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Abstract

It is a weltknown fact thatll earthquakes have three orthogonal components of eetoahe
including two horizontal and oneertical acceleratiorCurrentdesign practice for design of
structures in United States only focuses on the impabiediorizontal component of
earthquake However, acordingto previous researchertical peak gound acceleration (PGA)
can be higher than the horizontal peak acceleration in the same eartheuakenay
contribute tostructuralcollapse Further research is needeedinvestigate the impact of vertical
ground motion on seismic response of strueguimn this paper, four threstory and four sixstory
steel frame structures are chosen to investigate and represent this problem. For each structure
height a special moment frame with reduced beam section (@B8gctiongnd buckling
restrained bracBRB) frames are designed bthe equivalent lateral forceeLF) method based
on ASCE 710 and analyzed by using nonlinear dynamic analgssite of40 strongground
motion records are selected including horizontal and vertical ground muotitms stug. The
range oftheratio of vertical to horizontal acceleration in this study is from 0.5 to 1.2. All the
structural models ar@nalyzed undemvo different loading cased) HorizontalOnly and?2)
Horizontal plus \értical There is a significant impact wertical ground motion on the column
axial force, vertical acceleration ahdam midspamertical deflection. The demand cotation
of reduced beam sections in upper stories exp@rience a significamfluence from the

vertical ground motions.
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Chapter 1 Introduabin

1.1 Motivation for the Research

According torecent earthquake recordise verticalacceleratiocomponent in some
earthquakeis foundto have higher value thahe horizontal compondnHowever traditional
design methods assume the magnitude dfoat acceleration to be 1/2 to 2/3 of the horizontal
accelerationSeismicrequirementsn these codes design a structure to resist strong ground
motionbased on the ductile and inelastic behavidhestructural system. Seismic design
methods in curmet codesdo not typically directly considehe impacif thevertical component.
This may result in a sigficant collapserisk. In the pastouple yearsfield evidence has been

found hatshows damage from the vertical component of strong ground motions

The impact otheverticalcomponent ostrong ground motiohas been investigatealy
recently therefore, the research on this topic is limited. lyengar and Shin¢(Z@k2)did some
investigation on the verticargund motion by using a cantilever beadnderson and Bertero
(1973)did research on a ten story building which only had an unbraced, single baylframe.
study four special moment frames with reduced beam sectioimanbducklingrestrained
frames will be used to investigate the impact of vertical ground motion on the seismic response

of steel frame structures.



1.2 Scope of work

The purpose of thighesisis toinvestigate the impact of vertical ground mot@nthe seismic
response of steel frame structures. In order to understand overall seismic response of steel frame
structures due to vertical ground motion, eight different kinds of steel frames are used in this
paper.These eight models include four spéamment frame models which are designed in this
paper based on the information given by Salf2iD1)and fourbuckling restrainethracel

frame models which are modified accordingite SAC building modelef Sabelli(2001) All

the models in this study are designed to be located in Los Angjekeslesign is completed by
equivalent lateral force (ELF) method according to ASEE along withSAP2000 (CSI, 2011)
software Finite elenent analysis modeling and nonlinelgnamic analysis are completed by
using Perform 30CSI, 201). The finite element modeling procedure for the mesh method of
beam, mass, beamgduced beam sectioRBS), column, panel zone, floor, brace and base will
be discussed in this pap&RB modeling parameters were provided by Xie (2015). Forty
amplitudescalal strong ground motiagare selected to complete the nonlineagraimicanalysis

on different models irhis study All the structural models ammnalyzed ndertwo different

loadingcases: 1) drizontalOnly and2) Horizontal plus értical



1.3 Organization of thesis

Chapter 1 ighe introduction talefine the problem ithis thesis The motivation of the
research and scope of the work are also discusgbi$ ichapter.
Chapter 2 provides the literatueview onvertical ground motion and the impact of

vertical ground motion on different kinds of structures

Chapter3 provides theoverview on the selected structures in this paper. The detailed
designprocealurefor the threestory and sixstoryspecial momenframe with reduced beam
sectionsare presented.hEfinite elemenimodelingprocedure fodifferent kinds of elements in
the momenframes and braced framesSAP 2000 and Perform 3D aedso discussedrorty

scalel ground motion records are also introduced in this chapter

Chapter 4 presentbe detailedesults of the threstoryand the sixstoryPerform 3D
nonlinear dynamic analysi®verall gatistical dataand graphsf theimpact of vertical grond
motions on the selectedattels are provided in this chapt&ome results of the individual case
are also provided in this chapter to help to understand the difference of structure behavior under

two different loading cases.

Chapter Ss the conclusiomf thisthesis This chapter will summarizéne wholeresearch

paperandproviderecommendationfor further research
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Chapter A.iteratureReview

2.1 Introduction oWertical ground motion

It is a weltknown fact that structures are subjectechte¢ different dimensional
earthquake ground motierBut earthquake design (ELF Method) for buildings usually only
consides the horizontal component of ground motion wihhievertical component of ground
motion is generally neglected. Mahuilding cods includingNBC 105, IS 1893, UBC 97 and
many other codeworldwide assume the vertimaimponent othe ground motion to be 2(8
the horizontal componemthich is originally provided by Newmark et @973) Figure 21

shows the ground motion acceleration resafde1-centro 194qShrestha, 2009)
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Figure 2-1: Ground Motion Time History of El -Centro 1940 \ertical (0.21g) andHorizontal (0.32g)
Respectively from Top (SHRESTHA, 2009)



However, in recent years, many authors have started toahokt the impact of vertical

accelerationsndhavedone significant research about the influence of vertical component of

earthquakes on structures. The effect of verticalpament of an earthquake on overall seismic

response of structuréss gaineadonsiderable interest to the profession. Many studies and

reportso data show that

verti

c al

peak

ground

horizontal component valua the same earthquake which may cause significant damage on

some critical partsfostructures that cancrease chances obllapse. Table-4 provides a list of

earthquakes with significant V/H ratio. The V/H ratio was recommended to be more than 1

within a 5 km radius ofthe earthquake source, more than 2/3 within 25 km radiuhasd

relationship withearthquake magnitudeecording tadhe studies by Collier and Elnash@001)

Table 2-1: Basic Ground Motion Information (Collier & Elnashai, 2001)

Event Station(Mw) Horl(g) | Hor2(g) | Ver(g) | V/H
Gazli, Uzbeksitan 1976 Karakyr(6.8) 0.71 0.63 1.34 1.89
Imperial valley, USA 1979 | El cenro array 6 (6.5) 041 0.44 1.66 3.77
Nahhani, Canada 1985 Site1(6.8) 0.98 1.10 2.09 1.90
Morgan hill, USA 1984 Gilroy array#7(6.2) 0.11 0.19 0.43 2.25
Loma-prieta, USA 1989 LGPC(6.9) 0.56 0.61 0.89 1.47
Northridge, USA 1994 Arleta fire station(6.7) 0.34 0.31 0.55 1.61
Kobe, Japan 1995 Port Island (6.9) 031 0.28 0.56 1.79
Chi Chi, Taiwan 1999 TCU 076 (6.3) 0.11 0.12 0.26 2.07




2.2 Nearfault influenceof vertical ground motion

Accordng to recentresearch oearthquakesuch as the 1989 Loma Prieta, 1994
Northridge, 1995 Kobe and 1999 &bhi, the vertical component the groundnotion was
found to exceethe horizontal componenf ground motionwhich direcly refutes the current
codeprovision that assumes the value of the vericdlorizontal (V/H) spectral ratio of strong
ground motion is around 2/Bliazi andBozorgnia(1989 1990; 19911992 analyzed more than
700 horizontal and vertical response spectra from 12 different strong ground motions recorded
by the SMARTL1 strong motiorarray in Taiwan. In the most recestudy, theyNiazi &
Bozorgnia, 1993)ested 159 horizontal and vertical response spectra from the 1989 Loma Prieta,
California, earthquake and Bozorgnia ef18195)analyzed 123 vertical and horizontal response
spectra of 41 difrent kinds of soil sites iNorthridge, California. Ansary and Yamaz#kb98)
analyzed 2166 horizontal and vertical response spectra from 387 earthquakes recorded by 76
Japan Meteorological Agency (JMA) sites in Jaghof these studies have the very similar
conclusion: that the verticéb-horizontal ratio (V/H) of strong ground motion is highly related
to the period. The V/H ratio is higher when the period is shorter. They also figured out that the
V/H ratios are elatively weakly correlated with magnitude, especially beyond the immediate
vicinity of the fault. Significant research focuses on the-feadt recordings. They found that
the V/H ratios of peak ground acceleration and response spectra also havestdtmngships
with sourceto-site distance and could get cldser exceed 1.0 at the short period. Figw2 2
shows an examplgtudy for predictig the V/H acceleration ratend the influence of earthquake
magqnitude, distance to the ruptused fault mebanism oriV/H ratio (Ambrasseey & Douglas,

2003)
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Figure 2-2: Effect of Magnitude, Distance and Fault Mechanism on the Ratio of Horizontal to
Vertical Peak Ground Acceleration. (Ambrasseey & Douglas, 2003)

As Figure 23 (Yilmaz, 2005)shows, the ratio of vertical and horizontal peak ground
accelerations is approximately linearly increasing with increasing magnitude. Similarly, Figure
2-4 and Figure 5 (Yilmaz, 2005)implies the changing trend of the ratio of vertical to
horizontal peak ground motion velocity and displacement related to increasing magnitude. The
opposite occurs with the ratio of peak acceleration, a linearly decreasing behavior with respect to

increasng magnitude is observed in these two figures.



IIIIIIIIIIIIIIIIIIIIIIIIIIII

PGAh/PGAv vs. MAGNITUDE

||||||||||||||||||||||||||||||

R TP
R

*
$

Linear (pgah2) ‘

—-—-----r

|

|
—
¢

|

|

|

magnitude

‘ ¢ pgah2 W pgaht

Magnitude of Earthquake (Yilmaz, 2005)
PGVh/PGVv vs. MAGNITUDE

B8
5
41
3

ebdjy ebd

0

7.5

6.5 7.0

magnitude

6.0
B pgvh2 ==Linear (pgvh2) ===Linear (pgvh1) ‘

Magnitude of Earthquake. (Yilmaz, 2005)

55

| & pgwht

5.0

Figure 2-3: Relationship between Ratio of Horizontal to Vertical Peak GroundAccelerations and

Figure 2-4: Relationship between Ratio of Horizontal to Vertical PeakGround Velocity and



PGDh/PGDv vs. MAGNITUDE

3{]_ _________ B | I T T T T T~ TT T T T T T T T T —-—--—-—- === 1
| | | | | |
I | T I I I
25 oo o R R R R !
| | | | | |
| 1 | | | |
R e
: | | | | | |
S 154--——-- T — . H - fommmm oo . i
- | 1 | | | |
o | | | | | |
j= % | | | | | |

. || | I
10+ o4 -t R b dr s e 1
S R I LA i
e Rk e B L a7 TTT T T
| | | |
¢ ' |
0 } } } !
50 55 6.0 6.5 70 75 8.0

magnitude
e pgdhl m pgdhE—Linear{nghz]‘

Figure 2-5: Relationship between Ratio of Horizontal to Vertical Peak Ground Displacement and
Magnitude of Earthquake. (Yilmaz, 2005)

Bureau(1981)and Campell (1982)recognizedhat the value of V/H in theearfault
region of large earthquakes waignificantlydifferent from that predicted at small magnitudes
and largalistances. Bsed on these studies, CampEl85)recommendethat the standard
engineeringule-of-thumb of assuming V/H2{3 when estimating vertical ground motion
componenfor design should be revaluatedMany of the papers emtioned previously have
very similar onclusions.

Severakesearcherbavegiven a lot ofseismological explanations provethatthe V/H
value has a strong relationship witistancerom the epicenteand loal site conditions. Silva
(1997)pointed outhat for short distances at soil sites the large contrast@arwave (Swave)
velocity atthe rock/soil interface causes incident inclined\8a&es to be converted tevifaves

(compressional wavegy-to-P conversionas they propagate througtis bounday. These



converted Rvaves are subsequently amm@diand refractkinto a more vertical angle of
incidence by a shallow-Rave velocity gradienBecause earthquake sources emith larger
S-wave amplitudes thanr®ave ampliudes (by about a factor of,3his has the significant effect
of increasinghe ampitude of the vertical componeat ground motion over that caused by
direct Rwavesonly. Silva explains that this eftt is diminished at neaource rock sites
because of the sm&lwave velocityand the smalb-wave and Rvave veleity gradients, which
result in less $o-P conversion which causesidler value of V/H.Accordingto Kawaseand

Aki (1987)and Silva(1997) at lagerdistances the SWave is beyonds critical angle of
incidence and does not propagetehe surface very effectivelyherefore, at large distances,
the loweramplitude direct Rvaves will dominate theertical component of ground motion
causing relavely smaller values of V/H.

Amirbekian and Bol{1998)examined the differences between the spectral
characteristics of nedault vertical and horizontal ground motions from a seismological point of
view. They finallyreached the conclusion that the haghplitude, highfrequency vertical
accelerations that are observed on +iaalt placerecordingsare most likelygenerated by the-S
to-P conversion within the trangih zone between the underlyibgdrock and the oviging
softer sedimentariayers, consistent with Silva'g/pothesis.

According to an analysis of five@gnificant earthquakes in California, Beresrehal
(2002)found that SWwaves dominate verticatgund motions gperiods longethan about 0.1
second; and at shorter perioBsyaves may contribute a lai these ground motions.

According to Figure 5, although the value of V/H is not very sensitive to magnitude

and the distance from the rupture, we still can fivat the value of V/H is decreasing along the
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distance from the rupture. Forrpe T=0.1 second, aghown inFigure 27, especially for the

firm soil at short distancé//H increases with magnitude and decreases rapidly with distance

PGA
2.0
| —  Firm soil
| (a) ------- Firm rock
1.5
g |
= L
T 1.0
; |
:hl N
0.5
i 1 1 L 1 1 L1 1 | 1 1 1 1 1 L1 1
0.0

10 100
Distance to Seismogenic Rupture (km)

-

Figure 2-6: V/H V alue of PGA dong the Distance from the Ripture (Bozorgnia & Campbell, 2004)

PSA at 0.1 sec
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D_D 1 1 1 [ N R | L L L [ T I |
1 10 100
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Figure 2-7: V/H Value of PSA=0.1 sec along the Distance from theuRture (Bozorgnia &
Campbell, 2004)
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2.3 Frequency and period influenafevertical ground motion

A couple yeas ago, the Commissn of the European Communiti€s993)allowed V/H
to vary with period in the European Building Code (EC8), but mainly as a means of reducing
V/H from 2/3 at short periods to 1/2 at long periods. The 198¥rm Building Code (UBC
97) recognized the fact that V/H is dependent on sctweste distance at relatively short
distances and recomnaed using site specigértical response spectra for sites located close to
active faults. However, neither the UBXZ nor the 2000 InternationauiBding Code (1BC-
2000) giveguidance on howo develop a general vertical design spectrum, especially in the
nearfault region. The American Petroleum Institute, in Recommended Practice for Planning;
Designing and Constructing Fixé€¥fshore Platforms (R 2A-WSD), recommends using V/H =
1/2, but the main focus is on lompgriod structures.

Figure 28 shows the horizontal and vertical response spectrumanrifo earthquake in
1940, we can easily figure out that the vertical response acceleration ihigliehthan the
horizontal component in the short period and decreases rapidly when it comes to relatively long
period. Figure B shows that the high vertical acceleration component in the very short period
causes much higher ratio of vertical to horiabspectral acceleration compared with the code
provision value 2/3. Although this value should be lower than 2/3 in most situations, the vertical
component has tendency to concentrate all its energy in narrow high frequency band which can

cause damage &iructures.
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Figure 2-8: Response Spectrum for 1940 Iecentro earthquake (Shrestha, 2009)
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Figure 2-9: Comparison of Spectral Ratio at Short Period for EACentro with Code Value
(Shrestha 2009)

There are treewestern Nath America(WNA) attenuation relations which are used to
give theestimates of horizontal and vertical components of ground miotiengineering

practice. They can aldme used to predict V/H spectra. These relations are Satdaj(i1993)
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Abrahamson and Silvd997) and Gmpbell(1997 2000; 2001 The Sadigtet al(1993)

relation is only valid forock site, whilethe other relations address etlsite conditions as well.

All of them definethe faulting mechanism as either strike slip or revslipeSadigh et al.

defined rock as a geologic unit with no more thanesemof soil overlying bedrock, bttie other
researcherbave found that deepsoil units were also apparentiged(Stewart, Liu, & Choi,

2003) Abrahamson and Silva classii sites as either generic soil or generic rock, where generic
soil is a geologic unit with at least 2@tarsof soil overlying ledrock and generic rock is a
geologic unit with less than 20atersof soil overlying bedrock. Campbe{Campbell, 1997)
classifed sites as eithetlavium (firm soil with at least 10 etersof soil overlying bedrock),
softrock, or hard rockCampbel (2003a 2003b; 2003cgivesa moredetailedsummary and

comparison of all four attenuation relatiofifie results are shown in Figurel@ and 211.

Soft and Firm Rock

2.0
(a) —a— This study (soft rock)
=mmem  Thiz study (firm rock)
—=—— Abrahamson & Silva (1967
------- Campbell (18687)

1.5 wmme= Sadigh et al. (1997)

V/H Ratio

0.0 I L1l 1 1
0.01 0.1 1 10

Period (sec)

Figure 2-10: Relationship between the V/H Ritios of PSA andPeriod for Softand Firm Rock
according to Four Different Researchers (Campbell & Bozorgnia, 2003)
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Firm and Very Firm Soil

2.0
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I ——— MAbrahamson & Silva (1907)
15 ," \1 ------- Campbell (1997)
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Figure 2-11: Relationship between the V/H Ratios of PSA andétiod for Firm and Very Firm Soil
according to Four Different Researchers (Campbell & Bozorgnia, 2003)
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2.4Field evidence of the damiag effect of vertical ground motion

It is commonly argued th#te vertical strolg motion component is insignificant for the
effect of damage becauseitsflow energy content. It isbvious that the energyntent of the
vertical componens significantly less than the energfthe coresponding horizontal
component. However, such an explanafmmeglecting the vertical component is not enough,
since the horizontal energpntent is dominated by long period pulses Wwtdce norexistent in
vertical strongmotion records. What igf significance in earthquake responsthisrelationship
betweerstructuraland excitation periods. Hendbge strongmotion energystored in which
frequency ranges the absolute critem todecide on the importance of the components of
earthquakéPapazglou, 1995EInashai & Papazoglou, 1995)

Papazoglou and ElnashHaR96)did research about the Kalamata, Greece, earthquake in
12 September, 1986 whichda magnitude of 5.7. This event had an epicenter located less than
9 km from the town center and a focal depth of 7(kinashai & Pilakoutas, 1986figure 212

shows that some cracks occurmnedhe midheight of the reiforcement concrete pedestals.

Figure 2-122 A Bench which has Displaced Horizontally without Friction at the hterface
(Papazoglou& Elnashai, 1996)
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Some researchers doubt that the reason for these cracks is because of the flexure tensile
force due to théorizontal component in the earthquake. However, according to the damage
inflicted on reinforcd concrete building€:lnashai edl (Elnashai & Pilakoutas, 198&Inashaj
Pilakoutas, & Ambraseys, 198Blnashai, Pilakoutas, Ambraseys, & I. D. Lefas, )98port an
unusually high number of symmetric compression and sterapression failures in columns
and shear walls, as opposed to bending failures. Such failures are even observed in buildings
with a soft ground story where bending failuralisaysexpected. Althoughsomeof thesekind
of failures can be attributed to bddtailingdesignandpoorcongruction errors, it is still
reasonable to claim th#tevertical component in this strong ground motion also acted in a
significant role. It isobviousthat the variation of vertical forces inevitably gave a reduction in
shear strength due to loss or reduction of the concrete contribliiese could haveasilyled
to the observed shear failures in walls and columns. Moreover, the increase in axialssorapr
forces due to verticaomponent of ground motion combin&th poordetailsalso led to a large
number of compression and compresssbear failures in walls and columns, in cases where the
transverse shear capacity was not exceeded by defftzes.were often provelddy symmetric
buckling of the reinforcement or by-iype shear failure at milte height of columns or walls.

An example is shown in FigureIB where compressive failure of a first stoggnforcement
concretecolumn took place despitbd presence of an incomplete infill panel which would

preferentially induce a shear failure in the short col{Rapazoglou & Elnashai, 1996)
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Figure 2-13: Compressive Column Failure in a Residential Bilding in Kalamata. (Papazoglou&
Elnashai, 1996).

There are some other phosisown inFigure 214 through 216 as the field evidence
given by Papazoglou and Elnashai which can be explained by the effect of vertical ground

motion on the damage of buildings.

Figure 2-14: ShearBond Splitting Failure in 3rd story of Holiday Inn Hotel in Van Nuys.
(Papazoglou& Elnashai, 1996).
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Figure 2-15. SecondStory callapse of Kaiser Perrnanente Bilding in Balboa Boulevard at
Northridge. (Papazoglou& Elnashai, 1996).
‘“‘_'4"’:" ‘k "\ 2% .~:
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Figure 2-16: Collapsed CSUN Parking Structure. The Perimeter Frame does not Show Signs of
Distress where Gravity §stem has ot Failed. (Papazoglou& Elnashai, 1996).
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2.5 Analytical research on the damage effect of vertical motion based on cantilever model

lyengar and Shinozuk@l972)did research on the effect of vertical acceleration and

distribution mass on tall buildings which could be idealized as cantiletect can be seen in

Figure 217. The effect of the vertical aeleration is considered only to change the weight of the

structure. The extensional motion and the effect of second horizontal component are not included

in this analysis.

W (x, 1)

TR

Y11

e

AT

Figure 2-17: Cantilever M odel (lyengar & Shinozuka, 1972)

The most significantasponses of the structure under their study would be the relative

deflection at top, bending moment and shear force at the base (R. M. S response). These three

responses have been studied in some detail for three different kinds of cantilevers which have

different fundamental frequencies and heights. TallesBows the properties for these three

different kinds of cantilever mode(s/engar & Shinozukal972)
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Table 2-2: The Properties of Three Different Cantilever Models (IYENGAR & SHINOZUKA,

1972)
Structure k (Tt) m (1b ft—* sec®) EF (psf) hi* (cps)
1 50 10 J-bx 108 1:343
11 100 10 J6x108 0-336
1 200 10 252 % 108 0222

Figure 218 shows the relationship between #stimats of the R. M. S. responses and

the time historyThese figures clearly indicate the effect of the-aeight and the vertical

accelerationAs isexpeced the difference is nre significantwith the tller structuregll, 1)

than with the shorter structure.(For structural design the highest absolute peak responses are

more significant and hence these are also obtained in all the samples during the first five seconds

of earthquake.
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Figure 2-18 R. M. SResponse of Bucture I, II, [l  (lyengar & Shinozuka, 1972)
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2.6 Analytical research on the damiag effect of vertical motion

It is quite obvious that the ratio of vertical component to horizontal component in strong
ground motion could easilieeed the value which is recommended by most code in the world
at initial period. Then the question in mind will be, does the higher spectra ratio at short period of

the response spectra have significant effect on the behavior of structures in the leaPthqua

Anderson and Berterd 973)did research on a ten story building which only had an
unbraced, single bay frame. Following seismic design practice, this frame was designed for
seismic loads according to the Uniform Blilg Codeg(1970)and the members were designed
according to the allowable stress design(ASD) procedures described in the AISC Specification
(1970)although more efficient seismic desigiethods have been provided by Anderson and
Gupta(1972)and Berterd1972) Figure 219 shows the analytical model in their study. They
tested their model with the response spectrufaabima and Taft earthquake. There are three
different kinds of load cases for them, horizontal load only (H), horizontal load plus gravity load

(HG) and horizontal load plus vertical load plus gravity load (HGV).
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Figure 2-19: Analytical Model (Anderson & Bertero, 1973)
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They concluded that the inclusion of gravity load results in a significant increase in the
ductility requirement of the upper story girders and lower story columns. Inclusion of the vertical
component of ground motion can result in aHartincrease in the ductility requirements of these

elements and can also increase significantly the ductility requirement of the upper story columns.

Figure2-20 shows the maximum vertical acceleration at each famdbe HGV load
case We can find thathe vertical response of the frame to the two different grouncdomi
quite similar. Figure 21 shows the maximum girder ductility face of column while Figure-2

22 shows the maximum girder diility at mid-span. Figure 23 shows the maximum column

ductility.
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Figure 2-20: Maximum Vertical A ccelerations (Anderson & Bertero, 1973)
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Figure 2-23: Maximum Column Ductility (Anderson & Bertero, 1973)
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Buildings seem to be much stiffer in the vertical direction than the horizontal direction.
Papadopoulo(@989)found that for reinforced concrete momenistisg frames, the ratio of
vertical to horizontal fundamental period can vary from 6.67 to 2.5 for a range of stories from 8
to 1. Table 23 shows the vertical and horizontal periods for a reinforced concrete moment

resisting frame building from first stpto eighth story.

Table 2-3: Relationship between First Mode Horizontal and Vertical Periods for RC Bildings.
(Papadopoulou, 1989)

Number of Horizontal Vertical
floors period (s) period (s) Ratio
| 01 0-040 2-50
2 02 0064 313
3 03 0082 3-66
4 04 0091 4-40
5 05 0-099 505
6 06 0-106 566
7 o7 0114 614
8 08 0120 667

Steel structures also haassimilar result. Papaleontiou and Roeg4€93)have done a
lot of research ofour 3-bay steel moment resisting framekich have spans of 4&4 m.
These structures are taken froavaral other studies and the design strategies for these buildings
are not consistent. Partieuly, the 4story and the 18toryframes areelativelymuch more
flexible in the horizontal idection than the other two so thhts kind of difference will
significantly affects the ratio of verticéb-horizontal periods. However, these examples tén s
be used t@rovea very broad trend of this important ratio, as applied to steel moment resisting
frames.Table 24 shows the relationship between vertical component and horizontal component

in strong motion for the steel structure buildings withedght number of floors.
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Table 2-4: Relationship between First mode Horizontal and Vertical riods for Steel Buildings.
(Papaleontiou & Roesset, 1993)

MNumber of Horizontal Vertical
floors period (s) period (s} Ratio
4 1-0 016 625
10 222 0-20 11-10
16 1-54 0-19 811
20 227 0-25 9-08

A couple of lumped parameter MDOF structural models have been analyzed by
Papadopoulo(1989)to indicate that the strong vertical ground motion can lead to column
tension. Figure 24 shows thafor the buildings and records examinedlumn tension in upper
storiesalways occurs for peak groundcateration exceedg 0.43) and for buildngs which have
more than two storiegven though horizontal motion is not considered in the analysis

(Papadopoulou, 1989)
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Figure 2-24: Pattern of Maximum Tensile Displacements along the Height d¥ulti -Story RC
Buildings subjected to Various Vertical Earthquake Motions. (Papadopoulou, 1989)
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Papaleontiou and Roessgiplied dinear timehistory analysis tgteel buildings using
the 1989 Loma Prieta records from Capitolax @529; a=0.479).They di dnodét apply
gravity load to these steel structure mod&&ble 25 shows he maximuncompressivand
tensileaxial forces for exterior columns, where the effect of overturning momentses larg

(Papaleontiou & Roesseit993)

Table 2-5: Effect of Vertical Motion on Axial Force Response of SteelrBmes. (Papaleontiou &
Roesset, 1993)

Contribution of
vertical motion 1o

Axial forces (kN) total axialforce (%)
No. of Roof Roof Ground Ground Roof Ground
storeys H H+V H H+V
4 —22/+40 £+ 110 + 200 + 450 72 56
10 + 22 + 150 + 490 + 850 85 42
16 — 58/ + 80  + 290 + 5400 + 7100 76 24
20 + 49 + 135 + 3300 + 4000 64 21

What s nkKeoukleri,(1992)did the nonlinear dynamic analysis for an 8 story, 3 bay
moment resting reinforced concrete frame building which is designed according to UBC. The
objective of this analysis is to confirm the occurrence of net tensile forces and displacements,
thus dispelling the question of high frequency excitation often used to stppansignificance
of the vertical component. Table2shows the effect of vertical motion on tensile column

forces and displacements for a reinforced concrete frame.
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Table 2-6: Effect of Vertical Motion on Tensile Column Forces and Displacements fa RC Frame.
No Tension occursunder only Horizontal L oading. (Koukleri, 1992)

Tensile force Tensile displ.

Column (kNY{H+ V) (H+V)(mm)
1st storey exterior 475 1-90
4th storey exterior 350 1-30
8th storey exterior 150 0-60
Lst storey interior 500 1-95
4th storey interior 750 375
8th storey interior 210 070

Table2-7 shows that the vertical component of strong ground motion significantly

contributes to the aal column force in reinforcedoncrete frame according to tkeukleri 6 s

analysis.

Table 2-7: Effect of Vertical Motion on Compressive Column Forces for a RCFrame. (Koukleri,
1992)

Compressive

Compressive

Contribution of

force (kN) force (kN) vertical motion to

Column H H+V total axial force (%)
1st storey exterior 1500 1750 14
4th storey exterior 750 1250 40
8th storey exterior 125 350 64
Ist storey interior 1450 2500 42
4th storey interior 800 2525 68
8th storey interior 215 1200 82

Georgantzig1995)applied a nodinear analysis on a coupled shear wadit8rey 3bay

RC frames whiclare designed by Fard($994)according to E€2/EC-8 for an acceleration of

0.15 g. He found that the vertical component of strong ground motion can contribute a lot to the

upperstory failure. This result is totally ceistent with the higher variation of axial forces in

upper stories and
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becomes the controlling factor for ultimate response when the vertical component is included in

the analys. Figure 225s hows t

al, 1993) for the response to the 1971 San Fernando record at Castsaic Old Ridge.
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Figure 2-25: Effect of Vertical Earthquake Motion on Shear Response of RC Glumns. Regponse to
the 1971 San Fernando Bcord at Castaic Old Ridge. (Georgantzis, 1995)
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2.7Research on modelingass

The accuracy of 2D dynamanalysis of a structure obviousigpends upon the accuracy
of the modeledlynamic propertiedVhalen, Archeand Bhatig\Whalen, Archer, & Bhatia,
2004)have shown that improper vertical mass modeling, brought about by a simple but
inappropriate assumption about mass lumping, can cagis@cantlychanges in estimated
seismic pdormance of a structure.

Figure 226 shows the floor plan ithe northi south directiorfor three different LA SAC
buildings(ATC, 2000) All of them have only two exterior momefnamesto resist the
horizontal motions sthat each of them can typically takalf thetotal horizatal mass of each
floor. Due to the descriptiombove gach moment frame can takalf thetotal verticalmass of
each flooras well Thisassumption anthodels wereventuallyadopted into many tferent
dynamic analyses of tHeAC buildings. Unfortunately, this wilead to an over predictiaof the
massn the vertical direction. Althougtine horizontal iertial forces can be assumed®
equally distributed to the two exterior frames, the vatiticertial orces are not only resisted by
the columns in the moment frame but also resisted by the gravity colbguge 226 shows
the tributary areas of the verticaass for the momeiftame are much smaller than the tributary

areas of the horizorteass.
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2.6 Summary

In this chapter, we can easily find thiattobserved and predicted V/H spectra have
strong relationship with the fundamental period, sotweste distance and local site condition
while theyhavearelatively weak relationship with earthquake magnitude and faulting
mechanism. Most of the code® are using underestimate the effect of vertical component of
strong motion in the short period while overestimate it in the long period. A couple of field
observations and a lot of analytical results indicate that certain failure sig@tgomostly
caused by the effect of vertical earthquake foftés obvious to see th#ttevertical component
of strong motios have a significant impact on the building behavior during the earthquake,
especially the nedault earthquake. The method for howctwredly modelthe massboth

horizontaly and verticallyin 2D framesis also discussed in this chapter.
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Chapter 3 Modeling obpecial Moment Frame (SMF) aBdRB Frames
3.1Introduction

Structuredesign based on current seismic code is expected to makeigts deform in
the inelastic range under the design level ground motions. Steel structural elements can dissipate
earthquake energy through inelastic deformation. This chapter concentrates on the element
inelastic behavior for various elements sucheamns, columns, panel zones and so on. Perform
3D is the software platform which will do the nonlinear dynamic analysis. Figlirgh®ws the

generaized forcedeformation relation for steel elements omponents

Q,

1.“ .......... B

0 or A

Figure 3-1: Generalized ForceDeformation Relation for Steel Elements or ComponentFEMA,
2000)
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3.2Basic information about the building

3.21 ThreestoryMoment Frame Structure

The three story and six story moment frame and brace fmaodels are modified
according tahe SAC building modelsf Sabelli(2001) Figure 32 shows the plan view of the
three story moment frame structufdéwe building isbuilt as an office building and théosy
heightfor each floor is 13 ft. The plan view for the floor system shows thatithensionof
north-south direction is 124 ft while the dimension of easst direction is 184 ft. The structure
has four bays in the norouth direction and six bays in the easistdirection. The bay size is
30 ft by 30 ft and there is a 12 ft takknthaiseon the roof of the building which is represented
as a dash line rectanglEhe dimensions of the penthouse are 30 ft by 60 ft. In thenessst
direction, each bay has two sedany beams running from north to south. The distance between

them is 10 ft. Four exterior frames are responsible for the seismic resistance.
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Figure 3-2: Plan View of Three Story Moment Frame Structure (Sabelli, 2001)
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3.22 SixstoryMoment Frame

The gx-storymoment frame has a similar plan view to the tksey moment frame.
The height of first floor is 18 ft and the height of the remaining floors is T&é&.dimensions of
the building plan g 154 ft by 154 ft. The corner columns only have moment connections on the
strong axis side. Wherever a beam connects to a column that is oriented in thbrecadn, a
moment release is applied at the bdamolumn interface. There are 5 bays in ediclction
and the bay size is the same as the thtesy moment frame structure. Secondary beams are also
set up the same way with the thitery moment frame structure.penthaiseis put on the roof
using the same area but different location. Therextéour bays are responsible for the seismic

resistance. Figure-3 shows the plan view of the sstory moment frame structure.
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Figure 3-3: The plan view of sixstory moment frame structure (Sabeli, 2001)



3.2.3 Threestory BRB Frame

Thethreestory braced frame structure is designed based on thestiorgemoment
frame geometry. The BRBs (nortlouth direction) are put in the first bay and the fourth bay and
they are designed in a chevron couofa@tion and a single diagonal configuration. Figuee 3

shows the plan view of the thrséory BRB brace frame structure.
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Figure 3-4: Plan View of the Three Story BRB Braced Frame Sructure (Sabelli,2001)
3.2.4 Sixstory BRB Frame

Thesix-story brace frame structure is designed based on the geometry of sih@rgix
moment frame structure. The BRBs (nesthuth direction) are put in the first bay, third bay and
fifth bay. They are designed in botlelaevron and a single diagonal configuration. Figuke 3

shows the plan view of the sstory BRB brace frame structure.
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Figure 3-5: Plan View of the SixStory BRB Braced Frame Sructure (Sabelli, 2001)
3.3Basic Seismic Design
3.3.1 Basic Seismic Information

Accordng to theSabelli repor(2001) all these structures are located in Los Angeles,
CA. The latitude and longitude of Los Angetes e 34 A05NjN and 118A242Njw,
importancefactor for all the structures is 1. Both site class and seismic design category is D. The
maximum considered earthquake spectral response for short period, SS, is 2.09g while it is 0.77g
for the one second period, % is equal td..0 while Fv is equal t@.5which is given by the
report.The design spel response acceleratis1.393g for short period, Sds, and 0.77g for
long period, Sd1.
3.32 Equivalent Lateral Force (ELF) Procedure for Structure Design

Seismic loads were determined according t&€AS-10(2010)Chapters 11 and 12.
Accelerations, factors, and period limits were obtained from the Sabelli refiprh@&lels are

created irSAP2000 V15(CSI, 2011)o desigrthethreestory and sixstory special moment
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frame structures. The BRB braced frames were designed gXi&) Seismic weights for

each floor wee determined by using tlessumed dead weights for the floor, columns, cladding,
Mechanical/HVAC/Plumbing, etd@.able 31 shows the detailed information about the gravity
load.The original design loads were based on calculated approximate periodsndamental
period of the structusg which came from the SAP2000 model, wesedto recalculate the
equivalent lateral force and to check the drift for each floor which control the seismic moment
frame designThe loads and the load distribution were calculated accordiR§®E section

12.8.1 and 12.8.3. Detailed seismic load catauis can be found in Appendix A

Table 3-1: Basic Information for Seismic Design(Sabelli, 2001)

Steel Weight As Designed
3" Metal Deck with
Ceilings/ Flooring Veight 2.5" NormalWeight
Concrete
Roofing 7 psf
Ceilings/ Flooring 3 psf
Mechanical/ Electrical 7 psf
Mechanical/ Electrical at Penthouse 47 psf
Exterior Wall 25 psf
Metal Decking Vight 42 psf
Partition(Gravity Design) 20 psf
Partition(Seismic Design and Analysis 10 psf
Live Load 50 psf

Thethreestory and sixstory moment framtateral resishg system desigwas
accomplishedvith the assistance &AP 2000v.15(CS], 201]). Cross sectioand properties of
columns and beams in the moment frame structure are listedTalles 3-2, 3-3, 34 and 35.

Figures 36, 37, 38 and 39 show the elevation view of the thrs®ry moment frame as beam

which means nortlsouth direction moment frame, thrs®ry moment frame as girder which

means eastest direction moment frame, sstory noment frame as beam and-story

moment frame as girder, respectively. The information about beams, columns and braces for the

39



threestory and sixstory brace frame are listed in the Tal8&8 3-7, 3-8 and 39. The 3D model

story drifts and allowabletary drifts are shown ifable 310 and 311. LASNCH and LA6NCH
represent the threstory and sixstory braced frame with normal yield length BRBevron
configuration at LAwhile LA3BNSD and LAG6NSD represent the thvgtery and sixstory braced
framewith normal yield length BRBs in single diagomainfiguration at LA(Xie, 2015). The
earthquake model story drift was checked against the allowable story drift according to ASCE 7

10 in Table 12.1A.

Table 3-2: Sizes of Beam andColumn for Three-Story Moment Frame as Beam Mdel

Member Location Size
Exterior W14X193
Column :
Interior W14X211
1st Foor W27X94
Beam 2nd HAoor
3rd Hoor W18X40
1 2 3 4 5
B B al A B
W18X40 W18X40 W1BX40 W1BX40
W27x94 W27x94 W27x94 W27X94
ES z = = S
W27X94 W27X94 W27X94 W27X94
z
H Y
L[] L] L] L[] (1]

Figure 3-6: Elevation View of Three-Story Moment Frame as Beam
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W14X183

Table 3-3: Sizes of Beam and Column forThree-Story Moment Frame as Girder Model

Member Location Size
Exterior W14X193
Column :
Interior W14X159
1st Hoor
W24X55
Beam 2nd Hoor
3rd Roor W18X35
| 1 1 1 1 l
B L D E F G
W18X35 W18X35 W18X35 W18X35 W18X35 W18X35
W24X55 W24X55 W24X55 W24X55 W24X55 W24X55
= > < x x <
¥ T T Z 2 T
W24X55 = W24X55 = W24X55 2 W24X55 = W24X55 = W24X55 =z
4
H X
L] L] L] L] L] L]

Figure 3-7: Elevation View of Three-Story Moment Frame as Grder
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Member Location Size
Exterior Low W14X257
ExteriorHigh W14X176
Column .
Interior Low W14X257
Interior High W14X159
1st Hoor W30X108
2nd Hoor
3rd Hoor W27X94
Beam
4th Hoor W24X76
5th Hoor W24X62
6th Hoor W18X40
| 7 3 4 5 é
A i A i A f
. W1BX40 WIB%AE W18%40 WIE%40 H18X 40
- WPdRED WD 62 24X &2 HP%82 H24X62
= wedxzs wpdzs Weaxze Wedirs Wedx7e
L ] 3 L » l L
)i e W27%54 W27%%4 W27x94 2794
i W3 185 W3k A3 W2 108 W3 188 W3 | B8
g g g g g g
3 wmee = Wil = Wimk s = Wby gs = R
P
& 4 4 T—) e ¢ 4
1] 1] [] (1] (1] ]

Table 3-4: Sizes of Beam and Column for Sk&tory Moment Frame as Beam hbdel
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Figure 3-8: Elevation View of SixStory Moment Frame as Bam




Table 3-5: Sizesof Beam and Column for SixStory Moment Frame as Girder Model

Member Location Size
Exterior Low W14X257
Exterior High W14X176
Column -
Interior Low W14X311
Interior High W14X211
1st Foor W30X108
2nd HFoor
Beam 3rd Foor W27X94
4th Fbor
5th Hoor W24 X76
6th Hoor W18X40
| 1 1 1 1
b B C 0 3
ETIN LN 18K WIBKAD, 18348
W24%76 WPANTE. 2 dKTE. 24876, W24%TE
= wmed = nemsd = hemsd ~ L a7
L » » ' »
o7es 27, 27i94, hersed hersed
1301108 1430k 188, 138K 188 1438k 188, h3EK 108
= oo = pamig = pamleg = amleg 3 I g,
7
4 4+ 4 L W 4+
[ ] ] (] L]

Figure 3-9: Elevation View of SixStory Moment Frame as Grder
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Table 3-6: Column and Beam Sections of Threestory Braced Frame (Xie, 2015)

Braced | Braced Non-brace frame columns (minor axis)
Story| Frame | Frame ) _ _ Perpendicular _ _
Side | Interior | Mechanical ly (in%) | Zy(in®
Column | Beam to Brace Frame
3
W12x96 | W14x48 | W14x48| W14x61| W14x74 W12x96 2015 559
1
Table 3-7: Column and Beam Sections of Sitory Braced Frame (Xie, 2015)
Braced | Braced Non-Brace Frame Columns (minor axis)
Story| Frame | Frame _ _ Perpendicular tg _ )
Interior | Mechanical ly (in%) Zy (in®)
Column Beam Brace Frame
6
5 | W14x132| W14x48| W14x43 W14x53 W14x132 2591 605
4
3
2 | W14x211| W14x48| W14x90 W14x99 W14x211 7136 1421
1
Table 3-8: BRB Properties of Three Story Braced Frame (Xie, 2015)
Stor Yield Yielding
Model Leve)q Force Length | Model | Story Level| Yield Force(kips) | Yielding Length (in)
(kips) (in)
rd
3 161.5 152.9 3 story 266.0 270.1
story
nd
LA3NCH s%ory 247.0 138.5 | LASNSD | 2"story 4180 258.3
st
L 3040 | 131.9 15 story 5130 264.0
story
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Table 3-9: BRB Properties of SixStory Braced Frame (Xie, 2015)

Stor Yield | Yielding
Model Leve}; Force Length Model | Story Level| Yield Force (kips)| Yielding Length (in)
(kips) (in)
th
Sfory 570 | 1459 6" story 76.0 2920
th
st50ry 76.0 161.7 5 story 1140 290.1
th
Sfor 1045 | 1465 4% story 1520 285.0
LA6NCH 3rdy LA6NSD
story 1140 161.4 3 story 180.5 283.2
nd
Sfory 1235 | 161.4 2 story 1900 282.7
st
stlory 1330 199.7 1t story 199.5 327.8
Table 3-10: Drift Check Table for Three-Story Moment Frame
Moment Frame Moment Frame Story Moment Frame | Moment Frame 2.5%

Story Dlsplai?t;nemNS Dlspla(:(?tl;]enEW Height Story DriftNS Story Drift EW I—?;glxt OK?
1 0.038 0.039 13 0.231 0.238 0.325 | YES
2 0.085 0.087 13 0.283 0.29 0.325 | YES
3 0.128 0.127 13 0.259 0.239 0.35 YES

Table 3-11: Drift check table for six-story moment frame
Moment Frame Moment Frame Story Moment Frame | Moment Frame 2.5%

Story Dlsplaczfet)menNS Dlsplac(?tr;wenEW Height Story DIift-NS Story DIift-EW l—?égl)q/t OK?
1 0.067 0.068 18 0.405 0.413 0.45 YES
2 0.115 0.12 13 0.292 0.313 0.325 | YES
3 0.163 0.171 13 0.291 0.31 0.325 | YES
4 0.215 0.223 13 0.314 0.309 0.325 | YES
5 0.265 0.269 13 0.299 0.281 0.325 | YES
6 0.303 0.308 13 0.231 0.238 0.325 | YES
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Fundamental period of vibration for baiihgs is very important in seismic engineering
which is mainly decided by mass and stiffness of structures. Tdl##ds3a summary of all the

model periods.

Table 312 Summary of the Models' Periods

Model Period(s)

Location
1st 2nd 3rd
LABrace Framechevron 0.519| 0.197 0.129
LABrace Frameingle Diagonal 0.576| 0.228 0.151

3 stor
y LA Moment Frame with MF Beams as Bea 1.255| 0.392 0.205

LA Moment Frame with MF Beams as Gird 1.392| 0.419 0.330
LABrace Fram&hevron 1.267| 0.460 0.264
LABrace Framsingle Diagonal 1.097| 0.395 0.244
LA Moment Frame with MF Beams as Beg 2.106| 0.876 0.470
LA Moment Frame with MF Beams as Gird 1.935| 0.782 | 0.430

6 story

3.4Modeling Procedure

3.4.1 Basic Modeling Conception

The moment frame structurase modeled as 3D models for design purpose while
modeled as 2D models for analysis. The reason to use 2D models instead of 3D models is to
shorten the analysis time on the compstece the 3D model have much more nodes and
elements to be analyzed th&we 2D modelThe 2D models are created3AP 2000irst. The
exterior frameof threestory and sixstory structures, which B moment frame or a brace frame,
is usedo represent half of the structuite each model. Figure-B0 shows the threstory
moment frame model as an exam@&ory height is 13 ftor each floorand bay dimension is 30
ft. Columns arall fixed at the base of the moment frame pmohed at the &se of the brace
frame There is a ghost column for each model to represent the riegngiavity columns
tributary to the modeled frame which are not included in the 2D mokdelghost columrs not
included in the lateral load resistant system. They will carry the gravity load with their tributary

areas which has aqelta effect on thetructure. The ghost column is set up 30 ft away from the
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right exterior column which is pinned at the base for both the moment frame and brace frame. In
SAP 2000the ghostcolumnias si gned as fnot her famdagenseeali on
s e ¢ t iy mament dinertia and cross section area which means only the geometry properties
of gravity columns are used. The material of the ghost column is assigA8@2ty50which is
same as the frame element in the lateral load resisting system. The ghwst bhak the same
joint elevation with the other columns in the 2D model. Ghost column joints are constrained by
the body constraint. In the braced frameatns arell pinned in the end® the columns
However, in the moment frame, most of beams are talhnected to the columns while the
beams which are connected to the columns in the weak axis will be pinned to the weak axis of
the columns.

Each beam has three segments which have same length (10 ft). All the nodes along the
beams are restrained in thet of plane direction. The gravity loshcluding dead load and
live loads with the tributary area of the seismic resisting systaradistributed on thbeams
The remaining gravity load which should be assigned on the gravity beams and columns is
transferred to become the point load which is assigned on the joints of ghost column to represent
the gravity load for each floor. Massvery important in the dymaic analysis model. The mass
lumped at th@wodes along the beams will be detailed Iak&ereis no mass assignédthe

nodes othe ghost column
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Figure 3-10: Three-story Moment Frame as Beam Analysis Mdel

3.4.2 Modeling procedure in Perform 3D

Analysis models are built iISBAP 2000with basic location information and properties of
frame frst. Then the SAP 2000 filgan be exported asPerform3D structurele and be
transferred td’reform 3D V.5CSI, 2011) anonlinear structural analysis progralistributed by
CSI to perform the nonlinear dynamic pedare The transferrechocels in Perform 3D have the

samegeometryinformation which is developed in SAP 2000.

3.4.2.1 Study of mesh requirement for the girder and beam element

When doing finite element analysis of buildings including the vertical conrmparfe
earthquakes, it is necessary to put nodes along the beams and girders. The assigned horizontal
and vertical mass on these nodes is a very important dynamic property. A 3D model has been
built by Ju et al(2000)to investigate how to separate the girders and beams which creates less

error and saves time in the analysis. They divided the main girder between two columns into one,
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two and three twmode beam elements named M@siMeshl, and Mesk, respectively.

Figure 311 shows the three different types of mesh models.

Mesh-2
3 elementsm

Mesh-1
vl_z elements M
Main girde Main gtrd

® -
Maln glrd
-~ Columns~ Columns ~+-. Columns—{-.

Figure 3-11: Three Different Types of Mesh Model (Ju, Liu, & Wu, 2000)

Mesh-0

b}_:l elements I\d|
o |

One hundred and eighty time history analyses including the condition of two plans, five
building heights, two mass schemes, three mesh types and three vertical earthquakes were
applied to find the accuracy due to mesh type. Talild 8hows the percentage of averaged error

by using different kinds of models.

Table 313 Percertage of Averaged Error by Using Different Kinds of M odels(Ju, Liu, & Wu, 2000)

Building Lumped Mass Consistent Mass
stories Mesh-0 Mesh-1 Mesh-2 Mesh-0 Mesh-1
(1) (2) (3) (4) (5) (B)
(a) Pectangular Building
5 2270 544 1.53 16.88 1.29
10 12.73 1.24 0.60 11.72 1.07
15 T.09 0.67 0.31 1046 0.63
20 5.02 0.56 0.19 385 0.42
25 424 0.30 0.08 3.05 0.34
(b} L-Shaped Building
5 40.79 797 2.02 2301 1.70
10 1387 315 0.80 067 1.15
15 10,37 1.27 0.52 9.56 0.80
20 5.82 0.87 0.36 311 020
25 441 0.49 0.14 361 027

According to their research, lower buildings create more error while the 2nmagithod
will give relatively accurate results. For this case, the R2astethod was choséa avoid the

unnecessary error when the models are analyzed by computer.
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3.4.2.2 Mass

The lumped mass methaglcommoty usedin dynamic structural analysis. However, the
lumped mass assumptions are not always consistdnthe underlying physical behariand
can therefore modify the dynamic properties of the modeled stru¢tueee are significant
errors in mass modeling, especidtby vertical degrees of freedom on dynamic behavior and
seismic respons@®verestimatioror underestimatioof the lumpednasses associated with
vertical displacemants in 2D frame models diese structuresill lead to inaccurate modal
periods and associated modal participatectors for dynamic responé&halen, Archer, &
Bhatia, 2003

The mass modeling methods for the 2D models are shown in Figidad 313 to
represent how much horizontal and vertical mass will be put into the seismic resistance frames.
For the northsouth direction, exterior moment frames resist the horgonttion. One of the
frames can typically take half the mass of each floor as total horizontal mass while the tributary
area of the vertical mass is much smaller than the tributary area of the horizontal mass. Figures
3-14, 315, 316, 317 show how to ditribute the vertical and horizontal mass to the nodes along
the beam and joints in the moment frame as beam models and moment frame as girder models
respectively. The brace frame models are same as the moment frame as beam model- The three

story buildingis used as an example.
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Figure 3-13: The Tributary Area for Vertical M ass(MF as Beam)

Tributary area of vertical mass for the
joint
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K

vertical mass for ]

Tributary area of

XY

the nodes along
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Figure 3-14: Detail of Tributary A rea of Vertical Mass in the Moment Frame as Beam btel (two
bays)
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Figure 3-15: Detail of Tributary Area of Horizontal Mass in the Moment Frame as Beam Mdel
(two bays)

TN

Tributary area of 5> /

7 N
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i

the joint

Tributary area of vertical mass for
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Figure 3-16: Detail of Tributary Area of Vertical Mass in the Moment Frame as Grder model (two
bays)
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nodes along the beam

Figure 3-17: Detail of Tributary Area of Horizontal Mass in the Moment Frame as Girder Mbdel
(two bays)

3.4.2.3 Beam and Reduced Beam Section (RBS)

Beamsare very important parts in the special moment resistance frames (SMRFs). The
effect of gravity load is much smaller than the lateral load on the SMRRsb&dost engineers
assume that the plastic hinges will occur near the face of column when the buildings are under
the effect of earthquakes. However, after the Northridge earthquake, reports such as FEMA 267
(ATC, 1995)recanmended moving the plastic hinges in the beam away from the column face to
protect the columns and connections. There are two major methods to move the plastic hinge
away from the column face. One is to increase the capacity of beam at the column face by
putting cover plates on the beam flanges; the other one is to reduce the strength of beam at a
distance away from column face by reducing the beam flange. In this case, the reduced beam
section method was chosen. Figurg&&8shows the sketch of the radiug BBS geometry detail.
Table 314 and 315 show the gometrical characteristiead strength properties of reduced

beam section for all the moment frame models.
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Figure 3-18 Radius Cut RBS Geometry 2tail (Ajay & Gaurang, 2013

Table 314: Geometrical Characteristics of Reduced Beam &ction

Member a b c e S

in In in in in
W30X108 6.30 22.35 2.10 28.65 17.48
W27X94 6.00 20.7 2.00 26.7 16.35
W24X76 5.39 17.93 1.80 23.32 14.36
W24X62 4.22 17.78 1.41 22.00 13.11
W24X55 4.21 17.710 1.40 21.91 13.06
W18X40 3.61 13.43 1.20 17.04 10.32
W18X35 3.60 13.28 1.20 16.88 10.24

Table 3-15: Strength Properties of Reduced Beam &:tion

Z z zZlZ M,
Member

in in in Kip-in
W30X108 346.0 252.6 0.73 12630
W27X94 278.0 203.0 0.73 10150
W24X76 200.0 141.1 0.71 7055
W24X62 1530 112.1 0.73 5605
W24X55 134.0 99.4 0.74 4970
W18X40 78.4 55.3 0.71 2765
W18X35 66.5 49.4 0.74 2470

Z= Plastic section modulus of original beam in its strong axis
z= Plastic section modudof beam in its strong axis at minimum part of RBS

Mz= Reduced beam section capacity
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The strength properties and location of the RBS is according to the simplified model for
the reduced beam section. In the analytical model, the single spoithg) is used to represent

the RBS for the beams in Perform 3D. FigwE3shows the simplified model for RBS.

simplified
reduced

beam section
_————_—e—e—_YFeYe flange

the center of RBS

ra

the distance of RBS Spring model to the face of column

Figure 3-19: Simplified M odel for RBS

The modeling part and analysis part are the two major parts in Perform 3D. In the
modeling part, theross sections do not need to be defined for the beams and girders since they
are already defined in tH®AP 2000model. However, an inelastic rotation hinge still needs to be
created as a single spring to represent the reduced beam skdketch of he beam is shown

in the Figure 20.
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Elastic beam

@aﬁtic hinge to reprent RBS @

- O—smn- > > <) ]
Beam-column joint( Elastic beam with transformed section
panel zone) Mode with mass along the beam

Figure 3-20: Sketch of Beam in the Moment Fame

There are eight elements in one beam compound including four elastic beam elements

and two plastic hinge elements. The elastic beam is modeiedas a teel Ty, Mnstandard

Sectiondo in Perform 3D with the SAPEOmMxeél.ons an

The inelastic strength and elastic strength are set up accordingsteehmanualAISC, 2012)
Theplastic hinggRBS) can be modeled as singlering system. This singlgring system is
defined bya hysteretic modedonfined within a forcalisplacement boundagccording to

FEMA 440a(ATC, 2009a) Figure 321 shows thegeneric forcedisplacement capacity boundary

used for the singlspring system model3able 316 shows the detail of the forcksplacement

capacity boundary for eight different singlpring models.

