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3.8 SUMMARY

Acceleration time histories for Tests EQ1 through EQ6 are shown in Figure 3.4. These
accelerations represent the mean value recorded by four horizontal accelerometers located on the
corners of the shake table. To facilitate comparison, the time histories have been trimmed to be
65 sec in duration. Accelerations recorded on the superstructure at its center-of-mass, coinciding
with the top of the column, are shown in Figure 3.5. A comparison of these two figures
demonstrates that the magnitude of peak acceleration in Test EQI1 is similar, while the ground
acceleration is larger than that recorded at the top of the column in subsequent tests. This is
consistent with nonlinear response. Period elongation is evident in Figure 3.5 during successive
tests.

Figure 3.4 Input acceleration time histories.

Figure 3.5 Acceleration time histories of the column top.
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The drift time history of Figure 3.6 illustrates the initial displacement conditions of the
tests. Residual displacement from a prior test was not corrected, and the column was tested
without repair. The strategic decision to invert the polarity of the scaled Takatori ground motion
in Test EQ5 prevented ratcheting of the column to one side. Peak drift ratios obtained in each test
are summarized in Figure 3.7. A summary of the peak response quantities is provided in Table
3.1. These quantities were required in the blind prediction competition.

Test EQ6 concluded the loading protocol. At this stage of testing, damage was limited to

concrete spalling within the plastic hinge. This provided the opportunity to extend the scope of
testing, but results are not presented here.
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Figure 3.6 Drift ratio time histories.

Drift ratio (%)

EQ1 EQ2 EQ3 EQ4 EQ5 EQ6
Test no.

Figure 3.7 Peak drift ratios achieved.
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Table 3.1 Peak response quantities.

Test EQ1 EQ2 EQ3 EQ4 EQ5 EQ6
Horizontal displacement (mm) 62 133 361 170 569 490
Total acceleration (g) 0.207 0.295 0.348 0.163 0.335 0.310
Bending moment (kN-m) 3934 5866 6598 3698 7215 6506
Shear force (kN) 500 68 887 399 813 766
Average curvature (rad/km) 0.526 0.453 17 7.5 58 55
Average axial strain (x106) 543 906 2513 1712 17,817 16
Residual displacement (mm) 0.9 4.0 63 59 104 50
Compressive axial force (kN) 2605 2770 2816 2743 2779 2786
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4 Blind Prediction Contest

41 CONTEST DESCRIPTION

The Concrete Column Blind Prediction Contest was conducted to identify the uncertainty in
predicting important response quantities of a full-scale RC bridge column subjected to six
consecutive unidirectional ground motions. Each contestant/team had to predict the maximum
response for global, intermediate, and local response quantities for six earthquakes. The contest
was advertised nationally and internationally among professional engineers and researchers.
Predictions were submitted by forty-one teams from fourteen different countries: Australia,
Canada, China, Colombia, Ecuador, Italy, Japan, New Zealand, Switzerland, Peru, Portugal,
Puerto Rico, Taiwan, and the U.S. Although the contestants held either M.S. or PhD degrees, it
was not a prerequisite. Two entry categories were formed based on the affiliation of the
contestant/team. The contestants/teams that belonged to academic or research groups were
designated as “Researchers,” and contestants/teams that belonged to structural engineering group
were designated as “Professional Engineers.” A winner was chosen from each group.

4.2 RULES OF THE CONTEST

The rules of the contest were adopted from a Seven-Story Building-Slice Earthquake Blind
Prediction Contest (2006) and were as follows:

1. A contest submittal can be from an individual or a team.

2. An individual can only be on one team.

3. If an individual is part of a team, the individual cannot submit separately as an
individual.

4. The individual or team must use the contest Submittal Spreadsheet and input values
as follows:

a. Relative horizontal displacements are to be provided with respect to the base of
the footing (y = 0.0 mm) and are to be provided in millimeter units to one (1)
place beyond the decimal point.

b. Accelerations will be obtained experimentally from accelerometers deployed at
different locations in the test specimen. Accelerations are to be provided in units
of g to three (3) places beyond the decimal point.
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c. Bending moments are to be provided in units of kN-m to one (1) place beyond the
decimal point.

d. Shear forces are to be provided in units of kN to one (1) place beyond the decimal
point.

e. Curvatures are to be provided in units of rad/km (rad/mm x 10°) to three (3)
places beyond the decimal point.

f. Axial strains are to be provided in units of micro-strain as an integer.

g. Axial forces are to be provided in units of kN to one (1) place beyond the decimal
point.

h. All values shall be input on the spreadsheet as positive values. The word
“Maximum” written with the upper case letter “M” shall mean the largest of the
absolute values of the maximum positive or maximum negative value under
consideration. The word “maximum” written with the lowercase letter “m” shall
mean the smallest of the absolute values of the maximum positive or maximum
negative value under consideration.

i.  Values shall be input for the six intensities of ground motion (EQ1, EQ2, EQ3,
EQ4, EQS, and EQO6).

The individual or team must declare one of the two categories on the Submittal
Spreadsheet:

a. Researchers (including post docs and students)
b. Engineering Professional

Structural drawings will be provided in U.S. customary units. However, data is
requested in S.I. units. A translation from U.S. customary to S.I. units and vice versa
can easily be done in the google.com prompt. For example, type in the google.com
prompt:

a. 430000 pounds feet in kN m
b. 4 ft 3 inches in mm
c. 3500 psi in MPa

The recorded data will be processed by band-pass filtering with a high-order (5000)
FIR digital filter with a 0.25-25 Hz bandwidth. Forces will be determined from
recorded accelerations and using an acceleration of gravity equal to 9.807 m/sec?, and
the unit weight of the material. The unit weight for steel will be assumed equal to 77-
kN/m’. The unit weight of concrete will be determined from tests and reported on
September 1.

The contest has two parts: pre-test and post-test. For the two parts of the contest the
Submittal Spread Sheet (Figure 4.1) has to be filled in the following way:
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10.

11.

12.

13.
14.

15.

a. Pre-test phase of the contest requires filling general information (4 cyan fields)
and response to question 9 (mode of failure).

b. Post-test phase of the contest requires filling general information (4 cyan fields)
and response to first 8 questions (69 answers are expected).

The post-test analysis shall be performed using measured excitations, measured
concrete strength on the day of the test, and measured steel strength. All necessary
measurements will be provided no later than September 22.

Due dates for submitting results of pre-test and post-test analysis are September 7 and
September 28, respectively. Winners in each category will be notified on September
30.

The following system will be used to judge the category winners. Error is defined as
the absolute value of the measured parameter minus the value predicted by the
contestant.

a. The team with minimum error in a question will receive 8 points
b. The second team will receive 5 points

c. The third team will receive 3 points

d. The fourth team will receive 1 point

e. All contestants that correctly predict failure mode (question 9) will get 8 points.
All points will be added up and the team with the greatest total will be declared
winner of its category. There will be one winner for each of the two categories.
Winners will be awarded at the Quake Summit 2010.

A representative of the category winners will be invited to the Quake Summit 2010
that will be held in San Francisco, October 8-9. The representative will be asked to
make a presentation on the techniques used (model and analysis) in making their
winning predictions.

Except for category winners, all submittals will be kept anonymous.

Questions about the blind prediction contest or details of the structure or ground can
be submitted to the Contest Organizing Committee. Questions and answers will be
posted on the site’s FAQ page.

Teams from UCSD are not allowed to participate.
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4.3 RULES FOR SCORING CONTESTANTS

The absolute error (AbsE) method was used for scoring the contestants. The absolute error of
predicted to measured quantity was calculated for all 69 entries. For each predicted quantity, the
four best predictions were awarded with 8, 5, 3, and 1 points (8 being for the best prediction).
The prediction with the smallest absolute error from the measured response was considered the
best prediction. The same weight was given to each response quantity. All contestants who
correctly predicted the failure mode were awarded 8 additional points. These points were
assumed to represent 5% of the winner’s total points. All points were then totaled, and the team
with the greatest total was declared winner of its category.

