimental and numerical analysis), which were developed by theory of elastic half-space for
computing the dynamic stiffness and damping coefficients of foundations harmonically vertical oscillating on a
homogeneous half-space. Close agreement is found between CLPM and theory of elastic half-space for vertical
oscillations, and the difference is only 10.7%. The advantage of CLPM is to compute dynamic response of arbitrarily
shaped and complicatedly embedded lumped foundations harmonically vertical oscillating on a homogeneous half-space
readily. All of the oscillation frequencies, a realistic range of Poisson’s ratios(v < 0.48), all foundation base
shapes(excluding annular), and complicated embedment are considered.
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Fig.1 Model of vertical oscillations embedded foundation
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Tablel Coefficients of vertical oscillations of embedded foundation when v < 0.40
WEIRES LB b bs by
1 0.0477,(by° +b3") (2.75+2.538% )7, 0.13—-b,b3 /(1+b3) 0.9077., +7.
i 0.0877,, (b5 +b5") (0.61+0.565> ) "7, 0.13—b,b3 [(1+b3) 0.941., +7.
SEATHEE
4 —0.047,,(b° +bs")  (1.69-0.748"H "7, 0.02—b,b; /(1+b3) 1.107,, +7,
o —0.74n,,(b° +by')  (0.48-0.066""*")Y"n,  —022-bb3/(1+b})  1.9217,,+7,
1 0.04717.,(by> +b5") (2.75-2.538"*""'n., 0.13—b,b3 [(1+b3) 0.9017., +7.
i 0.087,, (b3 +b5") (0.61-0.565%"*)"n_, 0.13—-b,b3 /(1+b3) 0.941., +7.
b
4 —0.04m,,(b5° +by)  (1.69+0.746° 7', 0.02 —b,b3 /(1+b3) 1.10m,, + 7.
o —0.741.,(b3° +by)  (0.48+0.065° ),  —022-bbi/(1+b})  1.9217,,+7.
T2 =048 L E AR BRI A K
Table2 Coefficients of vertical oscillations of embedded foundation when v=0.48
WERE LB b by bs by
1 0.04717.,(by> +b5") (2.75+2.538% 7', 0.13—-b,b3 /(1+b3) 0907, +7.
2 0.087,, (b3 +b5") (0.61+0.565**)'n_, 0.13—=b,b3 [(1+b3) 0947, +7,
SEA
4 —0.0477., (by" +b3") (1.69+7.55"*)'n,, 0.02—bb3 /(1+b3) 1107, +7,
% —0.74n,,(by> +b5") (0.48+0.726"*)"'n,,  —022-bb}/(1+b}) 192n,+7,
1 0.8677.2 +0.11 0.3617.2 0.13=b,b3 [(1+b3)  0.9072 +7.
\ 2 0.0277.% +0.05 1.6417.7 0.13=bb5 /(1+b3) 09472+,
Hiy)
4 -0.1972 - 0.07 0.5917.2 0.02—-b,b3 /(1+b3) 110072 +7.
kS —0.087.2 -0.36 2.087.2 —022-bb}/(1+b3) 19277 +7,
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Fig.2 Model of foundation geometry
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Fig.3 Model of embedded depth and material parameters
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Table3 Coefficients of vertical oscillations of embedded
foundation when v < 0.40

L/B b b, b; by

Hoyly 2 -0.05 -190 0.17 2.03
(D/B=0/2.5) 4  -158 029 014 216
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(D/B=6/2.5) 4 -001 339 001 216
" N 2 037 —027 0.06 2.03
AT R

4  -053 236 005 216

(D/B=4/2.5)

32 —0.17 1.31 0.05 2.11

R 3, A1), (10) K1) 153 HRE
A,=5.78 X 10 "Py. (12)
Forr: Py iR e AH -
2.3 XH Gazetas #4¥ = EIEIERIITELER
AR SCHR[4] T3 HERIBI NI &, =5.0 X 10" N/m,
PSR c.=1.28 X 10° N-s/m.
FERIR TR m.=9.82205 X 10° kg; BLJELL &=
0.91, MFHL 1,~1.76 i}, Pl
= K lo- 2 vag 2, [ =
522x107" Ry . (13)
24 2MIRHITEERILE
b s (12)M(13), 2 PR iR 2 h.