FiFy

Figure 3-16. Generic ForceDisplacement Capacity Bundary (ATC, 2009a)
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Table 3-16: Force-Displacement Capacity Boundary Control Points for SingleSpring System
(ATC, 2009a)

Type | Quantity | Points of H'_le ful{:e—defqrmu_ﬁun capacity I:M:rl_lndnr}'
aAle |c |p | |F g

Typical gravity frame la F/Fy 0| 025 1 0.55 0.55 0.55 0
g 0| 0005|0025 (004 |007 | 007 |007
b FiFy o|lo2s |1 055 | 055 | 055 |0
& 0| 0005|0023 (004 |012 | 012 [012
Meon-ductile moment 2a F/Fy o1 015 015 015 013 0
frame 8 o001 [003 [005 |006 |006 006
b FiFy o1 015 (015 | 015 | 015 |O
& 0 o.m 0.05 0.055 | 006 0.0& 0.06
Ductile moment frame >3a F/Fy o1 1.05 0.45 0.45 045 0
] E 0001 |00+ |006 |008 |008 |0.08
3k FiFy o1 105 (028 08 0.8 0
g 0| 0o 004 (006 |0OO08 (002 |0.08
Stiff non-ductile system 4a FiFy o1 0.3 0.3 0.3 0.3 0
8 00004 | 002 (006 |008 |005 |008
4h FiFy o1 0.5 0.5 0.5 0.5 0
g 00004 | 004 (006 |008 |008 |008
5tiff, highly pinched non- 3a FiFy 0| 067 1 0.& 0.067 | 0067 | O
ductile system 7 0 | 0002 | 0.005 | 0.028 | 004 | 0.06 | 0.06
3b FiFy 0|oe7 |1 0.6 0.067 | 0.0G7 | D
g 0| 0002|0005 (0042|006 | 006 | 006
Elastic-perfecthy-plastic Ga F/Fy o1 1 1 1 1 o
& 0| 0o 002 (003 | 007 (007 |007
Bh FiFy o1 1 1 1 1 0
g 0| 00 002 (003 | 012 (012 |02
Limited-ductile moment 7a FFy of1 1 0.2 0.2 0.2 0
frame g 0|00t [o02 [0025]004 [D04 [004
7h FiFy o1 1 0.z 0.2 0.2 0
g 0| 00 002 (004 | 006 (006 |0.06
Mon-ductile gravity frame Ba FFy of1 1 0 i) 0 0
g 0| 0.025 | 0025 | 0.025 | 0.025 | 0.025 | 0.025
3h FiFy o1 1 053% | 055 | 055 |0
8 0| 0025|0025 (003 |00+ | 004 |004

In this case, the special moment frame is a ductile moment frame so the médkans va
chosen between the upper limit (3a) and the lower limit (3b) to constitute the Hasic F
relationship and strength loss in Perform 3D. Tablg 3hows the value used for the plastic

hinge in the model.

57



Table 3-17: Force-Displacement Capaciy Boundary Control Points for the Model

Points of the forcadeformation capacity boundar

A B C D E F G

Ductile Moment Frame FIFy 0 1| 1.05| 0.6 0.6 0.6 0
) 0| 0.01| 0.04| 0.06| 0.08| 0.08| 0.08

Prototype Quantity

The plastic hinge i s omoadteiloend Taysp efioMoime nRte rHic
force-displacement relationship and strength loss information is set based on the FEMA440a
report(ATC, 2009a) Figure 322 shows the relationship between moment and rotation for the
plasticmoment hinge. The moment hinge will be active when the moment reaches the plastic
moment due to the reduced beam section. For stiffness degradation, all the energy factors for all
the points in the model are 0.7 which means a large amount of degra@hagdreams in the
lower stories of the moment frame are mainly influenced by-thelta effect while the beams in
the higher stories are mostlffected by stiffness degradation. The reason the stiffness
degradation is set to a large number is to see kitimess degradation influences the plastic

hinge demands in the higher beams based on the RBS hysteretic loops.
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-3.00E-02 -5.00E-02 -3.00E-02 0 3.00E-02 5.00E-02 9.00E-02

Eotation (radius)

Figure 3-22: Relationship between Momen and Rotation for the Plastic Moment Hnge
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After the information for the rotation type moment les@re set up, they are placed on
the beams for the SMRFEBhe location of moment hinge was decided based on the location of
center point of reduced beam sectidables3-18, 319, 320 and 321 show the location of
moment hinges for the models. Figur@3illustrates the data presented in Tabld83319, 3

20 and 321 mean.

Left means b/a Right means d/c

Figure 3-23: Sketch to show the Location of Plastic lhge in the Beam

Table 3-18 Beam Plastic Hinge Location for Three-Story MF as Beam Mbdel

story ExteriorBeam| Interior Beam
1 Left 0.268 0.268
Right 0.268 0.268
5 Left 0.268 0.268
Right 0.268 0.268
3 Left 0.200 0.200
Right 0.200 0.200

Table 3-19: Beam Plastic Hinge Location for ThreeStory MF as Girder M odel

story Left ExteriorBeam | Interior Beam | Right ExteriorBeam
1 Left - 0.264 0.264
Right 0.264 0.264 -
5 Left - 0.264 0.264
Right 0.264 0.264 -
3 Left - 0.200 0.200
Right 0.200 0.200 -
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Table 3-20: Beam Plastic Hinge Location for SixStory MF as Beam Mbdel

story Left ExterioBeam| InteriorBeam | Righ ExteriorBeam

1 Left 0.284 0.284 0.284
Right 0.284 0.284 -

5 Left 0.284 0.284 0.284
Right 0.284 0.284 -

3 Left 0.272 0.272 0.272
Right 0.272 0.272 -

4 Left 0.244 0.244 0.244
Right 0.244 0.244 -

5 Left 0.232 0.232 0.232
Right 0.232 0.232 -

5 Left 0.200 0.200 0.200
Right 0.200 0.200 -

Table 3-21: Beam Plastic Hinge Location for SixStory MF as Girder M odel

story Left ExterioBeam | Interior Beam | Right ExterioBeam

1 Left 0.288 0.288 0.288
Right 0.288 0.288 -

5 Left 0.288 0.288 0.288
Right 0.288 0.288 -

3 Left 0.276 0.276 0.276
Right 0.276 0.276 -

4 Left 0.268 0.268 0.268
Right 0.268 0.268 -

5 Left 0.244 0.244 0.244
Right 0.244 0.244 -

6 Left 0.200 0.200 0.200
Right 0.200 0.200 -

Each beam in the braced frame has fdastic beam elements. All of them are assigned

as nNBeam,

Steel Type,

Nonstandard Secti

the moment releases. Figur®8 shows the sketch for the beam in the brace frame.
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Moment release in the end

O - > & O
i

Elastic beam with transformed section

Mode with mass along the beam

Figure 3-24: Sketch of the Beam in the Braced Fame

3.4.2.4 Columns in the lateral load resisting system

The modeling of columns in the lateral load resisting system is very similar to the beams.
Figure 325 shows a sketch of a column in the moment frarhere are five elements in en
column compound including three elastic beam elements and two plastic hinge elements. The
elastic column i,$ eneod eTlyepde ,a sNofinGotlaunndnar d Secti o
dimensions and stiffness are transferred f&&f 2000model. The inelagt strength and elastic

strength are set up according to sieel manualAISC, 2012)

® <1 Beam to column joint

(Panel Zonel
Plastic Hinge |::> O

Elastic column element with

transferred section from Sap

Figure 3-25. Sketch of Column in the Moment Fame
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|l nelasticity in the column is modomd ed i n <c
columno requirement and panel zone doubler pl
Once a hinge forms, collapse of the structure will be imminent. The column hinges are modeled
as-M2M3 Hinge, Steel Rot at i obetwekry moenént andlrdtagionb a s i ¢
is described as an elastic perfectly plastic model. TRRM3 Hinge will be active when the
demand in tB column touches the interactidiagram (yield surface). In addition, theM2-M3
Hinge in Perform 3Dequirestheinformation to define a yield surfackn this part, the default
value is used to set up the yield surface directly. Figt#é 8hows the H-P relationship for the
P-M2-M3 Hinge in the column. The blue one (higher one) is for the column oriented in the
strongaxis while the red one (lower one) is for the column oriented in the weak axis. FHgire 3

shows the yield surface for theN2-M3 Hinge in the column.
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Figure 3-26:. E-P-P relationship for the P-M2-M3 Hinge in the column

62



F M3
-4 00E+03 2 S0E+04
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0 |
1|:||:|E+|:|3- 1.00E+04
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[ Deformation Capacities T Cyclic Degradation T pper/Lower Bounds ]
Section and Dimensionz T Bazic F-D Relationship T Yield Surface T Strength Loss

“ield Surface Parameters [Steel Type)

F exponent, Alpha, for Comprezsion P2 Interaction |2 P-t3 Interaction |2
P exponent, Alpha, for Tenzsion P-M2 Interaction |2 P-t43 Interaction |2
Min 1.5, Max 3.0 Suggested = 2.0

M exponent, Beta, for P4 interaction 1.1 b exponent, Gamma, for M- interaction 1.4
Min 1.1, Max 3.0 Suggested =1.1 Min 1.1, Max 3.0 Suggested =1.4

Figure 3-27: Yield Surface for the P-M2-M3 Hinge in the Column

The column hinges are assumed to be at the base and beam flange.-P2bleg3 3
24 and 325 show the location of moment hinges for the models. Figa& iBustrates the data

presented in Tables®, 323, 324 and 325.

63



Top means ¢fd ——""— =

Q

Middle means b/d

Q
P a

Bottom means a/d

Figure 3-28: Sketch to show the Location of Plastic Hinge in the @umn

Table 3-22: Column Plastic Hinge Location for Three Story MF as Beam Model

Sory Corner Edge
Column Column

Top 0.088 0.088

1 Middle 0.862 0.862

Bottom 0.050 0.050

Top 0.088 0.088

2 Middle 0.823 0.823

Bottom 0.088 0.088

Top 0.057 0.057

3 Middle 0.854 0.854

Bottom 0.088 0.088

Table 3-23: Column Plastic Hinge Location for Three Story MF as Girder Model

Sory Corner Edge
Column Column

Top 0.076 0.076

1 Middle 0.875 0.876

Bottom 0.050 0.048

Top 0.076 0.076

2 Middle 0.849 0.849

Bottom 0.076 0.076

Top 0.057 0.057

3 Middle 0.868 0.868

Bottom 0.076 0.076
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Table 3-24: Column Plastic Hinge Location for SixStory MF as Beam Model

Table

M odel

Sory Corner Calmn EdgeColumn

Top 0.069 0.069

1 Middle 0.893 0.893
Bottom 0.038 0.038

Top 0.096 0.096

2 Middle 0.809 0.809
Bottom 0.096 0.096

Top 0.088 0.088

3 Middle 0.816 0.816
Bottom 0.096 0.096

Top 0.111 0.111

4 Middle 1 0.889 0.889
Middle 2 0.713 0.713

Bottom 0.288 0.288

Top 0.076 0.076

5 Middle 0.847 0.847
Bottom 0.077 0.077

Top 0.057 0.057

6 Middle 0.867 0.867
Bottom 0.076 0.076

3-25: Column Plastic Hinge Location for SixStory MF as Girder
Sory Corner Column EdgeCoumn

Top 0.069 0.069

1 Middle 0.893 0.891
Bottom 0.038 0.040

Top 0.096 0.096

2 Middle 0.809 0.809
Bottom 0.096 0.096

Top 0.088 0.088

3 Middle 0.816 0.816
Bottom 0.096 0.096

Top 0.128 0.128

4 Middle 1 0.872 0.872
Middle 2 0.713 0.713

Batom 0.288 0.288

Top 0.077 0.077

5 Middle 0.835 0.835
Bottom 0.088 0.088

Top 0.057 0.057

6 Middle 0.866 0.866
Bottom 0.077 0.077
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Each column in the braced frame has only one elastic column element. All columns are
assigned as AColINwomrs,t a$ tddhe kblufe prda conmected

continuously with each other and pinned at the base.

3.4.2.5 Strong ColumkiVeak Beam

When designing SMRFs&elta instability must be controlled. It is better to have
relatively uniform distribution ofateral drift over the stricu r e 0 s tidvery irgplortant to |
avoid plastic hingingt the tops and bottoms of columnghin a single storywWwhen these
plastic hinges happen in a single stampre and more inelastic deformation will happen in the
coumns which will cause significant drift andrary large Pdelta effects. Modbuilding codes
require designg create hinges in the beam rather than the columns. These requirements are the
reason wh ycolunnweakbsatdesigng required AISC 341(2012) chapter 9
givesafist r ong clebmo mdewiegh pr oc e dfthesmuofodlume t he r a
flexural strengttdivided by the sum of beam flexure strengtleach joinshould be larger than
1.0.Whenc al cul ating the available flexure strengt
the effect of the axial force in the colunWhenther at i o f or Weakbeaodn gi sc 02 uomn
greater, AISC 341, chaptemp@rmits an assumption that columns wilhia@n elasticHowever,
according toecent researclit isfound that h e A st r weakheaovprlowsiommay not
be enough to avoid the plastic hinge to occur in the column under some strong ground motion
including horizontal and vertical compond@upta & Krawinler, 1999) Table 326 shows the
rati o f-enlumniveakbeanirdesign at each joint and the design detail is attached in
appendix A. Joints 1, 2 and 3 represent the joints along the corner column whilejdrdand 6
represent the joints along the edge column from first story to third story in thestorge

structure. Similarly, joints 1, 2, 3, 4, 5 and 6 represent the joints along the corner column while
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joints 7, 8, 9, 10, 11 and 12 represent the goahdng the edge column from first story to sixth
story in sixstory structure.

Table 3-26: i S tColumm Yeak-B e a matio & each dint

Ratio |3 Story N§3 Story EV| 6 Story N$6 Story EV|
Joint 1 15 - 15 1.6
Joint 2 15 - 1.6 1.7
Joint 3 2.7 - 2.0 2.1
Joint 4 15 2.1 1.9 13
Joint 5 15 2.2 2.4 19
Joint 6 2.7 2.2 2.4 2.4
Joint 7 - - 1.3 1.7
Joint 8 - - 14 1.8
Joint 9 - - 1.8 2.3
Joint 10 - - 15 15
Joint 11 - - 2.0 2.1
Joint 12 - - 2.0 2.8

3.4.2.6 Panel Zone

The effect of panel zone defoations on the flexibility of steel moment resisting frames
is important for both elastic and inelastic response. Panel zones experience large shear force
because of the transfer of moment from beam flanges. The panel zone will start to yield when the
shea force increases. Then the yielding will be transferred to the corner point. FigQre 3
shows the behavior of the panel zone. The doubler plates in the panel zone are designed in the
model. Table 27 shows the thickness of the doubler plates in thel gane, where required, at

each joint.
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Figure 3-29: Panel zone behavior

Table 3-27: Thickness of Doubler Plates for Panel Zone at eacloiht

Column Web Doubler

Plate Thickness(in) |3 story N93 story EW 6 story N96 story EW
Joint 1 - - - -
Joint 2 - - - -
Joint 3 - - - -
Joint 4 0.75 0.25 - -
Joint 5 0.75 0.25 - -
Joint 6 - - - -
Joint 7 - - 0.75 0.25
Joint 8 - - 0.5 0.25
Joint 9 - - 0.25 -
Joint 10 - - 0.75 0.75
Joint 11 - - 0.5 0.5
Joint 12 - - - -
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There are two modetbatcan be usd to model panel zoreehavior One is the
Krawinkler model(Krawinkler, 1978)and the other one is the scissors model. The Krawinkler
model was chosen to represent the panel zones at each joint. FRfusth@ws a sketch tfie
Krawinkler model for the panel zone. The model has four rigid links which are connected by
four rotational springs at the corsefhe lower left and upper right springs have no stiffness in
them which means they just act like a real hinges. The Ugibepring is used to represent the
shear resistance in the panel zone while the lower right spring is used to represent the column
flange bending resistance. Figur8B shows the relationship between the moment and the shear

strain in the panel zone.

Raotational Spring
for Panel Shear

Rigid Link
Real Rotational Spring
Hinge for quumn Flange
Bending

Figure 3-30: The Krawinkler model (Charney & Downs, 2004)

[=]

Moment in the Panel Zone (Kip-in)

Shear Strain

Figure 3-31: Relationship between Moment and Shear Strain in the Panelche
69



3.4.2.7 Floor

Slabs are usually asmed to be rigid irplane. However, according to Juat (2000)

the influence of floor stiffness is not negligible when structures experience vertical earthquakes.

This is especially true for low rise buildings with thick slabs. Figu82 3hows the error of

building analysis caused from variation

N Lo =
L] o ]
Ll Ll ]

Frror € (Fquation (8))
o

ful
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of floor thickness.

/
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e

-
ek OS5 —ctary building
7 89090 10—stary building

7 EBESD 15-story building

4540 20— stery building

Figure 3-32 Building A nalysisError Caused by Variation of Floor T hickness

12 1 z
Floor thickness (cm)

E 24

Because a 2D model is used for analysis, the slab is not modeled directly. The steel beam

and the concrete slab can be assurodmbtcomposite along the length of the elastic portion of

the beam. The transformed method is used to represent the composite section. The concrete slab

part is transferred into steel beam

theoriginal two beam elements in the middle. Tab83shows the dimension of W shape

composite beam in the model. Figur83illustrates the data presented in Tab&83

T

iy I < 5teel beam

Concrete slab

Criginal composite section

Figure 3-33: Sketch of Original Composite Section and Transformed Beam Section
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Table 3-28: The Dimensiors of W-Shape Composite Bam

. n Liio | tho | Eoncrete | Esteel d tw bf tf Yeom/fi | tecomitop | teom,bot beom tcomw dcom

Section
in | in ksi ksi in in in in in in in in in in

W27X94|8.04| 48| 3 | 3605 | 29000| 27.6| 0.49 | 10 | 0.745| 0.950| 2.54 | 0.745| 10 | 0.49 | 29.82
W18X40 | 8.04| 48| 3 | 3605 | 29000| 17.9| 0.315| 6.02| 0.525| 1.236| 3.50 | 0.525| 6.02| 0.315]| 20.88
W24X55|8.04| 48| 3 | 3605 | 29000| 23.6| 0.395| 7.01| 0.505| 1.211| 3.06 | 0.505| 7.01| 0.395| 26.34
W18X35|8.04| 48| 3 | 3605 | 29000| 17.7| 0.3 6 |0.425)1.286| 3.41 | 0.425| 6 0.3 | 2069
W24X76|8.04| 48| 3 | 3605 | 29000| 23.9| 0.44 | 8.99| 0.68 | 1.032| 2.67 | 0.68 | 8.99| 0.44 | 26.27
W24X62|8.04| 48| 3 | 3605 | 29000| 23.7| 0.43 | 7.04| 0.59 | 1.162| 3.13 | 0.59 | 7.04| 0.43 | 26.43
W30X108| 8.04| 48| 3 | 3605 | 29000| 29.8| 0.545| 10.5| 0.76 | 0.920| 2.46 | 0.76 | 10.5| 0.545| 31.95

3.4.28 Base Fixity

Baserestraint has a significant effect on steel moment frame behavior under earthquake

loads. The assumption that the column bases are pinned will overestimate the column flexibility

while the assumption that the column bases are fixedmderestimate the column flexibility.

This can have a large effect on the first story drift. It is reasonable to assume all the columns in

the 2D moment frame models are fixed at base, because all of the columns in the lateral load

resisting systemareeds i g nh e d

as

fi

xed at

base.

What 6s

the half of building which are designed as pinned at base provide some restraintid the 2

moment model since most column bases and foundations will provide some restraint against the

rotation. All the columns in the-R braced frame are assumed to be pinned at the base which is

conservative.

3.4.2.9 BRBs

basiccompnent s,

All the BRBs in the models are the same as those modeled §20i6) There are two

component

A El

astii

Restra ne d

c

one

n t

Bar o

Braceo.

he

ABuckling

Restr ai

ABRB Compound

component

71

whi |l

e

t

component 0.

he

ned

Bracebo

steel

yi el

Th

d

mor €

C



3.4.2.10 Load
Dead load, live load and roof live load are assigned in the LatdrRs section
according to the calculation based on the tributary area of the ffdiniee loads on the frame
are distributed loads which are assigned as eletloads in Perform 3D. The dead load, live load
and roof live load in the ghost column are pdarids which areassigned as nodal loaihs
Perform 3D A limit state of 186 maximum story drift is appliedihei | i mi t st at es o s ¢
underthemodelingplaset o make sure the structure wonot de

earthquake loads.

Load cases are defined i n thednalysiipghas&heup | oad
gravity load case is defined age&d Loadt 0.5Live Load +0.5 Roof Live LoadDynamic
earthquake load casescluding the horizontal earthquake and vertical earthquake are defined
according tahe 20 horizontakarthquake recosdand 16 vertical earthquake records which are
amplified by the differendcceleration scale factar§hese eartiuake records are selectessed
on magnitude, vertical to horizontal ratio (V/H), site class, and distance from source. The V/H
value of the ground motions in the study is between 0.512 and 1.254 which means most of them
are higher than 2/3. The V/H valoégroup one earthquakes is between 0.5 and 0.6. The V/H
value of group two earthquakes is between 0.7 and 0.8. The V/H value of group three
earthquakes is between 0.9 and 1. The V/H value of group four earthquakes is greater than 1.
These selected earilmke records also include the situation of far away from the epicenter (Far
Field) and near the epicenter (Near Field). There are two scale factors for each horizontal
earthquake record. One is used by the tistegy structures and the other one is useditstory
structures. The scale factors for vertical earthquake records are the same as the related horizontal
earthquake recordall the earthquake records are scaled to approach the design hazard curve

with 2% chance of exceedance in 50 yeahese arthquake records are applied to the models
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in Perform 3D to do the nonlinear dynamic history analysis. TaB@ shows the basic
information on the selected earthquake rec@dsC, 2009b)and the scale factors for thedl
story and sixstory structuresrigure 334 shows the scaled FFO1 load case in Perform 3D for the

six-story SMRF model.

73



Table 3-29: Basic Information and Scale Factors of the Selected Earthquakedgords

. LA3 LAG
Number | Name Earthquak Station Group V_H Time scale | scale
e Ratio | step(s)
factor | factor
1 | FFox1 Norteh”dg Beverly Hills | 2 | 0773 | o001 | 256 | 3.1
2 FFiz | oma Capitola 3 0.92 | 0005 | 265 | 28
Prieta
3 Fri41 | °M@ | GiroyAray#3| 1 | 0538 | 0005 | 28 | 2.92
Prieta
Loma .
4 FF142 Prieta Gilroy Array #3 2 0.791 0.005 2.79 4.81
5 FF152 | Manjil | AN Transverse sl 5044 | 002 | 246 | 2.79
Comp
6 FF191 ChiChi CHY101 1 0.576 0.005 1.94 2.3
7 | Fr22| _ S |ysgsstation13d 3 | 0936 | 001 | 436 | 5.8
Fernando
8 FF221 Friuli Tolmezzo 1 0.585 | 0.005 4 5
9 FF222 Friuli Tolmezzo 2 0.724 0.005 4.56 5.2
Imperial USGS Station
10 NF022 Valley 5028 4 1.254 0.005 1.45 1.53
Loma CDMG
11 NF051 Prieta Station58065 4 1.151 0.005 3.21 2.99
Loma CDMG
12 NF052 Prieta Station58065 4 1.174 0.005 3.27 3.45
Imperial USGS Station
13 NF161 Vallg 5054 2 0.712 0.005 2.6 3.28
Imperial USGS Station
14 NF162 Valley 5054 1 0.512 0.005 2.01 2.6
Imperial UNAM/UCSD
15 NF172 Valley Station 6621 2 0.752 0.01 4.64 4.8
Loma CDMG Station
16 NF212 Prieta 57007 3 0.978 0.005 3.15 4
Cape .
17 | NF221 | Mendocin| CPMGStation |y 1 5537 | 002 | 137 | 18
o 89005
18 NF252 Kocaeli Yarimca 4 1.147 0.005 1.98 2.17
19 NF272 ChiChi TCUO084 3 0.898 0.005 2.22 2.66
20 NF281 Denali PS10 4 1.232 0.005 2.29 2.65
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| LOAD CASES

Load Caze Tyupe |D_I,Jnamic E arthqual.e jg
_ Status |Saved.
M ‘ Select name t edit an
% | ?(| ewl exizting load caze, | S e A ‘ ‘ ‘
Load Caze Marne |jiE]SE g
Add/Review/Delete Earthquakes |
Control [nformation for Dynamic Analysiz
Total Time [=ec] |29.99 Time Step [zec] (007 Lirnit State to Stop Analysis.  Type |Drift ﬂ
Max Events in any Step [analysis stops if exceeded] |200 Name |D'ift Lirit ﬂ
Save results every |1 time steps [default = every step] Reference Drift |H1 [irift j
Thiz affects time history plotz. sage ratios are stil calculated every step. Thisg iz uzed anly for "thumbnail’ plots of the responze.
E arthquake Direction in Plan "
Angle from structure H1 asis to earthquake Q1 asz (degrees] |0 We Ej angle
H1
(1 Earthquake
Group |EQ ﬂﬂ I ame |FFD'| -1 jﬂ
Peak Acceln (g] = | 4158 Diuration [sec) = [29.93 Acceln Scale Factor |31 Time Scale Factor |1
(2 Earthquake
Group | MOME ﬂg Marme | ﬂﬂ
Peak Acceln [g] = Diuration [zec] = Acceln Scale Factor (1.0 Time Scale Factor |1.0
Y Earthguake [uzually not applied]
Group |ED ~|= Name |ff01 ~=|
Peak Acceln [g) = | 4158 Duration [sec] = |29.99 Acceln Scale Factor (2.1 Time Scale Factor |1
Figure 3-34: Scaled FF0O1 Load Case in Perform3 for Six-Story SMRF Model
Analysis series are setuptinh e A Run Anal ysiso section. Two

model including gravity load + horizontal dynamic earthquake load (G+H) and gravity load +
horizontal dynamic earthquake load +verticaha@mic earthquake load (G+H+V)-deltaeffects
areincluded for each analysis. Modal dampisgetfor all models at 2%. Rayleigh dampiisg
modeled as small as possiblentake sure the inelastic deformation of RBS and BRBs in the
model dissipate mosf the energy in the earthquak&sgure 333 shows the detail of Rayleigh
damping in the model in the Perform 3D.the analyss list, each analysis hagravity load

caseand a dynamic earthquake load case.
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Basic Yalues T Alpha-k Optionz

Beta-k. Optionz

Percent of
critical damping

#E
'ﬂ‘/mﬁ'__

l | Period, az a multiple
TATT TE/TT of Mode 1 period

Dramping waries ag shown, Specify penod ratios and damping % at
points & and B, then press Draw Graph.

For zero damping, leave all boxes blank. For Beta-K only leave

TB/T1 and %B blank. For Alpha-bd only leawve TAT 1 and & blank.

Period Ratio, T/T1  Damping &
Paint & |0.25 |0.05
PointE |15 |0.05

Diraw Graph

If the damping sariation iz not 0K,
cloze the graph and try again.

Alpha = |To be found
Beta = |To be found

Figure 3-35: Detail of Rayleigh Dampingfor All the Models
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3.5 Summary

In this chapterthe modeling of the special moment frame and the BRB frames is
presented. The basic information for the thstary and the sistory buildings are provided first.
Then a seismic design procedure for thstey and sixstory moment frame by ELF method is
discussed in detail in this chapt€he design procedure is completed by using the AISC
Seismic Provisions for Structural Steel Buildings (AISC, 2005) and ASCE Standérd 7
(ASCE, 2010) along with the comter program SAP2000 (CSI, 2011). In addition, this chapter
discussed the finite element modeling procedure for the mesh method of beam, mass, beam,
RBS, column, panel zone, floor, brace and base by using Perform 3D (CSlI, 2011). The gravity

load case andythamic earthquake load case are also discussed in this chapter.
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Chapter 4 Results and Discussion
4.1 Introduction

Structural elements of buildings experience inelastic behavior under severe ground
motions. Four threstory structures and four sstary structures were discussed in chapter 3 and
analyzed in Perform 3D. The resuitsm Perform 3D models can be exported in text fig&ory
drift, story residual drift, column axial force, rotation in the RBS, BRB axial deformation, energy
absorbed by R8 and BRB, midspan beam deflection, midspan beam vertical acceleration, roof
acceleration and total energy absorbed by the structurescotectedAn overall comparison
between two different loading cases will be completed in this chapter accordiegaecrage
value, median value and difference of the data exported from Perform 3D. Special cases will also
be presented in this chapter to help understand the impact of vertical ground motion on the

seismic response of steel frame structures.

4.2 ModalAnalysis

In earthquakengineeringmodal analysis uses mass and stiffness to find the natural
frequency of structures. The natural frequency is very important in seismic analysis. If the
natural frequencyf structurematches an earthquake's frequencg,sinucture may continue
to resonatend experience structuraldamage. st r uct ur al model with Andoa
has And natural frequenci es aiatedfwithahe naturab r at i on
frequencies. This suite of mode shapes is the basis of the displacement vector in that any
displaced shape of structure can be made up of a combination of these linearly independent mode
shapes. Most of the time, structural engisezan only concern themselves with a small number
of these modes because more than 99% of horizontal effective mass will be included in the first

few modes when only the impact of horizontal ground motion is considered. However, in this

study, vertical gpund motions were included in the analysis, so the vertical modes which include
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effective vertical mass are very important. Figurdsahd 42 show the first horizontahode
shape which includes 83 effective horizontal mass and the first vertivalde shpe which

includes 256 effective vertical mass of the sstory moment frame as beam model, respectively.

Figure 4-1: First Horizontal Mode Shape of SixStory Moment Frame as Beam Model
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Figure 4-2: First Vertical Mode Shape of SixStory Moment Frame as Beam Model

The modal analysis method is only applicable to the linear elastic structures. In this study,
nonlinear dynamic analysis was used to do the seismic analysis. However, the horizontal and
vertical mode shape can show the trend of impact wtdmtal and vertical ground motion on

the steel frame structures.

4.2 Story Drift and Story Residual Drift
Lateral displacemerih seismic analysis is thmovenent of a structure under strong
ground motionStory drift is defined as thdifference in l&eral displacemerietween two
adjacent storiedivided by the story height. Durings&rong ground motigrlarge lateral forces
and lateral driftcan be imposed on structur®¢h at 6 s mor e, strdcturé beeomeabr i f t

too large, Rdeltaeffectscan cause instability of the stture and potentiallgollapse.

Thedata ofmax driftfor all the stories during the earthquake is calculated according to
the nodal displacements for each floResidual drift measuséheremainingstorydrift for all
the storiesafter the earthquak&ables 41 through 44 show the average value of maximum
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story drift for each story under forty selected earthquakes including horizontal and vertical

ground motions in the threstory moment frame as beam model, tkst®y moment frame as

girder model, threstory braced frame with chevron configuration and Hsteey braced frame

with single diagonal configuratioAverage absolute difference in this study is the average of the

absolute value of the difference for eaelntlequake based on the Horizontal Only case as basis

between two different loading cases.

Table 4-1: Summary of Story Drift for the Three-Story Moment Frame as Beam Model

Max Story Drift Residal Story Drift
Story Horizontal | Horizontal + Average Horizontal | Horizontal + Average
Only Vertical Absolute Only Vertical Absolute
Difference Difference
1 2.91% 2.89% 1.86% 1.23% 1.21% 13.8%
2 3.64% 3.63% 2.42% 1.96% 1.96% 13.0%
3 4.72% 4.70% 1.26% 2.06% 2.04% 15.3%

Table 4-2: Summary of Story Drift for the Three-Story Moment Frame as Girder Model

Max Story Drift Residal Story Drift
story Horizontal | Horizontal + Average Horizontal | Horizontal + Average
Only Vertical Absolute Only Vertical Absolute
Difference Difference
1 3.22% 3.25% 3.97% 1.63% 1.84% 74.2%%
2 4.07% 4.12% 3.51% 2.67% 2.95% 39.6%
3 4.82% 4.88% 2.95% 2.84% 3.11% 38.8%

Table 4-3: Summary of Story Drift for the Three-Story Braced Frame with Chevron Configuration

Max Story Drift Residal Story Drift
Stor
y Horizontal | Horizontal + Average Horizontal | Horizontal + Average
Onl Verticd Absolute Onl Vertical Absolute
y Difference y Difference
1 2.38% 2.35% 1.92% 0.60% 0.58% 6.08%
2 1.89% 1.89% 1.28% 0.69% 0.67% 18.%%
3 1.58% 1.58% 3.57% 0.63% 0.61% 66.%%
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Table 4-4: Summary of Story Drift for the Three-Story Braced Frame with Single Diagonal
Configuration

Max Story Drift Residal Story Drift
Stor
: Horizontal | Horizontal + Average Horizontal | Horizontal + Average
Only Vertical Absolute Only Vertical Absolute

Difference Difference
1 2.60% 2.61% 1.31% 0.86% 0.87% 2.72%
2 2.11% 2.10% 1.16% 1.02% 1.01% 5.51%
3 1.96% 1.95% 1.52% 0.88% 0.87% 10.%%

Figures 43 through 46 show box plots of maximum story drift for each story under forty

selected earthquakes including horizontal and vertical groundmsah the threestory moment

frame as beam model, threry moment as girder model, thhstery braced frame with

chevron configuration and threstory braced frame with single diagonal configuration.
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Figure 4-3: Box Plot of Max Story Drift for Thr eestory Moment Frame as Beam Model
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Figure 4-4: Box Plot of Max Story Drift for Three-story Moment Frame as GirderModel

T T T
—— Horizontal
S ---- HortVer

0.04 -1 .
E
i
o
(=]
N [ A (R A e

0.02 n

0
1st Story 2nd Story 3rd Story

Figure 4-5: Box Plot of Max Story Drift for Three -story Chevron Braced FrameModel
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Figure 4-6: Box Plot of Max Story Drift for T hree-story Single DiagonalBraced FrameModel

under forty selected earthquakes including horizontal and vertical ground motions ir the six
story moment frame as beam mbaex-story moment frame as girder model,-story braced

frame with chevron configuration and sstory braced frame with single diagonal configuration.

Tables 45 through 48 show the average value of maximum story drift for each story

Table 4-5: Summary of Story Drift for the Six-Story Moment Frame as Beam Model

Max Story Drif

Residal Story Drift

story Horizontal | Horizontal | Average Absolutel Horizontal | Horizontal +| Average Absolute
Only + Vertical Difference Only Vertical Difference
1 3.43% 3.23% 12.2% 2.79% 2.22% 65.0%
2 3.66% 3.41% 5.37% 3.14% 2.54% 43.%%
3 3.84% 3.61% 4.78% 3.28% 2.73% 42.%%
4 4.26% 4.17% 5.43% 3.50% 2.98% 20.1%
5 4.89% 4.90% 7.47% 3.91% 3.41% 41.%%
6 5.56% 5.61% 10.26 3.98% 3.50% 32.
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Table 4-6: Summary of Story Drift for the Six-Story Moment Frame as Girder Model

Max Story Drift Residal StoryDrift
Story | Horizontal | Horizontal | Average Absolutg Horizontal| Horizontal | Average Absolute
Only + Vertical Difference Only + Vertical Difference
1 3.30% 3.20% 4.21% 2.38% 2.25% 18.2%6
2 3.63% 3.57% 3.62% 2.60% 2.47% 12.%%
3 3.66% 3.64% 4.17% 2.60% 2.47% 14.0%
4 3.68% 3.65% 3.62% 2.53% 2.40% 32.0%
5 3.99% 3.92% 5.69% 2.41% 2.32% 32.2%
6 4.74% 4.67% 6.29% 2.46% 2.37% 30.2%6

Table 4-7: Summary of Story Drift for the Six-Story Braced Frame with Chevron Configuration

Max Story Drift Residal Story Drift
Story Average
Horizontal | Horizontal + Absolute Horizontal| Horizontal + | Average Absolutg
Only Vertical Difference Only Vertical Difference
1 3.25% 3.24% 1.97% 0.48% 0.48% 21.3%
2 2.63% 2.62% 2.49% 0.52% 0.52% 418%
3 2.15% 2.15% 2.99% 0.55% 0.53% 36.0%
4 1.84% 1.84% 4.74% 0.57% 0.53% 18.5%
5 1.63% 1.61% 4.95% 0.56% 0.52% 20.2%0
6 1.54% 1.53% 4.92% 0.54% 0.50% 21.9%

Table 4-8: Summary of Story Drift for the Six -Story Braced Frame with Single Diagonal
Configuration

Max Story Drift Residal Story Drift
Story "Horizontal | Horizontal Average Absolute Horizontal| Horizontal | Average Absolute
Only + Vertical Difference Only + Vertical Difference
1 3.18% 3.18% 1.52% 1.05% 1.05% 11.8%
2 2.73% 2.73% 1.39% 1.05% 1.06% 8.11%
3 2.39% 2.37% 2.10% 1.01% 1.02% 7.59%
4 2.12% 2.11% 1.83% 0.96% 0.97% 7.40%
5 2.01% 2.00% 1.70% 0.94% 0.95% 8.55%
6 2.19% 2.18% 1.52% 0.94% 0.95% 9.70%
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Figures 47 through 410 show the box plot of maximum story drift for each story under
forty selected earthquakes including horizontal aextical ground motions in the sstory
moment frame as beam model,-story moment frame as girder model,-story braced frame

with chevron configuration and sstory braced frame with single diagonal configuration.
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Figure 4-7: Box Plot of Max Stay Drift for Six -Story Moment Frame as Beam Model

86



—— Horizontal
---- Hor+Ver
0.1F -
. :
&
@ 005t .
T T T T | J
0

1st Story  2nd Story 3rd Story  4th Story  5th Story 6th Story

Figure 4-8: Box Plot of Max Story Drift for Six -story Moment Frame as Girder Model

—— Horizontal

—‘— ---- Hor+Ver

0.04F L

Story Dnift
_|.:
I
R

o LT T 1

1st Story  2nd Story 3rd Story  4th Story  5th Story 6th Storny

Figure 4-9: Box Plot of Max Story Dirift for Six -story Chevron Braced FrameModel
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Figure 4-10: Box Plot of Max Story Drift for Six -story Single DiagonalBraced FrameModel
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Figures 411 and 412 show theverage absoluteitference of maximum story drift for
each story under forty selected earthquakes including horizontal and vertical ground motions
between two differenioading conditios (Horizontal Only and Horizontal + Vertical) in the

threestory models and sigtory modelsrespectively.
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Figure 4-11: Average Absolute Difference of Maximum Story Drift between Two Different Loading
Condition in Three-Story Models
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Figure 4-12 Average Absolute Difference of Maximum Story Drift between Two Different Loadimgy
Condition in Six-Story Models
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The average and median value of maximum story drift for each story under forty selected
earthquakes including horizontal and veatiground motions for all the modeh the study are
very close to each other between the two different loading corglititmrizontal Only and
Horizontal + Vertica)Wh at 6 s mor e, the average -stobysol ut e
moment frame, threstory braced frame and sstory braced frame are less than 5% which are
very small. This means the impact of vertical ground motion on these models is not significant.
However, there is some impact of vertical ground motion on the tw&t@ix moment fame
models. This is especially true for the first story which has greater taidtibp storiesThe
maximum drift for each story may increase or decrease when vertical earthquake accelerations
are applied to the modédrhis is the reason why the averagel median value are very close to
each other between two different loading cases while the average absolute difference value is
relatively large in the sistory moment frame modelBigure 413 shows the maximum drift for
each story in the moment frarae beam model under FF13Horizontal Only) and FF13
1(Horizontal + Vertical). The impact of vertical ground motion is significant in this case. The

remaining data about the drift of all the models in this study is provided in Appendix B.
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Figure 4-13. Maximum Drift for Each Story in the Moment Frame as Beam Model under FF131

Tables 49 through 412 show the average and average absolute difference value of

maximum story drift for each story by earthquake group under forty selected earthquakes

including horizontal and vertical ground motions in the tkstey moment frame as beam

model, threestory moment frame as girder model, thstary braced frame with chevron

configuration and skstory braced frame with single diagonal configuration.

Table 4-9: Summary of Story Drift by Earthquake Group for the Three-Story Moment Frame as

Beam Model
Max Story Drift
Group 1 Group 2
Story | Horizontal | Horizontal | Average Absolutg Horizontal| Horizontal | Average Absolute
Only + Vertical Difference Only + Vertical Difference
1 1.90% 1.88% 1.18% 5.08% 5.06% 0.43%
2 2.60% 2.60% 1.79% 6.28% 6.24% 0.63%
3 3.62% 3.58% 0.82% 8.02% 8.02% 0.00%
Group 3 Group 4
Story | Horizontal| Horizontal | Average Absolute Horizontal| Horizontal | Average Absolute
Only + Vertical Difference Only + Vertical Difference
1 2.66% 2.58% 2.62% 2.00% 2.05% 3.24%
2 3.04% 2.94% 3.15% 2.64% 2.72% 4.11%
3 3.98% 3.92% 2.40% 3.24% 3.26% 1.82%
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Table 4-10: Summary of Story Drift by Earthquake Group for the Three-Story Moment Frame as

Girder Model

Max Stay Drift

Group 1 Group 2
Story | Horizontal | Horizontal +| Average Absolutel Horizontal | Horizontal | Average Absolute
Only Vertical Difference Only + Vertical Difference
1 2.12% 2.08% 1.38% 4.90% 4.84% 1.98%
2 3.10% 3.02% 2.55% 5.58% 5.56% 1.69%
3 3.86% 3.84% 1.41% 7.00% 6.92% 1.32%
Group 3 Group 4
Story | Horizontal | Horizontal +| Average Absolutel Horizontal | Horizontal | Average Absolute
Only Vertical Difference Only + Vertical Difference
1 1.82% 1.70% 6.16% 4.02% 4.36% 6.37%
2 2.68% 2.60% 4.01% 4.90% 5.28% 5.80%
3 3.30% 3.22% 2.82% 5.10% 5.52% 6.27%

Table 4-11: Summary of Story Drift by Earthquake Group for the Three-Story Braced Frame with
Chevron Configuration

Max Story Drift
Group 1 Group 2
Story | Horizontal| Horizontal +| Average Absolke | Horizontal| Horizontal +| Average Absolute
Only Vertical Difference Only Vertical Difference
1 2.12% 2.06% 2.82% 3.04% 3.04% 0.00%
2 1.56% 1.54% 1.25% 2.66% 2.66% 0.00%
3 1.31% 1.31% 0.19% 2.34% 2.28% 2.59%
Group 3 Group 4
Story | Horizontal | Horizontal +| Average Absolutg Horizontal | Horizontal +| Average Absolute
Only Vertical Difference Only Vertical Difference
1 2.08% 2.06% 2.08% 2.27% 2.24% 2.80%
2 1.67% 1.68% 2.73% 1.67% 1.67% 1.15%
3 1.51% 1.50% 3.10% 1.17% 1.23% 8.40%
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Table 4-12. Summary of Story Drift b y Earthquake Group for the Three-Story Braced Frame with
Single Diagonal Configuration

Group 1 Group 2
Story | Horizontal | Horizontal | Average Absolutg Horizontal | Horizontal | Average Absolute
Only + Vertical Difference Only + Vertical Difference
1 2.34% 2.3%% 2.49% 3.40% 3.38% 0.74%
2 1.65% 1.65% 0.61% 2.96% 2.94% 0.95%
3 1.62% 1.62% 0.00% 2.80% 2.76% 3.81%
Group 3 Group 4
Story | Horizontal | Horizontal | Average Absolutg Horizontal | Horizontal | Average Absolutg
Only + Vertical Difference Only + Vertical Difference
1 2.15% 2.16% 0.29% 2.51% 2.55% 1.71%
2 1.86% 1.84% 2.48% 1.96% 1.96% 0.62%
3 1.99% 1.98% 1.15% 1.42% 1.44% 1.11%

Figures 414 through 417 show theverage absoluteitference of maximum story drift by

earthquake group for each story undenfeelected earthquakes including horizontal and

vertical ground motions between two different loading condition (Horizontal Only and

Horizontal + Vertical) in the threstory moment frame as beam model, tksay moment

frame as girder model, thretorybraced frame with chevron configuration and thstery

braced frame with single diagonal configuration, respectively.
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Figure 4-14: Average Absolute Difference of Maximum Story Drift between Two Different Loading
Condition by Earthquake Group in Three-Story MF as Beam Model
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Figure 4-15: Average Absolute Difference of Maximum Story Drift between Two Different Loading
Condition by Earthquake in Three-Story MF as Girder Model
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Figure 4-16. Average Absolute Difference of Maximum Story Drift between Two Dfferent Loading
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Figure 4-17: Average Absolute Difference of Maximum Story Drift between Two Different Loading
Condition by Earthquake Group in Three-Story Braced frame with Single DiagonalConfiguration
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Tables 413 through 416 show the average and average absolute difference value of
maximum story drift for each story by earthquake group under forty selected earthquakes
including horizontal and vertical ground motionghe sixstory moment frame as beam model,
six-story moment frame as girder model,-stery braced frame with chevron configuration and

six-story braced frame with single diagonal configuration.

Table 4-13: Summary of Story Drift by Earthquake Group for the Six-Story Moment Frame as

Beam Model
Max Story Drift
Group 1 Group 2
Story | Horizontal | Horizontal | Average Absolutg Horizontal| Horizontal | Average Absolute
Only + Vertical Difference Only + Vertical Difference
1 2.86% 2.80% 2.69% 2.95% 3.14% 26.3%
2 3.02% 2.98% 1.68% 2.98% 2.96% 2.54%
3 3.08% 3.06% 3.59% 3.06% 2.92% 4.65%
4 3.24% 3.16% 4.90% 3.80% 3.62% 4.69%
5 3.64% 3.66% 4.74% 5.08% 4.82% 6.92%
6 4.32% 4.34% 8.47% 6.66% 6.24% 7.38%
Group 3 Group 4
Story | Horizontal | Horizontal | Average Absolute Horizontal| Horizontal | Average Absolute
Only + Vertical Difference Only + Vertical Difference
1 2.72% 2.16% 9.94% 5.17% 4.81% 9.75%
2 3.07% 2.51% 8.20% 5.55% 5.18% 9.06%
3 3.58% 3.16% 5.21% 5.62% 5.30% 5.66%
4 4.20% 4.06% 2.36% 5.81% 5.83% 9.76%
5 4.72% 4.86% 6.21% 6.12% 6.26% 12.0%
6 4.90% 5.32% 11.43% 6.34% 6.54% 13.6%
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Table 4-14: Summary of Story Drift by Earthquake Group for the Six-Story Moment Frame as
Girder Model

Max Story Drift

Group 1 Group 2
Story | Horizontal | Horizontal | Average Absolute Horizontal | Horizontal | Average Absolute
Only + Vertical Difference Only + Vertical Difference
1 2.66% 2.64% 2.16% 2.81% 2.79% 4.24%
2 2.74% 2.76% 2.51% 3.02% 2.98% 3.27%
3 2.80% 2.78% 2.59% 3.04% 3.10% 6.69%
4 2.72% 2.66% 2.52% 3.46% 3.48% 8.42%
5 3.10% 3.04% 1.97% 4.46% 4.16% 8.90%
6 4.06% 4.00% 4.33% 5.64% 5.24% 7.53%
Group 3 Group 4
Story | Horizontal | Horizontal | Average Absolutg Horizontal | Horizontal | Average Absolute
Only + Vertical Difference Only + Vertical Difference
1 2.88% 2.74% 3.80% 4.84% 4.64% 6.62%
2 3.30% 3.24% 4.10% 5.46% 5.30% 4.60%
3 3.32% 3.36% 5.28% 5.48% 5.33% 2.11%
4 3.18% 3.22% 1.30% 5.35% 5.23% 2.26%
5 3.24% 3.34% 7.16% 5.16% 5.16% 4.74%
6 3.92% 4.08% 8.32% 5.34% 5.36% 4.97%

Table 4-15: Summary of Story Drift by Earthquake Group for the Six-Story Braced Frame with
Chevron Configuration

Max Story Drift

Group 1 Group 2
Story | Horizontal | Horizontal | Average Absolutg Horizontal| Horizontal | Average Absolute
Only + Vertical Difference Only + Vertical Difference
1 2.84% 2.78% 3.60% 3.30% 3.34% 2.13%
2 2.20% 2.17% 2.66% 2.72% 2.75% 4.72%
3 1.80% 1.78% 2.24% 2.30% 2.31% 6.32%
4 1.50% 1.47% 2.79% 2.06% 2.05% 8.96%
5 1.38% 1.29% 6.42% 1.90% 1.91% 6.79%
6 1.32% 1.25% 4.83% 1.86% 1.88% 7.76%
Group 3 Group 4
Story | Horizontal| Horizontal | Average Absolutg Horizontal| Horizontal | Average Absolute
Only + Vertical Difference Only + Vertical Difference
1 2.96% 2.92% 1.61% 3.88% 3.90% 0.56%
2 2.30% 2.28% 2.59% 3.28% 3.28% 0.00%
3 1.77% 1.77% 1.68% 2.71% 2.76% 1.74%
4 1.44% 1.42% 5.01% 2.36% 2.41% 2.21%
5 1.18% 1.16% 4.66% 2.06% 2.08% 1.94%
6 1.01% 1.03% 6.12% 1.97% 1.95% 0.98%
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Table 4-16: Summary of Story Drift by Earthquake Group for the Six-Story Braced Frame with
Single Diagonal Configuration

Max Story Drift
Group 1 Group 2
Story | Horizontal | Horizontal | Average Absolute Horizontal | Horizontal | Average Absolute
Only + Vertical Difference Only + Vertical Difference
1 2.93% 2.91% 0.99% 3.10% 3.10% 2.31%
2 2.45% 2.45% 0.01% 2.61% 2.60% 4.30%
3 2.07% 2.07% 0.04% 2.30% 2.25% 7.42%
4 1.84% 1.82% 1.37% 2.06% 2.02% 5.91%
5 1.82% 1.82% 0.00% 2.08% 2.04% 6.71%
6 1.92% 1.92% 0.00% 2.41% 2.37% 5.19%
Group 3 Group 4
Story | Horizontal | Horizontal | Average Absolutg Horizontal | Horizontal | Average Absobe
Only + Vertical Difference Only + Vertical Difference
1 2.90% 2.90% 2.36% 3.80% 3.82% 0.41%
2 2.41% 2.39% 1.26% 3.46% 3.46% 0.00%
3 2.05% 2.03% 0.93% 3.13% 3.13% 0.00%
4 1.79% 1.79% 0.03% 2.81% 2.81% 0.03%
5 1.54% 1.54% 0.05% 2.61% 2.61% 0.02%
6 1.61% 1.62% 0.81% 2.80% 2.80% 0.07%

Figures 418 through 421 show theverage absoluteitference of maximum story drift by
earthquake group for each story under forty selected earthquakes including horizontal and
vertical ground motions between two different loading condit{btorizontal Onlyand
Horizontal + Vertical) in the skstory moment frame as beam model;siory moment frame as
girder model, sixstory braced frame with chevron configuration andssory braced frame with

single diagonal configuration, respectively.
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Figure 4-18: Average Absolute Difference of Maximum Story Drift between Two Diférent Loading
Condition by Earthquake Group in Six-Story MF as Beam Model
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Figure 4-19: Average Absolute Difference of Maximum Story Drift between Two Different Loading
Condition by Earthquake Group in SixStory MF as Girder Model
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Figure 4-20: Average Absolute Difference of Maximum Story Drift between Two Diférent Loading
Condition by Earthquake Group in six-Story Braced frame with Chevron Configuration
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Figure 4-21: Average Absolue Difference of Maximum Story Drift between Two Different Loading
Condition by Earthquake Group in Six-Story Braced frame with Single Diagonal Configuration
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Thereare twenty earthquake suites in this study which include the horizontal and vertical
compaments of strong ground motion. They are classified as four different earthquake groups in
this study based on the vertical to horizontal ratio (V/H) of earthquake.d¥lidst V/H values
in this study are larger than 2/3 which is commonly used by curees@dccording to the data
analysis by earthquake groups, there is no clear evidence showing that the higher or lower V/H
value will cause more or less impact on the maximum drift in the steel frame structures. That
means the impact of vertical groundtma on maximum drift of steel frame structures in each

earthquake suite is insignificant and limited.

