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NONLIN: Version 8.0

°* Nonlinear Dynamic Analysis of SDOF Systems
*|ncremental Dynamic Analysis of SDOF

°* Nonlinear Dynamic Analysis of Simple MDOF
Systems

* Elastic and Inelastic Response Spectrum Analysis
* Fourier Amplitude Spectrum Analysis

* Modal Analysis of Simple Proportionally
Damped Systems

* Modal Analysis of Simple Non-proportionally
Damped Systems

ltems in BOLD indicate significant updates since Version 7

& FEMA Jtp | | | .
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SDOF Analysis Tools

[&] Monlin Yersion 8.00 : untitled =10 x|
File Parameters Model Quik Quake GCuikWave Window Yiew Help
il B (o= |
Y {ITHIN |N|
B [ EEEE B re
[E] STRUCTURE PROPER TIES INPUIT - ol =l
Unit Type Length Units Force Units ~Dynamic Force Applied As...
{” Free Vibration
1.8, * inches " pounds W (For e
Fdar
#H | Blast Load
T METRIC T feet 2 kips & Ground Acceleration
= Ine. Iynamic Analysis
-Properties
IDegra(Iing b I Q
| WEIGHT STIFFNESS K1

~Summary of Latest Run
Spring Force
Damping Force
Spring + Damping
Displacement
Ductility Demand
Yield Events
Energy

A MR

=3

CILIN

STIFFNESS K2

STRENGTH POS.

|
|
| STIFFNESS K3
|
|

STRENGTH NEG.

| STIFFNESS KG
EAR ANALYSIS

" NONLINEAR ANALYSIS

¥ INCLUDE P-DELTA:
DEGRADATING PROPERTIES |

- Iynamic

Effective
Effective
Damping
Mass

Gravity

Period, seconds
Frequency, Hertz
Frequency, Risec

Properties

K1, kin
Fy. k

386.1 insecisec

FORCING FUNCTION

New degrading
Strength and

Stiffness model
(Sivaselvan and Reinhorn)

@p
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Degrading Stiffness and Strength Model

. Degrading Properties

Properties set
Interactively.
Properties can

be “tested” before

use.

Hysteresis Loading Function
Pulse Period |17
INITIAL STIFFHESS K1 W Pulses per Segment |27
SECONDARY STIFFHESS K2 foo Iritial Pulse Ampliude [T5
SECONDARY STIFFHESS K3 [fo0 [ = Ultimate D efarmation
POSITIVE VIELD STRENGTH foooo CREATE LOAD
HEGATIVE YIELD STRENGTH foooo

Common Parameters for Multilinear and Smooth Models

Pos. Ultimate [15.00 Meg. Ultimate |45 00

Druacctiliby Ductility

Alpha 14.8 }
Beta-1 039

L

L

Multilinear Model

GAMMA E );

FEMA M*'L@P

Bilinear Type: + Biinear Finching " Wertes

Set Ranges Set Exit

X

Steps per Pulze  [10p
MNo.of Segments |5
Segment Increment [0 2

Deformation Amplitude

Instructional Material Complementing FEMA P-751, Design Examples
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[&] Monlin Yersion 8.00 : untitled

SDOF Analysis Too

S

IDA

=10]x]
File Parameters Model Quik Quake GCuikWave Window Yiew Help
il B ==
Y {ITHIN |N|
FE (@ EZEZE g5 Mk
[E] STRUCTURE PROPER TIES INPUIT - ol =l
Unit Type Length Units Force Units ~Dynamic Force Applied As...
{” Free Vibration
~U.s. * inches " pounds " Forcing Function
Fdar
#H | Blast Load
T METRIC T feet 2 kips & Ground Acceleration
= Ine. Iynamic Analysis
AN
-Properties h
IDegra(Iing b I
| WEIGHT STIFFNESS K1

Yield Events
Energy

~Summary of Latest Run
Spring Force
Damping Force
Spring + Damping
Displacement
Ductility Demand

STIFFNESS K2

STRENGTH POS.

|
|
| STIFFNESS K3
|
|

A MR

STRENGTH NEG.

| STIFFNESS KG

CLINEAR ANALYSIS

= NOMNLINEAR ANALYSIS

¥ INCLUDE P-DELTA:
DEGRADATING PROPERTIES |

=3

- Iynamic Properties

Period, seconds

Frequency, Hertz
Frequency, Risec
Effective K1, kin

Effective Fy, k

Damping

Mass

Gravity 336.1 inisec/sec

FORCING FUNCTION

& FEMA JL@F
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Incremental Dynamic Analysis

= Incremental Dynamic Analysis = |0O] =

IDA Method: |Muﬂiple Ground Motions j Scaling Parameters System Propetties (Used for Analysizs)
i Target Accel., ooook | ’7
Available Earthguakes: Selected Earthiuakes: T:::et Pecr?:d ? ,% 1:30.000 K hi— 50.000 kin
OAKHZACC -] Eartheuakes Factor| PGA | Piot?  [«| | 1oroctDamping, | i 4 | 20000 kin
PACCIMET ACC S —
- 49001 ACC 1034 0289 v Target Multiplisr W 1 2000 kin
PACCIMAZ ACC
PARKA 30 ACC KERM1 ACC 1872 0291 Mo, of Increments ,1,37 -'."
PULSE ACC 2= LoObA-PT ACC 0543 0.150 v ", 15.000 k
. (¥ |se System Parameters =
RS_TEST.ACC MRIDGET ACC 0331 0.200 [ -~ : — - 1500 k
S MONIC2 ACC Pt RO A 1897 0450 Uze Target Scaling Parameters 2000 % critical * ’7
gmgggm;igg B S_MONICT ACC 1139 1.008 [o| Gt o System = I
: Damage Factor — [0.40 Period, sec. |2 " Linear Analyzis

| ‘ | - Close ‘ ’rn Degrading |~ (¥ Nan Linear Analysiz

[ Include P-Delta

Accelerstion Current Increment. 06000 2840 in st 1.000g
1.00

EEREE T 1333 & 1780 seo

T00 60 120 180 240 300 360 420 480 540 60O
Time, seconds
Spring Force k 124000  at 16.024 s=ec

124.00 --—-
G2 EIEI

0.00 8

-6 EIEI

_124,:,,:,----
0.0 B0 120 180 240 300 360 420 480 540 EOD0

Time, seconds

| vield Code x| |emoLviace

0000 = Dizplay Disperzions 2-.25':' - 2,000 .Mmmmm....
S — |Dlsplacememlm ﬂ .wwwwu....

120 180 240 300 360 420 4580 3540 600

0.00

FEMA (@
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Incremental Dynamic Analysis (2)

= Incremental Dynamic Analysis = |0O] =
IDA Method: |Muﬂiple Ground Motions j Scaling Parameters System Propetties (Used for Analysizs)
i Target Aocel., I EENTTE [ s0000kin
Available Earthguakes: Selected Earthiuakes: T:::et Pecr?:d ? ,% 1:30.000 K hi— 50.000 kin
OAKHZACC -] Eartheuakes Factor| PGA | Piot?  [«| | 1oroctDamping, | o 4 | 20000 kin
PACCIMET ACC S =
PACOMAD 00 - 480LYT ACC 1.034 Target Muttigler — [2.00 1 20,00 kin
PARKA 30 ACC KERM1 ACC 1872 Mo, of Increments ,71 0 .-." —
PULSE ACC o LOMA-P1 ACC 0543 " .
. (¥ |se System Parameters =
RS_TEST.ACT MRIDGED ACC 033 - : - [ 1500k
5 MOMIC2 AT - Pt RO A 1 @a7 Uze Target Scaling Parameters 2000 % critical *
gimgggmigg S_MORMICT ACC 1139 Ductility Limit 10 System - r
: Damage Factor — [0.40 Period, sec. |2 " Linear Analyzis
| C'Clear List | RSPt | Close ‘ Mon Degrading = ¥ hon Linear Analysis
Accelerstion Ly Increment: 0.6000 2840 in st 1.000g
Multiple Ground Motions 4583t 1730 e

or Multiple Structural .
Parameters 200 S —
o I N I N

0o 60 120 180 240 300 360 420 450 540 600
Time, seconds

Spring Force k 124000 &t 16.024 =ec
0.50 12400 o I N
g2 op I —
0.00
B2 IZIIZI
. 13400 . —

00 60 120 180 240 300 360 420 480 540 600
Time, seconds

| vield Code x| |emoLviace
0.00

0000 = Dizplay Disperzions 2-.25':' - 2,000 .Mmmmm....
S — |Dlsplacememlm ﬂ .wwwwu....