4.4 WINNERS OF CONTEST

A total of forty-one teams participated in PEER’s Concrete Column Blind Prediction Contest
2010. Based on the contest rules, participants were classified into two categories: Professional
Engineer and Researcher. A total of 17 teams were registered as “Professional Engineer” and 24
teams were registered as “Researcher.” Based on a comparison of the submitted response
predictions and measured response quantities, overall winners were identified in the two
categories.

For the Professional Engineer category, Bill Tremayne and Lawrence Burkett tied for
first place.

o Lawrence Burkett, of Rutherford Chekene, San Francisco, California, U.S., used the
program SeismoStruct in conjunction with force-based fiber elements for his winning
entry.

e Bill Tremayne, of Holmes Culley Structural Engineers, San Francisco, California,
U.S., used the program ANSR-II for his predictions. The column was modeled using
3D beam-column elements with distributed plastic hinges that exhibit degrading
strength and stiffness.

For the Research category, the entry from Dr. Zhe Qu was identified as the first-place
winner.

e Dr. Zhe Qu, of the Tokyo Institute of Technology, Yokahama, Japan, used the
program ABAQUS with two-node linear beam elements having end fiber sections
employing special user-defined steel and concrete material property models.

In recognition of the many excellent submissions, the judges identified six other entries
that were recognized for their excellence in being able to predict the broad array of response
parameters required of the contestants. These Award of Excellence winners are listed
alphabetically in Table 4.1. Each predicted some parameters better than others, but all achieved a
superior level of fidelity.

A total of 12 different analysis software programs were used to numerically model and
analyze the bridge column (see Figure 4.2). The largest number of contestants 15 (36%) used
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OpenSees. SeismoStruct and SAP2000 were each used by five contestants (12%), ANSR-II and
CANNY were each used by three contestants (7%), ABAQUS and PERFORM 3D were each
used by two contestants (5%), and ANSYS, PISA 3D, MSC. MARK, Engineering Studio and
NARCEF were each used by one contestant (2.5%). Among the overall winners and the Award of
Excellence recipients, three used SeismoStruct, two used OpenSees, two used ANSR-II, one
used SAP2000, and one used ABAQUS (Figure 4.3).

Table 4.1 Award of Excellence winners.

Name Category Organization Software Element type
Eric Kellev and Engineerin Parsons Brinckerhoff, Displacement-based

teamy Pro?‘essiongl Inc, Seattle, WA, SAP2000 beam-column element

United States with fiber sections
Otton Lara and Escuela Superior Force-based beam-
Researcher Politécnica del Litoral, OpenSees column element with fiber
team . .
Guayaquil, Ecuador sections
. . Consulting Engineer, .

Bruce Maison Engineering | £y cepito CA, United ANSR-II Beam with concentrated

Professional

States

fiber-based hinges

Displacement-based

Rui Pinho and EUCENTRE, Pavia, .
Researcher SeismoStruct beam-column element
team Itaty o .

with fiber sections

. F‘T"CU“Y of Force-based beam-

Nelson Vila- Engineering of . e
Researcher . . SeismoStruct column element with fiber

Pouca and team University of Porto, .
sections
Portugal
Rutherford & Force-based beam-
Andreas Engineering Chekene, San

Schellenberg

Professional

Francisco, CA, United
States

OpenSees

column element with fiber
sections
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Figure 4.2 Analysis software used for analytical predictions.

SeismoStruct N

o
:és 4 OpenSees N
3
o3 ANSR-II .
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=
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<
1 ABAQUS .
1 1
1 2 3
Number of users
Figure 4.3 Analysis software used by winning contestants and Award of Excellence

recipients.

Response predictions and measured (experimental) response quantities are shown in
Figure 4.4 to Figure 4.15 for all predicted response quantities. The winners from the both
categories are marked on plots. The winner from the Research category was designated as
“Winner-R,” and the two winners from the Professional Engineer category were marked as
“Winner-EP1” and “Winner-EP2”. Designation “Max” in the figures refers to the absolute
maximum of the considered response. Designation “Min” refers to the peak in the other
direction.
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Figure 4.5 Predictions of “Min” displacement at the top of the column versus

measured response.
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measured response.
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Figure 4.8 Predictions of “Max” bending moment at the base of the column versus
measured response.
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Figure 4.9 Predictions of “Min” bending moment at the base of the column versus

measured response.
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Figure 4.10 Predictions of “Max” shear force at the base of the column versus
measured response.
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Figure 4.11 Predictions of “Min” shear force at the base of the column versus

measured response.
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Figure 4.12 Predictions of maximum compressive axial force versus measured

response.
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Figure 4.13 Predictions of “Max” average curvature between 51 and 254 mm from the
bottom of the column versus measured response.
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Concrete Column Blind Prediction Contest 2010

Questionnaire - Contestant/Team #1

1 Nonlinear Analysis Program used OpenSees Other:
(select program from drop down menu in cell C9)
2 Model Description - Column modeling (type of element) Foce based beam-column Other:
3 Model Description - Column cross section discretization Force-based fibers
4 Model Description - Column vertical discretization 13 nodes
5 Model Description - Strain penetration No Explanation:
i.e. longitudnal bar bond-slip in footing (explain if answer is yes)
6 Model Description - Material strain rate effect (explain if answer No Explanation:
is yes)
7 Model Description - Additional Information (optional) The concrete constitutive model is Concrete 02 (unconfined concret calibrated from provided test

results (18 fibers in circular dir, 3 fibers in radial dir), confined concret calculated after Mander (18
fibers in circular dir, 21 fibers in radial dir); the steel constitutive model is Reinforcing Steel of Opensees
(the properties are calibrated from the provided tests, the reinforcing steel material was wrapped with a
MinMax material). The number of Gauss integration points of the force-based beam column element
are 5. The element has a mass density of 0.00043167 kip-sec2/in*2

8 Mass block formulation Lumped Other:
9 Inertial block mass discretization (answer if masses were Lumped on 3DOFs Other:
lumped)
10 Mass of inertial block 234.5
(if mass was subdivided then show the sum of the masses) kN-sec?/ m
11 Rotational mass 1057
(only if calculated and applied to the rotary degree of freedom) KN-m-sec?
12 Damping model Rayleigh - tangenl stiffness Other:
12a  Damping ratio 1 2
(%)
12b  Corresponding frequency for damping ratio 1 1.13
Hz
12c  Damping ratio 2 n/a
(%)
12d  Corresponding frequency for damping ratio 2 n/a
Hz
13 Were damping forces included in the calculation of forces M, V Yes
and P?
14 Integration scheme Newmark Method Other:|variable transient analysis with

dtMin = 1e-6 and
dtMax=0.00390625 and 10

iterations
15 Integration time-step 0.00390625
sec

16 Type of analysis Large-displacement theory
17 Output acceleration data signal processing Butterworth Other:
17a  Filter order (answer only if data was filtered) 4
17b  Filter low-pass corner frequency (answer only if data was

filtered) Hz
17c  Filter high-pass corner frequency (answer only if data was 0.1

filtered) Hz

18 What was the greatest challenge/switch you came across while |Chosing the damping model and the damping ratios
modeling and analyzing the column?
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1

12

12a

12b

12¢

12d

13

14

15

16
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17a

17b

17c
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Concrete Column Blind Prediction Contest 2010

Questionnaire - Contestant/Team #2
Nonlinear Analysis Program used

(select program from drop down menu in cell C9)

Model Description - Column modeling (type of element)

Model Description - Column cross section discretization

Model Description - Column vertical discretization

Model Description - Strain penetration

i.e. longitudnal bar bond-slip in footing (explain if answer is yes)
Model Description - Material strain rate effect (explain if answer

is yes)

Model Description - Additional Information (optional)

Mass block formulation
Inertial block mass discretization (answer if masses were

lumped)

Mass of inertial block
(if mass was subdivided then show the sum of the masses)

Rotational mass

(only if calculated and applied to the rotary degree of freedom)
Damping model

Damping ratio 1

Corresponding frequency for damping ratio 1

Damping ratio 2

Corresponding frequency for damping ratio 2

Were damping forces included in the calculation of forces M, V
and P?