4.3 Column Axial Force

Columns are the most common type of compression member in building structures. In the
moment frame, these elements are alscestgl to bending which will become beaoiumn
elements. In seismic design, columns are not allowed to fajiMinsth could cause the structure
to coll apse. What 6s ndoecteelationship witimthe-Bealtaeffectiandf or c e
buckling in nonlinear analysis. It is necessary for engineers to pay attention to the column axial

force.

Thedata ormaximum axial forcefor all the stories during the earthquake is calculated
according to the element axial force at node i of the columns for lkachExterior column
axial force and interior column axial force are collected separately. Taklesrdough 420
show the average value of maximum column axial force for each story under forty selected
earthquakes including horizontal and vertical gigdmotions in the threstory moment frame as
beam model, threstory moment frame as girder model, thstery braced frame with chevron
configuration and threstory braced frame with single diagonal configuration. All the column
forces in this study ameormalized column axial force which is the axial force from Perform 3D

divided by the column yield force (Fy*Agdyhe contribution of vertical motion to total axial
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forceis calculated based on the Horizontal + Vertical case as the IbasesHorizonal Only

case is used as basis, the difference between two different loading cases for most models will be

more than 100%.

Table 4-17: Summary of Column Axial Force for the Three Story Moment Frame as Beam Model

Normalized Column Axial Force
Exteror Interior
Story Contribution of Contribution of
Horizontal | Horizontal | Vertical motion to| Horizontal | Horizontal | Vertical motion to
Only + Vertical | total axial Force Only + Vertical | total axial Force
1st 0.087 0.107 19.2%0 0.066 0.125 47. 2%
2nd 0.054 0.069 22.5% 0.045 0.087 48.1%
3rd 0.019 0.027 29.2% 0.024 0.043 45.%%

Table 4-18 Summary of Column Axial Force for the ThreeStory Moment Frame as Girder Model

Normalized Column Axial Force
Exterior Interior
Story Cort_ribution _of o
Vertical motion Contribution of

Horizontal | Horizontal| to total axial Horizontal | Horizontal| Vertical motion to
Only + Vertical Force Only + Vertical | total axial Force

1 0.048 0.067 28.6% 0.107 0.178 39.%%6

2 0.035 0.045 21.3% 0.086 0.165 48.0%

3 0.020 0.023 14. %6 0.061 0.108 43.%%

Table 4-19: Summary of Column Axial Force for the Three Story Braced Frame with Chevron
Configuration

Normalized Column Axial Force
Exterior Interior
Story Con'tribution' of o
Vertical motion Contribution of

Horizontal | Horizontal| to total axial Horizontal | Horizontal| Vertical motion to
Only + Vertical Force Only + Vertical | total axial Force

1 0.330 0.357 7.6%% 0.386 0.470 17.9%

2 0.153 0.179 14.%% 0.194 0.277 29.™0

3 0.038 0.060 36.7%6 0.063 0.122 48.8%
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Table 4-20: Summary of Column Axial Forcefor the Three-Story Braced Frame with Single
Diagonal Configuration

Normalized Column Axial Force

Exterior Interior
Story Contribution of Contibution of
Horizontal | Horizontal | Vertical motion to| Horizontal | Horizontal| Vertical motion to
Only + Vertical | total axial Force Only + Vertical | total axial Force
1 0.326 0.356 8.40% 0.587 0.700 16.2%6
2 0.304 0.325 6.43% 0.216 0.341 36.%06
3 0.039 0.062 36.4% 0.163 0.228 28.%%

Figures 422 through 425 show the histogram of average value of column maximum

normalized axial force for each story under two different loadingsdaseeach selected

earthquake in the threstory moment frame as beam model, tksry moment frame as girder

model, threestory braced frame with chevron configuration and Hsteey bracd frame with

single diagonal configuration.
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Figure 4-22: Max Normalized Story Axial Forcefor Three-Story Moment Frame as Beam Model
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Figure 4-25: Max Normalized Story Axial Force for Three-Story Braced Frame with Single
Diagonal Configuration

Tables 421 through 44 show the average value of maximoormalized column axial
force for each story under forty selected earthquakes including horizontal and vertical ground
motions in the sistory moment frame as beam model;sigry moment as girder model, six
story braced frame with chevron configurateomd sixstory braced frame with single diagonal

configuration respectively.

Table 4-21: Summary of Column Axial Force for the SixStory Moment Frame as Beam Model

Normalized Column Axial Force
Exterior Interior
Story Contribution of Contribution of

Horizontal | Horizontal | Vertical motion to| Horizontal | Horizontal| Vertical motion to

Only + Verti@al | total axial Force Only + Vertical total axial Force
1 0.111 0.143 22.1% 0.142 0.283 50.0%
2 0.086 0.115 25.2% 0.118 0.250 52.8%
3 0.063 0.088 28.8% 0.093 0.2 55.5%
4 0.061 0.102 40.%% 0.102 0.263 61.1%
5 0.037 0.065 43.1% 0.068 0.179 62.2%
6 0.016 0.031 48.6% 0.033 0.086 61.6%
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Table 4-22: Summary of Column Axial Force for the SixStory Moment Frame as GirderModel

Normalized Column Axial Force

Exterior Interior
Story Contribution of Contribution of

Horizontal | Horizontal | Vertical motion to| Horizontal | Horizontal| Vertical motion to

Only + Vertical | total axial Force Only + Vertical total axial Force
1 0.134 0.169 20.8% 0.127 0.226 44.0%
2 0.108 0.141 23.3% 0.104 0.192 45.%%
3 0.081 0.111 26.9% 0.082 0.158 48.3%
4 0.084 0.113 26.0% 0.090 0.169 46.8%
5 0.048 0.071 31.3% 0.059 0.122 51.3%
6 0.022 0.032 31.0% 0.030 0.054 44.2%

Table 4-23: Summary of Column Axial Force for the Three Story Braced Framewith Chevron
Configuration

Normalized Column Axial Force

Exterior Interior
Story Contribution of Contribution of

Horizontal | Horizontal | Vertical motion to| Horizontal | Horizontal | Vertical motion to

Only + Vertical | total axial Force Only + Vertical | total axial Force
1 0.187 0.190 1.69% 0.229 0.241 4.84%
2 0.141 0.143 1.03% 0.177 0.186 5.17%
3 0.099 0.101 2.05% 0.129 0.138 5.97%
4 0.099 0.101 2.83% 0.135 0.147 8.01%
5 0.052 0.055 5.53% 0.077 0.088 12.2%
6 0.014 0.017 16.6% 0.027 0.039 29.%

Table 4-24: Summary of Column Axial Force for the Three Story Braced Frame with Single
Diagonal Configuration

Normalized Column Axial Force

Exterior Interior
Story Contribution of Contribution of

Horizontal | Horizontal | Vertical motion to| Horiontal | Horizontal| Vertical motion to

Only + Vertical | total axial Force Only + Vertical total axial Force
1 0.215 0.220 2.17% 0.211 0.231 8.46%
2 0.126 0.132 4.16% 0.196 0.211 7.12%
3 0.119 0.122 3.05% 0.119 0.134 11.1%
4 0.089 0.098 8.42% 0.165 0.181 8.84%
5 0.077 0.082 5.33% 0.072 0.090 20.%%
6 0.014 0.021 33.0% 0.047 0.059 19.8%
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Figures 426 through 429 show the histogram of average value of column maximum
normalized axial force for each story under two different loadingséaseach selected
earthquake in thaxsstory moment frame as beam model;siery moment frame as girder
model, sixstory braced frame with chevron configuration andssory braced frame with single

diagonal configuration.
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Figure 4-26: Max Normalized Story Axial Force for SixStory Moment Frame as Beam Model
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Figure 4-29: Max Normalized Story Axial Force for SixStory Braced Frame with Single Diagonal
Configuration

Theaverage value of column maximum normalized axial force for each story increases
for all the moded in the studywhen the vertical ground motion is add#ds clear that the
impactof vertical ground motion on the interior columns is much larger than that on the exterior
columns which is obvious because the vertical joint mass in the interior columns is larger than
that in the exterior columns. In addition, the moment frames get mfhuence from vertical

ground motions compared with braced frame in this study. For the moment frame, the impact of
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vertical acceleration is significant for each floor similarly. However, in the braced frame, the
normalized axial force increassignificantly in the top story while the effect of vertical
earthquake in the remaining stories is relatively not significant compared with the tod keory.
reason why the top story has larger impact is because the vertical component in the braces is

transfered to the columns. Therefore, the increase of axial force due to vertical ground motion is

a smaller percentage overall.

4.4 Acceleration
4.4.1 Roof Horizontal Acceleration

The seismic body and surface waves create inertial forces within the builtdeng.
acceleration, or the rate of change of the velocity of the waves setting the building in motion,
determines the percentage of the building mass or weight that must be dealt with as a horizontal
force.All the acceleratiorin this studyis measured in ters of the acceleration due to gravity or
g. Themaximum roof horizontal acceleration during the earthquake is calculated according to
the nodal absolute acceleration. Figuw&dshows the node chosen to represent the roof in the

six-story moment frame dseam model. The nodes in the remaining models have the same

location with this example.
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Figure 4-30: Node Chosen to Rpresent Roof Horizontal Acceleration
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Tables 425 and 426 show the average value of maximum roof horizontal acceleration
under forty skected earthquakes including horizontal and vertical ground motions in the three

story models and sigtory models respectively.

Table 4-25: Summary of Roof Horizontal Accelerationfor the Three-Story Models

Roof Horizontal Acceleration
Model
Horizortal Only | Horizontal + Vertica Difference
3-Story MF as Beam 0.866 0.939 8.39%
3-Story MF as Girder 0.826 0.848 2.63%
3-Story Chevron 1.100 1.125 2.22%
3-Story Single Diagon; 0.977 1.014 3.82%

Table 4-26: Summary of Roof Horizontal Acceleration for the SixStory Models

Roof Horizontal Acceleration
Model
Horizontal Only| Horizontal + Vertica Difference
6-Story MF as Beam 0.762 1.209 58.6%
6-Story MF as Girder 0.929 1.003 8.00%
6-Story Chevron 0.429 0.429 -0.08%
6-Story Single Diagon; 0.583 0.583 -0.02%

According to the tables abovégtaverage value of maximum roof acceleration for most
modelsin the study are very close to each other between the two different loadingarmnditi
except the sbstory moment frame as beam model. In thessdry moment frame as beam
model, the average value of roof maximum horizontal acceleration increased by 58.63% when
the vertical and horizontal ground motions are added to the strucgamattime. Figures3l
and 435 show the time history responserobf absolute horizontal acceleration in the stiary
moment frame as beam model as an example undédEFRand NF28-1. Figures 432 and 436
showthe time history response of roof absolute horizontal acceleration in te®spxmoment
frame as girdemodel as an example under-E&1 and NF28-1. The result of the remaining

models is very similar to the sstory moment as girder model.
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Figure 4-31: Time History Response of Roof Absolute Horizontal Acceleration in the Si$tory
Moment Frame as Beam Model under FF14-1
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Figure 4-32Time History Response of Roof Absolute Horizontal Acceleration in the Si$tory
Moment Frame as Girder Model under NF14-1
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Figure 433 and Figure 84 shows the detail of time history response of roof absolute
horizortal acceleration frorzero seconds to ten secomashe sixstory moment frame as beam

model and the skstory moment frame as girder model underNFL, respectively.
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Figure 4-33: Detail of Time History Response of Roof Absolute Horizontal Accelerati in the Six
Story Moment Frame as Beam Model under NFL4-1
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Figure 4-34: Detail of Time History Response of Roof Absolute Horizontal Acceleration in the Six
Story Moment Frame as Girder Model under NF14-1
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Figure 4-35; Time History Response of Roof Asolute Horizontal Acceleration in the Six
Story Moment Frame as Beam Mdel under NF28-1
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Figure 4-36: Time History Response of Roof Absolute Horizontal Acceleration in the Si$tory
Moment Frame as GirderModel under NF-28-1
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Figure 437 and Figure 88 shows the detail of time history response of roof absolute
horizontal acceleration from 15s to 35s in thesory moment frame as beam model and the

six-story moment frame as girder model under28+espectively.
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Figure 4-37: Detail of Time History Response of Roof Absolute Horizontal Acceleration in th8ix-
Story Moment Frame as BeanModel under NF-28-1
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Figure 4-38: Detail of Time History Response of Roof Absolute Horizontal Acceleration in # Six
Story Moment Frame as Girder Model under NF28-1
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The impact of vertical ground motion on the-story moment frame as beam model is
much more significant than that on the-stery moment frame as girder moddbwever, the
effect of vertical ground motion is similar to each other in these two madéts.adding the
vertical acceleration to the model, the roof horizontal acceleration starts to oscillate based on the
roof acceleration pattern when the structure is only subjected to the horizontal ground motion.
That means the global frequency ofroofhi zont al acceleration wonot
vertical ground motionThe difference between these two results is the amplitude of oscillation
in six-story moment frame as beam model is much larger than that in tkgnMmoment frame
as girder modl. The reason the amplitude of oscillation is larger in thesgdxy moment frame
as beam model is because the first vertical mode period which is 0.1016s is close to the first peak
value in the response spectrum of earthquak@8iE including horizordl and vertical
acceleration. Figure-39 and Figure 410 show the response spectrums with 2% damping ratio
of NF-28-1 (Horizontal Only) and N28-1 (Horizontal + Vertical) for the sistory moment
frame as beam model, respectively. The X axis repredenisetiod of structure in seconds and

the Y axis represents the roof horizontal acceleration in units of g.

spectral Acceleration (g)

Periad ()

Figure 4-39: Response Spectrums with 2% Damping Ratio undelF-28-1 (Horizontal Only) in the
Six-Story Moment Frame as Beam Model
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Figure 4-40: Response Spectrums with 2% Damping Ratio under N28-1 (Horizontal + Vertical)
in the Six-Story Moment Frame as Beam Model

Sincemaximum roof acceleration in the ssxory moment frame as beam model is very
different from the remaining models, a doubheck has been done in this study. Thessory
story momenframeas girder model was chosen to become the basis which would be modified
to become sbstory momenframeas beam model because they are very close to each other.
Figure 441 shows the respeaspectrum with 2% damping ratimder NF281 (Horizontal +
Vertical) in the sixstory moment frame as girder model. Then the beams and columns were
changedo be same witthose in the sbstory moment frame as beam model. Figu#24hows
the responsspectrum with 2% damping ratimder NF281 (Horizontal + Vertical) in the new
model after changing the beam and column size. Then the reduced beam section and plastic
hinge in the column were changedoesame with the skstory moment frame as beam mbde

Figure 443 shows the response spectrum with 2% damping ration underINfFR&izontal +
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Vertical) in the new model after changing the reduced beam section and plastic hinge in the

columns.
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Figure 4-41: Response Spectrums with 2% Damping Ratio undeNF-28-1 (Horizontal + Vertical)
in the SixStory Moment Frame as GirderModel
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Figure 4-42 Response Spectrums with 2% Damping Ratio under NR28-1 (Horizontal + Vertical)
in the New Model after Changing the Beam and Column Size
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Figure 4-43. ResponseSpectrums with 2% Damping Ratio under NF28-1 (Horizontal + Vertical)
in the New Model after Changing theRBS and Plastic Hinge in the Column

Accordng to the results above, the response spectrum with 2% damping ratio under NF
28-1 (Horizontal + Vertical)n the sixstory moment frame as girder model is changing to
become similar with that in the sstory moment frame as beam model when changing the
elements to become the sitory moment frame as beam model. That means tketix
moment frame as beamodel is correct. It also highlights the potentalvertical ground
motions to &ect the horizontahcceleratiorsignificantly in the case where fundamental

frequencies are similar.
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4.4.2 Vertical Acceleration

Thedata ofmaximum vertical acceleratrofor all the stories during the earthquake is
calculated according to the data of nodal vertical absolute acceleration at the beam midspan for
each floor The vertical accelerations for the exterior span and interior span are collected
separately. Figuré-44 shows the nodes which are chosen to represent the exterior spans and
interior spans in the sigtory moment frame as beam model and the nodes in the remaining
models have the same location with this example model. Tal@déghtrough 430 show the
avaage value of maximum vertical acceleration for each story under the forty selected
earthquakes including horizontal and vertical ground motions in thegtosemoment frame as
beam model, threstory moment as girder model, thhgtery braced frame witchevron

configuration and threstory braced frame with single diagonal configuration, respectively.
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Figure 4-44: The Nodes Chosen to Represent Exterior Span and Interior Spdn Measure Vertical
Acceleration
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Table 4-27: Summary of Vertical Acceleration for the Three-Story Moment Frame as BeanModel

Vertical Acceleration
Story . Ex.terior . In'Ferior
Horizontal Horizontal + Horizontal Horizontal +
Only Vertical Difference Only Vertical Difference
1 0.827 3.607 77.1%% 0.862 4174 79.3%
2 0.962 3.932 75.5% 0.870 5.479 84.1%
3 1.104 3.727 70.%% 1.113 4,179 73.%%

Table 428 Summary of Vertical Acceleration for the Three Story Moment Frame as Girder

Model
Vertical Acceleration
Story . Exterlor _ Int_enor
Horizontal| Horizontal + Horizontal Horizontal +
Only Vertical Difference Only Vertical Difference
1 0.768 2.969 74.1% 0.565 3.472 83. ™0
2 0.777 3.136 75.2% 0.592 3.499 83.1%
3 1.942 3.123 37.8% 0.816 3.717 78.0%

Table 4-29: Summary of Vertical Accelerationfor the Three-Story Braced Frame with Chewvon
Configuration

Vertical Acceleration
Story . ExFerior . Intgrior
Horizontal Horizontal + Horizontal Horizontal +
Only Vertical Difference Only Vertical Difference
1 3.717 5.819 36.1% 0.277 2.613 89.4%
2 3.956 5.477 27.8% 0.467 3.052 84. ™6
3 3.584 6.179 42.0% 0.540 3.378 84.0%

Table 4-30: Summary of Vertical Acceleration for the Three-Story Braced Frame with Single
Diagonal Configuration

Vertical Acceleration
Story . E?<terior ' Intgrior
Horizontal Horizontal + Horizontal Horizontal +
Only Vertical Difference Only Vertical Difference
1 1.145 3.344 65.8% 0.379 2.653 85.™%6
2 1.967 4,539 56.™6 0.650 3.218 79.8%
3 1.967 4,295 54.2% 0.937 3.643 74.3%
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Tables 431 through 434 show the average value of maximum vertical acceleration for

each story undenpfty selected earthquakes including horizontal and vertical ground motions in

the sixstory moment frame as beam model;siary moment frame as girder model,-story

braced frame with chevron configuration andstiary braced frame with single diagbna

configuration.

Table 4-31: Summary of Vertical Acceleration for the SixStory Moment Frame as Beam Model

Vertical Acceleration
Story . E)fterior _ Int_erior
Horizontal Horizontal + Horizontal Horizontal +
Only Vertical Difference Only Vertical Difference
1 0.725 3.953 81.%06 0.942 3.857 75.6%
2 0.657 4,729 86.1% 0.754 4.699 84.0%
3 0.652 5.448 88.0% 0.668 6.736 90.1%
4 0.698 9.175 92.%% 0.704 8.665 91.%
5 0.974 8.192 88.1% 0.780 10.906 92.%%
6 1.167 5.722 79.6% 1.085 10.399 89.6%

Table 4-32. Summary of Vertical Acceleration for the SixStory Moment Frame as GirderModel

Vertical Acceleration
Story . E?<terior . Intgrior
Horizontal Horizontal + Horizontal Horizontal +
Only Vertical Difference Only Vertical Difference
1 0.600 2.405 75.1% 0.505 3.322 84.8%
2 0.628 2.835 77.%% 0.528 3.318 84.1%
3 0.548 2.974 81.6% 0.469 3.700 87. M
4 0.554 3.360 83.5% 0.524 4.165 87.%%
5 0.766 3.591 78. %0 0.564 5.698 90.1%
6 1.638 3.325 50.7%6 0.864 4,567 81.1%
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Table 4-33: Summary of Vertical Acceleration for the SixStory Braced Frame with Chevron
Configuration

Vertical Acceleration

Story Exterior Interior
Horizontal Horizontal + Horizontal Horizontal +
Only Vertical Difference Only Vertical Difference
1 2.889 5.485 47.3% 0.185 3.200 94.2%
2 1.790 3.597 50.3% 0.229 3.234 92.%
3 1.675 4.030 58.%% 0.305 3.377 91.0%
4 1.813 4.161 56.%% 0.380 3.525 89.2%
5 1.550 3.834 59.6% 0.446 3.659 87.8%
6 1.470 4.125 64.%% 0.431 3.751 88.9%

Table 4-34: Summary of Vertical Acceleration for the SixStory Braced Frame with Single
Diagonal Configuration

Vertical Acceleration

Story Exterior Interior
Horizontal Horizontal + Horizontal Horizontal +
Only Vertical Difference Only Vertical Difference
1 0.187 3.440 94.6% 0.208 4,575 95.5%
2 0.222 3.139 92.% 0.252 3.7&2 93.%
3 0.191 3.015 93. ™6 0.213 3.545 94.%
4 0.149 2.898 94.% 0.165 3.282 95.0%
5 0.125 2.826 95.6% 0.123 3.043 96.0%
6 0.101 2.769 96.%% 0.082 2.897 97.2%
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Theaverage values of vertical acceleration for each story increase significarslithe
modek in the studywhen the vertical ground motion is included. The impact of vertical ground
motion on both the exterior and interior span is direct and significant which means vertical
ground motions in this study dominate the vertical acceleratitre beam midspan. Figured®
shows the time history response of vertical acceleration on the exterior span of second floor in

the sixstory moment frame as beam model unde+28FFigure 446 and 447 show the result

separately to see them clearly.
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Figure 4-45: Time History Response of VerticalAcceleration in the Six-Story Moment Frame as
BeamModel under NF-28
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Figure 4-46. Time History Response of Vertical Acceleration in the Sk&tory Moment Frame as
Beam Model under NF28 (Horizontal Only)
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Figure 4-47: Time History Response of Vertical Acceleration in the SkStory Moment Frame as
Beam Madel under NF-28 (Horizontal + Vertical)

The maximum vertical acceleration of the beam midspan comes earlier in the response
when the vertical ground motisrare added to the structures becausspghedf vertical wave
in the earthquake is faster than that of horizontal wave. The peak vertical ground motion will hit

the structure earlier than the horizontal ground motion.
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4.5 Vertical Deflection in the &m

In the earthquake engineering, beam midspan deflection is not typically a concern.
However,in thestructural analysis and design and nonstructural view, it is necessary to predict
the deflection of the beam midspan because many applications haatidingiton the amount of
deflection that can be tolerate®dditionally, damage to nestructural components such as
ceiling tiles, sprinkler systems and piping is connected to the midspan deformation. The vertical
deflection for the exterior span and inbe span are collected separately. The nodes chosen to
represent the exterior spans and interior spans are the same as those chosen to get the vertical
acceleration. Tables 25 through 438 show the average value of maximum vertical deflection
for each tory under forty selected earthquakes including horizontal and vertical ground motions
in the threestory moment frame as beam model, tksry moment frame as girder model,
threestory braced frame with chevron configuration and tsteey braced framwith single
diagonal configuration respectively. All vertical deflections in this study are normalized by the

beam span.

Table 4-35: Summary of Vertical Deflection for the Three Story Moment Frame as Beam Model

Normalized Vertical Deflectiof103)
Story . E)fterior . Intgrior
Horizontal Horizontal + Horizontal Horizontal +
Only Vertical Difference Only Vertical Difference
1 0.732 0.891 21.8% 0.644 0.861 33.™6
2 0.791 0.958 21.1% 0.687 0.976 42.1%
3 2.840 3.514 23. 70 2.896 3.512 21.3%

Table 4-36: Summary of Vertical Deflection for the Three-Story Moment Frame as Girder Model

Normalized Vertical Deflectioid 0°)
Story ' E>.<terior ' Intgrior
Horizontal | Horizontal + Horizontal Horizontal +
Only Vertical Difference Only Vertical Difference
1 3.818 453 18.8% 1.340 2.059 53.7%
2 4.168 4.849 16.%% 1.350 2.164 60.3%
3 7.580 8.379 10.5% 3.575 5.193 45.2%
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Table 4-37: Summary of Vertical Deflection for the Three Story Braced Frame with Chevron
Configuration

Normalized Vertical Deflectiof103)
Story . E?<terior . Intgrior
Horizontal| Horizontal + Horizontal Horizontal +
Only Vertical Difference Only Vertical Difference
1 3.639 3.667 0.78% 6.562 11.890 81.2%
2 4,422 4,391 -0.69% 6.859 12.128 76.8%
3 5.417 5.553 2.51% 7.157 12.808 79.0%

Table 4-38: Summary of Vertical Deflection for the Three-Story Braced Frame with Single
Diagonal Configuration

Normalized Vertical Deflectiaid0°)
Story _ E?<terior . Intgrior
Horizontal | Horizontal + Horizontal Horizontal +
Only Vertical Difference Only Vertical Difference
1 6.403 13.123 105.0% 6.663 11.673 75.2%
2 6.376 13.318 108.9% 6.893 11.928 73.0%
3 6.604 15.976 141.9% 7.382 12.650 71.%%

Figures 448 through 451 show the line chart of average value of maximum normalized

vertical deflection for each story der two different loading case for each selected earthquake in

the threestory moment frame as beam model, tksey moment frame as girder model, three

story braced frame with chevron configuration and tisteey braced frame with single diagonal

configuration respectively.
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Figure 4-48. Max Normalized Vertical Deflection for Three-Story Moment Frame as Beam Model
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Figure 4-49: Max Normalized Vertical Deflection for Three-Story Moment Frame as GirderModel

4
—@— Exterior (Horizontal Only)
— @ - Exterior (Hor+Ver)
—@— Interior (Horizontal Only|
3 || - -@--Interior (Hor+Ver) ,f ,‘
Y /
/
/
> /
22 ¢
n ]
[
|
[
[
1 ¢
0
0 2 4 6 8 10 12 14
Normalized Vertical Deflectiod @3)

Figure 4-50: Max Normalized Vertical Deflection for Three-Story Braced Frame with Chevron
Configuration
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Figure 4-51: Max Normalized Vertical Deflection for Three-Story Braced Frame with Single
Diagonal Configuration

Tables 439 through 442 show the average value of maximum normalizedoagrti
deflection for each story in the exterior and interior span under forty selected earthquakes
including horizontal and vertical ground motions in thestory moment frame as beam model,
six-story moment as girder model, sitory braced frame with clion configuration and six

story braced frame with single diagonal configuration respectively.

Table 4-39: Summary of Vertical Deflection for the SixStory Moment Frame as Beam Model

Normalized Vertical Deflectiof103)
Story . E?<terior _ Int(_—:-rior
Horizantal Horizontal + Horizontal Horizontal +
Only Vertical Difference Only Vertical Difference
1 3.101 3.133 1.02% 0.760 0.886 16.%%6
2 3.143 3.180 1.17% 0.784 1.038 32.9%
3 3.421 3.546 3.63% 0.921 1.441 56.9%
4 3.847 4.473 16.3% 1.271 2.188 72.1%
5 4.234 4.952 17.0% 1.535 3.000 95.%%
6 5.887 6.608 12.3% 3.106 5.391 73.%%
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Table 4-40: Summary of Vertical Deflection for the SixStory Moment Frame as Girder Model

Normalized Vertical Deflectiof103)
Story . E?<terior . Intgrior
Horizontal Horizontd + Horizontal Horizontal +
Only Vertical Difference Only Vertical Difference
1 3.152 3.484 10.5% 1.069 1.405 31.%%
2 3.236 3.550 9.68% 1.130 1.452 28.5%%
3 3.357 3.996 19.0% 1.593 1.924 20.8%
4 3.345 3.969 18.6% 1.746 2.059 17.%%
5 3.977 5.162 29.8% 2.806 3.147 12.1%
6 7.249 8.191 13.0% 5.505 5.908 7.33%

Table 4-41: Summary of Vertical Deflection for the SixStory Braced Frame with Chevron

Configuration
Normalized Vertical Deflectiof103)
Story . Exterior _ Intgrior
Horizontal| Horizontal + Horizontal Horizontal +
Only Vertical Difference Only Vertical Difference
1 5.111 5.723 12.0% 5.869 10.850 84.9%
2 5.207 5.603 7.61% 5.840 10.719 83.6%
3 4.978 5.341 7.31% 5.894 10.797 83.2%
4 5.419 5.649 4.25% 5.940 10.863 82.%
5 5.660 5.913 4.46% 5.978 10.9(8 82.%%
6 6.035 6.648 10.2%6 6.269 12.944 1070

Table 4-42. Summary of Vertical Deflection for the SixStory Braced Frame with Single Diagonal
Configuration

Normalized Vertical Deflectiof103)
Story . Exterior _ Int(_erior
Horizontal| Horizontal + Horizontal Horizontal +
Only Vertical Difference Only Vertical Difference
1 6.237 16.073 157. %6 6.275 12.318 96.3%
2 5.955 11.559 94.1% 5.977 10.384 73.™%
3 5.931 11.530 94.%% 5.939 10.349 74.3%
4 5.876 11.479 95.4% 5.890 10.291 74. ™%
5 5.854 11.416 95.0% 5.843 10.228 75.1%
6 5.921 11.835 99.9% 5.869 10.380 76.%%
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Figures 452 through 455 show the line chart of average value of maximum normalized
vertical deflection for each story under two different loading case for each selected earthquake in
the sk-story moment frame as beam model;siary moment as girder model, story braced
frame with chevron configuration and sstory braced frame with single diagonal configuration

respectively.
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Figure 4-52 Max Normalized Vertical Deflection for Six-Story Moment Frame as Beam Model
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Figure 4-53: Max Normalized Vertical Deflection for Six-Story Moment Frame as Girder Model
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Configuration
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Theaverage values of vertical deflection for each story increase significamiy
vertical ground motion is includedr either exterior span or interior spanaihthe modes$
except the exterior span in the thistery and sixstory braced frame with chevron configuration
in thisstudy This result is very similar with the result of vertical acceleration when the vertical
ground motion is added to the structufBse reason the impact of vertical ground motion on the
exterior span in the braced frames is not significant because the nodes chosen are connected with
the braces directlywhi ch prevents vertical defl eetion of
differene between the two loading conditions in the exterior span of tket@ix braced frame
with chevron configuration is larger than that in the tretey braced frame with chevron
configuration.That means the impact of vertical ground motion on beareat&fh is increased
in the sixstory braced frames compared withtheee or y br aced frame. Agai-r
impact of vertical ground motion on the either exterior span or interior span is direct and
significant which means vertical ground mosan this study dominate the vertical deflection in
the beam midspan in both the exterior and interior span. The impact of vertical ground motion on
the beam deflection of all the stories in the braced frames is larger because all these beams are
controlled by gravity load according to the current design procedure. FigbiBeathd Figure 4
57 show the time history response of vertical deflection on the interior span of sixth floor in the
six-story moment frame as beam model andssoty braced frame withirgyle diagonal

configuration under NR28-1, respectively.
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Figure 4-57: Time History Response of Vertical Deflectin of the Sixth Floorin the SixStory
Braced Frame with Single Diagonal ConfigurationModel under NF-28-1
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4.6 Reduced Beam Section (RBS) Rotation and BRB Deformation

After theNorthridge earthquake in 1994 and the Kobe earthquak@95, a lot of
reseach and teting efforts have been puito finding better methods to design and construct
seismic resistant steel framé@e reduced beam section connection is one of the most popular
and mat economical type amongst pdsdrthridge andKobe connectios Theeffectiveness of
reduced beam sectioRBS) connections wawidely investigatedollowing the previously
mentioned earthquakes. In addition, for the braced frames, the BRBF system has become more
and more popular recently due to a number of strugperdbrmance advantages over
conventional braced framds this study, the reduced beam section is one of the major inelastic
elements which will absorb the energy from earthquake through the inelastic deformation in the
moment frames while a buckling tesined brace is the major element which can absorb energy

through inelastic deformation in the braced frames.

The inelastic deformation of the exterior span and interior span are collected separately
for the reduced beam sections and buckling restrdirezks. Figures-88 through 460 show
the elements which are chosen to represent the exterior spans and interior spans-sidhe six
moment frame as beam model,-story braced frame with chevron configuration andssoty
braced frame with single @ajonal configuration, respectively. The elements chosen in the
remaining models are the same as shown in the figures. Tabttethdough 448 show the
average value of maximum deformation for each story under forty selected earthquakes
including horizonal and vertical ground motions in the thisgery moment frame as beam
model, threestory moment frame as girder model, thstery braced frame with chevron
configuration and threstory braced frame with single diagonal configuration respectively. All
the axial deformations of buckling restrained braces in this study are normalized by the yield

deformations of BRBs which are provided by Corebrace LLC in the design information.
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Essentially this shows the ductility demand for the braces. Takl8sa#hd 444 show the yield

strengths of BRBs for the thretory braced frames and sstory braced framesespectively.
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Figure 4-59: Elements Chosen to Repreent Exterior Spanand Interior Span to Measure BRB
Deformation in Braced Frame with Chevron Configuration model
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Figure 4-60. Elements Chosen to Represent Exterior Span and Interior Span to Measure BRB
Deformation in Braced Frame with Single DiagonalConfiguration model

Table 4-43: Yield Deformation of Brace in the Three Story Braced Frame

Yield Deformatiofin)
Story Chevron Single Diagonal
Tension| Compressior] Tension| Compression
1 0.19 0.19 0.36 0.36
2 0.20 0.20 0.35 0.35
3 0.21 0.21 0.36 0.36

Table 4-44: Yield Deformation of Brace in the SixStory Braced Frame

Yield Deformatiofin)
Story Chevron Single Diagonal
Tension| Compressior] Tension| Compressior
1 0.27 0.27 0.42 0.43
2 0.22 0.22 0.37 0.37
3 0.22 0.22 0.37 0.37
4 0.21 0.21 0.37 0.37
5 0.22 0.22 0.38 0.38
6 0.20 0.20 0.38 0.38
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Table 4-45: Summary of RBS Deformationfor the Three-Story Moment Frame as Beam

Model
RBS Rotation (Radians)
Exterior Interior
Story Average Average
Horizontal | Horizontal Absolute Horizontal | Horizontal Absolute
Only + Vertical | Difference Only + Vertical Difference

1 0.032 0.031 2.87% 0.032 0.031 3.08%

2 0.039 0.038 3.05% 0.038 0.038 2.70%

3 0.054 0.054 4.25% 0.056 0.056 4,10%

Table 4-46: Summary of RBS Deformation for theThree-Story Moment Frame as Girder
Model

RBS Rotation (Radians)
Exterior Interior
Story Average Average
Horizontal | Horizontal| Absolute | Horizontal| Horizontal + Absolute

Only + Vertical | Difference Only Vertical Difference
1 0.035 0.039 16.0% 0.044 0.047 13.3%
2 0.044 0.046 17.0% 0.052 0.054 13.3%
3 0.055 0.057 10.9% 0.063 0.066 13.4%

Table 4-47: Summary of BRB Deformation for the Three-Story Braced Frame with
Chevron Configuration Model

BRB Normalized Deformation
Exterior Interior

Story Average Average
Horizontal| Horizontal Absolute Horizontal | Horizontal + Absolute
Only + Vertical | Difference Only Vertical Difference

1 17.7 17.7 3.81% 15.5 15.4 3.17%

2 14.4 14.2 3.73% 12.5 12.4 3.41%

3 12.9 13.0 5.19% 116 11.5 3.15%
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Table 4-48: Summary of BRB Deformation for the Three-Story Braced Frame with Single
Diagonal Configuration Model

BRB Normalized Deformation
Exterior Interior

Story Average Average
Horizontal | Horizontal| Absolute Horizontal | Horizontal + Absolute
Only + Vertical | Difference Only Vertical Difference

1 11.4 11.4 0.85% 11.4 11.4 0.93%

2 9.6 9.6 1.22% 9.7 9.7 1.36%

3 8.3 8.3 1.37% 8.4 8.4 1.20%

Figures 461 through 464 show the box plot of maximum RBS/BRB deformation
for each story under forty selected earthquakes including horizontal arzhhvgrtiund
motions in the threstory moment frame as beam model, tksEry moment frame as
girder model, threstory braced frame with chevron configuration and tisteey braced
frame with single diagonal configuration. The first three box plots septehe exterior

spans while the remaining represent the interior spans.
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Figure 4-61: Box Plot of Max Story RBS Rotationfor Three-story Moment Frame as Beam
Model
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Figure 4-63: Box Plot of Max Story BRB Deformation for Three-story Braced Frame with
Chevron Configuration Model
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Figure 4-64: Box Plot of Max Story BRB Deformation for Three-story Braced Frame with
Single DiagonalConfiguration Model

Tables 449 through 452 show the average value of maximum RBS/BRB

deformation for each story under forty selected earthquakes including horizontal and

vertical ground motions in the sstory moment frame as beam model;sixry moment

as girder model, sistory braced frame with chevron configuration and-sigry braced

frame with single diagonal configuration.

Table 4-49: Summary of RBS Deformation for theSix-Story Moment Frame as Beam

Model
RBRotation (Radians)
Exterior Interior
Story Average Average
Horizontal | Horizontal Absolute Horizontal | Horizontal + Absolute
Only + Vertical | Difference Only Vertical Difference
1 0.038 0.033 13.6% 0.046 0.040 11.%%
2 0.035 0.030 19.2%6 0.042 0.037 9.7%%
3 0.037 0.035 16.9% 0.046 0.043 11.6%
4 0.047 0.047 14.9% 0.0% 0.055 8.76%
5 0.056 0.057 15.%% 0.066 0.065 10.7%
6 0.060 0.061 18.%% 0.073 0.074 15.0%
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Table 4-50: Summary of RBS Deformation for the SixStory Moment Frame as Girder

Model
RBRotation (Radians)
Exterior Interior
Story Average Average
Horizontal | Horizontal| Absolute Horizontal | Horizontal + Absolute
Only + Vertical | Difference Only Vertical Difference

1 0.034 0.033 14.3% 0.041 0.040 4,76%
2 0.034 0.033 7.60% 0.042 0.041 7.46%
3 0.032 0.033 16.1% 0.040 0.040 7.01%
4 0.030 0.030 13.2% 0.038 0.037 10.%%
5 0.037 0.040 19.1% 0.045 0.047 13.9%
6 0.043 0.047 20.0% 0.055 0.059 13.8%

Table 4-51: Summary of BRB Deformation for the SixStory Braced Frame with Chevron
Configuration Model

BRB Normalized Deformation
Exterior Interior
Story Average Average
Horizontal | Horizontal| Absolute Horizontal | Horizontal + Absolute
Only + Vertical | Difference Only Vertical Difference
1 22.1 22.0 1.59% 20.4 20.5 2.98%
2 19.5 19.4 2.44% 17.9 17.9 2.39%
3 16.7 16.6 3.52% 15.1 15.1 3.57%
4 15.5 15.6 3.36% 13.7 13.3 4.96%
5 13.7 13.6 3.14% 12.5 12.4 3.10%
6 15.1 151 3.27% 13.6 13.7 4.07%

Table 4-52. Summary of BRB Deformation for the SixStory Braced Frame with Single
Diagonal Configuration Model

BRB Normalized Deformation
Exterior Interior
Story Average Average
Horizontal | Horizontal| Absolute Horizontal | Horizontal Absolute
Only + Vertical | Difference Only + Vertical Difference
1 17.3 17.3 0.73% 17.4 17.4 0.81%
2 13.5 13.5 1.11% 13.5 13.5 1.11%
3 11.9 12.0 1.34% 12.0 12.1 1.15%
4 10.6 10.6 1.55% 10.7 10.7 157%
5 9.9 9.9 1.00% 9.9 9.9 0.87%
6 10.8 10.8 1.07% 11.1 11.1 1.00%

140




Figures 465 through 468 show the box plot of maximum RBS/BRB deformation
for each story under forty selected earthquakes including horizontal and vertical ground
motions in the skstory moment frame as beam model,-stary moment frame as girder
model, sixstory braced frame with chevron configuration andssoty braced frame
with single diagonal configuration. The first six box plots represent the exterior spans

while the remainig represent the interior spans.
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Figure 4-65: Box Plot of Max Story RBS Deformation for Six-story Moment Frame as Beam
Model
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Figure 4-66. Box Plot of Max Story RBS Deformation for Six-story Moment Frame as
Girder Model
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Figure 4-67: Box Plot of Max Story BRB Deformation for Six-story Braced Frame with
Chevron Configuration Model
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Figure 4-68. Box Plot of Max BRB Deformation of each Story for Sixstory Braced Frame
with Single DiagonalConfiguration Model

Figures 469 through 472 show theverage alwdute differenceof maximum
RBS/BRB deformation in the exterior spans and interior spans for each story under forty
selected earthquakes including horizontal and vertical ground motions between two
different loading condition (Horizontal Only and HorizdntaVertical) in the threestory

models and sikstory models respectively.
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Figure 4-70: Average Absolute Difference of Maxinum RBS/BRB deformation in the
interior span between Two Different Loading Conditiorsin Three-Story Models
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Theaverage value of maximum RBS/BRB deformationeachstory under forty
selected earthquakes including horizontal and vertical ground motions for all thesmodel
in the study are very close to each other between the two different loading candition
(Horizontal Only and Horizontal + Verticalfhe median valuef maximum RBS/BRB
deformation is also close to each other in the tstesy moment frames, threstory
braced frames and sstory braced frames while the median value in thesgxky
moment frames increases, especially in the upper three storiesthghastical ground
motions are added to the structures. Whatos
of the threestory moment frame, threstory braced frame and sstory braced frame are
relatively small compared with that in the sitory momethframe models. This means
the impact of vertical ground motion on these models is not significant. However, there is
some impact of vertical ground motion on the twestory moment frame models,
especially for the higher stories according to the aveasbgelute difference. In addition,
the impact of vertical ground motions is very subtle. The maximum deformation for each
story may increase or decrease when you add vertical earthquake excitation. This is the
reason why the average values are very clogath other between two different loading
cases while the average absolute difference value is relatively large in-gtergix
moment frame models. Figure78 shows the maximum RBS deformation for each story
in the exterior span of the sstory momentrame as beam model under NF16
(Horizontal Only) and NF1-8.(Horizontal + Vertical). Figure-Z4 shows the hysteresis
loop of RBS in the sixth story exterior span of thestory moment frame as beam

model under NF14 (Horizontal Only) and NFX@(Horizontal + Vertical). The impact
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of vertical ground motion is significant in this case which is not negligible. Th

remaining data about the deformatmfrall the models in this study is appendix B.
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Figure 4-73: Maximum RBS Deformation for Each Story in the Moment Frame as Beam
Model under NF16-1
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Moment Frame as B2am model under NF161

147



Tables 453 through 456 show the average and average absolute difference value
of maximum RBS rotation or BRB deformation for each story by earthquake group in the
exterior spans under forty selected earthquakes including horizontal and vertical ground
motions in the threstory moment frame as beam model, tkrsty moment frame as
girder model, threstory braced frame with chevron configuration andssoty braced

frame with single diagonal configuration.

Table 4-53: Summary of RBS Rotationby Earthquake Group for the Three-Story Moment
Frame as Beam Model

RBS Rotation in the Exigr Span (Radians)
Group 1 Group 2
Story _ _ Average _ _ Average
Horizontal | Horizontal| Absolute | Horizontal| Horizontal + Absolute
Only + Vertical | Difference Only Vertical Difference
1 0.014 0.014 3.40% 0.049 0.048 1.55%
2 0.018 0.018 5.14% 0.063 0.062 2.31%
3 0.028 0.029 9.30% 0.083 0.082 2.57%
Group 3 Group 4
Story _ _ Average _ _ Average
Horizontal | Horizontal| Absolute | Horizontal| Horizontal + Absolute
Only + Vertical | Difference Only Vertical Difference
1 0.022 0.021 3.09% 0.043 0.042 3.44%
2 0.031 0.032 2.39% 0.042 0.042 2.38%
3 0.045 0.046 2.90% 0.059 0.058 2.24%
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Table 4-54: Summary of RBS Rotation by Earthquake Group for theThree-Story Moment

Frame as Girder Model

RBS Rotation in the Exterior Span (Radians)

Group 1 Group 2
Stor Average Average
y . . . .
Horizontal| Horizantal Absolute Horizontal| Horizontal Absolute
Only + Vertical Difference Only + Vertical Difference
1 0.017 0.018 9.08% 0.038 0.038 1.39%
2 0.023 0.025 15.9% 0.046 0.046 4.59%
3 0.032 0.033 11.8% 0.061 0.061 4.43%
Group 3 Group 4
Story . _ Average _ _ Average
Horizontal | Horizontal Absolute Horizontal| Horizontal Absolute
Only + Vertical Difference Only + Vertical Difference
1 0.025 0.032 41.0% 0.061 0.066 12.7%6
2 0.041 0.044 33.6% 0.065 0.070 13.%%6
3 0.062 0.064 17.2% 0.066 0.070 10.3%

Table 4-55: Summary of BRB Deformation by Earthquake Group for the Three-Story
Braced Frame with Chevron Configuration

BRB Normalized Deformation

Group 1 Group 2
St Average Average
ory . . , .
Horizontal | Horizontal Absolute Horizontal | Horizontd Absolute
Only + Vertical Difference Only + Vertical Difference
1 154 15.0 3.34% 20.0 20.3 5.59%
2 12.0 11.7 2.53% 18.3 17.6 5.72%
3 111 10.9 2.23% 16.7 16.7 4.17%
Group 3 Group 4
St Average Average
ory . . , .
Horizontal | Horizontal Absolute Horizontal | Horizontal Absolute
Only + Vertical Difference Only + Vertical Difference
1 16.6 16.8 4.04% 19.0 18.7 2.27%
2 13.4 134 4.79% 14.1 14.1 1.89%
3 13.0 13.3 4.36% 10.7 11.2 10.0%

149




Table 4-56: Summary of BRB Deformation by Earthquake Group for the Three Story
Braced Frame with Single DiagonalConfiguration

BRB Normalized Deformation

Group 1 Group 2
Story | Horizontal | Horizontal | Average Absolutel Horizontal | Horizontal | Average Absolute]
Only + Vertical Difference Only + Vertical Difference
1 9.2 9.2 0.83% 12.8 12.8 0.58%
2 6.7 6.7 0.83% 11.8 11.7 0.85%
3 5.9 5.9 0.98% 11.6 115 1.22%
Group 3 Group 4
Story | Horizontal | Horizontal | Average Absolutel Horizontal | Horizontal | Average Absolute]
Only + Vertical Difference Only + Vertical Difference
1 10.3 104 1.62% 13.3 13.3 0.38%
2 9.9 9.9 2.17% 10.2 10.0 1.02%
3 8.6 8.6 1.04% 7.2 7.4 2.24%

Figures 475 through 478 show theaverageabsolute differencef maximum

RBS rotation or BRB axial deformation in the exterior spans by earthquake group for

each story under forty selected eartiikgs including horizontal and vertical ground

motions between two different loading condition (Horizontal Only and Horizontal +

Vertical) in the threestory moment frame as beam model, tksery moment frame as

girder model, threstory braced frame witbhevron configuration and thregory braced

frame with single diagonal configuration, respectively.
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Figure 4-75: Average Absolute Dfference of Maximum RBS Rotationbetween Two
Different Loading Conditions by Earthquake Group in Three-Story MF as Beam Model
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Figure 4-76: Average Absolute Difference of Maximum RBS Rotation between Two
Different Loading Conditions by Earthquake Group in Three-Story MF as Girder Model
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Figure 4-77: Average Absolute Difference of Maximum BRB Deformationbetween Two
Different Loading Conditions by Earthquake Group in Three-Story Braced Frame with
Chevron Configuration
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Figure 4-78: Average Absolute Difference of Maximum BRB Deformation between Two
Different Loading Conditions by Earthquake Group in Three-Story Braced Frame with
Single DiagonalConfiguration
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Tables 457 through 460 show the average and average absolute difference value
of maximum RBS rotation or BRB axial deformation for each story by earthquake group
under forty selected earthquakes including twnial and vertical ground motions in the
six-story moment frame as beam model;siery moment frame as girder model,-six
story braced frame with chevron configuration andssoty braced frame with single

diagonal configuration.

Table 4-57: Summary of RBS Rotation by Earthquake Group for the Six-Story Moment
Frame as Beam Model

RBS Rotation in the Exterior Span (Radians)
Group 1 Group 2
Story _ _ Average _ _ Average
Horizontal | Horizontal Absolute Horizontal | Horizontal Absolute
Only + Vertical Difference Only + Vertical Difference
1 0.015 0.015 14.%% 0.037 0.030 12.0%
2 0.013 0.013 6.78% 0.031 0.022 14.8%
3 0.013 0.013 29.%% 0.035 0.029 12.%%
4 0.018 0.020 17.%% 0.051 0.049 17.3%
5 0.023 0.025 16.8% 0.068 0.066 13.0%
6 0.027 0.029 8.65% 0.075 0.075 19.0%
Group 3 Group 4
Story _ _ Average _ _ Average
Horizontal | Horizontal Absolute Horizontal | Horizontal Absolute
Only + Vertical Difference Only + Vertical Difference
1 0.032 0.024 17.8% 0.068 0.062 10.0%
2 0.033 0.025 47.8% 0.063 0.060 7.15%
3 0.039 0.034 9.0 0.062 0.062 17.0%
4 0.051 0.050 5.24% 0.067 0.068 19.%%6
5 0.065 0.065 8.75% 0.070 0.073 24.8%
6 0.069 0.069 4.79% 0.068 0.071 41.1%
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Table 4-58 Summary of RBS Roftion by Earthquake Group for the SixStory Moment
Frame as Girder Model

RBS Rotath in the Exterior Span (Radians)

Group 1 Group 2
Story | Horizontal | Horizontal | Average Absolutg Horizontal | Horizontal | Average Absolute
Only + Vertical Difference Only + Vertical Difference
1 0.021 0.022 21.% 0.029 0.028 15.6%
2 0.021 0.021 12.3% 0.03L 0.030 6.96%
3 0.019 0.020 36.7%6 0.032 0.033 9.95%
4 0.017 0.016 12.0% 0.031 0.033 26.1%
5 0.019 0.020 15.8% 0.045 0.049 23.8%
6 0.026 0.028 19.9% 0.052 0.054 15.2%
Group 3 Group 4
Story | Horizontal | Horizontal | Average Absolutg Horizontal | Horizontal | Average Absolute
Only + Vertical Difference Only + Vertical Difference
1 0.024 0.022 16.8% 0.063 0.061 2.99%
2 0.025 0.024 8.74% 0.060 0.059 2.39%
3 0.025 0.026 12. %% 0.052 0.052 4.95%
4 0.027 0.026 7.68% 0.046 0.046 6.82%
5 0.033 0.040 28.8% 0.049 0.050 8.04%
6 0.043 0.054 32.0% 0.050 0.051 12.2%

Table 4-59: Summary of BRB Deformation by Earthquake Group for the SixStory Braced

Frame with Chevron Configuration

BRB Normalized Deformation

Group 1 Group 2
Story | Horizontal | Horizontal | Average Absolutg Horizontal | Horizontal +| Average Absolutg
Only + Vertial Difference Only Vertical Difference
1 19.0 19.2 2.02% 22.1 21.6 2.57%
2 15.9 15.6 2.22% 20.3 19.7 3.02%
3 134 12.9 6.68% 17.9 17.6 2.86%
4 12.5 12.5 2.84% 17.3 17.1 2.61%
5 12.0 11.7 3.29% 15.3 15.2 3.67%
6 13.9 13.8 2.43% 17.3 16.9 3.54%
Group 3 Group 4
Story | Horizontal | Horizontal | Average Absolutg Horizontal | Horizontal +| Average Absolute
Only + Vertical Difference Only Vertical Difference
1 20.5 19.8 4.31% 26.9 26.9 0.42%
2 17.5 17.5 4.86% 24.3 24.5 1.57%
3 14.5 14.7 5.23% 21.0 21.3 1.55%
4 12.8 134 8.25% 19.2 195 1.82%
5 11.2 11.4 9.22% 16.4 16.7 2.09%
6 11.9 12.6 11.%% 17.6 17.7 1.60%
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Table 4-60: Summary of BRB Deformation by Earthquake Group for the Six-Story Braced
Frame with Single DiagonalConfiguration

BRB Normalized Deformation
Group 1 Group 2
Story | Horizontal | Horizontal | Average Absolutd Horizontal| Horizontal | Average Absolutg
Only + Vertical Difference Only + Vertical Difference
1 134 13.3 0.47% 17.2 17.4 2.04%
2 9.9 9.8 0.47% 13.4 13.7 3.60%
3 8.2 8.2 0.72% 12.3 12.5 4.17%
4 7.4 7.4 0.69% 10.9 11.1 4.75%
5 7.6 7.6 0.57% 10.3 10.5 2.57%
6 8.7 8.7 0.59% 12.2 12.3 2.90%
Group 3 Group 4
Story | Horizontal | Horizontal | Average Absolutd Horizontal | Horizontal | Average Absolutg
Only + Vertical Difference Only + Vertical Difference
1 17.1 17.1 0.30% 21.6 21.6 0.10%
2 13.1 13.1 0.27% 17.5 17.5 0.10%
3 11.5 11.5 0.42% 15.7 15.7 0.05%
4 10.1 10.0 0.72% 14.1 14.1 0.06%
5 9.2 9.1 0.76% 12.5 125 0.10%
6 9.5 9.4 0.71% 13.0 13.0 0.07%

Figures 479 through 482 show theverage absoluteitference of maximum RBS
rotation or BRB axial deformation in the exterior spans by earthquake group for each
story under forty selected earthquakes including horizontal and vertical gratimhs
between two different loading condition (Horizontal Only and Horizontal + Vertical) in
the sixstory moment frame as beam model;siery moment frame as girder model,-six
story braced frame with chevron configuration andssoty braced frame ith single

diagonal configuration, respectively.
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Figure 4-79: Average Absolute Difference of Maximum RBS Rotation between Two
Different Loading Conditi ons by Earthquake Group in SixStory MF as Beam Model
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Figure 4-80: Average Absolute Difference bMaximum RBS Rotation between Two
Different Loading Conditions by Earthquake Group in Six-Story MF as Girder Model
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Figure 4-81: Average Absolute Difference of Maximum BRB Deformation between Two
Different Loading Conditi ons by Earthquake Group in SixStory Braced Frame with
Chevron Configuration
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Figure 4-82: Average Absolute Difference of Maximum BRB Deformation between Two

Different Loading Conditions by Earthquake Group in Six-Story Braced Frame with Single
Diagonal Configuration

157



According to thedata analysis by earthquake groups, there is no clear evidence
and trend showing that the higher or lower V/H value will cause more or less impact on
the maximum RBS rotation or BRB axial deformation in the steel frame structures. The
impact of vertical gpund motion on maximum RBS rotation or BRB deformation of
threestory steel frame structures and braced frame structures in each earthquake suite is
insignificant and limied. However, there isimnpact of vertical ground motion on the six

story moment fme structures.

