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software is believed to be accurate, any computatiosaltsefrom use of this software must be
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NEESWOOD PROJECT OVERVIEW

The NEESWood Project is a four-year five-universitgjpct headquartered at Colorado State
University. The project director is John W. van dedtirat Colorado State University, and
Co-Investigators are Rachel Davidson at the UnivermsityDelaware, Andre Filiatrault at the
University at Buffalo, David V. Rosowsky at Texas A&Whiversity, and Michael Symans at
Rensselaer Polytechnic Institute.

The objective of the NEESWood Project is to develolpgical and economical performance
based seismic design philosophy to safely increase efghthof woodframe construction in

regions of moderate to high seismicity. For further tketplease see the project website at
http://www.engr.colostate.edu/NEESWood/.
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1 Overview

1.1 What is SAPWood

The program discussed in this manual is Version 1.thefSeismic Analysis Package for Woodframe
structures (SAPWood). It is now available for free dimad from the NEESWood SAPWood webpage at:
http://www.engr.colostate.edu/NEESWood/SAPWood.htm
This analysis program, developed based on the Seismigsisaf Woodframe Structures (SAWS) and
Computer Program for the Cyclic Analysis of SHEar WallASEIEW) (see Folz and Filiatrault, 2002)
concepts, is aimed at providing both researcherspaatitioners with a user-friendly software package
which is capable of performing nonlinear seismic stmadtanalysis and loss analysis for woodframe
structures. In addition to time domain analysis, sevadaules that support the NEESWood PBSD efforts
are included and described in Section 1.2. This softywackage is continuously under development and
upgrade versions will be made available approximatelyyesi@ months via the NEESWood website. If
you wish to register for the upgrade email alert, plesesed an email to John W. van de Lindt at

jwv@engr.colostate.edu

1.2 SAPWood Components

SAPWood is essentially a toolbox which allows the ueebuild, load, modify, and save a light frame
wood structural model for various seismic-related ys®s. There are two types of models currently
available in SAPWood: the first one is a bi-axial stk model which was introduced by Folz and
Filiatrault (2002) in the SAWS program (3DOF in eachnstwith a rigid diaphragm assumption); the
second one is a simplified lumped-mass shear buildirdeh{with only 1DOF at each story level), which
can be useful for preliminary uni-directional analyasied simplified design approaches. A fully coupled
bi-axial shear and bending model will be introduced withrétease of Version 2.0 in the spring of 2008.
SAPWood also provides the user the ability to build andlyae light frame wood shearwalls using
nonlinear connectors (nails, hold-down devices, screets) elements. This enables the analysis of
woodframe structures beginning at the fastener levehvalssembly (shearwall) test data is not available.
The module termed SAPWood-Nail Pattern (NP) analysigesgded to perform this task (the concept is
similar to the CASHEW program developed in the CUREE&ChItproject with some modifications).
SAPWood also provides the option of obtaining the shaldand drywall component parameters directly
from a database that is provided with the program. @@ the parameters from the database should only
be used to conduct preliminary trial analysis since théati@n of real shearwall behavior cannot be
reflected by the fixed database. Also included in Vergi@nof SAPWood is a preliminary loss estimation
module, in which vulnerability analysis and long term legsulation can be performed to evaluate the
economic loss of a structure during earthquakes. mhbyss is limited to basic structural components
and will be more robust in Version 2.0 of SAPWood.

The analysis options currently in SAPWood includeaditional nonlinear time domain earthquake

1



User’s Manual for SAPWood Version 1.0 2

excitation, Incremental Dynamic Analysis (IDA), System sfieyesis) Identification, Multi-case IDA,
assembly level analysis (SAPWood-NP), a shear walhrpater database, vulnerability-based loss
simulation, and Virtual Hazard loss simulation. MultseaDA can be used as a batch analysis tool to
perform analyses with a combination of multiple structuyastesns, earthquake records, and intensity
levels. This is useful for the comparison when competiegigns are being considered. There is also a
fitting tool within SAPWood that provides the user witmg-automatic fitting of shearwall test hysteresis
data for any one of the four possible spring modelsdhn be used in a SAPWood structural model.

Currently, there are four spring models included in the \88&d package: linear spring model, bilinear
spring model, SAWS-type ten-parameter hysteretic model REE) model” from CUREE-Caltech
project), and a 16-parameter evolutionary paramieysteretic model (‘EPHM model”). The detailed
information of these models can be found in the appesfdhis document.
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2 Tools and usage

This section explains the purpose and provides insbruédir each analysis tool in SAPWood.

2.1 Main Frame

Purpose: This window allows one to load a structure and/diedgit tools into the SAPWood workspace
(memory).

The Main Frame has three parts, the Main Menu, Worlesgaw Environment. The Main Menu is where
the model and all the tools in SAPWood can be loadedse. SAPWood currently supports House models
(*.sap or *.dat) and Shear Building models (*.sbd)\WS\input files (*.dat) can be directly uploaded into
SAPWood and the model is auto generated (however thidemngth and location will not be uploaded
since this information is not in a SAWS input file). The Wémace provides a place to view and modify
the structural models just loaded into memory (note thigeamay load as many models as he/she wishes).
The Environment allows users to modify the Unit sysige Metric or U.S. Customary) used in the
calculation based on the unit system in the input modgllfilalso allows the user to change the path for
all file outputs from SAPWood. However, note that théadk output is set to the root directory of the C:
drive (C:\). The PGA/Sa option in the environment alldies user to use spectral acceleration (Sa) or peak
ground acceleration (PGA) in order to specify the nsiy/magnitude of the earthquake for all the
SAPWood tool inputs (except loss estimation, where lioéce of the intensity indicator is specified in the
earthquake environment information file). If the Sa apfi® used, the user must also specify the target
period (Tn) and damping ratio at which the Sa ise¢@Waluated.
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1%

It is suggested that upon loading SAPWood you changeulput directory setting to th
place you would like your files saved. Otherwise ttadl output files (including the model fil
constructed by/within the model builder) will be output tolsy:default.

11

All files will be OVERWRITTEN without warning if you usehé¢ same file name and
directory.

There are two ways to upload a model; one is from ¥ilead model, the other is from
Workspace-> Add model. There is no difference betvilkem.

You can load multiple models into the workspace, they hél automatically named 4
HouseX(filename) or SbldX(filename) depending on whethis a biaxial house model or |a
shear building model. X denotes the sequence of loadiimg target model file can be viewed
by selecting the model and clicking “Information”.

%)

You can bring up the property window (which will be imbced later) and view th
information for a particular model simply by selecting ftstory, wall) and clicking on
“Information”. You can also alter the values by clickifgDIT mode” on the property
windows (for story and wall), changing the value, atidking “Update” on the property
windows. The model in memory will be changed, but thelehéle will NOT change.

1%

SAPWood will NOT automatically convert units. The Unifgtion in theEnvironmentsimply
tells the program what the units are for the model ififutThen the program uses the proger
value for gravity in the calculation.

If the Sa option in the environment tab is selected, @lhgaake scaling within most of th
analysis tools in SAPWood will be performed based onT&a. program will automatically
call a subroutine to scale the earthquake to the deSadohsed on the input values for bq
Tn and the associated damping ratio.

]

h

=

2.2 Model Builder

Purpose: To provide a tool to build, modify, and save theudural models (biaxial model and shear
building model) used in SAPWood.

There are two tabs in the model builder: one for bighdalse model and one for shear building model. The
user starts out by assigning the “Global” informat{total number of stories and number of structural

walls in each story for the model; or total number ofies for a shear building) and sets up an empty
5
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frame. Then the user can double-click on the compasiethe wants to define and bring up the property
window. In the property window, the properties (springetyparameters, mass, shape... etc.) can be set
and updated. After all component properties have besigreed, the model can be saved to the output
folder with the desired name. This procedure is ilatett in Figure 3 with 5 steps:

Model Builder:
File->New Model

Press “Set”, and
an empty frame is

generated
N¥Model Builder

54wS house | Shear buiding | /5
Set StOfy and L—Basc iffa = [ B House Model \/

wall numbers NoofStaies [5 || - Stoy{Undsfined)
Mo, of W alls: - walll[Undefined)

- whall2(Undefined)
- wlall AU ndefined)
- W alld[Undefined)

Set=> | - Wall5(Undefined)

=~ Stoy2[Undefined]
Enter the model Wl [Undefined)
. - wlall2(Undefined)
file name Filename: Wl I{Undsfined)

myhouse - Wall4Undefine
*You can import the
model from the
workspace and modify
rather than start from
scratch

[+~ Story3AUndefined]
*Use “Reset” to

544

Double-click on the
walls and stories to
assign properties

Save it to the output

start over folder

Figure 3. Model builder for house model
A similar procedure can be used in building a sheddibhg model.

¥Model Builder
S house  Shear building |
el — |[ & Shear Buiiding Model

Hio.of Stories: |3 i Storyl [Undefined)

- Story2 [Lndefined)
i Stan3 [Undefined)

=0l x|

Shear building

i

Set=s
model builder

Similar to House model builder

Filenarne:

riyzbld

Save |

|M 2 I |rport |
Skidl

Reset | Cloze |

Figure 4. Model builder for shear building
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The property window for a wall element is where you matgrethe input wall direction, location, length,
height, concentrated mass on top of the wall, wall moged {please refer to the Appendix for detailed
information on the nonlinear models), and the hysteres@npeters associated with the model type. Other
options for hold-down configuration are under deveiept and will be included in SAPWood Version 2.0.
Once the user clicks on “Update”, the information fag thall will be stored in the model (it can be
modified later by double clicking on the wall at anynd). There are four model (hysteresis) types
available in SAPWood currently: Linear, Bilinear, SAWS -pamameter model, and a 16 parameter
evolutionary parameter hysteretic (EPHM) model. Notéttese hysteresis models can be mixed within a
single house model.

Wall properties {(Story 1: Wall 3) x|
W all Info
Direction: W oy

Lenigth: IEI.EEIE+EIEI'I Height; IEI.EEIE+EIEI'I
Location: s IEI.EIDE+EIEIEI b I2.?EIE+EIEI2
Concentrated b azs: IEI.EIEIE+EIEIEI Mass oplion

& |sze Mass
Rotational bazs: IEI.EIEIE+EIEIEI

 Use weight
Element type:
¥
16 parameters: KO FO | pio o DF1a DF1b pF1
prd 41 Beta Fur S Hysteresis

EPHM Hysteresis
I9.EEE+EIEIEI 3.91e+000 8.042-000 7. 75e-002 -5.172-002 1.322+000 .

Cancel | ¥ Edit made IJpdate |

Figure 5. Wall properties window

The property window for a particular story level (iretsimplified shear building model, the story element
is equivalent to a wall element, that is, a non-lineamgp is the place where the shape of the floor
diaphragm, distributed mass, and concentrated madsedioor can be assigned. The nodes of the floor
must be input in a counter-clockwise fashion. The useptat the illustrative floor shape, locations of the
concentrated mass, and wall locations (if wall infororatias been entered) to check the input by clicking
“Plot and Calculate”. The geometric properties and tatdtiduted mass on the floor will be listed. The
plot is not meant to be detailed, but rather to providalppark summary for the user to identify gross
problems with the input.

The user can choose between Mass and Weight as st the masses. Mass units means the actual
physical unit for mass (Ib*sén for U.S. unit system and kg for S.I. system), arel Weight units are
defined as Ib in the U.S. system and Newton for thesggstem.
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= # i il R

Be+002
3.63e+002, 0.00e+000 | | |
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configurations

v ED

Cancel Update |

Plot ahd Calculate |

loor Shape Information:

Area=1.53e+005 lllustrative floor shape, wall
M asz=19 25e-002 location, centroid and

Centraid=[318.77.142 36 concentrated mass locations
J=£ 5939e+003

Figure 6. Story properties window

All of the model files are editable text files. Sometimemdy be easier to use a text file
editor to create and modify the model files. Pleaserrad the input file format in the

Appendix.

All the locations (for walls, nodes, and masses) inptat the model must be based on a

single global coordinate system arbitrarily assignedhieyuser. It is usually easier (but not

mandatory) to keep the entire plan view of the buildimghe first quadrant as shown
Figure 6.

Both the biaxial model and the shear building model in Sé8¥\tan be constructed with
mixture of different nonlinear/linear models.

The nodes for a floor must result in a realistic geoimshape.

If there is no distributed mass or concentrated rmagbe floor, the user can input O for t
distributed mass value and leave the concentratedbtzasgs

If the user does not want to assign any mass to individalls, the mass and rotational ma
of the wall can all be zero.

ne




User’s Manual for SAPWood Version 1.0 9

Although the user is allowed to input and view the masbath physical mass units and
weight units, the data saved to the model file will alwassnbphysical mass units. Be aware
of this when you want to write a model file by hand uded file editors.

]

The “Import” option in the model builder allows the useruse a model currently in th
workspace as a startup frame for the new model. Hmise very useful if one need to build a
series of model with only a few differences in part ledé £lements, i.e. checking variolis
designs of the same floor plan. It can also be usedrisfer a SAWS input file to a SAPWoad
house model file. To import a SAWS *.dat input file, siynpnport the model and save
under a new name — SAPWood will recognize the file.