120 180 240 300 360 420 4580 3540 600

FEMA “’1@"
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Incremental Dynamic Analysis (3)

200 ]
o S I

= Incremental Dynamic Analysis = |0O] =
IDA Method: |Muﬂiple Ground Motions j Scaling Parameters System Propetties (Used for Analysizs)
i Target Accel., oo & ’7

Available Earthguakes: Selected Earthiuakes: T:::et Pecr?:d ? ,% 1:30.000 K hi— 50.000 kin

OAKHZACC -] Eartheuakes Factor| PGA | Piot?  [«| | 1oroctDamping, | i 4 | 20000 kin

PACCIMET ACC S — —

PACOMAS G - 49001 ACC 1.034 0289 v Target Multiplisr W 1 2000 kin

PARKA 30 ACC KERM1 ACC 1872 0291 Mo, of Increments ,1,37 -'." T

PULSE ACC e LObA-P LiCC 0543 0450 [ " |

. (¥ |se System Parameters =

RS_TEST.ACC MRIDGET ACC 0331 0.200 [ : - 1500 k

S MOMICZ.ACT B PARKOMDACC 1897 0450 (" Usze Target Scaling Parameters 2000 % critical *

gmgggm;igg B S_MONICT ACC 1139 1.008 [o| Gt o System = I

: Damage Factor — [0.40 Period, sec. |2 " Linear Analyzis
| ‘ | CCiear List | Plot | Cloze ‘ Mon Degrading = ¥ Mon Linear Analysis
Accelerstion Current Increment. 06000 in st 1.000g
1.00

Dizplacement M

0.00 S

0o B0 120 180 240 30

Spring Force k

0 360 420 430 3240 600
Time, seconds
124000  at 16.024 s=ec

.00
0000 = Dizplay Disperzions
[ Use Light Backgrounds

T o e I N N
§2.00 ] 1

000

6200
_124,:,,:,----
0.0 B0 120 180 240 30

0 360 420 430 3540 600

Time, seconds

| vield Code =l

|430Lv1.ACC

2250

| Dizplacement, in

LRI

120 180 240 300 360 420 430 540 60.0

FEMA “’1@"
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Incremental Dynamic Analysis (4)

= Incremental Dynamic Analysis = |0O] =

IDA Method: |Muﬂiple Ground Motions j Scaling Parameters System Propetties (Used for Analysizs)
i Target Accel., ooook | ’7
Available Earthguakes: Selected Earthiuakes: T:::et Pecr?:d ? ,% 1:30.000 K hi— 50.000 kin
OAKHZACC -] Eartheuakes Factor| PGA | Piot?  [«| | 1oroctDamping, | o 4 | 20000 kin
PACCIMET ACC S =
- 49001 ACC 1034 0289 v Target Multiplisr W 1 2000 kin
PACCIMAZ ACC =
PARKA 30 ACC KERM1 ACC 1872 0291 Mo, of Increments ,mi “
PULSE ACC 2= LoObA-PT ACC 0543 0.150 v ", 15.000 k
. (¥ |se System Parameters =
RS_TEST.ACC MRIDGET ACC 0331 0.200 [ -~ : — - 1500 k
S MONIC2 ACC Pt RO A 1897 0450 Uze Target Scaling Parameters 2000 % critical * ’7
gmgggm;igg B S_MONICT ACC 1139 1.008 [o| Gt o System = I
: Damage Factor — [0.40 Period, sec. |2 " Linear Analyzis

| ‘ | Cfear sl RE Pt | Cloze ‘ Mon Degrading Mo Linear Analysiz

[ Include P-Delta

Accelerstion Current Increment. 06000 2840 in st 1.000g
100 | Dizplacemert I
-1.393 at 1.780 ST
00— ———
5 oo I |
Q0o ==
075 200 —
g oy | I N I
00 B0 120 180 240 300 360 420 430 540 EBODO
Time, seconds
Spring Force k 124000 &t 16.024 zec
0.50
L
0.25

[N]

60 120 180 240 300 360 420 430 3540 600

Time, seconds

| vield Code x| |emoLviace

0000 = Dizplay Disperzions 2-.25':' - 2,000 .
S — | e ﬂ .wwwwu....

120 180 240 300 360 420 4580 3540 600

FEMA “’1@"
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New Multi-Story Model

[&] Nonlin ¥ersion 8.00 : untitled
File ©Options Model Damping Yiew Loads Properties Analvze Resulks  Help

= HHEE wn~ 2| kaEH

=% RIM Frame Models {¥ERSION: 1.20}

— Structure Type

L1

E

EE

=

[~ Include Honstructural Elements

— Structure Properties

STORY 1 STORY 2 STORY 3 |

HONSTRUCTURAL |

& FEMA (@ et ot . .
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New Multi-Story Model (2)

[&] Nonlin ¥ersion 8.00 : untitled

File ©Options Model Damping Yiew Loads Properties Analvze Resulks  Help

A

-

7

el il

Pl Ll

Degrading Strength and Stiffness Properties

I g

/N
/N
7\

/\
/A

[~ Include Honstructural Elements

— Structure Properties

STORY 1 STORY 2 STORY 3 |

HONSTRUCTURAL |

Instructional Material Complementing FEMA P-751, Design Examples NONLIN and EQ-Tools 11



New Multi-Story Model (3)

[&] Nonlin ¥ersion 8.00 : untitled
File ©Options Model Damping Yiew Loads Properties Analvze Resulks  Help

= HEE ~nr 2| wbaEE

=% RIM Frame Models {¥ERSION: 1.20}

— Structure Type

L1

0 H

T

Stru Ctu ral an d [~ Include Honstructural Elements
N OnStrUCtu ral >5tructure Properties
Proper“es STORY 1 STORY 2 STORY 3 |

b

HONSTRUCTURAL |

& FEMA -|@pe et ot . .
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New Multi-Story Model (4)

[&] Nonlin ¥ersion 8.00 : untitled
File ©Options Model Damping Yiew Loads Properties Analvze Resulks  Help

= HHEE wn~ 2| kaEH

=% RIM Frame Models {¥ERSION: 1.20}

— Structure Type

L1

E

EE

Nonlinear
Viscous Dampers

[~ Include Honstructural Elements

— Structure Properties

STORY 1 STORY 2 STORY 3 |

HONSTRUCTURAL |

& FEMA (@ et ot . .
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New Multi-Story Model (5)

@ Monlin Yersion 8.00 : untitled
Eile ©Options Model Camping Yiew Loads Properties Analvze Resulks  Help

= HHEHE w~n~ ?| EEFA

=% RIM Frame Models {(YERSION: 1.20) . Yiscous Damper Properties x|
Disp. | 12500 Force [~ 30.00

¥izscous Damper Properties [kip-in]

Damping Constant C |2[|
D amping Exponent 0 ID [3

DamperHame [Damperit

|Damper Property 1

— Structure Type

Damper Description

E

TEST |

~Test Fi

@ Defaut ¢ Custom

Period [zec] |1U—
Mumber of Segments |5—
Cycles per Segment |5 Vel TE7 Force | 7818

Paints per Cycle |1 an
Initial Amplitude |1 0
Amplitude Factor |1 2

+ Displacement  Yelacity 1.95

TR
ALLLEARIVLLY

CREATE |
— SavesR etri Models

Memie: Auto Replot [

EE

A

R
IR

Y

=

Dramperl

Eneray [ E828 30

[~ Include Nonstructural Elements

| Damper Property 1

eoi | oec | save| gE | EXIT |

— Structure Properties Description

STORY 1 | STORY 2 | STORY 3 |

HONSTRUCTURAL |

FEMA /(i@ . . . |
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New Multi-Story Model (6)