Integration scheme

Integration time-step

Type of analysis

Output acceleration data signal processing

Filter order (answer only if data was filtered)

Filter low-pass corner frequency (answer only if data was

filtered)

Filter high-pass corner frequency (answer only if data was
filtered)

What was the greatest challenge/switch you came across while
modeling and analyzing the column?

Other (specify) Other: Seismostruct

Foce based beam-column Other:

Force-based fibers

11+ nodes
No Explanation:
No Explanation:

Concrete constitutive law follows Mander et al. [1988], including the confinement effects as proposed
therein, with cyclic rules as suggested by Martinez-Rueda and Elnashai [1997]; Steel constitutive law
follows Menegotto and Pinto [1973], combined with the isotropic hardening rules proposed by Fillipou
etal. [1983]. Longitudinal rebar buckling was not considered. The pier footing was also modeled as a
linear elastic element, with a slightly reduced Young Modulus.

Lumped Other:
Lumped on Hor and Ver DOFs Other:
only
236.149
kN-sec?/ m
kN-m-sec’
Rayleigh - mass & tangenl Other:
stiffness
1
(%)
1.4708
Hz
1
(%)
0.6667
Hz
No
Hilber-Hughes-Taylor Method Other:
0.05
sec
Small-displacement theory
None Other:
Hz
Hz

It probably was deciding how to set up the damping scheme. Which damping model to employ, which
damping ratios to use, reporting to which frequencies... In fact, several things in respect to damping
came as quite unclear choices. Led by ttam members' experience, of course, but regardless, every
such option recognizes not only scientific insight as also an educated guess.
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Concrete Column Blind Prediction Contest 2010

Questionnaire - Contestant/Team #3

1 Nonlinear Analysis Program used Other (specify) Other: SeismoStruct
(select program from drop down menu in cell C9)
2 Model Description - Column modeling (type of element) Foce based beam-column Other:
3 Model Description - Column cross section discretization Force-based fibers
4 Model Description - Column vertical discretization 2 nodes
5 Model Description - Strain penetration No Explanation:
i.e. longitudnal bar bond-slip in footing (explain if answer is yes)
6 Model Description - Material strain rate effect (explain if answer No Explanation:
is yes)
7 Model Description - Additional Information (optional) Steel material used Menegotto-Pinto stress-strain relationship with isotropic hardening and Monti-Nuti

buckling. Concrete cover material was a trilinear model with spalling. Core concrete used a Mander
model with constant confinement, with confinement ratio calculated per Mander.

8 Mass block formulation Lumped Other:
9 Inertial block mass discretization (answer if masses were Lumped on 3DOFs Other:
lumped)
10 Mass of inertial block 234.5
(if mass was subdivided then show the sum of the masses) kN-sec?/ m
11 Rotational mass 1056.2
(only if calculated and applied to the rotary degree of freedom) KN-m-sec?
12 Damping model Rayleigh - tangenl stiffness Other:
12a  Damping ratio 1 1
(%)
12b  Corresponding frequency for damping ratio 1 1.25
Hz
12c  Damping ratio 2
(%)
12d  Corresponding frequency for damping ratio 2
Hz
13 Were damping forces included in the calculation of forces M, V No
and P?
14 Integration scheme Hilber-Hughes-Taylor Method Other:
15 Integration time-step 0.01
sec
16 Type of analysis Large-displacement theory
17 Output acceleration data signal processing Butterworth Other:
17a  Filter order (answer only if data was filtered) 4
17b  Filter low-pass corner frequency (answer only if data was
filtered) Hz
17c  Filter high-pass corner frequency (answer only if data was 0.1
filtered) Hz

18 What was the greatest challenge/switch you came across while
modeling and analyzing the column?
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Concrete Column Blind Prediction Contest 2010

Questionnaire - Contestant/Team #4

Nonlinear Analysis Program used

(select program from drop down menu in cell C9)
Model Description - Column modeling (type of element)
Model Description - Column cross section discretization

Model Description - Column vertical discretization

Model Description - Strain penetration
i.e. longitudnal bar bond-slip in footing (explain if answer is yes)

Model Description - Material strain rate effect (explain if answer
is yes)

Model Description - Additional Information (optional)

Mass block formulation
Inertial block mass discretization (answer if masses were
lumped)

Mass of inertial block
(if mass was subdivided then show the sum of the masses)

Rotational mass

(only if calculated and applied to the rotary degree of freedom)
Damping model

Damping ratio 1

Corresponding frequency for damping ratio 1

Damping ratio 2

Corresponding frequency for damping ratio 2

Were damping forces included in the calculation of forces M, V
and P?

Integration scheme

Integration time-step

Type of analysis

Output acceleration data signal processing

Filter order (answer only if data was filtered)

Filter low-pass corner frequency (answer only if data was

filtered)

Filter high-pass corner frequency (answer only if data was
filtered)

What was the greatest challenge/switch you came across while
modeling and analyzing the column?

OpenSees Other:

Foce based beam-column Other:

Force-based fibers

4 nodes
Yes Explanation: |Priestiey, Calvi, Kowalsky (2007)
equation for strain penetration is used
in a fiber finite element inside the
foundation.
No Explanation:

Material Modeling. For reinforced concrete: Mander et al. (1988) constitutive law. For steel: Giuffre,
Menegotto, Pinto (1973) constitutive law. Element properties: P-delta effects, fatigue model: Uriz,
Mahin (2007).

Lumped Other:
Other Other:| Horizontal and rotational DOF at the
top of the column
238
kN-sec?/ m
797
kN-m-sec”
Rayleigh - mass & initial Other:
stiffness
3
(%)
1
Hz
3
(%)
5
Hz
No
Newmark Method Other:
0.003906
sec
Approximate P-Delta effects
None Other:
Hz
Hz

The Fiber Finite Element Model (FFEM) was obtained calibrating response parameters of 30
columns laboratory tested under lateral reversible and increasing displacements by several authors
and recalibrated to simulate the responses of two columns shake table tested by Hachem, Mahin,
Moehle (2003). The FFEM was used for the contest.
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Questionnaire - Contestant/Team #5

1 Nonlinear Analysis Program used OpenSees Other:
(select program from drop down menu in cell C9)
2 Model Description - Column modeling (type of element) Foce based beam-column Other:
3 Model Description - Column cross section discretization Force-based fibers
4 Model Description - Column vertical discretization 3 nodes
5 Model Description - Strain penetration Yes Explanation:
i.e. longitudnal bar bond-slip in footing (explain if answer is yes)
6 Model Description - Material strain rate effect (explain if answer No Explanation:
is yes)
7 Model Description - Additional Information (optional) The concrete constitutive model was concrete02 and the steel constitutive model was steel02. No

buckling was included in the steel model.

8 Mass block formulation Lumped Other:
9 Inertial block mass discretization (answer if masses were Lumped on 3DOFs Other:
lumped)
10 Mass of inertial block 243.5
(if mass was subdivided then show the sum of the masses) kN-sec?/ m
11 Rotational mass 755.1
(only if calculated and applied to the rotary degree of freedom) KN-m-sec?
12 Damping model Other Other:| No damping/zero damping
12a  Damping ratio 1 0
(%)
12b  Corresponding frequency for damping ratio 1
Hz
12c  Damping ratio 2
(%)
12d  Corresponding frequency for damping ratio 2
Hz
13 Were damping forces included in the calculation of forces M, V No
and P?
14 Integration scheme Newmark Method Other:
15 Integration time-step 0.003906
sec
16 Type of analysis Approximate P-Delta effects
17 Output acceleration data signal processing None Other:
17a  Filter order (answer only if data was filtered)
17b  Filter low-pass corner frequency (answer only if data was
filtered) Hz
17c  Filter high-pass corner frequency (answer only if data was
filtered) Hz

18 What was the greatest challenge/switch you came across while |Strain Penetration Effect
modeling and analyzing the column?
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Questionnaire - Contestant/Team #6

1 Nonlinear Analysis Program used OpenSees Other:
(select program from drop down menu in cell C9)

2 Model Description - Column modeling (type of element) Foce based beam-column Other:

3 Model Description - Column cross section discretization Force-based fibers

4 Model Description - Column vertical discretization 6 nodes

5 Model Description - Strain penetration Yes Explanation:|Zero-length element with bar bond-
i.e. longitudnal bar bond-slip in footing (explain if answer is yes) slip to model strain penetration

6 Model Description - Material strain rate effect (explain if answer Yes Explanation:
is yes)

7 Model Description - Additional Information (optional) uniaxial material: Concrete02 for cover and core concrete matching the result from the specimen

test. Reinforcing steel material with Dhakal and Maekawa (2002) buckling model.