—

2.3 Single Earthquake Excitation

Purpose: To perform time domain analysis of a house or sheddibg model with an earthquake
acceleration time series record and view/output thalteesf the analysis. This module also provides the
modal information of the structure through fundamentabgesind mode. Higher order modes can also be
obtained by performing Eigen value analysis on theadyic matrix provided.

The use of this analysis tool is illustrated in Figure 7 ste@s:

Step 1: Load the earthquake record. The only earthdiilakiormat SAPWood can use currently is the
*.eg2 file, which is a text file with time T, Ax (accedgion in X), Ay (acceleration in Y) in each row,
separated by a space. An example of the eg2 file edaumd with the distributed software package. The
units in the eg2 file MUST be in gravity (g), for exdmp.6g is 60% of gravity. The program will multiply
the eq2 data by gravity (depending on the choice ofsystem) before analysis. This configuration allows
the use of same input files for both the U.S. andsgstem.

Step 2: Choose one structure from the workspace.régisres the user to load the model into workspace
before loading the analysis window. Otherwise the model watl appear in the list of choice in the
analysis.

Step 3: Input analysis parameters. Initially, the usercb@ose to scale the earthquake in both directions or
use the un-scaled record by leaving the option unche&8kede the analysis is by default bi-axial, you wil
need to put 0 in one direction if you want to do a axial analysis. You will also want to choose an
appropriate time-step value which will be used asritegration time increment in the analysis. If the time
step is bigger than the time interval in the earthquakerd file (can be read from the earthquake Info
label after the earthquake is loaded), the record tirrexvial will be used in the nonlinear time domain
analysis. It is recommended to keep the time step b@l0@b sec if there are non-linear elements in the
structural model. One way to examine if the time stegmiall enough is to look at the hysteresis plot after
the analysis. If the corners of the resulting hysterastsangular (with the obvious exception of the

bilinear hysteresis), you may want to decrease the tiepe $he damping ratio here is a simplified way to
9
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apply damping based on the Mass Matrix and Initial &#nMatrix of the system (Please refer to the
FAQ for details). The “Switch X-Y” box is an option &pply the earthquake record in X direction on to
the Y direction of the model, similar for Y axis. Finallye “time interval for maximum average
acceleration” is a time interval used in the analysisaloulate the maximum average acceleration of each
floor. Because numerical integration may result in irr@gtdpikes” in the acceleration time history, which
does not reflect the realistic acceleration experiencalébffoor, using the average acceleration in a given
short time interval will help reduce the influence of muical fluctuation.

Step 4: Press the analyze button and you will see tgggas bar move from left to right. A typical 2 gtor
house that contains about 20 wall elements under acA®asthquake will take about 10-15 sec to analyze
on an up-to-date PC. After the analysis is complete,Alkeimulate” button will be enabled, allowing the
user to run another earthquake record (differerdrosccan be used by loading a new record) with the
already damaged structure. This is a unique featurr&APWood due to the use of the hysteretic model
with damage-accumulation ability. Notice the accumulatedyais will be slightly slower than the initial
analysis because the entire time history result is bagogmulated, occupying more physical memory
space.

Single Earthquake analysis: Load earthquake record
Analysis->Eq excitation (Acceleration)

M single Excitation Analysis

hquake Record

HAeceling) Yldeoel ing) Load |

General Info: EQ Dt=2.00e-002, Duriation=21.98, PGA=0.58303(g)<.0.58978(g]y".

Choose structure

model from the

workspace Plots and info

about the

£ Shear Building Chonss = | earthquake

¢ Biavial model Houze[3D0F)

Structure

Input analysis

Ainalpsiz

parameters A v Scale Earthquake ta: ID. 45 }g]a'{] ® |0.4 }g]a'{] Y
Time step: ID. ons = l Sec. D' amping Ratio ID. n - l W Stk 2
Time interval for maximum average acceleration [Sveraging dt): ID.2 Sec Accumulate if

ENEERENNNERRANENEEEN A,nalrzel Accumulats needed
N

Cancel Dane
_l Run analysis and g _l
progress bar movesJ

Figure 7. Single earthquake excitation analysis inp  uts

Step 5: Go into the “Mode info” tab where the fundatak period/mode and dynamic matrix can be
obtained by clicking the “Calculate” button. The usan choose between “Initial value” and “Current
value”. “Initial value” is the modal analysis results frdine initial stage (new structure). “Current value”
indicates the modal information after the most recent gaatte excitation and is calculated based on the
damaged structure. Typically, the damaged structureldhmave a longer period. An unrealistic long
natural period or “NAN” result usually indicates the ingliggb{failure) of the model.

10
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rChoose initial or

Egsingle Excitation Analysis

. =1olx|
—TE damaged info
& Iritial Walue 7 Cumrent Value
Calculate |
Fundamental Period=0.3927 265
Fundamental mode: Diynannic matrix;
1:-1.1842-003 6.964=-004 7.275e-004 1.499e-006 1.k
%2 -1.253e-002 E6.964=-004 1.472e-003 1.499e-006 1.
1 4.705e-001 1.499e-006 1.566=-006 1.299e-003 1.2
721 8.823e-001 1.433=-006 -1.934e-005 1.299e-003 31
R1:-4.928e-004 -6.302e-008 -6.583=-008 -4 708e-007 -4,
RZ2:-8.798=-004 -6.302e-008 3.326e-007 -4.708e-007 1.
The mode and dynamic
2 »
matrix !
Cancel | Done |

Figure 8. Modal analysis results
Step 6: After the analysis, the user can easily get a@ddea of how the structure performed by looking
at the results tab in the analysis tool. The user canvaso the time history plot of any global DOF
(including restoring forces and moments) and the hysteresponse of any wall element. The selected
wall will be highlighted as the user browses among the whlien, the file output option leaves it to the
user to decide which data should be saved as text @leseral Info (*.gen) will always be output and it
contains the maximum global responses. Global resutido] includes the time history results of global

DOF's (force will not be included unless “Includede” is checked). The wall hysteresis (*.hys) contains
the data of the hysteresis plots for every single wall.

11
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View results after
analysis is completed

View Global DOF
response time history

ﬂgﬁingle Excita¥ i . _ ﬂ
Inputs ] Mode info  Results
Time Serige Respongs

Hysteresis

Stary: 1 - Wl 11

View Wall
hysteresis
response

Wall

highlighted
with hysteresis

Output file

File Dutput Optlons

I ¥ Global results |7 [ whall Hysteresiz

taodel name far autput files: |H0use1 [3DOF) / Output
Cancel Done
4 rOutput results tﬁ 4

| text files |

Figure 9. Single earthquake excitation results

Accumulation analysis can be performed to model ssoeesearthquakes or repetitiy
excitation from a shake table. The results can be eleglring the accumulation to obserye
the propagation of damage within the structure.

D

It is easy to see if the elements behaved as expbyteubking at the hysteresis plots. If the
hysteresis plots are not satisfactory or the conwerés poor, one can decrease the timestep
value to make sure that the hysteresis shape looks appropriate.

You may not need to output all results for every aigjyfor example if you are using a tria
and error approach to achieve a certain drift, you omhy want to see the maximum resporjse
in the *.gen file.

You must close the analysis window to load new modétstime workspace. So load every
model you need before opening the analysis window. Thisiésfor other analysis window,
also.

2]

If there is an unexpected error during analysis aedtithe-step is small, check the model
first.

12
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D

If there is an unexpected error during plotting, chéckour model has walls in only on
direction (which is unrealistic and will cause a singutdmgss matrix). If so, the restoring
force in the other direction will always be 0 and resuk jplotting. The rest of the results are
still good, plotting the force in that direction shoblelavoided under such a situation.

If the results seem to be too large, it either indicHitesstructure is not strong enough or the
time-step is too large. Also, be sure to check thatngientering weight values as mass.

The Switch X-Y option switches the input AFTER the relsoare scaled. So the scaling|is
based only on the X and Y direction of the earthquakerd, NOT the X and Y axis of the
model.

2.4 Incremental Dynamic Analysis (IDA)

Purpose: To perform Incremental Dynamic Analysis on a singladitire using a single earthquake record.
View and output the analysis results (IDA curves) aitelysis.

The use of this analysis tool is illustrated in Figure 16 gteps:
Step 1: Load the earthquake record.
Step 2: Choose the structure to be analyzed from thicspace.

Step 3: Set biaxial options. The “What is this?” buttorh @plain in detail how the bi-axial option works.

In summary, one can choose to apply the intensity tagjaewo either the X or Y direction earthquake
record. If Ax is scaled to the desired value, the PGAyds scaled proportionally according to the biaxial
ratio the user enters. The analogous situation appli®sig scaled. The “original X:Y” option forces the

relative ratio of X to Y be the same as the originatheprake record.

Step 4: Set the PGA or Sa vector. By entering the deBiBs&l and hitting “Add”, a list of PGAs will be
created and will be used to scale the earthquake A&y(d using the “Y only” biaxial option) during the
IDA.

Step 5: Set the analysis parameters and click on thesanblytton. The parameters are similar to a single

earthquake excitation case, except the analysis wil sadnificantly longer depending on the number of
values in the PGA or Sa vector.

13
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Single Earthquake analysis:
Analysis->IDA

[7® incremental Dynamic Analysis =100 %]
Inputs | results I

—Earthquake Record
Az [Shape]:

Ay (Shape): Load earthquake

record (Acceleration)

Choose structure
model form

General Info: EQ DE=2.00e-002, Dunistion=25.18, X [PGAJ=0.929
workspace

r— Stucture

€ Shear Building H 1
Houzel - Choose => | ouse

% Biawial model

Set biaxial

accelg[_ration =
ratio
PBA(g: |04 W Orginal X l‘ e
1 b 8 ampirg ratio: m
M cowxa [
<=_De'| ‘wihat is this? |

Set Intensity
vector

Set analysis
parameters and run

Figure 10. Incremental dynamic analysis inputs
Step 6: From the results tab, the user can plot tedDany global DOF or local (wall) response. The
numerical values of the plotted curve will also be lisiedhe table at the same time. Finally, one can
output all IDA results to a text file (*.IDA) using the put option.

View results after

analysis is completed Wall IDA

Global IDA

results results
-remental Dynamic AnalyS =
Inpuls  results | /
—Global ID&

Element [DA& 1/

h ‘PGA[g] Responzs Stomp Moo [q - PGAlg] Responze
Stary Mo: I j 0.00, 0.00e+000 I J 0.00, 0.00e+000

010, 2.80=-00 0,10, 5.83=+002
DOF: D | [0.30, 1.4de+000 Element: |2 vl 0.30, 9.17e+002
050, 3.73=+000 0.50, 9.15=+002
0.80, 8.34e+000 0.80, 9.52e+002
1.00 . 1.22e+001 DOF: |__,F0,Cd ~| |1.00.1.01e+003
Global IDA plots

Local (wall) IDA

DA data output name: IHouse1 Olutput |
Output
Cancel | results to Dane |
text file

Figure 11. Incremental dynamic analysis results
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It is a good idea to run a few single analyses first riteioto determine the maximum
earthquake intensity you would like to use in the IDAydu're unfamiliar with the
performance of the model.

The plots generated in SAPWood are intended for illusgaiiwposes. If you need a plot pf
publishable quality, the plot should be generated usimgmercial software such as Excel or
MATLAB.

2.5 SDOF System Identification

Purpose: To obtain the cyclic/monotonic load-displacement prigerof a house system for a single
global DOF by forcing it through a predefined disptaeat protocol.

This tool provides a way to simplify the effects of #ivtire lateral force resisting system in a floor or
entire system to a single degree of freedom nonlir@angs It can then be used in a simplified structural
analysis or to determine the load resisting propestigse entire structure. The use of this analysis i®ol
illustrated in Figure 12 in 4 steps:

Step 1: Load the displacement protocol file. SAPWood ealy read a displacement protocol from
displacement protocol files having the following extengiopro). This should be a text file that contains
only one column of displacement values (one on eawsf). Examples of a protocol file may be found in
the distributed package.

Step 2: Select the structure model. Only a biaxial howadel can be chosen in this analysis option.

Step 3: Set the analysis parameters and run. Thecptatan be scaled so that the maximum value is equal
to the value input by the user. The user also neesisldot the global DOF of interest. The sub-step Igere i
again used to divide the original displacement increrfggth in the protocol file to obtain the analysis

displacement increment.

Step 4: The hysteresis of the global DOF can be ¢ottpa text file for future use. The file will be in the
output directory with the extension *.ehy.

15
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Resulted global

Single Earthquake analysis:

Analysis->SDoF I|dentify hysteresis plot

[Biyclic Pushing Analysis .
Displacement Protacel Load the displacement

protocol

Choose

structural model

Info: The protocsl maxinun is 5.00, the maximum P~
step iz 5. 00e-002. o

Structure

Housel - Chooses> | [fouset

—hAnalysis Output

¥ Scale to Max= |3 H

Story: |1 =] Def: I]Jx -

Cancel |

Filename: l—}“““l

/4”@“
Tone |

Output results to
text file

Set analysis

parameters and run

Figure 12. SDOF identification analysis

The house model should have walls in both directionfinorate unexpected numerical error
and instability.