4.7 Energy

Usually the tremendous energy released in an eartheuakestly worn off by
diastrophism, tectonic movements, earth's surfemeksr etcEven though a very small
portion of the energy impacts structures, it could causeeselaenage and collapse to the
structures and result in gigantic catastrophgure 483 shows the energy dissipation in
the sixstory moment frame as beam model under NE (H6orizontal + Vertical)The
values on theX axis rgpresent timen secondswhile values on th& axis represent the
percent of energy dissipation. Table6X¥and 462 show the energy dissipation for each
earthquake including two different loading situasamsix-story moment frame as beam
model and sixstory braced frame with cheon configuration modelespectively. The

remaining energy dissipation information for the other models is in Appendix B.
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Table 4-61: Energy Dissipation for Each Earthquake in the SixStory Moment Frame as
Beam Model

Dissipated Inelastic

Dissipated

Ground Total Energy(kip*in] Energy(kip*in) Total Energy| |- Energy
Motion Difference .
Hor | Hor+Ver Hor Hor+Ver Difference

FFO11 144100 | 146100 | 106500 108200 1.39% 1.60%
FF131 98920 | 116000 69410 83680 17.27% 20.56%
FF141 31980 32840 17090 17730 2.69% 3.74%
FF142 136700 | 144400 | 101300 107800 5.63% 6.42%
FF152 150100 | 161500 | 114400 122300 7.59% 6.91%
FF191 212500| 217300 | 169900 173900 2.26% 2.35%
FF212 51710 54480 34680 37120 5.36% 7.04%
FF221 36820 39070 22010 24060 6.11% 9.31%
FF222 65210 69460 43690 47720 6.52% 9.22%
NF022 80780 80770 66760 66560 -0.01% -0.30%
NFO051 85240 88290 63580 66900 3.58% 5.22%
NF052 113100 | 114200 88190 90310 0.97% 2.40%
NF161 90400 93880 63540 66740 3.85% 5.04%
NF162 79500 84240 52140 56620 5.96% 8.59%
NF172 145700 | 149700 | 111800 114800 2.75% 2.68%
NF212 30080 31400 17490 18800 4.39% 7.49%
NF221 57880 59580 34440 36430 2.94% 5.78%
NF252 146800 | 144200 | 122400 119700 -1.77% -2.21%
NF 272 | 169200| 167300 | 124900 123600 -1.12% -1.04%
NF281 140500 | 140600 | 116700 116700 0.07% 0.00%
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Table 4-62: Energy Dissipation for Each Eathquake in the Six-Story Braced Frame with
Chevron Configuration Model

Ground | Total Energy(kip*in pissipated Inelasic Total Ener Dissipated
_ Energy(kip*in) ) Y| Inelastic Energy
Motion Difference .
Hor | Hor+Ver| Hor Hor+Ver Difference

FFO11 156300| 159000 | 128700 129900 1.73% 0.93%
FF131 130500 | 132200 | 108600 109700 1.30% 1.01%
FF141 48360 49410 38520 38780 2.17% 0.67%
FF142 180100 | 182900 | 149100 149900 1.55% 0.54%
FF152 151100 | 154300 | 127500 128300 2.12% 0.63%
FF191 151500 | 151800 | 131100 131300 0.20% 0.15%
FF212 46630 47110 38290 38560 1.03% 0.71%
FF221 41660 42630 32160 32450 2.33% 0.90%
FF222 77500 78090 61750 61700 0.76% -0.08%
NF022 80010 80210 68590 68630 0.25% 0.06%
NFO51 87120 88340 72630 73440 1.40% 1.12%
NF052 86660 99430 72500 75060 14.74% 3.53%
NF161 125100 | 126600 | 102200 103200 1.20% 0.98%
NF162 120200 | 121000 98950 99520 0.67% 0.58%
NF172 169700 | 170400 | 145200 145300 0.41% 0.07%
NF212 151300 | 154000 | 123400 124000 1.78% 0.49%
NF221 68820 68470 31480 31380 -0.51% -0.32%
NF252 113000 | 113600 97160 97290 0.53% 0.13%
NF 272 | 222600| 225100 | 189500 190200 1.12% 0.37%
NF281 123300 | 123400 | 104100 104000 0.08% -0.10%

Thetotal energy dissipated by the structure and energy dissipated by the element

inelastic deformatiomnder forty selected earthquakes including horizontal artetaker

ground maions for the braced franmaodels in the study are vesymilar when

comparinghe two different loading conditi@{Horizontal Only and Horizontal +

Vertical). Slight increases in response occur when the vertical ground motions are

included in the momeritame models. That means the impact of vertical ground motions

on energy dissipation is insignificant on the structures.
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4.8 Summary

In this chapter, detailegsults of the threstory models and the sbstory models
areanalyzed angresented. Stafiical dateand graphs shawg theimpact of vertical
ground motions on the column axial force, vertical acceleration and vertical deflection
are presentefibr bothexterior spas andinterior spasin all themodek. The impact of
vertical earthquakeotion on story drift, roof horizontal acceleration and energy are also
discussed in this chaptédean value and boxplot which can help to find median value
and difference valuare calculateth this chapter to find the difference between the two
different lboading cases. The impact of vertical ground motion on the story drift, roof
acceleration and energy in all the steel frame structures is insignificant and limited while

the impact on the column axial force, vertical acceleration and vertical deflectialh for

the models in this study is significant.

the sixstory moment frame structures show more significant differences in response due
to the addition of vertical ground motionBesides the overatesults,some results of the

individual case are provided in this chapter to help to understand the structure behavior.
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Chapter 5 Conclusion and Recommendation
5.1 Summary

Thegoal of the study is an investigation into the impact of vertical ground motio
on seismic response of steel fram@dures by using nonlinear respoisstory

analysis.

In order to get a full understanding of impact of veftgraund motion four
threestory buildings and four sigtory buildings were dggned and modeledhe®
eight models which included special moment frameshari#tling restrainetbraced
frames in this research are as follows: tksty moment frame as beathreestory
moment frame as girdethreestory braced framwith chevron configurationthreestory
braced frame with sgie diagonal configuratigrsix-story manent frame as beamix-
story moment frame as girdesix-story braced frame with chevron configuration; six
story braced frame with single diagonal configuration. All the basic information
including gravity load information and seismic information in this paper was pibhige
Sabelli s report (2001). The seismic | oad fo
equivalent lateral force (ELF) method. The whole seismic design procedure fer three
storyand sixstory special moment frarm@vascompleted by using the AISC Seismic
Provisions for Structural Steel Building (AISC, 2005) and ASCE Standaf(ASCE,
2010) almg with the computer prograBAP 2000 (CSI, 2012). Reduced beam section
was chosen andesgned as one of the major enei@ysorbing elements in the structures.
AWeak Beragn Galrumno check as wmdludedamshispanel zo

study to make sure the columns would not fail igtingearthquakes. All the braces in
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this stuly were designed by Xie (2015). The finite element modeling procedure was

completed by another computer program Perform 3D (CSI, 2011).

Detailed results of all the models in this study by nonlinear dynamic analysis were
extracted from the Perform 3D aadalyzed. Results include maximwtory drift for
each story during earthquakesidual story drifafter strong ground motigmaximum
normalized axial force in the exterior and interior columns, roof horizontal acceleration,
vertical acceleration and ftecal normalized deflection in the midspan of beams, rotation
of reduced beam sections, normalized axial deformation in the buckling restrained braces
and the energy absorbed by the whole structure and inelastic elements. Behaviors of the
eight structures this study were investigated and compared between two different

loading cases.

5.2 Conclusion
The detailed results and conclusions have been presented in tabular and graphical
form in Chapter 4. The structure behavior is measured based on the refgmurikings
during the earthquakes. This was investigated analytically by loakimg@ximum drift,
residualdrift, maximum axial force in the column, maximum rotation for the reduced
beam sections, maximum axial deformation for the buckling restramaed$and
vertical deflection in the beams. Two additional aspactthe roof horizontal
acceleration and the vertical absolute acceleratioreihélam were investigatéal show
the direct impact ofertical ground motionsonui | di ngs. Wthvat 6s mor e, s
equipment and some na&tructural components can be affected by large acceleration.
Total energy and energy dissipated by inelastic element deformation are also investigated

to give an overall impact of vertical ground motion on the structures.
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In general, the vertical ground motion hasor effect on maximum drift and
residwal drift for each story in the buildg. For the threestory and sixstory braced frame
modelsthe average absolute difference valaesless than 5%. However, there is a
rea®nableeffect of vertical ground motion on the upper storiethesix-story moment
frame. Fromanindividual view for each earthquake in this research paper, some

individual earthquakelsave a significant impact on the steel moment frames.

Axial forcesin boththe exteriormandinterior column increase significantly after
vertical ground motions are added to the structure. The impact of vertical ground motions
on the interior columns is larger than that on the exterior columns because the vertical
mass a the joints along the interior columns isgar compared with that in the exterior
columns. In addition, the moment frames get more impact from vertical ground motions

compared with braced frame

Roof horizontal acceleration is also presented in tgep The impact of vecal
ground motion isnsignificant on the roof horizontal acceleration except for thestgixy
moment frare as beam model. The reasba roof horizontal acceleration increases
significantly is because the first vertical periodiud structure is very close to peak value
of the reponse spectrum. The increasev@rtical acceleration is a direct effecttbé
vertical ground motion on the structure. The vertical ground motions dominate the

vertical acceleration in all the modetsthis study.

Similar with the impact of vertical ground motions on the vertical acceleration in
the structures, the vertical ground motions dominate the vertical deflection in the midspan
of the beam. The deflectiatthe beammidspan increases signifitly when the vertical

ground motions are addéadlthe structure, especially for the braced frames. However, the
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deflection of beam in the exterior spans of braced frames with chevron configuration is
not as large as the remaining models since the breeesmanected with the midspan of

beams in the exterior spans which resist the beams from deflecting.

The impact of vertical ground motions on axial deformation of buckling
restrained braces ithe braced frame iasignificant according to the average \&lu
median value and the average absolute difference value. However, there is a decent
impact of vertical ground motions on rotation of reduced beam sections, especially the
reduced beam sections in the upper stories. Rmimdividual view for each earthugke
in this research paper, some recdndse a significant impact on the reduced beam

sections steel moment frames

The impact of vertical ground motions on the energy absorbed byrsiael

structures is negligible

5.3 Recommendations

This thesigrovides a study on the impact of vertical ground motion on seismic
response of steel frame structures. Howeseeording to previous researthere will be
a larger effect of vertical ground motion tatl buildings buildings with longer spans,
buildingswith vertical irregularities (cantilever sections and transfer girderd)longer
span bridges. The heights of steel models in this paper are limited to three stories and six
stories. More effort should be put on investigating the impact of verticahdnmotion
on the higher buildings and longer span bridgesddition, all the steel frame structures
in this thesis are regular and standard. More effort should be put on the irregular

structures such as the buildings which have very long span beamsgmy&and so on.
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According to the results in this paper, the impact of vertical ground motion on the
axial force in the columns is significant. It can cause a significant influence on the shear
capacity of concrete columns. More effort should be put westigating the impaaif

vertical ground motion on reinforce&dncrete structures.

Some kinds of buildings can have much larger mass on the top of building than
that in the remaining stories for some special usages, such as a garden on the top of
building. This kind of building can have more impacts on it. More effort should be put on
investigating the impact of vertical ground motion on the structures which have large

mass on the upper stories.

According to the result of roof horizontal acceleration viertical ground
motions and horizontal ground motions can have some interactional impacts on the
structure More effort should be put on investigation of the interactional impact of

horizontal ground motions and vertical ground motion on the structures.
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ORIGIN? 1
3 story building Seismic Design

Site Class D

Site:Los Angeles,LA Occupancy Category. Il

.. 2
Ss: 2.0¢ Fa: 3( Sms: Ea(SS:Z.OQ SdS: =3($ms=1.393
. .. 2.
S 8.7 Fy: 2 S /S =1.155 Sdl: =3($m120.77

Seismic Design Category: D

Column Height

CHl: =30 CI—E: . f CHs: 2 t
Building Dimension

Building Dimensions indaling cladding

WNS_Clad® ®Ns*4=124 1

Material weights subject to change. Basic weight assumptions listed here:

Column Weight  weq : 81! HVAC/Mech/Plumbing  “mech * 900

Floor Weight Wioor : 906 Partition Weight Wpar © 9.0-

Roof Weight Woof - 906 Penthouse Mechnical/ElectgR,ihouse 904
equipment

Claddlng Welght Welad - 9.02
42in. tall paapet at the roof
Parapet Height Hj, : 3.

Cladding Weight !CHl + CH2)
Welad_1- ¥dad 5 C(""’EW_CIacrf WNS_CIa()jQ =200.2

[+ cry) ..
Wead_2° Mclad 5 W Cladt WNs_cClad@ = 200.2

ac 0 )
Welad r- Wclad@(;e > Hparg(()""EW_CladJr WNS_CIaaic2 =154
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Column Weight (cH, + CHZ)

Weol 17 Weol Q4=46.8

Q4=146.8

LQO 19.5

(cH, +cHy
2

Weol 2+ #eol

Weol

Seismic Weight
%(Wﬂoor * Wmech* Wpar)@NNS@’EWh * Welad 1% Weol_1 = 2.06F 10
Wp: %(Wﬂoor * Wmech* Wpar)q)‘NNS@EW}] * Welad 2% Weol 2= 2:.06E 10°
Wyithoutpenthouse %Wﬂoor + Wmech)céWNS@EW)j + Wejad r+ Weol r=1.772 10°

Wiithpenthouse gwﬂoor + Wpenthouse™ Wm ecQC@NNSQ’EW)C] + Wejad r+ Weol_r = 2-485 10’

Wy 12(WW|thoutpenthouse 1_2(WWithpenthouse: 1.833 1&
AW15  22.063 1030
&0
- 220 a? 06E 103 Wit © W1+ Wy+ W, =5.954 10 kips
a%v 0
¢Vr+ ssr 167

Moment Frame Direction

CI—&: = CH2: = CI—%: =

3
Hiotal - 3 CH =39 lg: 4 Cs_min: ©04483®, = 0061
i=1
Rm: € Ct: 9.02 xX: B.i Cdm: 5k Wom: ]
" X ..
€Bligrg =0.525 C,: 24 Tm: €T am=0735
S
1
Cor: =95 _0.174 Car =S'|;:o.131
sl o ~ S2 ° ~
aRm0 aRm0
&—0 Tm(ée—l o)
ce+ ce+
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Csm: €g2 alx

H: é\%Gc
mwE
Cc3%:
. . _ T.m- 0.
Vm. €Sm tOta| —779972 k: ﬂ_+ ( am g :1012
3 . 5
cVT: A Eéch(mj) ¢ =1.582 1
i=1
i: &z
WicéHi)k &0.17% 4136.383
cV: =— cv=%.38 F ew,=B7.19  storyforce(k)
i oVt &0 & %
c0.472 C368.467
;30759 & 227 168
Wnew: = =3.528 Diststory |, - g0 Story Torsional
wewy &€ 0 TmEW FmY-YWEW = 2.476 107
C2.04%  force(kift) - A Moment (kft)
C3.316 10+
- 4L13% 3 818.297
o m () . e 0 .
VNS = — -2.29% DiStSIOny 1« & & ogiy s - ca 658 10 SO Torsional
c3.07% o P
force(k/ft) 0. 217 16+ Moment (kft)
aFm *F tFn®
'3 M 16 8779.978
. & F, +F o_a& a
ss: £ O - 343,58
e MM o=t g Story Shears(k)
® F 6 (368.46%
c B
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Joint Masses for Dynamic Model

%.06% 10°9 a W, 3 Zosr 1038
o . ®e o
_& 0 (kip) _ & :
W =22.06% 10 Wpenthouse' 8 Wo  8=22.06% 10 kip
= A %\/ ) 0 g
c1.83F 1@+ ¢ "withpenthouse-  2.485 103_
a Wy 0 %2.063 16°
& 0 = 8
Woutpenthouse® &8 W, 0=_206% 1036 kips
%\/ . 0 o A
C withoutpenthouse- cl.772 103+
464.019 W a64.018
. Wpenthouse _ ~ Woutpenthouse _
Mpenthouse 320 %4 019 Moutpenthouse 322 %4 019
C77 165 C55 028
o _ 3~
" 22.808 10 °3
L penthouse _ee .30
Mhenthouse: = = 2-8068 10 g

WNs cla@EwW_Clad
o - 3!'\
c3.382 10 °=

22.806 10 3§
IV'outpenthouse 6

Moutpenthouse = =% 806 10
utpenthouse A . 2
P WNs_cla’Ew_Clad & 0

on - 31’\
c2.412 10 “+

Determine joint masses based tributary area
Note : NS means the walls runnii

30 30
§52_ %iéaz— #i 289 Ae NS QB— £(30 510 from north to south (East and We
¢ ¢ ' Faces)
Ae EW: Qa— 29c30 510 A;: 8030=900

181



20.81%

M - moutpenthous@c = g-iﬂg
c0.69%

41.43p

M EW' Poutpenthousée EW= Z'“%
c1.23:

41.43p

Me NS Pbutpenthous@e NS= 2-432
cl.23+

42.52%

M A tpenthouse™ 2-52%
c2.17%

82.52%

Mpc - Aimbutpenthous% + Ai%emhousg% = 2.52%

Cc2.38%

82.52%

Mpe* Ai(hbutpenthousé% + Ai(h‘penthousé = 2.52%

182

C2.60%



Moment Frame Direction
CHl: =3 CH2: = CH3: =

3

Hiatals @ CH =39 lg 3 Cs.min 9.04434 D, = 0061

i=1

Rn: € G- 902  x: 81 Cyn: 5E Wy %

- g X_ . - a —_—
Tamd €Plhotal =0.525 Gub 24 Ty €,0,,=0735

| get the period T from the model BAROOQO.

s S
S dl
Coal = =0.174 Csp) =———— =0.077
aRmd T AaRnd
&0 mEWE—0
cle+ ce+
Sem Es2 a1z
H: —a%GC
2 ¢
Cc3%
Vo €. (W, .. =456.639 (Tmew- 09
R Ssm-total ' k: 4+ ——— 7 =1.377
o8 2
3 . 5
CVT: A gNjcQHj) ¢=5.387 1
j=1
i: % C
Wi‘é“i)k &0.13p &459.82%
CV: = cv=%0.30  F . ewy,=Fs548
I CVT e o0 e 0
c0.52% C241.382
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Fry &0.333 4 538. 4140

& ,
WmEW- -"Ev —33869 Dist story M .08y = aé399 103 Story Torsional
cl. ur force(k/ft) C2 173 103; Moment (kft)

aFn + F + Fy
Lmy ™ Fmy * Fmy @

Mg 8456.639
. & F, +F 0_og Q
SS: = -~ = 396.81
- m, " my 5 a% 382 Story Shears(k)
P> 2) F 0 Q 41. z
C my =
S
1
Cop: =35 —0174 U S
"8RG e ARmd
89|_(5 mNéé?_0
ce~ cle+
Ssm sz alx
H: —a°26c
& C
c39%:
Vo €. @V, . = 411.697 (Tmns- 0.9
i sm- Y total : 4+ =1.446
2
3 " 5
VT: A SW.pH )% =6.793 1
% a ¢ Joé J) 6.793
j =
i &3
We H_)k 30.12¢ 450.986
cv: =—— 1 cv="%.33P Fmn: €\,("vm:3?138.919 storyforce(k)
! CVT & 0 F22) 0

c0.53% C 221.8+
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SS:

Fry b D ge 305.9149 _

e = .15o Dist story Mg B 08 g = a0 833.466 Story Torsional
CL8&  force(kitt) T.3s 155 Moment (kft

geFm?’ " m, * leg 5411.69%

gg Fm, * Fm, g = 260.712 Story Shears(k)

? Fm3 9 ¢ 221.8+
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Design information

Governing Code: 1994 Uniform Building Code
1997NEHRP Recommended Provisions for Seismic
Regulations for New Buildings and Other Structures
Occupancy: Officgype occupancy
Location: Downtown Los Angeles
Site Characterization: Deep stiff soil
Site Class D per NEHRP Provisions
Floor-to-Floor Heights: Thre&tory Building 130" (3.9 m)
Six-Story Building
Penthouse 10" (3.66 m)
First Story 180" (5.49 m)
All Other Stories 130" (3.96 m)
Building Weights: Steel Framing As Designed
Floors and Roof 3" (7.6 cm) Metal Deck with 2%%"
(6.4 cm) NormalWeight Concrete
Roofing 7 psf (34.2 kg/m2)
CeilinggFlooring 3 psf (14.6 kg/m2)
Mechanical/Electrical 7 psf (34.2 kg/m2)
47 psf (229 kg/m2)at Penthouse
Partitions 20 psf (97.6 kg/m2)
(Gravity Design)
10 psf (48.8 kg/m2)
(Seismic Design and Analysis)
Exterior Wall 25 psf (122 kg/m2)
Dimensions Bay Size 30" x 300" (9.14 m by 9.14 m)
2-0" (61.0 cm) Perimeter WiaDffset from Gridline
ThreeStory Building 1240"x184-0" (37.8 m by 56.1 m)
Six-Story Building 1540"x154-0" (46.9 m by 46.9 m)
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42" (107 cm) Parapets

Foundation Design Thre®tory Building Spread Footings
SixStory Building Pile Foundations

Live Loadngs: 50 psf (2.39 MPa)

Wind Loadings: Exposure B per the Uniform Building Code.
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Figure 1 i
Plans of Three-Story and Six-Story Buildings

Preliminary Sizing Calculations
1) Column

Column Height

CHl: E3 | CH2: E3 | CI—%: EX
Building Dimension

Building Dimensions including cladding

WNS_Clad: WNS+ 4=124 ft
WEW_Clad® ¥Ew*4=184 1t

Tributary areas

230 5,430 . 5 230 5.
Ag: &5+ RE- + R =289 Ae ns: B+ H30=510
c2 =+c2 + — c2 =+
430, s, e
As pw: &= +R30=510 A;: 8030=900
e EwW C2 T i
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Dead Load
Material weights subject to change. Basic weight assumptions listed here:

Column Weight ~ w, : 91! HVAC/Mech/Plumbing  “mech * 900
Floor Weight Wioop | ©.06 Partition Weight Wpar © 90:
Roof Weight W oof : 006 Penthouse Mechnical/Elecwgg,ihouse ©904
] _ equipment
Cladding Weight ~ wg5q: 902
42in. tall parapet athe roof
Parapet Height Hpar: 3t
Column Weight
i: %< W
5146.8_5_
COL: €H., Q4= %6, i
col@4 26550) kip
Cc46.8-
Cladding Weight
4200.3
CLAD: iya@HOWEW_clad™ Wns_clad@ = 52002 kips
c200.2

CLAD;: €LAD, + Wyaq®ha@Wew clad® Wns_cladlt =254.1  kips

4200.3
cLAD=%00.2  «kip
& 0
C254.%
Dead Load
%277 109
_ . . _ae o) .
DD ZWioor * Wmech* Wpar) PVns®Ew) + CLAD+ COL= 02277 10 kips
[-"=Y A
C2.33F 10+
- 80.13
DL: = ~ =%0.19 ks without the consideration of penthouse load
Ns_Clat¥EW_Clad &3 102
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DD, : B0, + (Wpenthouse Wimed) Minsin) =3.195 10° kips

& 277 16

_ae o) kips
DD =53 277 104 P
o A
3.195 10°=
- 40.1%
DLP: = - =%.19 ksf
WNs_cla@’EwW_Clad g% s
Live Load
20.0%

lL: B0k ket
&2 ¢
¢0.05: Roof Live Load

Effective Length factor K
We assume the factor K is 1.5 for unbraced column

Kunbraced® 2+

Effective Length
Corner Column,-®/ edge Column, Internal ColumnriNedge Column
319.%

Lunbraced* 1l(unbraceocl(.):"'229-% ft
Cc19.5-

Select the column size based on load combination 2

Interior columns out of Penthouse range
2
0 A 1L+ 1.6L)p + (1.2DL, + 0.80L ) B = 492.458 Kips
i=1

Pin

Interior columns within Penthouse range

Pintpc 1621 41201, + 1.60L ) + (1.2DL, + 0.580L)0.78A; + (1.2DLP, + 0.80L ) d. 28,
i=1

P.

intpc = 502.67¢ kips  Penthouse Conner

Pintpe az 41201 + 1.60L ) p + (1.2DL, + 0.801 ) 82 + (1.ZDLP, + 0.8DL ) 0.5,
i=1
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Pintpe = 512.904  kips Penthouse Edge
A A
e NS. . e EW._ )
Pe_NS: = . @Int =279.05¢ klpf Pe_EW A (P|nt =279.05¢ k|p§
! |
AC ..
PC : :A_ int = 158.13¢ Kips

|
Internal Column W14X74

Internal Penthouse Conner W14X82
Internal Penthouse Edge W14X82

EW edge Column W14X61
Check External Column Size Under Seismic Combination

N-S edge Column W14X61 .
Check %eismluc Com 'Afon Fy - 3

Creeib oY drérenthouse range

2

Pnts: A él.ZDLi + 101|_i)cz\6 + (1.2{|>)|_3 + o.&uL3)cz\i = 438.45E Kips
i=1 P. ;
Aintsr: = Ir?.ts = 21923 in‘
Interior columns within Penthouse range 0.4By
2
Pintpes Bl §1-2DL; + 1BL)Ap + (1.2DL, + 0.801 .78 + (1.ZDLP, + 081 )b. 28,
=t I:)intpcs Y
.o _ .l
Pintpcs = 448.679 kips  Penthouse Conner Aintpesr 0_43-;y =22.43n
2
Pintpes” @A él-iﬂDLi + 1GlLi)(AG B (1.ZUDL3 B o.snLS)co.szxi + (1.ZIDLP3 + O.KD_LB)G).SAi
i=1
P .
intpes 7
_ A; . =——— =22.948n
Pintpes = 458.904  kips Penthouse Edge intpesr 0.45,
A A
e NS . . e EW,, _ )
Pe Nss' = — Bints = 248.45¢ kips Pe_Ews® — Bints = 248.458 kips
! i
P . P B
. _e NSs _ . .2 . _e EWs _ .2
Ae_NSsr- =12.423 in Ae_EWsr- ot 12.423 in
Y
A P, .
C .. i Cs .z
P i1 =@ hte = 140.79  Kips Angp: =—— =7.04 in
cs Iy ints p csr 0.4:l¥y
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Internal Column W14X74 A=21.8in"2

Internal Penthouse Conner W14X82 A=24 in"2

Internal Penthouse Edge W14X82 A=24 in"2
EW edge Column W14X61 A=17.9 in"2
RLESEAEEENRAIMAx61 A=17.9 in~2

Tributary area )
Corner Column W14X48 A=14.1in"2

AGcenter: 3030=900
3 beams per girder. Spaced at 10' on center.

Apgcenter: 2030=300

AGcomer:

OK!

230 5
AGEWedge ?30%'2‘ ¥ #i =510

é‘-§2—0+ 2Q®30+ 2) =544
C =

ABcorner: ¥5+ 230+ 2) =224

Select thegirder size based on load combination 2

We assume Dead Load, Live Load and Roof Live Load are uniform load in the girders.

Girders
, 33.194
DL@‘GNSedge "
DLGNSedgé =T :2.19% kif
c3.27+
" 32.994
DLA ¥
Gcenter
DLGCenter‘ =T 2299% kif
C3.065%
~ DLPO.BGeentert DLO-Rgeente
DLGCenterp 30
) _'-I-G‘GNSedge_a?L O
LLGNSedge = 2% kif
cl.e=-

192

DL@ 2
0 GEWedge _

31.813

DL@& .
. Gcorner _ & g0
cl.85%

82.994
Dlocenter 2-99% K
C3.632

" 30.8%H
) _'-I-G“GEWedge_ar::o Q
I-I-GEWedge - 30 _a'sd

C0.85-

kIf



N 1.5

L ] _L'-@‘Gcenter _8 §
GCenter 30 &0
cl.5-

. 80.90%
LLGA 2

Gcorner
K Ulgoomer: = = 8-908
c0.90%

uniformloag Sedgg: i'mLGNSedgg“L O-KDLGNSedge
uniforrrioadGEWedge: i.mLGEWedge"' 1-@LGEWedg

uniformloagaamadgg: 4-Z|DLGEWedg§ + 0-5']'1|-GEWedgf§

uniformoadgcenter: 2 2XDLgcentert 182Lgcente

uniformlog&;g emeg : 4-ZD|—GCente5 + 0-5]1LGCenteg

uniformoadgcentery 2 2PLgcenterpt 182LGcente

uniformlo .Q;Sbgeme;@ : 4-mLGCentere + O'@LGCGHIGE

u niforrrioadGCom er: 3 .2C'I'))LGCO m er+ 1 -m“)-l—Gcorne

uniformloags amey : i'mLGComeg + O'KDLGcorneg

86.39%

uniformloaQ;NSedge: 2.39%
c4.724

35.99%
uniformloacbc enter= zs 99%
c4.428&

35.993
u niformloadGC enterp: gz 99%
c5.11+

33.39¢

uniformloachWedge: 2.396;
Cc2.509

33.623
uniformloachOmer: 2.62%
C2.67#

kIf

Assume the girders are simple supported, the Max Mome 1/8XgXL"2X2/3 in the midspan for
moment frame while /8XgXL"2 for other girders.

Lspan o 3(
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8719.208

e s 2 ;
Myens' 5 dmibrmioadsysedg@span = 7719.208
53141k

3254.718
=Bs54 719
a8
c188.208

Py . 0 2
Q@niformloads gy edg(glspan

w il
ol

MuGEW:

5674.258

oA -- 2 _ (
MyuGcenter §®n|formloachemeglspan ‘%74'2%
C498.197

21, N 2_@ae 0
MyuGCorner Egmn'formloabeorneplspan ‘$271'76

8674.253

1, o2 ;
MuGcenterp gmmformloachenterﬂlspan _274'253
C574.88

ars®m
fM - G5 Paipd
NGNS 24 S05&ipd
C540=

82945
™ ncew: Z294ipd
Cc203=

ars®m
M hGeen %50-?)@@
C540=

4294
Cc203=

a75%
M hGcenp %5(%@@
C600=

Choose appropriate Girder sizes from AISC Steel Construction Manual

Design Tables:-3

W24x76 for all N&dge Girdes, except roof. Use W21x62 for roof-H&ge Girders
W18x40 for all E¥édge Girders, except roof. Use W16x31 for roof&dlye Girders
W24x76 for all Center Girders, except roof. Use W21x62 for roof Center Girders
W24x76 for all Center Penthouse Girders,eptaoof. Use W21x68 for roof Center Girders

W18x40 for all Corner Girders, except roof. Use W16x31 for roof Corner Girders
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W24x7

W24x7
W21x€

W18x4
W18x4
W16xS

W24x7
W24x7

W21x€

W18x4

W18X4
W16X:G

W24xi
W24x7

W21x€



Beams

.. 30.699) .. 31.06%)
DLA < DL o
oo BNSedge _ oo BEWedge _
c0.715% Cc 1.09+
. 20.99% . a0.74%
DL a-9ve DL J
Bcenter Bcorner
c1.022 c0.763
.. .. 30.99%
DL ) _DL(D'BS‘BcenterJr DLPO.Rpcenter - B 999 klf
BCenterpe 30 270
cl.21%
. 30.99%
DLPG a’-9ve
Bcenter
Dlcenterpc T :@_99% kif
cl4-+
. a0.3% " 50.53%
LLA 7 LLA <)
BNSedge BEW edge
LL .= COREE_ 89 gd) KIf  LL o= - EEOR_ 89 538 i
BNSedge 30 270 BEW edge 30 2770
c0.35- c0.53%
.. 0.5 . 20.373
LLGA : LL o)
Bcenter Bcorner
LL D — :%§ klf LL D — :%.379 klf
BCenter 30 20 Bcorner 30 > 0
c0.5- c0.373

uniformoadgysedge’ 2 XPLpnsedge” 18LLENSedg

ynormioadinsedgg - Mlensedgg * O-lansedgs

u nifornioadBEWedge: 1 -mLBEWedge+ l-6(']'1|-BEWedg1

sniRmioahEwedeg - - PlaEWedgg * O-laEWedge

uniformoadgcenter: % 2DLgcenter + 1-80Lpcenter

m%&m@g : i'mLBCenteé + 0.8l center

uniformoadgcomer: 2 2Dlgcomert 182Llgeome

m%(&mg : f't'Z.].))I-BCorneé + O'KhLBCOfnera

uniformoadgcenterpc: 3 2Plpcenterpct 1 82Lacenter
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MnRrmioadsGenteng - % ZPLeCenterpg * 0-SlpCenter

unirmoadgcenterpe’ 4'mLBCenterpe+ 168bLpcente

MRk Genterng - *-2PlaCenterpg * 0-Llacenter

5_1.39§
uniformloadBNSedge: g.39§
¢1.03%

51.99§
uniformloathenter: 2.99%
cl.476

32.13p
uniformloadBEWedge: 2.13%
cl.57%

31.49%
uniformloanCOmer: 2.49%
cl.102

51.99%

uniformloadBCenterpe: 2.99%
cl.70%

Assume the girders are simple supported, thexMoment is 1/8XgXL"2 in the midspan.

Sspan, 3
2 W12x¢&
a157.32§ %6? .
1. . N 2 " fM : =162, Gipd
M : =Aniformloa = 85738 MHENG
UBNS® G BNsedg@span = 2 5 231179 W10xZ
c116.246 ' X<
2 W18x:G
3239.735 %?4?3
1. .. a - Bipd
MUBEW: :SmniformloadBEWedelspanz:239'733 M nGEW, &4 ,c.)dllp(]i
Cc177.13% Cl7~ W14x3
8224.75% 824% W18xz
1. L2 5 _ B
MygCen 3 @niPmioadscentefdspan =2224.750 M accer 2249
Cc166.066 cl7~ W14x32
3167.813 177 W14xz
1, .2 " _ B
MuBCor: 'sm”'formloachOrneFDspan —267.81% M nGCor %778@()@ i
c123.99 cl2s: Wildxz
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3224.753 324% W18xG
R " 2 " . B O
MuBcenpé 'Sm”'formloa‘bCenterpglspan ‘224'752 M hGcenpc 76649_8(B|p(n

c217.188 c231- W14x3
8224.75% 824% W18X:
R L2 G _
MuBcCenpe gm”'formloachenterp@span ‘224'753 fM hGcenpe 2498@“@
C191.62¢ c203= W16X5

*Reminder- All beams run from North to South

W12x30 for all N&dge beams, except roof. Use W10x26 for rooe§e beams.

W18x35 for all E¥édge beams, except rodflse W14x30 for roof ENdbige beams.

W18x35 for all Center beams, except roof. Use W14x30 for roof Center beams

W18x35 for all Center Penthouse Beams, except roof. Use W14x38 for roof Penthouse Beams
W18x35 for all Edge Penthouse Beams, except roof. U€x¥¥ifor roof Penthouse Beams
W14x30 for all Corner beams, except roof. Use W14x22 for roof Corner beams
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ORIGIN? 1
6 story building

Site Class D

Site:Los Angeles,LA Occupancy Category. Ii

) 2
Sg: 20¢ Fp: 2( Spg ! FaSs =209 Sds Z0ms=1.393
: : . 0 = 26 -
S;: 87 Fy: 4f Syp: £, =1155 a1 $8m1=0.77

Seismic Design Category: D

Column Height

CHq @ 4t CHy: 4: CHgy: 4 CHy: 4t CHg: 4t CHg: 4
Bulding Dimension

N- < WNg: 25

W - E Weyy @ 25

Building Dimensions including cladding

WNS Clad® WNs* 4 =154

WEW Clad® WEw * 4 =154
Material weights subject to change. Basic weight assumptions listed here:

Column Weight ~ w,: 9.1! HVAC/Mech/Plumbing  “mech : 900
. . . Wpgr: 90!
Floor Weight Wigor - 906 Partition Weight p
Roof Weight W oof : .06 Penthouse Mechnical/Elecwgg,house ©04
. . equipment
Cladding Weight ~ wgaq: 902
42in. tall parapet at the roof
Parapet Height Hpar: 34
Cladding Weight (cH, + CHy)
A~ . .
Welad_1° Wcladgfc()wEW_CladJ' WNS_Clag@ = 238.7
[Chp+ CHy) __
Welad_2- WcladGT C@""EW_Clad‘r WNS_ClaJIQz =200.2
(CHa+ cHy) ..
Wolad_3° Pdlad®—— OWew_Clad* WNs_Clad@ = 200.2
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(CHy + CHy)

u

: G——dw

Welad_4° Wclad > EW_Clad* WNS_Clad@ =200.2

(CHe+ CHg) ,,
Wolad_5° Pdlad®—— Gwew_clad* WNs_Clad@ = 200.2
ac
Welad_r- clad%p_ + Hparn(()WEW Clad™ WNS Cla()Q 154
Column Weight (CH1 + CH2)

: (@ B —
WCO|_1 WCO' 5 @6=283.7

CH,+C
Weol 2 0|M36 70.2

CHy + CH
Weol 37 W, |O(HS+—4)(36 70.2

CH,;+C
CO| 4 w, |O(LH5)(36 70.2

CH+C
Weol 50 W, |O(H5+—I—%)(36 70.2

C
Weol ¢ CO|G(—HG)C36 35.1

Seismic Weight

Wi+ gwﬂoor +* Wmech ™ Wpar)c("’VNS@’EWb + Wejad 1+ Weol 1= 2212 10
Wy éwﬂoor * Wmecht Wpar)(()‘NNSQ’EW)’j + Wejad 2% Wegl 2=2.16 10°
W3 ZWioor + Winech* Wpar)(("NNSQ’EW)j * Welad_3*+ Weol_3= 2-16 10°

Wy: éwﬂoor Wmech* Wpar)(()‘NNSQ’EW)’j * Welad_4+ Weol_gq =216 10
Ws: éwﬂoor T Wmech ™ Wpar)c()WNSQ’EW)j * Welad 5% Weol_5= 2-16 10
Wuithoutpenthouse %Wﬂoor + Wmech)CéWNSQ’EW)j + Wejad r+ Weol r =1.854 10’

Wuithpenthouse éwﬂoor * Wpenthouse™ Wm ech)@"NSQ’EW}j + Wejad rt Weol r =2-597 10
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11. 1.
W, 21_2®Vvvithoutpenthouse+ 1_2(vaithpenthouse: 1.916 10

o, x & 0
2.212 10°0
aW10 a5 0

® 0 s
5 &1 100
V26 - 5

?ng &.16 100

W 2 L =R (0] W DWWt Wo+t W+ We+ W, =1.277 104
WO 16 156 total - 71T 2T T T AT ST M 7
® 0 & <

O = 0
50 516 156

0 =

0
¢ clo16 10+

Moment Frame Direction

CI—&: =1 CI—E: = CI—%: 3 CH4: = CHS: F: CH6: =
6
Hiota© 3 CH =83 lg: 4 Cs_min: ©04483®, = 0061
i=1
Rn: € Ct: 9.02 X: B.i Cdm: 5k Wom: &
.. X ..
Tam: €&Pliora =0.96  C,: 24 Tm: €,0am=1344
Sds Sd1
CS].: —o = =0.174 CSZ: =T =0.072 él%
aRmQ aRmO 2} ¢
ae| 0 Tm(%_o mlc
c'e+ ce+ ..
H : ééMC
Com*® Esz &L
& ¢
c83:
. . _ Tam- O.
Vit €erMWiota = 914.202 C 4+ (Tam- 0.9 ~ 103
2
6 . " 5
cVT: A gNjCéHj)Ozl.BOG 1
j=1
oz 20.04% 344.084
& 098 84,018
AL & 0 & 0
CV: = icé i) cv=& 1 F ey = &20%% storyforce(k)
evT 3®.199 m’ M 77.736 ;M
&.259 %08.84
& 7o & 0
c0.274 C250.262
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20.29 A 330.628p
a0-29¢ &

o}

&y 560 o0 630.142 ¢

e 0 .

Fm  59.86% @& 969.4730

Dist story M Story Torsional

w = = ” B O 2 0
mEW : -
Wey  22.189 Tmew: Fr@-0ew = 4 333 155

2.52?j force(k/ft) §() Moment (kft)
o1.668 716 10
Cc1.877 10+
30.294 ;;’lae 330.6283
2)_568 oo 630.142

Dist story M Story Torsional

WmNS —— = = . A g — 88 0
mNS s @189 TmEw Fnf@-0BiNs = 74 333 1674

% 528  force(kift) P 6 Moment (kft)
& 0 24.716 107
cl.668 & o
c1.877 10+
aF . +F, +F, +F, +F, +F, §
Gmy Ty T Tmy T m, T g T g
o 0 &
Fn +F, +Fn +Fy +F ~ 914.2
e fmy " Fmy* Fmy * Fmg * Fmg - 5 2914.208
® E M E 4E +E 3 270.11§
o & My My My Mg O  2286.093 Story Shears(i)
D= 0= - ory Shears
= Fim, * Fm. * Fm 5 856.830
e . 6 279.108
+ Iy
& ms Mg O ¢250.262
o . 0
c Mg .
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Joint Masses for Dynamic Model

. « a W 5 & o
% 212 107’8 £ 1 3 &4 10
e e W 0 0
:2.163 1638 = 2 5 B 16 103
& 16 140 _ @ W3 6 ®ae 100 _
S g  (ip Wpenthouser 8 W 0=2 0 Kips
o 16 180 S 4 0 o168 100
o - & W 0 e 0
15 156 % 5 8 a2.1f 1006
' o A 0
& 0 ?Vwithpenthouses- 63 597 103;
c1.916 10°+ ce '
a W, 6 %212 100
x 0 & 0]
e W, 0 & 1 10°0
e 0O e (0]
e W 6 &.16 10 : .
Woutpenthouse: & W 0=ee kips
® 4 0 .16 103 o
x 0O &
& W 0 a&.16 103 o]
, n 0
gwwnhoutpenthouse- c1.854 16+
268.708 268.708
3%7 099 9%7 099
M penthouse 6@7 098 M outpenthouse 6@7 096
penthouse = 322 867_099 outpenthouse” = 322 357_099
%7.009 %7.009
x (0} x (0]
¢ 80.64- C57.58%

a ggz 1 20
&
a%.829 10 °

3¢

m, . penthouse @ 829 10 8
enthouse:

wNs_claEW_Clad ae 829 16 36

& 20
a2.829 10 6
® 3o
c 3.4 10
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a gg7 1 30
&
3%.829 16 30

-3
Moutpenthouse @ 829 10 ~O

Myutpenthouse: = 0
P WNs_Cla®Ew Clad aa 829 10 36

& o]
82.829 10 0
22! _ 30
c2.428 10 "+

Determine joint masses based tributary area
Note: NS means the walls runnir

30 30 a30 .5
%2_ %i%.z— #i 289 Ae NS %ﬂ- £(30 510 from north to south (East and We
' Faces)
. 230 B . a0
Ae EW: +2~n@30=510 Aj: 3030=900
- c2 =+

30.83% al.47y
6% 819 @ 44@
ag 81% aé 44%
me - moutpenthouséz“c a8 .81 Me NS- moutpenthousép‘e NS = & 449
% 818 %K 448
& 0 & 0
0.702 cl.23&
31.47% 42.609
351 44@ B 548
aé 44% z 54%
Me EW- moutpenthouséz“e EW = & 449 m - Ai@bUtpenthOUSG:a@M@
& 448 % 548
& 0 &0
c1.238 Cc2.185

32.60%

ag 546’

a@ 54%

|(moutpenthousv9 * Alcmpenthousé}4 @ 546

% 548

&0

Cc2.404
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82.60%
B 548

e 0]
- | ) 2 o3.546,
Mpe #imbutpenthousé * Ai(mpenthousé% - 22.546

% 548
&°7%

c2.622
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Moment Frame Direction

CI-EZIS CH2213 CI—5213 CH4=13 CH5=13 CH6=13

3
Hiotahe B CH=44 lgo 4 Coumin, 80448440, =0061
i=1
Ru' € G 802 x: 80  Cyn: SE Womd 2
.. X ..
Tam E®Photal =0.578 G 24 T €T am=0809
| get the period T from the model BAROOQO.
Sds Sd1
Cos = =0.174 Cspi = =0.046
&Rmd T AaRnd
a&—0 mEWE—0
cle+ ce+
Ack\:dam\: €52 H:
Vo €. @ = 582.517 (Tmew- 09
s Ssm-total ' k: 2+ ———* =1.805
" 2
6 . ,
vT: =3 Sw.H)% = 1. 1
SN a8 Jc() J) (=186 10
i=1
i %
S 30.0245 214.09%
3B.069 336,718
cv: =— 1 cy=21Y Fry: €\,("vm:356' 5
i cVT 3.189 3210.238
%278 H59.729
&0 & 0
c0.33% c192.648
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a,C

. 8%

oy

&S
& ¢
c83:

storyforce(k)



20.09¢

& 248
3468
w : - Dist stor
8%069 force(k/ft)
(;1 284—
ar .
gim, * Fmy * Fmy * Fim, * Fimg * Fime 8
® p +F tFgt O 2582515
e m M 4 ”‘5 ms 0 .
= b gt
o B ms * Fmg ™ Fmg O _531.703
.2 6 = O
- Fms+ g 5 9262.610
@ C e 6 252.37%
+ s
e mg Mg O (¢192.649
@ - o)
c Mg A
Trns: 19
s
1
Cot = =0.174 Coal M o6
aRm0 aRm0
&0 Tmngee—0
C Ie; C e—
Ack\:dam\: €s£
. - _ - 0.
Voo EonWiotal = 633.562 C aa (Tmns- 039 .
6 . " ,
CVT: A eéWjCéHj)ﬂzl.ws 10
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mEW- FmC'(').O!S'WEW =8 826.7830

3 105.714 3
2 575.3880
& o)

518.167 &
& 0 Story Torsional

& 0 .
2.198 1000 Moment (kft)
& 0]
cl.445 10+
Story Shears(k)

ale

&C

& C

H: 9’4%

BT

Lok

& C

83+



C\/i: —_—

n
%

I BBBBEBB BB A

3 €

20.02%
) g.oag
wid) oy
- . m-
cvT %®.199
85279
20
c0.322
£0.11%
.28
2 0
_ _Fm 5851

=— Dist sto T ~
wyg  98.809 Y Mimns Fif®-08s = 28 905.267 6

B 148  force(Kf)
&0
cl1.362

o

my * Fim, * Fmy * P, * Py * Py

sz+ Fm3+ Fm4+ Fm,5+ FmG
Fm3 Fm5+FmG
Fm4+ FmS+ Fme

Fng + Fimy

+F., +
m
%

1» 0000 O O: O: O O: QO
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L W, =

8633.568
&16.54
® o
_ 574.23
- 3496.80
%376.167
& 0
C204.306

217.02%
2842 340
& o)
a&20.7o{a:
% 71.869
a 6
c204.306

storyforce(k)

8 127.664 5
& 317.5510

% 579.976
e~ "0 Story Torsional

& 0
2.289 10°0 Moment (kft)
& o]
Cc1.532 10°+
Story Shears(k)



ORIGIN? 1

Preliminary Sizing Calculation§ story

1) Column

We set columrsplices 4 ft above 4th floor for each column.
Column Height

CHl: =1 CI—E: =2 CHs: =3 CH4: =2 CHS: = CH6: =
Building Dimension

W-E  wgy: 25

Building Dimensions including cladding

WNS_Clad: WNS+ 4 =154 ft

WEW_CIad: WEW +4 =154 ft
Tributary area

Ay B0 A& A= g9 Ao nst B2+ R0=510

c2 =+c2 + c2
Ae EW: = + 2730=510 Aj: 3030=900
Dead Load
Material weights subject to change. Basic weight assumptions listed here:
Column Weight  weq : 81! HVAC/Mech/Plumbing  “mech * 900
Floor Weight Wjoor @ 906 Partition Weight Wpar © 90:
Roof Weight W roof : 906 Penthouse Mechnical/ElectgR,ihouse ©.04
equipment

Claddlng Welght Welad - 9.02
42in. tall parapet at the roof
Parapet Height Hj, : 3.

Column Weight

i: % € W
897.%
0.8
& 0
&0%
ag0.D
%0.2
&0

c70.2-

COL: €|—mlco|@6: Kips
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Cladding Weight

CLAD: Wc|ad@F‘("NEW_CIad+ WNS_CIa()JQ

CLAD

Dead Load

DD : gwﬂoor * Wmecht Wpar)cé"VNSGNEWb + CLAD+ COL=ge

DD
DL: =

_a8.10%

WNs_cla®Ew_Clad 28-100

50.10%
.10
20
ksf

& 109
&0
c0.103

3277.3
B00.9
& 0
800.3
3200.9

%09
E°0

c200.2

kips

s SLADg+ Wclad(.].)'par(g""EW_Clad+ WNS_CIa&Cﬁ =254.1

D 489
ES)
B 335
®
B 385

32.385
e
a2.385

@
C2.439

kips

10°0
0
100
0
1039
)
10°0
5
103 0

132

kips

without the consideration of penthouse load

DDg : BDg + (WPenthouse' Wmecf‘)céwNS&’EW) =3.339 10

a 439 10°0
& R}

& 385 10°0
2 o

3 385 10°0
D=g 0
@ .385 10°0
® o}
30.385 106
<) 0
C3.339 10°+

kips
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20.10%;

& 109
.10
DLP: = D..D _a& b ksf
WNS_Cla®EW_Clad 0.100
8,109
20
c0.14%
Live Load
20.0%
&R o
2905
LL: &Y ksf
@08
.05
&

¢0.05: Roof Live Load

Effective Length factor K
We assume the factor K is 2 for unbraced column.

