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CHAPTER Introduction 11

Chapter LiNTRoODUCTION

PRESENTATION OF THRRLYSIS PROGRAM

SeismoBuild is an innovative Finite Elements packagewholly and exclusively dedicated toseismic
assessment and strengthening of reinforced concretfamed structures. The program iscapable of
fully carrying out the Code defined assessment methodologies from the structural modelling, through
to the required analyses, and the corresponding member check8urrently six Codes are supported
(Eurocodes, the American Code for Seismic Evaluation and retrofit of igtkng Buildings, ASCE 4117,
Italian National Seismic Codes NTG8 and NTCG18, Greek Seismic Interventions Code KANEPE and the
Turkish Seismic Evaluation Building Code TBDYBRBoth metric and imperial units, as well as European
and US reinforcingrebar types are supported.

The rational and intuitive structure, as well as the simplicity of the package, which stem from the fact
that it is the only software worldwide that is totally committed to seismicassessment, result in a very
smooth learning curve, everfor engineers that are not familiar with the Finite Elements methodThe
user-friendly, CADbased, graphical interface increasethe productivity significantly, to the point that
the assessment of a multstorey RC buildingmay be completedwithin a few minutes, including the
creation of the report and the CAD drawings to be submitted to the client

The nonlinear analysis solver of SeismoBuild, which features botldeometric nonlinearities and
material inelasticity, is based on the advanced solution algorithms of SeismoStruct, a package that has
been extensively used and verified by thousands of users for more than ten yeafie accuracy of the
solver in nonlinear analysis of framed structures is well demonstrated ypthe successes in many Blind
Test Prediction Exercises.

The SeismoBuild results presented in this document were obtained usingersion 2021 of the
program, running on an AMD Phenom Il X4 965 @ 3.40GHz machine with Windows 10-l&4d All

model files are il i OAAA ET 3AEOIi 1 300H6AO680 ET OOAI 1T AGET T &1 AAO
STRUCTURE OF THE REPO

The present report consists of a comprehensive collection of examples, which have been selected to

are briefly described below:

A In the first section (Chapter2), the main relationships used for the Chord Rotation, Shear capacity
and BeamColumn Joint checks used in ASCE-4Y are summarized.

A In the secondsection (Chapter3), the resuts for chord rotation and shear capacity produced by
SeismoBuild are compared with the independent handalculations. The results are provided in
tabular form;

A In the third section (Chapter 4), the results from checks for BearrColumn Joints capacity
accading to the ASCE 4117 produced by SeismoBuild are compared with independent hand
calculations.The results are provided in tabular form;