[&] Nonlin ¥ersion 8.00 : untitled
File Options Model Damping Yew Loads Properbies Analvze Resulks Help

eln] HEE nnn 2] @

A |CF

. Earthquake Assembly Tool =10 x|
—Earthquake Ground Records ————————— [~ Detailed Summary
. . * Choose records from files " One " Two ¥ Three
Earthquakes N SerleS " Choose records from list
=AM FERMAMDD EARTHOUAKE - 3244 ORION BLYD. ;l
FEBRLI4RY 3, 1971, OB00 PST
E # CORRECTED ACCELEROGRANM, DEGREES 90, CALTECH IZ045
SOURCE MISEE, .S, BERKELEY , CALIFORMA
|490L‘r‘1 AT
EG #2 =
ILOMH—‘.—P1 Fiee Humber of Points Digitization Interval Duration
2875 0.02 sec 249.5000 zec
EC %3 Acceleration Velocity Misplacement
Maximum = 017581 g Maximum = 26.730 cmisec Maxitmum = 0.000 cm
|SANFERN1 ACC Minitmum = -0.25458 g Minitmum = -29.745 cmizec Minimum = -1.000 cm
—Assembly Parameters
" One eathguakes Scale factor for the first earthguake: |1 oo
{ Twwo earthouakes Scale factor for the second earthguake: |1 oo Delay between the first and second: Ig_g
% Three earthguakes Scale factor for the third earthguake: |1 oo Delay between the =econd and third: Ig_g
Assemble Use

Exit

{* Accelerstion " “elociy " Displacement

FEMA -/(@pe | _ _ _
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New Multi-Story Model (7)

[&] Nonlin ¥ersion 8.00 : untitled
File Options Model Damping Yew Loads Properbies Analvze Resulks Help

[
=0 HHE wen 2| &
1 r . Earthquake Assembly Tool x|
. —Earthquake Ground Records ———— —Detailed Summary
Earth q u akes N Paral |e| + Choose recards from files MORTHRIDGE EARTHGILAKE - SANTA MONICA CITY HALL GROUNDS |
(" Choose records from list JAMNUARY 17, 1994 04:31 PST
CORRECTED ACCELOGRAM, CHAKMMEL 1, 90 DEGREES, COMG GhI4 4535
SOURCE: MISEE, UC BERKELEY, CALIFCRRMIA,
EG #
[
4900 ACT
Humber of Points Digitization Interval Duration
EQ 2 F000 0.02 zec 500000 sec
Acceleration Velocity Displacement
|PARK1 S04 Maximum = 0.7524 g Maximum = 41 731 cmfzec Maximum = 7852 cm
Minimum = -0.8527 g Minimum = -30.123 cinizec Minimum = -14 316 cm
Ei #3
|NF:IDGE2 AT
Ei #4
|S_MONI62.ACC
I = -
MBSO {+ Acceleration  Welocity " Displacemert
2o —Assembly Parameters
Earthguake Record | Include | Scale Factor |
Aszemble and
— 49011 ACC 1.00 Lise
PARK130.8CC 1.00 Response
MRIDGE2 ACC 1.00 Spectra
EC1H 5 MOMIC2 ACC 1.00
MERCIT2 ACC 1.00
| e Cancel

| FEMA ~|(@e . . | .
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New Nonproportional Damping Tool

&, Complex Mode Response Tool x|
File  Wigw
Fundamental Properties Complex Plane Plot p——
Mumber of Stories: EE
Stary K ] C
4 50000 250 a0
3 S00.00 2.50 100
2 500.00 250 10 Displacement Magnification
1 50000 250 a0
4 Al b fes
Lock Fundamental
4 v Froperties
|Indamped Fropertiez
Mocle 1.000 2.000 3.000
Period (zec) 1 561 0535 03349
Freg (Hz) 0.6H 1570 2948
Freg (racizec) | 4.025 11.750 18522 UnD 4 Mod
% of Damping | 19113 56315 92805 ntfamped Mode
DOF § ode 1 2 3 4 5
14 | ﬂ =1 0378 -0.347 0.2a8 0.206 -0407
SR 4 0347 | -0407 0206 0376 | 0268
Mode 1000 2000 3000 3 02585 0.206 -0.347 o107 -0.378
Petind (30 1513 0445 0324 2 0.206 0.378 0107 0.2as 0.347
Freqiiz) | 0561 2233 3082 1 0407 | 0268 0376 -0.347 0206
Freg (rad/zec) | 4134 14027 19367
% of Damping | 18174 48108 E21ES Damped Mode
(| | »l e
- Story Feal |Imaginary | Magnitude | Phase(dey) | Phazelrad)
Results Display —| d Mod -
amped Mode 5 | 04232 00278 04241 3562444 B2176
4 045395 04272 0.B499 221 0834 38588
] 02157 0.0Es0 02253 163,220 254849
3 2 0.0436 01397 0.1464 726574 1.2681
<|=
_l_l 1 011368 09171 089241 97 0642 1.6941
Stop | |
Exit

Instructional Material Complementing FEMA P-751, Design Examples
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EQ-TOOLS: Version 3.0

* Ground Motion Search Engine

* Ground Motion History Analysis

* Linear Response Spectrum Analysis

* Fourier Amplitude Analysis

* 2D and 3D Ground Motion Evaluation Tools
* Ground Motion Scaling

* Ground Motion Attenuation Relationships
* Site Response Tools

Items in BOLD indicate significant updates since Version 2

& FEMA JLp | | | |
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EQ-TOOLS Search Engine and Control Panel

EQTools - Ground Motion Tools o ] 4|
File Site Response Attenuation Tools  Windows Help

arthquake Records Search Tool x|

ICDntinentaI United States

Geographical Location

Earthquake Event IElorrego hitn 19650408 02:30

Record Component IHoriznrrtaI (maimum Poa)

Fault Mechanism IStrike Slip

Zone of Recording IFar Figlet

Magnitude OR Peak Ground Acceleration (PGA)

{*  Magnitude (Range) IE-E= - I O OML O MS O Other

C PGA (g) ||:|.1 B . I Range (0.001 ... 2 086)

Distance (Kilometers) J46.00 o % Clozest ' Hypocentral { Projection of Fault Plan

Site Classification (ASCE-T) |'C

Data Source IUSGS United States Geological Survey

Search | Restore I Clear
—Sort Options
0 Alphabetic i Prsa, ' Macnitude - Distance I_ Plat all recards for study -"l'\.'{\,"\.*. f h, @ {ﬁ‘ f i h‘

Components Matching Search Criteria Earthiouakes for Study

Borreco htn 1 L A , 117 El Certlfy Anza{Horse Cany) 198000225 10:47, 2/251980 10:47:00 AM, 504

Borrego Mtn 1965/04/09 02:30, 4/3/1565 2:30:00 AM, 117 El Cent ] | Anza({Horse Cany) 198070225 10:47, 27251980 10:47:00 AM, 504
>

Borrego hin 196810400 0230, 409965 2:30:00 AM, 130 LB - Te Imperial Valley 19791045 2316, 10451979 11:15:59 PM, 5051
Borrego htn 1968/04/09 02:30, 4/9/1965 2:30:00 AM, 130 LB - Te__| Imperial Valley 19791015 23:16, 10151979 11:15:5% PM, 5051
Borrego htn 1968/04/00 02:30, 4/9/ 968 2:30:00 &AM, 130LE - Te
Barrego kitn 1965/04/08 0230, 4/9/1 965 2:.30:00 &M, 117 El Cent
Chalfant Walley 198607021 14:42, Ti21H586 2:41:50 PM, 1661 M |
Chalfant Yalley 198607521 14:42, 7i21M986 2:41:59 PM, 1661 M -
Chalfant Walley 198607021 14:42, Ti21H586 2:41:50 PM, 1661 M

Imperial YWalley 1979105 2316, 10151979 11:15:59 PM, 5086 % |
4| » o 1| | ,
PGA: 0.13g ; Duration: 39.99 sec
Record Component Groupings for Additional Study é)eletz Claar List
ECor
’:ﬁ Individual  * Horizontal Pairs ¢ Horizortal Pairs & Yertical