8 Mass block formulation Lumped Other:
9 Inertial block mass discretization (answer if masses were Lumped on Hor and Ver DOFs Other:
lumped) only
10 Mass of inertial block 237.9
(if mass was subdivided then show the sum of the masses) kN-sec’/ m
1 Rotational mass
(only if calculated and applied to the rotary degree of freedom) KN-m-sec?
12 Damping model Rayleigh - mass & initial Other:
stiffness
12a  Damping ratio 1 5
(%)
12b  Corresponding frequency for damping ratio 1 0.86
Hz
12c  Damping ratio 2
(%)
12d  Corresponding frequency for damping ratio 2
Hz
13 Were damping forces included in the calculation of forces M, V No
and P?
14 Integration scheme Newmark Method Other:
15 Integration time-step 1/256
sec
16 Type of analysis Approximate P-Delta effects
17 Output acceleration data signal processing None Other:
17a  Filter order (answer only if data was filtered)
17b  Filter low-pass corner frequency (answer only if data was
filtered) Hz
17c  Filter high-pass corner frequency (answer only if data was
filtered) Hz

18 What was the greatest challenge/switch you came across while  [Accurately fiting the model to the material result, and guessing the concrete properties the day of the
modeling and analyzing the column? test. Checking the result with my estimation and understanding where | could improve in my future
models and assumptions.
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Nonlinear Analysis Program used
(select program from drop down menu in cell C9)

Model Description - Column modeling (type of element)

Model Description - Column cross section discretization

Model Description - Column vertical discretization

Model Description - Strain penetration

i.e. longitudnal bar bond-slip in footing (explain if answer is yes)
Model Description - Material strain rate effect (explain if answer

is yes)

Model Description - Additional Information (optional)

Mass block formulation
Inertial block mass discretization (answer if masses were

lumped)

Mass of inertial block
(if mass was subdivided then show the sum of the masses)

Rotational mass

(only if calculated and applied to the rotary degree of freedom)
Damping model

Damping ratio 1

Corresponding frequency for damping ratio 1

Damping ratio 2

Corresponding frequency for damping ratio 2

Were damping forces included in the calculation of forces M, V
and P?

Integration scheme

Integration time-step

Type of analysis

Output acceleration data signal processing

Filter order (answer only if data was filtered)

Filter low-pass corner frequency (answer only if data was

filtered)

Filter high-pass corner frequency (answer only if data was
filtered)

What was the greatest challenge/switch you came across while
modeling and analyzing the column?

OpenSees

Foce based beam-column

Force-based fibers

4 nodes

Yes

No

Other:

Other:

Explanation:

Explanation:

Seismostruct

Opensees has a model to include
this. Default values were used

The model consisted of two beam column element.  The element at the base was introduced to
obtain the curvatures at the specific location requested. One zero length element was included at the
base to model the strain penetration. The mass was lumped at the top node.

Lumped

Lumped on 3DOFs

229.08

Rayleigh - tangenl stiffness

1.77

No

Newmark Method

0.005

Small-displacement theory

None

Other:

Other:
kN-sec®/ m
kN-m-sec’

Other:
(%)
Hz
(%)
Hz

Other:
sec

Other:
Hz
Hz

Selection of concrete model and introduction of the strain penetration element at the base. The
location of the nodes of the elements was tricky so that one integration point would coincide with a
specific location where curvature was requested
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Questionnaire - Contestant/Team #8

1 Nonlinear Analysis Program used Other (specify) Other: Engineer's Studio
(select program from drop down menu in cell C9)
2 Model Description - Column modeling (type of element) Foce based beam-column Other:
3 Model Description - Column cross section discretization Force-based fibers
4 Model Description - Column vertical discretization 2 nodes
5 Model Description - Strain penetration No Explanation:
i.e. longitudnal bar bond-slip in footing (explain if answer is yes)
6 Model Description - Material strain rate effect (explain if answer is No Explanation:
yes)
7 Model Description - Additional Information (optional)
8 Mass block formulation Distributed Other:
9 Inertial block mass discretization (answer if masses were lumped) Lumped on 3DOFs Other:
10 Mass of inertial block 227.775
(if mass was subdivided then show the sum of the masses) kN-sec?/ m
1 Rotational mass 653.96
(only if calculated and applied to the rotary degree of freedom) KN-m-sec?
12 Damping model Other Other: |Only considerring Hysteresis
Damping for Columns
12a  Damping ratio 1
(%)
12b  Corresponding frequency for damping ratio 1
Hz
12c  Damping ratio 2
(%)
12d  Corresponding frequency for damping ratio 2
Hz
13 Were damping forces included in the calculation of forces M, V Yes
and P?
14 Integration scheme Newmark Method Other:
15 Integration time-step 1/256
sec
16 Type of analysis Large-displacement theory
17 Output acceleration data signal processing None Other:
17a  Filter order (answer only if data was filtered)
17b  Filter low-pass corner frequency (answer only if data was filtered)
Hz
17c  Filter high-pass corner frequency (answer only if data was
filtered) Hz

18 What was the greatest challenge/switch you came across while  |Unit system and American materials properties
modeling and analyzing the column?
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Questionnaire - Contestant/Team #9

1 Nonlinear Analysis Program used OpenSees Other:
(select program from drop down menu in cell C9)
2 Model Description - Column modeling (type of element) Foce based beam-column Other:
3 Model Description - Column cross section discretization Force-based fibers
4 Model Description - Column vertical discretization 4 nodes
5 Model Description - Strain penetration No Explanation:
i.e. longitudnal bar bond-slip in footing (explain if answer is yes)
6 Model Description - Material strain rate effect (explain if answer is No Explanation:
yes)
7 Model Description - Additional Information (optional) The concrete constitutive model is Concrete 02 of opensees; the steel constitutive model is Steel 02
of Opensees. The number of Gauss integration points of the force-based beam column element are
4.
8 Mass block formulation Distributed Other:
9 Inertial block mass discretization (answer if masses were lumped)| Lumped on Hor DOF only Other:
10 Mass of inertial block 233.35
(if mass was subdivided then show the sum of the masses) KN-sec?/ m
11 Rotational mass 0
(only if calculated and applied to the rotary degree of freedom) KN-m-sec?
12 Damping model Rayleigh - mass & tangenl Other:
stiffness
12a  Damping ratio 1 0.3
(%)
12b  Corresponding frequency for damping ratio 1 1.608
Hz
12c  Damping ratio 2 1.2
(%)
12d  Corresponding frequency for damping ratio 2 2.008
Hz
13 Were damping forces included in the calculation of forces M, V No
and P?
14 Integration scheme Newmark Method Other:
15 Integration time-step 0.00389
sec
16 Type of analysis Large-displacement theory
17 Output acceleration data signal processing None Other:
17a  Filter order (answer only if data was filtered)
17b  Filter low-pass corner frequency (answer only if data was filtered)
Hz
17c  Filter high-pass corner frequency (answer only if data was
filtered) Hz
18 What was the greatest challenge/switch you came across while  [Chosing the damping model and the damping ratios
modeling and analyzing the column?
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Questionnaire - Contestant/Team #10