PROGRAM FEATURES (RBIEBY THE PROGRAM

The aim of this section is to illustrate, through thetable provided below, which program features (i.e.
Codesgquations,i AT AAOG O AAOAI) &dalidreBged ibehdh &xEmMp@ of the present report.
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v v additional bars
N ~ ~
Existing v v
g e i AR Existing v ~ v custom F
v N custom material
New ~ v
Existing < Vv < ~ additional bars
New v ~ custom material
Existing N v ~
~ v ~
v
~
v
~ v ~
~ v ~ custom mater
v v N
v v additional bars
~ v ~ Assymetric
v v
¥ A w112 L mbuped e a y S v st raate
New ~ ~
New v ~ o v additional bars, custom FRE
5 ~ v custom material
Existing v ~ v
Existing v N v
ASCE_rcics15.bpl Existing ~ v <
ASCE, Existing N N N
Existing ~
Existing < ~ ~
Existing v v v custom material
v v v
New ~ ~ additional bars
New ~ v v Assymetric
Existing ~ v
Ay Vidhyped o L ) - v custom matarisl
New v ~
New ~ ~ ~ ~ additional bars
New v ~ custom material
Existing v v ~
Existing N N N
Existing ' v N
Exinting ~ ~ v
Existing v
Existing ~ ~ ~
Existing ~N ~ N custom maters
New v v v
New v v additional bars
Ne v v N
Existing N v
Existing v v v custom FRP
AfcRasAy Sireulsr New v ~ custom maters
New v v
New v v v v additional bars
v N custom mate:
Existing ~ v <
Existing v v v
v v
~ ~
~
~ v ~
Existing v ~ v custom mater!
New v v v
New ~ v additional bars
~ v v
Existing N N
AIERA-1Y Existing v v v
~ v
New ~ ~
New ~ v ~ v
New ~ v
Existing ~ N ~
Existing v ~ N
Existing v
Existing < N
Existing < ~ custom material
v v
New v additional bars
J M
axisting
Asceai1s sEAm Lusting ” %
v v custom material
v ~
v v v additional bars
v ~ custom mater!
v ~ v
N N
v
v v ~
v ~ v custom material
v ~ v
v additional bars
~ v v Assymetric
v ~
ASCEA1-13 JACKETED RECTANGULAR—AcE—tOIrE8-0RT S Y N
ASCE. v v custom mater
ASCE_rcjrad ~ ~ ustom FRP
A v v N v additional bars
e v ~
£ v v v custam mater
ExistingrNow < N N
New+New v ~
NewsNew ~ ~N
Eiingrnew 7
Existing+New ~ v ~
~ ~ ~ custom mater:
v ~ v
v v
~ ~ ~ assymetric
- v 3 j additional bars
ASCEa1s | IACKETES L-section 3 > e
~ v v custom F
v v v v additional bars
v v
v ~  f custom mater:
~ v v
v N ~
~ ~ ~
~
~ v ~
~ v v custom material
Secondary ~ ~ ~
v v
secondary NewrNew v N < a
v & adaditional bars
Secondary Existing+New v v ~
JACKETED T-saction ssendar 7 N
Primary ~ ~ ~
~ v v v additional bars.
v ~
v v WA custom material
~ N v
v
~
v
~ v ~
v v v custom material
o v v
~ ~
~ ~ ~
~ v additional bars
v v ~
ASCE41-13 | JACKETED CIRCULAR > - e
o ~ v custom FRP
Example No. 10.11 Secondary ~ ~ ~ ~ additional bars.
Example No. 10.12 Primary ~ v
Exam No.10.13 Secondary v N v custom mater!
Primary v ~ v
Primary ~ N
Primary. ~ ~
Primary v
Primary Existing+New v '
ASCE_JBeam3.bp! Primary v ~ custom mate:
ASCE_JBaama.bpf _ Secondary ~ ~
ASCE_JBeams.bpf Secondary - 4 v
ASCE_Beamo.bpl _ Secondary j j
. AscEIBeam7.BRT | secandary additional bars
Ascr ai-1a JACKETED BEAM Asce T = 3
ASCE_JBeamd.bpf Primary v ~ custom material
ASCE_JBeam10.bpf Primary ~ v
Secondary 7 v ~ j additional bars
ASCE JBeamia.bpf | Sacondary ExistingrNew ~ v N custom matarial
Example No. 11.14 ASC "t Primary N N

As it is shown, in the above table, all the parameters that affect the chord rotation capacity and the
shear capacity ofall the section typeshave been examined.
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Chapter 2Capacity Models for Assessment and Checks
according toAmerican Society of Cividngineers (ASCE4Y)

In this chapter the parameters used for the structures assessment according WSCE 44117 are
presented.

CAPACITWIODELS FORSSESSMENT AKIBIECKS

All the member checks(chord rotation capacity and shear capacity should be carried out for all the
elements of every floor, according tesections 10 of ASCE 417, 11 of ACI 31811 and 11 of ACI 440,
taking into account the Table 77 of ASCE 4417. Interstorey drift ratio should be checked for shear
walls controlled by shear.Moreover, beamcolumn joints checks can be employed in order to check the
ET ET 060 .OEAAO &I OAA

Deformation Capacity

The deformation capacity of beams, columns and waltontrolled by flexure is defined in terms of the
chord rotation [, that isthe angle between the tangent to the axis at the yielding end and the chord
connecting that end with the end of the shear span (EM/V=moment/shear at the end section). The
chord rotation is also equal to the element drift ratio, which is the deflection at thend of the shear
span with respect to the tangent to the axis at the yielding end divided by the shear span.