FEMA /(@ . | . .
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Grouna

Motion Analysis Tool

[ Plot all records for study

Bla

0193
0.093

0.000

-0.085

-0.195
0.0 7.2

10.337
5168

0.000

-5. 168

-10.337
0.0 7.2

2783
1.391

0.000

-1.39
-2.783

0.0 7.2

Plot Selected Mations

LEGEMD

BORRPELADS0 AC

e “BORRPELA1E0.ACC
HOLLHCHA181 ACC
HOLLHCHAZT1 ACC

" IMPYSUPHO45 ACC

WP SUPHT 35 ACC

28.3 36.0 432

Time (=)

®l Borrego Mo 196304089 0
w| Borrego bn 196304009 0230, 48

w| Hollister 1974011028 2301, 11428
| Hollister 1974011025 2301, 1 1."28."j

216 285 36.0 432 =04 Acceleration Units
Time: (): g { misis
" mmizts (" linfsts
" cmists " fhizts

Plat Background Options
{* Dark (" Light

Incremerntal Velocties |

28.8 36.0 43.2 a0.4

Incremental Displacements |

Flot Al Motions Cloze Bracketed Durations |

©r

Instructional Material Complementing FEMA P-751, Design Examples
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Fourier Amplitude Spectra Tool

[ Plot all records for study

Bla

z: Travelling FFT for Acceleration
Input Motion for Travelling FFT (Time History)

Minimum  kaximum
-0 08

0.01 00121

BORRPELADSD. &C P

0.00 BORRPELATS0.AC
HOLLHCHATS1 .Accj
-0.01 0.0 104 202 303 403 504 I:I:D
FFT Type # of Points Maximum
o . .
* Accelerstion FFT (" 125 pl:u!nts & Mormalized
" Welocty FFT {+ 255 points
¢ Displacemert FFT 512 points £ Absolute
Y Axis X Axis
imimurm amplitude; Minimum fregquency: 0
sximum amplituce: | Maximum frequency: 20
[+ Automatic [ Automatic
Presviaus Current

‘..h..—.._

1. 20E+00

9.60E-01

¥ .20E-M

4 30E-01

2.40E-M

0.00E+00

Foutier Amplitude

0.0 4.0 8.0 120 16.0 20.0
Frequency (Hz)
et Frequency (Hz): Amplituce:
0.703 | 0.029
Units
Accelerastion © "g" units
elociy . centimetersfzecond

Dizplacement : centimeters

Ml Borrego btn 19650409 0
w| Borrego kitn 19650409 02:30, 453
| Hollister 1974011025 23:01, 117284 !ﬂ

Legend

BORRPELADS0.ACT
BORRPELATS0.ACC
HOLLHCHATS1 ACC
HOLLHCHAZT1 ACC
IMPYSUPHO45 ACC
IMPYSUPHI 35 ACC

Time History Plot
{* Dark Background
" Light Background

Total FFT Plots
{* Dark Backaround
" Light Background

Trawveling FFT Plots
{* Dark Background
" Light Background

I
epr

0.0 6.7 133 200 0.0 6.7 133 200 0.0 6.7 133 200
Freguency (Hz) Freguency (Hz) Freguency (Hz)
Borrego Mtn 1968/04/09 02:30, 4/9M1968 2:30:00 AM, 135 LA - Holywood Undate A Record | Exit
Stor PE Lot, Horizontal (maximum PGA), 090, 0.012g . nalyze Recor X
2 FEMA [
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Response Spectrum Tool

[ Plot all records for study m |_£:>—| rﬁ‘ | ‘ r ‘
E EQTools - Response Spectra and Scaling Tools ﬂ
Flot of Spectral Quantities ws... Damping for EQ Spectra Plot Style

Plot Options

{* Period (seconcs) %, Critical ,7 (¥ Tripartite (" Spectral Yelocity W Plot average spectrum (¥ Dark Background
(" Frequency (Hertz) (" Spectral Accelerstion (" Displacement (" Light Background
ASCE-T Spect
100.00 Pseudo Velocity, cmis RECTH
Spectral Coordinates LEGEND v Orverlay ASCE-T ASCE-T
Spectrum Parameters
Period (secancs) BORRPELANGN ACC
| zoo2 BORRPELA150.ACC Damping set et - 5.00 *

HOLLHCHA1 81 ACC

Freguency (Hertz)
0499 HOLLACHAZTT ACC File Hame Scale Factor |2

P SUPHO4 5. ACC

. P SUPHT35. 2020
Accelerstion (o) BORRPELATS0.ACC 1

0.299 HOLLHCHATS1 ACC 1

Earthquake Records

10.00

“elocity (cmisec)

I Apply scale factor(s) to RS plots
93.452

Displacement (cm)

arn AvErage
Code Spectrum

M Borrego Min 19650409 02:30, 4091965 2::
w| Borrego Mtn 19630409 02:30, 491965 200
w| Hollister 1974011528 23:01, 112815974 11:C
| Hollister 197441528 2301, 11522815974 11:0
v Imperial Walley 197910015 2516, 10850 B'rﬂ

0.1 010 1.00 10.00

Period, Seconds

Upclate: | Fit |

Save Scaled Bin | Cloze |

I+ Generate & Save Monlin-Pro Data Files
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Horizontal Components Tool

Bla

[ Plot all records for study

{2 Horizontal Pairs x|
i+ Accelerations " elocities (" Dizplacements : RS Plot -
Rofate (degk fooo -Acceleration -
Time Histaries :I 1.00
e Period [sec] |2 74
0109
0.055 Ciamping [%]:
0.000
sz 0.10
oy . . ] . . 242 283
Flaot Options
0195
[ [
0,038
0.000 [ SRSS M »
-0.033 " [+ Original :
-0.195 _ _ . ] _ . 545 987 [ [+ Ratated
#r Plot Polar Plat
0195 0018 0.00 -
' Period [s]
0098 0.009 Orientation-Fezponze Inkeraction
Marmalized Respohse

1.00
0.000 0.000 075

0.50
-0.098

0.25
-0.195 ! 0.00

0109 0085 0000 0055 0108 a0 0003 0018 4080120 80 200 240 280 - 320 SEO
Orientation Angle [degrees)

Imperial ¥alley 19750415 2316, 1041541573 11:15:59 PM, 286 Superstition Min Camera, Horizontal{minimum PGA). 045, 0.1089g Close | pdate |

& FEMA (@
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Horizontal Com

ponents Tool (2)

[ Plot all records for study

B

A/

Falar Plat

0.015

0.000

0.0 0103 0.oo3 0018

#-1 Plat
0.135
0.033
0.000
-0.095
0195
0109 -0.055 0.000
||'I'I|:I'I:T|tl1—'i"-l:|'nl:_'.- T 7 Ty T o T

2D Acceleration History 2D Orbit Spectrum
rorroeror- 111553 P, 268 - [rririrnurn PGEA

¥ FEMA Jl@p
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Ground Motion Scaling Tool

[ Plot all records for study @I

E Scaling Tools

x|

Response Guarntity Target Spectra Damping Coordinates Legend
(v Acceleration ™ Welocity (" Displacemert (¢ ASCE7  Parameters | (" Atteruation | J % Critical Period (=) BORRPELA OO
0.965 HOLLHCHA i O
[E:mhlnatlon far SF1 Combination far SF2 930  Pseudn Acceleration, o Freq (Hz) IMPYSUPH OO
Uze Ind. Companents : : ] ]
(¥ i i 1.037
P - Geamean fow |
" Awerage ~ SHSSg 297 Acc ()
{ 3217
C shss i EEII
nvelape 24 Vel (cmis)
Scaling Method for SF1 Scaling Method for SF2 -
{* Match st a Pairt (" Match st a Pairt Disp (om)
™ Equal Ares ™ Equal Ares 2.3
(" Minimize Errar {* Minimize Errar
™ Upper Bound 198 Scale Factors
£ Do Mothing £ Da Mathing : Ground Mation Dir SF1 SF2 sm*si
1.000
Scaling Criteria 165 _ -
Minimum period 0.0 Matching Period [ 3 : EORRPELATE0 T 29132 | 1.000 29132
hsimum period 100 Scale Factor Criteria 132 HOLLHCHATE1 # 1.606 1.000 1.608
Fitting Region: Lowver bound:— |n 4 : HOLLHCHAZ T 1.606 1.000 1.606
Lawver bound: g 20 gt boun 20 5 MFYSUPHO45 b 3411 1.000 3411
.
MPYSUPH135 T 3411 1.000 3411