The program might allow the user to push the structunertealistic (very large) displacement
values. But the user should use their experiencetesrdime the credibility of the results. For
example, if one ‘pushes’ one story of a wood fratnecture horizontally for 3 ft, the results
up to a ft or maybe 1.5 ft are usable.

Try increasing the sub-step value if the plot does eeimsto be a reasonable looking
hysteresis.

The protocol file can be very “coarse” (containingyothe key points), then simply use|a
large sub-step number to get a refined result.

2.6 Multi-Record IDA

Purpose: to provide an automatic tool to compare the dynamipgties of multiple structures under
multiple earthquake ground motions and intensities. It alan be used as the tool to perform batch

analysis.

The use of this analysis tool is illustrated in Figure 18 teps:
16
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Step 1: Choose multiple models. The models do not nebd to the workspace. Only the same type of
model (Biaxial or shear building) is allowed for analysigny one Multi-IDA. The file name of the model
will be added to the list after it is loaded.

Step 2: Select multiple earthquakes. The file name oé#inthquakes will be added to the list after each
one is loaded.

Step 3: Enter the PGA or Sa vector.

Step 4: Set the analysis parameters. This includesithaeidb option, time step, and damping (percent
critical). Note that the time step is used here insteadsnb-step since different earthquake records might
have different time increments. The program will autticadly assign different sub-steps to each
earthquake so that the time increment is a constamdsaafl earthquakes.

Step 5: Choose output options. Checking on “Analysis Vall provide a *.log file recording the analysis
inputs and parameters. “MDA file” will generate *MDA dilwith all the maximum responses. By
checking “All single files”, the analysis will output ali¢ *.Glo and *.hys files for every single analysis
performed in the MIDA. This is equivalent to a typibatch analysis.

Step 6: Run the analysis. Since the multi-case IDA mag s@gnificant time to run, result files will be
automatically generated after each time domain analysswith help ensure that your hard work is not
lost due to hardware problems or a system crash)pitbject name is assigned by the user, these files will
be saved under the assigned project name. Otherwisgrahem will generate a file name based on the
time and date of the analysis automatically.

Single Earthquake analysis:

Multi-Ans->Multi-IDA r Choose Multiple ]

M Multi-case DA

- Models
Inputs | Rezultz I }

Structure 1
O Hauge @ S urSAPwWood\sap model\Phase3EPHM. zap |

urSAPwWood\sap model\B enchiark. zap
| | Choose Multiple
Add F
Sl Earthquakes

Earthquake |

B—
urSaPwoodyreduced eqidnordneqs o
Add Earthquake | uwsSAPwoodyieduced eqibcm] r.eq2/ L Set analySIS

Enter

. . Fremave |
Intensities

Add=> ¥ Analyziz log ¥ MDA file v

l—
4: Awveraging time: |D2— Sec
_Carca |

urSaPwWoodvreduced eqidomzreq?
parameters

Project name: ImleAresuIt ¥ Switch #4

Time step [Sec) ID.DDE 'l Damping Ratio  |0.01 -

2
4
8

—ooo

<=Hemove Sl - " —
indle .
. ' / Specify output

options

Cancel —

Run analysis
Result and script file
automatically created

Figure 13. Multi-case IDA inputs
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The user can view the IDA curve results for each@hfrdm different earthquakes following the analysis.

Both global and local DOF plots are available. One eaput data from the current plot to a text file (*.txt)

to obtain better quality plots, using the software pagkafgtheir choice. In this output file, the PGA/Sa

values will be in the 1st row and the IDA values froraleaarthquake will be listed in the same order the
earthquake were input in SAPWood for analysis.

View results after
analysis is completed Choose the IDA J
: d

curves to be plotte B ] B
Inputs Hesultsl
Global Results Element Results
Stucture |BenchMark.sap ~ ﬂ Structure |BenchMark.sap ﬂ
Stary Wall
Stony 1 - DOF  |pw - ! h ! h
DaF Force -
FlotName |WiDaplon ‘wltite FlotMame [pID4 plot2 “wlrite |

Output the Current
plot to a text file

Global and Local
IDA plots

Cancel Daone

Figure 14. Multi-case IDA results

O

Multi-case IDA is often a very computer-intensive procedd’he program will not respon
during the process, so one can just minimize the avindnd let it run. It is always a goag
idea to estimate the total time by multiplying the single aslyime by the number o
earthquakes, structural models, and PGA/Sa points.

- o

2.7 Manual Fitting tool

Purpose: To provide the user with a tool to determine nonlineaingpmodel parameters based on an
experimental hysteresis or hysteresis result from SD@ftifetation.

The use of this analysis tool is illustrated in Figure 15 gteps:

18
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Step 1: Load the hysteresis file. Any text file with leyssis data organized in 2 columns (first column is
drift, second is force) can be loaded into SAPWooe. fAysteresis will appear in red after it is loaded.

Step 2: Choose the model type to be fitted (Linearn&dr, ten-parameter model used in SAWS, and
EPHM). Once a model type is chosen, the programautibmatically generate a set of trial parameters in
the parameter list. Then the user can start with thexsemeters, modifying them to obtain a better fit.

Step 3: Try different sets of parameters. Every tineeghrameters are altered, click on “fit” to see the
results of fitting (the white line is the model hysteresis)

Step 4: Alter parameters till satisfied. The method Iter gparameters for a particular model differs
depending on the model itself. Please refer to theeldmkcription in the appendix.

Step 5: The user can output the plotted data to aikextdf that it can be used later in other programs. Both
the original data and the model response will be oufhutte

Single Earthquake analysis:
Tools->Manual fitting

Alter parameters till
a close fit

Choose model
type to be fitted

Load test or
identified
hysteresis

Load Hysteresiz |
Substep:

12 :-5.000e-002
Model: EPHM hpstere = | |51 ;1. 488=+000
pl :-0.80e+000
— Fi | Flm : 1260
Fir : 4.022e+01
. DFla: 6.200e
Qutput file name: DF1b - 1.488

Output plot

data

Try parameters

pF1 :-2.000e
plotCompard] prd + -2 200=+000 |
rdr : 1.000e-004
Cancel | Save | beta : 1.100=+000 =l
For - B AE2a.nm

Figure 15. Manual fitting tool

2.8 SAPWood-Nail Pattern

Purpose: To provide the user with a tool to build and analykheaswall assemblies using non-linear
hysteretic nail/connector elements. It is similar to @&SHEW program developed in CUREE-Caltech
project. This module currently includes two parts: thelehduilding and analysis tool. More convenient
model building options will be added in the future.
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2.8.1NP Model Builder

Purpose: This is an interactive tool to build shear wall modgith components (studs and panels) and
connectors (nail, screw, etc.). The model built in thid can be loaded into the SAPWood-NP Analysis
module to perform monotonic or cyclic loading analy$ise NP model has 3 degree-of-freedom on every
component (stud and panel). These components undgiddoody displacement with the restraint of the

nails connecting them together.

The use of this tool is illustrated in Figure 16 in 6 step
Step 1: Load the NP model builder.

Step 2: Enter the total number of studs and panelsunwall, and press “Set”. A list of studs and panels
with an automatic numbering sequence will appear inishbdx below.

Step 3: Input the center location in global coordinéiteis up to user to establish the global coordirmte
any location in the wall plane, but the X direction mhestorizontal and Y direction must be vertical. This
coordinate system, once established, will be usedditr dbmponent location and nail line location input).
It is recommended that the user always set the 1st stydg#tie top stud. Then the “pushing” DoF during
the analysis will always be “1X”. The user must alsoatdeast 1 fixed component (usually the bottom
stud) as boundary condition to fix the wall. Just thafkthe model as a wall being tested in a cyclic
loading test, all the studs that will be bolted to the grostmould be assigned as “fixed” in the model
builder.

Step 4: After all the component information has been gitlen user can input the information for nail
lines. This part is similar to the CASHEW program, theruseeds to specify the start and end points of the
nail line, the nail spacing, nail parameters, and the ooemts this nail line connect. NP builder offers
input options of inputting nail numbers, direction, apdaing instead of start and end points (when you
choose to input with start and end points, direction will géndae “other”, which allows you to use nail
lines in any direction.). Nails in a SAPWood-NP mockeh be a mixture of different hysteretic model type.
Linear and bilinear models can also be used. Nail lres connect studs and panels as they do in
CASHEW; they can also connect stud to stud so that fgmail behavior and hold-downs can be
modeled (in this case, the user might use a nail line ¢mtios just 1 or 2 framing nails).

Step 5: Apply the nail line after all the information hasrbestered, the nail line will be plotted in the
plotting window below and added to the Nail schedisleblox on the left. Check if there is any error in the

input. If there is, the user can delete the nail liaguist entered and re-enter the information again.

Step 6: After all nail lines have been entered, saventtiel under the file name of choice.
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EqsaPwood 1.0

File | Analysis Mulki-Ans Loss analysis  Tools  Help

EC excitakion
IDA
IMA
SDoF Identify
Pushovet:

Load NP model builder

Build
Analysis

Enter information on
nail-lines, including
start/end location, spacing,
Amodel type, and connection

Input number of studs and panels
and press “Set”

ﬂgBuild NP model

—Basic Info \J Mai pattem

Taotal number of Studs and Panels Set it e |24 Yy |_43 Spacing: IE

: Fangls:

Studs: IB— anels: |1— ¥ End X |.24 - |-48 [~ Mai Mumber: l—
i Global Location

Clnd 81 % ¥ Direction: = along % £ along & Other

™ Fised # ¥ Type: ICUF!EE hyste VI Mail schedule

Global Coordinates: Update Parameters: ?gﬁ['[22‘:4482]#[224442]2]@@52'2%?

SN:[24,45}(-24.-48) @ C3C7

[C1)5tud #1: 0.0_46.0 5536+003 210e+002 3e+001 1.00-002 0.0, |

Connect:

Update center location of each
stud and panel component. Fix

I
Reset | Save

ﬂl The nail-lines will be plotted
Save your model. ’ and appear on the list.

Figure 16. SAPWood-NP model builder tool

Some users might find it easier to create the modelftle a txt editor rather than using the
model builder. Please refer to the NP model file fdrimathe Appendix for file format
information. The model file has an extension of *.NPS.

The NP model does not allow 2 nails in the same localficuch a configuration is needed
the user can shift one of the nails with a very smalbwar of displacement (such as 0.p1

inch) to avoid an error message.

The unit system in the NP model is the same as the glutidéls. Always be consistent with
the unit system in which your nail parameters weretcocted.
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2.8.2NP Analysis

Purpose: This is an interactive tool to perform monotonic ocliyloading analysis on the shear wall
models built from the NP model builder.

The use of this tool is illustrated in Figure 17 in 5 step
Step 1: Load the NP Analysis tool.

Step 2: Load the protocol file. This will be the displaeatrprotocol the wall is to be displaced with. It can
be either monotonic or cyclic.

Step 3: Load the model and the plot of nail lines will appgé¢here is an error message, please check the
model file.

Step 4: Set analysis parameters and analyze. Thesenpirameters include: protocol scaling parameter
which allows the user to scale the protocol to a maxirwalue, sub step parameter which divides the
protocol increment into sub steps, the pushing DoF wdliclhvs the user to choose the DoF of the model
on which the protocol is to be applied (typically the trmamsDoF in X at the top stud for a shear wall
analysis), and the Check nail option that makes therpmogtore the hysteresis loop for every nail during
the analysis (can be used to detect the most damagawbiom the loading process and/or nail failure).
The analysis will be slowed down if the “Check naifition is selected since there may be hundreds of
nails to store in memory.

Step 5: Check results after the analysis is completedhyi$teresis loop for the wall at the Pushing DoF
will be plotted immediately after the analysis. The usersea the hysteresis to a file for future use (such
as fitting with the Manual fitting tool or loading into aet program for plotting purposes) or begin to fit
the wall level parameters in the analysis window (thegtare is exactly the same as Manual fitting tool).
If the Check nail option was selected before analysisugier can plot the hysteresis loop for every nail in
the X and Y direction to see if the connection hadesed degradation, if desired. In addition, the
deformed shape of the nail lines can be viewed byiolickn the “Max” button above the nail line plot.
The “Initial” button is to bring the plot back to the-deformed status for comparison.
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£y sapPviood 1.0

File | Analysis Mulki-Ans  Loss analysis  Tools  Help

ECy excitation

DA
T Load the

SDaF Identify Analysis tool for

Pushaver NP model.
MP model

Set analysis parameters.

Load the protocol.

Load NP model.

Check results.

Fit wall parameters.

Check nail hysteresis.

Save analysis results.

Figure 17. SAPWood-NP Analysis tool

There might be situation that the NP analysis results ddooktlike a realistic hysteresig.
This might be the result of excessive displacement. Keepind one can only push the wal
within a limited range of displacement.