Deformation capacity of beamscolumns and walls controlled by flexureis highly influenced by the

lack of appropriate seismic resistant detailingin longitudinal reinforcement, as well as whether there

are smooth bars. Inadequate development of splicing along the span (beams) and height (columns);
and inadequate embedment into bearA T 1 O T ET ET OO0 AAT AT1T 0011 OEA
action, drastically limiting its capacity in respect to the situation in which the reinforcement is
considered fully effective. The above limitations to the deformation capacity are taken into
consideration.

The total chord rotation capacity at ultimate of concre¢ members under cyclic loading is calculated as
the sum of the chord rotation at yielding and the plastic part of the chord rotation capacity

[=1y+]p
The chord rotation capacity at yield{ y, is calculated as described below:
1 For beams and columns from thequation (4.29) of D.Biskinis (2007):
— My LS
3Elest
where the effective stiffness value , B, is calculated according to Table 18 of ASCE 4417.

1 For walls according to equation(10-5) of ASCE 4417:

= M
Iy= Eel Iy

Iy

(10-5) ASCE 4417

The plastic part of the chord rotation capacity is calculated as indicated below:

1 For beams according to Table 1.0 of ASCE 4117

1 For non-circular columns according to Table 18 of ASCE 447 and for circular columns
according toTable 109 of ASCE 4417

1 For walls cortrolled by flexure according to Table 1019 of ASCE 417

i AT
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The deformation capacity of walls controlled by shear is defined in terms of the interstorey drift ratio
as indicated in Table 1620 of ASCE 4117.

The yield moment capacity is calculated according the equations of Appendix 7A of KANEPE.
Users are advised to refer to the relevant publications for the definition of the other parameters and
further details on the expressiors.

FRP wrapping

4EA AT 1T OOEAOQOOETT 1T &£ OEA &2 0 takeiddadddoundn tid@icalclidiondR O O 6
the yield moment capacity.

Shear Capacity

The Shear capacity of columns is calculated through the following expression according to section
10.4.2.3 of ASCE 417.

Ayfyd 6 & Ny

Vo= Ko = K| a5+ ) o 1+ 2 08, (Ib/in2units)
6 fg g
05 &
Vo= KV = K | g2+ ) e L N“% 0.8A, (Mpa units) (10-3) ASCE 4417
05 &g

The shear strength of a shear walk calculated from the following expression:
Vo= Vo + (22.5.1.1) ACI 31814

Where the shear strength of ashear wall provided by concrete should be the lesser of the values
computed from the equations below:

V, = 33) fahd+ :vj (Table 11.5.4.6(d)) ACI 31814
or
Iy 125 %&o.le—”h
V.= 06) f& v hd (Table 11.5.4.6(e)) AC| 31814
Vu 2

Equation (e) of Table 11.5.4.6s not applied when the (M/V y-lw/2) is negative.

The shear strength provided by the transverce reinforcement is computed from the following
expression:
_ Avfyed
- S

Vs (11.5.4.8)ACI 31814
According to ASCE41-17 Unless otherwise noted, where the longitudinal spacing of transverse
reinforcement exceeds half the component effective depth measured in the direction of shear,
transverse reinforcement shall be assumed to have reduced effectiveness in resisting aher torsion

by a factor of 2(1z s/ d).

The value for \, at any horizontal section for shear in plane of wall shall not be taken greater than
10 f&hd according to section 115.4.3 of ACI 31814.