Kunbraced® =

Effective Length
Corner Column,®/ edge Column, Internal ColumnriNedge Column

436

2%
L K TH= = ft
unbraced unbracea@ 6369
B0
&0
C26+
Seekct the column size based on load combination 2
Select column above 4th floor
Interior columns out of Penthouse range

5
Pnta: 8 él.ZD)Li + 1.6])_Li)(AG + (1.Z]DL6 + O.ED_LG)(Ai = 494.84 Kips
i=4
Interior columns within Penthouse range
5
Pintapc’ A §1.2DL; + 1.60L)Ap + (1.2DL + 0.80L ) D.78A; + (1.ZDLPs + 0.8DL ) .28,
i=4
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Pintapc = 505.086 kips Penthouse Conner

5
Pintape’ A §1.2DL; + 1.60L)Ap + (1.2DL + 0.8 .87 + (1.ZDLPG + 0.8DL )®.53
i=4
Pintape= 515.332 kips Penthouse Edge
Ae Ns Ae EW,

@itq = 280.406  kips

Pe NS5 = :
I i

Ac .
Pes =A—_G?int4:158.895 Kips
[

Internal Column W14X90
Internal Pethouse Conner W14X90
Internal Penthouse Edge W14X90

EW edge Column W14X68
Select column above 1st floor

M resiosofeehno W f Ee8thouse range
5
Chmer CYUmn WEXCL e )a\p + (1.2DL, + 0.80L ) = 1.04% 10 kips

i=1
Interior columns within Penthouse range
5

Pinttpc: A §1-8DL; + 1.60L ) p + (1.2DL, + 0.80L ) .78 + (1.2DLR, + 0.81 ). 283

i=1

=1.052 10 kips Penthouse Conner

Pint1pe’ 5 1200, + 1.6 + (1.2DLg + 0.8DL )87 + (1.ZDLP, + 0.580L )0.83,
i=1

I:’intlpc

Pint1pe= 1.062 16° kips Penthouse Edge

Ae EW,

@it =590.161  kips

~AenNs,. _ !
Pe_NSl' ®jyt1 =590.161 Kips Pe_EWl-

A P

c .
el =A—G?int1:334.425 Kips
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Internal Column W14X193
Internal Penthouse Conner W14X193
Internal Penthouse Edge W14X193

EW edge Column W14X120
Check External Column Size Under Seismic Combination

NChekEeamic Combination Py S
Cememaaiave Aoy
Interior columns out of Penthouse range
5
Pntas: A él.ﬂDLi + lC'I')_Li)("'AG + (1.2‘1')>|_6 + O.K'DLG)("Ai = 440.84 Kips
=4 Aintasr: —z'.r;;s =22.042 in*

Interior columns within Penthouse range
5

Pintpeds’ A §1-2DL; + 10L)@p + (1.2DLy + 0.8DLJd. 784 + (1.ZDLP, + 0.80L ). 28,
=4 Pintpc4s y)
: A, L= =22.554 in®
Pintpcas = 451.086kips  Penthouse Conner intpcasr 0.45, >34 in
5
Pintpeds’ A §L1-2DL, + 10L)@p + (1.2DLy + 0.8DL)D.8A; + (1.2DLP, + 0.8L ) D .83
i=4
P .
intpeds . Z
. A; D= =23.067 in
Pintpess = 461.332 kips Penthouse Edge intpedsr y
A A
e NS . o e EW. _ .
Pe_NS4S = A @|nt43:24980€ klpf Pe_EW4S . (Pint4s— 249.80¢ k|pf
| |
A ZeNSAS 1oag in? Pe_Ewas 2
e_NSdsr “5 & ~1& Ae EWds) == =12.49 in’
y - O.4l¥y
Ag b
Pyc: —@ = 141.55¢ Kips - _"c4s .z
c4s A, int4s Acasr: =7.078 in
y
Internal Column W14X90 A=26.5 in"2
OK!

Internal Penthouse Conner W14X90 A=26.5 in®
Internal Penthouse Edge W14X90 A=26.5 in"2
EW edge Column W14X68 A=20 in"2
N-S edge Column W14X68 A=20 in"2
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Corner Column W14X61 A=17.9 in"2



Column above 1st floor
Interior columns out of Penthouse range

5
Pints: A §12DL, + 10L)@p + (1.2DLo + 0.8DLJ; =906.461  kips
i=1 Pint1s Z
Aintisr: = =45.323 in°
Interior columns within Penthouse range
5
Pintpe1s’ A §L1-2DL + 10L)@p + (1.2DLy + 0.8bLJd. 78 + (1.ZDLP, + 0.80L ). 28,
=t Pintpcls Y
: A; . =28 45838 i
Pintpc1s = 916.707kips  Penthouse Conner  “intpelsr 0.4, 5835 in
5
Pintpe1s’ A §L1-2DL, + 10L)@p + (1.2DLy + 0.8DLJd.5A; + (1.ZDLP, + 0.80L ) .83,
i=1
P.
intpels .2
: A; . =———— =46.34¢8 in
Pintpels: 926.954 kips Penthouse Edge intpelsr O.Gy
Ae NS, Ae EW,,

®int1s = 513.661  kips

Pe_Ns1s = — ®int1s=513.661kips  Fe w1 = |

P
e NSis . 2 P
A . =———— =25.682 in . e EWls_ L .2
e_NSlSI“ Oﬁy Ae_EWlsr' —W =25.683 n
Yy
Poc: =A—C =291.07¢ Kipe Pe1s 7
cls: 5 "intls T <500 KPS Agler: = =14.554 in
I 0.4%
y
Internal Column W14X193 A=56.8 in"2 OKI

Internal Penthouse Conner W14X193 A=56.8 in"2
Internal Penthouse Edge W14X193 A=56.8 in"2

EW edge Column W14X120 A=35.3 in"2

2) Girders and Beams

N-S edge Column W14X120 A=35.3 in"2
Tributary area

_ . 230 ~

A : 3030=900
Gcenter .
AGcorner-

§.§2—O+ 29(‘()30+ 2) =544
C +

3 beams per girder. Spaced at 10' on center.
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Apcenter: 2030=300 ABcorner

£+ 2)P30+ 2) =224

Select the girder size based on load combination 2

We assume Dead Load, Live Load and Roof Live Load are uniform load in the girders.

Girders

23.35%

2.21%

oL - DL@GNsedge 58-219
GNSedge 30 T @219 KIf

& 218
&0

c3.29%

53.149
R 019

- & O
DL@ Geenter  58-01%

DL L o klf
GCenter 30 63_01'@_)

B 0?
B0

c3.086

 DLPO.RAgcentert DLO.RAgeente
Dlgc enterpe 30

53.149
B 019

- e 0}
- DLPQGeenter  53.01%
DLGCenterpc - 30 T &1

B 0?
&0

Cc4.224

kIf

214

DLGEwedge = 30

DL@‘GEWedge_

31.784
& 710
& 0
=l.715

ae1_71§:)
& 719
& 0

cl.749

KIf

31.903

& goh

DL L .
GCorner 30 33_829

s =S 0
DLA Gcorner _aA4.-824

kIf

X 828
& %0

cl.86&

83.149
B 019
& 0
as-01%

DLGcenterpe a 01D

B 01f
B0

C3.655

kif



20.8%
&R g
LLGA LL@ 28,85
- LL@GNsedge GEWedge_g9-8%
I-I-GNSedge 30 B

kif LL y T o 5
GEW edge 30 30.8%)

% g8

& O

¢0.85-

80.90%
& 90P
(0]

.. e
LLAGeomer  58.90%

klf LL L -
Gcorner 30 ae_go?

%.90%
&0

c0.90%

kIf

IR RIS
ﬁT) O?b: 8: @O%&

LLG Gcenter

LL D — klf
GCenter 30

R R
§ ¥ B: Fote: &

uniforn’ioadGN Sedge i'ZGDLGNSGdge—F 1mlLGNSedg

HniRImIoadNSedgg . 2Pl aNSedgg * OB LGNS edgg
uniforrrioadGEWedge: 4-2dDLGEWedge+ 1-6dlLGEWedg

snbmioatewedgy . PLeEwedgg * O RlcEWedge

uniformoadgcenter: % 2DLgcentert 182lGcente

uniformllllo,,g%gem% : i-mLGCenteé + O'KDLGCenteé
uniformoadgcenterpe 2 APLgcenterpet 182Lgcente

WWL%%CW@@: 4'mLGCenterpg+ O'KDLGCenteé

uniformoadgcenterpe 2-APLgcenterpct 1-82Lgcente

uniformlo%g entomg : 4-mLGCenterpg + 0-KM-GCente,g

u niforrrioadGCom er: 3 .2C'I'))LGCO m er+ 1 -m“)-l—Gcorne

uniformloags e e : i'mLGCorneé + O-@LGcornerG

36.59% a3.50%

B 429 B 419

o428 Bag

uniformloa = Y uniformloal = Y
dGNSedge 3®.429 ctsEWedge a3.419

& 422 B a2

e [0] e 0]

c4.75+ C2.52%
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26.17%
3% ozP
é 02@)
a8.020
%020
ae e}

C4.45%

uniformloadsc enter™

26.17%
a% 025.j
a@ 025
8.020
%.029
e 0]

c5.136

uniformloads ¢ enterpe

23.73%

3%.639

uniformloadsc orer=

a§ 63%
33.639

%8 630
e (0]

C2.69%

uniformload; enterpc

36.179
3%.02?
a@ ozb
28.020
%020
e e}

C5.81%

Assume the girders are simple supported, the Max Moment is 1/8XqXL"2X2/3 indbpanifor
moment frame while /8XgXL"2 for other girders.

Lspan: =

1. . ()
MyGNS: =émn|formloachSedg@sp

ooll—‘

M :—

MyGcenter

1. 0
:S(Dniformloacbc enteflsp

8741.45§
B2 519

e (0]
2 422.514
an "~ ag22.510

%55 519
P> 2] (6]

534.332

8 262.65

&5 g &)
p> <) 0]
2 5255.89

(Dnlformloa(bEWedelspan "~ a55.89

%55 54
P> 2) 0]

¢189.243

3695.115

a%77 359

2 a§77 356
an  a77.350

R 77.359
P> =} (0]

¢500.936

216

fM hGNs:

M hGEW!

fM hGcen

&750
a%cp

35 %@p@

@50
B 5 f)
>0

540+

203+

a75%
&5
25
a500
&5
&0

540+

_Gipd

W24x7
W24x7

W24x7
W24x7

W24x7
W21x€

W16x4
W16x4
W16x4
W16x4
W16x4
W16xE
W24x7

W24x7
W24x7

W24x7
W24x7
W21x€



5280.108 82945 Wisxd

%y72.0% B9 W18x4
:272 9% 2948
21 Ao 2 I . Oy i W18x4
MuGcomer ‘égmn'formloa%COmeplspan " 72,99 M nGcor 76@94?@'@ W18x4
%72.95 Bl
o .9% 22042 W18x4
¢201.859 ¢203+ W16x3
g§95'1£ 87505 W24x7
77.3 ()
. gsdo? W24x7
1, 7. - W24x7
MuGcenterpe gmn'formloaq}Centerp@span ‘277 33 fM : §5509®ip(’1'1
a% . 9 nGCenpe aas5m W24x7
a87-3% 2508 W24x7
577.783
¢ Cor4- W24x€
g;gt;ig 2750 W24x7
77.3 (5
377 . 58' 2565 W24x7
R . 2 _g877.35 v W24x7
MuGcenterpc ‘ém”'formloa‘bCenterpgzspan " a877.350 M fJEZS%c'tz(ipdi
% . 9 nGCenpc aa5m W24x7
77.351
87738 2508 W24x7
C 654.63 ;
G750+ W24x7

Choose appropriate Girder sizes from AISC Steel Construction Manual

Design T
W24X76 orﬁNSedge Girders, except roof. Use W21x62 for roofed§e Girders

W16x40 for all E¥édge Girders, except roof. Use W16x31 for roof&dlye Girders

W24x76 for all Center Girders, except roof. Use W21x62 for roof Center Girders

W24x76 for all Center Pertlhise Edge Girders, except roof. Use W24x62 for roof Center Girders
W24x76 for all Center Penthouse Center Girders.

W18x40 for all Corner Girders, except roof. Use W16x31 for roof Corner Girders

Beams
30.73% al.12p
a% 709 3% 079 it
bL _ _DLQ‘BNSedge aQ 70‘&) bL I:)I-G‘BEWedge a:'_l 07%
BNSedge 30 a®.700 KIf BEW edge 30 a@.079
3 .70% ai 07?
a6

Q0.72+ 217 (;1 097—



81.058 20.784

3% 006’ 3% 759 it
oL . Pt@pcenter _ aé 00@ — ~ DL@pcomer &9 755
BCenter 30 6&_00@ BCorner- 30 35_759
& 008 % .759
x (0] e [0]
cl.029- c0.76&
31.055
& 008
DL@D.R + DLPD. 3 € ooo-
bL ! Bcenter Bcenter  gd.00@ KIf
BCenterpe 30 " &®.000
& 008
e 0]
cl.21&
31.058
3% 009
_ _DLP@‘Bcenter aé 00%
I:)'-BCenterpc - 30 " a.000 kIf
& 008
x (0]
cl.40&
a0.3% 50.53%
8% 3@ 3% 539
L  LL@pnsedge ag 3% L _ _LLG\BEvvedge &9 53%
BNSedge ‘—30 @ 3% kif BEW edge ‘—30 @ 539 klf
.34 %532
& 0 = S] 0]
c0.35- ¢c0.53%
20.5 50.37%
24 g
L _ _LL@‘Bcenter aQ 2] o L _ _LLQ’\Bcomer _a8.37% o
BCenter 30 B 53 Bcorner- 30 88_373;:)
&2 %372
e 0 e 0]
c0.5- c0.37&
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uniforrﬂoadBNSedge: 4-2®LBNSedge+ 1-3']')-LBNSedg‘

sRmoathnsedgg . * laNsedgg * O-SaNSedgy

uniformoadgeyyedge’ - 2Plgewedge* 182LaEWedg:

oo bEwedgg -+ PPLBEWedgg * O-SLBEW edgg

uniformoadgcenter: 2 2DLpcenter ¥ 182Lgcentel

HM@%@W@ : i'mLBCenteé + 0-5.]'1|-BCenteE

uniformoadgcenterpc: imm—BCenterpc‘* 182Lgcente

mmeﬂa@ : i'mLBCenterpg + 0-5.]'1|-BCenteE

uniformoadgcenterpe’ - XPLpcenterpe” 182Lpcente

WWL%Q&W@@@: :l'mLBCenterpg + 0'Kl—lLBCenteé

uniformoadgcopmer: 2 2Dlgcomert 182Llgeome

Hﬂmmg : f-t-z.]'»'-BCorneES + O-ELBcornere

uniformloadBNSedge=

41.44%
& 409
@& 0
a-409
aa.40%

& 408
&0

c1.039

22.06%
3B 00?

& O
_ .06

uniformloads ¢ enter= ® 00D

% 00?
&6

cl.484

22.063
B 00?
&

0
_ .06

uniformloachemerpC— 2 00D

% 00?
&0

¢ 1.94+

82.19%
3B 149
&0
2143

uniformloadggyy edge™ 2 140

% 149
&0

cl.58%

41.53%
R 408

& o0
_ 2499

uniformloads ¢ orner= 2 .499

& 498
2 "0

¢1.10&

32.065

8 0oP
e (0]

_a8.00%

uniformloadg ¢ enterpe™ 3.00D

% 00
&0

cl.712

219



Assume the girders are simple supported, the Max Moment is 1/8XgXL"2 in the midspan.

Lspan 3¢
2162.19 2?1[777:; W14xZ
&) 58,04 2%
1 > DBOF 2 i
1 ) _ : S ¢
MUBNS —-(Dnlformloa(bNSedgg).Span = L SIS R70
8 ee158.08) o
2158.0% al
C116.885 Cl25+ W14x2
5247.153 2;4;? W18xZ
40.839 =B
) , 24088 1y 290
1. " _ - c 2 A
MUBEW -G]nlformloachWedgéD.Span = . WIS ML 2490
8 a240.830 -
% 40.838 2%
& 0 S50
c178.11% S W16x:
3231.708 224% W18x2
Bo5. 768 B 4P
S X
R i 2 . ] B .
MuBCen' -SmnlformloacBCemeplspan _&25.78§ fM : -ai4g:?®|p(n
& 25.788 &4
a8 0 )
¢l166.978 203+ W16xX5=
al73.008 al7no W14xz
B 68.589 & 770
368 588 2770
T .2 .58 _ A
MuBCor' gmn'formloadBCorneplspan _6&68.58@ fM GG éen:::)GilpGI
& 68.587 & 70
a8 o) a''o
cl24.67+ cl25- W14x2
3231.708 324% W18x2
B o5 768 B4
2225.788 2%
1. N 2 . ) B .
MuBCenpc Emn'fmmloachenterpglspan ~ 225 788 M nGGenpe ge4®(k'p®
%05 768 %8 4
2268 0 & 0

¢218.2% 249+



W18x¢&

5231.706 824% W18x3
B 25.768 B4
225 788 2498
R . 2 . ) O .
MuBcenpe ‘émn'formloachenterpglspan ~ 205 756 M nGGenpe 75345;3@'@
% 25.768 B4
(5 3] 0 & 0
c192.594 C203: WL6xE

*Reminder- All beams run from North to South

W14x30 for all N&dge beams, except roof. U¥¢14x22 for roof N&dge beams.

W18x35 for all E¥édge beams, except roof. Use W16x31 for roof&illye beams.

W18x35 for all Center beams, except roof. Use W16x31 for roof Center beams

W18x35 for all Center Penthouse Beams.

W18x35 for all Edge Penthouse Besa except roof. Use W16x31 for roof Penthouse Beams
W14x30 for all Corner beams, except roof. Use W14x22 for roof Corner beams
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ORIGIN?® 1
WEAK BEAM STRONG COLUMN CHECK
Check columibeam relationships per ANSI/AISC 358 Section 5.4

Check 3 story building NS direct
The Capacity of column in 3 story building NS direejmint 1

Column size W14X193 Beam size W27X94
Puct 914 kip Ag: $6i in° hy: =12—3("12=78 in hy: h

" ~

Fy: 8 ks Zg: 85 in° Zg o 850 in

SMpC:
(} Ag "'ht'_" 9 ,,hb-_n
C 2 = C 2 -

The Capacity of beam in 3 story building NS direejmnt 1

pL: 812 P |. gos; KP
f f
. N kip

~

Fy =50 kS Ry | FU . B! kS ZRBS 20: in\‘

o 4 .
Mpr: €o® & Erps=1.284 10 kip-

Sh: 46.3 in dcl: 45! in dcr: 45 in

o

d(:I o]

& ,
My © fVRes* VReSpimih + —-0 =2.042 10 kip-

v

SM p: 20 + SM |, = 2.772 10' kip -

p pr

SM

pc _
M =1.506 Larger than 1 ok!
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Cor

db D278

“CO&—8+ Z, {38, - ﬂ:g&—S 4.174 16

L: 3@2=360 in

in

kip -



The Capacity of column in 3 story building NS direejmnt 2

Column size W14X193 Beam size W27X94

~

o L 13, : .
Py, 831 kit Ag: 86i in° h: =Q2=78 in fy: By dp: 276 in

~ ~

Fi B ks Zy.: 35 in Zp 85 in°

a ucO ucO .
SM o zx%gy — &—8+z - —o&—8 4217 10 kip -

g+ & g

- —A qh - —;-'\
o to2: o) b™ 2
The Capacity of beam in 3 story building NS direetmint 2
Ki ki
Doz P L eosz F
. 4 B = Kip
Wi 322DL + 05DL =0.181 f[_
. Fy +Fy
F, =50 ks = F,: ! ks z : 200 in” Do =1.15
y R Fu ZRBS. oo 25,
Mor; Cor®yPy@rps=1.284 10 kip-
Sy 263 in dg o 45! in dep. 257 in L: 302=360 in
d d
Ly, t-z@n-%l-%:Sll? in
20"’/'pr wy@p _ .
VRBS: _Lh + 2 =84.73¢  kip NRBSprime; € K
a de1 .
SMo, 2+ SM,, =2.772 10' kip -
SM
PC - 1521
M pop Larger than 1 ok!
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The Capacity of column in 3 story building NS direejmint 3

Column size W14X193 Beam size W18X40

Puc, 344 Ki Mg, 56 in® hy: €£in

13, .
Db, ‘_OZ 78 i dp: 27 in

" ~

AEW 5( ks Za., € in~ Zyp, 35 in”

a ucO ucO .
SM o zx%gy — &—8+z - —o&—8 1.98% 1¢' kip -

g+ & g

- —A qh - —;-'\
o to2: o) b™ 2
The Capacity of beam in 3 story binlgl NS directionjoint 3
Loz <P eosz <
4 o o = kip
Wi 322DL + 05DL =0.181 ft_
s Fy + Fy
Fy:50 ks ,5%: 4.1 Ful B ks ZrRs. ®51 in »(v%DM: = ZCBTy =1.15
Sy 20324 in dg: 45! in deps 257 in L: 802=360 in
.. dg  der
L, : £ - 2 -—-—:323751 in
S Gh-
ZCMpr WUG)'h
V, D= + — =24.052 Ki V ine. €Ki
PRBS T 212 o XRBSprime F
a de) ,
M VRBS* VRBSprim)é?;Bh t 0 =484.731 kip -
SMpp: 2+ SM ;=1 kip -
Mpc _, 666
M - Larger than 1 ok!
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The Capacity of column in 3 story building NS direejmint 4
Column size W14X211 Beam size W27X94

~

. ) . 13, .
Puc, 257 kig m: 6 in“ hy =2—C12=78 in hp Ay

" ~

Pyt B0 ks Zyg: B3N in Zyp: 39 in

a Pucfg, ht @ ucQ
SMoe Zx(@Ey - —@&—db& Z, 2B, - —o&—S 4.343 10'

225

A -
G g+% b9 9 - 2a
o to2s C 2 -
The Capacity of beam in 3 story building NS direejmnt 4
ooz <P oeosz S
4 o _— kip
w,; 220L+050L =0181 Y
. Fy + Fy
Fy:SO ks ,5%: 1.1 Fus 8% ks ZrBs:. 200 in = X
y
Mg €or®y & dpps=1.284 10 kip -
S0 263 in dg; 457 in dep: 257 in L: 8@2=360 in
dy d
mt-z@n-—d-%:MlG in
Vg 2Mpr | Y =84.765  Ki v, 2 = 80.05¢
a 0 :
SM o FVRest vRBSprim)%sh ~a 26 =3.989 10 kip -
. 4 .
SMool 2Mp, + SM ,, =2.967 10 kip -
Mpe 1 465
M T Larger than 1 ok!

in

kip -

kig



The Capacity of column in 3 story building NS direejmint 5

Column size W14X211 Beam size W27X94
Puoy 371 kit Ag: ®0 in® h: -15302 78 in hpo dpo 27.0 in

" ~

Fyi BC ks Zy: 89 inT Zy: 890 inS

a ucO ucO .
SM o zx%gy A &—8+z - —o&—8 4.476 16 Kip -

crh - —A g Gh = —"\
t b
v 2 = v
The Capacity of beam in 3 story building NS direetaint 5
ooz <P eoss <F
: : B = kip
Wi 322DL + 050L =0.181 ft_
3 Fy * Fu
Fy:50 ks 5%: 11 Ful B ks Zrpes. 200 in m: = v =1.15
y
] N _ 4 .
Mor; €pr®Fy@rps=1.284 10 Kip -
Sy 263 in dg o 45 in dep. 257 in L: 302=360 in
d d
. cl cr
L £-2 - — - — =311.6 n
S Gh- 5 i
20/ w, @ 20/ w, @
pr u-h . pr u-h .
V .= + —— =84.76E ki Vv T - ——— =80.05¢ ki
PRBS T 212 F PRBSpme T - 12 F
a da @ _ 03 :
SMuw HVRBSt VRBSprim)é?;’sn +—0=3989 1 kip -
" 4 .
SMo; 2Mpp + SM ;= 2.967 10 kip -
SM
PC - 1.509
M pp Larger than 1 ok!
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The Capacity of column in 3 story building NS direejmint 6

Column size W14X211 Beam size W18X40 13,

Puos 93« K Ag: & in° ho €in AW Z0A2578 0 g a7 i
Fi B0 ks Zg: € inT Zgo 890 in
a F)uc(_N?.o hy @ ucO .
Mg Zx{By - —9%—d§+ szcggy - —o&_8 2.136 1d" Kip -
¢ 9+ "5 - _bH ¢ "'hb - —A
o t o C 2 +
The Capacity of beam in 3 story building NS direejmnt 6
ooz <Py eosz <
4 o o = kip
W, 22DL+050L =0.181 s
F,+F
2 y u
—_ . . I . . . . — =
Fy—50 ks 5% 11 Ful B ks ZrRs: ®5:0 in &MN 2d¥y 1.15
Sy 20324 in dg 457 in depc 257 in L: 8022=360 in
. dgy e
L, : £- 28, - — - — =323.651 in
i Gh -
2 w, @ 2 w, @
pr u~ch . pr u-ch .
Vopa = + —— =24.05¢  Ki V, e = - —— =19.17 ki
MBS T T ok b ARBSpme T T T F
a  dgyd .
SMuv fVrest VRBSprmDé%’SH—Q 785.65¢ kip -
SM oy 2+ SM , =7.788 10° kip -
Mpe _, 746
SM pp, o Larger than 1 ok!
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Check 3 story building E@fection
The Capacity of column in 3 story building EW direefamint 4

Column size W14X159 Beam size W24X55

. . ..z 13, . .
257 46. in AQIA -2—(12—78 in m *'t

Pucy . ki A

AEW 5( ks Zg, 28 in” Zyp, 28 in”

a Pucda M @ 0
Moo Zx(28y - “uclde U 8. Z, {28, - ﬂ:o&—S 3.008 1d' Kip -
A Ag-e& dyo
g ' ,.,ht - — A g 'vhb - — A
o 2 = C 2 +
The Capacity of beam in 3 story building EW direefmint 4
Ki Ki
DL: 812 <P L eo0e: -°
‘ ft ft
: . B = kip
W, 22DL + 050l =0.181 -
- Fy + Fy
Fy =50 ks ,5%: 31 Fus B ks Zres. 99« in = 5 =1.15
y
Sy 3305 in dg: 45! in do 2E N L: 8@2=360 in
. dg ey
mt-z%-7-7_318636 in
Vg o —ZCM'OHWQh ki v, L D0 Wl 37.05€ ki
) a doi N ¢
SMuw $VRBS* VRBSprim)%Sh +—0=1642 1
SMp 2™+ SM = 1.422 1d* kip -
SM
P€ =2.118 |
M pb Larger than 1 ok!
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The Capacity of column in 3 story building EW direefmint 5

Column size W14X159 Beam size W24X55

~

4

. _ 13, _ .
Pug, 273. Kip Ag, 36 i b =2—C12=78 in hp Ay dp 236 in

Fi B ks Zy, 28 in Zp 28 in’

0 0
SM e Fuc &—8+z ; ico&—S 3.13 16" Kip -
Q g_,,h - —A (} h- —A
C t o2 C 2 -
The Capacity of beam in 3 story building EW direefmint 5
DL: 6.12 kip LL: ©.062 kip
AAAAAA T T
: . — kip
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The Capacity of column in 3 story building EW direefmint 6
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Check 6 story building NS direction
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The Capacity of column in 6 story building NS direef@mint 2
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The Capacity of cainn in 6 story building NS directigjoint 3
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The Capacity of column in 6 story building NS direejmint 4

Column size W14X176 Beam size W24X76
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The Capacity of column in 6 story building NS direej@int 5

Column size W14X176 Beam size W24X62
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The Capacity of column in 6 story building NS direejmint 6

Column size W14X176 Beam size W18X40

Puc, 340 Kir Ag, Bl in“  he: €in

1
A%A: -2—3(12 78 in

;EW 5( ks AZAMN: £ in Zm: 320 in°

o P ~ O h ~
SM oo zxt&y L L PP ﬂ:g&—S 1.783 10'
6

AWWARNEA A d
G 9+ T - A 9 SRy - 2
C 2+ C
The Capacity of beain 3 story building NS directiejoint 6
DL: 6.12¢ ﬂj LL: 6.06z ﬂ)
AAAAAA P P
. 4o A = Kip
Wi 2 2DL + 05DL =0.186 ﬂ_
3 Fy * Ry
Fy:SO ks ,5%: 1.1 Fus 8% ks ZrRs. 857 in m: = pres
y
Sy 20324 in dg o 450 in Ao 28 in L: 802=360 in
. dg ey
Lo k- 28 - — - L =324.251 in
ki Gh- S5
2(D/|pr WUG).h
V .= + ——— =24.08t Ki V ima: £ Ki
MRB.S L, 12 F WRBSPIINS, F
a de1 9 _ .
SMyy; tVRBS* VRBSprim)%Sh * 50 =4sL.70 Kip -
SMop, 2, + SM,, =7.427 10 Kip -
SM
PC = 2.401
M pp Larger than 1 ok!

236

in

kip -



The Capacity of column in 6 story building NS direejmnt 7
Column size W14X257 Beam size W30X108
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The Capacity of column in 6 story building NS direejmint 8
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The Capacity of column in 6 story buildingdit8ction-joint 9
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The Cpacity of column in 6 story building NS directigmint 10
Column size W14X159 Beam size W24X76
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The Capacity of column in 6 story building NS direejmnt 11
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The Capacity of column in 6 story building NS direejmnt 12
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Check 6 story building EW direction
The Capacity of column in 6 story building EW direefmint 1
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The Capacity of column in 6 story building EW direefmint 2
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The Capacity of column in 6 sydouilding EW directiofjoint 3

Column size W14X257 Beam size W27X94
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The Capacity of column in 6 story building EW direefamint 4
Column size W14X176 Beam size W27X94
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The Capacity of column in 6 story building EW direefmint 5
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The Capacity of column in 6 story building EW direefmint 6
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¢ g~ ~h . 2a 9 b- — A
C t o C 2 +
The Capacity of beam in 3 storyilding NS directionjoint 6
DL: 6.12¢ kip LL: 6.062 %J
4 o o = kip
W, 12D +05QL =0.186 re
a Fy+Fy
Fy:50 ks ,5%: 4.1 Ful B ks ZrRs. ®51 in m: = v =1.15
y
Sy 20324 in dg : 450 in dops 25 in L: 802=360 in
do  der
Lpo £-28, - — - — =324.151 in
20">/||0r w, @
V . = + ——— =24.09 ki V i £ Ki
PRBS T 212 Fo XRBSprime F
a doi § _ c .
SMuw, fVRes* VRBSprim)%Sh + —0 = 431.80¢ kip -
SM oy 20+ SM , =7.427 10° kip -
SM
PE =2.401 |
M pb Larger than 1 ok!
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The Capacity of column in 6 story building EW direefmint 7
Column size W14X311 Beam size W30X108

. . 13, . 18, .
Puc, 317. kig A@v: 91. in° hy =2—C12=78 in by =2—Q2=108 in dp,: 29

" ~

F,: 5( ks Zy, 8O in Zyp B0 in°

PPN

a ucO ucO .
ST zx%gy — &—8+z - —o&—S 6.406 10" kip -

9~ (}
,,h - - —A
(o t 2 + C b 2 +
The Capacity of beam in 3 story building EW direeiimint 7
puioe1an <P L eosz <
: . — kip
W, 2201+ 050L =0.189 -
s Fy + Fy
Fy:50 ks 5%: 1.1 TR B! ks ZRBS: 252. in /%M = 2C'Fy =1.15
Mor, €pr® P @rps=1.598 10 kip -
Sy 2747 in dg 470 in dops 270 in L: 8@2=360 in
. dg  dg
Lo - 20 - — - L =307.95 in
wkin Gh- > 5
20/ w, @ 20m w, @
pr u h . pr h .
V .= + =106.18€ ki V ima = Ki
MRBS T F PRBSpme T 12 F
a 0 _
SM o FVRest vRBSprim)%sh ~a 26 =5.40% 10 kip -
- 4 .
SMo; 2Mp + SM ,, =3.735 10 kip -
Mpe _ 1.715
SM pp, o Larger than 1 ok!
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The Capacity of column in 6 story building EW direefimint 8

Column size W14X311 Beam &#@0X108
Puc,, 223. Kip Hg 91 in“ i -12—3(12 78 in hyo oAy Ao 294 in

" ~

Fpi B0 ks Zyg: B0 it Zg o 800 in

a ucO ucO ,
SM o zx%gy A &—8+z - —o&—8 6.763 1¢' kip -

crh - —A g Gh = —"\
t b
v 2 = v
The Capacity of beam in 3 story building EW direefmint 8
DL: ©.12¢ kip LL: ©.062 %’
: : B = kip
W, 2.2DL+050L =0.183 e
3 Fy * Fu
Fy=50 ks Ry 21 F,: 6 ks  Zppg: 252 in Spr = 5 =1.15
y
] N _ 4 .
Mor: €or®yFy@pps=1.598 10 Kip -
S0 2747 in dy 470 in dep 270 in L: 302=360 in
N dg  dgr
L. &£- 208 - — - 2 =307.95 in
A Gh- 5 i
Vop s —2®/|'°r+wudlh =106.10¢  Ki v, T
PRBS T F PRBSpime T 212
a da @ _ 03 :
SM vaBS+ VRBSprim)é?;’sn +—0=540% 1 Kip -
" 4 .
SM ol 2Mp + SM ;,, =3.735 10 Kip -
SM
PC - 1811
M pp Larger than 1 ok!
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The Capacity of column in 6 story building EW direefmint 9

Column size W14X311 Beam size W27X94

13, 13,
Puo; 33 ki  Ag: 9L. in° he: =2—3(12=78 in hy =§C12:78 in dy: 274

Fi B0 ks Zyg: B0C in° Zg o 60 in”
a F)uc(_N?.o hy @ ucO .
Mg Zx(@y - _9%—%§+ szcégy - —o&_S 6.79% 10" kip -
¢ 9" k- =4 ¢ "'hb - 2a
v 2 = v 2+
The Capacity of beam in 6 story building EW direefmint 9
DL: 6.12¢ ﬂ) LL: 6.06z ﬂ)
...... P T
4 o o = kip
W, 12DL +052L =0.183 re
F,+F
P Loy u_
Fy =50 ks 5% 11 Ful B ks Zrps. 200 in &MN 2d¥y =1.15
] N _ 4 .
Mor: €pr®yF@rps=1.284 10 Kip -
Sy 463 in dg 470 in Ao 270 in L: 8022=360 in
dg e
Lpo £-28, - — - — =3102 in
2 w, @ 2 w, @
pr u~ch - . pr u-sh .
Vopa = + —— =85.147 ki V, ima = - —— =80421 ki
MBS T T ok b ARBSpime T T T e F
a dg .
o _ 4 .
SM g, 2Mp + SM,, =2.98 10 Kip -
Mpe _, 27
SM pp, - Larger than 1 ok!
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The Capacity of cainn in 6 story building EW directiojoint 10
Column size W14X211 Beam size W27X94

~

13,
Puc; 245. ki Ag: ® in° he: =0Q2=78 in hy: by dp: 27.0 in

" ~

Fi B ks Zg, B9 in Zyp B9 in°

o P 6 o h ~ O
SM . zxt&y ; ﬂ@&—t% Z, {36, - ﬂ:o&—8 4.363 10" Kip -

AWWARNEA A d
G 9+ T - A 9 SRy - 2
C 2+ C
The Capacity of beam in 6 story building EW direefimint 10
DL: 6.12¢ ﬂj LL: 6.06z ﬂ)
AAAAAA P P
. 4o A = Kip
Wi 22DL + 05QL =0.183 ﬂ_
3 Fy * Ry
Fy =50 ks ,5%: 1.1 Fus 8% ks ZrBs:. 200 in m: = v =1.15
y
Mor, €pr® & drpg=1.284 10 Kip -
Sy 263 in dg o 45 in dep 257 in L: 802=360 in
d d
.. cl cr
Ly,: £-2&, - — - — =311.6 in
wkin Gh- 5 5
2 w, @ 2 w, @
pr u~h ) pr u h .
V .= + ——— =84.78E Ki V e = - =80.03¢ ki
a da @ _ 03 .
SMuw HVRBSH VRBSprinb%sn +—0=3989 1 Kip -
" 4 .
SMoo, 2Mp + SM ;, =2.967 10 Kip -
SM
PC - 1471
M pp Larger than 1 ok!
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The Capacity of column in 6 story building EW direefmint 11

Column size W14X176 Beam size W24X76

.

Z

. , . 13, . ,
Puc, 264. Kir M: 6 i hyo =2—(12:78 in - hpo By dp,. 234 in

Fui BC ks Zy: 89 inT Zy: 890 inS

a Pucfd, "t @ ucO )
Mg Zx{By - —@&—§+ zX - —o&—8 4.362 16" Kip -

A - d
G g+& B9 ¢’ L
C to2s C 2 =
The Capacity of beam in 3 story building EW direefmint 11
DL: ©.12¢ kip LL: ©.062 %’
: ; B = kip
W, 12D +052L =0.183 e
a Fy + Ry
Fy:50 ks »BMA: 11 Fus 8° ks ZrBs: 241. in A%MN: = v =1.15
y
Sy 2435€ in dg: 450 in deo 250 in L: 8@2=360 in
.. dg  der
L,: £-2 -—-—:31608/ in
S Gh-
2m w, & 2m w, @
pr u-h _ . pr u~h .
Vopa = —— =58.877 ki \/ e = - =54.061 ki
MRBS T A2 F RBSpime T - 22 F
a dgi .
SMuv, fVRBS* VRBSprim)%Sh +—0=248 10 kip -
o _ 4 .
SM ol 2Mp + SM ;, =2.033 10 Kip -
SM
PC - 2.146
M pop Larger than 1 ok!
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The Capacity of column in 6 story building EW direefmint 12

Column size W14X176 Beam size W18X40
13. .
: -2—(12 78 in

Pu: 8 ki Ag, ®: in° hy: €in Ros

UGS Ngv Aq‘m: 37 in

" ~

AEW 5( ks AZANN: € in Zm: 390 in°

o P ~ O h ~
M- a ucQ% t 8+Z ) ﬂ:g&_8 214 10 kip -
0}
~k

Zy By - —O
AMWWWANEA X Yy
¢ Age B8 Y Agez _%2
C t o2 C M 2 -
The Capacity of beam in 3 story building NS direejant 12
DL: 8.12¢ Kip LL: 6.062 %’
4 o o = kip
W, 22DL+050L =0.186 -
. Fy + Fy
F, =50 ks D21 F,: 8 ks z : 850 in” Do =1.15
y R Fu 4RBS. oo 25,
Mps, €pr® &, Tpps=3.498 10 kip-
Sp 20324 in dg: 450 in oy 25 in L: 3022=360 in
d d
cl cr
L, : - 268, - — - — =324.151 in
pN Gh-— "
2 w,, @ 20/ w, @
pr u-h . pr u~h .
Vopa = + —— =24.09 ki V, i, =——— - —— =19.071 ki
MBS T T ot P ARBSpime T T T e -
a dgi 9 .
SMuv tVRest VRBSprim)%sh+7o 773.651 kip -
SMoky, 2™y + SM,, =7.769 10 kip -
Mpe =2.754
M - Larger than 1 ok!
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ORIGIN t 1
PANEL ZONE CHECK
Check Panel Zone Shear Strength per AISC Seismic Provisions Section E3.6e
Check 3 story building NS directimint 1
Column Shear in 3ary building NS directiojoint 1

Mg 2.284 1 kip - in Vres: 84.7¢ kip VResprime : 80.0¢  kip

Sp: 463 in h,: 2#3012=156 in h,: 23012=156 in dy: 27. in  t: 8.74 in

Mi: ¥y + Vegs G5, =1.423 16°  Kkip - in Miyime : € Kip - in

Mf + prrime .
Vo = =91.189 kip
hy, b

2 2

The Required Strength of the Panel Zone
Mf + prrime .
R,: =———— - V. =438.52¢  kip
dp - t

According to Table-2 of AISC Seismic Design Manual for Column W14X193

. .2 ) .
Ag: 86. in Fy: 8C ksi
0.750A, OF, =2.13 1G  kip

fRyy: AL kip  fR,p: 293 kip - in

fR o .
=520.15¢  kip

fRn: tRul"'
b

We don't need the colummveb doublermplate.
Check 3 story building NS directifmint 2
Column Shear in 3 story building NS direcimint 2

: 2284 10 Kkip-in  Vgac: 8475 Kb Vepgyime : 80.0¢  kip

MQ{ :
A‘%W: 16.3 in J}l}v: £3012=156 in HI%: £3012=156 in /gJI}v: 27. in I 8.74 in
My

Mo + Vres OBy =1.423 16" kip - in Moo - € kip - in

Mf + prrime .
= " -91.189 kip
hy b
- 4+ —

2 2
The Required Strength of the Panel Zone
. _Mf + prrime _ |: Ki
BM' _d—t -V, =438.52¢ ip

b - U
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According to Table-2 of AISC Seismic Design Manual for @nlW14X193

Z

Ag,; 86. in Fyo 8C ks
0.750A4 OF, =2.13 10 kip
fRyy: #L kip  fR.,: 203 kip - in

fR 2

fRoi Ry + =520.15¢  kip

b
We don't need the colummveb doubler plate.

Check 3 story building NS directifmint 3
Column Shear in 3 story building NS direcfmint 3
Mp,: 8.498 10 kip - in Vpes: 24.0E kip Vresprime © 29.1€  kip

,§W: 20.32¢ in /DJ}V: 33012=156 in D&: 8012=0 in /gJI}v: 37. in ,'&N: 8.52 in
My My + Vegs 05, =3.746 100  kip - in Mgz € Kip - in
v, o o Mipime e 03 kip
MWHA hp hy ’
—_ 4+ —
2 2
The Required Strength of the Padelne
_Mf + prrime

R, : - V. =167.58¢ kip
ANHA db - tf c

According to Table-2 of AISC Seismic Design Manual for Column W14X193

Z

,&M 56. in Alva: 5( Kksi

0.750Ag OF, =2.13 10 kip

fR In 41 Kip fR 2 293 Kip - in
fR o

fRy: Ry + =577.687 kip

WY
b

We don't need the columwweb doubler plate.

Check 3 story building NS directifmint 4
Column Shear in 3 story building NS direcjmint 4
Mo,: %.284 1d kip - in Vpes: 84.7€ kip VRresprime © 80.05  kip

Sp: 263 in hy: 23012=156 in by : 23012=156 in d,: 27. in  §: ©.74 in
Mi: Mo + Vegs 8y =1.423 10°  Kkip - in - Mgyne © My + Vepspime 8y =1.415 16" kip - in
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. _Mf + prrime

=181.89 kip
hy b
- 4 —
2 2
The Required Strength of the Panel Zone
_Mf + prrime

R .

C = .V, =874.705  kip
ANHA db - tf c

According to Table-2 of AISC Seismic Design Manual for Column W14X211

. @ar . 2 . .
A%QN' B! in /EMV 5( Ksi

0.750A, OF, =2.325 10 kip
fR " 46. kip fR 2 346 Kkip - in

2
=587.362  kip

fRR tRul'f'
b

We need the columiweb doubler plate.

Size Web Doubler Plate
From Table € of AISC Seismic Design Manual for Column W14X211 and W27X94 Beam

d, : 9.28200( d,: ©.1400( ty: 8.9 in
d, d,

— 4+ — =0.422 in Smaller than tw OK

90 90

d.: 25. in bg: #5. in ty: %5 in

= i AL N
& 06OF, OB Gyl 1 g . |
ARy~ n C————n -, =0.611 in
é dp G c0.60Fy Ode -

Use a 3/4 in thick doubler plate.
Check 3 story building NS directifmint 5
Column Shear in 3 story building NS direcjmint 5
My, . .284 1d Kip -in Vpps: 84.7€ kip VRrespiime : 80.08  kip

/%W: 16.3 in /\m}v: £3012=156 in A%: £3012=156 in /gbv: 27. in I 8.74 in
My

My + Vres G5, =1.423 10 kip - in - My © My + Veaspime O5n =1.415 16 kip - |
Mf + prrime .
c = P -181.89 kip
hy b
2 2
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The Required Strength of the Panel Zone

R Mr * Mrorime V. =874.708 ki
. =—————— -V, =874.705 ip
MMA db _ tf c

According to Table-2 of AISC Seismic Design Manual for Column W14X211

. @ .z . .
Xﬁ)&w B in ,EMV 5( Kksi

0.750A, OF, =2.325 10 kip

b

Size Web Doubler Plate
From Table € of AISC Seismic Design Manual for Column W14%21 W27X94 Beam

/9&,: 9.2820( ,g)w: 9.1400( ,'\(m: 8.9 in
d, d,
— +— =0.422 in Smaller than tw OK
90 90

/g&v: %5. in A%N: %5. in ,t&f/v: %25 in

= - . 2F

& 060F,BW:Gsl 3 1 g ,

}B\A‘ i#u - |:| Of]—l = - n- tW = 0.611 In
é dp 4 ¢0.60Fy Ode -

Use a 3/4 in thick doubler plate.

Check 3 story building NS directifmint 6
Column Shear in 3 story building NS direcimint 6
Mpy,,: 3.498 10 kip - in Vpes: 24.0E kip Vresprime : 9.1 kip

Sy 2032« in hy: 23012=156 in hy: €012=0 in dy: %7. in f: 6.52 in
Mi: My + Vegs 8y =3.746 10 kip - in Mgune - My + Vepspime S =3.696 100 kip - in
Mf + prrime .
. =————— =95414 Kkip
h, b
— 4+ —
2 2
The Required Stngth of the Panel Zone
Mf + prrime .
R,: = - V. =332.92 kip

According to Table-2 of AISC Seismic Design Manual for Column W14X211

A, : 8. i  F,: 5( Kksi
iy MWy
258



0.750A, CF, =2.325 1G  kip

fR In 46; kip fR 2 346 Kip - in

fR .
=655.296 kip

fRo: |y +
b
We don't need the columweb doubler plate.
Check 3 story building EW directimint 4
Column Shear in 3 story building EW dii@t-joint 4

My, : 6.287 10 kip - in Vres: #1.8€ kip VRpspime © 37.08  kip

A%W: £3.0t in m: 33012=156 in m: 33012=156 in quv: 23. in )" 8.50 in

Mg, My + Vggs OS5, = 6.834 16 kip - in Mg, ™pr + Vraspime OSp =6.778 10° kip - in
Mf + prrime .
. = =87.208 kip
hy, b
- 4+ —
2 2

The Required Strength of the Panel Zone

. _Mf + prrime _ .
Alisw. -d—t - V, =501.85€ kip
b - Y
According to Table-2 of AISC Seismic Design Manual for Column W14X159
_ . _ :
Ag; #6. in Fy: 80 ksi
0.750A, OF, =1.758 10  kip

fR 1 33 Kip fR 2, 99 kip - in
fR 4

fR A R+ =419.322 kip

b

Size Web Doubler Plate
From Table € of AISC Seismic Dasiganual for Column W14X159 and W24X55 Beam

/9%\/: 9.25100( /5\1)%: 9.1400( ,'\(%: 8.74 in
d, dy

— + — =0.391 in Smaller than tw OK

90 90

,glrw: %! in Al%%: %5. in ,t&f/v: %1 in
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to, ER . 0:60F, G2 0y Gy +§0§4 ! 0. ¢,=018 in
L R, — w=0.
) dp a CO.GO:y ade -

Use a 1/4 in thick doubler plate.

Check 3 story building EW directifmint 5
Column Shear in 3 story building EW direcijioimt 5

My, 8.287 10 kip - in  Vppe: #18€ ki Vepgpime : S7.08  kip

Spe #3.08 in J)l}v: 43012=156 in A%: 43012=156 in /gbv: 23. in L ©.50 in

Mg: Mo + Vegs G5y, =6.834 10 Kkip - in Myze © My + Vrgspime CBp =6.772 10°

. _Mf + prrime
hy b

2 2

=87.208  kip

The Required Strength of the Panel Zone
Mf + prrime .
ABMA: ? - VC =501.85€ klp
b f
According to Table-2 of AISC Seismic Design Manual for Column W14X159
z

Ag,; 36 in Ry 8 ksi

0.750A, OF, =1.75% 10 kip

fR " 33! kip fR 2 %99 Kip - in
fR 42
fRﬂ: R+ =419.322 kip

b

Size Web Doubler Plate
From Table € of AISC Seismic Design Manual for Column W14X159 and W24X55 Beam

/9%«,: 9.25100( ,g)w: 9.1400( }»{A: 8.74 In
d, dy
— +—=0.391 in Smaller than tw OK
90 90
,glrw: %! in A%N: %5. in ,t&f/v: %1 in
Y . "0 . . %
§ 060R By 08.8 1 3 ,
Lo ZRu- 0 Or————a - 1, =0.183 in
& dp 0 cO-60F, &de+

Use a 1/4 in thick doubler plate.
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Check 3 story building EW directifmint 6
Column Shear in 3 story building EW direcijoimt 6

Mg, 8125 10 kip - i Vpgs: 217 kip  Vepgpime : $6.82  kip

Sh.: 0.3 in DJJV: 33012=156 in D&: 8012=0 in /gJJV: £7. in L 6.42 in

Mi: Mo + Vegs 8y, =3.349 16 Kkip - in Mygige © My + Vrespime CBp =3.299 10° Kip - in
Mf + prrime .
. = =85.23 kip
hy N
2 2

The Required Strength of the PdZ®ne

Rt Murime _og6 kip
L - = . |
ANHA db _ tf c

According to Table-2 of AISC Seismic Design Manual for Column W14X159

. .z . .
Ag,; 36 in Fy: 3 ksi

0.750A, CF, =1.75% 1G  kip

fR 1 33 kip fR 2, 99 kip - in

fR 42

fRp; Ry + =447.428  kip

b

We don't need the columaweb doubler plate.

Check 6 story building NS directifmint 1
Column Shear in 6 story building NS direcjmint 1

My, : %.598 1d Kip -in Vppg: %05.9¢t kip VRBsprime © *01. kip

Spe X741 in D&: 48012=216 in HI%: 43012=156 in /gJI}v: 29. in ki 8.7 in

Mo My + Vges Gsy, =1.783 1¢ Kip - i Moyie © € Kip - in
M¢ + prrime )
. =———— =05.869 kip
hp
- 4+ —
2 2
The Required Strength of the Panel Zone
Mf + prrime .
JATR: T V. =518.16¢€ kip
b -

According to Table-2 of AISC Seismic Design Manual for Column W14X257

. .2 . .
/&QN' 5. In /EM/ 5( ksi

0.750A, OF, =2.835 10  kip
261



fR " 58. kip fR 2, 514 Kip - in

2
=753.483 kip

fRR tRul'f'
b

We don't need the columiweb doubler plate.
Check 6 story building NS diriget-joint 2
Column Shear in 6 story building NS direcjmint 2
My : 4.598 1d  kip - in Vpes,: 205.6: kip VRresprime © £00.9C  kip

Spe X741 in D&: $3012=156 in HI%: 43012=156 in /gJI}v: 29. in

Mo My + Vges Gs,, =1.783 1¢* Kip - i Moyige © € Kip - in
Mg + prrime )
. =———— =114.267 Kkip
hy, N
- 4+ —
2 2
The Required Strength of the Panel Zone
_Mf + prrime

R,: = - V., =499.564 ki
ANHA db - tf c p
According to Table-2 of AISC Seismic Design Manual for Column W14X257

V4

A,%QN: Z5. in AI,:VW 5( ksi

0.750A, CF, =2.835 1G  kip

fR " 58. kip fR 2 514 kip - in

fR o .
=753.483  kip

fRo: My +
b

We dorit need the columawveb doubler plate.

Check 6 story building NS directifmint 3
Column Shear in 6 story building NS direcjmint 3
Mo,: %.284 1d  kip - in Vpes: 84.9€ kip Vresprime © 80.22  kip

Sh.. *7.30: in D&: 33012=156 in HI%: 33012=156 in /gJI}v: 29. in

My My + Vegs 05, =1.438 10 kip - in Mg € Kip - in
I\/lf + Ivlfprime .
c=— " -91.731 kip
h, b
—_— 4 —
2 2

The Required Strength of the Panel Zone
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R _Mf + prrime
According to Table-2 of AISGeismic Design Manual for Column W14X257
Ag; 75 i Fy: 8 ks
0.750A, CF, =2.835 1G  kip

- V. =403.59¢ kip

fR " 58, kip fR 2 514 kip - in
fR

2
fRo: #Ryq+ =755.237  kip

b
We don't need the columiveb doubler plate.
Check 6 story building NS directimint 4
Column Shear in 6 story building NS direcjmint 4

My, 8.925 10  kip - in Vres, 58.8 kip VRpspime © 54.0¢  kip

,§,W: 44.35¢ in m: 33012=156 in m: 33012=156 in quv: 23. in

M My + Vegs G5, =9.77 1G¢  kip - in Mpige: € Kip - in
Mf + prrime )
= P -62628  kip
h, b
—_— + —
2 2

TheRequired Strength of the Panel Zone

R o Mirime 61 7 kip
L - = . |
AAMA db _ tf c

According to Table-2 of AISC Seismic Design Manual for Column W14X176
Ag; SL in Fy: 80 ksi

0.750A, OF, =1.942 1C°  kip

fR In 37¢ kip fR 2 242 Kip - in

fR .
= 480.11 kip

fRo: My +
b

We don't need the columiweb doubler plate.
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Check 6 story building NS directifmint 5
Column Shear in 6 story buitdj NS directiofjoint 5
My, : 7.0 10 kip - in Vpes! #6.92 kip Vresprime © #2.07  kip

/%W: £3.1171 in D&: 33012=156 in A%: 43012=156 in /gbv: 23. in )% 8.5 in
M

My + Vrgs C8, =7.705 10 kip - in - Mgioo: € kip - in
M; + prrime .
hy b
2 2

The Required Strength of the Panel Zone

IVlf + prrime
R . —_—

D= -V, =284.024 kip
FIVN db _ tf c

According to Table-2 of AISC Seismic Design Manual for Column W14X176

Z

Ag.; 81 in Fy 8 ksi

0.750A, OF, =1.942 1G°  kip

2
=480.11 kip

b
We don't need the colummveb doubler plate.
Che 6 story building NS directigoint 6
Column Shear in 6 story building NS direcimint 6
My,: 3.498 10 kip - in Vpes: 24.06 kip Vresprime : $9.0€  kip

/%W: %0.32¢ in A%v: 33012=156 in m: g012=0 in A%v: %7. in ;&N: 8.52 in
Mi: My + Vgas Oy, =3.747 16 kip - in Miigs,, € Kip - in
Mf + prrime .
. = =48.034 Kkip
h, b
— 4+ —
2 2
The Required Strength of the Panel Zone
. _Mf + prrime

-V, =167.601  kip
dy - tf ¢
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According to Table-2 of AISC Seismic Design Manual for Column W14X176
Ag; 8L in° . 8 ks
0.750A, OF, =1.942 10 kip

2
=513.196  kip

b

We don't need the columveb doubler plate.