Upper bound: [4 5g Increment: 01
0.66

Error and Scale Factor : TR T P W 7

Errat:
A4E+00
0.33
Errat
0.00 b | L4
A2E+00 0o 0.2 0.3 ns 0E 0a 03 1.1 1.2 1.4 15
Period, Seconds Reset | SF1 | sFz | [ showar |
Flat Options Current Plat
. " Rotate Pair
™ Log-tith Plat of Quantities ws... Showing: Soaled Spectra |
5 95E-01 " Loglog {* Period (seconds)

2.40) a-Loc
Secale Factor o sithrith | 1.5 El: " Freguency (Heriz) Using:  Secale Factor 3 Save Goaled Bin | Cloze |
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Ground Motion Attenuation Relationships

*Older (Project 97) relationships and newer PEER

*NGA Relationships
* Abrahamson and Silva
* Boore and Atkinson
e Campbell and Bozorgnia
* Chiou and Youngs
* |driss

Relationships may be used as targets for scaling

Conditional mean spectra development

& FEMA JLp | | | .
Instructional Material Complementing FEMA P-751, Design Examples NONLIN and EQ-Tools 26



Ground Motion Attenuation Relationships

E EQTools - Attenuation Relationship : Abrahamson and Silva (Z009)

Attenuation Type: ‘Abrahamson - Silva

Shear Wave Velocity: sas .0
Abrahamson - Silva j (%530 in mizec)
Shear Wave Welocity is:
Target Spectra Options SIS WERELY (2

{+ MeasLred

[ Creste Target Spect
reate Target Spectrum ~ Estimated

(+| Baze Spectrum
Joyner-Boor Distance:

100
100

Depth to Top of Rupture: |4 g
Depth of Soil: 0.0

Spectral Acceleration (g)

(" Conditional Mean Spectrum

Set Parameters |
Save Target |

Axis Options
Spectral Acceleration (g)

Distance from Edge:

10.00

(¥ For range of magnitudes

Distance (km)|0.0 v
Magnitude Range
|50 =|tosn =] 1.00

(" For range of distances

Magnitude

Distance Range
| ] =

¢~ For specific magnitude
- distance pair

010

Magnitude

Distance (km)

Plot Background
(¥ Dark ™ Light 0.0

X
Plot Options

Pk Type furnown o] ||| | Qe St
Fault Dip Degrees: ag.0 {* Geomean

" Averane
[ aftershock e

| Envelope
[ Hanging Wall ~ crss
Doveeny Dipp Ruptures 150

Acc,

m Time Period

5% Damped Response Spectrum vV Showe SO Curves

Overlay ASCE-T
v Code Spectra

Set ASCE-T
Parameters

Magnitude Legend
Magnitude = 5.0
Magnitude = 5.5
Magnitude = 6.0
Magnitude = 6.5
Magnitude = ¥.0
Magnitude = ¥ .5
Magnitude = 8.0
Magnitude = 5.5
Magnitude = 3.0

1.00

10.00

Period({Seconds) Attenuate |

Close I

@

Instructional Material Complementing FEMA P-751, Design Examples

NONLIN and EQ-Tools 27



Site Response Analysis Tool

Based on program “Waves” by J.D. Hart

Site Response: Analysis Control Information x|

— Time Domain Procedure for Site Response — Input and Analysis Units
%' Linear Earthouake Response Analysis Unit Type Length Units Force Units ——
" Equivalent Linear Inerative Eathguake Fesponze Analysis * s, ™ inches i pounds
" Monlinear Earthouake Response Analysis (Constart Time Step) " Metric " feet ' kilp-pounds
™ Monlinear Earthguake Rezponse Analysis (variable Time Step)

—Damping Index Energy Balance

—Common Analysis Control Infformation

Mumber of layer elements in site model ... I1 0
Integration time step (secondsh ... I-':”l

Scale factor for input accelerstion data I1 a
—Inmtegration Constants
faximum numkber of analysis terations ... I IIIIS—

Mewemark-wvilson integration constant, Gamma ...

Effective strain factor ... I 0.5

Mewymark-wvilson integration constant, Beta ...

Convergence tolerance (%] for dynamic soil prn:-per‘ties.l I’IIZI—

Mewymark-wyilson integration constant, Theta ...
Maximum & of unloadings in Ramberg-Cregood Soil

EIEMMEmEE s I —Submerged Layer Parameters
Maximum & of steps with & given time step before time Number of first submerged layer I
stepizincreased I """""""""""""""""

Ecjuilibariutm TRlEFEmEE e I Unit sweight of svater e I

ACCUFECY TOIEFAMCE e I Coefficiert of lsteral earth pressure I

' Eguivalent modal damping O S B
i Computations

. Darmping with control in tvwo modes

' .
Second control mode .. I Include Computations

Input Acceleration Soil Profile | U=ze for Analysis | Re=et Data Compute Response | Exit |

' FEMA -/ | | | |
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Site Response Analysis Tool

Fle ieindeas  Help
T et ey sl . Prosecers ARSS, RSN VO, RAMTHD DE AMZS, JUSGS STATHIN 5T Sporiral Qusnlisss wa

" . 5 . =
Liresa E o ilnguisks Fosipar e rainid Accular [awtioac anch T Pascdimcondi|

T P [Ha

S balcmgl i 1.5
Hi Infpareaion Sl sbie

Damporg b= EQ Specha

000 % Cicd 500
Hace bspret Broend Bshizn|a) .
AH (5 A3 147, FHCHD DE Sh2h il Update |
AHZA (225,81 1047, RAHCHI DE b6, |0
on 11 an T [T 7 CERNETT S
f Tipatia
Viawe Roazpoman ben Sail M adal "
[ 5y Belstion
Ed Lot Eleweed HE I 5 et Vol

T Spemoiisl O o sk

S0l Swamec Beapoman 0 sanlitesa Spuciral Comdnaluc

Ferid (2e0ands]
7 T oran Hird cor - Siec, Yal, Do T
R Frsquency (Hetz)
™ FFT - Apoekaior Tans Histoey | naza
= FFT - Wekedy T Hikip Srcalaraton [g)
" FFT - Caplecersard Trea Hilarp w1
= _.H-llpﬂ'b_lipltll:l'l'l_ Plat ol lpan Wakocdy
D el | Radl B 26
Length lirite [irple-aran
T ohes ™ penkinakn 31.585
T bt  wale
I Iplian

Foioe Padly o
' ponh i -
= popound: [ e

v Gemcalustion n punih| Locog - N Eml

Modified ground motion may be saved for further analysis in EQ-Tools

& FEMA -ty | _ _ |
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Access to Programs Through NEES Hub

« NONLIN and EQ-Tools are available as
online tools through NEEShub:
http://nees.org/

* Users must register with NEEShub before
using the tools.

« Use of tools may require Java plugin
(automatically provided by NEEShub)

& FEMA -|@pe - . .
s> Instructional Material Complementing FEMA P-751, Design Examples
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Access to Programs Through NEES Hub (2)
A

The George E. Brown, Jr. Network for Ear Engi

NEEShub Finley Charney (icharey) 0 New Messages
u £ . -
a platform for research, collaboration and education Eomoe j u m Yt'lll

= My NEEShub

About NEES Tools & Resources  Learning & Outreach  Project Warehouse  Simulation Sites Collaborate Explore NEEShub

‘You are here: el User-submitted content -
photos, videos, simulation
tools, publications etc. © Add an event
Events Download or view them in -
your browser. |

Tools

Databases

01 Jan, 20 Learning Object 'SF CAREER Proposal Writing Workshop
08:00 AM (UTC -05:(]

| All Categories B‘ ..Go
to 05:00 PM (UTC -05: (RS

Publications n of Civil, Mechanical and Manufacturing Innovation, the 2013 NSF CAREER

. Il be held on April 8 and 9, 2013, at University of South Florida. This workshop wil e 2013
Multimedia - . s
broposal writing and review. It will include ...