1 Nonlinear Analysis Program used OpenSees Other:
(select program from drop down menu in cell C9)
2 Model Description - Column modeling (type of element) Foce based beam-column Other:
3 Model Description - Column cross section discretization Force-based fibers
4 Model Description - Column vertical discretization 3 nodes
5 Model Description - Strain penetration No Explanation:
i.e. longitudnal bar bond-slip in footing (explain if answer is yes)
6 Model Description - Material strain rate effect (explain if answer No Explanation:
is yes)
7 Model Description - Additional Information (optional) The concrete constitutive model is Concrete 02 of opensees; the steel constitutive model is Steel 02
of Opensees. The number of Gauss integration points of the force-based beam column element are
4.
8 Mass block formulation Distributed Other:
9 Inertial block mass discretization (answer if masses were Lumped on Hor DOF only Other:
lumped)
10 Mass of inertial block 233.35
(if mass was subdivided then show the sum of the masses) kN-sec2/ m
1 Rotational mass 0
(only if calculated and applied to the rotary degree of freedom) KN-m-sec?
12 Damping model Rayleigh - mass & tangenl Other:
stiffness
12a  Damping ratio 1 0.3
(%)
12b  Corresponding frequency for damping ratio 1 1.76
Hz
12c  Damping ratio 2 1.2
(%)
12d  Corresponding frequency for damping ratio 2 2.16
Hz
13 Were damping forces included in the calculation of forces M, V No
and P?
14 Integration scheme Newmark Method Other:
15 Integration time-step 0.00389
sec
16 Type of analysis Large-displacement theory
17 Output acceleration data signal processing None Other:
17a  Filter order (answer only if data was filtered)
17b  Filter low-pass corner frequency (answer only if data was
filtered) Hz
17c  Filter high-pass corner frequency (answer only if data was
filtered) Hz
18 What was the greatest challenge/switch you came across while |Chosing the damping model and the damping ratios
modeling and analyzing the column?
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Questionnaire - Contestant/Team #11

1 Nonlinear Analysis Program used OpenSees Other:
(select program from drop down menu in cell C9)
2 Model Description - Column modeling (type of element) Foce based beam-column Other:
3 Model Description - Column cross section discretization Force-based fibers
4 Model Description - Column vertical discretization 11+ nodes
5 Model Description - Strain penetration No Explanation:
i.e. longitudnal bar bond-slip in footing (explain if answer is yes)
6 Model Description - Material strain rate effect (explain if answer No Explanation:
is yes)
7 Model Description - Additional Information (optional) The section was descritize using Fiber Section. The core and cover concrete were mdoled using

concrete02 material. The steel was modeled using Steel02 material. The footing was not modeled as
a reinforced concrete. Instead, assuming a linear behavior, it was modeled as a linear element with a
flexural stifiness of a concrete box. This wasn't probably a good assumption.

8 Mass block formulation Lumped Other:
9 Inertial block mass discretization (answer if masses were Lumped on Hor and Ver DOFs Other:
lumped) only
10 Mass of inertial block 231.9
(if mass was subdivided then show the sum of the masses) kN-sec?/ m
11 Rotational mass
(only if calculated and applied to the rotary degree of freedom) KN-m-sec?
12 Damping model Rayleigh - mass & initial Other:
stiffness
12a  Damping ratio 1 5
(%)
12b  Corresponding frequency for damping ratio 1 1
Hz
12c  Damping ratio 2 5
(%)
12d  Corresponding frequency for damping ratio 2 2
Hz
13 Were damping forces included in the calculation of forces M, V No
and P?
14 Integration scheme Newmark Method Other:
15 Integration time-step 0.00390625
sec
16 Type of analysis Approximate P-Delta effects
17 Output acceleration data signal processing None Other:
17a  Filter order (answer only if data was filtered)
17b  Filter low-pass corner frequency (answer only if data was
filtered) Hz
17c  Filter high-pass corner frequency (answer only if data was
filtered) Hz

18 What was the greatest challenge/switch you came across while |Modeling the footing.
modeling and analyzing the column?
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Questionnaire - Contestant/Team #12

1 Nonlinear Analysis Program used OpenSees Other:
(select program from drop down menu in cell C9)
2 Model Description - Column modeling (type of element) Foce based beam-column Other:
3 Model Description - Column cross section discretization Force-based fibers
4 Model Description - Column vertical discretization 4 nodes
5 Model Description - Strain penetration No Explanation:
i.e. longitudnal bar bond-slip in footing (explain if answer is yes)
6 Model Description - Material strain rate effect (explain if answer No Explanation:
is yes)
7 Model Description - Additional Information (optional) The concrete constitutive model is Concrete 02 of opensees; the steel constitutive model is Steel 02 of

Opensees. The number of Gauss integration points of the force-based beam column element are 4.

8 Mass block formulation Distributed Other:
9 Inertial block mass discretization (answer if masses were Lumped on Hor DOF only Other:
lumped)
10 Mass of inertial block 249.7
(if mass was subdivided then show the sum of the masses) kN-sec?/ m
11 Rotational mass 0
(only if calculated and applied to the rotary degree of freedom) KN-m-sec?
12 Damping model Rayleigh - mass & tangenl Other:
stiffness
12a  Damping ratio 1 0.003
(%)
12b  Corresponding frequency for damping ratio 1 1.608
Hz
12c  Damping ratio 2 0.012
(%)
12d  Corresponding frequency for damping ratio 2 2.008
Hz
13 Were damping forces included in the calculation of forces M, V No
and P?
14 Integration scheme Newmark Method Other:
15 Integration time-step 0.00389
sec
16 Type of analysis Large-displacement theory
17 Output acceleration data signal processing None Other:
17a  Filter order (answer only if data was filtered)
17b  Filter low-pass corner frequency (answer only if data was
filtered) Hz
17c  Filter high-pass corner frequency (answer only if data was
filtered) Hz

18 What was the greatest challenge/switch you came across while |Chosing the damping model and the damping ratios
modeling and analyzing the column?
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Questionnaire - Contestant/Team #13

1 Nonlinear Analysis Program used OpenSees Other:
(select program from drop down menu in cell C9)
2 Model Description - Column modeling (type of element) Foce based beam-column Other:
3 Model Description - Column cross section discretization Force-based fibers
4 Model Description - Column vertical discretization 4 nodes
5 Model Description - Strain penetration No Explanation:
i.e. longitudnal bar bond-slip in footing (explain if answer is yes)
6 Model Description - Material strain rate effect (explain if answer No Explanation:
is yes)
7 Model Description - Additional Information (optional)
8 Mass block formulation Lumped Other:
9 Inertial block mass discretization (answer if masses were Lumped on Hor and Ver DOFs Other:
lumped) only
10 Mass of inertial block 228.85
(if mass was subdivided then show the sum of the masses) KN-sec?/ m
11 Rotational mass 0
(only if calculated and applied to the rotary degree of freedom) KN-m-sec?
12 Damping model Rayleigh - mass & initial Other:
stiffness
12a  Damping ratio 1 5
(%)
12b  Corresponding frequency for damping ratio 1 1.63
Hz
12c  Damping ratio 2 5
(%)
12d  Corresponding frequency for damping ratio 2 1.63
Hz
13 Were damping forces included in the calculation of forces M, V No
and P?
14 Integration scheme Newmark Method Other:
15 Integration time-step 0.00390625
sec
16 Type of analysis Large-displacement theory
17 Output acceleration data signal processing None Other:
17a  Filter order (answer only if data was filtered)
17b  Filter low-pass corner frequency (answer only if data was
filtered) Hz
17c  Filter high-pass corner frequency (answer only if data was
filtered) Hz
18 What was the greatest challenge/switch you came across while
modeling and analyzing the column?
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Concrete Column Blind Prediction Contest 2010

Questionnaire - Contestant/Team #14

Nonlinear Analysis Program used

(select program from drop down menu in cell C9)

Model Description - Column modeling (type of element)

Model Description - Column cross section discretization

Model Description - Column vertical discretization

Model Description - Strain penetration

i.e. longitudnal bar bond-slip in footing (explain if answer is yes)
Model Description - Material strain rate effect (explain if answer is

yes)

Model Description - Additional Information (optional)

Mass block formulation
Inertial block mass discretization (answer if masses were lumped)
Mass of inertial block

(if mass was subdivided then show the sum of the masses)
Rotational mass

(only if calculated and applied to the rotary degree of freedom)
Damping model

Damping ratio 1

Corresponding frequency for damping ratio 1

Damping ratio 2

Corresponding frequency for damping ratio 2

Were damping forces included in the calculation of forces M, V
and P?

Integration scheme

Integration time-step

Type of analysis

Output acceleration data signal processing

Filter order (answer only if data was filtered)

Filter low-pass corner frequency (answer only if data was filtered)

Filter high-pass corner frequency (answer only if data was
filtered)

What was the greatest challenge/switch you came across while
modeling and analyzing the column?