Check 6 story building NS directifmint 7
Column Shear in 6 story building NS direcjmint 7

Mg, 2.598 10 kip - i Vpge: 205.9: kip  Vepgprime : $0L.1¢ kip

Spe X410 in D&: 48012=216 in HI%: 43012=156 in /gJI}v: 29. in i 9.7 in

NAI‘A: :Mpr + VRes ("Bh =1.783 ldl- kip - in Mm Mpr + VRBSprime ("Bh =1.778 161 Kip - in

. _Mf + prrime
h, b
—_ t —
2 2
The Required Strength of the Panel Zone

R - _Mf + prrime

=191.281 kip

_V.=1.034 10  kip

According to Table-2 of AISC Seismic Design Manual for Column W14X257

. .2z . .
/&QN' 5. In /EM/ B( ksi

0.750A CF, =2.835 1C°  kip

fR " 58. kip fR 2, 514 Kip - in

fR 2 _
=753.483 kip

fRR tRul'f'
b

We need the columiweb doubler plate.

Size Web Doubler Plate
From Table € of AISC Seismic Design Manual for Column W14X257 and W30X108 Beam

Ac,ik: 9.31420( /gm: 9. 1409( ,"c%: 2.1 in
d, dy

— +— =0.454 in Smallethan tw OK

90 90

A(;\I»v: %6. in ,9%: %¢ in /59&/: %.8 in
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to, §2 . 0:60F, G2 0y Gy _Zﬁéi L Q. ¢,=0511 in
L R, — w=0.
) dp a CO.GO:yOdC+

Use a 3/4 in thick doubler plate.

Check 6 story building NS directifmint 8
Column Shear in 6 story building NS direcfmnt 8
My, : %.598 1d Kip - in Vppe: 205.6 kip VRresprime © £00.9C  kip

Spe X741 in J)l}v: $3012=156 in HI%: 43012=156 in /gJI}v: 29. in ki 8.7 in

M: Mo + Vegs 08y, =1.783 10'  kip - in Mgyne © My + Vegspime C8p =1.774 16" kip - in
Mf + prrime .
. = =228.006 kip
h, b
- 4+ —
2 2
The Required Strength of the Panel Zone
. _Mf + prrime _ Ki
Ryt =g - Ve =996.82 ip
b f

Accordhg to Table £ of AISC Seismic Design Manual for Column W14X257
A'%QNZ 5. in2 AEW 5( Kksi
0.750A, OF, =2.835 10 kip

fR " 58 kip fR 2 514 kip - in
fR 42

fR o £Ryp+ =753.483  kip

b

We need the columiweb doubler plate.

Size Web Doubler Plate

From Table £ of AISC Seismic Design Manual for Column W14X257 and W30X99 Beam

f,j@v: 9.31420( /gm: B.1409( ,"[%: 2.1 in
d, dy

— +— =0.454 in Smaller thanw OK

90 90

o %6. in ,9%: %¢ in /tﬁtv: %8 in

= i AL .. 2F
to: gqu ) 0.6CFy Ogamcf Ot —Zﬁ 24 "1 _ g_ t, = 0.495 0
é dp a CO.GO:y ade -

Use a 1/2 in thick doubler plate.
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Check 6 story building NS directimint 9
Column Shear in 6 story building NS direcijmint 9

My, 2.284 1d  «ip - in VRras,: 84.9€ kip VResprime © 80.22  kip
Sy 463  in hy: 23012=156 in  hy: 23012=156 in dy: 27. in g .74 in
Mi: My + Vegs 08y =1.423 10°  kip - in Mgune © My + Vepspime 8 =1.415 16" kip - in
Mf + prrime .
= =181.929 Kkip
h, b
—_ t —
2 2
The Required Strength of the Panel Zone
Mf + prrime .
R,: = - V. =874.892  kip

A
dy -t
According to @&ble 42 of AISC Seismic Design Manual for Column W14X257

i " . .
,&,&N. Z5. in AI,:M 5( ksi

0.750A, CF, =2.835 1G  kip

fR " 58 kip fR 2 514 kip - in
fR 2
fRo; Ryl + =767.232 kip

b
We need the columiweb doubler plate.

Size Web Doubler Plate
From Table £ of AISC Seismic Design Manual for Column W14X257 and W30X90 Beam

,gk: 9.31420( /gm: B.1409( ,"[%: 2.1 in
d, d,
— + — =0.454 Smaller than tw OK
90 90
g&v: %6. in ,9%: =14 in ,'E%: %8 in

0.60F Qo Oter =0 .5 0
& y0§ et et .ﬁéa 1 Q.t,=0219 in

th o 2Ry - prym—
AR éu dp A g_f).GOZyOdCQ

Use a 1/4 in thick doubler plate.
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Check 6 story building NS directifmint 10
Column Shear in 6 story building NS direcfimint 10

MQK: 8.925 1Cf Kip - in /\/@%: 58.84 Kkip VRrBsprime : 54.0Z kip
,%W: %4.35¢ in m: %3012=156 in H»: %3012=156 in A%v: 23. in ;\[IN: 8.6 in

Mg My + Vegs OS5 =9.77 16 kip - in Msne ™My + Verespime OSh =9.708 10° kip - in

. Mf + prrime

=124.81 kip
h, b
—_ 4 —
2 2
The Required Strength of the Panel Zone
_Mf + prrime

R,: =——— - V. =720.99z ki
AAMA db _ tf c p

According to Table-2 of AISC Seismic Design Manual for Column W14X159

. .2z . .
/&QN' 46. In /EM/ 5( ksi

0.750A, OF, =1.758 10  kip

fR 1 33 kip fR 2. 99 kip - in

fR o .
=418.966  kip

fRo: My +
b
We need the columiweb doubler plate.

Size Web Doubler Plate
From Table £ of AISC Seismic Design Manual for Column W14X159 and W24X76 Beam

A%V: 6. 2500( /gm: B.1409( ,"[%: 8.74 in

d, dy

— +— =0.39 Smaller than tw OK

90 90

A%v: %! in A%N: %5. in ,'5%: %1 in
Y . "0 . . %
§ 060R By 8.8 1 3 ,

Loy ZRu- n C————n - 1, =0.671 in
& dp 0 cO-60F, &dec+

Use a 3/4 in thick doubler plate.

Check 6 story building NS directifmint 11
Column Shear in 6 story building NS direcjmint 11

My, #.09 10 Kip -in Vpps: #6.91 kip VRrespiime : #2.08  kip
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A%W: 43.111 in HJW 33012=156 in A%: $3012=156 in Aq}év: 23. in L 8.5 in

Mj: My + Vggs C8, =7.705 10 kip - in Mgyne © My + Vrgspime S =7.642 1 kip - in
Mf + prrime .
.= P _98375 kip
hy, h
—_— 4 —
2 2

The Required Strength of the Panel Zone
Mf + prrime .
ABMA: ? - VC =565.68¢ k|p
b~ U

According to Table-2 of ABC Seismic Design Manual for Column W14X159

Z

/&QN: 46. in Alf»v: 5( Kksi

0.750A, OF, =1.758 10  kip

fR 1 33 kip fR 2. 99 kip - in
fR 2

fRoi Ry + =418.966  kip

b

We need the columiweb doubler plate.
Size Web Doubler Plate

From Table £ of AISC Seismic Design Manual for Column W14X1159 and W24X62 Beam

A%V: 6. 2500( ,gm: B.1409( ,"c%: .74 in
d, dy
— +— =0.39 Smaller than tw OK
90 90

Aq}a,: %! in Al%%: %5. in ,'E%: %1 in

2 a2 AL A .. OF
& 0eF,BOs sy 1 5 _
e Ry - " 0 O,..(-) A t, =0.326 in
e b u c“ y Me =

U= a 1/2 in thick doubler plate.
Check 6 story building NS directifmint 12
Column Shear in 6 story building NS direcjmint 12

My, 3.498 1  kip - in Vres: 24.07 kip VRpspime © 29.05  kip
Sy 2032 in hy: 23012=156 in fhy: 8C12=0 in dp: 7. in f: 852 in

Mg, My + Vs 05, =3.747 10 kip - in Minine.. Mpr + Vrespime OSp = 3.695 10° kip - in
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. _Mf + prrime _ .
Ve -hb— =95.402 kip

t
— 4+ —
2 2
The Required Strength of the Panel Zone

R _Mf + prrime

According to Table-2 of AISC Sanic Design Manual for Column W14X159

-V, =332.877  kip

3 . 2 i .
,&gN. 46. in ,!va 5( ksi

0.750A4 OF, =1.75% 10 kip

fR 1 33 Kip fR 2, 99 kip - in
fR

fRo: |y + =446.173 kip

b
We don't need the columaweb doubler plate.

Check 6 story building EW directimint 1
Column Shear in 6 story building EW direciioint 1

Mg, 2.598 10 kip - i Vege: 206.01 kD Vepgpime : 2012 kip
Sy %747 in hy: 28012=216 in hy: 23012=156 in dy: 29. in

My My + Vegs 05, =1.783 10" kip - in Moo € kip - in

. _Mf + prrime

=9588  kip
hy, b
- 4+ —
2 2
The Regired Strength of the Panel Zone
_Mf + prrime

R,: =———— -V, =518.22¢ kip
ANHA db - tf c

According to Table-2 of AISC Seismic Design Manual for Column W14X257

- H ‘ .
Ag . F5. in ,EAA/

0.750A, OF, =2.835 10 kip

5( Kksi

fR " 58. kip fR 2, 514 Kip - in
fR 4o

fR Ay R+ =753.483 kip
b

We don't need the columiweb doubler plate.
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Check 6 story building EW directigmnt 2
Column Shear in 6 story buildigyV directioqoint 2
Mpy,: 2.598 1d  kip - in VRras, $05.9¢ kip  Vepsprime : $01.2¢ kip

A%W: 27.47 in m: $3012=156 in m: $3012=156 in A(;‘Ibv: 29. in

My My + Vegs 05, =1.783 10" kip - in Mgzt € Kip - in
Mt + prrime )
c=— "™ -114.309 kip
hy, I
—_— + R
2 2

The Required Strength of the Panel Zone

R o Midme 400 74c Kip
Bui =3 . 74¢

According to Table-2 of AISC Seismic Design Manual for Column W14X257

V4

A,%QN: Z5. in AI,:VW 5( ksi

0.750A, CF, =2.835 1G  kip

fR " 58, kip fR 2 514 kip - in

fR o .
=753.483  kip

fRo: My +
b

We don't need the colummveb doubler plate.

Check 6 ®ry building EW directiofpoint 3
Column Shear in 6 story building EW direcijioimt 3
My, 2.284 1d  kip - in Vres,: 85.0% kip Vresprime : 80.32  kip

,%W: 16.3 in m: 33012=156 in m: £3012=156 in A(;\IDV: 27. in

Mi: My + Vegs 06 =1.423 10" kip - in - Mo : € kip - in
M¢ + prrime )
D= =91.222 Kip
h, b
4+ —
2 2
The Required Strength of the Panel Zone
. _Mf + prrime

-V, =438.685  kip
dy - tf ¢
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According to Table-2 of AISC Seismic Design Manual for Column W14X257
Ag; 75 in° Fy: 8 ki

0.750A, OF, =2.835 10 kip

fR 1. S8 kip fR 2, 514 Kip - in
fR

2
fRoi Ry + =767.232  kip

b

We don't need the colummveb doubler plate.

Check 6 story building EW directifmint 4
Column Shear in 6 story building EW direcijioimt 4
Mo,: %.284 1d kip - in Vpes! 84.65 kip Vresprime © 79.9C  kip

A‘%W: 16.3 in D&: £3012=156 in HI%: £3012=156 in /gJI}v: 27. in
My

Mo + Vres OBy =1.422 16" kip - i Moo - € kip - in

. _Mf + prrime

=91.18 kip
hy, b
- 4+ —
2 2
The Required Strength of the Panel Zone
_Mf + prrime

Ry,: = - V. =438.484 ki

ANHA db - tf c p

According ® Table 42 of AISC Seismic Design Manual for Column W14X176
Ag: 8L in°  F,: 8 ks

0.750A, OF, =1.942 1G°  kip
fR " 37¢ kip fR 2 242 Kkip - in

=465.681  kip

fRo: My +
b

We don't need the columiweb doubler plate.

272

L 8.74



Check 6 story building EW directifmint 5
Column Shear in 6 story building EW direcijioimt 5
Mo,: 8.925 10 kip - in Vpes: 5887 kip VRresprime © 54.06  kip

/%W: 24.35¢ in D&: 33012=156 in A%: 43012=156 in /gbv: 23. in )% 9.6
My

Mo + Vrgs 08, =9.77 100 kip - i Mgioo: € kip - in
Mf + prrime .
hy
2 2

The Required Strength of the Panel Zone

R - _Mf + prrime

According to Table-2 of AISC Seismic Design Manual for Column W14X176

Z

A%gN: 51. in Alva: 5( ksi

0.750A, CF, =1.942 1G  kip

-V, =358.14  kip

fR " 37¢ kip fR 2 242 Kkip - in
fR 2

fR o £Ryp+ =479.255  kip

b
We don't need the colummveb doubler plate.
Check 6 story building EW directifmint 6
Column Sheain 6 story building EW directigoint 6
My,: 3.498 10 kip - in VRras,: 24.0 kip Vresprime : $9.07  kip

Sy 2032« in hy: 23012=4 in h: 8012=0 in dp: %7. in t: 6.52
My My + Vggs 05, =3.747 10 kip - in Moo : € kip - in
Mf + prrime .
. = — —~ =48.035 kip
h, b
— 4+ —
2 2
The Required Strength of the Panel Zone
Mf + prrime .
R =——— -V, =167.604 kip

dp -t
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According to Table-2 of AISC Seismic Design Manual for Column W14X176
Ag; 8L in° . 8 ks
0.750A, OF, =1.942 10 kip

2
=513.196  kip

b
We don't need the columiwveb doubler plate.
Check 6 story building EW directigmnt 7
Column Shear in 6 story building EW direciioint 7
Mpy,: 2.598 1d  kip - in Vres,: 106.1t kip VResprime : %01.3¢  kip
Sy %747 in hy: 28012=216 in  hy: #3012=156 in dy: 29. in g 9.7 in

Mi: Mo + Vegs G5y, =1.788 16" Kkip - in Myyze © My + Vrgspime CSp =1.775 10"

. _Mf + prrime

=191.325 Kkip
hy, h
- 4+ —
2 2
The Required Strength of the Panel Zone
_Mf + prrime

R, : = " v =1.034 10  kip
ANW db_ tf c

According to Table-2 of AISC Seismic Design Manual fdu@n W14X311
/&QN: 91. in2 Alf»v: 5( Kksi
0.750A, OF, =3.428 10 kip

fR " Z2. kip fR 2, Z45 Kip - in

fR 42 _
=973 kip

fRﬂ tRul"'
b

We need the columiweb doubler plate.

Size Web Doubler Plate
From Table € of AISC Seismic Design Manual for Column W14X311 and W30X108 Beam

Ac,ik: 9.31420( ,gm: 9. 1409( ,"[%: 24 in
d, dy

— +— =0.454 in Smaller than tw OK

90 90

A(;\I»v: %7. in ,9%,: 6. in /59&/: 22 in
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8 060F, OBy OsTE 5 1 5
y® = 1 02_. g - t, =0.119 in

th o &Ry - —
ol dp 0 cO-60F O+

Use a 1/4 in thick doublergte.
Check 6 story building EW directifmint 8
Column Shear in 6 story building EW direcijoimt 8

Mg, 2.598 10 kip - in  Vege: 206.1C Kip  Vepgprime : $01.4: kip

Sy 2747 in hy: 23012=156 in b : 23012=156 in d,: 29. in  f: 6.7
M: Mo + Vegs G5y, =1.783 10'  Kkip - in - Myge © My + Vrgspime C8p =1.775 10"
Mf + prrime .
= P 528119 kip
h, b
4 —
)

The Required Strength of the Panel Zone
. _Mf + prrime

B dp - tf
According to Table-2 of AISC Seismic Design Manual for Column 31114 X

- Vo =997.318 kip

i " . .
,&,&N. 91. in AI,:M 5( ksi

0.750A, CF, =3.428 1G  kip

fR " F2. kip fR 2 %45 Kkip - in
fR 2
fRo; Ryl + =973 kip

b
We need the columiweb doubler plate.

Size Web Doubler Plate
From Table £ of AISC Seismic Design Manual for Column W14X311 and W30X108 Beam

9@»: 9.31420( /gm: B.1409( ,"[%: 24 in
d, dy
— + — =0.454 in Smaller than tw OK
90 90

/g&v: %7. in A%N: %6. in ,t&f/v: 22 in

0.60F Coer Cter =l 5 0
8 y® cf At ﬁoi 1 Q_ t, =0.047 in

th: 2Ry - ——
M B dy (i cO.60F, O, -

Use a 1/4 in thick doubler plate.
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Che 6 story building EW directigpint 9
Column Shear in 6 story building EW direcijoimt 9
Mo,: %.284 1d kip - in Vpes: 85.14 kip Vresprime © 8042 kip

A‘%W: 16.3 in /DJQV: £3012=156 in HI%: £3012=156 in /gJI}v: 27. in ,'&N: 0.74
Mo Mo + Vegs 8y =1.423 16'  Kkip - in Myge © My + Vrgspime CBp = 1.415 10"
Mf + prrime .
. =——————— =181.968 kip
h, h
- 4+ —
2 2
The Required Strength of the Panel Zone
_Mf + prrime

R,: =——m8—

According to Table-2 of AISC Seismic Design Manual for Column W14X311

. .z . .
Ag,; 81 in JRYR1 ksi

-V, =875.08 kip

0.750A, CF, =3.428 1G  kip
fR " F2. kip fR 2 %45 Kkip - in

fR 2

fR o £Ryp+ =992.928  kip

b

We don't need the colummveb doubler plate.

Check 6 story building EW directimint 10
Column Shear in 6 story building EW direcijioint 10
Mo,: %.284 1d ki - in Vpes: 84.65 kip Vresprime © 79.9C  kip

Sp.. 16.3 in DJJV: 33012=156 in HI%: 33012=156 in /%v: 27. in L 8.74

Mi: Mo + Vegs G8p =1.422 16°  Kkip - in - Myge © My + Vrgspime CSp = 1.415 10"
V. M * Miprime 181.862 kip
VN hi h )
- 4+ —
2 2
The Required Strength of the Panel Zone
_Mf + prrime

R, : -V, =874.572  kip
ANHA db - tf c
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Accordirg to Table £ of AISC Seismic Design Manual for Column W14X211

. @ar . 2 . .
A%QN' B! in /EMV 5( Ksi

0.750A, OF, =2.325 1C°  kip
fR " 46. kip fR 2 346 Kkip - in

fRo: My +

=587.362  kip
b

We need the columiweb doubler plate.

Size Web Doubler Plate

From Table £ of AISC Seismic Design Manual for Column W14X211 and W27X94 Beam

,g@v: 9.28200( /gm: B.1409( ,"c%: 8.9 in
d, dy
— + — =0.422 Smaller than tw OK
90 90
g&v: 5. in Al%%: %5. in ,'E%: %5 in

& 06OR B Ol 1§ ,
}p‘,\' Ry - s > —aA - t, =0.611 In
) dp A CO.GO:y ade =
Use a 3/4 in thick doubler plate.
Check 6 story building NS directifmint 11

Column Shear in 6 story building NS direcjmint 11

. 8.925 10 Kip -in Vpps: 8887 kip VRespiime : 54.0€  kip

MQ{'
/%W: 24.35¢ in D&: 33012=156 in A%: £3012=156 in /gbv: 23.
My

i t: 9.6
My + Vegs C8p, =9.77 10 kip - in Mpare © My + Vegspime OSp, =9.702 10°
Mf + prrime X
o= P —124.817 kip
hy, b
2 2

The Required Strength of the Panel Zone
. _Mf + prrime

Ry - Ve =713.745  kip

dy - t

277



According to Tabld-2 of AISC Seismic Design Manual for Column W14X211
Ay 8L in Fy: 80 ksi

0.750A, OF, =2.325 10 kip

fR In 46. Kip fR 2 346 Kkip - in

fR 2
fRo: Ry +

=606.77 kip
b

We need the columiweb doubler plate.

Size Web Doubler Plate

From Table £ of AISC Seismic Design Manual for Column W14X211 and W24X76 Beam

A%V: 6. 2500( /gm: B.1409( ,"c%: 8.8 in
d, dy
— +— =0.39 Smaller than tw OK
90 90
g&v: 5. in A%N: %5. in ,'5%: %5 in

8 0-GC]:y @3 Qb dcfz(—;g .a 1 0 )
Lo ZRu- 0 O————a - 1, =0.378 in
& dp 0 cO-60F, &de+
Use a 1/2 in thick doubler plate.
Check 6 story building EW directimint 12

Column Shear in 6 story building EW direcijioint 12
Mp,: 3.498 10 kip - i Vpes: 24.0 kip Vresprime : $9.07  kip
in DJQV: 33012=156 in /uh: 9012=0

Mo My + Vegs Gy, =3.747 10°

%W: 20.32 in quv: 37. in )" .52

Kip - i Mayme.: My *+ Veespime CSh =3.695 10°
Mf + prrime .
.= =95405 Kkip
h, b
— 4+ —
2 2
The Required Strength of the Panel Zone
Mf + prrime .
D= -V, =332.88¢ kip
dp - t

According to Table-2 of AISCe&smic Design Manual for Column W14X211

. ar . Z . .
&QN. 8: in AI,:M 5( ksi

0.750A, CF, =2.325 1G  kip
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2
=655.296  kip
b

We don't need the columveb doubler plate.
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Table B-1: Collected Result for 3 story MF as Bearr-Horizontal Only

T~ O ~ T~ T © T ) Q )

85 | 8% | 8% | BE | B | BRE | £ = =

E £ = < W ‘@ W © W T = c = © = E L E
5 s e 5 EQ | EZ | EZ | ES | EG | ES | S| 25 | €
=] > P »: S5 25 o5 S5 S5 S5 S X< o X g <
) © © < Z 0 2z L Z I Z L Z I Z L Ll c u Ll
= b = = X — X — x — X — X — X — % = R g =
) = 5 - < £ IS < .3 g8 < .3 s S =9 s 9
5 8 S 8 | 22| & | 22| 22| 22| 2R | 58 | 58 | 58
o T L I S = S - S c S c S c 8 © <Be) 8 ©
O] 5 = o) o £ T € o o £ o E o e o X L o

28| B IS ES|ES | E5Es Ta BT 5 |8

281 §8 | 88 | &40 | §0 | &0 | - & &
FFO11 | 5.80% | 7.40% | 8.60% 0.08 0.05 0.02 0.07 0.05 0.02 0.067 | 0.079 | 0.084
FF131 | 3.20% | 2.90% | 4.00% 0.09 0.06 0.02 0.06 0.04 0.02 0.034 0.038 0.063
FF141 | 1.50% | 2.50% | 4.10% 0.08 0.06 0.02 0.07 0.05 0.02 0.007 | 0.019 | 0.027
FF142 | 8.70% | 10.30% | 10.70%| 0.09 0.05 0.02 0.06 0.04 0.02 0.104 | 0.107 | 0.105
FF152 | 3.60% | 3.60% | 3.50% 0.08 0.05 0.02 0.06 0.04 0.02 0.025 0.023 0.034
FF191 | 1.70% | 2.10% | 2.60% 0.09 0.05 0.02 0.06 0.04 0.02 0.007 | 0.009 | 0.015
FF212 1.10% | 1.20% | 1.60% 0.08 0.05 0.02 0.06 0.04 0.02 0.008 0.004 0.018
FF221 | 1.50% | 2.00% | 2.30% 0.08 0.05 0.02 0.07 0.04 0.02 0.024 | 0.013 | 0.030
FF222 | 2.60% 2.70% | 6.30% 0.09 0.05 0.02 0.07 0.05 0.03 0.011 0.022 0.064
NF022 | 0.89% | 1.40% | 2.40% 0.09 0.05 0.02 0.07 0.05 0.03 0.035 0.042 0.065
NFO51 | 2.50% | 3.50% | 3.80% 0.09 0.05 0.02 0.06 0.04 0.02 0.041 | 0.034 | 0.056
NF052 | 1.20% | 1.90% | 2.70% 0.09 0.05 0.02 0.06 0.04 0.02 0.028 0.024 0.040
NF161 | 4.70% | 6.30% | 9.40% 0.09 0.05 0.02 0.07 0.05 0.02 0.034 | 0.071 | 0.097
NF162 | 1.70% | 2.40% | 4.90% 0.09 0.06 0.02 0.07 0.05 0.02 0.008 0.020 0.038
NF172 | 3.60% | 4.70% | 5.10% 0.09 0.05 0.02 0.07 0.04 0.02 0.029 | 0.038 | 0.063
NF212 | 2.70% | 4.20% | 6.00% 0.09 0.06 0.02 0.07 0.05 0.02 0.025 | 0.066 | 0.072
NF221 | 3.10% | 4.00% | 4.20% 0.09 0.05 0.02 0.06 0.04 0.02 0.025 0.027 0.029
NF252 | 3.60% | 3.80% | 3.70% 0.09 0.05 0.02 0.07 0.05 0.02 0.028 | 0.028 | 0.037
NF272 | 2.70% | 3.30% | 4.80% 0.09 0.05 0.02 0.06 0.04 0.02 0.017 0.026 0.039
NF281 | 1.80% | 2.60% | 3.60% 0.09 0.05 0.02 0.07 0.05 0.03 0.083 | 0.083 | 0.097
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2 oz = O | 300 | 20| f20 | 529 | §o9| 29| SE | ¥ | &%
I<4 I<4 I<4 TO| Mmoo ER=) i) k) Fike) 9o ~ 9 XS}
2 | 85 | 35| 25 2483|582 |%82|582|282/232| 58 | 8% | 5%
3 55 | 58S | 58 %%/ 285/ 285/ 288288988 2 | T2 | T
o} o | 2x | Sx |LNg LNgLtNa) NG LNGILNG) 28 | 23 | B
I L L *g;Tug 'gccsg 'Qccsg 78T | 2CT| BEBT H&’ ﬁ&’ 5,3&’

B ° = “ES|NES| ®ES| FES|NES | ®ES

— N ™ (] o o o o o

Z 4 4 Z Z Z
FFO11 0.070 0.082 0.101 0.778 0.892 3.069 0.708 0.756 3.158 1.109 1.269 0.982
FF131 0.032 0.036 0.043 0.892 0.831 3.125 0.794 0.797 3.228 0.698 0.762 1.223
FF141 0.005 0.020 0.043 0.669 0.903 2.658 0.578 0.622 2.786 1.164 1.423 1.584
FF142 0.106 0.109 0.119 0.764 0.858 3.258 0.733 0.833 3.256 0.728 0.727 0.797
FF152 0.028 0.021 0.033 0.981 0.864 2.381 0.800 0.836 2.394 0.630 0.506 0.639
FF191 0.008 0.012 0.023 0.642 0.631 2.186 0.511 0.536 2.214 0.395 0.844 0.567
FF212 0.005 0.001 0.013 0.581 0.525 2.347 0.486 0.486 2.156 0.319 0.338 0.726
FF221 0.021 0.009 0.020 0.597 0.767 2.300 0.544 0.569 2.267 0.576 0.646 0.817
FF222 0.013 0.024 0.081 0.797 0.867 2.742 0.583 0.653 2.847 0.910 1.317 1.612
NF022 0.033 0.039 0.045 0.664 0.650 3.175 0.603 0.608 3.372 0.732 0.693 1.175
NFO51 0.038 0.031 0.039 0.636 0.708 2.794 0.683 0.728 2.978 0.840 0.855 0.751
NF052 0.025 0.021 0.027 0.703 0.819 2.300 0.592 0.650 2.406 0.604 1.000 0.791
NF161 0.037 0.073 0.111 0.739 0.969 3.108 0.708 0.819 3.036 1.343 2.028 1.519
NF162 0.010 0.022 0.062 0.786 0.858 3.222 0.569 0.614 3.278 0.827 0.971 1.497
NF172 0.032 0.040 0.061 0.872 0.944 3.269 0.733 0.750 3.278 1.215 0.736 1.266
NF212 0.024 0.063 0.075 0.883 0.906 3.294 0.639 0.789 3.436 1.536 1.434 1.536
NF221 0.027 0.029 0.044 0.586 0.642 2.794 0.514 0.578 2.794 0.582 0.729 1.145
NF252 0.030 0.025 0.036 0.758 0.789 2.606 0.686 0.706 2.667 1.021 1.280 1.228
NF272 0.019 0.028 0.059 0.708 0.725 3.086 0.667 0.686 3.086 0.596 0.570 0.842
NF281 0.080 0.080 0.08L 0.600 0.681 3.089 0.744 0.725 3.286 0.711 1.118 1.388
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celame | =l 58| 8 g || 8.8 |35.18 |5 |8
5 | Sz | g2 |f2 5 | B | § | E% &g | G5 | o | aE | 92| B
S |25 |28 %5 2 | 2| @ | 2c ac|8c|8:| 85|85 8¢
2 85| BE 8% | 3| 2| % |23 |tS|GE|GE|iEilEilcE
S Lo | L3 | o 2 8 2 S8 | 8@ | &% | & | ©@ | €@ | ©@
O 5 o 208 o8 x x o g2 Lo % 2 L o L2 % 2 L2
< N < M < = 5 - 7] c = 7] c j
— S ® — N ™ — N ™
FFO1l | 0815 0.896| 1.167| 3.30%| 5.10%| 5.20% 0.912| 35.33 | 8550 | 34.07 | 317.13 | 385.72 | 137.65
FF131 | 0.717| 0.679] 1.054| 0.15%| 0.28%| 0.21%| 0.934| 171.92 | 185.34 | 96.65 | 112.01 | 115.68 | 52.51
FF141 | 1.124] 1341 1.427| 0.18%| 1.20%| 0.86%| 1.069| 36.79 | 89.30 | 55.80 | 11.44 | 41.45 | 25.63
FF142 | 0.820| 0.738| 0.846| 530%| 800%| 820% 0.782] 56.22 | 54.04 | 16.17 | 629.35 | 632.62 | 192.76
FF152 | 0.626] 0.670] 0.549| 0.23%| 1.00%| 1.30%| 0.793| 54.07 | 59.47 | 31.96 | 153.05 | 141.38 | 32.33
FF191 | 0563 0539 0.664| 0.28%| 0.26%| 0.16%| 0.634| 33.69 | 3632 | 17.19 | 26.83 | 42.09 | 13.71
FF212 | 0435 0650 0.743| 0.07%| 0.42%| 0.49%| 0.669| 27.12 | 12.44 | 1513 | 868 | 1.95 | 6.19
FF221 | 0.819| 0658 0.572| 1.30%| 1.50%| 0.95% 0.914| 131.07 | 65.68 | 31.03 | 13.22 | 16.50 | 18.81
FF222 | 1096 00970 1.460| 0.75%| 1.10%| 2.80% 1.055| 12.41 | 5461 | 4045 | 76.39 | 133.01 | 104.69
NFO22 | 1.205| 1.100| 1.636] 0.89%| 1.80%| 2.20%| 0.695| 86.63 | 178.24 | 78.08 | 91.51 | 74.99 | 30.34
NFO51 | 0.968| 0.777| 0.941| 1.20%| 0.86% 0.64%| 0.989| 178.24 | 141.60 | 74.15 | 127.38 | 129.66 | 45.53
NFO52 | 0.860| 0.688| 0.854| 0.41%| 0.36%| 0.49%| 0.924| 95.11 | 88.91 | 54.73 | 54.05 | 61.49 | 22.83
NF161 | 1.200| 1.152| 1.239] 2.70%| 4.90%| 5.60%| 0.993| 16.13 | 64.49 | 52.81 | 103.17 | 294.33 | 110.85
NF162 | 0.636| 1.072| 1.591| 0.02%| 0.15%| 0.68%| 0.968| 31.21 | 10558 | 47.69 | 31.84 | 93.56 | 61.18
NF172 | 1.023| 0.763] 1.318] 0.93%| 1.00%| 0.18%| 0.988| 183.69 | 250.37 | 123.58 | 53.74 | 77.74 | 57.79
NF2:2 | 1.107| 0985 1.131] 0.87%| 2.80%| 2.40%|  0.99| 165.83 | 466.56 | 149.05 | 68.59 | 107.37 | 51.96
NF221 | 0.629| 0.724| 1.081] 1.00%| 1.40%| 1.50%| 0.809| 43.87 | 44.49 | 2293 | 77.68 | 88.53 | 29.46
NF252 | 0932 0.998| 1.334| 0.39%| 0.21% | 0.11%| 0.598| 239.80 | 197.48 | 59.16 | 64.68 | 77.00 | 26.49
NF272 | 0.808| 0.926| 0.935| 0.33%| 0.41%| 0.49%| 0.895 76.95 | 120.85| 52.54 | 81.45 | 117.81 | 78.54
NF281 | 0.863] 1.065| 1.716] 4.30%| 6.50%| 6.70%| 0.718] 448.80 | 478.45 | 150.92 | 35.44 | 39.69 | 17.94
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Table B-2: Collected Reault for 3 story MF as beant-Horizontal+ Vertical

= xe} = ke Q
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=} @ o] @ pdi Z 9 Z O Z 0L zZ L Z L Q0 i Q0
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= LL LL 8: o < 8: 8C OC 8C o 2 QO o O
O 1 2 ° 2 E T E 2 £ ° E T E ° £ T X o T X
- S ™ ol 5 | B35 | &3 s | T3 | = o
%o T3 ° 5 7 © T35 T o @ c =
— O ~ O ™ O — O ~ © ™ O N ™

FFO11 5.80%| 7.40%| 8.60% 0.10 0.07 0.03 0.12 0.08 0.04 0.067 0.079 0.082

FF131 2.90%| 2.60%| 3.70% 0.14 0.09 0.04 0.06 0.04 0.02 0.031 0.040 0.066

FF141 1.50%| 2.50%| 4.10% 0.10 0.06 0.02 0.07 0.05 0.02 0.008 0.019 0.030

FF142 8.70%| 10.30%| 10.70% 0.10 0.06 0.02 0.06 0.04 0.02 0.099 0.102 0.100

FF152 3.60%| 3.60%| 3.60% 0.15 0.10 0.04 0.06 0.04 0.02 0.025 0.023 0.034

FF191 1.70%| 2.20%| 2.60% 0.09 0.06 0.02 0.09 0.06 0.03 0.007 0.010 0.016

FF212 1.10%| 1.20%| 1.60% 0.08 0.06 0.02 0.17 0.11 0.04 0.008 0.004 0.017

FF221 1.50%| 2.00%| 2.30% 0.11 0.07 0.03 0.12 0.08 0.04 0.023 0.015 0.036

FF222 2.60%| 2.70%| 6.30% 0.10 0.06 0.03 0.12 0.09 0.04 0.011 0.022 0.067

NF022 0.93%| 1.50%| 2.40% 0.10 0.06 0.02 0.14 0.10 0.05 0.036 0.042 0.066

NF051 2.60%| 3.60%| 3.90% 0.14 0.09 0.03 0.16 0.11 0.04 0.040 0.035 0.052

NF052 1.30%| 2.10%| 2.80% 0.12 0.08 0.03 0.16 0.11 0.04 0.026 0.023 0.039

NF161 4.60%| 6.10%| 9.40% 0.13 0.08 0.03 0.27 0.21 0.11 0.033 0.068 0.098

NF162 1.60%| 2.30%| 4.70% 0.11 0.08 0.03 0.18 0.13 0.07 0.008 0.021 0.036

NF172 3.60%| 4.70%| 5.10% 0.09 0.06 0.03 0.15 0.11 0.06 0.029 0.037 0.063

NF212 2.70%| 4.10%| 5.90% 0.10 0.07 0.03 0.15 0.10 0.05 0.025 0.067 0.075

NF221 3.10%| 4.00%| 4.20% 0.10 0.06 0.03 0.11 0.08 0.04 0.026 0.027 0.028

NF252 3.60%| 3.80%| 3.70% 0.10 0.06 0.02 0.10 0.07 0.04 0.027 0.027 0.037

NF272 2.60%| 3.20%| 4.80% 0.10 0.06 0.02 0.10 0.07 0.04 0.016 0.026 0.039

NF281 1.80%| 2.60%| 3.50% 0.09 0.06 0.02 0.11 0.07 0.04 0.082 0.082 0.097
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e | E | E | <CC| x:E| xSE| xEC| 56| 5:E
s | & | S| £_|280/ 2802808821282 282 50| 5e | 3E
§ | B2 | 82 | 5z |55%|§8%| 525 558|528 (528 5L | 5L | 5L
= | §5 | S5 | 85 |25%|@cT |0 |a0T @80T 22 | 52 | 38
g | 22 | 22 | 2% | 53§/ 5%%| 58| 588|58¢8|588 85| 8¢ | 8¢
3 55 | S5 | 88 |20 | 2NB| 20|22 |22G| 228 og | Eg | Ly
o | 8= | €| 82 585 E8 LS 0ad 5|08 48 2R | 58
= o = 2*2 C%LE 5“2 g E ISE= & £ — g N ™M g

gz |2 | B Se|V8e ™3 "22|V8g "3
FFO11 0.070 0.082 0.101 0.850 0.939 3.936 0.750 0.828 3.869 1.491 2.043 2.276
FF131 0.029 0.037 0.042 1.242 1.442 5.514 1.500 1.889 5.394 8.218 9.924 7.163
FF141 0.005 0.020 0.041 0.864 0.928 3.303 0.828 1.017 3.258 5.000 4.817 4.120
FF142 0.101 0.105 0.114 1.092 0.994 3.539 1.078 1.167 3.656 4,955 4,799 4115
FF152 0.028 0.021 0.033 1.286 1.194 4.256 1.147 0.836 4.006 4716 5.065 6.629
FF191 0.009 0.012 0.023 0.669 0.675 2.658 0.556 0.586 2.664 0.715 0.909 1.383
FF212 0.005 0.001 0.013 0.583 0.711 2.339 0.753 1.028 2.442 3.289 4.078 2.313
FF221 0.022 0.012 0.023 0.794 1.103 3.836 0.778 0.936 3.517 2.880 3.759 4.604
FF222 0.013 0.025 0.079 0.889 0.903 3.769 0.714 0.864 3.708 2.740 3.461 3.851
NF022 0.033 0.039 0.045 0.758 0.714 3.308 0.683 0.692 3.439 3.607 3.854 3.281
NFO051 0.037 0.032 0.041 1.381 1.394 3.222 1.250 1.297 3.194 5.660 5.963 3.854
NF052 0.023 0.021 0.029 0.956 1.150 3.072 1.025 1.267 2.994 5.449 5.675 4.109
NF161 0.035 0.070 0.110 0.861 1.061 3.458 0.853 1.139 3.489 4712 6.010 5.332
NF162 0.010 0.022 0.056 0.847 1.006 3.417 0.811 1.031 3.297 3.852 3.218 3.412
NF172 0.031 0.040 0.062 0.944 0.997 3.867 0.869 1.014 4,133 3.104 3.297 4.836
NF212 0.023 0.064 0.078 0.897 0.867 3.950 0.764 0.794 4.164 2.771 2.628 4.067
NF221 0.027 0.029 0.052 0.719 0.792 3.417 0.717 0.836 3.519 3.581 3.170 3.403
NF252 0.030 0.026 0.036 0.769 0.817 2.844 0.744 0.803 2.839 1.688 2.098 1.800
NF272 0.018 0.028 0.056 0.733 0.789 3.231 0.672 0.761 3.236 1.335 1.407 1.870
NF281 0.080 0.080 0.080 0.683 0.694 3.347 0.722 0.742 3.428 2.371 2.467 2.123
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s | 82| 82 | & | g & & 52 | §5 |g &| 85 | EE |8 £

S | 25| 85| %5 | . |=_|3.| 88 |g% | Tar gy | 4% It

- 5 R 5 ® 5% S E -_‘73)': S E c O x 2 s x = ISBoR=

S oz | o3 | 95 | 0 | 80 | go | T2 | 58 |58 58 | 53 |£g§8

S %8| =28 8|S |z |5 |88 c8 |2 g 8|28 B

© A2 | &< | &< | & IS & r< | 28 |Y 4| ga | go | Y B
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FFO11 2.004 2.052 2.729| 3.30%| 5.10%| 5.20% 0.919| 35.36 84.45 31.92 317.39 | 382.79
FF131 9.415| 15.016 7.463| 0.26%| 0.49%| 0.43% 1.243| 152.16 | 16855 90.65 105.60 | 127.87
FF141 6.500 8.758 6.338| 0.18%| 1.20%| 0.86% 1.090| 39.24 91.97 59.97 11.87 41.32
FF142 6.471 8.751 6.305| 5.30%| 8.00%| 8.20% 0.841| 52.28 52.77 16.37 581.36 | 582.00
FF152 6.419 6.178 5611 0.26%| 0.96%| 1.10% 0.920| 54.22 59.57 39.27 15515 | 143.24
FF191 1.013 1.042 1.948| 0.27%| 0.27%| 0.17% 0.643| 34.07 38.26 17.46 27.32 41.86
FF212 5.608 8.923 3.591| 0.07%| 0.42%| 0.48% 0.809| 26.98 13.08 15.00 8.54 1.99
FF221 2.895 3.796 3.965| 1.30%| 1.60%| 1.10% 0.988| 124.22 69.41 33.26 14.43 23.01
FF222 2.669 4.076 4105 0.74%| 1.10%| 2.70% 1.042| 11.69 54.27 4477 76.12 133.76
NF022 2.801 3.952 4373 0.85%| 1.80%| 2.10% 0.699| 84.84 178.64 | 80.52 94.64 78.31
NFO051 7.138 8.331 3.779 1.10% 0.73% 0.57% 1.163| 179.84 | 145.59 66.72 137.61 | 143.62
NF052 6.683 8.535 4.206] 0.29%| 0.20%| 0.36% 1.173| 92.46 96.79 56.19 51.24 65.27
NF161 1.200 1.152 1.239| 2.60%| 4.70%| 5.50% 1.131| 17.42 64.93 54.85 104.19 | 289.50
NF162 5.265 6.665 5.609| 0.00%| 0.22%| 0.55% 1.000| 31.95 110.04 | 46.52 31.65 93.86
NF172 4,208 6.287 5730 0.91% 1.00%| 0.16% 0.956| 184.16 | 248.16 | 125.17 54.57 77.63
NF212 3.943 3.019 4759 0.92%| 2.90%| 2.60% 1.022| 171.35 | 469.41 | 155.51 66.74 107.52
NF221 3.395 4,891 3.632 1.00%| 1.50%| 1.60% 0.859| 45.60 44.94 20.98 80.32 90.41
NF252 1.702 2.440 2.855| 0.35%| 0.15%| 0.05% 0.665| 237.66 | 195.40 | 57.69 63.16 75.07
NF272 1.921 2.358 2.067| 0.28%| 0.33%| 0.40% 0.912| 77.01 127.73 | 57.89 79.18 114.03
NF281 2.230 3.355 3.269| 4.20%| 6.50%| 6.70% 0.708| 447.04 | 477.36 | 150.81 35.45 39.82
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Table B-3: Collected Result for 3 story MF & Girder--Horizontal Only
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IS a e a ES | ET | ET | 28 | ES | ES | Lt | 2 | €
= < oS < o = O = O = = = o = o = c X pre < X
o 3 < < ZQ Z 0 ZQ o2 ZQ z° O ) <N O )
S| 8| &) &g 2k gk Zk) 222828 B0 BO | B0
5 = = = ST | 83 | IE %8 S | 38 | 85| s5 | =S8
= | 5| 8| 5 |25 |35 2% 8% 3z |=3) 28|38 3%
o L TR L S - S ¢ S - o c S c = 8% o0 8o
Q) 7 ° e o £ T E o = o £ T € 2 £ o X oL oL X

A q ™ LS| 532 | §3 =2 =2 | L2 | 7 = =

53| &8 | #8 | 40 | §O0 | 80 | & &
FFa-1 5.30% | 6.60% | 8.20% 0.05 0.04 0.02 0.11 0.09 0.06 0.047 0.065 0.069
FF131 1.90% | 2.60% | 2.90% 0.05 0.04 0.02 0.11 0.09 0.06 0.047 0.075 0.095
FF141 1.70% | 2.70% | 3.40% 0.05 0.04 0.02 0.11 0.09 0.06 0.005 0.015 0.028
FF142 | 4.40% | 5.00% | 5.70% 0.05 0.04 0.02 0.10 0.09 0.06 0.032 0.032 0.039
FF152 | 2.00% | 3.00% | 3.60% 0.05 0.04 0.02 0.11 0.08 0.06 0.033 0.044 0.067
FF191 2.80% | 3.30% | 3.00% 0.05 0.03 0.02 0.11 0.08 0.06 0.037 0.037 0.040
FF212 1.10% | 1.30% | 1.90% 0.04 0.03 0.02 0.11 0.08 0.06 0.008 0.008 0.0
FF221 1.60% | 2.50% | 2.90% 0.04 0.03 0.02 0.10 0.08 0.06 0.018 0.013 0.025
FF222 | 250% | 2.70% | 5.60% 0.05 0.04 0.02 0.11 0.09 0.06 0.006 0.016 0.036
NF022 | 0.70% | 1.10% | 1.20% 0.05 0.03 0.02 0.11 0.09 0.06 0.063 0.071 0.078
NFO51 | 4.50% | 6.00% | 6.50% 0.05 0.03 0.02 0.11 0.08 0.06 0.035 0.044 0.043
NF052 | 4.70% | 5.50% | 5.50% 0.05 0.04 0.02 0.12 0.08 0.06 0.035 0.033 0.032
NF161 | 8.70% | 9.70% | 11.20% 0.05 0.04 0.02 0.11 0.11 0.09 0.084 0.091 0.099
NF162 | 1.50% | 2.10% | 4.20% 0.05 0.04 0.03 0.11 0.09 0.06 0.007 0.019 0.033
NF172 | 3.60% | 3.90% | 4.30% 0.05 0.03 0.02 0.11 0.08 0.06 0.020 0.026 0.062
NF212 | 2.30% | 3.60% | 4.80% 0.05 0.04 0.02 0.11 0.08 0.06 0.011 0.042 0.063
NF221 | 3.00% | 4.90% | 5.80% 0.05 0.04 0.02 0.11 0.09 0.07 0.020 0.032 0.035
NF252 | 7.10% | 8.50% | 8.70% 0.05 0.03 0.02 0.11 0.08 0.06 0.073 0.077 0.070
NF272 | 1.80% | 2.90% | 3.30% 0.05 0.03 0.02 0.10 0.08 0.05 0.025 0.037 0.061
NF281 | 3.10% | 3.40% | 3.60% 0.04 0.03 0.01 0.10 0.09 0.06 0.099 0.100 0.107
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7 c ° = © NES|PE=S| 20 NE=Z|MEZ=
S e (kg | 27| 27|53 | 27| 2
g3 = s
FFO11 0.064 0.080 0.094 4,792 5.000 8.239 1.489 1.647 3.647 0.435 0.651 1.911
FF131 0.049 0.078 0.084 3.333 3.622 8.797 1.497 1.589 3.719 0.877 0.701 2.136
H141 0.011 0.021 0.032 3.328 4.086 8.272 1.286 1.353 3.272 1.119 1.113 2.778
FF142 0.048 0.048 0.068 4.425 4.481 7.486 1.469 1.436 3.769 0.679 0.722 2.324
FF152 0.035| 0.046| 0.043| 3.486| 3.900| 8.289 1.469| 0.836| 3.825| 0.782| 0.698| 2.569
FF191 0.038 0.03 0.029 3.636 3.622 6.942 1.233 1.225 3.128 0.364 0.422 1.353
FF212 0.007 0.008 0.016 2.325 2.822 6.631 1.036 1.194 2.808 0.561 0.524 2.403
FF221 0.016 0.017 0.026 3.247 3.561 6.958 1.153 1.175 2.947 1.244 0.591 1.147
FF222 0.016 0.027 0.074 3.708 4194 8.425 1.197 1.267 4.172 1.122 1.363 1.811
NF022 0.064 0.073 0.070 2.436 2.547 4.525 1.256 1.314 3.792 0.402 0.555 0.727
NF051 0.053 0.064 0.074 4.508 4.856 7.481 1.503 1.478 3.389 0.813 0.696 1.734
NF052 0.054 0.050 0.068 4.406 4.444 8.856 1.556 1.553 4.100 0.882 0.665 3.11
NF161 0.100 0.107 0.131 5.508 6.042 9.542 1.681 1.542 3.344 1.54 1.78 1.897
NF162 0.010 0.022 0.046 3.033 4.050 8.811 1.083 1.181 3.114 0.689 0.905 3.157
NF172 0.032 0.039 0.041 4311 4.342 7.281 1.317 1.347 3.556 0.711 0.732 1.436
NF212 0.024 0.041 0.059 3.867 4.331 7.783 1.256 1.453 3.808 0.881 0.912 2.964
NF221 0.033 0.052 0.072 3.847 4.836 7.803 1.131 1.303 4.467 0.96 0.651 2.501
NF252 0.088 0.093 0.096 5.008 5.275 6.878 1.489 1.394 3.583 0.268 0.632 0.785
NF272 0.025 0.038 0.039 3.328 3.667 6.431 1.217 1.314 3.494 0.555 0.658 15
NF281 0.104 0.104 0.098 3.833 3.681 6.175 1.478 1.400 3.572 0.477 0.565 0.591
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ool | B | 8| 3 5 |3 |3 |3 | B |8

S |25 25|28 2 | 2 % | 82 | B | 25|85 |95 85|85

2 5% | 8E |88 £ | 2| 2 | 23 | Tg | 58| Ly | g | 58| TE

S 290 T 20 2 G 2 = oo 8 2 = = 8= S

o ) ) ) 2 3 @ S O % S5 oG o'® on o®

o % 3 28 T 8 x x x g2 w2 L .0 L2 L 2 e L 2

— < N < ™ <L o -g © 3 (a) '8 o) g o) g -g g
— ~ ™ N N

FFO11 0.62| 0.979| 0.775| 3.20%| 5.40%| 5.70% 0.869| 9.67 | 30.70 | 2855 | 143.07 | 220.79 | 121.20
FF131 | 0.855| 0.565| 1.006| 2.60%| 4.30%| 4.60% 0.857| 100.29 | 167.31 | 104.49 | 17.22 | 52.16 | 38.99
FF141 | 0.788| 0.702| 0.99| 0.59%| 1.50%| 1.20% 1.072| 393 | 11.44 | 2092 | 982 | 27.18 | 22.56
FF142 | 0.507| 0.397| 0.547| 0.22%| 0.11%| 0.20% 0.728| 58.89 | 50.94 | 31.51 | 128.89 | 140.48 | 88.06
FF152 | 0.474| 0.411| 0.689| 1.10%| 1.80%| 2.00% 0.921| 18.79 | 4024 | 53.93 | 86.54 | 100.70 | 44.31
FF191 | 0.271| 0.417| 0.455| 0.83%| 1.30%| 1.30% 0.579| 67.41 | 78.94 | 3567 | 61.62 | 65.74 | 24.41
FF212 | 0.391| 0.538| 0.839| 0.41%| 0.66%| 0.64% 0.731| 675 | 9.09 | 1224 | 16.92 | 2027 | 17.62
FF221 | 0587| 052| 0581 0.52%| 0.66%| 0.34% 0.85| 3643 | 2342 | 888 | 31.20 | 38.94 | 27.81
FF222 | 0.596| 0.655| 1.411| 0.50%| 0.64%| 1.20% 1.114| 222 | 1412 | 37.28 | 4112 | 7755 | 83.09
NF022 | 0576 0.633| 0.826| 2.70%| 4.60%| 4.90% 0.577| 122.82 | 156.78 | 76.31 | 2852 | 32.07 | 18.36
NFO051 0.47| 0534| 0517| 1.90%| 3.10%| 3.30% 0.763| 24.97 | 3142 | 24.60 | 146.96 | 204.19 | 113.71
NF052 | 0.391| 0.474| 1.049| 0.78%| 1.10%| 1.20% 0.725| 48.78 | 40.22 | 26.13 | 128.36 | 121.01 | 69.48
NF161 | 0.903| 0.874| 0.738| 5.50%| 8.20%| 8.20% 1.04| 12.49 | 1823 | 23.23 | 235.00 | 245.71 | 145.18
NF162 0.39| 0.69| 0.799| 0.24%| 0.44%| 0.12% 0.948| 598 | 2213 | 2563 | 2561 | 67.17 | 51.52
NF172 | 0.492| 0.444| 0.804| 0.15%| 0.21%| 1.20% 1.165| 81.37 | 105.43 | 91.45 | 42.12 | 59.45 | 34.28
NF212 | 0.942| 0.807| 0.72| 0.00%| 1.40%| 2.00% 1.044| 19.30 | 80.61 | 88.85 | 2562 | 79.39 | 53.89
NF221 | 0.487| 0556 1.395| 1.20%| 2.30%| 2.50% 0.684| 10.98 | 2453 | 1859 | 23.76 | 55.75 | 46.95
NF252 | 0.466| 0.71| 0.706| 4.50%| 7.00%| 7.20% 0.53| 11.33 | 12,62 | 5.87 | 190.04 | 215.82 | 106.47
NF272 | 0.375| 0.438| 0524 0.63%| 1.10%| 1.20% 0.759| 4351 | 5550 | 43.26 | 47.97 | 81.34 | 4535
NF281 | 0.726| 0.489| 0.952| 5.00%| 7.60%| 7.80% 0.568| 231.39 | 240.43 | 116.76 | 53.24 | 46.10 | 25.67
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Table B-4: Collected Result for 3 story MF as Girder-Horizontal+ Vertical

