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Evaluation of Rocking Behaviors During Earthquake for the Shallow
Foundation System on the Weathered Soil Using Dynamic Centrifuge Test
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Abstract

Rocking behavior of shallow foundation during the earthquake can reduce the seismic load of the superstructure. The
dynamic centrifuge tests were performed to investigate the availability of using rocking behavior for the weathered soil
condition. The centrifuge test model was composed of the weathered soil, shallow foundation and single degree of
freedom structure. And the accelerations of soil, foundation and structure, and the foundation settlement were measured
during the earthquake. From the test result, the seismic load of the structure for the strong earthquake input was reduced
by the rocking behavior with foundation uplift and the maximum foundation settlement was less than 0.5% of the
foundation width. This shows the potential that the rocking foundation concept can be used in the economical seismic

design of foundation for the weathered soil in the future with additional research and verification.
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Table 1. Properties of single degree of freedom (SDOF) structure
model (model scale)

Structure models SDOF

Dimension (mm)

—

100

Effective mass (kg) 0.741
Effective stiffness (kN/m) 60.5
Natural period, Tn (sec) 0.022

Steel (ST)

(b) Steel foundation (ST)

Fig. 2. Schematic diagram of shallow foundation models (prototype scale)

8 e=XptEssl=EE M33A He=



Aol wWa A A] LR

=48 aﬁm Slete] el
3

o
lo
N
B
H
oflt
{0 rlo
N
B
-|1:1

7|2 Fig. 29} 2ol o3 =, Wul, kol7t 747
10cm, 10cm, 3cmo|H, Y& 4FoA 2m, 2m, 0.6m =
719] 7|22 BApEC HFHoR At 7k 7|28 A
FOo A2u)E 7)XE, 0.545kg, A 7]%, 2.34kgo|th

3.2 X|dh pHlE

e 7)20) HAAF et ATE F2 ATA
2 AAHE AR Sabstel 2AE APLE AuelA 4
WElo] Yk PAE Folo] ZHE AIE B AL
4ol A ghom, A7 Al Ak A Fol e
Sl7 MPAE b5 AJo] SiTk(Ha, 2016). WHAC] TS
el 24 Foke my AN A9 AHoz 2
e 7FE 4 QA A Fsh AA B 4
QIck. H Aol A BAolA] A Foke ARE %
chastel AN ke 24tk B AHS F
shEL HFYADw)o] oF 0.65mm, FEACH 3

SASCH7E 27} oF 613} 112 SARFH] ofa)A
SWE ERE 13%9] g4ulE 2he FolE RS

Shear wave velocity (m/s)

100 150 200 250
0 [ T T T i T T T } L. T T
I X-Result
2 I -O-Average
4 -
g X
S 6T
g
Q
8 —+
10 4
| Site Period = 0.25 sec

12

Fig. 3. Shear wave velocity profile of soil model from bender
elements tests (prototype scale)

e XIBH =01 &2D

Tp—42— %)
A7\ A, Ty A8 G, D, ¢ iHA A A,
Ve WA A|F0] Au} 4=

variable differential transformer)E Sk e Eﬁl- ot
ol 720k A 7)29] A4 A AZS vl@el] o5t
of 24% F2HE ARE dlof FAlo] AAste] A
23l HTt R A, AFn|E 7|29} A ¢ke %
A2Rl0] AHEAEE RIS fistol, Fig 49) &
ApelxEol] Liehl e} 7o) 1B
of 47} apom Ueksl 7|28 Axslelch Y4lws
AEL 7SR 20g oA AgElen, ¢
A| A1} 2 = Hachinohe, Ofunato, Northridge S 41X
5} A2/ %S olgalglon], AR 458 ws}
A7V okgk AR ek A7 daklc
54 AURPARN AZEE HEES Qi
AojA BAFE FEEO] We SRS 25014
Aarhitel o] 27|z 9o ¢ F2E A He
oft}. 7120] £AQlo] olgt Ay 2T 2T AER

it

[0

(
e

rzi 1E ot

T ANAES XE Al 2 HE S48 8o 9



Flexible Condition
(using measured test data)

Aluminum (AL) Steel (ST)
U g U p g

L

/i cl
i e B 5 |

B
3 Accelerometer
= Earth pressure B=2m
L D=12m
Weathered Soil

Fixed Condition
(calculating equation of motion)

Upived cC—A
4 Jl’u lllllilllu,uu-—
Upp
~ ; ;_a fa ; ; ;_a ;_a ; ; ;_a ;_a
g o , || .....
iy —affjpwe—
— u
d
(|
D I
[
. Shaking
AL ST
= . . Direction
| Tap view af Test Model
v

Fig. 4. Schematic diagram of centrifuge test specimen and definition of fixed-based structural motion (Prototype scale)
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