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Shake Table Tests
PEER, 2002 NCREE, 2005

PEER 
2006

NCREE, 2009

Dynamic Column Database
Per Specimen Per Column

Test programs
No. of 

Specimens
No. of 

Columns

No. of
Ductile

Columns

No. of 
Non-Ductile 

Columns

No. of 
Test series

1 NCREE 2009 4 3 0 3 2

2 NCREE 2007
1 3 2 1 2

2 2 0 2 1

3 NCREE 2005 2 4 2 2 2

4 NCREE 2004 2 2 0 2 1

5 PEER 2006 1 4 2 2 4

6 PEER 2005

4 2 2 0 1

4 2 1 1 1

3 2 0 2 1

7 PEER 2002 2 1 0 1 1

Total 25 59 20 39 88

21 flexural
failures

33 flex-shear
failures

5 shear
failures
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Dynamic Column Database
Shake Table Collapse Test at 
NCREE (2005)

Ductile Nonductile

Why include ductile columns?
 Not all components in a building will fail at same time.
 To allow for load redistribution during failure. Wu et al, 2008

NCREE (2005) Test 2 NCREE (2009) Shake Table Tests

Column Failures:
Moderate Axial Load
High Axial Load

Joint/Column Failures:
Moderate Axial Load

NCREE (2009)
High Axial Load
Confined Joints
Flexure-Shear Columns ASCE 41 Backbone Model
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Effective stiffness
PEER Column database (static):

 ASCE 41 EIeff > EIeff measured
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Effective stiffness - # of cycles

 Only consider cycles over 0.3Vmax

 Need to group by axial load, aspect ratio, and test setup

 No clear relationship with number of cycles

ASCE 41 Failure mode 
classification
Vp/Vo
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ASCE/SEI 41 Classification
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Flexure-Shear 0 4 23 27

Shear 0 0 5 5

Total 0 6 28 34
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Modified Failure mode 
classification
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Modified ASCE/SEI 41 Classification

Flexure Flexure-Shear Shear Total
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Flexure-Shear 0 27 0 27

Shear 0 0 5 5

Total 0 29 5 34
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Shear strength
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 Higher shear strength due to strain rate effects 
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Flexure-shear failure
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Shear-critical

ASCE 41 Backbone Model
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Flexure-shear

Lateral load failure – “a-value”

 Target probability of failure from ASCE 41 Supplement 1 = 15% 
 Lower probability of failure for Dynamic database compared with 

target and Static database.
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Axial Failure Axial failure

Axial Failure
– effect of cycles

0

10

20

30

40

50

60

0 0.5 1 1.5 2 2.5 3 3.5 4

N
o
. o
f C
yc
le
s

δMeas/δCalc

Cycles up to axial-load failure
NCREE 2009‐MCFS

NCREE 2009‐HCFS

NCREE 2009‐MUFS

NCREE 2005‐P2

Ghannoum 2006

Elwood 2002

Shin 2005‐Chile‐0.1

Shin 2005‐Chile‐0.24

 Only consider cycles over 0.3Vmax

 No clear relationship with number of cycles

Axial failure 
– Plastic Rotation Ratio

0

1

2

3

4

5

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40

P
P

R
 (

 P
la

st
ic

 R
o
ta

tio
n 

R
at

io
)

Initial Axial Load Ratio (Pini /Agfc')

Condition i(lower) Condition ii Condition ii (Beam) Condition ii (lower) Condition iii

0

1

2

3

4

5

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40

P
P

R
 (

P
la

st
ic

 R
ot

at
io

n 
R

at
io

)

Axial load ratio (P/Agfc')

St
at

ic
D

yn
am

ic

Flexure-shear

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 1 2 3 4 5

P
ro

b
ab

ili
ty

 o
f 

F
ai

lu
re

(L
o

ss
 o

f 
A

x
ia

l 
L

o
ad

 S
u

p
p

o
rt

)

Plastic Rotation Ratio

Static Dataset B

Dynamic Database

Axial failure 
– Probability of failure

 Similar probability of 
failure for Dynamic 
database compared 
with Static database.

Conclusion (1/3)
ASCE 41 overestimates stiffness of 
columns with low axial loads. 
 Consistent with static tests.

Influence of cycles  not conclusive
 Requires further study.
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Conclusion (2/3)

ASCE 41 classification results in most 
columns considered as pure shear 
failures -too conservative. 
Recommendation: 
 Transition to Vs=0 from s=0.75d to s=d;
 Change upper limit on Condition ii (flexure-

shear columns) from Vp/V0 =1.0 to 
Vp/V0=1.1.
 or incorporate Vp/Vo in calculation of a 

– see Ghannoum

Conclusion (3/3)
Flexure-shear critical columns:

 Shake table tests suggest assessment of 
drift at shear failure is conservative BUT… 
…limited reserve after shear failure.

staticsdynamics  

staticadynamica  

staticsadynamicsa )()(  

Thank you!
Questions?
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2005 vs 2009 tests?

If drifts at shear and axial failure are very close, 
predicted response very sensitive to failure drift 
estimate.
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