Other (specify)

Displacement based beam-
column

Displacement-based fibers

9 nodes

No

No

Other:

Other:

Explanation:

Explanation:

SeismoStruct

Material constitutive relationships: The concrete was represented through a nonlinear constant
confinement concrete model; itis a uniaxial nonlinear model following the constitutive relationship
proposed by Mander et al. (1988), later modified by Martinez-Rueda and Elnashai (1997).

The reinforcing steel was represented through the Menegotto-Pinto steel model (1973), as

modified by Filippou et al. (1983) to include isofropic strain hardening.

Buckling wasn't considered in the analysis.

Lumped

Lumped on 3DOFs

228

885

Other

No

Hilber-Hughes-Taylor Method

0.0039065

Large-displacement theory

None

kN-sec®/ m

kN-m-sec’

(%)

(%)

sec

Other:

Other:

Other:

Other:

Other:

None
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Questionnaire - Contestant/Team #15

Nonlinear Analysis Program used

(select program from drop down menu in cell C9)

Model Description - Column modeling (type of element)
Model Description - Column cross section discretization
Model Description - Column vertical discretization

Model Description - Strain penetration

i.e. longitudnal bar bond-slip in footing (explain if answer is
Model Description - Material strain rate effect (explain if

answer is yes)

Model Description - Additional Information (optional)

Mass block formulation
Inertial block mass discretization (answer if masses were
lumped)

Mass of inertial block
(if mass was subdivided then show the sum of the masses)

Rotational mass

(only if calculated and applied to the rotary degree of
Damping model

Damping ratio 1

Corresponding frequency for damping ratio 1

Damping ratio 2

Corresponding frequency for damping ratio 2

Were damping forces included in the calculation of forces M,
V and P?

Integration scheme

Integration time-step

Type of analysis

Output acceleration data signal processing

Filter order (answer only if data was filtered)

Filter low-pass corner frequency (answer only if data was

filtered)

Filter high-pass corner frequency (answer only if data was
filtered)

What was the greatest challenge/switch you came across
while modeling and analyzing the column?

Abaqus

Displacement based beam-column

Displacement-based fibers

11+ nodes

No

No

Concrete Column Blind Prediction Contest 2010

Other:

Other:

Explanation:

Explanation:

Cocnrete fiber constitutive is similar to concrete02 in OpenSEES where stifiness deterioration is
included. Steel fiber incorporated strength deterioration feature but seemed not an important issue in

this analysis.

Lumped

Select

249.9

Other

1.642

No

Hilber-Hughes-Taylor Method

0.04

Large-displacement theory

None

Other:
Other:
kN-sec?/ m
kN-m-sec’
Other:
(%)
Hz
(%)
Hz
Other:
sec
Other:
Hz
Hz

Mass proportional

None
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Concrete Column Blind Prediction Contest 2010

- Contestant/Team #16

Questionnaire

Nonlinear Analysis Program used

(select program from drop down menu in cell C9)

Model Description - Column modeling (type of element)

Model Description - Column cross section discretization

Model Description - Column vertical discretization

Model Description - Strain penetration

i.e. longitudnal bar bond-slip in footing (explain if answer is yes)
Model Description - Material strain rate effect (explain if answer

is yes)

Model Description - Additional Information (optional)

Mass block formulation
Inertial block mass discretization (answer if masses were
lumped)

Mass of inertial block
(if mass was subdivided then show the sum of the masses)

Rotational mass

(only if calculated and applied to the rotary degree of freedom)
Damping model

Damping ratio 1

Corresponding frequency for damping ratio 1

Damping ratio 2

Corresponding frequency for damping ratio 2

Were damping forces included in the calculation of forces M, V
and P?

Integration scheme

Integration time-step

Type of analysis

Output acceleration data signal processing

Filter order (answer only if data was filtered)

Filter low-pass corner frequency (answer only if data was

filtered)

Filter high-pass corner frequency (answer only if data was
filtered)

What was the greatest challenge/switch you came across while
modeling and analyzing the column?

Other (specify)

Displacement based beam-
column

Displacement-based fibers

6 nodes

No

No

Other:

Other:

Explanation:

Explanation:

SAP Release 14

Interaction with the column footing and response of the footing was not modeled (ie. fixed column
base). We expect this contributed largely to our model reporting smaller displacements than the test

specimen.

Lumped

Lumped on 3DOFs

243.4

Rayleigh - mass & initial
stiffness

Mass coefficient = 1.81

0.75

Stiffness coefficient = 0.00053

26.1

No

Hilber-Hughes-Taylor Method

0.0039

Approximate P-Delta effects

None

kN-sec?/ m

kN-m-sec?

(%)
Hz
(%)

Hz

sec

Hz

Hz

Other:

Other:

Other:

Other:

Other:

M & K directly specified in
model

Initial elastic stiffness of concrete.
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Concrete Column Blind Prediction Contest 2010,

Questionnaire - Contestant/Team #17

1 Nonlinear Analysis Program used OpenSees Other: SAP2000
(select program from drop down menu in cell C9)
2 Model Description - Column modeling (type of element) Displacement based beam- Other:
column
3 Model Description - Column cross section discretization Displacement-based fibers
4 Model Description - Column vertical discretization 2 nodes
5 Model Description - Strain penetration No Explanation:
i.e. longitudnal bar bond-slip in footing (explain if answer is yes)
6 Model Description - Material strain rate effect (explain if answer No Explanation:
is yes)
7 Model Description - Additional Information (optional)
8 Mass block formulation Lumped Other:
9 Inertial block mass discretization (answer if masses were Lumped on 3DOFs Other:
lumped)
10 Mass of inertial block 2449
(if mass was subdivided then show the sum of the masses) kN-sec?/ m
11 Rotational mass 0
(only if calculated and applied to the rotary degree of freedom) KN-m-sec?
12 Damping model Rayleigh - tangenl stiffness Other:
12a  Damping ratio 1 5
(%)
12b  Corresponding frequency for damping ratio 1 1.13
Hz
12c  Damping ratio 2 5
(%)
12d  Corresponding frequency for damping ratio 2 N/A
Hz
13 Were damping forces included in the calculation of forces M, V No
and P?
14 Integration scheme Newmark Method Other:
15 Integration time-step 0.0039
sec
16 Type of analysis Approximate P-Delta effects
17 Output acceleration data signal processing None Other:
17a  Filter order (answer only if data was filtered)
17b  Filter low-pass corner frequency (answer only if data was
filtered) Hz
17c  Filter high-pass corner frequency (answer only if data was
filtered) Hz
18 What was the greatest challenge/switch you came across while
modeling and analyzing the column?
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Questionnaire - Contestant/Team #18

1 Nonlinear Analysis Program used ANSR I
(select program from drop down menu in cell C9)
2 Model Description - Column modeling (type of element) Beam with distributed plastic hinges
3 Model Description - Column cross section discretization Lumped Plasticity
4 Model Description - Column vertical discretization 10 nodes
5 Model Description - Strain penetration No
i.e. longitudnal bar bond-slip in footing (explain if answer is yes)
6 Model Description - Material strain rate effect (explain if answer No
is yes)
7 Model Description - Additional Information (optional) Bi-linear backbone curve, with 2.5% strain hardening (post-yeild stifness). Cracked

section properties were assumed by applying stifiness reduction factors based on the
recommendations of NZS 3101: 2006 for columns subjected to high ductility
demands and low levels of axial load. Strength degradation was based on ASCE 41-
06 Supplement 1 provisions. Unloading stifiness was degrading using o=0.3 per
Preistley, Seible & Calvi ("Seismic Design & Retrofit of Bridges"), which is probably
reasonable for a well confined reinforced concrete section. Parameters such as
strain hardening and verification that failure mechanisms such as bar rupture would
not occur at the maximum expected curvature demand were obtained from a
prelminary moment-curvature analysis of the section. The moment-curvature
analysis used the Mander Model and incorporated a pseudo-cyclic (simlified)
moment-curavature analysis to account for Bauschinger Effects in the logitudinal