Citations
g & January
24 Jan, 20 IRAE Research and Education 1M D M e @
REOLYE Mo EN  Historical Documents -
to 01:00 PM (UTC -08:] 1 23 |4 5
idl (Pl of the NEES@UCSB site) and Dr. Sandy Seale (NEES@UCSB Project 6 7 |8 |E| 10 2
Contribute br). Click here to register for this webinar: http://www.nees.org/webinar 3|14 /15|16 8|19

NEESforge

Supercomputing Request

_\ -3 PURBUE UNIVERSITY This site is supported by George E. Brown, Jr. Network for Earthquake Engineering Simulation
“'q‘@l’ r i m Park [NEES) Program of the National Science Foundation (NSF) under Award Number CMM|-
0927178

Terms of Use Licensing Partners Sponsors Contact Us Sitemap Accessibility Feedback

Powered by HUBzero, a Purdue project Copyright © 2009 NEEShub

¥ FEMA @
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Access to Programs Through NEES Hub (3)

Finley Charney (fcharney) 0 New Messages

l‘ aNpJaEOEn%rgeEtnmﬂabuaﬁunandedu:aﬁan Logout > yyneesnoe [ [ [ YoUD

The Georgs E. Brown, Jr. Natwaork for Earthquake Engineering Simulation

Search

About NEES Tools & Resources Learning & Outreach  Project Warehouse  Simulation Sites Collaborate Explore NEEShub

You are here: Home » Resources » Tools

Tools

What are Tools ? Contribute a Resource Select Resource Type to Navigate
Simulation tool is software that allows users to run specific Become a contributor and share your work with [_Tools "H
type of calculation. the community! The submission process will Find a Resource
guide you through step-by-step. P [:Search)
@ Contribute a Tool
Select a tag in the first column, and then click on a resource in the second column to see its information in the third column.
Tag Resources [ Sort by Tite 3] Resource Info
[All] » m GOYA-N: Cantilever Beam Analysis
) . NONLIN: Nonlinear Dynamic Time History Analysis
CATEGORY: data visualization and mgmt (16) GOYA-S: Simply Supported Beam Analysis
CATEGORY: engineering seismology (13} GOYA-T: Introductory Truss Analysis Alocmpuier pr?ogram. for nonlinear dlynamic time
. inDEED history analysis of single- and multi-degree-of-
CATEGORY: finite elements (6) n
freedom systems. Learn more »
CATEGORY: geotechnical analysis (6) LARZ 2D
CATEGORY: hybrid simulation (3) Make Your Own Earthquake Launch Tool
CATEGORY: simulation management (2) N3DV

CATEGORY: structural analysis (25) NEES Activities Yahoo! Desktop Widget o

CATEGORY: talspresence (9 NEESdeq . E S::t::t?:r:i}mk aquestion)

AUDIENCE: developers (7) NEEShub Flle Meanager 0 review(s) (Review this)

AUDIENCE: grades K-12 (13) NHCP 142 user(s), detailed usage

AUDIENCE: graduate (58) NONLIN: Nonlinear Dynamic Time History ... > Add to your favorites!

AUDIENGCE: professional (56) NonlinPro: Pre and Post-Processor for ... 0 wish(es) (Add a new wish)

AUDIENCE: undergraduate (32) | Openfieaco snare: K3 (3 44
EOT (14) : OpenSees Application Development : : :

¥ FEMA (@ . | | |
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Access to Programs Through NEES Hub

0 New Messages

O @ WD

Explore NEEShub

Finley Charmney [ichamey]

NEEShub

a platform for research, collaboration and education

ogout ‘B p NEESHUB

h

The George E. Brown, Jr. Network for Earthquake Engineering Simulation

Collaborate

About NEES  Tools & Resources Learning & Outreach  Project Warehouse Simulation Sites

Home » resources » Tools » NONLIN: Monlinear Dynamic Time History Analysis » Session: 48188 "NONLIN: Nonlinear Dynamic Time ...

‘You are here:

@ Nonlin Version 8.00 : untitled
File Parameters Model Quik Quake QuikWave Window View Help

| @ - EEEEE De

@ STRUCTURE PROPERTIES INPUT

=10l ]

Unit Type Length Units Force Units - Dynamic Force Applied As...
" Free Vibration
* U.8. & inches " pounds " Forcing Function
ﬂﬂ' " Blast Load
 METRIC i feet % kips =
¢~ Inc. Dynamic Analysis
- Properties

STIFFNESS K1
STIFFNESS K2
STIFFNESS K3
[ STRENGTH POS.
[ STRENGTH NEG.

WEIGHT

DAMPING

y of Latest Run
Spring Force STIFFNESS KG
ing Force  LINEAR ANALYSIS

Spring + Damping  NONLINEAR ANALYSIS
Di: " | INCLUDE P-DELTA
Ductility Demand
:::r.;“m’ e - Dynamic Properties

Period,

F , Hertz

F , Risec

Effective K1, kiin

Effective Fy, k

Mass

Gravity | 386 iniseclsec

| FORCING FUNCTION
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Questions
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Instructional Material Complementing FEMA P-751, Design Examples

NONLIN and EQ-Tools

1009 NEHRP Recommended

Seismic Provisions: Software for Earthquake
Tr:‘: ning H.'.m Instructional Materials Englneerlng Educatlon
¥ FEMA (ke Finley A. Charney, Ph.D., P.E., Virginia Tech,

Department of Civil and Environmental Engineering

& FEMA -

Instructional Material Complementing FEMA P-751. Design Examples NONLIN and EQ.-Tool 1

NONLIN: Version 8.0

*Nonlinear Dynamic Analysis of SDOF Systems
*Incremental Dynamic Analysis of SDOF

*Nonlinear Dynamic Analysis of Simple MDOF
Systems

¢ Elastic and Inelastic Response Spectrum Analysis
* Fourier Amplitude Spectrum Analysis
* Modal Analysis of Simple Proportionally

Damped Systems
*Modal Analysis of Simple Non-proportionally

Damped Systems

‘ Items in BOLD indicate significant updates since Version 7 ‘

& FEMA -

Instructional Material FEMA P-751, Design Examples

NONLIN and £0:Tool

SDOF Analysis Tools

-

Gk ke

= WEEW §

New degrading
e <;- — Strength and

L] | smssnn Stiffness model

% STERLS KD (Sivaselvan and Reinhorn)

& FEMA -|iéhve
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Instructional Material Complementing FEMA P-751, Design Examples

Degrading Stiffness and Strength Model

Properties set
Interactively.

Properties can
be “tested” before|
use.

FEMA -|fve
o Insitusional Mteral Complementing FEMA P75t Design Examples MO to T ¢

SDOF Analysis Tools: IDA
g4
o Ermer 50 3 e e e
B w0 o= EEEm E e
T e————— =
v —
Snzg]| | 2y S Incremental
Dynamic
Analysis
s 61
s
[ Swmsm
st o
AR AL
LU LT
JENPVONTIS FesrID |
ot
=
=
e | i
Fomcws oo
& FEMA -|ae T et 751, Design Examples sou ooy

Incremental Dynamic Analysis

!

T imprspe wla|sm]

& FEMA @i
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Instructional Material Complementing FEMA P-751, Design Examples

Incremental Dynamic Analysis (2)

Multiple Ground Motions
or Multiple Structural
Parameters

T i ragre wlajvim| | =

2B FEMA ~|/ndhen

Instructional Material Complementing FEMA P-751. Design Examples NONUN and £Q-Tools 7

Incremental Dynamic Analysis (3)

i FEMA s

tructional Material Complementing FEMA P-751 Design Examples NONUN and £O-Togle

Incremental Dynamic Analysis (4)

2B FEMA ~|/ndhen
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Instructional Material Complementing FEMA P-751, Design Examples

New Multi-Story Model

i
i
1
i

5
;
3
2
s

==

mujun]la]
oMo
mm o

i

ar
i
i

& FEMA -|anee

ssssssssssss | Material Complementing FEMA P-751, Design Examples

New Multi-Story Model (2)

D (vt Gwiwn o Lonh

el e
oln EHE ninn 7] seEE

| Degrading Strength and Stiffness Properties |

[y -

HHH

HEE

ke Mt s
LR

ooyt ] swomea | srowe3

& FEMA -|anee

New Multi-Story Model (3)

i
i
1

o

(IOl
EEE| eE] &]
Jese]se][s]