O —~ —~ T —~ T ~ o O [)) Q ()
25 | g% | 8% | B2 | 32| R | & 5 £
= E = < W == © W T = © = © = E i E
5 S S 5 | EZ| EZ| EZ| E¥ | EEB | EZ| st | 2| £E
= x x > o5 S5 o5 o5 ©5 o5 o X @ X G X
S] @ a @ z 9 o z° Z 0L zZ L Z L o0 cu Q0
= = = = x = <L - X — X — — = =1 £
° = = = T ST s T < .S S S 38 25 S0 25
c o o o S % g~ S % s % s % S % =2 = ==
e [T L L o = O o c 8 c o c 8 ®© o O 8o
Qo 3 . - o c T € 2 = S £ T E o = o L o
S8 | 8 g5 g5 s es [ ES | E5 R |5 | g
53 | &8 | &8 | 30 | §o | 50 | - S &
FFO11 5.20%| 6.60%| 8.10% 0.06 0.05 0.02 0.17 0.14 0.10 0.045 0.063 0.064
FF131 1.80%| 2.50%| 2.90% 0.09 0.05 0.02 0.24 0.22 0.13 0.032 0.040 0.069
FF141 1.70%| 2.60%| 3.30% 0.06 0.04 0.03 0.18 0.17 0.11 0.005 0.016 0.026
FF142 4.40%| 5.00%| 5.70% 0.06 0.04 0.02 0.18 0.17 0.11 0.032 0.032 0.041
FF152 1.60%| 2.70%| 3.50% 0.10 0.06 0.03 0.24 0.20 0.14 0.080 0.086 0.092
FF191 2.70%| 3.20%| 3.00% 0.05 0.03 0.02 0.12 0.11 007 0.036 0.036 0.042
FF212 1.10%| 1.30%| 1.80% 0.09 0.06 0.03 0.29 0.27 0.17 0.009 0.008 0.023
FF221 1.60%| 2.40%| 2.90% 0.07 0.05 0.02 0.18 0.17 0.11 0.021 0.018 0.032
FF222 2.30%| 2.50%| 5.30% 0.07 0.05 0.02 0.16 0.16 0.11 0.006 0.019 0.034
NF022 0.71%| 1.10%| 1.20% 0.05 0.03 0.02 0.15 0.13 0.08 0.063 0.070 0.081
NFO051 5.20%| 6.60%| 6.90% 0.06 0.04 0.02 0.16 0.15 0.10 0.046 0.059 0.043
NF052 4.80%| 5.80%| 6.10% 0.07 0.05 0.03 0.16 0.16 0.10 0.041 0.039 0.042
NF161 8.70%| 9.80%| 11.20% 0.06 0.04 0.02 0.20 0.18 0.12 0.085 0.092 0.100
NF162 1.50%| 2.10%| 4.30% 0.06 0.05 0.03 0.15 0.15 0.09 0.006 0.016 0.029
NF172 3.60%| 3.90%| 4.30% 0.06 0.04 0.02 0.17 0.15 0.10 0.020 0.026 0.064
NF212 2.30%| 3.70%| 4.80% 0.08 0.06 0.03 0.24 0.23 0.15 0.011 0.043 0.065
NF221 2.90%| 4.80%| 5.70% 0.05 0.04 0.02 0.14 0.14 0.10 0.022 0.037 0.037
NF252 8.00%| 9.40%| 9.70% 0.06 0.04 0.02 0.14 0.13 0.09 0.083 0.086 0.080
NF272 1.70%| 2.80%| 3.10% 0.07 0.04 0.02 0.16 0.13 0.09 0.030 0.045 0.072
NF281 3.10%| 3.50%| 3.70% 0.06 0.04 0.02 0.16 0.15 0.10 0.098 0.097 0.105




i) (o)) (o)) N oD (3] D
2 e 2 T S S T S S
T < a §% ><E’|: c>\'.<SE’|: E% S E ~ éEA . . .
s | S~ | S| S~ |28 |S535 /25028 |28z|=28z2| 8% | 8% | 8%
= c SE cbE | x3Z OX| EBX| x2 ECX| EBX| EUW =gty £ W
o c Z QZ CZ |85 | B2y | 529 | 85~ | 829|829 | ST =4 =1
= ES | EE | ET |23k |8%5|8%8| =225 852 |8%2| 28 | 28 | 28
2 | 22| 28| 3¢g |gsL 502|508 £ 509 502 58 | SE | BF
3 5S | 58 | 58 | 2S5®| 285|285 &= | 28§86 g | T2 | T2
= o x (_30: O x o c L Ng|LNg| 0Oc L NQ| L NS PVIS T O S O
= - 9B cE_'g EE_'Q S5 cE.'E LE.'E — g N < Mg
% c ° = O NES| MES| 85 NEZS| MEZ=
SO S e Jtg | BT BT %g | 2T ¢
20 < 20
FFO11 0.063 0.080 0.095 5.333 5.644 9.061 1.931 1.997 5.225 2.977 2.496 2.445
FF131 0.032 0.038 0.056 6.461 6.536 9.314 2.964 3.489 7.989 6.661 7.124 3.526
FF141 0.011 0.018 0.031 3.986 3.722 8.486 1.853 1.914 4.317 2.378 2.177 3.571
FF142 0.051 0.048 0.064 5.269 5.033 8.308 2.333 2.189 5.039 2.034 2.238 2.386
FF152 0.083 0.090 0.083 4,972 5.289| 10.197 2.878 3.097 6.725 5.912 6.277 4.242
FF191 0.038 0.038 0.030 3.867 3.714 6.656 1.347 1.394 3.317 1.223 1.256 1431
FF212 0.007 0.006 0.020 3.678 3.522| 11.350 2.053 2.275 6.406 3.818 4.330 6.385
FF221 0.016 0.019 0.032 3.481 3.867 6.497 1.997 1.953 5.072 4,192 3.676 3.827
FF222 0.015 0.024 0.081 4.822 5.336 9.750 2.200 2.294 6.583 3.689 4,199 3.685
NF022 0.063 0.072 0.070 2.514 2.625 4.833 1.600 1.519 3.789 1.602 1.801 1.766
NF051 0.064 0.073 0.075 5.403 5.978 7.731 2.183 2.208 4.228 2.513 3.133 3.052
NF052 0.060 0.059 0.073 5.358 5572 8.719 2.378 2.006 4.539 2.478 3.368 3.843
NF161 0.101 0.109 0.129 5.675 6.678 9.344 2.147 2.183 4.642 2.559 2.521 2.513
NF162 0.010 0.022 0.045 3.161 4,139 8.300 1.978 2.122 4.325 2.197 1.908 3.073
NF172 0.032 0.040 0.046 4.464 4.544 7.781 1.933 2.150 5.864 2.717 2.681 2.945
NF212 0.022 0.040 0.066 3.892 5.475| 10.903 2.125 2.719 7.225 2.606 3.599 5.497
NF221 0.034 0.050 0.072 4.614 4.842 8.283 2.114 2.153 4.675 2.0@ 1.987 3.156
NF252 0.098 0.102 0.106 5.608 5.961 7.964 1.731 1.683 5.114 2.159 2.426 1.251
NF272 0.029 0.042 0.047 3.761 4.114 6.856 1.839 2.267 5.192 2.828 2.799 2.549
NF281 0.102 0.102 0.101 4.375 4.392 7.244 1.600 1.669 3.592 2.825 2.714 1.325
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s | 82 | e | § 3 - Y~ | 5~ ]| 8~ | 50| 5~] 8~ ] 5~

S | g2 |2 |£2 |86 |2 | & | E2 |4y wg|aog |Gz | oz az
S | 25| 28|28 S| S2| 3. %S¢ 8% |8%|8%5 |85 |35 23
2 | g% | 8% | 8% | 35 | 35 | 85| 25 | T | 5% | F® | s 5§ | L%
3 g | Lg | g | @ o & 58 | 82 | 82 | 82 | 8% | 8% | 8%
6 | %S| 28|88 |3 |2 |z | &2 |L& | G&E| L& L5 | %5 5s

™ i 4 5 & K & &

FFO11 2.17 2.192 3.731| 3.20%| 5.30%| 5.60% 0.866| 9.56 29.76 24,42 | 142.33 | 219.52 | 129.93
FF131 5.788 5.723 5.412| 0.53%| 0.80%| 1.00% 1.034| 91.25 107.70 | 89.39 37.26 54.26 34.28
FF141 3.715 4.343 4.113| 057%| 1.40%| 1.20% 1.095| 4.94 17.64 20.27 11.01 23.20 22.63
FF142 3.681 4.338 4.063| 0.20%| 0.16%| 0.24% 0.734| 57.85 51.61 32.42 137.73 | 136.80 | 93.68
FF152 5.631 4.68 4.66| 4.40%| 6.60%| 6.80% 0.782| 190.27 | 227.27 | 119.84 | 19.58 24.60 12.40
FF191 1.351 1.438 1.124| 0.86%| 1.30%| 1.40% 0.542| 66.22 76.66 34.59 60.58 64.55 25.02
FF212 5.059 5.312 5.649| 0.35%| 0.56%| 053% 0.855| 9.38 9.68 21.91 19.36 20.49 20.81
FF221 3.45 3.177 3.939| 0.52%| 0.68%| 0.48% 0.935| 40.57 27.77 9.54 30.53 36.84 46.52
FF222 3.996 3.435 5.414| 0.38%| 0.51%| 0.90% 1.096| 2.02 18.80 38.11 47.29 63.12 76.90
NF022 2.792 3.187 2.355| 2.60%| 4.40%| 4.80% 0.615| 120.74 | 153.76 | 76.34 29.22 33.27 19.42
NF051 3.53 3.435 3.261| 3.20%| 5.20%| 5.50% 0.786| 11.64 14.25 7.08 160.35 | 19142 | 99.34
NF052 3.875 4.26 2.891| 1.60%| 2.50%| 2.60% 0.689| 40.82 29.67 27.53 146.52 | 155.62 | 80.30
NF161 3.607 3.808 4686 5.70%| 8.50%| 8.40% 1.046| 12.24 18.98 22.33 | 246.84 | 245.31 | 141.20
NF162 3.376 3.12 3.273| 0.18%| 0.36%| 0.04% 0.972| 5.33 21.13 28.35 24.52 65.60 52.71
NF172 3.734 3.902 3.515| 0.31%| 0.06%| 0.89% 1.137| 76.44 | 10453 | 87.09 45.72 64.02 40.01
NF212 4373 4.682 5.435| 0.02%| 140%| 2.00% 1.109| 25.51 82.36 107.12 | 29.65 74.01 54.86
NF221 4.261 3.385 3.245| 1.20%| 2.20%| 2.40% 0.644| 12.88 32.44 23.58 27.34 54.22 49.29
NF252 1.597 1.679 2.377| 5.10%| 8.00%| 8.10% 0.593| 12.66 14.32 6.93 196.53 | 228.19 | 112.79
NF272 1.718 1.949 2.766| 0.%49% 1.50%| 1.70% 0.829| 62.25 86.57 63.99 41.57 67.61 40.31
NF281 1.838 1.935 2.425| 4.90%| 7.50%| 7.70% 0.6| 233.16 | 237.82 | 116.00 | 53.19 47.54 29.71
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Table B-5: Collected Result for 3 Story Braced Frame Chevron--Horizontal Only

s | = | 5| E | 9| g% | gy | ¥% | =% | £% | fg | £Q | EC

S 9| 5| 5 | 8% 58|58 BE 55|58 |gL| 55 et

= g = § | 2E8 | € | 28 | 2L | gL | 2@ | 55 | 2% | 5%

S = - = T S 3 T T G c ® T ® Z @ € x £

s | 8 | & | 8 | 2F| %% | 23| 22 | 22| 22 | gE | e w8

o [T L T S - S ¢ O < S c = o < m § o 8 ) 8

© Z 2 = CE | CE | CE| 2E |CE | 2E | 58 | &3 | 2=

- ~ © -2 | -2 | -2 25 % | oo | 2 % | o%

53| &8 | #8 | 40 | §0 | 0 | &L ST | &<

(7]
L |

FFO11 4.10%| 2.80%| 1.80% 0.39 0.18 0.05 041 0.20 0.06| 26.326| 20.115| 14.605
FF131 1.70%| 1.30%| 1.80% 0.33 0.17 0.05 0.43 0.21 0.07| 13.542| 10.320| 14.467
FF141 1.90%| 1.60%| 1.40% 0.32 0.15 0.04 0.39 0.20 0.08| 13.126| 11.255| 12.471
FF142 2.20%| 1.60%| 1.40% 0.31 0.14 0.03 0.37 0.19 0.07| 16.284| 11.715| 10.943
FF152 0.72%| 0.37%| 0.42% 0.31 0.16 0.04 0.40 0.21 0.07| 15.195| 10.730 8.652
FF191 1.60%| 1.10%| 0.64% 0.29 0.13 0.03 0.34 0.17 0.05| 13.268| 10.400 7.948
FF212 0.87%| 0.78%| 0.45% 0.29 0.14 0.03 0.32 0.17 0.05 7.016 7.125 5.786
FR2-1 1.30%| 1.10%| 1.10% 0.31 0.15 0.04 0.36 0.19 0.06| 12.089| 10.160| 10.795
FF222 1.90%| 1.90%| 1.90% 0.35 0.17 0.04 0.41 0.21 0.07| 12.242| 14.490| 13.914
NF022 0.53%| 0.20%| 0.17% 0.31 0.14 0.03 0.38 0.18 0.05| 21.711] 15.300| 10.286
NFO51 5.40%| 4.10%| 3.00% 037 0.16 0.03 0.35 0.19 0.06| 34.332| 25.010| 20.262
NF052 2.30%| 1.60%| 0.96% 0.31 0.14 0.04 0.39 0.20 0.06| 15.326| 11.275 8.171
NF161 3.90%| 4.20%| 4.00% 0.40 0.18 0.05 0.37 0.19 0.06| 24.874| 26.720| 26.114
NF162 2.80%| 2.20%| 2.50% 0.36 0.17 0.05 0.45 0.25 0.09 19.826| 16.125, 17.305
NF172 3.10%| 2.80%| 2.60% 0.36 0.16 0.03 0.43 0.21 0.07| 20.263| 18.380| 17.852
NF212 2.90%| 2.30%| 2.00% 0.35 0.17 0.05 0.45 0.21 0.07| 18.158| 15.275| 17.024
NF221 3.00%| 1.80%| 0.91% 0.28 0.14 0.04 0.37 0.19 0.06| 18.689| 12.030 6.986
NR25-2 0.63%| 0.93%| 0.98% 0.29 0.13 0.02 0.35 0.17 0.05 7.447 8.820 9.224
NF272 4.20%| 3.60%| 2.90% 0.37 0.16 0.03 0.38 0.19 0.06| 28.847| 23.510| 18.967
NF281 2.50%| 1.50%| 0.73% 0.27 0.13 0.03 0.38 0.18 0.05| 16.311| 10.090 5.519




F (s 3 _[38 [ s [23 [383 [ 2 [33
.| 82 | SE |Eg |85c|Es | E5 |8Sc|lE5 | -2 | w0 | =p
s | 2E | EE | EE |28 |28%|28 |25 |28z|2% | 8% | 8% | &%
2 S£ | 55 | 85 |38 | E8x| xS | %2 |ETE|xS | £4 | W | £d
= | 5B 2% |zt =35 858|535 23¢ 858|238 JE ) tE | 2k
2 | ZE| B5 | 55 |ESY|50C|EsY ESE 500 ESE| BF | 8F | BE
3 T = = T .3 | 8E®| 285 8w $£® | 285 8o T2 | T2 | T2
5 og | 22 | 82 |25 |c58|58 | S5 |s=5&8|58 | 88| BS | B2Q
8% | 5% | 5% |83 |&EZ|8% | 88 |&ES|8% | "V | v | 71
o c< | 2T (T2 s= | L2 T s |2
G - a8 < |28 |88 < |28
FFO11 21.237| 14.405| 16.424 4.597 6.186 6.286 6.592 6.906 7.250 3.323 3.623 2.938
FF131 21.668| 18.a15| 14.671 5.094 5.028 6.381 6.897 7.406 7.583 5.260 5.482 3.899
FF141 7.916 5.185 9.276 3.961 4.311 6.150 6.503 6.822 7.075 5.365 5.104 4.486
FF142 9.179 6.420 8.819 3.825 4.394 5.361 6.725 7.064 7.364 3.218 3.695 3.501
FF152 23.174| 18.490| 17.624 4.333 4.603 5.231 6.658 6.986 7.233 4.337 4.700 3.505
FF191 7.795 8.800 8.581 4.361 4.811 4.878 6.492 6.747 7.044 3.018 1.674 2.943
FF212 3.268 5.015 7.600 2.506 3.528 4.094 6.486 6.722 7.036 2.343 1.889 2.643
FF221 8.711 7.420| 10.671 4.328 4.333 5.833 6.506 6.772 7.075 4.462 3.287 3.629
FF222 15.295| 13.250| 13.448 4.253 6.067 6.975 6.506 6.781 7.147 5.685 4.470 4.291
NF022 24.221| 18.745| 16.271 2.053 2.169 4.289 6.383 6.614 6.972 2.932 1.775 3.378
NF051 30.105| 21.215| 11.795 3.083 3.431 4.225 6.503 6.789 7.161 2.833 2.891 3.273
NF052 11.368 6.885 9.095 2.633 4.333 4.956 6.539 6.842 7.178 2.868 4777 2.882
NF161 20.358| 20.080| 16.114 3.411 3.658 6.383 6.700 7.058 7.314 4.383 5.542 5.172
NF162 12.305| 13.140| 10.443 3.922 5.633 6.267 6.528 6.836 7.138 4.388 6.427 4.801
NF172 14.763| 12.145| 10.010 4.161 4.467 4.803 6.497 6.750 7.128 3.697 3.349 3.344
NF212 17.779| 18.840| 15.600 3.006 4.872 6.544 6.686 7.025 7.206 4.364 5.338 4.985
NF221 15.600 7.190| 11.219 2472 4.147 5.739 6.392 6.572 6.906 2.583 7.489 5.716
NF252 12.495 8.290 5.843 3.814 4.436 4.806 6.439 6.647 6.936 2.201 2.184 1.623
NF272 20.511| 17.060| 10.643 4.586 4.289 5.072 6.742 7.133 7.394 4.852 3.393 2.656
NF281 12.063 8.845 8.190 2.378 3.733 4.064 6.475 6.700 7.019 2.227 2.033 2.021
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| 8| 5| 3 5 | 8 |3 | & |8 |8

= | 2528|235 2 | 2 | & | B2 | g% | 2% | RE| 85| 25|25

= S o SRS < ) g o = M S o5 S [l (el el

S | 25 | @8 | €3 | 32 S = T2 | 58| 58 | 58 | 52| 52 | 52

S | ke | o8 S8 8 | & | 8 |88 | S3 |23 |83 | 28|22 22

© 32| &2 | S| &€ | 5 | & | 2< | 556 | gwd | g | 30 | go | go

g S 5 — ~ ) — N »

FFO11 0.282 0.475 0.597| 0.15%| 0.12%| 0.21% 1.192| 708.82 | 420.63 | 269.98 | 1264.00| 589.37 | 266.58
FF131 0.471 0.780 0.928| 0.41%| 0.65%| 0.67% 1.290| 628.31 | 375.65 | 133.22 | 462.48 | 373.66 | 349.28
FF141 0.323 0.500 0.584| 0.71%| 0.67%| 0.37% 1.127| 381.05 | 264.75 | 181.51 | 223.48 | 178.89 | 147.83
FF142 0.278 0.467 0557| 0.54%| 0.56%| 0.46% 1.019| 513.81 | 342.06 | 199.43 | 321.21 | 185.57 | 115.89
FF152 0.289 0.484 0.471| 1.10%| 1.40%| 1.10% 1.256| 496.22 | 280.60 | 235.38 | 177.94 | 124.66 | 92.84
FF191 0.173 0.291 0.309| 0.54%| 0.35%| 0.02% 0.951| 365.31 | 234.56 | 123.11 | 166.37 | 128.34 | 116.89
FR21-2 0.203 0.341 0.419| 0.20%| 0.09%| 0.20% 0.928| 153.71 | 146.70 | 79.08 94.89 87.83 | 104.73
FF221 0.258 0.480 0.509| 0.45%| 0.37%| 0.15% 1.206| 360.33 | 21592 | 197.58 | 173.44 | 131.93 | 132.39
FF222 0.293 0.457 0.620| 0.16%| 0.02%| 0.07% 1.424| 519.94 | 355.36 | 189.61 | 658.84 | 483.18 | 328.25
NF022 0.147 0.287 0.305| 0.40%| 0.82%| 1.10% 0.884| 971.35 | 456.65 | 178.61 | 243.42 | 218.89 | 217.40
NFO051 0.213 0.396 0.549| 2.40%| 2.90%| 2.30% 1.136| 792.65 | 564.62 | 287.14 | 625.25 | 260.16 | 73.70
NF052 0.201 0.313 0.497| 0.41%| 0.11%| 0.20% 0.875| 260.96 | 177.65 | 79.27 | 410.40 | 310.18 | 161.66
NF161 0.277 0.496 0.585| 1.40%| 1.80%| 1.70% 1.296| 707.14 | 563.88 | 382.90 | 361.99 | 323.32 | 202.91
NF162 0.500 0.851 1.044| 0.22%| 0.37%| 0.36% 1.286| 580.01 | 334.89 | 170.52 | 612.75 | 432.13 | 340.58
NF172 0.227 0.390 0.440| 0.12%| 0.59%| 0.98% 1.219| 72498 | 606.09 | 321.46 | 698.39 | 394.89 | 152.08
NF212 0.417 0.718 0.671| 0.18%| 0.64%| 0.96% 1.150| 785.24 | 473.66 | 123.18 | 813.70 | 634.02 | 396.22
NF221 0.196 0.272 0.390| 1.00%| 0.60%| 0.00% 1.018| 371.11 | 216.55 | 132.21 | 373.62 | 251.74 | 170.82
NF252 0.145 0.255 0.359| 0.66%| 0.25%| 0.10% 0.843| 255.34 | 209.85 | 135.70 | 379.37 | 165.14 | 66.09
NF272 0.396 0.676 0.572| 0.64%| 1.10%| 1.20% 1.028| 376.95 | 286.18 | 224.68 | 1016.00| 551.42 | 194.15
NF281 0.255 0.416 0.386| 0.25%| 0.36%| 0.40% 0.873| 17551 | 118.22 | 51.35 | 622.48 | 341.77 | 124.86

295




Table B-6: Collected Result for 3 Story Braced Frame Chevron --Horizontal+ Vertical

&5 | fo | 25| &2 | 22 %P | 3 2c | %

E= e £ T W T 3 ‘T W T = S | BS O~ | BN =in

c = 5 = co | E® | €% = = co | 2K e | W

k=) &) ) = 0O 50 = 0 £ O 59O = O S = C 5 €

5 % 3 % 25| 25 | 25 S0 z8 | 22 | E¥ | 22 | 28

= > = = < L x Lt L < — < — = S5 o s

o = = = is | 88 | 8% sT | 8% | 8% | 25 | RE | @&

= | 8| 8| B |25 |25 |25 2% |23 |23 | BE|Es|&s

o T T o S = S ¢ S - S c S c S c oS 543 s &

O] 7 '8 e o = T € o g o e T = o c FT) Qa = o —

S8 | 8 | B2 52|52 52 | 53| 53| 8% 5% LE

23 s3 &3O 30 SO 50 I £< s <

(%2}
—

FFO11 4.10%| 2.80%| 1.80% 0.38 0.17 0.05 0.44 0.23 0.09| 25.547| 20.610| 15.357
FF131 1.70%| 1.30%| 1.70% 0.41 0.24 0.12 0.64 0.47 0.24| 13.453| 11.160| 14.429
FF141 1.70% 1.50%| 1.40% 0.37 0.22 0.10 0.62 0.48 0.26| 12.405| 10.770| 12.205
FF142 2.20%| 1.60%| 1.40% 0.34 0.17 0.05 0.46 0.26 0.13| 15.758| 11.365| 11.800
FF152 0.69%| 0.41%| 0.42% 0.41 0.23 0.07 0.49 0.30 0.14| 15.674| 11.170| 10.271
FF191 1.60%| 1.10%| 0.65% 0.30 0.14 0.03 0.35 0.19 0.06| 13.374| 10.355 7.948
FF212 0.81%| 0.77%| 0.49% 0.29 0.15 0.05 0.42 0.25 0.11 6.368 6.645 5714
FF221 1.30%| 1.10%| 1.10% 0.34 0.16 0.05 0.52 0.30 0.14| 11.126 9.570| 10.152
FF222 1.90%| 1.90%| 1.80% 0.37 0.19 0.06 0.56 0.33 0.16| 14.626| 11.595| 13.619
NF022 0.54%| 0.21%| 0.17% 0.33 0.15 0.05 0.46 0.24 0.09| 21.521| 14.850| 10.462
NFO51 530%| 4.10%| 3.00% 0.43 0.21 0.06 0.45 0.28 0.13| 33.063| 25.295| 19.595
NF052 2.30%| 1.60%| 1.20% 0.41 0.23 0.10 0.50 0.30 0.14| 14.842| 11.455| 10.610
NF161 3.90%| 4.20%| 4.00% 0.41 0.20 0.07 0.52 0.30 0.14| 25.032| 26.095| 25.929
NF162 2.70%| 2.20%| 2.50% 0.37 0.20 0.08 0.49 0.30 0.12| 19.489| 15.865| 17.081
NF172 3.10%| 2.80%| 2.40% 0.39 0.18 0.06 0.43 0.26 0.12| 20.595| 18.535| 16.957
NF212 2.90%| 2.30%| 2.00% 0.36 0.17 0.05 0.48 0.24 0.09| 18.716| 15.425| 17.229
NF221 3.00%| 1.80%| 0.91% 0.29 0.14 0.04 0.39 0.20 0.08| 18.553| 12.090 7.110
NF252 0.68%| 0.92%| 0.96% 0.30 0.13 0.04 0.36 0.19 0.07 7.695 8.610 9.095
NF272 4.20%| 3.60%| 2.90% 0.37 0.17 0.04 0.41 0.21 0.08| 30.021| 22.5/0| 19.038
NF281 2.40%| 1.50%| 0.80% 0.28 0.13 0.03 0.41 0.21 0.07| 16.363| 10.230 6.281




o B o o9 2 2 Ny 2 2
N X - S~ | &F x x = g2 x x =
s | B2 | EZ | EZ|s5% |S55 Ssx|c°f |S5E|2s5E| g% | EE | 3%
= 5SS | S8 | S8 |52 | E8XEBX| x3 EBX|egxl tW | U | U
s 28 | 58 | 28 2320 8LE | 328 | 252 | 858 88&| 55| 25 | >8§
e e Qe X | MO | moo = Nog | oo _ =S - =
o x £ x S x S ESW| 502 -0d &= s0Z| =02 S S ® ST
3 S| 28| 28 §=5|8%5|/8%5| $e® (835|885 28 | £3 | 2o
<] 50 S A 50 | m'c CNS| INS| oc CNo|lINS| =8 - 8 = 3
Q) o — 2 = o — = O TRl | o2 | =0 TRTL|l oL ZIRs! €O = O
e L © .8 o= cETS | =28 | 9% ce2 | £228| T< N < ™ g
1S | SE | L€ |85 |REZ|SEZ| 85 |&ES|SES
BRSBTSt | 27| 27|k | 27 ¢
30 23
FFO11 22.105| 14.530| 16.319 3.656 5.975 6.689 14.414| 14.608| 15.358 4.649 4.612 3.497
FF131 21.611| 18.330| 14.962 5.389 5.842 7.164 11.925| 11.944| 13.414| 10.156| 11.103| 11.729
FF141 7.026 4.875 8.943 3.858 4.206 6.131 11.975| 12.314| 12.733 6.784 7.188| 10.188
FF142 9.295 6.365 8.824 3.531 4,233 5.603 21.219| 21.367| 21.808 4.550 4.265 4.596
FF152 22.279| 18.890| 17.776 3.858 4,125 4.964 16.006| 16.389| 16.644 9.259 9.055 9.700
FF191 7.800 8.780 8.657 4.386 4.872 5.006 8.875 9.175 9.947 3.400 2.203 2.665
FF212 3.321 4,740 7.257 2.319 3.236 4,103 7.706 7.958 8.397 5.068 4.066 6.460
FF221 7.595 7.020 9.595 3.892 4,242 5.419 16.006| 16.375| 17.469 5.848 5.472 5.690
FF222 16.805| 10.895| 11.700 4.703 4.881 6.500 17.956| 18.597| 19.900 7.718 5.665 7.698
NF022 24.279| 19.365| 16.176 1.819 2.375 4.058 9.272 9.425 9.972 2.987 3.790 3.591
NFO051 30.247| 21.065| 12.038 4.028 3.561 4.469 9.181 9.511| 10.339 6.298 6.618 8.106
NF052 11.642 6.720 9.343 2.856 4,219 5.658 9.206 9,517 10.333 5.767 8.147 9.580
NF161 20.421| 19.970| 16.043 3.228 4,111 6.442 9.392 9.803| 11.011 7.324 5.748 6.974
NF162 12.305| 12.855 9.971 4.203 5.481 6.561 8.544 8.875 9.706 9.855 5.748 5.997
NF172 14.505| 11.565 9.457 4,525 4,783 5.422 12.969| 12.897| 12.261 4,785 3.947 6.482
NF212 17.853| 19.040| 15.686 3.150 4,939 6.533 7.367 7.544 7.781 6.140 4.401 5.157
NF221 15.742 7.045| 11.219 2.461 4,231 5.811 9.747 9.972| 10.389 4.175 8.265 6.405
NF252 12.463 8.185 6.133 3.969 4.467 4.700 9.750 9.908| 11.036 3.553 2.572 2.888
NF27%2 19.326| 17.940| 10.819 4.872 4.269 5.364 14.914| 14.889| 15.625 4.934 4.434 3.819
NF281 11.374 9.220 8.548 2.644 3.769 4.456 11.381| 11.494| 12.042 3.136 2.236 2.360
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CTee (82 (2512 T8 12 [ a8 [ 5cln cla o 8cls 6o &

E g2 |52 | 2| |2 o | ET |85 |E 3 B §| Gz |E_z|B =

S | 28|28 | 35| Se | 22| 52| £¢ | 85 | 585 585| 25 | 585|585

B | 85| 85| 85| 85| 85| g5 | I3 | T8 |25E|25%| U8 258|258

o Lo Lo Lo 4 14 4 %3 oG s 5l 5 S o T R

o 58 | 28 | 28 | = o g < Lo & 2|6 2 22 |& 2|6 2
FFO11 3.14 3.258 3.354 0.15%| 0.16%| 0.23% 1.189| 706.55 | 422.89 | 278.36 | 1317.00| 588.57 | 248.06
FF131 2.886 3.861 4.261 0.38%| 0.58%| 0.59% 1.272| 617.% 37792 | 13157 | 465.40 | 34297 | 331.34
FF141 2.615 2.607 3.733 0.60%| 0.58%| 0.32% 1.146| 378.97 | 264.88 | 184.70 | 228.92 | 175.83 | 156.33
FF142 5.864 5.875 5.816| 0.52%| 0.54%| 0.45% 0.991| 514.35 | 340.75 | 203.16 | 333.88 | 185.08 | 108.75
FF152 4.817 5.484 5.112 1.10% 1.40% 1.20% 1.352| 491.75 | 277.75 | 231.81 | 15458 | 122.78 91.91
FF191 1.261 1.436 1.454| 0.55%| 0.35%| 0.03% 0.935| 371.77 | 235,58 | 123.77 | 165.83 | 128.03 | 118.06
FF212 1.136 1.788 2.217 0.17%| 0.08%| 0.17% 0.895| 133.39 | 139.15 81.42 95.62 89.71 94.63
FF221 4.352 4.961 5.751 0.43%| 0.36%| 0.14% 1.426| 374.77 | 224.08 | 205.42 | 162.51 | 117.32 | 119.23
FF222 5.073 5.837 6.595| 0.12%| 0.07%| 0.19% 1.363| 572.09 | 359.38 | 204.65 | 646.81 | 476.19 | 305.27
NF022 1.726 2.112 2.992 0.39%| 0.83% 1.20% 0.831| 950.09 | 421.24 | 17596 | 242.04 | 214.42 | 217.04
NFO051 2.005 2.795 3.417 2.40% 2.80% 2.20% 1.081| 801.50 | 545.59 | 303.78 | 640.08 | 261.31 99.26
NF052 1.945 2.399 2.897 0.41%| 0.11%| 0.13% 1.239| 252.77 | 169.87 | 102.42 | 409.32 | 300.08 | 173.04
NF161 1.741 2.935 3.415 1.40%| 1.80%| 1.60% 1.344| 696.10 | 552.65 | 361.99 | 364.99 | 330.81 | 201.50
NF162 1.301 1.936 2.417| 0.22%| 0.34%| 0.34% 1.295| 581.13 | 338.27 | 179.46 | 596.65 | 426.33 | 341.09
NF172 2.618 2.805 2.607 0.09%| 0.51%| 0.86% 1.185| 700.77 | 591.93 | 334.64 | 697.89 | 384.85 | 153.07
NF212 0.951 1.44 1.683 0.18% 0.64% 0.97% 1.199| 78778 472.22 | 124.06 | 787.50 | 626.96 | 389.03
NF221 1.51 1.693 1.693 1.00%| 0.60%| 0.01% 1.027| 369.61 | 218.78 | 132.31 | 377.34 | 250.00 | 168.75
NF252 1.576 1.845 2.235| 0.63%| 0.26%| 0.08% 0.818| 245.33 | 209.92 | 136.00 | 378.66 | 158.91 77.08
NF272 3.537 3.529 3.414 0.64% 1.0 1.20% 0.986| 379.61 | 284.87 | 224.49 | 945.36 | 600.66 | 197.43
NF281 2.199 2.443 2.499 0.31%| 0.40%| 0.40% 0.916| 178.52 | 117.53 61.50 620.17 | 350.43 | 127.29
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Table B-7: Collected Result for 3 Story Braced Frame Single Diagonal-Horizontal Only

T —~ T ~ T ~ o —_ O —_ = —_ ko] o ©
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= 5 2 c 2 5 2 o = S = S = G S o < S S

o < 3 3 S5 pa = O z 2 z° z 9 z 2 z 2 Zz 2

= CEU = = < = x & - - & & m S n s n G

= = — = 3T < T 5T xS s S s S x E x E x E

c o] S Q =X =% S % s X s X s X 0S5 05 05

5 T | 5 | 5 | 8| 2| 8| 8 | 8| 8| 82| &5 | 8o

g 5 5 |25 | Z5| 25| €5 |5 | C5 | L3 | L3 | LS

= = = = - 2% < ° X

23| &8 | 83| 38 | BS | E68 | &1 | §< | &<
FFO11 3.40%| 2.30%| 1.40% 0.35 0.33 0.04 0.64 0.23 0.17| 12.611| 10.489| 11.458
FF131 1.60%| 1.30%| 2.10% 0.33 0.30 0.05 0.66 0.27 0.20| 10.047| 10.514 8.403
FF141 2.10%| 1.60%| 1.80% 0.30 0.28 0.05 0.56 0.23 0.17 8.089 5.714 6.639
FF142 2.70%| 2.10%| 1.80% 0.32 0.30 0.05 056 0.21 0.16| 10.064 7.829 6.344
FF152 1.20%| 1.10%| 0.97% 0.32 0.29 0.05 0.61 0.21 0.17| 11.161| 10.154 8.697
FF191 2.30%| 1.60%| 1.20% 0.30 0.28 0.03 0.52 0.17 0.14 8.794 6.114 3.875
FF212 0.87%| 0.70%| 0.70% 0.27 0.25 0.03 0.50 0.19 0.14 3.017 2.546 2.683
FF221 1.30%| 0.73%| 1.40% 0.33 0.30 0.05 0.53 0.24 0.18 4.772 4.451 4.892
FF222 2.80%| 2.40%| 2.30% 0.35 0.33 0.06 0.63 0.27 0.19| 10.525 9.203 8.244
NF022 0.24%| 0.21%| 0.25% 0.32 0.30 0.03 0.60 0.18 0.14| 17.117| 13.103 9.400
NFO051 6.20%| 4.90%| 3.60% 0.37 0.35 0.03 0.52 0.18 0.14| 23.822| 19.634| 13.183
NF052 2.20%| 1.70%| 0.93% 0.29 0.27 0.03 0.58 0.22 0.16 8.419 6.500 4.103
NF161 4.00%| 4.50%| 5.00% 0.38 0.36 0.04 0.56 0.21 0.16| 15.158| 17.840, 18.808
NF162 2.10%| 2.00%| 2.60% 0.34 0.32 0.04 0.66 0.25 0.19 9.633 8.611 9.383
NF172 4.10%| 3.50%| 3.50% 0.36 0.34 0.04 0.67 0.23 0.17| 15.592| 13.709| 12.953
NF212 3.10%| 2.40%| 2.60% 0.35 0.32 0.04 0.70 0.26 0.20| 11.936| 11.034 9.628
NF221 3.90%| 2.30%| 1.10% 0.29 0.27 0.03 0.50 0.20 0.15| 14.769 8.857 4.500
NF252 1.10%| 1.10%| 1.20% 0.29 0.28 0.03 0.54 0.18 0.13 6.556 4.463 3.908
NF272 4.00%| 3.80%| 3.60% 0.36 0.33 0.04 0.61 0.22 0.17| 15.328| 15.040| 13.350
NF281 2.80%| 1.90%| 1.10% 0.29 0.27 0.03 0.60 0.18 0.14| 10.728 7.091 5.553
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g Np | Bp | €S XEc| 550 g xE | %22
c | 32 | EE | E£ |23 |=5x|=2585|28 |=s5z|=:z2| 8K | 8% | E&
2 T< | 55 56 | x2 |EBx|EBX| %32 ESX| e8| €W | EW | €U
o ETE 2= =] S| 20| 20| 85~ | 2R | 329 oF = o
= S | a8 | 8 |Z2vx| 0%y | abo| 205 083|882 =8 S | 28
= o pd — — [ — s [
o %ccs x = x = ECUW| 03| O =S | Q8| _OT ow® Q9 ®© o ®©
5 S m e 0L [ 8c=X|8oc|Soc| 8cana|8oc|Soc| 85 2 5 K=l 5
o s s R -0 | 0E™m | Log|llog| 5T | Locd|lod| Ly L3 L g
(!5 Cqu_) 80 80 MS LLEJ% LLEJ% IIJS U-EJ% LLEJ% 7 O SO S O
58 |53 | i3 83 EEE|BEE B |EEE3EE e S< | es
n < | g |ud 5| 52|z 5=| 5=
+— +— + O
7 [ 2 Z Z 7 8 Z Z
FFO11 12.558| 10.711| 11.414 6.436 6.347 6.639 6.775 7.039 7.606 1.217 2.066 2.259
FF131 9.967| 10.794 8.461 6.736 6.644 6.650 6.956 7.267 7.772 1914 3.258 2.685
FF141 8.014 5.997 6.786 6.444 6.533 6.636 6.550 6.764 7.311 1.173 2.122 2.395
FF142 10.056 7.600 6.219 6.394 6.414 6.606 6.736 7.061 7.600 144 2.521 2.733
FF152 11.186| 10.251 8.775 6.411 6.472 6.619 6.633 6.944 7.500 2.106 3.494 2.27
FF191 8.739| 5.971| 3.853| 6.289| 6.283| 6.569 6.583| 6.850| 7.297 0.66| 1.221| 0.832
FF212 2.944 2.583 2.828 6.344 6.389 6.525 6.458 6.647 7.186 0.647 1.122 0.959
FF221 4.814 4.906 5.014 6.481 6.403 6.658 6.625 6.861 7.328 1.441 2.333 3.332
FF222 10.556 9.354 8.278 6.356 6.389 6.703 6.611 6.794 7.283 1.674 2.889 2.95
NF022 17.086| 13.220 9.442 6.306 6.231 6.531 6.436 6.603 7.083 0.636 1.079 1.119
NFO051 23.719| 19.620| 13.164 6.344 6.331 6.550 6.600 6.783 7.283 0.837 1446 1.506
NF052 8.331 6.497 4.339 6.308 6.317 6.572 6.517 6.803 7.342 0.887 1.537 1.227
NF161 15.075| 17.540| 18.947 6.411 6.375 6.633 6.800 7.100 7.558 1.366 2.433 2.614
NF162 9.631 8.849 9.506 6.442 6.447 6.650 6.736 6.967 7.433 14 2.396 2.604
NF172 15.542| 13.534| 13.111 6.506 6.364 6.597 6.708 6.803 7.214 1.513 2.528 2.546
NF212 11.722| 11.620 9.581 6.456 6.375 6.606 7.014 7.214 7.522 1.388 2.29 2.608
NF221 14.764 8.860 4.744 6.364 6.292 6.594 6.594 6.742 7.194 0.609 1.007 0.933
NF252 6.561 4.474 3.986 6.275 6.256 6.514 6.450 6.639 7.103 0.527 0.907 0.821
NF272 15.356| 14.823| 13.325 6.392 6.361 6.622 6.753 7.086 7.653 0.987 1.867 19
NF281 | 10.669| 7.074| 5.619| 6.356| 6.300| 6.603 6.717| 6.900| 7.364| 0.478| 0.828 1.043
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E £ £ > > > > > >
~ | 5| =~ a a a 2 =2 = = = =2
s | 85 | 8 | 8B | = > >~ | 883 | 2% | 2% | g2 | 22 | 22 | 2F
e | BEZ | g2 | €2 | § S S EC | Wy | 4g | Wy | wz | Wz | Oz
S | 35| 28| 3>s8| 2 2 g S8 | P | 2T | BT | 85 | 25 | 85
T | 58| 88| g8 | 5 2 E £z | 2% | 8% | 0% | 2% | 58 | 2%
3 | Ig | %3 | Iy | B I3 I3 58 | 85| 8% | 85 | 8% | 8% | 8%
© | 28 | 88| R = | £ | & | €< | 55| 55 | pb |56 | gd | 56
4 & & = S & ~ & &
FFO11 0.379 0.662 1.051| 0.41%| 0.80%| 1.10% 0.947| 1560.00| 1150.00| 572.21 | 1946.00 | 942.03 | 556.70
FF131 0.677 1.037 1.517| 0.80%| 0.98%| 0.99% 1.659| 876.99 | 696.89 | 355.94 | 1136.00| 810.43 | 651.46
FF141 0.399 0.736 0.839| 0.75%| 0.72%| 0.41% 1.18| 698.56 | 277.19 | 270.70 | 522.00 | 390.83 | 374.85
FF142 0.417 0.762 1.269| 0.62%| 0.89%| 0.78% 1.061| 80329 | 486.22 | 190.57 | 1095.00| 501.66 | 242.03
FF152 0.315 0.592 0.792| 0.93%| 1.10%| 0.99% 0.773| 574.00 | 1026.00| 213.22 | 1509.00| 373.38 | 562.63
FF191 0.26 0.405 0.595| 0.85%| 0.71%| 0.28% 0.729| 708.07 | 308.04 | 216.48 | 526.36 | 440.23 | 171.84
FF212 0.174 0.34 0.548| 0.24%| 0.24%| 0.15% 0.806| 363.48 | 119.38 | 175.33 | 192.61 | 297.47 | 83.77
FF221 0.476 0.781 1.464| 0.06%| 0.13%| 0.06% 0.981| 606.65 | 277.38 | 236.13 | 502.70 | 336.52 | 326.81
FF222 0.487 0.865 1.293| 0.55%| 0.61%| 0.43% 1.343| 969.17 | 731.12 | 365.03 | 1107.00| 787.02 | 479.98
NF022 0.19 0.402 0.47| 1.30%| 1.40%| 1.30% 0.93| 1427.00| 597.27 | 252.77 | 1040.00| 815.67 | 336.03
NFO51 0.284 0.369 0.561| 2.90%| 3.50%| 2.70% 1.004| 2004.00| 678.38 | 665.03 | 1353.00| 1449.00| 236.50
NF052 0.329 0.613 0.971| 0.22%| 0.06%| 0.09% 0.78| 414.28 | 570.33 | 214.34 | 865.46 | 31081 | 182.31
NF161 0.59 0.928 1.543| 2.10%| 2.80%| 2.80% 1.049| 1201.00| 831.70 | 686.31 | 612.43 | 902.18 | 710.26
NF162 0.433 0.952 1.299| 0.48%| 0.54%| 0.44% 0.97| 871.44 | 1088.00| 261.53 | 1502.00| 599.24 | 895.87
NF172 0.492 0.816 0.942| 1.30%| 1.90%| 2.00% 1.031| 1718.00| 83806 | 569.48 | 1602.00| 1123.00| 415.53
NF212 0.486 0.772 0.971| 0.42%| 0.61%| 0.61% 1.204| 1401.00| 1071.00| 375.90 | 1623.00| 1155.00| 705.83
NF221 0.274 0.427 0.532| 1.90%| 1.20%| 0.02% 0.758| 1373.00| 389.94 | 229.43 | 527.89 | 427.82 | 232.60
NF252 0.18 0.347 0.495| 0.19%| 0.01%| 0.18% 0.72| 652.49 | 354.13 | 234.03 | 619.52 | 387.00 | 193.22
NF272 0.422 0.716 0.916| 1.00%| 1.60%| 1.70% 0.889| 1450.00| 913.12 | 597.19 | 1468.00| 973.47 | 427.91
NF281 0.301 0.474 0.68| 0.30%| 0.57%| 0.64% 0.727| 661.50 | 880.95 | 190.77 | 1576.00| 292.64 | 347.80
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Table B-8: Collected Result for 3 Story Braced Frame Single Diagonal--Horizontal+ Vertical

c £ £ E IR ‘_Ed w © W T C_EG = T = M= T ﬁ IS ﬁ

S A a & EQZ £9 £9 €3 8 €83 = X = E=

g | 5 | & | 5 | 25|25 |88 | 8% |25 |85 |EL| s8] 28

= = = = x = x & < = X — X — X — 2 9 m & m &

e | 5| 5 | 5 | &z |83z | 83| 3y | Ez|Ez |zt i &L

= Q o Q =2 | =2 | £% =< < | o< | gE | @g | £

o o L T o < S ¢ o < S c 8 ¢ o c e s} 8 o) 8

S5 |z | g BE|E8 38| 3% |2f 3f|%E|2%| &3

- ~ @ 73 T3 -3 7 O TS o0 2 ° X - X

483 | &8 | &8 | 40 | §0 | 0 | E &< | &<

(%)
—

FFO11 3.40%| 2.30%| 1.50% 0.38 0.36 0.05 0.70 0.25 0.18| 12.728| 10.406| 11.369
FF131 1.60%| 1.30%| 2.10% 0.42 0.36 0.09 1.00 0.64 0.40| 10.506| 10.643 8.403
FF141 2.10%| 1.60% 1.80% 0.37 0.33 0.07 0.60 0.35 0.24 8.000 5.740 6.669
FF142 2.60%| 2.00%| 1.70% 0.37 0.34 0.07 0.63 0.32 0.22 9.922 7.700 6.164
FF152 1.20%| 1.00%| 0.93% 0.33 0.30 0.09 0.81 0.39 0.28| 11.219| 10.217 9.003
FF191 2.30%| 1.60%| 1.20% 0.30 0.28 0.03 0.56 0.20 0.15 8.728 6.029 3.869
FF212 0.88%| 0.68%| 0.69% 0.33 0.29 0.06 0.70 0.47 0.27 3.083 2.754 2.672
FF221 1.20%| 0.76%| 1.40% 0.33 0.29 0.06 0.73 0.35 0.22 4,783 4.409 4.969
FF222 2.80%| 2.40%| 2.20% 0.35 0.32 0.07 0.72 0.32 0.23| 10.528 9.089 8.125
NF022 0.24%| 0.22%| 0.25% 0.34 0.31 0.06 0.77 0.32 0.22| 16.986| 13.074 9.558
NFO051 6.20%| 4.90%| 3.70% 0.43 0.39 0.07 0.79 0.43 0.29| 23.797| 19.240| 13.689
NF052 2.30%| 1.70%| 0.93% 0.37 0.33 0.08 0.74 0.38 0.24 8.481 6.329 4.314
NF161 4.00%| 4.50%| 4.90% 0.39 0.36 0.08 0.83 0.49 0.29| 15.200| 17.869| 18.722
NF162 2.20%| 2.00%| 2.60% 0.37 0.34 0.07 0.76 0.46 0.29 9.494 8.503 9.425
NF172 4.10%| 3.50%| 3.50% 0.37 0.34 0.06 0.66 0.32 0.21| 15.553| 13.649| 12.881
NF212 3.10%| 2.40%| 2.60% 0.37 0.35 0.05 0.72 0.28 0.19| 11.928| 11.026 9.631
NF221 3.90%| 2.30%| 1.10% 0.30 0.28 0.05 0.51 0.19 0.14| 14.750 8.851 4.397
NF252 1.10%| 1.10%| 1.20% 0.30 0.29 0.04 0.56 0.20 0.14 6.556 4.469 3.897
NF272 4.00%| 3.80%| 3.60% 0.38 0.35 0.05 0.62 0.24 0.17| 15.217| 14.931| 13.186
NF281 2.90%| 1.90% 1.10% 0.30 0.28 0.04 0.62 0.22 0.16| 10.758 7.100 5.539