8 Mass block formulation Lumped
9 Inertial block mass discretization (answer if masses were Multiple Lumped Masses in Hor and Ver DOFs
lumped)
10 Mass of inertial block 228
(if mass was subdivided then show the sum of the masses) KN-sec?/ m
1" Rotational mass
(only if calculated and applied to the rotary degree of freedom) KN-m-sec?
12 Damping model Rayleigh - mass & initial stiffness
12a  Damping ratio 1 2.5
(%)
12b  Corresponding frequency for damping ratio 1 0.77
Hz
12c  Damping ratio 2 2.5
(%)
12d  Corresponding frequency for damping ratio 2 4.35
Hz
13 Were damping forces included in the calculation of forces M, V Yes
and P?
14 Integration scheme Newmark Method
15 Integration time-step 0.00005
sec
16 Type of analysis Large-displacement theory
17 Output acceleration data signal processing None

18 What was the greatest challenge/switch you came across while modeling and analyzing the column?

1. Selection of an appropriate ime step provided to be an iterative process. Initial time step estimates (of similar duration to supplied record time step) resulted in convergence
issues with the analysis, likely due to the highly non-linear and degrading response. Thus, the time step was established by progressively reducing the duration until the analysis
was stable and peak response results "converged" with the preceding larger ime step. 2. Establishing initial model parameters that would be suitable for use throughout all of the
6 sequentially applied earthquakes proved to be an iterative and somewhat judgement based process. This applied to the following parameters in particular: stifness degradation,
cracked section modifiers (eg assume fully cracked section properties from the outset, as this could only be defined at the start?) & damping. As an aside, in a "design office”
environment we would typically attempt to capture the response sensitivity by bounding these parameters, running multiple earthquake records (non-sequentially) and perhaps
enveloping or averaging the response; but the sequential and highly non-linear nature of the experimental test sequence made this approach overly conservative and thus
inappropriate. For example, using our in-house default modeling parameters for the initial analyses, it was interesting to note that the model suggested collapse under the
intermediate levels of shaking (excessive displacement due to P-delta effects).
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Questionnaire - Contestant/Team #19

Nonlinear Analysis Program used

(select program from drop down menu in cell C9)

Model Description - Column modeling (type of element)

Model Description - Column cross section discretization

Model Description - Column vertical discretization

Model Description - Strain penetration

i.e. longitudnal bar bond-slip in footing (explain if answer is yes)
Model Description - Material strain rate effect (explain if answer is

yes)

Model Description - Additional Information (optional)

Mass block formulation

Inertial block mass discretization (answer if masses were lumped)
Mass of inertial block

(if mass was subdivided then show the sum of the masses)
Rotational mass

(only if calculated and applied to the rotary degree of freedom)
Damping model

Damping ratio 1

Corresponding frequency for damping ratio 1

Damping ratio 2

Corresponding frequency for damping ratio 2

Were damping forces included in the calculation of forces M, V
and P?

Integration scheme

Integration time-step

Type of analysis

Output acceleration data signal processing

Filter order (answer only if data was filtered)

Filter low-pass corner frequency (answer only if data was filtered)

Filter high-pass corner frequency (answer only if data was
filtered)

What was the greatest challenge/switch you came across while
modeling and analyzing the column?

OpenSees

Beam with distributed plastic
hinges

Force-based fibers

2 nodes

Yes

No

Other:

Other:

Explanation:

Explanation:

Concrete Column Blind Prediction Contest 2010

CUMBIA

Accounted for in the plastic hinge
length

ReinforcedSteelMaterial was used to model cyclic degradation. Concrete01 with parameters
estimated using Mander (98) model was used to model confined and unconfined concrete

Lumped

Lumped on Hor and Ver DOFs
only

236.2

no

Rayleigh - tangent stiffness

0.50%

no

no

No

Newmark Method

0.005

Approximate P-Delta effects

None

Other:

Other:
kN-sec?/ m
kN-m-sec?

Other:
(%)
Hz
(%)
Hz

Other:
sec

Other:
Hz
Hz

modelind of rebar buckling
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Concrete Column Blind Prediction Contest 2010

Nonlinear Analysis Program used

(select program from drop down menu in cell C9)

Model Description - Column modeling (type of element)

Model Description - Column cross section discretization

Model Description - Column vertical discretization

Model Description - Strain penetration

i.e. longitudnal bar bond-slip in footing (explain if answer is yes)
Model Description - Material strain rate effect (explain if answer

is yes)

Model Description - Additional Information (optional)

Mass block formulation
Inertial block mass discretization (answer if masses were
lumped)

Mass of inertial block
(if mass was subdivided then show the sum of the masses)

Rotational mass

(only if calculated and applied to the rotary degree of freedom)
Damping model

Damping ratio 1

Corresponding frequency for damping ratio 1

Damping ratio 2

Corresponding frequency for damping ratio 2

Were damping forces included in the calculation of forces M, V
and P?

Integration scheme

Integration time-step

Type of analysis

Output acceleration data signal processing

Filter order (answer only if data was filtered)

Filter low-pass corner frequency (answer only if data was

filtered)

Filter high-pass corner frequency (answer only if data was
filtered)

What was the greatest challenge/switch you came across while
modeling and analyzing the column?

Questionnaire - Contestant/Team #20

Other (specify)

Beam with distributed plastic
hinges

Displacement-based fibers

Other:

Other:

11+ nodes
Yes Explanation:
No Explanation:

MSC.Marc

Extend the column and fix the
horizontal displacement of extended

Shear deformation is roughly taken into account with one elastic nonlinear spring in the middle of

column, which is modeled by fiber element.

Distributed

Select

250.3
kN-sec®/ m
kN-m-sec’

Rayleigh - mass & initial
stiffness
2
(%)
Hz
(%)
Hz
Yes
Newmark Method

1/256

sec
Large-displacement theory

None
Hz
Hz

Other:

Other:

Other:

Other:

Other:

the possible shear failure in the column
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Concrete Column Blind Prediction Contest 2010

- Contestant/Team #21

Questionnaire

Nonlinear Analysis Program used

(select program from drop down menu in cell C9)

Model Description - Column modeling (type of element)

Model Description - Column cross section discretization

Model Description - Column vertical discretization

Model Description - Strain penetration

i.e. longitudnal bar bond-slip in footing (explain if answer is yes)
Model Description - Material strain rate effect (explain if answer

is yes)

Model Description - Additional Information (optional)

Mass block formulation
Inertial block mass discretization (answer if masses were
lumped)

Mass of inertial block
(if mass was subdivided then show the sum of the masses)

Rotational mass

(only if calculated and applied to the rotary degree of freedom)
Damping model

Damping ratio 1

Corresponding frequency for damping ratio 1

Damping ratio 2

Corresponding frequency for damping ratio 2

Were damping forces included in the calculation of forces M, V
and P?

Integration scheme

Integration time-step

Type of analysis

Output acceleration data signal processing

Filter order (answer only if data was filtered)

Filter low-pass corner frequency (answer only if data was

filtered)

Filter high-pass corner frequency (answer only if data was
filtered)

What was the greatest challenge/switch you came across while
modeling and analyzing the column?