If the analysis goes unstable very fast during logdcheck to see if one or more components
are not constrained enough to prevent rigid bodyanot

Changing the number of sub-steps may help convergence.
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2.9 Wall parameter database

Purpose: The wall parameter database is a toolbox to genestatarwall and drywall parameters for
different wall height, length, nail pattern, etc. It was depet from NP-analysis results for standard wall
segments. So it should only be applied to solid walinesds.

Currently, the wall parameter database is developed wmdethe U.S. unit system. This database serves
only as a reference in preliminary stage of analybisre/the wall test data is not available and detailed
analysis is not necessary. The model for drywallhi@ database is ten-parameter CUREE model. All
shearwalls are modeled using EPHM.

The use of this tool is illustrated in Figure 18 in 2 step
Step 1: Load the wall parameter tool box, read the warinfiormation.

Step 2: Specify wall configurations, input wall length {ithes), click on “Get parameters”. The
parameter for the wall will appear in the list on the rigih s

This procedure is good for a small number of wallshére are a large number of wall configurations that
need to be evaluated, the other option is to createpan file containing all wall information, generating
wall parameters all at once. The format for the wall caméiion file can be found in the Appendix: Input
file formats.

Load the database

Load wall
configuration file

Input wall

information

Generate
parameters for all

parameters

Save results to a txt file
%[ Obtain wall j

Figure 18. Wall parameter database toolbox
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Tips.
If the S.I. unit system is desired, one should use dett or SAP-NP model rather than
convert the U.S. unit based parameters in the datalsasee there are dimensionlegs
exponential decaying parameters which may be difficuttansform from one system to the
other.

11%

The shearwall database should only be used in baslgsento help gain a feel for th
structural behavior. There is large variation in thstésesis of shearwalls even with identigal
nominal configurations. This variation is not considierethis parameter database.

2.10 Loss analysis

Tools to simulate and predict economic loss in woodfraimectures under earthquake hazard analysis are
integrated into SAPWood based on the long term losysiadtamework developed by the author (2007)
and the assembly based vulnerability framework propbgeBorter (2000). Two simulation procedures
are included in the loss analysis module. Vulnerability thasmulation first generates single earthquake
vulnerability model for the target structure through tioheenain analysis simulation; then the vulnerability
result file is loaded to perform long term loss simulatiorViual Hazard procedure simulates the entire
life-time of the structure with successive time domain ass\yon a damage accumulation model. Details
of both simulation procedures can be found in PE)720

The Loss-analysis module released with SAPWood 1.0 diabeen fully calibrated. The user should be
aware that the results of the loss analysis depenteonser's own input information and do not represent
the opinion of the authors.

In addition to the structural model, additional cost hagard related information for the structure needs to
be inputted for the analysis. In the current vergib8BAPWood, these inputs are organized in form pdiin
files including an Element information file, Componentgfliy file, and Hazard environment file. The
Element information file presents the damageable eleniesitde the structure and the way in which the
damages are related to structural responses ofttbetural components. The Component fragility file
presents the relationship between structural resporseepair cost for each type of component. The
Hazard environment file indicates the earthquakerdesoite, earthquake occurrence information, and
hazard curve data. These files are used in both siowlgrocedures in SAPWood. The detailed
information on the format of these files can be founthénAppendix: Input file formats.

The use of input files maximizes the ability of researstto customize the analysis. However, it might
make it inconvenient for practitioners to use this madTités situation will be addressed in a later release
of SAPWood. Currently, the loss analysis module isgiesl primarily for research purposes rather than
practical applications.
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2.10.1Mulnerability based loss simulation

Purpose: Perform vulnerability analysis for a single woodframédiog to obtain vulnerability model
(distribution of single earthquake loss as functiors@gmic intensity). Then this model can be used to
perform long term loss estimation by generating long tesss samples given exposure period.

Assuming the input files have been properly prepatieel, vulnerability based loss simulation can be
performed following steps, as shown in Figure 19:

Step 1: Load the vulnerability based simulation tool.

Step 2: Enter a seed value for the simulation. By settimgdme seed value (must be a positive value) for
different analyses, it will control the random numberegator to yield the exact same random array. In
this way, sensitivity analysis and comparison candséopmed excluding the effect of the random number
generator uncertainty. If no number is entered,giieerator will not be controlled and generated by the
computer.

Step 3: Select the reduction level of strength anfheti§ of the structural model. By setting the maximum
and minimum reduction factor, the strength and stiffremsmeter of the structural elements will be
randomly generated in between. The deduction for evemponent will not be the same, but follows

uniform distribution between the boundaries. This inpudesigned to represent construction quality and
uncertainty.

Step 4: Load the structural model, which must be the biay&iem model. Then specify the number of
random model samples to be generated. For each timainl@nalysis of a single model sample, specify
the number of loss samples to be generated.

Step 5: Load the Element information file. This file yodes the information about all elements that may
cause loss during an earthquake, with each one codrtedige structural response (drift, displacement, or
acceleration, etc.) of a structural component. It also aelscthe element types and the actual replacement
cost for each component. Adding all the component replatenests together, the total loss is the
collapse loss which is the maximum loss that could odating an earthquake.

Step 6: Assign damage fragility to each damageable atepype indicated in the element information file.
Damage fragility distributions in SAPWood are construaisithg a Bayesian framework. The user needs
to specify in the Component fragility files the boundarfes the uniform priors of response and
normalized cost given damage level, then provide Watadate the priors.

Step 7: The Load Hazard environment file, in which thatioa of earthquake records are specified. The
information on earthquake occurrence rate, hazard darwle building site, intensity indicator (PGA or
Sa) are also indicated.

Step 8: Enter the intensity grid for vulnerability model hssurhe input and concept are similar to the
IDA intensity array. But the intensity grid here shosidrt from the intensity which is believed to cause no
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loss (very small) to the intensity which will almost surebllapse the structure (very large) in order to
obtain a complete understanding of the vulnerability biena

Step 9: Enter the output name (SEC extension will auioati be added indicating Single Earthquake
Cost), click on “Vulnerability Analysis”. The analysisapnbe very time consuming if a large amount of
samples are to be simulated. The total number of diomeain analyses can be calculated by multiplying
the number of model samples, the number of earthqued@ds, and the number of intensity values
together.

Step 10: After the SEC file is generated, load the file the tool box and input the long term loss
simulation parameters. The intensity limits indicate theimum intensity that may induce loss and the
maximum intensity under which the structure will defilyiteollapse. Ideally, the values should be the
maximum and minimum intensity in the vulnerability analy3iee Exposure period should be in years
since the occurrence of earthquake is measured yaaBkPWood.

Step 11: Specify output name and the click on “Longte&sired number of long term loss samples will
be generated and written to a *.LOS file which campened with a text editor.

Load tool box

Load elements

Define
reduction, load
structural model

Enter Seed

Enter intensity
grid

Vulnerability
analysis

Assign Fragility

Simulation
parameters

Load SEC and analysis

Figure 19. Vulnerability based loss simulation tool

Specify sample
numbers

Load Earthquake
hazard
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Tips
The theory behind the loss simulation procedure wasidesl in detail in Pei (2007). A papér
on loss estimation is under review at the journaltnicural Safety.

SAPWood does not provide any post-processing modptamredures for the long term loss
data generated. The conclusions and inference osithalated sample may be obtaingd
through the statistical methods or models based on & specific need.

The user can even develop his/her own simulation sefemong term loss simulation. Thie
vulnerability analysis result *.SEC file can be used rasnéermediate result for customized
loss analysis. It is independent of the long term simulatitreme used in SAPWood.

The loading of component fragility file will take some énbecause of the numericgl
integration needed for Bayesian updating. The prognéght appear to freeze for a short time
but please be patient, it will finish.

2.10.2Virtual Hazard simulation

Different from vulnerability based simulation; Virtual Hazaithulation repeats the loading history during

the exposure period with a model that incorporatesademaccumulation, performing time domain

analysis on the structure with “cumulative damage” upwery earthquake occurrence. Many realistic
situations can be studied using this simulation procediueh as aftershocks, repair strategies, and
non-visual damage, etc.

The basic input information for this type of simulation ienitical to the vulnerability based method. The
same element information file, component fragility file, drxadard environment file can be used. Please
see the discussion for vulnerability based simulatioriferdetails on related steps. The simulation can be
performed with following steps:

Step 1: Load the simulation tool box.

Step 2: Specify the seed for random number generator

Step 3: Load structural model, specify reductiondiect

Step 4: Load element information, assign component fragilitie

Step 5: Load earthquake hazard environment information.

Step 6: Specify repair strategy. Currently, the onlyoopis to choose a damage level as the lower limit to

apply repair. More options might be added in a later @ersf SAPWood.
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Step 7: Specify aftershock generating parameter. Thassmpters control the minimum earthquake
intensity that will be used as an aftershock, the probabiligftershock, and the range of the aftershock
intensity as a function of the main earthquake.

Step 8: Specify simulation parameters. Most of the parameter similar to the vulnerability based
simulation. The only exception is the damage log opiidrere the user can obtain a time-line of
earthquake loading and economic loss history for eggppsure simulation. So the maximum number of
damage logs is the number of samples to be generategvdr, one can choose to only generate a log for
part of the simulation by specifying a smaller numbeewen specify no damage log at all. It is not a
required option for the analysis.

Step 9: Click on “Simulate”. The Virtual Hazard simulatis very computationally intensive. The analysis
may take considerable amount of time depending on uh&bar of samples and earthquake occurrence
rate. An estimation of running time can be calculatgdrultiplying the number of sample, exposure
period, average number of earthquake per-yeardaration for a single earthquake analysis together.

Load tool box

Aftershock parameters

Enter Seed Load element info

Fragility info

Set up model

Simulation
parameters

Load Earthquake

hazard

Damage log option
Begin simulation

Figure 20. Virtual hazard simulation tool

Repair strategy

Tips
The Virtual Hazard simulation cannot provide vulnerapilesults as intermediate output.
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3 Trouble shooting

3.1 Can't launch the program

This situation occurs in the Windows systems when tiet framework is not available, such as
windows98 or early versions of windows 2000, NT, &l SAPWood was developed using VB.net and
requires the .net frame work to run. The .net fraorkwill enable future versions of SAPWood to be
run over the web with file sharing, etc.

To solve this problem, the user should go to Micrbsebpage:
http://www.microsoft.com/downloads/details.aspx?Familyl Ds@$acb-4362-4b0d-8edd-aab15c5e045&
DisplayLang=en

and download “Microsoft .NET Framework Version Rédistributable Package” and install this package
on the system. This package can also be found byhsegran (www.microsoft.com/downloads) for
“dotnetfx.exe”. This file is about 22.4MB and is free.

If you still have problem, please contact the authordinghiPei Glpei@lamar.colostate.edor John W.
van de Lindt (jwv@engr.colostate.edu).

3.2 Fail to load model file

If the filename is correct and the file will not load, gle@heck the data in the file. The *.sap and *.shd file
must all use spaces as separators. There should aoy lidank line in these files. (This is easy to achieve
if you use the model builder to build the file rather thaite the file in a text editor yourself)

The *.dat file (SAWS file) can use “,”, space, tab,aocombination of these as separators. The *.dat file
can use “I" as a comment indicator. The empty line betwata is allowed in this type of file.

It is recommended to use the model builder to convart yaat file into a *.sap file. Just load the *.dat
file into the workspace, open the model builder, impleetmodel, and save it under another name.

3.3 Unexpected termination during analysis

This might be caused by model instability (e.g., exoitain Y direction but no wall in Y direction) or lack
of convergence (especially an overflow error). Try gssmaller time-steps. In a SAPWood-NP analysis,
an error message of “Matrix is not stable” will ocduthe model is not sufficiently constrained. Please
check the model file in this case.

30



User’s Manual for SAPWood Version 1.0 31

3.4 Unexpected termination during plotting

Generally, this might be the result of trying to platal 0 time history. Check if your model has walls in
only one direction. If so, the restoring force in thieeo direction will always be 0 and result in an error
in plotting. The rest of the results should still be He.

3.5 Unexpected error during file saving

Check if you have the authority permissions on the coenga create a file in the output path. You can try
changing the output path and save again.
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4 FAQs

Q: Where can | get the parameters for the walls in m building?

A: If you have wall hysteresis data from a cyclic wallttétscan be loaded into the “manual fit” tool to
find the parameters. This will require a basic understandf the models and parameters for this Version
of SAPWood. Another option is to use SAP-NP or thegmm CASHEW (part of CUREE-Caltech
Woodframe research project [Folz and Filiatrault, 3p@@ obtain wall hysteretic parameters from nalil
parameters and wall configurations. Note that CASHEWIrass the ten-parameter SAWS hysteretic
model. In addition, if you do have test hysteresis ddttieh is hard to fit with the ten-parameter model.
Please contact the authors or try the EPHM model. Thedptain is to use the wall parameter database.
Keep in mind that the values in the database are forpnaliy analysis only.