The shear capacity of beam sections is calculated from tleguation (22.5.1.7) of ACI 31814, with the
shear strength provided by the transverce reinforcement computed from equation1(1.5.4.8 of ACI
318-14 and the shear strength provided by concrete computed by the detailed calculation of section
22.5.5.10f ACI318-14, in particular as the least between the Vc values computed from the following
equations. According to ASCE 417 Unless otherwise noted, where the longitudinal spacing of
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transverse reinforcement exceeds half the component effective depth measured the direction of
shear, transverse reinforcement shall be assumed to have reduced effectiveness in resisting shear or
torsion by a factor of 2(1z s/d).

Vo= 190 f@ 2500my 7 b,d (Table 22.5.5.1 (a) ACI 31814
V.= 191 f& 2500m, b,d (Table 22.5.5.1 )) ACI 31814
V.= 350 fab,d. (Table 22.5.5.1 ¢)) ACI 31814

Users are advised to refer to the relevant publications for the definition of the other parameters and
further details on the expressiors.

FRP wrapping

The shear resistance ¥, may be calculated from expressiofil0-3) of ASCE 4417 for columns or the
equation (11-2) of ACI 31811 for beams and shear walls adding in Mhe contribution of the FRP
jacket tothe shear resistance.

The contribution of the FRP jacket to the shear resistance is computed through the following
expression multiplied by a reduction factor€ ¢, as described in section 11.3 of ACI 440:

Vi = M (11-3) AC1440
where

Ap = 2ntw; (11-4) ACI 440
and

fo = ROE (11-5) ACI 440

The total shear strength provided by the sum of the FRP shear reinforcement and the steel shear
reinforcement should be limited as indicated in the equatiorbelow:

V;+\V, 8 f3,d in in-Ib units
V;+V, 066 f#b,d inSlunits (11-11) ACI 440

Users are advised to refer to the relevant publications for the definition of the other parameters and
further details on the expressiors.

JointsShear Force
The design shear force of joints is calculated through the following expression according to TBDY:
Vo= 125f, Aq+Asp Vi (7.11) TBDY

The equation of section 10.4.2.3.2 of ASCE-47 is employed for the calculation of the shear capacity
of joints:

Vi =1 r fay (Ib/in. 2 units)
V, = 0083} r f@@y (MPa units) (10-4) ASCE 4117
The value forr is defined in Table 1012 of ASCE 44117.

Users are advised to refer to the relevant publications for the definition of the other parameters and
furth er details on the expressions.
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Chapter 3coMPARISON WITH INDEPENDENT HAND

CALOLATIONS ¢ MEMBER CHECKS

As noted above, this chapter makes use of examples, and their corresponding independent hand
calculations.

EXAMPLESSET1: RECTANGULARCOLUMNSECTION

EXAMPLE 11

SUCCINCT DATA

Primary Member

Ribbed Bars

Ductile Steel

With Detailing for Earthquake Resistancg ET A1 OAET ¢ OOEOOODPO Al T OAA
Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (lo/lou,min>=1)

No FRP Wrapping

Existing Material Sets type

=4 =4 -4 -8 _-8_9_9_9

DESCRIPTION

A rectangular column sectionis subjected to a Uniaxialwithout Eccentricity-Uniform Pushover
Analysis in the +X direction.

The resulting chord rotation capacityand shear capacitywith the FE analysis program SeismoBuildre
compared with hand calculations.

The Chord Rotation Capacitys checked according tahe tables 187, 10-8 and 109 and 10-19 of ASCE
41-17 and according to the equations(10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007). The
employed equations are the(10-3) of ASCE 4417 (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.10f ACI318-14 for Shear Capacity checks

GEOMETRY AND PROPERTIES

400

Units in N, mm
Knowledge Factor, KF=1.00
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- AOAOEAI 686 001 PAOOEAO
Concrete Elasticity, Ec =21019.039
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For Shear CapacitLalculations

Existing material of Primary Member: Concrete Member Shear Force is generally considered as
Strength, fc = fcm = 20.00 Force-Controlled Action according to Table C7
Existing material of Primary Member: Steel 1,ASCE 4117.