PC-ANSR

Other

Multi-spring

11+ nodes

Yes

No

Other:

Other:

Explanation:

Explanation:

Fiber hinge elements connected to
linear-elastic beam elements

Fiber hinge element at base had
extended fiber lengths to account for

Fiber hinge model: Concrete fibers (bi-linear with slip effect (pinching upon reloading), stifiness
softening with cycling), Steel fibers (bi-linear with strength deteriotation in compression, hardening

strength increase with cycling))

Lumped

Lumped on Hor and Ver DOFs
only

234

Rayleigh - mass & initial
stiffness

0.01

0.01

0.67

No

Newmark Method

0.002

Small-displacement theory

None

Other:

Other:
kN-sec?/ m
kN-m-sec”

Other:
(%)
Hz
(%)
Hz

Other:
sec

Other:
Hz
Hz

The multiple earthquakes meant that how the cyclic material behavior was modeled was key (upon
cycling: strength increase in steel and strength decrease in concrete)

109




Concrete Column Blind Prediction Contest 2010

Questionnaire - Contestant/Team #22

1 Nonlinear Analysis Program used Canny Other:
(select program from drop down menu in cell C9)
2 Model Description - Column modeling (type of element) Select Other:
3 Model Description - Column cross section discretization Multi-spring
4 Model Description - Column vertical discretization 11+ nodes
5 Model Description - Strain penetration No Explanation:
i.e. longitudnal bar bond-slip in footing (explain if answer is yes)
6 Model Description - Material strain rate effect (explain if answer No Explanation:
is yes)
7 Model Description - Additional Information (optional) 2688 Concrete Spring / 18 Steel Spring / No bar buckling / Concrete Material has compression
ascending curve in exponential function + Step Down Tecnique in descending branch / Steel Material
Model from Dr. Tanaka at Technological Research Institute in Fujita Corporation type Ramberg-
Osgood.
8 Mass block formulation Lumped Other:
9 Inertial block mass discretization (answer if masses were Lumped on 3DOFs Other:
lumped)
10 Mass of inertial block 229.9
(if mass was subdivided then show the sum of the masses) kN-sec?/ m
11 Rotational mass
(only if calculated and applied to the rotary degree of freedom) KN-m-sec?
12 Damping model Other Other: Proportional Damping
12a  Damping ratio 1 2.50%
(%)
12b  Corresponding frequency for damping ratio 1
Hz
12c  Damping ratio 2
(%)
12d  Corresponding frequency for damping ratio 2
Hz
13 Were damping forces included in the calculation of forces M, V Yes
and P?
14 Integration scheme Newmark Method Other:
15 Integration time-step 0.000975
sec
16 Type of analysis Large-displacement theory
17 Output acceleration data signal processing None Other:
17a  Filter order (answer only if data was filtered)
17b  Filter low-pass corner frequency (answer only if data was
filtered) Hz
17c  Filter high-pass corner frequency (answer only if data was
filtered) Hz
18 What was the greatest challenge/switch you came across while |Curvature and Strain determination at intermediate locations. Also residual displacements if one
modeling and analyzing the column? chosses to not use the White Noise record for easing ime computing.
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Concrete Column Blind Prediction Contest 2010

Questionnaire - Contestant/Team #23

Nonlinear Analysis Program used

(select program from drop down menu in cell C9)

Model Description - Column modeling (type of element)

Model Description - Column cross section discretization

Model Description - Column vertical discretization

Model Description - Strain penetration

i.e. longitudnal bar bond-slip in footing (explain if answer is yes)
Model Description - Material strain rate effect (explain if answer

is yes)

Model Description - Additional Information (optional)

Mass block formulation
Inertial block mass discretization (answer if masses were
lumped)

Mass of inertial block
(if mass was subdivided then show the sum of the masses)

Rotational mass

(only if calculated and applied to the rotary degree of freedom)
Damping model

Damping ratio 1

Corresponding frequency for damping ratio 1

Damping ratio 2

Corresponding frequency for damping ratio 2

Were damping forces included in the calculation of forces M, V
and P?

Integration scheme

Integration time-step

Type of analysis

Output acceleration data signal processing

Filter order (answer only if data was filtered)

Filter low-pass corner frequency (answer only if data was

filtered)

Filter high-pass corner frequency (answer only if data was
filtered)

What was the greatest challenge/switch you came across while
modeling and analyzing the column?

ANSRII Other:
Beam with springs Other:
Multi-spring
8 nodes
No Explanation:
No Explanation:

At each bar location, a pair of gap-truss elements in parallel was used to model the base hinging. The
bars used a bi-linear yield function in both tension and compression and the gaps were bilinear in
compression. Above this hinge, the column was linear elastic.

Lumped Other:
Multiple Lumped Masses in Other:
Hor and Ver DOFs
240
kN-sec?/ m
0
kN-m-sec”
Rayleigh - mass & initial Other:
stiffness
0.03
(%)
1.25
Hz
0.03
(%)
2
Hz
Yes
Newmark Method Other:
0.003906
sec
Approximate P-Delta effects
None Other:
Hz
Hz

The model used was based on design office use and so was developed for ultimate level loads. It did
not well represent the servicability level earthquake response. It might have been better to have used
diflerent model properties for different earthquakes. Damping is also difficult to estmate for a bare
structure with no cladding, contents etc.
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Nonlinear Analysis Program used

(select program from drop down menu in cell C9)
Model Description - Column modeling (type of element)
Model Description - Column cross section discretization

Model Description - Column vertical discretization

Model Description - Strain penetration
i.e. longitudnal bar bond-slip in footing (explain if answer is yes)

Model Description - Material strain rate effect (explain if answer
is yes)

Model Description - Additional Information (optional)

Mass block formulation
Inertial block mass discretization (answer if masses were

lumped)

Mass of inertial block
(if mass was subdivided then show the sum of the masses)

Rotational mass

(only if calculated and applied to the rotary degree of freedom)
Damping model

Damping ratio 1

Corresponding frequency for damping ratio 1

Damping ratio 2

Corresponding frequency for damping ratio 2

Were damping forces included in the calculation of forces M, V
and P?

Integration scheme

Integration time-step

Type of analysis

Output acceleration data signal processing

Filter order (answer only if data was filtered)

Filter low-pass corner frequency (answer only if data was

filtered)

Filter high-pass corner frequency (answer only if data was
filtered)

What was the greatest challenge/switch you came across while
modeling and analyzing the column?

Questionnaire - Contestant/Team #24

Concrete Column Blind Prediction Contest 2010

Other (specify) Other: SAP2000
Other Other: [Beam with concentrated plastic hinges
Lumped Plasticity
2 nodes
Yes Explanation: |Included estmated strain penetration
length in assumed plastic hinge length
for calculating stifiness of lumped
No Explanation:
Lumped Other:
Lumped on 3DOFs Other:
234
kN-sec?/ m
1056
kN-m-sec’
Rayleigh - mass & initial Other:
stiffness
1.5
(%)
0.727
Hz
1.5
(%)
3.18
Hz
No
Hilber-Hughes-Taylor Method Other:
0.00391
sec
Approximate P-Delta effects
Butterworth Other:
Hz
Hz

Accurately capturing hysteretic behavior.
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Concrete Column Blind Prediction Contest 2010

Questionnaire - Contestant/Team #25

Nonlinear Analysis Program used

(select program from drop down menu in cell C9)

Model Description - Column modeling (type of element)

Model Description - Column cross section discretization

Model Description - Column vertical discretization

Model Description - Strain penetration

i.e. longitudnal bar bond-slip in footing (explain if answer is yes)
Model Description - Material strain rate effect (explain if answer

is yes)

Model Description - Additional Information (optional)

Mass block formulation
Inertial block mass discretization (answer if masses were
lumped)

Mass of inertial block
(if mass was subdivided then show the sum of the masses)

Rotational mass

(only if calculated and applied to the rotary degree of freedom)
Damping model

Damping ratio 1

Corresponding frequency for damping ratio 1

Damping ratio 2

Corresponding frequency for damping ratio 2

Were damping forces included in the calculation of forces M, V
and P?

Integration scheme

Integration time-step

Type of analysis

Output acceleration data signal processing

Filter order (answer only if data was filtered)

Filter low-pass corner frequency (answer only if data was

filtered)

Filter high-pass corner frequency (answer only if data was
filtered)

What was the greatest challenge/switch you came across while
modeling and analyzing the column?

Canny

Select

Multi-spring

2 nodes

No

No

Other:

Other:

Explanation:

Explanation:

2688 Concrete Spring / 18 Steel Spring / No bar buckling / Concrete Material has compression
ascending curve in exponential function + Step Down Tecnique in descending branch / Steel Material
Model from Dr. Tanaka at Technological Research Institute in Fujita Corporation type Ramberg-

Osgood.
Lumped Other:
Lumped on 3DOFs Other:
228.9
kN-sec®/ m
kN-m-sec’
Other Other: [Proportional Damping in damping
factor afecting [K]
5.00%
(%)
Hz
(%)
Hz
Yes
Newmark Method Other:
0.000975
sec
Large-displacement theory
None Other:
Hz
Hz
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