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Abstract

A new design paradigm isvestigated which protects the superstructure through soill
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through soil plastificabn or through foundation uplifting. This new design method
advocates the rocking response of the frame instead of the flexural column
deformation. A twestorey two-bay asymmetric frame is used as an example to compare
the two alternative foundation desigrapproaches; ovedesigning the foundation,
complying with the conventional capacity design and undiesigning the foundation,
according to this newdesign philosophy. Static monotonic and cyclic pasér
analyses, as well as dynamic analyses using @tton idealizedpulses and 20 real
accelograms, argerformed The static pushover analyses reveal that the ductility
capacity of the new design concept is larger than that of the conventionally designed
frame. For moderate intensity earthquake excitatj not exceeding the design limits, it

is shown that the performance of both alternatives is acceptable, but under larger
intensity motions, substantially exceeding the design limits, the performance of the
unconventionally designed frame is proven adwageous, as not only does it avoid
collapse but moreover the damage it suffers is repairable. Despite the small size of the
under-designed footings, their residual settlements are comparable to those of the
over-designed ones but, on the other hand, the wo@able residual rotation and
differential settlement of the undedesigned footings must be critically evaluated. This
need stems from the asymmetric nature of the examined frame. Two possible ways of
improvement of the unconventional frame are proposdtie use of foundation tie
beams capable of bearing bending moments through their whole length, and the use of
tie beams hinged at their connection to the footings. The former solution is hardly an
improvement, as it hinders the rocking performance of thetings, whereas the latter
provides encouranging results in terms of both residual rotation and differential
settlement.
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0.60

=B =2.70m
=B =250m
B=2.40m
=B =1.80m
B =1.30m
B=1.10m



1. >0 h e T BAa-- ' >ih o
B | P, B 1 P

[m] [kN] [kN] [m] [kN] [kN]

2.7 7145 6745 11 1185 1120

2.5 6125 5785 1.8 3175 3000

2.4 5645 5330 1.3 1656 1565

_[ ’ /\hz‘.]_ll o ¢ o T . ¥ 7t h¢Y ) , 'o_pt]sﬁoyer“‘hh‘__h“ . > h
Prandl (R0 > & h T R L 7S B L Y, W B
B [ ult " ult l RD CRF ‘or 1 ult SF
; [m] [m] [kN] [kNm] [rad] [kNm] [ [rad] [kN] []

: M/Q = 2 Ne+o3g= 172 82.1 0.250 213.8 2.63 0.268 | 1185.8 6.90
B=11 Ncp=336 | 120.7 0.238 213.8 1.79 0.268 | 1185.8 3.53
; MIQ=5 Ng+o3g= 1720 76.8 0.098 213.8 2.78 0.110 | 1185.8 6.90
jh p=336 107.1 0.084 213.8 2.00 0.110 | 1185.8 3.53
- M/Q = 2 Ne+oag= 452 360.9 0.410 395.1 1.10 0.423 | 3177.8 7.03
¢ B=18 p=586 426.4 0.400 395.1 0.93 0.423 | 3177.8 542
| MIQ=5 Ng+o3g= 452 347.8 0.162 395.1 1.14 0.178 | 3177.8 7.03
) Nep=586 | 409.8 0.156 395.1 0.96 0.178 | 3177.8 5.42
; MIQ = 2 Ngsoag= 245 138.5 0.298 212.7 154 0.314 | 1656.2 6.76
B=13 Ncp=308 | 160.9 0.293 212.7 132 0.314 | 1656.2 5.37
: MIQ=5 Ngioaq= 245 130.7 0.116 212.7 1.64 0.129 | 1656.2 6.76
Ncp=308 | 190.6 0.091 212.7 1.11 0.129 | 1656.2 5.37

M it "t f RD CRF “or 1 ult SF

1 [m] [m] [kN] [KNm] | [rad] | [kNm] [] [rad] [kN] []

> < B=27| MQ=2 Neio3g= 174 363.1 | 0578 | 213.8 0.59 0.594 | 7146.5| 41.55

hoo Nep=336 | 5549 | 0.593 [ 213.8 0.38 0.594 | 7146.5[ 21.30

T B=25| M/Q=2 Ng+o3=454 6055 [ 0.540 | 395.1 0.65 0.559 | 6125.2( 13.55

¢ Nep=586 | 1424.7| 0.515 | 395.1 0.28 | 0.559 | 6125.2| 10.45

B=24| MIQ=2 Ng+o3g= 249 368.8 | 0540 | 212.7 0.57 0.540 | 5645.0( 23.04

Ncp=308 | 433.6 | 0.539 | 212.7 0.49 0.540 | 5645.0] 18.30
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Neg Ny+03q
140 140
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100 A 100
i ] —_— M/Q=2
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60 - 60 1 —MIQ=5
40 7 40 A
20 A 20 -
0 T T 0 1 T
0 0.1 0.2 0.3 0 0.1 0.2 0.3
‘ rad) ‘ rad)
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120 - 120 A
100 H 100
80 1 E —
M (kNm) M (kNm) &0 Ned
- 60 - == Ng+0.3q
40 + 40
20 1 20
0 L T 0 : .
0 0.1 0.2 0.3 1 2 .
(b) 0 0 0 0.3
* rad) " rad)
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,V_,,I _,V' Q‘W_SMV‘C\th‘-r,K<”h f-‘. {’v B\b(y_@y'>5/\l5
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B VB hy ' > /\fVIQ < ' 1
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Bottorn, {fraction = -1.0}) '.-"
(Avg: 75%)
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