E: 3 T 1§38 | £ £ |32 £ 2
3. | 5t | 52 |5§ |ESc|iSc|Eg |3Selife| -0 | me | =
s | S | EE | EE |28 |Zsd|2si| 28 |=2s2|2sz| 8% | £ | &%
5 | EZ | 28| 22 |33 |88 | 585 32 585|585 52| 8% | 5%
= SS | mf | mE 20k 8%2 | 8%2| =208 858|858 22 | 28 | 28
S | mE | 35| 35 |§Ix/83c|s%s| §25 835z 55| 85 | 85 | &5
e | 82| 88 | 58 8:7|f85elg8c” £25elF Ly | gy | 5B
© 58 | L= | s |58 |288|/2c8| 58 |2eg|z2EE| 42| 88| 58
I 22 | g2 |z |“g=2|"5=2|ze |5 "35>
7 g | 2| 2 |58 | 2| 2
FFO11 12.644 | 10.603| 11.325| 21.856| 23.247| 31.581 14.442| 14.661| 15.281 3.550 3.836 3.952
FF131 10.542| 11.066 8.614| 13.758| 15.178| 20.983 12.050| 12.275| 13.744 4.830 7.515 6.491
FF141 7.956 6.017 6.817| 11.319| 11.372| 13.156 11.981| 12.353| 12.942 3.962 4.853 5.014
FF142 9.986 7.631 6.156| 11.611| 11.961, 13.189 11.844| 12.019| 12.408 3.370 4776 4.314
FF152 11.211| 10.303 8.731| 18.778| 18.625| 22.867 15.906| 16.239| 16.950 4.898 6.020 5.268
FF191 8.667 5.943 3.867 8.072 8.075 9.369 8.939 9.281| 10.022 1.145 1.474 1.518
FF212 2.997 2.831 2.894 7.614 7.633 8.181 7.625 7.931 8.489 2.683 4.296 3.917
FF221 4.775 4.829 5.144| 16.608| 17.161, 21.936 16.022| 16.442| 17.406 3.591 4.301 3.936
FF222 10.514 9.363 8.072| 20.103| 19.733| 25.353 18.019| 18.692| 19.967 3.635 4.736 4.989
NF022 17.014| 13.343 9.461 8.750 8.814 9.836 9.261 9.411| 10.053 3.202 4.536 4.929
NF051 23.750| 19.334| 13.411 9.008 8.975 9.958 9.289 9.689| 10.478 3.924 6.247 6.253
NF052 8.419 6.254 4.558 9.011 9.042 9.878 9.297 9.644| 10.369 3.684 6.527 5.455
NF161 15.164| 17580| 18.944 9.561 9.489 9.992 9.486 9.894| 11.303 3.699 5.682 5.571
NF162 9.444 8.771 9.489 8.506 8.572 8.925 8.511 8.856 9.836 2.962 4.951 5.802
NF172 15.531| 13.466| 13.008| 14.428| 14.419| 15.083 12.914| 12.850| 12.333 3.086 3.626 3.062
NF212 11.686| 11.53 9.567| 18.439| 18.175| 19.389 13.078| 13.233| 13.214 3.764 4.672 3.569
NF221 14.725 8.906 4.681 9.158 8.953 8.644 8.844 8.850 9.031 2.658 3.640 3.432
NF252 6.544 4.434 3.981 9.233 9.308| 10.181 9.767 9.911| 11.253 2.013 2.433 2.680
NF272 15.167| 14.720| 13225| 24.831| 25.872| 38.603 14.811| 14.817| 15.564 3.390 3.931 3.494
NF281 10.711 7.069 5.556| 11.808| 11.756| 12.419 11.367| 11.511| 12.350 2.841 2.726 2.249
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S sc | B2 g2 | & 5 3 5 | 2C = ol 2= ~ ~

s | £z |c2| 2 8 | o |5 | £E2|d4x B x|% & &z B z|B 2
e = = = DA nJ DA o T x| 2cCcw® 0T =cm| 2 cTw

s | €3 | E2 |2 | E° &% &% sw|E: EhESUg 8% |eN0 RS
© | BE | EE B3 |E |8 | €< |58 |% 5|° 555 |F 5|70
FFO11 3.051 3.194 3.317| 0.37%| 0.75%| 1.00% 0.929| 1564.00| 1145.00| 579.04 | 1931.00| 952.12 | 552.88
FF131 3.131 4.339 5.156| 0.90%| 1.00%| 1.00% 1.558| 869.01 | 694.51 | 344.80 | 1174.00| 805.41 | 654.36
FF141 2.524 3.34 3.498| 0.74%| 0.72%| 0.44% 1.25| 695.84 | 278.88 | 278.75 | 526.62 | 385.49 | 365.68
FF142 2.631 2.671 3.113| 0.62%| 0.87%| 0.74% 1.039| 805.32 | 479.55 | 194.57 | 1080.00| 497.42 | 246.61
FF152 4.576 5.009 5.167| 0.95%| 1.20% 1.00% 0.962| 568.77 | 1040.00| 207.21 | 1527.00| 366.25 | 559.64
FF191 1.224 1.356 1.607| 0.84%| 0.69%| 0.28% 0.746| 701.45 | 305.21 | 214.24 | 523.71 | 438.60 | 173.40
FF212 1.505 2.565 3.374| 0.25%| 0.24%| 0.13% 0.883| 345.01 | 111.17 | 171.42 | 191.79 | 320.16 | 92.49
FF221 4.285 4.958 5.952| 0.06%| 0.12%| 0.04% 1.04| 604.49 | 279.67 | 229.27 | 501.30 | 335.23 | 333.67
FF222 5.286 6.312 7.12| 0.54%| 0.59%| 0.40% 1.379| 963.95 | 722.33 | 362.87 | 1112.00| 779.96 | 472.97
NF022 1.912 2.88 3.539| 1.30%| 1.40%| 1.30% 0.921| 1404.00| 603.79 | 268.24 | 1036.00| 823.52 | 343.06
NFO51 2.341 3.044 4.018| 2.90%| 3.40%| 2.70% 1.047| 1998.00| 655.86 | 689.67 | 1353.00| 1408.00| 244.78
NF052 2.246 2.952 3551 0.21%| 0.02%| 0.13% 0.864| 413.71 | 570.71 | 21456 | 892.23 | 306.88 | 188.89
NF161 2.038 2.926 3.57| 2.10%| 2.80%| 2.80% 1.073| 1206.00| 837.24 | 689.78 | 619.86 | 897.32 | 716.69
NF162 1.838 2.745 2.922| 0.45%| 0.51%| 0.42% 1.097| 873.18 | 1065.00| 261.26 | 1517.00| 601.86 | 881.29
NF172 2.829 3.104 2.95 1.30%| 1.90%| 2.00% 1.018| 1718.00| 834.59 | 574.30 | 1608.00| 1119.00| 411.95
NF212 2.882 3.204 3.346| 0.41%| 0.60%| 0.59% 1.253| 1392.00| 1068.00| 373.56 | 1620.00| 1145.00| 700.80
NF221 1.3 1.38 1.613| 1.90%| 1.20%| 0.00% 0.862| 1347.00| 384.54 | 227.60 | 540.86 | 431.77 | 228.03
NF252 1.52 1.821 255 0.19%| 0.01%| 0.18% 0.757| 651.97 | 353.62 | 235.37 | 621.03 | 384.41 | 192.80
NF272 3.661 3.845 3.871| 1.00%| 1.60%| 1.70% 0.9| 1448.00| 903.93 | 591.03 | 1438.00| 972.64 | 425.71
NF281 2.28 2.712 2.625| 0.29%| 0.57%| 0.62% 0.71| 658.92 | 884.70 | 192.90 | 1577.00| 295.95 | 347.99
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Table B-9: Collected Result for 6 story MF as Beam for Each EarthquakeHorizontal Only

- o o~ o) - o - O o)

8% | A% | 8% | 8% | 8% | 8%

£ £ E E E E Ty © W Ty T TY TY

5 a & a A A A £ 3 EY = £ 9 £ 3 £ 3
3 x s >< x x x 25 25 | 25 | 256 | 25 | 25
®© c < < < L L L L L L

= s = S S S S X — x = X = x x x
= =- 5 = - — — ° S T3 <3 <3 <3
c o) S o] S S S S % =5 il S % i~ i~
= gs! o 9 Re) Re) 9 e = = 2 = < = < = <

e L L LL T T T = 8 ¢ S ¢ = 8 ¢ 8 ¢
0] % = o < < < 2 E TE | oeE | CE| 2| &€
o & » S ) o = — 3 3 3 3

29 €0 20 =0 =0 =0

@) N O ™ 0O <O w O © 0O

FFO11 4.60% 4.00% | 3.30% | 4.80% | 7.70% | 10.10% 0.11 0.08 0.06 0.06 0.04 0.02
FF131 2.00% 180% | 2.20% | 2.70% | 2.90% | 2.90% 0.11 0.09 0.06 0.06 0.04 0.02
FF141 1.80% 1.50% | 1.30% | 1.60% | 2.00% | 3.50% 0.11 0.08 0.06 0.06 0.04 0.02
FF142 0.87% 1.00% | 1.20% | 1.70% | 3.20% | 3.70% 0.12 0.09 0.07 0.06 0.04 0.02
FF152 7.20% 8.40% | 9.30% | 9.90% | 10.50% | 11.10% 0.11 0.09 0.06 0.06 0.04 0.02
FF191 5.10% 570% | 5.60% | 5.80% | 5.60% | 5.50% 0.12 0.09 0.06 0.06 0.04 0.01
FF212 1.80% 2.30% | 3.10% | 3.90% | 4.20% | 4.50% 0.11 0.08 0.06 0.06 0.04 0.02
FF221 1.80% 2.10% | 2.10% | 2.20% | 2.90% | 3.50% 0.09 0.08 0.06 0.06 0.04 0.02
FF222 1.90% 1.90% | 2.10% | 2.90% | 1.90% | 4.10% 0.09 0.07 0.06 0.06 0.04 0.02
NF022 0.84% 0.87% | 0.81% | 0.96% | 1.20% | 1.40% 0.13 0.09 0.07 0.06 0.04 0.02
NFO51 7.60% 8.60% | 9.30% | 10.10% | 10.70% | 11.00% 0.12 0.09 0.06 0.06 0.04 0.02
NF052 7.00% 7.20% | 6.00% | 4.80% | 4.20% | 4.20% 0.12 0.09 0.06 0.06 0.04 0.01
NF161 1.40% 1.90% | 2.80% | 2.50% | 3.50% | 5.30% 0.12 0.09 0.06 0.06 0.04 0.02
NF162 1.30% 1.70% | 2.40% | 2.40% | 3.40% | 4.30% 0.10 0.08 0.06 0.06 0.04 0.02
NF172 6.00% 6.10% | 5.90% | 7.10% | 9.10% | 10.10% 0.11 0.09 0.06 0.06 0.04 0.2
NF212 1.50% 1.90% | 2.20% | 2.60% | 3.10% | 3.00% 0.11 0.08 0.06 0.06 0.04 0.01
NF221 4.30% 410% | 4.00% | 4.20% | 4.30% | 4.80% 0.10 0.08 0.06 0.06 0.03 0.02
NF252 2.90% 2.70% | 3.40% | 4.20% | 4.60% | 4.40% 0.12 0.09 0.06 0.06 0.04 0.01
NF272 1.10% 0.96% | 1.10% | 1.90% | 2.90% | 3.00% 0.11 0.09 0.06 0.06 0.04 0.01
NF281 7.50% 8.40% | 8.60% | 9.00% | 9.90% | 10.70% 0.12 0.09 0.06 0.06 0.04 0.01
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—~ ° —~ —~ —~ —~

2 SE | RE| RS | EE | EE|E |5 B | B B |E
s | % | E¥ | % | E% | £ | E% | Ze | 2 | Ee | £ | e | Ec
2 5 2 o S e S s S s S S 2 c; GC); c; c; c; c;
S Z 2 Zg | 22 | 28 | 28 | 28 N ew | 2L | gL | g4 | 2u
= xs | 3w | ¥= | 5= | 5w | 5= | §¢ | g | E¢ | §¢ | 5 | §¢%
2 S % =% S % S % S % S % =8 =9 = .3 =3 = .3 = .3
= = < = < < = < = < = << = @ 5 s = © = © = © = ©
o = 8 ¢ S ¢ = S ¢ S ¢ 35 o0 55 _85 _85 _85
o | £E | 2E | gE| 25 |gE|£E | £F | € g€ | £f | 2€ | £

) 5 | 25 | €5 | S5 | £% 5 2 g £ = £

— O ~ O ™ O < 0O n 0O © O N ™ < s} ©
FFO1l | 0.14 0.12 0.09 0.10 0.07 0.03 0.030 | 0.013 | 0.016 | 0.059 | 0.075 | 0.089
FF131 | 0.15 0.12 0.09 0.10 0.07 0.03 0.000 | 0.001 | 0.004 | 0.031 | 0.086 | 0.099
FF141 | 0.14 0.11 0.08 0.10 0.06 0.03 0.002 | 0.000 | 0.000 | 0.011 | 0.020 | 0.020
FF142 | 0.14 0.12 0.09 0.10 0.06 0.03 0.075 | 0.080 | 0.088 | 0.092 | 0.123 | 0.134
FF152 | 0.15 0.12 0.09 0.10 0.07 0.03 0.076 | 0.076 | 0.088 | 0.095 | 0.1®@ | 0.098
FF191 | 0.15 0.12 0.09 0.10 0.06 0.03 0.042 | 0.037 | 0.037 | 0.039 | 0.037 | 0.029
FF212 | 0.14 0.11 0.09 0.10 0.06 0.03 0.002 | 0.007 | 0.015 | 0.022 | 0.024 | 0.029
FF221 | 0.14 0.11 0.09 0.10 0.06 0.03 0.002 | 0.002 | 0.003 | 0.006 | 0.015 | 0.032
FF222 | 0.14 0.11 0.08 0.10 0.07 0.03 0.004 | 0.009 | 0.009 | 0.013 | 0.025 | 0.032
NF022 | 0.14 0.11 0.08 0.10 0.06 0.03 0.067 | 0.075 | 0.087 | 0.096 | 0.105 | 0.107
NFO51 | 0.14 0.12 0.09 0.10 0.06 0.03 0.079 | 0.079 | 0.088 | 0.097 | 0.099 | 0.096
NF052 | 0.15 0.12 0.09 0.10 0.06 0.03 0.070 | 0.053 | 0.032 | 0.0% | 0.021 | 0.014
NF161 | 0.14 0.11 0.09 0.10 0.07 0.03 0.023 | 0.012 | 0.015 | 0.022 | 0.026 | 0.031
NF162 | 0.14 0.11 0.09 0.10 0.07 0.03 0.007 | 0.005 | 0.005 | 0.013 | 0.023 | 0.027
NF172 | 0.14 0.12 0.09 0.10 0.06 0.03 0.055 | 0.039 | 0.047 | 0.070 | 0.089 | 0.087
NF2:2 | 0.14 0.11 0.09 0.10 0.07 0.03 0.000 | 0.000 | 0.003 | 0.008 | 0.011 | 0.017
NF221 | 0.14 0.11 0.09 0.10 0.06 0.03 0.023 | 0.020 | 0.019 | 0.023 | 0.019 | 0.025
NF252 | 0.15 0.12 0.09 0.10 0.07 0.03 0.044 | 0.030 | 0.023 | 0.029 | 0.028 | 0.027
NF272 | 0.14 0.11 0.09 0.10 0.07 0.03 0.082 | 0.080 | 0.083 | 0.099 | 0.100 | 0.103
NF281 | 0.15 0.12 0.09 0.10 0.06 0.03 0.078 | 0.080 | 0.082 | 0.089 | 0.097 | 0.095
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FFOXl | 0038 | 0.020 | 0.025 | 0.070 | 0.089 | 0117 | 3.586 | 3.000 | 3.339 | 4500 | 5244 | 7.392
FF131 | 0.006 | 0.008 | 0.012 | 0.033 | 0.088 | 0093 | 2214 | 2417 | 2.769 | 3.381 | 3.414 | 5.389
FF141 | 0004 | 0.002 | 0.005 | 0.012 | 0.020 | 0.035 | 1.944 | 1747 | 2.228 | 2.856 | 3.431 | 5.997
FF142 | 0082 | 0.087 | 0.096 | 0.097 | 0.128 | 0131 | 2978 | 3.131 | 3.181 | 3.425 | 3.706 | 5.950
FF152 | 0.087 | 0.087 | 0100 | 0.109 | 0.118 | 0121 | 4.464 | 4539 | 5033 | 5336 | 5650 | 6.689
FF191 | 0.055 | 0.048 | 0.050 | 0.055 | 0.055 | 0.054 | 3.914 | 3.831 | 4.006 | 4.403 | 4.703 | 5.869
FF222 | 0009 | 0.014 | 0024 | 0033 | 0.037 | 0038 | 2364 | 2606 | 3.150 | 3.764 | 4.189 | 5.481
FF221 | 0009 | 0.008 | 0.010 | 0.016 | 0.023 | 0.030 | 2383 | 2381 | 2.656 | 3.258 | 3.714 | 5.883
FF222 | 0008 | 0.012 | 0015 | 0014 | 0.025 | 0042 | 2342 | 2217 | 2.842 | 3.178 | 3.489 | 6.014
NF022 | 0073 | 0.082 | 0.094 | 0101 | 0.108 | 0.102 | 2.778 | 3.067 | 3.231 | 2947 | 2.864 | 3.578
NFO51 | 0091 | 0.090 | 0101 | 0.111 | 0115 | 0.120 | 4506 | 4578 | 4.978 | 5325 | 5542 | 6.592
NFO52 | 0081 | 0.064 | 0.041 | 0.037 | 0.034 | 0.036 | 4200 | 4086 | 3.878 | 3.989 | 4.058 | 5.406
NF161 | 0027 | 0.016 | 0019 | 0.023 | 0.034 | 0062 | 2169 | 2644 | 2931 | 3253 | 4.331 | 6.297
NF162 | 0.009 | 0.008 | 0012 | 0.019 | 0.029 | 0.044 | 1.994 | 2408 | 2.678 | 3.286 | 3.950 | 5.842
NF172 | 0066 | 0.051 | 0.060 | 0.082 | 0.104 | 0.111 | 4017 | 3.975 | 4258 | 4539 | 5289 | 6572
NF2:2 | 0.005 | 0.007 | 0.010 | 0.018 | 0.022 | 0022 | 2103 | 2.328 | 2.664 | 3269 | 3.714 | 4.983
NF221 | 0032 | 0.028 | 0028 | 0.034 | 0031 | 0.051 | 3242 | 3.169 | 3.369 | 3.847 | 4.028 | 6.072
NF252 | 0051 | 0.035 | 0.027 | 0.037 | 0.037 | 0037 | 2889 | 2753 | 3.211 | 3.906 | 4.122 | 5586
NF272 | 0.090 | 0.087 | 0.090 | 0.105 | 0.103 | 0.097 | 3258 | 3.183 | 3.108 | 3.175 | 3575 | 5.375
NF281 | 0089 | 0.091 | 0093 | 0102 | 0112 | 0.118 | 4683 | 4.803 | 4919 | 5294 | 5661 | 6.767
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5 | 35-|585 585 585 585|585 5% | 82| 5L | BE | 5t | 5%
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E | §25|3%5|s35|83: 55z 53| 25 | 85| 85| 85 | 85 | &5
L= o o o o o
z, 8 Z Z Z Z Z
FFO11 1014 1.033 1.164 1.558 1.900 3.756 1.054 1.081 0.936 0.724 1.389 1.321
FF131 0.622 0.617 0.694 1.139 1.531 3.053 0.467 0.919 0.729 0.899 1.092 1.342
FF141 0.564 0.533 | 0.669 | 0.972 1.269 | 2.953 0.804 0.601 | 0.814 | 0.699 | 0.975 1.249
FF142 0.822 0.825 0.967 1.397 1.692 3.303 1.025 0.685 0.857 0.835 1.243 1.247
FF152 0.842 0.825 1.028 1.342 1.708 3.494 0.688 0.547 0.646 0.673 0.777 1.201
FF191 1.072 1.147 1.331 1.681 1.997 3.294 0.579 0.333 0.383 0.391 0.602 0.733
FF212 0.550 0.556 0.675 1.031 1.186 2.642 0.357 0.326 0.418 0.435 0.837 0.866
FF221 0.567 0.631 0.733 1.006 1.289 2.617 0.706 0.681 0.874 0.726 0.755 1.972
FF222 0.644 0.658 0.808 1.103 1.322 2.619 0.845 0.907 0.923 0.826 1.729 1.767
NF022 0.711 0.703 0.803 1.183 1.478 2.981 1.077 0.610 0.376 0.487 0.621 0.892
NF051 0.786 0.764 0.911 1.367 1.592 3.433 1.088 0.905 0.506 0.661 0.617 0.961
NF052 0.881 0.994 1.058 1.353 1.567 2.733 0.717 0.416 0.593 0.777 0.589 0.871
NF161 0.756 0.767 0.894 1.247 1.442 3.636 1.126 0.756 1.096 0.908 1.785 1.203
NF162 0.589 0.586 0.731 1.039 1.258 2.706 0.538 1.123 0.661 0.969 1.573 1.684
NF172 0.817 0.872 1.042 1.439 1.692 3.439 0.700 0.644 0.687 0.648 1.110 1.375
NF212 0.511 0.525 0.653 0.944 1.186 2.417 0.169 0.297 0.246 0.423 0.603 0.685
NF221 0.642 0.636 0.803 1.089 1.289 3.028 0.544 0.546 0.881 0.982 0.946 1.368
NF252 1.047 1.081 1.167 1.461 1.653 2.861 0.487 0.317 0.339 0.645 0.710 0.605
NF272 0.772 0.839 1.058 1.389 1.650 3.533 0.938 0.886 0.544 0.800 0.757 1.221
NF281 1.000 1.081 1.222 1.686 1.997 3.631 0.582 0.550 0.525 0.455 0.760 0.775
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S | 85 | 85| $5 | $5 | ¢5 | g5 | @ 2 2 2 2 o | 8
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FFO11 1.038 0.732 1.034 1.045 1.066 1.432 1.10% 1.00% | 0.84% 1.20% | 2.70% | 3.30% 0.897
FF131 0.735 1.256 0.537 1.036 0.669 1.019 0.06% 0.06% | 0.22% | 0.59% | 4.10% | 4.00% 0.868
FF141 1.399 0.790 0.670 0.673 0.690 1.499 0.03% 0.32% | 0.46% | 0.65% | 0.78% | 0.45% 0.899
FF142 1.070 0.914 1.060 0.674 1.057 1.730 6.30% 7.40% | 7.90% | 8.40% | 8.70% | 8.90% 0.783
FF152 0.571 0.536 0.486 0.563 0.588 0.947 6.90% 8.20% | 9.10% | 9.70% | 10.10% | 10.10% | 0.726
FF191 0.591 0.618 0.511 0.519 0.613 0.607 2.50% 2.70% | 2.70% | 2.70% | 2.60% | 2.50% 0.515
FF212 0.800 0.566 0.504 0.910 0.509 1.034 0.72% 1.10% | 1.50% | 1.90% | 2.00% | 1.90% 0.681
FF221 0.906 0.759 0.629 0.603 0.700 0.819 0.16% 0.24% | 0.22% | 0.16% | 0.08% | 0.22% 0.902
FF222 1.332 1.024 1.031 0.836 0.995 0.852 0.19% 0.17% | 0.17% | 0.20% | 0.01% | 0.65% 0.946
NF022 0.970 0.857 0.596 0.796 0.872 0.766 5.10% 6.40% | 7.20% | 7.90% | 8.50% | 8.80% 0.563
NFO051 1.483 0.726 0.537 0.823 0.697 1.638 5.90% 6.60% | 7.00% | 7.30% | 7.70% | 7.90% 0.649
NF052 1.259 0.594 0.532 0.340 0.547 0.438 3.30% 3.80% | 3.40% | 2.80% | 2.20% 1.90% 0.727
NF161 1.252 0.726 0.739 1.093 0.920 1.179 0.59% 0.29% | 0.05% | 0.32% | 0.94% 1.30% 0.923
NF162 0.879 1.303 1.163 0.989 1.048 1.428 0.50% 0.50% | 0.63% | 0.95% | 1.20% | 0.85% 0.88
NF172 1.143 0.778 0.647 0.606 0.645 1.040 4.30% 430% | 4.30% | 4.80% | 6.00% | 6.50% 0.816
NF212 0.312 0.370 0.312 0.425 0.525 0.895 0.09% 0.21% | 0.36% | 0.49% | 0.59% | 0.62% 0.603
NF221 0.957 0.623 0.742 0.420 0.670 1.103 2.40% 2.20% | 2.10% | 2.00% | 2.00% | 2.10% 0.834
NF252 0.478 0.575 0.425 0.404 1.187 1.246 2.70% 2.80% | 2.40% | 2.10% 1.80% 1.30% 0.572
NF27%2 0.913 0.659 0567 0.626 1.071 1.154 6.50% 7.30% | 7.60% | 8.00% | 8.20% | 8.00% 0.887
NF281 0.742 0.677 0.631 0.692 0.534 0.875 6.40% 7.20% | 7.40% | 7.80% | 8.10% | 8.40% 0.575

309




5 |5 |5 |5 |5 |5 |3 |5 [& |3 | & |¢&
s | &% | ak | 2% | 8% | &% | &% | 58 | & | §E | 88 | & | &8
g n'g 8"»2/ Eﬁ% nE | g | o 0 AT | @aF | o | 9T | ©9F
= 2 | xS | xS | S | BS | RS | B |z | 2g | BES| RS | &S
c « @ = @ « @ « @ « @ « @ o @© = @© o © . @ - @ - @
3 gg | 82| 82| 82| 82| 82| 83 | 3% | 8% | 8% | 8% | 8%
%) .0 L n .0 T} .9 .9 L .2 L .o L .2 o2 L .2 L .2
0 | g0 | g0 | g0 | g0 | g0 | B | 20 | 50 | g0 | £0 | £0
— N o™ < Lo © — N ™ < Lo ©
FFO11 67.15 30.29 50.24 60.05 79.83 56.58 240.38 229.38 | 180.63 | 231.56 | 248.81 | 134.13
FF131 0.01 3.44 24.28 70.41 135,52 | 71.67 18.77 23.72 2542 107.46 | 140.91 | 83.56
FF141 3.88 0.00 0.27 24.65 34.08 36.51 29.20 9.45 13.99 42.63 56.77 24.74
FF142 270.51 301.06 | 310.75 | 335.90 | 363.19 | 189.29 28.34 30.28 31.32 47.14 72.91 41.69
FF152 5.17 1.10 2.34 5.43 33.53 18.21 254.78 238.05 | 252.14 | 215.21 | 21234 | 120.72
FF191 129.64 89.36 73.40 62.37 46.93 17.18 508.41 | 451.19 | 390.04 | 305.28 | 212.29 | 85.02
FF212 3.83 9.43 34.48 52.54 61.30 20.89 24.12 30.39 36.42 28.52 38.02 30.77
FF221 7.84 9.59 12.21 43.90 27.36 21.79 14.97 34.76 29.41 30.58 51.42 44.41
FR2-2 2.85 11.27 25.83 8.84 18.11 22.85 50.72 87.09 74.42 73.35 89.21 73.08
NF022 296.85 336.76 | 341.56 | 262.92 | 241.56 | 114.56 32.39 37.13 37.71 29.56 27.44 13.01
NFO51 37.94 37.72 35.50 30.55 23.90 16.96 672.44 662.35 | 655.68 | 540.77 | 423.92 | 184.81
NF052 175.02 78.80 43.54 31.34 33.54 20.48 384.43 342.15 | 14456 | 104.65 | 56.81 20.10
NF161 29.52 25.68 30.70 8.50 28.11 23.78 145.57 127.28 | 124.05 | 119.49 | 120.60 | 81.61
NF162 24.02 35.27 20.71 66.07 80.13 47.38 65.28 40.23 26.36 34.70 61.39 45.26
NF172 36.47 27.64 24.88 34.05 31.05 17.68 671.14 | 377.54 | 437.88 | 411.43 | 432.38 | 229.10
NF212 0.01 0.08 3.24 9.23 15.92 6.67 25.04 23.55 29.72 31.30 51.95 31.11
NF221 20.96 25.89 41.36 35.55 23.75 13.38 56.74 50.24 44.56 37.68 24.61 29.90
NF252 62.36 32.21 39.99 39.06 25.12 8.49 284.92 225.67 | 155.95 | 152.73 | 126.12 | 63.76
NF272 384.75 34555 | 269.28 | 351.90 | 303.77 | 142.42 44,72 41.99 36.88 37.98 38.02 20.75
NF281 41.17 35.67 29.08 28.53 32.38 17.34 626.22 566.17 | 461.13 | 401.16 | 392.91 | 198.62
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Table B-10: Collected Resul for 6 story MF as Beam for Each Earthquake-Horizontal + Vertical

= £ £ = = = E~| E~| Ep| En| Epo| Ep
5 5 5 5 5 5 5 | 33% |z2% 535|323k 52552k
S % 3 3 x x x SsoY =0l =0 |=0¥|=0¥ =0
= = = = = = = 508 | 558|558 558 5358|5T8
B 5 5 5 5 5 5 | 286 | 285 2R6| 885|886 885
S 3 IS} 3 3 3 8 C=1L DL || Tg5L | DSW| TS0
o o L [ o o o BES |EECS| CEB|EEB|SETB|SETS
© 3 2 D £ = s | T83 |VsZ%| "3 YsX|Y5%|“s%
o~ ™ < Vo) © 2 2 =z =z Z Z
FFO11 4.80% 4.10% | 3.40% | 4.90% | 7.70% | 10.10% 0.12 0.10 0.08 0.09 0.06 0.03
FF131 1.70% 1.70% | 2.10% | 2.80% | 3.30% | 4.40% 0.20 0.18 0.15 0.19 0.11 0.05
FF141 1.60% 1.40% | 1.20% | 1.50% | 1.90% | 3.20% 0.12 0.10 0.08 0.10 0.07 0.03
FF142 1.60% 1.00% | 1.10% | 1.80% | 3.00% | 3.00% 0.17 0.15 0.12 0.14 0.09 0.05
FF152 4.70% 570% | 7.30% | 9.10% | 11.00% | 11.70% 0.17 0.13 0.10 0.11 0.07 0.04
FF191 | 5.10% | 560% | 540% | 550% | 5.30% | 4.90% | 014 | 010 | 007 | 007 | 004 | 0.02
FF212 | 1.80% | 2.30% | 3.10% | 3.90% | 4.30% | 450% | 016 | 013 | 011 | 012 | 008 | 0.04
FF221 1.80% 2.10% | 2.10% | 2.20% | 3.00% | 3.70% 0.14 0.13 0.10 0.10 0.07 0.03
FF222 2.00% 1.90% | 2.10% | 2.90% | 2.10% | 4.00% 0.14 0.14 0.12 0.12 0.08 0.03
NF022 0.85% 0.89% | 0.82% | 0.96% | 1.20% | 1.50% 0.15 0.12 0.09 0.10 0.07 0.03
NFO51 | 6.10% | 7.20% | 8.10% | 9.10% | 9.80% | 10.20%| 015 | 042 | 009 | 009 | 006 | 003
NF052 6.60% 6.70% | 6.30% | 6.40% | 6.20% | 6.10% 0.14 0.11 0.09 0.10 0.07 0.04
NF161 1.80% 2.00% | 2.80% | 2.50% | 3.30% | 5.00% 0.15 0.12 0.09 0.12 0.09 0.04
NF162 1.30% 1.70% | 2.50% | 2.20% | 3.50% | 4.50% 0.13 0.12 0.10 0.12 0.08 0.03
NF172 5.50% 5.80% | 5.20% | 6.00% | 8.00% | 9.10% 0.14 0.11 0.09 0.09 0.06 0.03
NF2E2 | 1.50% | 1.90% | 2.20% | 2.60% | 3.00% | 3.00% | 011 | 010 | 008 | 008 | 005 | 003
NF221 4.20% 4.10% | 4.10% | 4.40% | 4.60% | 5.40% 0.12 0.11 0.08 0.09 0.05 0.03
NF252 | 3.40% | 3.10% | 3.30% | 420% | 4.60% | 4.60% | 013 | 040 | 007 | 007 | 005 | 002
NF272 1.10% 0.93% | 1.10% | 1.90% | 2.70% | 3.00% 0.14 0.11 0.07 0.07 0.05 0.02
NF281 7.10% 8.00% | 8.00% | 8.50% | 9.50% | 10.30% 0.12 0.09 0.07 0.07 0.05 0.03
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© 5 |5 | 25 | 25 | 25 | 25 | C = L L L L
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FFO11 0.22 0.19 0.15 0.17 0.11 0.06 0.031 0.013 0.017 0.058 0.076 0.090
FF131 0.36 0.34 0.31 0.36 0.23 0.11 0.002 0.000 0.005 0.034 0.088 0.095
FF141 0.28 0.24 0.20 0.24 0.17 0.09 0.002 0.000 0.000 0.012 0.020 0.022
FF142 0.34 0.30 0.25 0.33 0.23 0.11 0.046 0.038 0.068 0.086 0.110 0.124
FF152 0.31 0.27 0.22 0.29 0.19 0.10 0.040 0.041 0.072 0.099 0.111 0.107
FF191 0.17 0.14 0.12 0.16 0.11 0.06 0.041 0.035 0.034 0.037 0.034 0.034
FF212 0.37 0.31 0.25 0.30 0.20 0.10 0.002 0.007 0.015 0.022 0.027 0.029
FF221 0.31 0.27 0.22 0.27 0.19 0.09 0.003 0.002 0.004 0.010 0.021 0.032
FF222 0.32 0.29 0.24 0.31 0.21 0.10 0.004 0.009 0.010 0.019 0.030 0.038
NF022 0.27 0.24 0.21 0.26 0.17 0.08 0.069 0.076 0.088 0.097 0.106 0.106
NFO51 0.33 0.29 0.24 0.30 0.19 0.08 0.063 0.065 0.076 0.087 0.092 0.089
NF052 0.35 0.30 0.26 0.36 0.24 0.09 0.066 0.055 0.049 0.046 0.043 0.040
NF161 0.28 0.25 0.21 0.25 0.19 0.08 0.022 0.013 0.016 0.025 0.032 0.048
NF162 0.26 0.23 0.19 0.24 0.16 0.07 0.007 0.005 0.006 0.013 0.024 0.027
NF172 0.29 0.26 0.22 0.28 0.21 0.10 0.049 0.035 0.036 0.057 0.080 0.076
NF212 0.30 0.27 0.22 0.27 0.19 0.10 0.000 0.000 0.003 0.007 0.010 0.018
NF221 0.27 0.24 0.20 0.26 0.18 0.08 0.024 0.021 0.021 0.026 0.025 0.029
NF252 0.22 0.19 0.16 0.20 0.13 0.07 0.037 0.028 0.021 0.028 0.030 0.029
NF272 0.20 0.17 0.13 0.15 0.10 0.05 0.076 0.075 0.077 0.088 0.089 0.098
NF281 0.23 0.20 0.18 0.23 0.18 0.09 0.074 0.075 0.075 0.084 0.093 0.091
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> « © 59 w @ = 8 = 8 = 8 8E’07)‘ (_38C 88: 88: 88: 88:
2 8 2 o2 | 82 | 82 | 882 | 88 | ¢ CNE INS INSlTNEINE
o [ L T [ o [ 5.2 T2 T2 c B2 S BL2| S ®A
- ° 3B SES | w28 | T8 | He8|8gS
— N ™ < o © w = o o o o o
7o pd pd pd pd pd
20
FFO11 0.040 0.020 0.026 0.070 0.089 0.116 3.675 3.161 3.647 4,772 5.733 7.106
FF131 0.005 0.007 0.013 0.033 0.088 0.090 2.383 2.700 3.192 5.525 5.342 8.844
FF141 0.004 0.002 0.005 0.012 0.019 0.033 1.900 1.878 2.353 3.328 3.694 5.944
FF142 0.053 0.046 0.075 0.091 0.115 0.121 3.006 2.800 3.361 4.319 5.003 6.400
FF152 0.052 0.054 0.083 0.111 0.125 0.135 3.939 4.022 4.644 6.281 6.742 9.025
FF191 0.064 0.046 0.046 0.052 0.048 0.041 3.981 3.797 4.006 4,553 4811 5.808
FF212 0.008 0.014 0.023 0.033 0.038 0.040 2.461 2.617 3.150 3.908 4.756 6.011
FF221 0.009 0.008 0.008 0.016 0.028 0.044 2.469 2.650 2.692 3.944 5.211 7.583
FF222 0.007 0.012 0.015 0.017 0.025 0.039 2.289 2.378 3.283 4.253 4.336 6.517
NF022 0.076 0.083 0.095 0.102 0.109 0.100 2.869 3.136 3.339 3.058 3.181 3.789
NFO51 0.073 0.075 0.087 0.100 0.106 0.113 4,139 4.094 4.558 5.644 6.197 7.728
NF052 0.076 0.066 0.062 0.061 0.060 0.068 4.497 4.450 4.619 5.664 5.594 6.439
NF161 0.025 0.016 0.018 0.026 0.036 0.054 2.583 3.111 3.272 4.317 4,989 6.817
NF162 0.010 0.009 0.014 0.021 0.033 0.048 2.236 2.514 3.147 4.058 4,986 6.453
NF172 0.061 0.045 0.047 0.069 0.094 0.099 3.989 3.836 4.086 4,903 5.036 6.389
NF212 0.006 0.007 0.011 0.018 0.021 0.022 2.106 2.364 2.708 3.353 3.789 5.217
NF221 0.033 0.029 0.030 0.037 0.037 0.064 3.328 3.339 3.675 4.458 5.014 7.481
NF252 0.043 0.032 0.026 0.037 0.038 0.045 3.172 3.039 3.475 4.239 4536 5.911
NF27%2 0.083 0.082 0.083 0.093 0.092 0.090 3.069 3.056 2.936 3.242 4.028 5.814
NF281 0.084 0.085 0.086 0.097 0.108 0.114 4,567 4.653 4,769 5.639 6.056 6.883
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o QGJ(U EGJ(U QCDcU QCD(U QCDcU QCDcU LLE LLE LLE LLE) LLE) LLE)
= L N o No|LNo|LNOo|WLNgo|LWLNOgo = O T O - O - O c O c O
© | 388 |2cd|2cd|sed| T8 cS8| 42 | §2 | 58 | §E | BE | B
== == == == == ==
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Z Z Z Z Z Z
FFO11 1.022 1.039 1.256 1.819 2.375 4,542 2.453 2.146 2471 4.475 4,396 5.330
FF131 0.922 1.317 1.953 2.850 4772 6.506 5.848 11.306 | 10.452 | 14.694 | 14.065 | 10.250
FF141 0.664 0.794 1.267 1.956 2.608 4,550 5.035 6.252 7.000 8.927 8.642 6.620
FF142 1.208 1.300 1.783 2.606 3.372 6.800 7.962 10.113 | 11.180 | 11.668 | 12.951 | 8.845
FF152 0.894 1.186 1.692 2.531 4.092 8.164 6.277 7.134 7.298 12.441 | 9.805 7.015
FF191 1.117 1.194 1.372 1.767 2.006 3.739 0.786 1.189 1.647 4,493 3.985 2.530
FF212 0.706 0.933 1.203 1.983 2.253 6.850 4911 6.144 5.952 8.491 10.610| 9.179
FF221 0.719 1.047 1.364 2.292 3.933 4.808 3.389 3.170 4,240 10.936 | 10.143 | 5.727
FF222 0.872 1.022 1.611 2.531 3.600 547 3.490 3.357 5.140 10.422 | 7.881 6.641
NF022 0.717 0.753 1.206 1.947 2.136 4.403 2.636 3.430 4.206 6.130 5.346 3.513
NFO051 1.069 1.189 1.736 2.800 3.583 5.136 4,946 4,734 6.647 12.061 | 9.486 4.085
NF052 1.044 1.164 1.689 3.044 3.828 5.744 5.323 6.163 7.034 14.149 | 10.367 | 4.898
NF161 0.894 1.064 1.472 2.569 3.625 5.872 4.127 6.397 6.292 11.875 | 10.630 | 6.069
NF162 0.778 0.900 1.375 1.864 3.106 4.989 5.362 5.499 6.185 10.802 | 10.582 | 5.081
NF172 0.844 0.967 1.400 2.544 4.094 5.536 3.822 4,204 6.082 17042 8.900 4.445
NF212 0.567 0.747 1.097 1.406 1.814 6.161 3.308 3.530 4.494 5.208 7.524 6.029
NF221 0.786 1.011 1.431 1.842 2.247 5.961 3.744 3.815 4.482 4.450 5.692 7.744
NF252 1.014 1.056 1.253 1.672 1.967 4.006 1.820 1.911 2.312 3.312 3.488 3.440
NF272 0.831 0.942 1.275 1.747 2.367 4,189 1.537 1.924 1.821 5.473 4.840 3.289
NF281 1.047 1.142 1.386 1.994 2.228 4.447 2.287 2.165 4.034 6.460 4510 3.714
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FFO11 2.327 2.627 | 3.357 | 4.289 | 5.539 | 4.399 1.40% | 1.20% | 1.00% | 1.30% | 2.70% | 3.30% | 1.179
FF131 7.072 12.033 | 12.432 | 15.445| 19.960 | 12.733 | 0.37% | 0.32% | 0.35% | 0.62% | 3.90% | 3.70% | 1.545
FF141 5.169 5.798 | 10.331 | 9.979 | 11.742 | 11.473| 0.09% | 0.38% | 0.52% | 0.71% | 0.87% | 0.66% 1.6
FF142 7.029 9.218 | 16.010 | 14.877 | 17.719 | 15.345| 3.50% | 4.00% | 4.50% | 5.00% | 5.50% | 5.80% | 1.499
FF182 4.602 5.063 | 8.663 | 9.147 | 14.475| 13.763| 3.10% | 3.80% | 4.90% | 5.70% | 6.30% | 6.60% | 1.159
FF191 0.854 1.101 1.451 3.109 | 2.906 | 5.902 1.20% | 1.40% | 1.30% | 1.30% | 1.10% | 0.95% | 0.734
FF212 4.442 5.009 | 6.012 6.576 | 7.771 | 13.649 | 0.62% | 1.00% | 1.40% | 1.70% | 1.90% | 1.90% | 1.625
FF221 3.596 4974 | 4244 | 7.953 | 12.785| 10.285| 0.21% | 0.24% | 0.21% | 0.17% | 0.16% | 0.46% 1.39
FF222 4.586 3.608 | 5.571 8.783 | 12.497 | 10.925| 0.23% | 0.20% | 0.19% | 0.20% | 0.06% | 0.37% | 1.648
NF022 3.976 5.087 | 7.308 | 10.234| 9.902 | 10.771| 5.30% | 6.60% | 7.30% | 8.00% | 8.60% | 8.80% | 0.913
NFO51 5.382 5.549 | 10.885| 13.423 | 15.953 | 10.809 | 4.80% | 5.70% | 6.20% | 6.60% | 7.10% | 7.20% 0.84
NF052 4.417 4.864 | 7.595 | 14.830 | 16.466 | 13.596 | 3.90% | 4.70% | 4.90% | 4.80% | 4.60% | 4.50% | 1.017
NF161 4.697 6.016 | 9.092 | 10.768 | 14.960 | 9.612 0.05% | 0.06% | 0.25% | 0.41% | 0.70% | 0.89% | 1.204
NF162 4.618 5.543 | 6.360 | 9.999 | 10.239 | 9.595 0.54% | 0.53% | 0.66% | 097% | 1.10% | 0.69% | 1.236
NF172 2.990 3.657 | 5.553 | 10.290 | 15.266 | 12.252 | 3.50% | 3.30% | 3.20% | 3.70% | 4.80% | 5.20% | 1.104
NF212 3.753 3.941 6.022 5918 | 7.229 | 12928 | 0.01% | 0.11% | 0.27% | 0.39% | 0.48% | 0.50% | 1.474
NF221 2.832 3.812 5336 | 4.932 | 5.765 | 9.215 2.60% | 2.40% | 230% | 2.30% | 2.30% | 2.60% | 1.025
NF252 1.365 1594 | 2.882 3.762 | 4.453 | 6.544 1.20% | 1.60% | 1.50% | 1.40% | 1.20% | 0.79% | 0.901
NF272 1.961 1.998 | 2.927 3.780 | 5.381 | 4.259 5.80% | 6.60% | 6.70% | 7.00% | 7.20% | 7.10% | 0.976
NF281 1.475 2480 | 2.688 | 5.204 | 7.107 | 9.915 6.00% | 6.70% | 6.90% | 7.30% | 7.70% | 7.90% | 1.115
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S | &y |g x| 4x | 4Ox | &x | 4xF | G |@ Z| 4z | 4z | Gz | 4oz
IS 4 x W w w w w = x .= = = = =
%) > %) ) %) %) 0nE >T| ws n e 0 0
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g} 0:-% 98% D:-% D:-% D:-% D:-% n:-% KSJEORE= D:'% D:'% D:'% D:%
5 S o Lihia| 5o o if=2 o if=2 o if=2 2 Lbo| 52 S 2 S 2 S 2
o S n T 'p o 'n S n S n S n o n © 0 o u o w o w o w
) oo § 2 oo L0 L0 L0 o .2 & 2| L2 o .2 o .2 .2
7 O ol g0 | gb | g0 | g0 | P Ol 2 | g2 | g2 | g°
— ) < ¥s) o < [ < ¥s) o
FFO11 63.08 25.56 46.82 63.29 80.36 56.26 252.84 | 235.63 | 189.54 | 236.55 | 262.30 | 142.83
FF131 8.15 0.88 25.02 102.94 | 176.63 | 102.33 40.57 28.24 27.49 | 106.93 | 145.85 | 85.33
FF141 5.93 0.00 0.27 31.51 32.57 36.34 23.74 10.37 13.41 36.72 48.45 21.35
FF142 166.05 12157 | 350.93 | 390.58 | 377.76 | 189.67 61.34 34.13 42.33 38.50 47.81 34.71
FF152 23.61 24.99 31.31 75.26 69.00 36.30 364.36 | 386.65 | 579.56 | 547.73 | 476.59 | 253.51
FF191 196.88 150.97 | 121.30 | 108.03 | 75.62 32.86 475.77 | 41554 | 338.01 | 252.28 | 155.68 | 59.43
FF212 1.74 8.83 31.67 47.53 61.68 20.86 25.35 33.12 42.51 38.52 50.97 34.29
FF221 11.56 8.65 12.12 37.85 51.45 34.83 16.97 30.12 33.12 29.53 49.82 51.46
FF222 2.37 7.88 23.87 18.56 24.23 27.02 51.58 92.04 84.81 89.72 89.08 68.15
NF022 305.46 | 336.61 | 339.43 | 266.L | 246.17 | 111.63 33.46 37.97 38.08 30.10 28.06 13.08
NF051 28.44 29.85 29.70 28.69 30.16 17.80 463.24 | 516.27 | 543.07 | 486.44 | 414.84 | 186.96
NF052 108.20 24.52 19.09 15.26 12.20 18.57 408.94 | 419.42 | 325.21 | 262.39 | 188.94 | 84.04
NF161 15.32 22.77 36.94 12.59 38.50 33.39 142.40 139.04 | 120.40 | 137.51 | 134.40 | 94.05
NF162 29.11 38.63 30.82 70.16 81.17 49.53 65.44 37.20 30.13 42.05 71.75 50.18
NF172 48.50 39.97 22.06 31.96 38.66 20.20 665.42 | 370.71 | 357.66 | 365.10 | 373.31 | 198.14
NF212 0.01 0.16 3.26 8.73 15.75 9.29 27.12 25.17 32.54 30.26 52.09 30.66
NF221 17.89 24.70 42.62 42.85 32.23 15.63 54.61 52.12 43.49 37.92 30.60 43.45
NF252 45.86 32.77 33.34 33.39 25.12 10.92 386.18 | 277.41 | 197.80 | 187.72 | 154.41 | 72.63
NF272 378.84 | 362.62 | 300.33 | 332.66 | 290.38 | 139.84 4023 39.41 42.77 32.68 31.55 20.68
NF281 38.56 31.68 26.01 29.05 32.39 17.38 603.66 | 528.73 | 430.33 | 399.63 | 384.65 | 191.12
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Table B-11: Collected Result for 6 story MF as Girder for Each Earthquake-Horizontal Only
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= k<) k<) =) IS} =) =) = 2 S | 22| 22| 22| 22
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% © 29 T o £ 0 £ 0 £ 0
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FFO11 5.10% 4.40% | 3.90% | 4.80% | 6.90% | 8.70% 0.13 0.11 0.08 0.08 0.05 0.02
FF131 1.60% 2.00% | 2.50% | 2.30% | 2.40% | 3.50% 0.14 0.1 0.08 0.09 0.05 0.02
FF141 1.70% 1.40% | 1.60% | 1.90% | 2.30% | 3.80% 0.12 0.10 0.07 0.08 0.05 0.02

FF142 0.87% 1.00% | 1.10% | 1.60% | 3.30% | 3.70% 0.14 0.11 0.08 0.09 0.05 0.02

FF152 4.70% 5.30% | 5.00% | 4.70% | 4.50% | 4.70% 0.13 0.11 0.08 0.08 0.05 0.02

FF191 5.00% 4.80% | 4.30% | 3.80% | 3.50% | 3.90% 0.14 0.11 0.08 0.09 0.05 0.02

FF212 2.10% | 3.20% | 3.60% | 3.60% | 3.20% | 2.90% 0.13 0.11 0.08 0.08 0.05 0.02

FF221 1.70% 2.10% | 2.00% | 2.10% | 2.30% | 2.70% 0.12 0.10 0.08 0.08 0.05 0.03
FF222 1.70% 1.90% | 2.10% | 2.20% | 1.80% | 4.70% 0.11 0.10 0.08 0.09 0.05 0.02
NF022 1.10% 1.30% | 0.78% | 0.85% | 0.98% | 1.10% 0.15 0.12 0.09 0.09 0.05 0.02

NFO51 | 6.70% 8.30% | 8.90% | 9.20% | 9.30% | 9.60% 0.14 0.11 0.08 0.08 0.05 0.02

NF052 6.20% 6.20% | 5.50% | 4.70% | 3.90% | 4.00% 0.14 0.11 0.08 0.08 0.05 0.02

NF161 2.10% 3.10% | 2.90% | 2.50% | 3.40% | 4.20% 0.14 0.11 0.08 0.09 0.05 0.02

NF162 1.50% 1.70% | 2.60% | 2.20% | 3.20% | 5.10% 0.13 0.11 0.08 0.09 0.05 0.02

NF172 4.30% 4.70% | 5.20% | 6.20% | 6.90% | 6.90% 0.13 0.11 0.08 0.09 0.05 0.02
NF212 4.50% 4.70% | 4.30% | 3.90% | 4.20% | 5.20% 0.13 0.10 0.08 0.08 0.05 0.02
NF221 3.40% 3.70% | 3.50% | 3.60% | 4.20% | 4.80% 0.12 0.10 0.07 0.07 0.04 0.02

NF252 | 2.90% | 3.00% | 3.60% | 3.50% | 2.90% | 2.90% 0.14 0.11 0.08 0.08 0.05 0.02

NF272 1.50% 1.30% | 1.20% | 1.40% | 1.90% | 3.30% 0.14 0.11 0.08 0.09 0.05 0.02

NF281 7.30% 8.50% | 8.60% | 8.50% | 8.70% | 9.10% 0.14 0.11 0.08 0.09 0.05 0.02
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2 5 | 58 | 58| 58| 58| 58| EX | 5% | EX | EX | g% | £X
S 20 | ZuL | 24 | ZL | Zu4 | 24 ged | EW | gW | W | W | £UW
= | 8T | B3 | 8% | sz | Zz | 5% | 85 | 85| S5 | g5 | 85 | 25
S =2 | 232 | 22 | =22 |22 | 22| 28 | 58| 58| =8| 28 | =%
o = 5 = — = = o = Q = O + o = o + o =
o) 1= ocEf | SE| SE | 8E | 8E ey cc | 22 | 22 | 22 | 8¢
LS L3 LS L S L S L > pu ° - < e <
%5 | 28 |33 |55 |55 85| % |& |8 8§ |§ |8
FFOl | 0.13 011 | 009 | 009 | 006 | 003 | 0034 | 0022 | 0024 | 0046 | 0.070 | 0.077
FF131 | 0.13 011 | 008 | 009 | 006 | 003 | 0002 | 0007 | 0012 | 0025 | 0.028 | 0.036
FF141 | 0.12 010 | 008 | 009 | 006 | 003 | 0002 | 0.001 | 0.003 | 0001 | 0.007 | 0.013
FF142 | 0.13 011 | 008 | 009 | 006 | 003 | 0063 | 0075 | 0.068 | 0.027 | 0.053 | 0.068
FF152 | 0.13 011 | 009 | 009 | 006 | 003 | 0037 | 0036 | 0.030 | 0.028 | 0.025 | 0.028
FF191 | 0.13 011 | 008 | 009 | 006 | 003 | 0068 | 0.070 | 0.065 | 0.040 | 0.035 | 0.037
FF222 | 0.13 010 | 008 | 009 | 006 | 003 | 0011 | 0017 | 0.019 | 0.016 | 0.011 | 0.015
FF221 | 0.12 010 | 008 | 009 | 006 | 003 | 0004 | 0.006 | 0.003 | 0.008 | 0.011 | 0.023
FF22 | 0.11 010 | 008 | 009 | 006 | 003 | 0004 | 0010 | 0.007 | 0.005 | 0017 | 0.032
NF022 | 0.12 010 | 007 | 008 | 005 | 003 | 0070 | 0.064 | 0.043 | 0.034 | 0.037 | 0.046
NFO51 | 0.13 011 | 008 | 009 | 006 | 003 | 0072 | 0.080 | 0.084 | 0.085 | 0.087 | 0.087
NF052 | 0.13 010 | 008 | 009 | 006 | 003 | 0058 | 0.042 | 0.033 | 0.023 | 0.020 | 0.015
NF161 | 0.12 011 | 008 | 009 | 006 | 003 | 0013 | 0015 | 0.019 | 0.022 | 0.025 | 0.037
NF162 | 0.12 011 | 009 | 009 | 006 | 003 | 0010 | 0010 | 0.011 | 0.014 | 0.022 | 0.032
NF172 | 0.13 011 | 008 | 009 | 006 | 003 | 0029 | 0032 | 0.040 | 0.056 | 0.061 | 0.045
NF212 | 0.12 010 | 008 | 009 | 006 | 003 | 0031 | 0.028 | 0.020 | 0023 | 0.029 | 0.053
NF221 | 0.12 010 | 009 | 009 | 006 | 003 | 0020 | 0018 | 0.014 | 0.020 | 0.020 | 0.024
NF252 | 0.13 011 | 009 | 010 | 006 | 003 | 0037 | 0030 | 0.025 | 0015 | 0.020 | 0.025
NF272 | 0.13 010 | 008 | 009 | 006 | 003 | 0037 | 0038 | 0.042 | 0.042 | 0.070 | 0.081
NF281 | 0.13 011 | 008 | 009 | 005 | 003 | 0078 | 0.085 | 0.076 | 0.075 | 0.082 | 0.076
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