[EEE]

Structural and

l

EI
i

Nonstructural
Properties wroney | womeg | sroey

& FEMA e
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Instructional Material Complementing FEMA P-751, Design Examples

New Multi-Story Model (4)

Do (gtoms e Gmpen o oah D dobe By o

mnnl ¢ MEEEE

Nonlinear
Viscous Dampers

0 ool
oMo

it
i

[EEE

]

E'E%Dm@

L

& FEMA -|e

ssssssssssss | Material Complementing FEMA P-751, Design Examples

New Multi-Story Model (5)

[EEE]
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nnujun]a]
Il[Eee)ee) ]
| 'IEmmn
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& FEMA |
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New Multi-Story Model (6)
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& FEMA @i
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Instructional Material Complementing FEMA P-751, Design Examples

New Multi-Story Model (7)

& FEMA | et

Instructional Material Complementing FEMA P-751. Design Examples NONLIN and £0-Tools 1

New Nonproportional Damping Tool

=

& FEMA -|fove

tructional Material FEMA P-751, Design Examples NONLIN and £O-Tools 17

EQ-TOOLS: Version 3.0

*Ground Motion Search Engine

*Ground Motion History Analysis
¢ Linear Response Spectrum Analysis

* Fourier Amplitude Analysis
*2D and 3D Ground Motion Evaluation Tools
*Ground Motion Scaling

*Ground Motion Attenuation Relationships
* Site Response Tools

‘ Items in BOLD indicate significant updates since Version 2 ‘

& FEMA | et
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Instructional Material Complementing FEMA P-751, Design Examples

EQ-TOOLS Search Engine and Control Panel

T Bebers W ok e 1

P

& FEMA |G

Instructional Material Complementing FEMA P-751. Design Examples NONLIN and £0-Tools 1

. vty

i
T —
w12 TR ma  ms w3 m e —
[ Mt | _ome | st |
EMA - @
& FEMA -|Gahen nstructional Material FEMA P.751, Design Examples NONLN 300 €0 Tools 20

Fourier Amplitude Spectra Tool

I~ vt ot e sy

& FEMY
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Instructional Material Complementing FEMA P-751, Design Examples

Response Spectrum Tool

1™ Pt ol racte tow stucky

& FEMA —|wahee

Instructional Material Complementing FEMA P-751. Design Examples

Horizontal Components Tool

e S

i e

i FEMA ~|sive

ing FEMA P-751, Design Examples NONLIN and £0:Tool

Horizontal Components Tool (2)

T ks vecaon e o) Em i3]

A Pk

ns

nms

0,000

0

0155

00— tom 001
_J 2D Acceleration History "‘ syt NJ 2D Orbit Spectrum

4109 0055 0000 0055 0108

PGA)

2B FEMA ~|/ndhen
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Instructional Material Complementing FEMA P-751, Design Examples

Ground Motion Scaling Tool

e | | ]

[ S———
Pt ey fumtund bt | -

& FEMA -|e

instructional Material Complementing FEMA P-751. Design Examples NONLIN and £0-Tools 2:

Ground Motion Attenuation Relationships

*Older (Project 97) relationships and newer PEER

*NGA Relationships
* Abrahamson and Silva

* Boore and Atkinson
* Campbell and Bozorgnia

* Chiou and Youngs
® |driss

Relationships may be used as targets for scaling

Conditional mean spectra development

& FEMA |
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Ground Motion Attenuation Relationships

EET—T——— 5
e S
| Bl

Lo et e
T re—

& FEMA |

Instructional Material Complementing FEMA P-751 Design Examples

15 — NONLIN and EQ Tools



Instructional Material Complementing FEMA P-751, Design Examples

Site Response Analysis Tool

‘ Based on program “Waves” by J.D. Hart ‘

iren Darran P e schas o S Bengeorinn gt el Ay s

¥ L Barcyams Rusgiron Avatysn et Ty L et Porce Srutn
T Bt o s s Emtiep s Basgarse Arstn s T ot i
T artre baepumn besperon Armrin (St Shep) v v  ippern

T Pt Eass Raigoras Anabri | et T Slag )

L L ]

T T e gt 1 d
b, e e (secnin)
S b e ot e

i b 4w e

T

W Acteter s ol Fratie Ume fur Anatyin I Wrwrt Dt I Lamymdr Benpomms. 3
& FEMA - rshve
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Site Response Analysis Tool

o n m

L’Modified ground motion may be saved for further analysis in EQ-Tools |
FEMA | nshen

Instructional Material EEMA P-751, Design Examples NONUIN 0d £Q.T00l5 20

Access to Programs Through NEES Hub

¢« NONLIN and EQ-Tools are available as

online tools through NEEShub:
http://nees.org/

« Users must register with NEEShub before

using the tools.

» Use of tools may require Java plugin
(automatically provided by NEEShub)

& FEMA @i
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Instructional Material Complementing FEMA P-751, Design Examples

Access to Programs Through NEES Hub (2)

de -*— Discovery P

& FEMA ive

nnnnnnnnnnn I Material Complementing FEMA P-751, Design Examples

Access to Programs Through NEES Hub (3)

& FEMA -|fihve
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NONLIN: Version 8.0

*Nonlinear Dynamic Analysis of SDOF Systems
*Incremental Dynamic Analysis of SDOF

*Nonlinear Dynamic Analysis of Simple MDOF
Systems

* Elastic and Inelastic Response Spectrum Analysis
* Fourier Amplitude Spectrum Analysis

* Modal Analysis of Simple Proportionally
Damped Systems

*Modal Analysis of Simple Non-proportionally
Damped Systems

‘ Items in BOLD indicate significant updates since Version 7

& FEMA J]y,@"

Instructional Material Complementing FEMA P-751, Design Examples NONLIN and EQ-Tools 2

This presentation provides some of the key features of the educational computer
programs NONLIN and EQ-Tools. These programs were developed by Dr. Finley
Charney. Most of the funding for development of the programs was provided by
FEMA. The programs are available from NEES Hub as described at the end of the
presentation.

NOTE: It would beneficial for the instructor to demonstrate the programs “Live”
during the presentation.

NONLIN was originally developed for the Earthquake Engineering part of the FEMA
Multihazard building Design Summer Institute (MBDSI) that was held for many
years at the Emergency Management Institute in Emmitsburg, Maryland. The
program proved to be very effective in teaching the basic concepts of structural
dynamics, and is included on the CD for that purpose. The companion program,
EQ-Tools, was also developed for the MBDSI. The MBDSI training course was
discontinued in 2002, but both NONLIN and EQ-Tools have been continuously
updated.

NONLIN and EQ Tools - 2



SDOF Analysis Tools
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NONLIN provides tools for linear or nonlinear response history analysis of Single
Degree of Freedom (SDOF) systems. A large variety of loading functions are
available, including dozens of pre-recorded ground motions. In addition to the
original bi-linear model, the latest version of the program provides a sophisticated
degrading stiffness and strength model.
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Degrading Stiffness and Strength Model
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For the degrading model, the parameters can be set and then exercised
interactively before using in the analysis.
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SDOF Analysis Tools: IDA

[&] Nonlin Version 8.00 : untitied

[&] STRUCTURE PROPERTIES INPUT
Length Units

Dynamic Force Applied As...

& us.  inches

 Forcing Function

" BlastLoad

& Ground Acceleration
 Ine. Dynamic Analysis.

Degrading v]

 Free Vibration

© reet

UnitType
’(r METRIC

Dynamic
Analysis

Incremental

WEIGHT STIFFNESS K1

| STIFFNESS K2 i
| STIFFNESS K3

DAMPING TR |
| STRENGTH POS.

| STRENGTH NEG.

| STIFFNESS KG

CLINEAR ANALYSIS
(= NONLINEAR ANALYSIS
 INCLUDE P-DELTA

DEGRADATIIG PROPERTIES
Dynamic Properties -
Period, seconds
Frequency, Hertz
Frequency, Risec
Effective K1, kiin

3861 in‘'sec/sec

FORCING FUNCTION

Material C iting FEMA P-751, Design Examples

NONLIN and EQ-Tools 5

NONLIN also offers Incremental Dynamic Analysis (IDA). IDA analysis is useful in

research, and is utilized heavily in the FEMA P-695 Methodology.
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Incremental Dynamic Analysis
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This screen shows the basic IDA analysis window, together with results from an IDA
analysis of a single structure subjected to six different ground motions.
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Incremental Dynamic Analysis (2)
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In addition to running multiple ground motion IDA, one can select a single ground
motion and test the influence on a variation of structural parameters (e.g. damping).