Azl B Azg
o0=——= X100%=10.7%-

z8
Gazetas TSR ST AR 5 - 2% o) BE V& 1) 5 Jié
JEAR SRR . B S AR R BRI, 140k
FERTFEN o SRAASC P2 (KBTS 4 R LE Gazetas
VSRR TS R OK 10.7%, BRI, AR )
THERR I AT, SRABIRL T S 4 R A2 A
RUAEAE Tl T rp 2200 1R B8 P 2

3 & it

a. ATCPTHES LR A ) PR B A SRS



174 SRR IR

138 %

SRR, ST 2% ) B S M S % e R B T 19
BN SIS R IR ESEL, Ak SR A
HIRIE S

b. #& &L LS HETA - Z 5 A
PR LIS ] DA LRI 2% 5 M b ST 2 28 1) AR ROBAR
(AEFEIRAD R R BRI HAR LAt 5 71 80 )
R o

C. ABIRUAZ TR F s, Blig bl
CUIE F T SR AR E S, (e 545 M Hh R
MR Z% L.

d. RHNZAL ] LA O 5D .

e AR TG HT T3k o 2 IR A4 b ) B A A
W, ST IHARE L, . FeA RS E L
Jf 23 A B8 b S YA TR IR B A T, AR
AERGEA A T P9

S

(1] 2. HLEsELahdRsh 2 A A BLR[CY/ B TR BebR AL

Prex. e FE RS A AR S BRSO, Jbat: AR
Tkt fctk, 1997: 1-6.
LIU Chun-kang. The existing situation and analysis of machine
foundation vibration[C]//China Association for Engineering
Construction Standardization. Proceedings of the Second
Nationwide Conference on Architectural Vibration. Beijing:
China Architecture and Building Press, 1997: 1-6.

[2] Novak M, Beredugo Y O. Vertical vibration of embedded
footings[J]. Soil Mech Found Div, ASCE, 1972, 98(SM12):
1291-1310.

[3] Beredugo Y O, Novak M. Coupled horizontal and rocking

(4]

[3]

(6]

(7]

(8]

[

[10]

(1]

vibrations of embedded footings[J]. Canadian Geotech J , 1972,
9(2): 447-497.

Gazetas. Formulas and charts for impedances of surface and
embedded foundations[J]. J Geotech Engrg, ASCE, 1991, 117(9):
1363-1381.

Baidya D K, Rathi. Dynamic response of footing on a sand layer
of thickness[J]. J Geotech Geoenviron Eng, ASCE, 2004,
130(6): 651-655.

M . Zh BRI R RS T[], AR TR, 2002,
35(4): 70-76.

CHEN Jiong. The vertical vibration of dynamically loaded
foundation[J]. China Civil Engineering Journal, 2002, 35(4):
70-76.

Pais A, Kausel E. Approximate formulas for dynamic stiffness of
rigid foundations[J]. Soil Dynamics and Earthquake Eng, 1988,
7:213-227.

. By ML RGBT BRI TR R BL[CY/ B
3= m A EESIRS AR S BOE . BY: RRH R
#L, 2000: 1-5.

XU Jian. The development suggestions of machine foundation
design theory[C]//YE Liao-yuan. Proceedings of the Third
Nationwide Conference on Architectural Vibration. Kunming:
Yunnan Scientific and Technical Press, 2000: 1-5.

Barkan D D. Dynamics of base and foundation[M]. New York:
Megraw-Hill Book Co, 1962.

Hsieh T K. Foundation vibrations[J]. Proc Institution of Civil
Engineers, 1962, 22: 221-226.

MENGE, EMRFR, BT s B e M), b
B R AR T AL, 1981,

YAN Ren-jue, WANG Yi-sun, HAN Qing-yu. Half-space theory
foundation[M]. China
Architecture and Building Press, 1981.

introduction of dynamic Beijing:



