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Outline

« Large-scale nonlinear viscous damper
characterization test

 RTHS of a RC building with nonlinear
viscous damper

* Numerical simulations using HybridFEM
to experience the various features
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Outline

« Large-scale nonlinear viscous damper
characterization test




Damper Characterization Test

Nonlinear fluid viscous damper
» Make: Taylor Devices Inc.

» Nominal force capacity 600 kN
» Max stroke +125 mm

» Theoretical force-velocity:

fp = Cpsgn(ip)|up|®
» Manufacturer provided
a
Cp=773kN.(=) and a = 0.4

\

o 5o

. B
‘ < - 1
4 i

m ‘12'
> Operating temperature:
—6.7°C to +54.4°C (+20°F to

+ 130°F



Full-Scale Nonlinear Viscous Dampers
Characterization testing
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Procedure for Damper Characterization

Revise parameters

to minimize error

Develop a damper
model

l

Assign model
parameters

l

Predict model
response

Predefined
displacement tests

l

Calculate error

between model

and measured
experimental data




Input Displacement and Test Matrix

étart 1‘a,|n}£|__, Middle full cycles ‘__LEnd ramp
cycles | 3 Tcyc]es
YN
o I I
% I I
‘g I I
I I U
AN B B
I | | . I
Time
Amplitude Frequency (Hz)
0.25 0.50 1.0 1.5

76.2(3.0) 119.7 (4.7) 239.4 (9.4) 478.8 (18.9) 718.2 (28.3)

Numbers in the cells are max velocities in mm/s (in/s)




Actuator Hydraulic Power Curve

Power curve for 1700 kN actuators at 3000 psi

1.5

— 1 valve
— 2 valves

3 valves
eee® Max demand

Velocity (m/s)

0 500 1000 1500

Force (kN)




Nonlinear Maxwell Damper Model

O Damper shows strong frequency dependent behavior
 Usually modeled using a nonlinear Maxwell model

Model parameters: K, Cp, and «a

Total damper deformation: up = u, + u,
Total damper velocity: u, = u;, + 1, Governing equation (nonlinear ODE)

Damper force: = .
sgn(fp) = Kpup

; f
fp + Kp |£

- f
fD=fK:KDuk=>uK:K_D
D

1

fo = fc = Cpsgn(uc)licl|® = uc = |£_§|a59n(fu)




Solution of nonlinear ODE

Governing equation (nonlinear ODE): fD + Kp |£—D
D

a

sgn(fp) = Kpup

sgn(fp) -
Uc sign |f | ¢ CD g b
D
U u fD C
B ) WIZEN S ﬂ»b_. a1 = -
. ™ 1
Velocity Kp Integrator Abs 1/C' 1/a T |fp|a Product
Do b Function CD
T alpha
Fredicted damper
force — 1/MW . alpha

Simulink model for solution of the nonlinear ODE

Solver: variable-step Dormand-Prince solver (ode45) which belongs to 5t order
Runga-Kutta family




Determination of Model Parameters

« |dentify K, Cp, and a so that the error between the
model prediction and experimental data are minimized

 We use particle swarm optimization (PSO) algorithm
(Kennedy and Eberhart, 1995; Ye and Wang, 2007,
Chae, 2011)

» The algorithm in Matlab script is available for users
« ODbjective function: Normalized root mean square error

N_(r& ~foP)°

FObj(KDJCDJa) —

N z:g=1(f1§3n)2

> f£ and ' are experimental and predicted damper forces,
respectively

» N is the total number of samples




Measured vs Model Prediction

Characterization testing
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Outline

- RTHS of a RC building with nonlinear
viscous damper




Building Description — Location and Layout

» Retall store located in Los Angeles

» Assumed to be on stiff soil

» Spectral accelerations Sy and Sy, are 1.0 and 0.6, respectively
» Building is designed based on the ASCE-10 and ACI 318 Code

North g - 'y = North

Test frame —

| i
| ] || /\ |
] 2% . | e

- e

{a) Floor plan {b) Elevation view




Building Description - Details

» Nominal concrete compressive strength of 4 ksi

» Nominal reinforcement strength of 60 ksi

» Seismic reinforcement detailing Steel Reinforcement
» Weak beam-strong column P —

——J1 #3@3" over 36"
from column face

Wt EGJ {1 #3@7" elsewhere 0.0058

| 2 #7

3 -

Wy N (b) Roof beam section
2#8

5 A #3([@4" over 44"
from colunm face

:2§ T #3@6" elsewhere O . 0062

(¢) Floor beam section

8 #9
i ——— 1#3(@4" in confining zone*
#3(@6" elsewhere*

NZ
7T 24 ez k \_#4@:4" in confining zone* 00277

#4(@6" elsewhere*
18"
)- —'|

(a) Test frame (d) Column section

* Column confining zones measure 22" from the face of the beams and 33" from the base of the colunn

. - | - 3
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Building Description - Properties

Floor Mass

Floor Mass
(kip-sec?/in)

0.239
0.238

Modal Properties

Mode Period Inherent
(sec) Damping
0.43 0.03

0.12 0.03




RTHS Overview

n+1

gservo-hydraulic actuator control

FE model .
and experimental substructure !

T T T T T T T T T 77777 " Simulation coordinatort
| —MNMWMMWW - 1
| » Effective force F,, 4 |
: Ground acceleration I :
: 2 X% Integration of equations of motion ). G :
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1 11 A
. x [— I
; ' Servo |, ATS I
1 1 controller |_c(j) | compensator !
| 1 ¢ n+1 7y :
| 11 4
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I I ' s <c R b :
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: 1l ] I
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| 11
| 1 1
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A

Real time response

Kolay, C. “Parametrically Dissipative Explicit Direct Integration Algorithms for Computational and Experimental Structural Dynamics”.

Ph.D. Dissertation. Department of Civil and Environmental Engineering, Lehigh University, Bethlehem, USA, 2016



RTHS configuration

- N orth
Horth B ¥ N E: El’il]]fﬂml
substc \ R1g1d dmphragm (typ.)
T 2
Testfame | | | 0 7 NO
7 %
g o Linear elastic +
elements P, Steel
=% 77 d M rebar
igid element . o
! (typ.) Force-based | - -
._‘__._ 4 ..__._‘., 24 3 Element {tﬂ_]:l =
Prototype floor plan i i I
Moment-resisting frame Unconfined | | Confined
Lean-on column concrete concrete
- m -lmutor = [:3-) [C)
‘3””
n ¢ Gauss-Radao Gauss-Legendre Gaunss-Radau

L] I :
\éﬂ\“"
Loading beam

\‘ﬂ

B & = IS‘!‘_u:f'rE {a f_al,
I | |
LPl;lsnc hinge region '
wy =l W, =3l e Wao oW,
I 1 1 A
| L
fnn = [?i:—blﬂ: Wy, = al;wherea =-— 'l:!n:
(b)
* EQ record scaled to MCE hazard level
* Time step: At = ——5s

1024

| Foundation beam
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Analytical Substructure
Fiber Material Properties

» Concrete properties

o T T T T T

- K_f! — Confined
2nd i 4 ‘i::_ L = = m Unconfined | 4
st = ; Il
Member Prop  Columns 1% story story Cover P g [ |
beams £ i L
beams i RN Z,
; - ” \ 0.2f 0.2K f_
K.fc  5156psi 4360psi 4474psi - S ! i [ S A =
Il o . . |
Confined & 0.002 0.002 0.002 ) Uu [}.EII;; 0.004 0006 0008 001 0.012
concrete 0.2k fc 1030psi  872psi  895psi - ik
e 0.045 0015  0.002 ) Modified Kent-Park Model
u : : :
fc 4768psi  4240psi 4203psi  4000psi
Unconfined ¢ 0.002  0.002 0.002  0.002 |
concrete . . . . - |
0.2fc 953psi 848psi  841psi  805psi 5 |
= |
€, 0.027 0.014  0.009 0.004 3 :
|
|
K (.{lpllli:'];:t‘ll‘ strain _'._
Modified Kent-Park Model — Cyclic Behavior
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Analytical Substructure -
Fiber Material Properties

» Steel properties

Modulus
Yield of Strain
stress elasticity hardening Ro cR1 cR2 al a2 a3 a4 siglnit
(ksi) (ksi) ratio
60 29000 0.01 15 0925 015 -005 1 O 1 0
80 r———ﬁ:;-_-;;

Stress [ksi]
=1 =] = =] (=]
-%
e
[————
|

e

50

1 Al

-B0
-0.010 0000 0010 0020 0.020 0.020 0.050 0.080

Giuffre-Menegotto-titd' — Cyclic Behavior
@& DESIGNSAFE-C




RTHS Configuration

Analytical substructure modeled using force-based elements for
beams and columns with fixed number of iterations, and linear
elastic elements for diagonal bracing

Fiber elements: Mass and tangent stiffness proportional damping

Elastic elements: Rayleigh proportional damping

Time step: At = —_ 5
1024

MKR-a method (parameter p.,)

» Model-based integration parameters (a4, a,, az) determined from
characterization test data

ATS Compensator for adaptive time delay and amplitude
compensation




Parameters to Consider for RTHS

Parameter

Values

Ground Motion (scaled to MCE)

* Far Field

* Near Field

Steel Reinforcement Ratio, p

e Columns
* 1st Floor Beams
 Roof Beams

Location of Damper

Numerical Damping, p,,

1994 Northridge EQ, Canyon Country
Recording Station, Component -
RSN960 NORTHR_LOS270

1999 Kocaeli, Turkey EQ, Yarimca
Station, Component -

RSN1176 _KOCAELI_YPT150 H2

0.0277% or 0.0166®@
0.0062M or 0.0047)
0.00581) or 0.0043®

18t or 2" Floor

0.250r 0.0

(1) Original value of longitudinal reinforcement
(2) Reduced value of longitudinal reinforcement (75% of original)




As-built Response

Floor Lateral Displacement Time History

] Far Field Record 1 Near Field Record
08 - 081 |
0.6 8 0.6 8
04t . 04 .

<
b

02

Displacement (m)
(=l
Displacement (m)
(=]

-02 | 1 -02 | 1
0.4 - —— Iststory (p_,  =0.027) | =0.4 - ——Iststory (p__,  =0.027) |
06 | ——2nd story (pcn]“mm=0.027) | 06 | ———2nd story (pcn]“mm=0.027) |
— = —lststory (pmlnmnS:O.OlG) — = —lststory (pmlnmnS:O.Olé)
0.8 1 — — —2nd story (pco]umnszo.(ll(v) 1 -0.8 | — — =2nd story (pm]umns:O.UlG) i
_l 1 1 1 1 _l 1 1 1 1 1 1 1
0 5 10 15 20 25 0 5 10 15 20 25 30 35 40
Time (sec) Time (sec)
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As-built Response

Summary of the floor drift

Peak story drift (far field) Peak story drift (near field)

Steel ratio 1st story 2"d story 1st story 2d story
(%) (%) (%) (%)
Original 1.78 2.85 5.10 5.75
Reduced 2.69 4.49 10.12 11.28
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As-built Response — Far Field EQ

Moment-Curvature Hysteretic Response at Ends of Members

Far Field EQ

”}(?t story beam (moment-curvature under the far field record)
o

600
Prea=0-0062 ‘_/’.-o[umm"”’:?
— =0.016
400 400 | Pootumms 0016
= 200 |2 200
Z z
Z z
Z 0 Iz Of J
g 2
H £
= 200 122200 | B
-400 -400 - 4
-600 ] -600
02 015 01 -005 0 005 01 015 o2 02 -015 01 005 0 005 01 015 02

Curvature (m/m)

Curvature (m/m)

(1[% story column (moment-curvature under the far field record)r%ﬂd story beam (moment-curvature under the far field record)
g : > - s 6

2nd story column (momem—cur\ature under the far field record)

Near Field EQ

l(snlnstory column (moment-curvature under the near field record) Z(r}%smry column (moment-curvature under the near field record)

Curvature (m/m)

rlcﬁj‘ story beam (moment-curvature under the near field record)
h

400 1 400+
g 200f 1 70 1
Z z
IS ¥
Z of o
g g
£ £
= 200 = 00l |
-400 | -400
-600 - 600 . . A . .
02 015 01 -005 0 005 01 015 02 02 05 00 005 0 005 00 015 02

Curvature (m/m)

/'wvluu\u\:o'“:7

400t —Potumns 016 400 g
—_ = 20
= 200 g 200

; 7z
¥ i
Z 0 = 0
g 5
2 3
g S
=200 E 200

-400 A

-600 - : - - . : 600

02 015 -01 -005 0 005 0l 0I5 o02 M2 0I5 01 005 0 005 01 015 02

Curvature (m/m)

LEHIGH
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Curvature (m/m)

Moment (KN.m})

(2(1;‘}1 story beam (moment-curvature under the near field record)
h
0062
400 400
200 — 20
g 200
|
]
0 =
= 0
o
g
=3
0 = 200
-400 -400
-600 - ' : : ' ' : : 4 600
02 -015 -01 005 0 0.05 0.1 0.15 0.2 02 015 -01 -005 0 0.05 0.1 0.15 02

Curvature (m/m)

Curvature (m/m)




Displacement (m) Displacement (m)
o S o
= (o] (o] o (o]

1
=
b

RTHS: Retrofit Response — Far Field EQ

Floor displacement time history

Floor displacements (damper at 1st story)

p=0.027
— lst story
2nd story
0 5 10 15 20 25
p=0.016
— lst story
2nd story
0 5 10 15 20 25
Time (sec)

Displacement (m)

Displacement (m)

0.2

-0.2

0.2

-0.2

Floor displacements (damper at 2nd story)

p=0.027
— lst story
2nd story
5 10 15 20 25
p=0.016
— lst story
2nd story
5 10 15 20 25
Time (sec)

LEHIGH
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RTHS: Retrofit Response — Near Field EQ

Floor displacement time history

Floor displacements (damper at 1st story) Floor displacements (damper at 2nd story)
p =0.027 p =0.027
02 T I : columnls T ' 1 — 02 ‘ columnls ‘
: = 0
‘E’ — st story = —— Ist story
= 2nd story g 0.1 2nd story |
E o I,
3 - g
= s 0 A
= oL
D _02 1 L 1 1 Q -Ol L L L 1 L 1 1
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
pcolumns=0'016 pcolumns=0'016
’é\ 04 T T T T T /é\ 0.5 T T T T T T
ped — lIst story = — lst story
E 02r — 2nd S101’y N 5 2nd Sto[’y
= =
5] g 0 A
20 ~ 1 3
D _0.2 L 1 L 1 ! 1 L Q _05 I I I L I 1 1
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Time (sec) Time (sec)
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RTHS: Retrofit Response

Moment-Curvature Hysteretic Response at Ends of Members, Damper at 1st Story

\d?mem curmlure of the column at the 1st story {damper at 1st story)

Far Field EQ

\1?Went curavture of the column at the 2nd story (damper at 1st stor

Near Field EQ

curavture of the column at the 1st story (damper at 1st Slﬂr'yl?%ent curavture of the column at the 2nd story (damper at 1st story)
g

((lEl

027 fF“'U‘:?- ——Pogtaa 0027 —— Pogtums 0027
— =0.016 _ "~
400 ae 400 ! 400 Pootuams="016 400 Do 0016
— 200| i ~ 200 = 200 ~ 200
z 2 E = 3
2 z
z < g <
= = 0 = 0 = 0
g O 1 5 5 5
g £ g £
b o | = 200 Z 200 = 20
400 i -400 -400 400
600 . . . . ey ; . : -600 ; ' : -600 . . w
-600 - . - 015 - 0,05 5 5 2 02 015 <01 005 0 005 01 015 02 . 015 - 0,05 5 5 2
02 -015 -0 -005 0 005 01 015 02 M dhE A ally W WE DL e 02 ) 02 015 01 005 0 005 01 015 02
Curvature (m/m) Curvature (m/m) Curvature (m/m) Curvatute (m/m)
M curvature of the Ist story beam (damper at Ist story) M ’ . 1 5
600 - 600 curvature of the 2nd story beam ( at Ist story) o Mloment curvature of the Ist story beam (Damper at 1st story)  Moment curvature of the 2nd story beam (Damper at Ist story)
Phean™" 0062 —_—p  =0.0062 —p, =0.0058
o — 5, =0.0047 Pheam Pocam g
_— 3 o o043
: 400 400 Pl 00047 400 Phean0-0043
= 200 =
g g 200 — 200 — 200
= : E g
< . g Z
£ 0 = 0F 1 Z 0 gz 0
£ 5 £ £
= 200 = 2 S
= 200 Z 200 = 200
400
-400 400 400
e : , I it ‘ ‘ 600 600
-02 015 0.1 -0.05 0 0.05 0.1 0.15 02 < < -0 . - - -6 L . s
Curvature (m/m) W2 sl <y D i i i 02 02 2015 <001 005 0 005 01 015 02 02 015 01 005 0 005 01 015 02
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RTHS: Retrofit Response

Moment-Curvature Hysteretic Response at Ends of Members, Damper at 2"9 Story

,Vl?mlen! curavture of the column at the 1st story (d
g T

Moment (KN.m)

Far Field EQ

Near Field EQ

per at 2nd sYgspent curavture of the column at the 2nd story (damper at 2nd S(BI'.V).\I?‘WFM curavture of the column at the Ist story (damper at 2nd stigghent curavture of the column at the 2nd story (damper at 2nd story
g

[— =0.027| — =0.027 — Petamn=0.027] X
— p=0.016 [——p=0.016] o =0.016 N
400 400 400 Peolumns 400  Peolumns
2 = 200 1 ~ 200 -2 1
200 £ z = 200
= = =
% & <
ok 12 0 = of 12 0 1
5 5 5
g E £
< S S
200 1= 200 =200 Z 2200
400 -400 -400 -400
-600 . . -600 = : - -600 . - -600
02 -015 01 -005 0 005 01 015 02 02 015 01 =005 0 005 01 015 02 02 <015 0.1 -005 0 005 01 015 02 02 015 0.1 -005 0 005 01 015 02

Curvature (m/m)

Curvature (m/m)

Curvature (m/m)

Curvature (m/m)

s(oment curvature of the 1st story beam (Damper at 2nd story) U\{anmenl curvature of the 2nd story beam (Damper at 2nd story) (,‘Momem curvature of the st story beam (Damper at 2nd story)
{ { - :

(Momenl curvature of the 2nd story beam (Damper at 2nd story)
g

— O =0-0062 — P~ 00062 — Py 00058

400 Phsa 0047 400 400 — P 0-0047 400 Prgans=0-0043 [ |
~ 200 E 200 = 200 = 200
E : =z Zz
< ¢ ] ¢
= = 1 Z o =z 0
E 0 = 0 2 E
g = g £
5 g g
= -200 = =200 = =200 = 2200

-400 -400 -400 -400

-600 : - : - -600 . . L . -600 : - - - -600 — . e .

02 -015 01 -005 0 005 01 015 02 02 -015 -01 -0.05 0 005 01 015 02 02 -015 -01 -005 0 005 01 015 02 -02 015 -01 -0.05 ] 005 01 015 02
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RTHS: Retrofit Response — Far Field EQ

Damper Response

Damper responce (p=0.027)

200 . : 200 Damper responce (p=0.016)
Damper at 1st story
§ Damper at 1st story
150 Damper at 2nd story | 150 - Daniper st L B
100 - 1 100 -

N
(=]
T

T

-50

Damper force (KN)
=)
Damper force (KN)
=

-50
-100 | 1 100 -
-150 T 150 - i
-200 . ! ! ! ; ; _200 1 1 1 1 1 1
-0.03 -0.02 -0.01 0 0.01 0.02 0.03 0.04 003 20.02 2001 0 001 0.02 0.03 0.04

Deformation (m) Deformation (m)
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‘ Lss "QEN A NATURAL HAZARDS V ‘?
UNIVERSTITY. Se
,\,«rf ENGINEERING COMMUNITY &



Outline

- Numerical simulations using HybridFEM to
experience the various features




Numerical Simulation Exercise

Room A104 Computer Stations for Lehigh HybridFEM 5.0

Various input configuration and hazard loading files for MATLAB

PDF Manual is in the folder

You will edit and run the script, ModelRunner.m to select input and hazard files
Tcl files are the input files

Txt files are the forces (EQ and Wind)

Bulding and Cantilever models

GenerateColumnModel.m will create an N-story “fun” column model

CreateHFEMOutDataStructure.m file is a MATLAB script that is automatically
executed when you run ModelRunner.m and creates a *.mat file that contains all
the input/output data

Feel free to make any changes in the input file and run it, For example, you can
change the mass, gravity load, hazard type and model dimensions.




Numerical Simulation Exercise

All beam column elements are
modeled using displacement-based
fiber elements

Lean-on column is modeled using
linear elastic beam-column elements

P — A effects are included

Various integration algorithms can be
used

Input file, Model Building.tcl

In the input file, any line preceded by a
“#” is treated as a comment line

EQ or Wind forcing function file

LEHIGH =
=
UNIVERSTITY. | LSS  §f

P
Rigid diaphragm ﬂ

A

A

| @_A_

A A

6m

1-Story, 1-Bay Structure
Columns: W14x120
Beam: W24x55
Lean-on column:
A=0.0976 m?2

| =7.1254x104 m*
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Numerical Simulation Exercise

One story building subjected to wind

Mode No.1 [Period = 1.1857919510 sec]

JpEE—pEs—— 8 —— & ————aaf—
\ \

M=400 KN. sec?/M " * *ﬂ\ |

w14x120
w14x120

>
>
>




Numerical Simulation Exercise

Cantilever subjected to step load

Mode No.1 [Period = 1.4609351789 sec]
T T = r T T

33— . 0.12 . :
| | /\\
‘ M:OS KN SeCZ//M 25+ i 1 orr /'J‘J //\\//\/\/\/\/\/\/\
o Y
I / 0.08 1

W8X67

Displacement

NS R N




Numerical Simulation Exercise

Reconfigurable “Fun” Model

Column is modeled using linear elastic
beam-column element

4| Figure 1: Model cenfiguration i — O *

s

File Edit View Inset Toels Desktop®™ Window Help R

GenerateColumnModel.m A EE IS PR EL L

Columnl10_Wind_Nodes.tcl o,

EQ or Wind forcing function file

50
40
30

20

1071

L e T T T N O T T O — N O O O — T — T — I — I I I — |
| e e L I = BT s eSS S Sy Sy Sy =




How to Simulate the Model

4\ MATLAB R2016b - academic use - m] hd

ZIE S S & e (@) seerch Documentation )

HOME PUBLISH

[ Find Files = Insert fx - . ~ % I
o [ S EE L FY D s (2
=| col - GoTo » mmen &
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NAVIGATE BREAKPOINTS
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Current Folder ® Werkspace @0
Name = IRunner.m 0 | Cantilever 21 Nodestcl * | Model Buildingtel * | + | Name ~ Value =
— E
& Folder % 1 n the effective £ = ]
&re 14 I
 Seript 15 g
) CreateHFEMOutDataStructure.m 16 =
#] GenerateCantileverModel.m 17
| ModelRunner.m =
£ Adobe Acrobat Document -
TH HybridFEM-2D_5.0 Manual.pdf =
E TCL File o
[ Cantilever_21_Modesicl o
| ] Cantilever Wind_10_Nodes.tcl i
[ Model_Building.tcl =
|| Model_RCSMRF.tcl 2k -
(] Model_Wind Building.tel 25 be set t r 1. If it is set to
| ] WorkshophumSim.HFEM_5.0.tcl 33 CEpHATLIS CRL Y L EE
= TXT File 27 - ClearWorkspace;
(& EQ_DZC120.00 28 %
[ EQ_LOMAP txt 29
(= EQ_LOS270.6t 30 %% Input and EQ Configuration
| EQ_POE36D.xt 31 - [l INP_File Nodes.t
4 E0_RECOIS 1t 32 - M=o File
Li{'Wmd_CunstantFurcEnt 33 L Wi
| Wind_SineForces.tet s
%
TARGET
RUNMODE
UICheck = 1;
PlotStatus = [1,1,20,0.1]1; % On/Off, Update Plot afrer W Steps, Padd v
ModelRunner|
MedelRunner.m (Script) v
HybridFEM Simulation Script
@] HybridFEM Simulation Script
@) Set the files used for this program
@] Input and EQ Configuration
@) Call LocalSimulator Setup script
< b4

LEHIGH ML

UNTVERSTITY. REAL-TIMEMULTI-IIIRICIONALSIMULATION

NATURAL HAZARDS ENBINEERING RESEARCH INFRASTRUCTURE




How to Simulate the Model

4\ MATLAB R2016b - academic use - m] hd

ZIE S S & e (@) seerch Documentation )

HOME PLOT!

':Ej ™~ E L'l Find Files fe) nsert (S fx - &))
| Compare ~ GoTo » Comment ¢ 3
New Open Save L= oo™ A % 4 24 Run and
- - v Pt v (| Find + Indent Time.
FILE NAVIGATE EDIT E
cap EHE » C: ¥ Users » Thomas Marulle » Desktop » benchmarks P
Current Folder ® Werkspace @0
Name 4 | Model Buildingtel < | + | Name = Value =
N — E
& Folder 13 % INP_F: 1 n the effective £ = ]
src 12 % T
a8 S(ri‘Pt 15 % E
) CreateHFEMOutDataStructure.m 16 4 =
#] GenerateCantileverModel.m 17 s
| ModelRunner.m = G
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| ] Cantilever Wind_10_Nodes.tcl i
[ Model_Building.tcl = %
|| Model_RCSMRF.tcl 2k 5 -
(] Model_Wind Building.tel 25 % be set r 1. If it is set to
[ ] WorkshopMumSim.HFEM_5.0.tcl 26 * ck parts of the setup.
) TXT File =
(& EQ_DZC120.00 25
[ EQ_LOMAP txt
(= EQ_LOS270.6t
| EQ_POE36D.xt
[ EQ_RECO15.0t
[ Wind_ConstantForce.txt
| Wind_SineForces.tet
37 - TARGET 'Matlab';
i lat.
0.11; & On/Off, Update Plot after M Steps, Padd v
Command Win
Jx >> ModelRunner|
MedelRunner.m (Script)
HybridFEM Simulation Script
@] HybridFEM Simulation Script
@) Set the files used for this program
@] Input and EQ Configuration
@) Call LocalSimulator Setup script
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Mame | ModelRunnerm ¢ | Cantilever 21 Nodestcl % | Model Building.tel | CreateHFEMOutDatsStructurern | Model_Wind_Buildingtel ¢ | + | Name Value =
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& Folder 87 - :
e 5t T
& Script 5% # Inherent damping B
%) CreateHFEMOUtDataStructure.m 0 # 2
#) GenerateCantileverMadel.m 51 rayleigh 1.0 0.22 0.0z
) ModelRunnerm e
= Adobe Acrobat Document P
TH HybridFEM-2D_5.0 Manual.pdf 52 % Analysis
= TCL File o &
[ Cantilever_21_Nodes:cl N . .
96 # integrator SemiExplicitAlpha 0.5000000 0.5000000 0.5000000 0.5000000
|| Cantilever_Wind_10_Nodes.tcl . i
[ Model_Building.tcl a7 # integrator S5ERlpha 1.0 9. 3 0.01 1
|| Model_RCSMRF tcl 13 # lI\tEgIatDI- Expllcltalpnf 0.5000000 0.5000000 0.5000000 0.5000000
| Model_Wind_Building.tcl a9 :%31-:egrat.nr :(RAlp;'ia ) 1.0 20 0.01 1
| WorkshophlumSim.HFEM_5.0.tcl 100 # integrator MKRAlpha 1.0 9. 3 0.01 1
E TXT File ur
(& EQ_DZC120.00 102 %
[ EQ_LOMAP txt 103 # Record element forces
[ EQ_LOS270.0xt 104 %
gEQPOBBD.b(t 105 recorder Element 2 5 basicForce
Q{EQ_RECDWSm 106 recorder Element 2 5 basicDeformation
F
L‘{{'Wmd_CwnstantchEm 107 recorder Element 2 section §
[ wind_SineForces.txt 108 recorder Element 5 section 1|
[
# Wind Loading file
]
# forceSeries Wind.txt [Force Nodes]
forceSeries Wind ConstantForce.txt 2 3 5 6 7 &8 & 10 11 13 w
Command Window ®
Jx >
Wind_SineForces.txt (TXT File)
No details available
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2 Figure 1: Model configuration b - o o - -
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o g [g G@mere g sert [ fx il Eoagdse|:A80PeL 2|08 =0
| Compare ~ GoTo » Comment ¢ 3
New Open Save L= oo™ A % 4 24 Breakpoints  Pause  Runan
- - v Pt v (| Find + Indent - Advan
FILE NAVIGATE EDIT BREAKPOINTS 70
cap EHE » C: b Users » ThomasMarulle » Desktop » benchmarkmedel » P
Current Folder ® 60 G | workspace @0
Name | | ModeRunner.m Name Value E! |
I — | E |
& Folder 13 * A = ] EQ_File 'EQLOS2706 | 2
sre 14 % [ INP_File ‘Cantilever 21 Ng T |
Bstrigt 15 % (1] PlotStatus [1,1,200.1000] | &
#] CreateHFEMOutDataStructure.m 16 N [ RUNMODE ‘Simulation' < |
#] GenerateCantileverModel.m 17 s [EF TARGET ‘Matlab'
) ModelRunnerm 18 [ [ UlCheck 1 |
£ Adobe Acrobat Document - G —
TH HybridFEM-2D_5.0 Manual.pdf = - 4 Model Checking
E TCL File
21 £
[ Cantilever_21_Modesicl o N )
| Cantilever Wind_10_Nodes.tcl 2z v Is the model configuration comact?
[ Model_Building.tcl = %
|| Model_RCSMRF.tcl 2k 5
|| Model_Wind_Buildingtcl 2% *
[ ] WorkshopMumSim.HFEM_5.0.tcl 26 *
= TXT File 27 - ClearWorkspace; 40
[&f EQ_DZC180.00¢ 28 :
[ EQ_LOMAP txt 29
(= EQ_LOS270.6t 30 %% Input and EQ Configuration
=
L:{ EQ_POE360.xt 3L -
[ EQ_RECO15.mxt ol
[ Wind_ConstantForce.txt 33
| Wind_SineForees.xt 2
35
36 %
37 - TARGET =
38 - RUNMODE
39 - UICheck = 1;
40 — PlotStatus = [1,1,20,0.1]; % On/Off, Update Plot after M Steps, Padd v
Command Windew
[FEM] Clear Workspace First? y/[n]: y
Details v
Select a file to view details
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FILE NAVIGATE EDIT BREAKFOINTS 70
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& Folder 13 * A = ] EQ_File 'EQ_LOS270t | 2
src 12 % [F| INP_File ‘Cantilever 21 No T |
& Seri 15 : (1] PlotStatus [.1,200.1000] | &
‘Pj CreateHFEMOutDataStructure.m 16 3 [ RUNMODE ‘Simulation' =
% GenerateCantileverModel.m 17 s [EF TARGET ‘Matlab'
"] ModelRunner.m q ==
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TH HybridFEM-2D_5.0 Manual.pdf = - 4] Node display
E TCL File
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[ Cantilever_21_Modesicl o N
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"] Model_Building.tcl =
|| Model_RCSMRF.tcl 2k 5
|| Model_Wind_Buildingtcl = S -
[ ] WorkshopMumSim.HFEM_5.0.tcl 26 *
= TXT File 27 - ClearWorkspace; 40
(& EQ_DZC120.00 28 %
[ EQ_LOMAP txt 29
(= EQ_LOS270.6t 30 %% Input and EQ Configuration
=
L:{ EQ_POE360.xt 3L -
[ EQ_RECO15.0t 32 -
[ Wind_ConstantForce.txt 33
| Wind_SineForees.xt 2
35
36 %
37 - TARGET =
38 - RUNMODE
39 - UICheck = 1;
a0 - PlotStatus = [1,1,20,0.1]; % On/Off, Update Plot after M Steps, Padd v
Command Windew
[FEM] Clear Workspace First? y/[n]: y
Details v
Select a file to view details
< b4
~| Busy

LEHIGH

UNIVERSTITY.

—
Vi ¢
) AN -
e ]
REAL-TIME MULTI-DIRI IC TONAL SIMULATION —’\m v v
AL i EVBNEL A H e P RSTRUEDRE

QA NATURAL HAZERDS
ENGINEERING COMMUNI




How to Simulate the Model

-
4 Figure 1: Model configuration hd - m} X
A Al | ISt - . Ers s =
HOME PUBLISH Fle Edit View st Tools Deskiop Window Help JELABLDOE @ISealcth:umEntat\cn p
Insert - - 3 & &
g g [/ @emene &a neert 5 Jx P> ENade |09 EL- 208 a0
| Compare ~ GoTo » Comment ¢ 3
New Open Save L= oo™ A % 4 24 Breakpoints  Run  Runanc
- - A= (| Find « Indent - - Advan
FILE NAVIGATE EDIT BREAKPOINTS 70 [%S
< EA » C: b Users » ThomasMarulle » Desktop » benchmarkmedel » 9 P
Current Folder ® [ A Editor - C\Users\Themas Marulle\Desktop\benchma 60 ? @ x| Workspace @0
Name | ModelRunner.m i | Cantilever 21_Nodes.tel 5 Name Value E! |
[ — E |
=] Folder 13 * 50 5 ~ =[] EQ_File 'EQLOS2T0Mxt’ | 2
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£ Adobe Acrobat Document - G
TH HybridFEM-2D_5.0 Manual.pdf = - %
E TCL File o - 20 b
[ Cantilever_21_Modesicl o N
| ] Cantilever Wind_10_Nodes.tcl i
[ Model_Building.tcl = % 10
|| Model_RCSMRF.tcl 2k 5 o
|| Model_Wind_Buildingtcl = S 0 i
[ ] WorkshopMumSim.HFEM_5.0.tcl 26 *
= TXT File 27 = ClearWorkspace: 40 30 20 10 0 10 2 30 40
(& EQ_DZC120.00 28 %
[ EQ_LOMAP txt 29
(= EQ_LOS270.6t 30 %% Input and EQ Configuration
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E y -
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[ Wind_ConstantForce.txt 33
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35
36 %
37 - TARGET =
38 - RUNMODE
39 - UICheck = 1;
a0 - PlotStatus = [1,1,20,0.1]; % On/Off, Scal , Update Plot after M Steps, Padd v
Command Windew
[FEM] Clear Workspace First? y/[n]: y
Using modified effective earthguake force calculation: see CalculateMatrices
[FEM] Configuration : Cantilever 21 Nodes.tcl
Details A [FEM] Structure
[FEM] Nodes : 21
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Simulation Results

- By default, the program plots the
displacement, velocity, acceleration, and
restoring forces at all unrestrained (free)
DOFs

. Using CreateHFEMOutDataStructure.m, you
can generate Node and Element data to see:

* Plots of section force deformations

« Story drifts

- * mat file generated after simulations contain
all the input/output data




Some Example Results
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