NONLIN and EQ Tools - 7



Incremental Dynamic Analysis (3)

[ Incremental Dynamic Analysis
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In IDA analysis it is necessary to scale the ground motions, and this is done
automatically by the program (using single point spectrum matching).
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Incremental Dynamic Analysis (4)

[ Incremental Dynamic Analysis
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Various response parameters (damage measures) can be used to assess the
performance of the structure.
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New Multi-Story Model

[ Nonlin Version 8.00 : untitled
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One of the key features of the new version of NONLIN is a simple MDOF model.
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New Multi-Story Model (2)
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As with the SDOF model, degrading strength and stiffness properties may be set.
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New Multi-Story Model (3)
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Nonstructural properties (to represent gravity framing or other components) may be
included in the analysis.
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New Multi-Story Model (4)

[ Nonlin Version 8.00 : untitled
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The program also has the capability to model added damping, including nonlinear

viscous damping.
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New Multi-Story Model (5)
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This screen shows the behavior of a selected nonlinear viscous damper.
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New Multi-Story Model (6)
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The structure may be subjected to a single earthquake or to a series of earthquakes

(representing a main shock followed by aftershocks).
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New Multi-Story Model (7)
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A structure can also be evaluated for a suite of ground motions, as in ASCE 7

Chapter 16.
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New Nonproportional Damping Tool
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NONLIN also provides an interesting new tool to study the dynamic behavior of a
structure with nonclassical (nonproportional) damping. The animated mode shapes
are particularly interesting, as the change in phase along the height can be easily
seen. Note: This tool for illustrating nonproportional damping is separate from the
MDOF tool shown in slide 14, which is limited to a maximum 3 stories.
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EQ-TOOLS: Version 3.0

* Ground Motion Search Engine

* Ground Motion History Analysis

*Linear Response Spectrum Analysis

* Fourier Amplitude Analysis

*2D and 3D Ground Motion Evaluation Tools
* Ground Motion Scaling

* Ground Motion Attenuation Relationships

* Site Response Tools

‘ Iltems in BOLD indicate significant updates since Version 2 |
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The following slides describe some of the features of the new version of EQ-Tools.
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[ EQTools - Ground Motion Tools
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One of the main features of EQ-Tools is to evaluate ground motion acceleration
records. A large number of records is provided with the program, and suites of
records can be developed using a variety of search parameters.
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Ground Motion Analysis Tool
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This slide illustrates the results of the ground motion record plotting tool, comparing
the ground acceleration, velocity, and displacement histories of six recorded ground
motions.
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Fourier Amplitude Spectra Tool
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The program provides the capability to plot Fourier Amplitude spectra of the ground
motions. The small plots on the bottom allow a “traveling” FFT in which the change
in frequency content can be determined as a time window is passed through the

record.
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Response Spectrum Tool
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The program has a large variety or response spectrum plotting tools, including the
tripartite spectrum shown here. Ground motion spectra, average spectra, and code

spectra can be plotted simultaneously.
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Horizontal Components Tool

’ I™ Plot all records for study @ || | | |
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The two horizontal components can be plotted together vs time, or as an X-Y plot.
Polar spectra (two rotated components plus geomean at a selected period) are also
provided.
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I™ Plot all records for study .
‘ s

Horizontal Components Tool (2)

XY Plot - ~Polar Plot -

-0.028

0195 0.018

0.098 0.009

-0.088

0195
0055 0109

0109 -0.055 0.000

0000

0.003 0018

[minimum PGA)

| 2D Acceleration History ' 2D Orbit Spectrum
Im| T 1:15:59 PM, 28 =

Instructional Material Complementing FEMA P-751, Design Examples

& FEMA -|@pe

NONLIN and EQ-Tools 24

This is a close up view of the X-Y plot and the polar spectra plot.
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Ground Motion Scaling Tool

‘ I Plot all records for study
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EQ-Tools provides a large number of ground motion scaling tools. Dozens of
scaling options are available, including a method that satisfies the requirements
given in ASCE 7-05 and ASCE 7-10.
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Ground Motion Attenuation Relationships

*Older (Project 97) relationships and newer PEER
*NGA Relationships

* Abrahamson and Silva

* Boore and Atkinson

* Campbell and Bozorgnia

* Chiou and Youngs

* |driss

Relationships may be used as targets for scaling

Conditional mean spectra development
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A key feature on EQ-Tools is the ability to plot a variety of ground motion attenuation
relationships. More than a dozen such relationships are available.
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Ground Motion Attenuation Relationships
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This screen shows the results of a computation that produces a variety of ground
motion spectra based on the Abrahamson-Silva relationship. Different spectra are
provided for different Magnitude measures (ranging from 5 to 9).
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Site Response Analysis Tool
[13 ”
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EQ-Tools also provides the capability to perform site analysis, wherein the effect of
a soil profile can be investigated. The base of the soil layer is shaken with a given
ground motion record, and new acceleration histories and spectra are provided at

each soil layer. Both linear and nonlinear soil can be modeled.
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This slide shows the results of a site analysis.
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Access to Programs Through NEES Hub

NONLIN and EQ-Tools are available as
online tools through NEEShub:
http://nees.org/

Users must register with NEEShub before
using the tools.

Use of tools may require Java plugin
(automatically provided by NEEShub)

& FEMA -|@@pin , v , ,
) Instr Material Comp iting FEMA P -751, Design Examples

Access to NONLIN and EQ-Tools is provided by NEES-Hub. (This slide needs to
be completed)
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Access to Programs Through NEES Hub (2)
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NEEShub Screen showing the dropdown Tools menu.
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Access to Programs Through NEES Hub (3)
i‘ MNEEShub

About NEES

[rlogout Ty neesnhun

Search

Tools & Resources  Learning & Outreach  Project Warehouse

Simulation  Sites Collaborate Explore NEEShub

Youare here: % Home = Resources » Tools

Tools

What are Tools ? Contribute a Resource Select Resource Type to Navigate
Simulation tool is software that allows users to run specific Become a contributor and share your work with = T—— R CD
type of calculation. the community! The submission process wil it 8 Re6 s
guide you through step-by-step. | re— ((Search)
© Contribute a Tool
Select a tag in the first column, and then click on a resource in the second column 1o see its information in the third column,
Tag Resources SertbyTite ) Resource Info
[AN] > ) GOVA-N: Cantilever Beam Analysis )
3 NONLIN: Nonlinear Dynamic Time History Analysis
CATEGORY: data visualization and mgmt (16) GOYA-S: Simply Supported Beam Analysis
CATEGORY: angineering seismology (13) GOYA-T: Introductory Truss Analysis A computer program for nonlinear dynamic time
history analysis of single- and multi-degree-of-
CATEGORY: finito eloments (6] inDEED 5 oty gk
reedom systems, Leam more »
CATEGORY: geotechnical analysis (6} LARZ 2D

B e
N3DV

CATEGORY: simulation management (2)

CATEGORY: structural analysis (25) NEES Activities Yahoo! Desktop Widget
CATEGORY: telepresence (8) NEESdag
AUDIENCE: developers (7) NEEShub File Manager 0 review(s) (Review this
AUDIENGE: grades K-12 (13) NHCP 182 user(s), detailed usage
AUDIENGE: graduate (58) NONLIN: Nonlinear Dynamic Time History > Add to your favorites!
AUDIENGE: professional (56) NonlinPro: Pre and Post-Processor for ... 0 wish(es) (Add a new wish)
AUDIENCE: undergraduate (32) _ OpenFresco hee K740
EOT (14) * OpenSees Application Development 4 3 4

Instructi Material C I ing FEMA P-751, Design Examples

g g P 32

NEEShub Screen showing NONLIN “Launc Tool” option.
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Access to Programs Through NEES Hub (4)
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NONLIN running within the NEEShub online environment.
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Questions
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A slide to prompt questions from the participants.
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