Q: There’s an overflow error, then the program terminates, why will that happen?
A: This might be caused by an unstable model, lackoof/ergence (especially an overflow error). Try
checking the model for instability, using smaller time step.

Q: What does the damping ratio mean in SAPWood?

A: The damping ratio in SAPWood will be used to multiplg ttritical damping matrix to get a constant
damping matrix which will be used during the time domaialysis. The critical damping matrix is a
diagonal matrix with its elements calculated as two timesdhare root of the product of mass matrix and
initial stiffness matrix.

Q: What kind of units should | use?

A: The user can choose Sl or US Customary/Englists imithe Environment tab of the SAPWood main
frame. This choice defines the value for the gravitaiaconstant G. It is recommended to use either SI
units (m, N, Sec) or U.S. Customary units (inchSke¢) when you build your model. The (kips, inch, Sec)
is acceptable since the gravity constant ( G= 386.4)stiirapply. But all the output will be in Kips
instead of Ib. The same rule applies to kN in Sl ufite units note in the output file should be ignored if
kips or kN is used.

The earthquake record file should always be in unitgafity, such as 0.2 for 20% of gravity.

Q: Where can | get earthquake input files for my analgis?

A: It is easy to obtain acceleration time history datehfstorical earthquakes from the USGS website and
other strong motion websites. However, the user may te generate the *.eg2 file using other programs
(MATLAB or Excel, for example). The format of theetj2 file is as shown below (if the earthquake has n
data points):

t1 ax1 ayl

t2 ax2 ay2

t3 ax3 ay3
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tn axn ayn
There are 20 earthquake record files in the SAPWostdllation package which are ready to use once the
user installs SAPWood. An earthquake folder will beated in the installation folder to contain these files.

Q: Where can | get the displacement protocol files?

A: It is easy to generate the *.pro file using other paiogs (MATLAB, Excel, or even a text editor for
example). The format of a *.pro file is as shown be{dwthe protocol has n data points):

x1

X2

x3

Xn

Note that the protocol file can be very “coarse” taaming only the key points). The user can use a large
sub-step number in the analysis to get a refined result.

Q: Everything is in PGA here, is there a way to use&(spectral acceleration)?

A: There’s an option to use Sa in the environment ttad \{ser will also need to specify the target/spectral
period and damping ratio for the Sa). If this is optiogelected, all the places in this users manual where
PGA appears will simply appear as Sa instead. The progilh automatically scale the earthquake to the
specified Sa before performing the time domain analifsisthe situation of bi-axial excitation where the
excitations in X and Y differ, the scaling will be done safely for both directions.

However, for hazard environmental file used in lossutation, the user needs to specify in this file
whether PGA or SAis used. The analysis will not fhectéed by the PGA-Sa option in the SAPWood main
window tab.

Q: What is the unit system used in SAPWood?

A: The program itself is without any units. But when tlser selects Sl or US from the environment tab,
the gravity constant G will be set to 9.81 or 386.4eHasn the selection. So please be sure to use
consistent units in the model files to avoid errors thatldfieult to detect.

Q: What does the global displacement and rotation rdly mean in SAPWood?

A: The global displacement is measured relative to theshaking ground at the centroid of the first floor
diaphragm. For upper stories, the projectile location effitst floor centroid is used. The rotation is
relative to this point, NOT the origin of the coordinaystem which the user used to create the floor plan
input. This will make sure that you get the same answanater how you created your model. However,
you can manually override this option by assigning théocoordinate option data in the model file. In that
case, the displacement and rotation will be measuoad the origin of the coordinate system in which the
nodes of floor diaphragms are defined.

Q: Where were all my output files and model files savetb?
A: It is suggested that the first step upon opening Sé@&iAshould be to change the output directory
setting to the directory you would like your files te tirected. Otherwise, ALL the output files (including
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the model file constructed by model builder) will beeshto C:\ by default.

Q: | load the model into the workspace, but can't fid it in the analysis window’s structure list -
what should | do?

A: The analysis window's structure list only refreshes ufp@ting. This means that the model loaded
after the analysis window is loaded will not appeahmlist. The simplest way to solve this is to close the
analysis window and reload it from the main menu.eNbat you do not need to load any model in the
workspace to do Multi-case IDA. MIDA directly load thedel from the file locations you specified.

Q: Where can | find the files used in the examples?

A: Once you install Version 1.0 of SAPWood on youmpaiter, there will be several sub-folders created
automatically in your installation folder. These sultlést will contain some examples of the earthquake
record files (*.eq2), protocol files (*.pro), biaxisiructure model file (*.sap), NP model file (*.NPS), and
the files needed for loss analysis.

Q: I loaded a SAWS file and try to get a plot of wdllocations, it doesn’t look right. What happened?

A: The SAWS input file does not have the wall length aochlete location (it only has 1 coordinate)
information. So, the SAPWood program assigns default sdimethis missing information. The “plot”
option in the story property window will be plottedsked on this default information, thus its appearance
will not be what is expected. However, you can loadSA®/S file, update the information of each wall
using the “edit mode”, and save the modified model$&\BWood model.

Q: I made some changes for the model in the workspe, how can | save it?
A: Go to File->New model and bring up the model builtieen use the “Import” option to load the model
in the workspace into model builder. Then simply sat@any file name you would like.

Q: Why can't | save my “half-completed” model? Why dol need to start all over when construct a
model?

A: A partially completed model does not have enough entnide saved. This problem will be solved later
by introducing a temporary model file. But currently, best solution is to read the model file format and
establish the model in a text editor (notice one carEusel sheet to help writing and cut-paste the page
into a text editor, which make it easier to follow theniat).

Q: What unit system should | use for my SAPWood-NPnodel?
A: You must use the unit system which is consistent withuttiesystem used in your nail parameter data.

Q: What coordinate system should | use for my SAPWabNP model?
A: Use a global coordinate system of your choice fodeh construction. However, the system must have
its X axis in the horizontal direction and Y axisviertical direction of the shearwall you build.

Q: SAPWood-NP model builder always tells me | have geated nails, what happened?

A: An NP model will not allow 2 nails at the exactly samealion. If you do want to put the nails in such
a configuration, shift one of the nails a little bit, s@sh0.01 inch. Note that this may be occurring at the
corner nails.
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Q: The SAPWood-NP analysis yields unusual/unrealistic Wiehysteresis loops, and the deformed wall
plot doesn’t make sense, what happened?

A: If the user wants to impose a displacement beyond/#ilecapacity, the model will become unstable. If
the wall model is not constrained properly (such as ongonent is not connected to any of the others by
mistake), the model will become unstable. However, thgrpm can still provide the results based on
numerical evaluation which may make no practical seBsee suggestions to avoid this situation are:
Use a monotonic protocol first to find out the limit of thdlyavoid cyclic protocols with too many cycles
since the numerical error may accumulate; constrain #deommponents properly; use the appropriate
number of sub steps.

Q: How do | decide the length of a wall segment to Hauilt as “one wall element” in SAPWood NP?

A: The NP model can consist of a very long segmérghearwall (even with holes and openings) or a
short solid wall segment. The choice will affect theafioutcome of the assembly level (house) model
(fewer wall elements representing very long wall segmentsore wall elements obtained from shorter
wall segments). With the final product (assembly level modelmind, the user can choose the
configuration accordingly. However, it is recommended timee NP model have ONE top stud so that the
model actually acts as a SINGLE wall element. Notice thatsome of the long wall segments with
openings; it is not possible to build the wall with one $tud. But as long as the top of the wall deforms as
a single stud during cyclic loading, it can be modeldtt one top stud in the NP model. So, it is good
practice to use short wall segments if one is not doweatethe wall behavior. In addition, these shorter
segments have a higher likelihood of being used indunwdels since they are typically more general.

Q: I do not understand the theory behind the loss ¢snation procedures. Is there anything | can use
as a reference?

A: A paper about loss estimation framework is currentigiar review in the Journal of Structural Safety.
The theory will be explained in the forthcoming NEESWoeport NW-04.In the mean time, details can
be found in Pei (2007).

Q: I am not familiar with loss estimation and have nevedone it before. How hard would it be for me

to use the loss analysis tool in SAPWood V1.0 to germ analysis on my structure model?

A: Unfortunately, the user of the loss analysis in SAPYVA.0 will need a considerable amount of
background and preparation to be performed. Soméeatktaformation will need to be constructed for the
uncertainty models needed for the simulation. A thonongyiew on the loss simulation framework behind
the program will be needed before one can make fulbtite However, as the loss estimation procedure
gets more mature in future research, the ultimate goédge analysis module in SAPWood is to provide a
loss estimation tool that can be used by analyst kwitlied expertise in uncertainty modeling and loss
estimation. A future release of SAPWood will provide tapability.
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5 Examples

This example will illustrate the use of some of theéP8¥ood tools by going through three analyses. The
first one is the analysis of a two story woodframe tovusle. The second one is the cyclic analysis of a
simple wood shearwall. The third one is the long terss kimulation of a residential building. The model
files (structure model and wall model), earthquakd protocol files can be found in the distribution
package (in the installation directory after installingP¥¥ood). One of the models used here is a
simplified model for the NEESWood benchmark structuretetesat the University at Buffalo
(NEES@buffalo) NEES laboratory in 2006 as part ofNliEEESWood Project (Christovasilis et al., 2007).
The floor plans of the benchmark structure are att&dh the Appendix. The residential structure is a
typical single family home whose floor plan is also dtéatin the Appendix.

5.1 Benchmark structure analysis

5.1.1Building the model

Step 1: Load SAPWood, open the model builder.
Step 2: Input the number of stories, and number of &athents in each story, click on “Set” to generate
the empty model structure.

Figure 21. Building a two story townhouse model
Step 3: Double-click on wall 1 of story 1, bring u thall property window.
Step 4: Choose wall direction, input coordinates for waiiter (X,Y), enter the wall mass and rotational
mass.
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Step 5: Choose the model for the wall, the parametemiilb appear above the parameter input box, then
input the parameters following the sequence indicayetthd parameter tips, separate each parameter by a
blank.

Figure 22. Input wall parameters

Step 6: Click “Update” to close the window and go btacknodel builder.

Step 7: Repeat step 3-6 for all other walls

Step 8: Double click on story1, bring up the storypgry window.

Step 9: Input the Nodal coordinates in a counter cloekeggjuence, “Add” each node to the list.

Step 10: Input the distributed mass value. Note thatiitisunits (mass/area).

Step 11: Input the concentrated masses on this floduding the coordinates (X,Y), the mass (M), and
the rotational mass (RM). Add them into the list.

Step 12: Click on “Plot and Calculate” to check your inffpom the plot (the yellow square is the location
of Centroid, the red circle is the location of coricated mass). Also check the total mass (Area x
distributed mass).
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Figure 23. Input and check the floor configuration

Step 13: If everything is correct, click “Update” to s#othe window and go back to the model builder.
Step 14: Repeat step 8-13 for story 2

Step 15: Input a file name you want this model file t@édeed as. (Here we use “BenchMark”)

Step 16: Go to the Environment tab of the Main frarhenge the output directory to the directory where
you want this file to be saved to. (Here we use “u:\\mp

Step 17: Click “Save” and a message box will tell you tleehfas been saved as “filename.sap”
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Figure 24. Save to a model file

5.1.2Single earthquake excitation analysis

Step 1: Click “File-> load model” to find and load tlile you just created in section 1.

Step 2: (Optional): In the work space, select the walitory and use “Information” button to bring up
property window to check the walls and stories in yourehta see if it is the model you want. (Note you
can also edit the properties of the model in the workesps enabling “EDIT mode”.)
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Figure 25. Load the model, view it in workspace

Step 3: Load the Single Excitation analysis tool by clicKitugalysis->EQ excitation”.

Step 4: Load the earthquake record file (*.eq2) by tligkhe “Load” button. (Use Acml.eg2 for the
example)

Step 5: Choose the model from the pull-down list and ¢lthoose”

Step 6: Click the “Scale Earthquake to” option and puhévalue of PGA in X and Y in unit of gravity
(Here we use 0.5 and 0.4).

Step 7: Take a look at the “EQ Dt” at “General Inféearthquake you just loaded. Assign time step value
of 0.002 sec.

Step 8: Select or enter a damping ratio of your ch@itere we use 0.01)
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Figure 26. Run bi-axial excitation
Step 9: Click on “Analyze”. After the analysis is donéglcbn “Accumulate”. This is to successively load
the structure with the same earthquake twice.
Step 10: Wait for the end of analysis. Go to the “Made”itab, click on “Calculate”, the natural period,
fundamental mode, and dynamic matrix appears.
Step 11: Go to the “Results” tab, select the Glob@FOrom the pull-down list, then the time history is
automatically plotted.
Step 12: Select any wall from the pull-down list, thba tvall hysteresis is automatically plotted. (The
wall number here is consistent with the wall number irr yoadel file.)
Step 13: Repeat step 11-12 for all the responses of interes
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Figure 27. View the modal results from analysis

Step 14: Click the file output options you need, thenrahtefilename you wish to save them under. (Here
we use “MyHouse”).

Step 15: Go to the Environment tab of the Main frarheange the output directory to the directory where
you want these files to be saved to.

Step 16: Click “Output” and the results will be saved ia fies of your choice. (Here the files are:
MyHouse.gen, MyHouse.Glo, and MyHouse.hys)
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Figure 28. The viewing and output of the results

5.1.3IDA analysis

Step 1: (Skip to step 2 if model is already in the waaks: Click “File-> load model” to find and load the
file you just created in section 1.

Step 2: (Optional): In the work space, use “Propértiegheck the walls and stories in your model to see
if it is the model you want.

Step 3: Load the Incremental Dynamic analysis tool by clickAnalysis->IDA”.

Step 4: Load the earthquake record file (*.eq2) by tigkhe “Load” button.

Step 5: Choose the model from the pull-down list and ¢hoose”

Step 6: Select a bi-axial option. If “Customized X:Y’thlosen, input PGA-x/PGA-y or Sa-x/Sa-y value in
the blank followed. (Here we use a ratio of 1.5).

Step 7: Add the earthquake PGA's you want to analyzest®@®A or Sa vector by enter the values one by
one and click “Add”.

Step 8: Set time step and damping ratio in the same svaySingle earthquake excitation analysis.
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Figure 29. Setup for the IDA analysis

Step 9: Click “Analyze” and let the program run.

Step 10: Wait for the end of analysis, then go to the dR&gab.

Step 11: Select the Global DOF from the pull-down list] Hre IDA curve is automatically plotted. The
points on the curve are also listed at the same time.

Step 12: Select any wall from the pull-down list, thea %mall IDA curve is automatically plotted. The
points on the curve are also listed at the same time.

Step 13: Repeat step 11-12 for all the responses of interes

Step 14: Enter the Model name you wish to save thateru(Here we use “MyHouselDA").

Step 15: Go to the Environment tab of the Main frarhenge the output directory to the directory where
you want these files to be saved to.

Step 16: Click “Output” and all the results will be savedha files of your choice. (Here the file is
MyHouselDA.IDA).
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Figure 30. View IDA curves and results

Figure 31. Save IDA's to file for future use
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5.1.4SDOF Identification analysis

Step 1: (Skip to step 2 if the model is already invthekspace): Click “File-> load model” to find and load
the file you just created in section 1.

Step 2: (Optional): In the work space, use “Propértiegheck the walls and stories in your model to see
if it is the model you want.

Step 3: Load the SDoF Identification analysis tooldl€yPushing Analysis) by clicking “Analysis->SDoF
Identify”.

Step 4: Load the protocol file (*.pro) by clicking thedad” button. (protocol_random.pro)

Step 5: Choose the model from the pull-down list and ¢hoose”

Step 6: Click the “Scale to Max=" option and put ie tralue the desired maximum value of the protocol
(Here we use 2.3).

Step 7: Take a look at the “maximum step” at “Infof’ foe protocol you just loaded. If that number is big
(greater than 0.01 inch), you may want to assign &s&p” number greater than 1 so that the actual step
in analysis is small enough. (Here we use Substep=50jis iF a fairly quick analysis, so a large number
of sub-steps is recommended for accuracy.

Step 8: Choose the degree of freedom you want this @abybe applied to. (Here we use the Dx of the
1st story).

Figure 32. Prepare inputs for SDOF identification

Step 9: Click “Analysis”. The results will appear after #malysis is completed.
Step 10: Enter a filename (here we use “HouselX"utput the resulting hysteresis to a file.
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Figure 33. View and output results

5.2 SAPWood-NP wall model analysis

5.2.1NP model building

Step 1: Open NP model builder.

Step 2: Enter 6 studs and 1 panel for Basic info argbpet”.

Step 3: Enter the coordinates for each stud and parsioagn in Figure 31. Set “Fixed” condition to
bottom stud.
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Figure 34. Create NP model (input components info)

Step 4: Input nail line information. First line will be stagt at (-24, 48), ending at (24, 48), spaced at 6
inches. The Nail Type will be SAWS hysteresis here witlapaters:

2000 500 50 0.0001 -0.1 1 0.0150.350.751.1

And the nail line connects stud #1 and panel #1.

Figure 35. Create NP model (first nail line info)
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Step 5: Continue entering all other nail lines.

Figure 36. Create NP model (completed and saved)

Step 6: Save the model as “mywall.NPS”.

5.2.2NP model analysis

Step 1: Open NP model analysis window.

Step 2: Load cyclic loading protocol “protocol_cyclic.pro

Step 3: Load the model just created “mywall.NPS”.

Step 4: Scale protocol to a maximum displacement ofHeis1 Use sub step=1, set Pushing DoF to “1X",
check “Check nail” box and run analysis.
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Figure 37. Load NP model and protocol

Step 5: Results will appear after analysis is completed. the nail information can also be viewed by
choosing the nail ID (the nail of choice will be plottedad also.).
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Figure 38. Perform NP cyclic loading analysis

Step 6: Choose “CUREE hysteresis” to fit the wall behayicess “Fit” and the fitted model will appear
on the same plot. The fit is not as good as we wouid lik

Step 7: Change KO to 1000 and r2 to -0.05 and hit “&gidin. A better fitting result appears. This set of
parameters can be used to represent this wall imselrmodel.
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Figure 39. Obtain wall parameters from NP analysis

5.3 Woodframe structure loss analysis

This example only illustrates the steps to perform aenability based loss analysis. The procedure to
conduct Virtual Hazard simulation is very similar.

Step 1: Load the vulnerability based simulation tool.box
Step 2: Enter seed value as 1.
Step 3: Select structure quality as “Superior”, thied model “Residential.sap”.

Step 4: Set the number of models to 10, set the nuofit@ss samples to 50.
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Step 5: Load element information file “ResidentialElentgtit. The damage fragility input will be enabled
and ID 1~4 will appear in the drag-down list.

Step 6: Select 1 for drag-down list, click on “Assigraditity”, select component fragility file
“Frag_Shearwall.txt. The loading will take a while, be patieRepeat this process and load
2-“Frag_GWBdrywall.txt”, 3-“Frag_DW.txt" (for doors @nwindows), and 4-“Frag_Contents.txt".

Step 7: Open earthquake hazard environment file “BofFi@acisco.txt” file, you will see a list of
earthquake files (*.eq2). Change the file path of thidss to the eq2/ directory in your SAPWood
installation folder. This is to make sure these files lsa loaded from the right place. After that, save the
file and load it to the tool box.

Step 8: Enter the intensity grid values. The array “0.05...4” was used in this example.

Step 9: Enter the output name as “Vresults” and clickvoimerability analysis”.

Step 10: The analysis may take several hours or as @sich day. After it is done, the output file
“Vresults.SEC” can be found in the output directoryjolthcontains all the simulated single earthquake
loss data and the vulnerability model.

Figure 40. Loss simulation of the residential build ing
Step 11: Enter 0.049 and 4.01 as the zero-loss anghseliatensities. Enter 50 years as exposure period
and choose 1000 samples.
Step 12: Load the “Vresults.SEC” file just generated.
Step 13: Use “Loss_50" as the output name and clicikfiterm”. After the analysis, 1000 samples of 50
year economic loss of the structure in San Francisea wafll be written to “Loss_50.LOS” file. This
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simulation will only take a couple of minutes.
Step 14: Repeat Step 13 for different exposure perieedaul.

One can see the benefit of vulnerability based simulasidhat the time consuming vulnerability analysis

for a structure only needs to be conducted oncen Titlong term simulation will only need the SEC file
and can be done very quickly.
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Appendix

A. Input file formats

The user might find it easier to create model filesxjalanodel, NP model) with text editor rather than
using the model builders. Or the user might need teemaddifications on the model file created by model
builders or other users. In order to provide infornratan the structure for the model files, detailed
explanations for the *.SAP file and *.NPS file are liskedhis section for your references.

Biaxial model file format (*.SAP)
Each data input in *.SAP file should be separated fpyame
Please also see the example (Benchmark.SAP) disttiluitie the installation package for details.

Location (Row #) | Data Description

1 N Number of stories

2 Wnl1Wn2 ... WnN Number of wall in each story

3 Wmass(1) Wmass(2) ... Wall concentrated masses in story 1

2+N Wmass(1) Wmass(2) ... Wall concentrated masss®ig N

2+N+1 Wrmass(1) Wrmass(2) ... | Wall rotational masses in story 1

2+2N Wrmass(1) Wrmass(2) ... | Wall rotational masses in story N

2+2N+1 Wtype(1) wtype(2) ... Wall typ in story 1

2+3N Wtype(1) wtype(2) ... Wall type in story N

2+3N+1 wdir(1) wdir(2) ... Wall directiof? in story 1

2+4N wdir(1) wdir(2) ... Wall direction in story N

2+4N+1 WlocX(1) wlocX(2) ... Wall location X in story 1

2+5N WilocX(1) wlocX(2) ... Wall location X in story N

2+5N+1 WilocY(1) wlocY(2) ... Wall location Y in story 1

2+6N WilocY (1) wlocY(2) ... Wall location Y in story N

2+6N+1 Wall Parameters Wall parameters for Wnl walls in story [1,

each one use a single row.

2+6N+Wn1l Wall Parameters

2+6N+Wt-WnN+1| Wall Parameters Wall parameters for WnN walls in story {1,
each one use a single row.
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2+6N+WE! Wall Parameters

2+6N+Wt+1 0 Coordinate optib"ﬁ

3+6N+Wt+1 NodelX Node2X ... X coordinates for Nodes in the 1st story
diaphragm

3+6N+Wt+2 NodelY Node2Y ... Y coordinates for Nodes in the 1st story
diaphragm

3+8N+Wt-1 NodelX Node2X ... X coordinates for Nodes in the Nth stary
diaphragm

3+8N+Wt NodelY Node2Y ... Y coordinates for Nodes in the Nth stary
diaphragm

3+8N+Wit+1 Dmassl Damss 2 ... Distributed mass for each story diaphragm

3+8N+Wit+2 CmassNT CmassN2 ... Number of Concentrated mass for each stary

5+8N+Wt+1 XY M RM Location, Mass, and Rotational ddafor
Concentrated mass #1 at story 1

5+8N+Wt+Cf®! X Y M RM Location, Mass, and Rotational Mass for
Concentrated mass #CmassNN at story N

5+8N+Wt+Ct+1 Wlen(1) wlen(2) ... Wall length for story 1

5+9N+Wt+Ct Wlen(1) wlen(2) ... Wall length for story N

5+9N+Wt+Ct+1 | Rp(1) Rp(2) ... Reserved wall paramet@rfor story 1

5+10N+Wt+Ct Rp(1) Rp(2) ... Reserved wall parameter for story N

5+10N+Wt+Ct+1 | Whigh(1) Whigh(2) ... Wall height for story 1

5+11N+Wt+Ct RWhigh(1) Whigh(2) ... Wall height for story N

5+11IN+Wt+Ct+1 | Rp(1) Rp(2) ... Reserved wall parameter for story 1

5+12N+Wt+Ct Rp(1) Rp(2) ... Reserved wall parameter for story N

5+12N+Wt+Ct+1 | Rp(1) Rp(2) ... Reserved wall parameter for story 1

5+13N+Wt+Ct Rp(1) Rp(2) ... Reserved wall parameter for story N

5+13N+Wt+Ct+1 | Rp(1) Rp(2) ... Reserved wall parameter for story 1

5+14N+Wt+Ct Rp(1) Rp(2) ... Reserved wall parameter for story N

[1] Wall type ID: 1- Linear; 2- Bilinear; 3- CURER)-parameter hysteresis; 4- EPHM (16 parameter)
[2] Wall direction ID: 1- in X; 2-in Y.

[3] Wt= total number of walls in the model.

[4] Coordinate option: can be 0 or 1, default vaki. Please see FAQ for more information.

[5] If there is no concentrated mass, this row sgkds to be inputted with 0's, the number of 6uth be equal to the

number of stories. If this row is 0, the concemdamass information will not be entered.

[6] Ct= total number of concentrated masses inntioelel (NOT include the concentrated mass associaitbdthe

wall).
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[7] Reserved wall parameters are for future upggateons for wall elements. They will not be usedhe analysis of
the current version. However, they must be inputhi; correct format so that the file will load peoly (no need to
worry about them when using the model builder). Wskr all of these values, and use a correct nurobehem

(should be equal to the wall number in each story).

Shear Building model file format (*.sbd)
Each data input in an *.sbd file should be separayeal dpace.

Location (Row #) | Data Description

1 N Number of story (N)

2 Mass(1) ... Mass(N) Mass of each story

3 Type(1) ... Type(N) Spring type of each story

4 Parameter for Spr 1 Spring parameters for each story

3+N Parameter for Spr N

4+N Reserved space Reserved for future use, inputergé for
each story for now

SAPWood-NP model file format (*.NPS)
Each data input in an *.NPS file should be separayed $pace. Every coordinate value in the model is
based on a global coordinate system defined by theatiiee beginning of the model construction.
Please also see the example (mywall.NPS) distributédtiagtinstallation package for details.

Location (Row #) | Data Description

1 CN NN Number of components (CN) and Nail lines
(NN)

2 X)) Y(@Q) Center location for each component, one row

for one component.

1+CN X(CN) Y(CN)

1+CN+1 Dofl Dof2 ... ID for Dof’s need to be fixé]

2+CN+1 Ntype pl p2 .... Nail type (Ntype) followed by parameters (p1

p2 ...) for nail lines

2+CN+NN Ntype pl p2 ....

2+CN+NN+1 Xs Ys Xe Ye Sp dir C1 C2 n Start point (Xs Ys) end point (Xe Ye) spacipng

(Sp) Direction (dir) Component 1(Cl)

2+CN+2NN Xs Ys Xe Ye Sp dir C1 C2 n component2 (C2) Nail number (n) for nail

lined?.

[1] If one want to fix the Nth component, the D&f will be N*3-2 N*3-1 N*3, since the NP model assig§ Dof’s for

each component.
[2] Direction ID for NP model is: 1- in X; 2- in ¥3- depends on start and end points. One coule @il number n to
be -1 to let the program decide the nail numbeethas the spacing and start/end points. If you w@put just 1 nail

in a certain location, use that location as a stairtt, use -1 for spacing and put 1 in nail number

Wall configuration input file format
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Wall configuration file can be used to input multiple wadhfigurations in the wall parameter database
tool box and generate wall parameters all at once. ljustbe a *.txt file containing the right format and
information. Each data input in this file should be sefedrhy a space.

Location | Data Description

(Row #)

1 N Number of walls (N) in the file

2 Type Nail Pattern Height Lendth Wall configuration information for each wall
in the file

1+N Type Nail Pattern Height Length

[1] Wall configurations are represented by integembers as follows: Type (1-Drywall, 2-Shearwaljil (1-8d
common, 2-10d common), Pattern (1-2/12, 2-3/12/12-44-6/12, 5-12/12), Height (1-8ft, 2-9ft, 3-D1ftength (use
the actual length of the wall in unit of inches).

Element information file
Element information file can be used to indicate therinfiion about all damageable components in the
structure during loss analysis. It can just be a *.txtddataining the right format and information. Each
data input in this file should be separated by a space.

Location| Data Description

(Row #)

1 File description A one line comment of the file contents

2 Ne Nf Number of elements (Ne) in the structdre;
Number of Fragility types (Nf) in the
structure.

3 Stb WID ReslD Ft RE The structural element (story number StID

and wall number WID) associated with each

2+Ne StiD WID ReslD Ft Rc cost-inducing element, the response type
(ReslID), fragility type (Ft), and replacement
cost (Rc).

3+Ne Description for element 1 Each component has a one line description.

2+2*Ne | Description for element Ne

[1] Use story number for each story as StID, u$er @he ground (some damageable components ndeg agsociated
with ground acceleration, such as furniture onltbtom floor). Use wall number in the structuraldebas the WID if

the damage is associated with the response of lawgal -1 to indicate the story response. Use IRisID for wall

drift, -1 for story drift, -2 for story acceleratioFt is the type of fragility applied to the compot, 1<=Ft<=Nf. RC is
the cost to replace the component. It is useddizé@te the maximum loss a component could induce.

Hazard environmental file
Hazard environmental file can be used to indicate tfogriration about earthquake hazard in the structure
during loss analysis. It can just be a *.txt file contagrthe right format and information. Each data input
in this file should be separated by a space.

58



User’s Manual for SAPWood Version 1.0 59

Location | Data Description
(Row #)
1 Name of the location The location for the hazararatter this file
represents
2 Ne Number of earthquake records
3 Location of the first earthquakeThe location of *.eq2 files used to represent
record file the uncertainty of earthquake ground motion.
. The location must include the full path
2+Ne Location of the last earthquake recpitiformation.
file
3+Ne Tn Damp IsCDF[1] Intensity information
4+Ne List of Intensities[2] Intensity values on the dzzaurve
5+Ne List of Annual PE or CDF value Probability valeesthe hazard curve
6+Ne Nc Time Number of earthquake occurrence (Nc) |jn a
given period (Time) in years

[1] Tn is the natural period if Spectral Acceleoatis used, use negative Tn indicates the intehgiy is PGA. Damp is the
damping ratio for Sa. IsCDF indicates the typemibgbility indicator used in the hazard curve. VTakie 1 means the CDF
value is used. Other values means the annual pititpal exceedance is used.

[2] List of intensities should be in ascending ard&hen paired with the next row of probability wes, it should provide

probabilistic hazard information of the intensitigtdbution on the building site. The Intensity-alah PE curve data can be

obtained directly from USGS website for locationdJi.S.

Component fragility file
Component fragility file can be used to indicate thermfation and data to construct damage fragility
distributions for each type of component in the structlueng loss analysis. It can just be a *.txt file
containing the right format and information. Each dapauirin this file should be separated by a space. All
component fragility files in SAPWood are based on avéllelamage system: Level 1-Non-detectible,
level 2-Repairable, Level 3-Borderline repairable, anceLévReplace/demolish.

Location | Data Description

(Row #)

1 Name of the Fragility type One line comment of the dpmahle
component this file represents

2 Rlow Rhigh Rn The lower (Rlow) and upper (Rhigh)

boundaries define the range for the
respons[é] distribution given damage. Thjs
range will be divided into Rn segments and
the PDF values will be calculated on each
segment. Rn is the resolution of the respanse

distribution.

3 CnPn Cn is the resolution of the Cost distribution,
Pn is the resolution of Prior distributions

4 MuA MuB StdA StdB Nd The boundarfés for uniform priors for

Response distribution given damage level 1
(denoted by MuA MuB StdA StdB). Nd is the
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number of lines for the data used to update
the Bayesian model
5~4+Nd | The response data given damage ledlltiple lines of response data given damage
1 level 1.

Various® | MUA MuB StdA StdB Nd The boundaries for uniformriors for
Response distribution given damage level 4
(denoted by MuA MuB StdA StdB). Nd is the
number of lines for the data used to update
the Bayesian model
The response data given damage lewdultiple lines of response data given damage
4 level 4.

MuA MuB StdA StdB Nd The boundaries for uniformriors for
normalized codt distribution given damage
level 1 (denoted by MuA MuB StdA StdB)).
Nd is the number of lines for the data used to
update the Bayesian model
The cost data given damage level 1 Multiple lines of aeh given damage
level 1.

MuA MuB StdA StdB Nd The boundaries for uniformriors for
normalized cost distribution given damage
level 4 (denoted by MuA MuB StdA StdB)).
Nd is the number of lines for the data used to
update the Bayesian model
The cost data given damage level 4 Multiple lines of amh given damage
level 4.

[1] Currently the responses used in SAPWood losdyais are mainly maximum inter-story drift (Drtory Height,
dimensionless) or maximum acceleration (use urgravity).

[2] Priors for the mean and standard deviationhef predictive distribution is uniform distributiomsth boundaries [MuA
MuB] and [StdA StdB].

[3] The row number of later inputs depends on timewnt of data inputted in previous lines. For exlamthe response data
under damage level 1 might be only 1 line, but datdevel 2 might be 4 lines, etc. So a definitenier could not be given
here.

[4] Normalized cost is used here so the actual custt be divided by the maximum possible cost gephent cost) of the
component first to be used at cost data. In thig e cost distribution will always be betweernl]0This enables the use of
the same Fragility information on same type of congnt with different actual value, for example, teleearwalls of
different construction cost. The cost fragility Mile combined with the actual cost in the elemafdrimation file to yield

the real cost during simulation.

B. Output file formats

There are a number of output files generated from\8@d. The ability to generate these output files
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provides the user with the option of post-processhmg numerical analysis results with the software
package of their choice. Most output files have \&@ear descriptions with the data so that it is easy to
read and understand these files. The formats of thetpeitofiles are illustrated with examples in this

section.

*.gen file: Generated by single earthquake excitation aiglit provides general information about
the time domain analysis results

Example file:

General information of the analysis 12/6/2007 11:13:38 AM :

Unit system (US): inch,Ib,sec

Earthquake input information:

Earthquake scaled with PGA during this analysis.

Earthquake input record(s):
C:\Program Files\CSU\SAPWood\Earthquakes\Acm2.eq2PGA-X=0.34, PGA-Y=0.25
EqgX applied to model-X axis and EqY applied to model-Y axis.

Structure: SAWS House with 2 story.

Maximum reSPONSES------========m==nmnnnznnz=

Displacements: X Y R
Story--1: 8.069202e-001 3.115652e-001 1.993993e-003
Story--2: 9.093823e-001 3.905857e-001 2.135139e-003

Maximum reSpONSES-------==-----m----=-----==

Inter-story Drifts:  dX dy dR
Story--1: 8.069202e-001  3.115652e-001 1.993993e-003
Story--2: 3.190663e-001 8.647249e-002 1.744782e-003

Maximum story forces---------------=--=--------

Total force at story:  Fx Fy Mr
Story--1: 2.442862e+004 2.461310e+004 2.428952e+006
Story--2: 2.304419e+004 1.100866e+004 5.801013e+006

Maximum story Accelerations-------------=--=----=-----

Global Accel at story Centroid:  Ax Ay Ar
Story--1: 2.413558e+002 1.164926e+002 3.346475e+000
Story--2: 2.336602e+002 1.417761e+002 4.359007e+000

The average acceleration is calculated using a 0.2sec time interval
Note: If the specified time interval is smaller than the time interval of input excitation, the excitation time interval is used to

calculate the average Accel.
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Maximum story Average Accelerations

Global Accel at story Centroid:(average)

Ax

Ay

Story--1: 6.037049e+001 2.040264e+001 4.344337e-001

Story--2: 6.403841e+001 3.491183e+001 6.115605e-001

*.Glo file: Generated by single earthquake excitation yaiml It provides global response of the

analysis (Force output will only be available if “InctuBtorce” is checked).
Example file:
Global results of the analysis 8/22/2006 3:14:39 PM :

Unit system (US): inch,Ib,sec

Displacement output

Time (sec) Storyl X

y R

Story2 X

y R

2.0000e-002  4.693345e-004 2.881727e-004 -5.012285e-009 4.906954e-004 2.955567e-004 3.752839%e-011
4.0000e-002  1.345850e-003 8.843146e-004 -7.231205e-008 1.610710e-003 9.824215e-004 1.554425e-009
6.0000e-002  2.207709e-003 1.576522e-003 -2.869087e-007 3.102659e-003 1.960484e-003 6.669078e-009
8.0000e-002  3.100269e-003 2.347804e-003 -6.634809e-007 4.848521e-003 3.271791e-003 -9.460180e-009
1.0000e-001  3.653253e-003 2.905428e-003 -1.090316e-006 6.109361e-003 4.587523e-003 -1.384288e-007

Force output

2.0000e-002  5.565619e-002 1.830492e-002 5.944105e-001 2.438840e-003 3.691284e-004 -1.056048e-002
4.0000e-002  1.570302e-001 5.526635e-002 1.529525e+000 3.014629e-002 4.910357e-003 -5.924926e-002
6.0000e-002 2.563258e-001 9.792289e-002 1.996804e+000 1.016278e-001 1.922002e-002 1.520290e-001

*.hys file: Generated by single earthquake excitatioalyesis. It provides hysteretic response of all
the wall elements in the model

Example file:

Wall hysteresis results of the analysis 8/22/2006 3:14:39 PM :

Unit system (US): inch,Ib,sec

The wall hysteresis
the walls in story-1

Time (sec) Drift-Walll Force-walll Drift-Wall2 Force-wall2

2.0000e-002  0.000000e+000  0.000000e+000 0.000000e+000 0.000000e+000 ...
4.0000e-002  4.699718e-004  1.353313e-002  4.699718e-004 6.289870e-003 ...
6.0000e-002  1.355044e-003  3.838059e-002  1.355044e-003  1.784774e-002 ...

*.ehy file: Generated by SDOF identification analysidsljust the equivalent hysteresis data of the
global DOF.
Example file:

0.0000e+000
0.0000e+000
-4.1200e-001
-8.2400e-001

0.0000e+000
0.0000e+000
-3.7023e+003
-4.9348e+003
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-1.2360e+000  -5.4620e+003
-1.0207e+000 -3.1967e+003
-8.0543e-001  -1.3546e+003
-5.9014e-001  1.9288e+002
-3.7485e-001  5.6080e+002
-1.5956e-001  8.4247e+002

*IDA file: Generated by IDA analysis. It contains theADesults for all global and local (wall)
DOFs.
Example file:
Results of the IDA analysis 12/10/2007 9:42:47 AM :
The earthquake scaling was based on PGA ratio X:Y=0.11611:0.11611 (from original record).
Intensity array applied to Ax
Unit system (US): inch,lb,sec

The X-Y excitation has been applied to the X-Y direction of the model

Beginning of Global records---------------=------
PGA(9): 0.2000 0.6000
Displacement Disp X-------=----------
Storyl: 6.3198e-001 1.5082e+000
Story2: 2.3093e+000 7.3424e+000
Displacement Disp y------------------
Storyl: 5.1288e-001 1.7589e+000
Story2: 1.6130e+000 4.2261e+000
Displacement Disp r------------------
Storyl: 9.1298e-003 2.9664e-002
Story2: 1.2090e-002 6.3164e-002

Inter-story Drift-DX---------=-=------
Storyl: 6.3198e-001 1.5082e+000
Story2: 1.8866e+000 6.0572e+000
Inter-story Drift-Dy------------------
Storyl: 5.1288e-001 1.7589e+000
Story2: 1.1690e+000 3.0333e+000
Inter-story Drift-Rr------------------
Storyl: 9.1298e-003 2.9664e-002
Story2: 1.1929e-002 4.5942e-002

Storyl: 1.0554e+001 2.2117e+001

Story2: 7.2445e+000 7.7042e+000

Storyl: 8.6412e+000 2.1903e+001
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Story2: 1.1243e+001 1.1860e+001

Storyl: 1.0122e+003 7.4563e+002
Story2: 9.5875e+002 4.9766e+002

Storyl: 5.1127e+002 7.0022e+002
Story2: 4.1323e+002 4.3836e+002

Storyl: 5.2268e+002 6.4689e+002
Story2: 6.3718e+002 5.8200e+002

Storyl: 2.5985e+001 2.4299e+001
Story2: 3.5682e+001 1.8608e+001

Averaging time interval=0.2 sec.

Note: If the specified time interval is smaller than the time interval of input excitation,
the excitation time interval is used to calculate the average Accel.
AX (average)------------------

Storyl: 9.6829e+001 1.0938e+002

Story2: 9.6180e+001 2.0094e+002

Ay (average)------------------

Storyl: 8.6042e+001 1.5960e+002

Story2: 8.7776e+001 1.9986e+002

Ar (average)------------------

Storyl: 3.4271e+000 3.7689e+000

Story2: 4.9558e+000 3.7875e+000

End of Global records-------------=--------

Beginning of local records-----------=----------
PGA(g): 0.2000 0.6000
The Maximum Dirift of the elements-----------------

Wall1-1:6.3466e-001 1.8320e+000

* MDA file: Generated by Multi-case IDA analysis. It contiiie IDA results for all global and local
(wall) DOF for multi-cases (each row of IDA data cepends to a different earthquake record).
Example file:
Results of the MIDA analysis 11/29/2007 2:46:56 PM :
Unit system (US): inch,Ib,sec

Input information

Totally 2 models analyzed.
1: C:\Program Files\CSU\SAPWood\Biaxial Models\BenchMark.sap
2: C:\Program Files\CSU\SAPWood\Biaxial Models\Examplel.sap

64



User’s Manual for SAPWood Version 1.0

Totally 2 Earthquake records analyzed.

1: C:\Program Files\CSU\SAPWood\Earthquakes\Acm2.eq2
2: C:\Program Files\CSU\SAPWood\Earthquakes\Anor2.eq2
Totally 2 PGA points analyzed.

1.0000e-001 2.0000e-001

Damping Ratio=2.0000e-002

Time step used=1.0000e-002

Analysis using PGA.

Beginning of Global records----------------------

The structure: C:\Program Files\CSU\SAPWood\Biaxial Models\BenchMark.sap----------------=-------

Story:1
Story:1 of 2--Dx:

PGA: 0.10 0.20
1.0214e-001 2.0514e-001
1.0455e-001 2.6594e-001
Story:1 of 2--Dy:

PGA: 0.10 0.20
1.5948e-001 3.8225e-001
1.5678e-001 4.3710e-001

The structure: C:\Program Files\CSU\SAPWood\Biaxial Models\Examplel.sap------------------------

Story:1
Story:1 of 1--Dx:

PGA: 0.10 0.20

2.8271e-001 5.2220e-001

2.0225e-001 5.0098e-001

Story:1 of 1--Dy:

PGA: 0.10 0.20

1.1717e-001 2.2426e-001

3.9490e-001 2.8928e-001

Beginning of Local records----------------------

The structure: C:\Program Files\CSU\SAPWood\Biaxial Models\BenchMark.sap---------------=--------
Wall1/13 of Story1 --Drift

PGA: 0.10 0.20

1.0117e-001 2.3026e-001

8.9403e-002 2.7300e-001

Wall1/13 of Storyl --Force
PGA: 0.10 0.20
2.8431e+000 5.9141e+000
2.3748e+000 6.1857e+000

Wall2/13 of Story1 --Drift
PGA: 0.10 0.20
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1.0117e-001 2.3026e-001

8.9403e-002 2.7300e-001

The structure: C:\Program FilesS\CSU\SAPWood\Biaxial Models\Examplel.sap------------------------
Wall1/41 of Story1 --Drift

PGA: 0.10 0.20

3.2416e-001 5.8030e-001

2.5920e-001 7.3752e-001

Wall1/41 of Storyl --Force
PGA: 0.10 0.20
6.7388e+002 9.3401e+002
5.7929e+002 1.0731e+003

* SEC file generated by vulnerability analysis. It contdfres simulated single earthquake loss data at
different intensity levels and the vulnerability model obtdifeom these data. The output file
includes at the very beginning the vulnerability paransefi@r the vulnerability model developed by
Shiling Pei in his doctoral dissertation work. Then the fted loss data is also given for every
single intensity value.

Example file:

Start:Saturday, August 25, 2007\8:12:56 PM End:Sunday, August 26, 2007\12:30:50 PM

24

Intensity  Mu-InStd-InPr(0) Pc  all-mean  all-std

0.05 4.6697  1.0911 09635 0  10.34781 259.9304

0.1 49725 12373 02605 O  364.3525 2055.563

0.2 6.3333 14942 00145 0 2174.413 5383.001

0.3 7.3753 14969  0.0004 O  4532.886 7012.437

0.4 80784 13967 O 0  7154.492 8558.841

05 85834 12799 0 0  9907.467 9885.059

0.6 88302 11775 0 0.0499 1420559 15627.12

0.7 913910722 0 0.05 16726.28 15731.35

0.8 93482 099056 O  0.05 18848.61 15896.82

0.9 95684  0.90958 0.05 21619.73 16163.02

1 96706  0.88322 0.1499  27769.87 20370.73

1.1 97177  0.83641 0.26 33114.03 22722.14

12 9.8396  0.79459 0.32 37161.96 22794.91

1.3 99314  0.78699 0.3898  41306.45 22602.47

1.4 99787  0.74552 0.4997  46165.45 22257.63

15 10.080.70318 0 4947 47088.39 21391.11

1.6 10.073  0.64654 0.6046 50923 20614.35

1.8 10214  0.56334 0.69 55150.27 17949.03

2 10334  0.53497 0.7444 5791516 15501.34

2.2 10.377 0.49719 0.8451 61286.58 12294.96

O O O O O O o o o o o o

2.6 10.557 0.39561 0.8546 62436.18 10113.58

66



User’s Manual for SAPWood Version 1.0 67

3 10.609 0.37661 O 0.8997 63744.13 7978.702

3.5 10.694 0.32275 O 0.8997 64085.17 7070.185

4 10.685 0.28389 O 0.9497 65053.44 5211.519

Beginning of the data

-1 5.000000e-002

0.000000e+000 0.000000e+000 0.000000e+000 2.616651e+002 0.000000e+000 2.176811e+002 0.000000e+000
1.879598e+001 0.000000e+000 1.797382e+002 0.000000e+000 0.000000e+000 0.000000e+000 8.369978e+001 ...

-1 1.000000e-001

2.245363e+002 4.504117e+002 2.105297e+002 1.886487e+002 3.911586e+002 8.795535e+002 8.660370e+002
7.890755e+001 7.501007e+001 5.766284e+002 4.909902e+002 2.851999e+002 1.886487e+002 3.911586e+002 ...

-1 4.000000e+000
6.593336e+004 6.675259e+004 6.768540e+004 6.647659e+004 6.761297e+004 6.669388e+004 6.696110e+004
6.525899e+004 6.448476e+004 6.770790e+004 6.730953e+004 6.511413e+004 ...

* LOS file generated by long term loss simulation procesgu(vulnerability based and Virtual
Hazard). It is just a text file with the long term lossnples, with no description in the file (so one
needs to specify the file name clearly when creating @8 file).
Example file:
0.000000e+000  1.944744e+003 0.000000e+000 0.000000e+000 1.042034e+002 6.902475e+002 2.586495e+003
1.057963e+003  2.770213e+003 0.000000e+000 0.000000e+000 0.000000e+000 0.000000e+000  8.749048e+002
9.685940e+003 0.000000e+000 0.000000e+000 ...
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C. Spring models

Linear spring
The most simple spring type with only one stiffness pater.
Parameter:
K — stiffness
Input sequence in SAPWood:
K

Bilinear spring
The simplest nonlinear spring type with energy dissipatioperties.
Parameters:
KO — initial stiffness
Ky — stiffness after the yielding point
Dy — the displacement corresponding to the yieldingtpoin
Input sequence in SAPWood:
KO Ky Dy

SAWS-type hysteretic spring (CUREE model)
The 10-parameter model used in SAWS and CASHEW pmgrcan be used to model the lateral
load-resistance behavior of wood shearwall components.
Parameters:
KO — initial stiffness.
FO — the resistance force parameter of the backbone.
F1 — pinching residual resistance force.
R1 -- the stiffness ratio parameter of the backbomécally be a small positive value.
R2 -- the ratio of the degrading backbone stiffneg§atypically be a negative value.
R3 -- the ratio of the unloading path stiffness to &fijcally close to 1.
R4 — the ratio of the pinching load path stiffness @0 tgpically under 0.1.
Xu — the drift corresponding to the maximum restoringdatthe backbone curve.
Alpha - stiffness degradation parameter, usually takedug between 0.5~0.9.
Beta — strength degradation parameter, usually takdsi@ etween 1.01~1.5.
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Figure 41. Loading paths and parameters in SAWS hys  teresis model
Input sequence in SAPWood:
KO FO F1 r1 r2 r3 r4 Xu Alpha Beta

Evolutionary Hysteretic Parameter Model (EPHM) hysteresis
The 16-parameter hysteretic model developed at CSlalldivs more adaptive modeling of the
degradation behavior of the wood shearwall componé#rissrecommended to model shearwalls with the
EPHM when they might experience significant damagegéldrift level) during the earthquake.
Parameters:
KO — initial stiffness
FO -- the resistance force parameter of the backbone.
R1 -- the stiffness ratio parameter of the backbomecajly be a small positive value.
Xu — the drift corresponding to the maximum restoringdatthe backbone curve.
R2 -- the ratio of the degrading backbone stiffnéssdr portion) to KO, typically be a negative value.
Xul — the drift corresponding to the end of the lineatipo degrading backbone, the backbone degrades
exponentially after this point.
P1 - the exponential degrading rate parameter of thdbae, b in Fig. 30.
F1m — maximum value that the residual pinching force remth. A local parameter for evolutionary
parameter FI (residual pinching force).
F1r — minimum value that the residual pinching force émese damage stage. A local parameter for
evolutionary parameter FI.
DF1la — tracking damage index (average maximum drifesponding to the starting point of the plateau
portion of the FI degrading function. FI varies lingdrsefore this point.
DF1b -- tracking damage index (average maximum)dr@tresponding to the ending point of the plateau
portion of the FI degrading function. Fl degrades egntially after this point.
pF1 — the exponential degrading rate parameter dfitdegradation function.
prd -- the exponential degrading rate parameter of th@gh€ltangent stiffness at the point where loading
paths intersects with Y axis) degradation function.
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r4r — ratio of the residual Kl value to initial stiffrees
Beta -- strength degradation parameter, usually takakia petween 1.01~1.5.
Fur — residual resistance force value of the backbosevere damage stage.

Figure 42. Backbone curve for EPHM hysteresis

Figure 43. Degradation of loading paths

Input sequence in SAPWood:
KO FO r1 Xu r2 Xul P1 F1m F1r DFla DF1b pF1 pr4Béta Fur

70



User’s Manual for SAPWood Version 1.0 71

D. Example structure configuration

One of the structures used in the example section afmisial is based on the benchmark house structure
for the NEESWood project (report NW-01 by Christovasii al., available from the NEESWood website).
The model file “Benchmark.sap” can be found in the iretialh folder after SAPWood is installed. This
model is a simplified model in which only part of the shedlsnare considered. There’s no concentrated
mass in this model and the mass is assumed to berahifdistributed over the floor diaphragm.

The coordinate system, floor plan, and the location/raxing of the wall elements are illustrated in Fig.
40 and 41.

Figure 44. Floor plans for the benchmark structure
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Figure 45. Wall element layout in the simplified mo  del

The structure used in loss analysis example is a typicastory woodframe single family home. The
floor plan is illustrated in Figure 46, with red lines dentite drywall partition walls. The model file
“Residential.sap” can be found in the installation folafiéer SAPWood is installed.

Figure 46. Residential structure floor plan
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