Strength, fs = fsm = 444.4444 Lower-bound strengths are used for Force
Note: Especially for the calculation of moment Controlled Actions according to 7.5.1.3ASCE
strengths, the above steel rebar strengths are 41-17

multiplied by 1.25 according to R18.6.5, ACI Existing material of Primary Member: Concete
318-14 Strength, fc = fc_lower_bound = 16.00
Existing material: Steel Strength, fs = 1.25*fsm Existing material of Primary Member: Steel

= 555.5556 Strength, fs = fs_lower_bound = 4000

-AIL AAGEO 001 PAOOGEAO

Section Height, H = 400.00

Section Width, W = £0.00

Cover Thickness, ¢ = 25.00

Element Lergth, L = 3000.00

Primary Member

Ribbed Bars

Ductile Steel

7EOE S$AOAEIEIT C &£ O %AOOENOAEA 2A0EOOAT AA | ET Al
Longitudinal Bars With Ends Lapped Starting at the End Sections
Adequate Lap Length (lo/lou,min>=1)

No FRP Wraping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeled through an inelastic plastic-hinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial withoutEccentricity-Uniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.1. Comparison between SeismoBuild and hand-calculated results for EXAMPLE 1.1

o Local | SeismoBuild Hand

Check Limit Stat Ed . .
ec imit State 9| Axis 2021 calculations
Operational Level| End 3 0.009772 0.009770

Chord Rotation Capacity -
Life Safety Start 2 0.03895153 0.03895153

Shear Capacity [KN] Life Safety Start 2 265.651904 265.651904
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COMPUTER FILES

A ASCErcrs1.bpf
A Report ASCErcrsl.pdf

EXAMPLE 12

SUCCINCT DATA

Primary Member

SmoothBars

Ductile Steel

7TEQOE $AOCAEIEIC &£ O %AOOENOAEA 2A0EOOAIT
Longitudinal Bars With Ends Lapped Starting at the End Sect

Inadequate Lap Lengthwith Ib/lb,min =0.30

FRP Wrapping

Existing Material Sets type

I v D D D D D
p2
T
m
—_

DESCRIPTION

A rectangular column section is subjected to a Uniaxial without Eccentricityniform Pushover
Analysis in the +X direction.

The resulting chord rotation capacity and shear capacitwith the FE analysis program SeismoBuildre
compared with hand calculations.

The Chord Rotation Capacitys checked according tdahe tables 107, 10-8 and 109 and 1019 of ASCE
41-17 and according to the equationg(10-5) of ASCE 4417 and (4.29) of D.Bskinis (2007). The
employed equations are the(10-3) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks

GEOMETRY AND PROPERTIES

400

Units in N, mm
Knowledge Facto, KF=0.%

- A O A OFrdperted
Concrete Elasticity, Ec = 21019.039
Steel Elasticity, Es = 200000.00
Note: Especially for the calculation of moment

For Chord rotation Calculations strengths, the above steel rebar strengths are

Existing material of Primary Member: Concrete multiplied by 1.25 according to R18.6.5, ACI
Strength, fc = fcm = 20.00 318-14
Existing material of Primary Member: Steel Existing material: Steel Strength, fs = 1.25*fsm

Strength, fs = fsm = 444.4444 = 555.5556
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Lower-bound strengths are used for Force

For Shear Capacityalculations Controlled Actions according to 7.5.1.3ASCE
Member Shear Force is generally considered as 41-17

Force-Controlled Action according to Table C7 Existing material of Primary Member:Concrete
1,ASCE 4117. Strength, fc = fc_lower_bound = 16.00

Existing material of Primary Member: Steel
Strength, fs = fs_lower_bound = 4000

-AT AAOCS8O 001 PAOOEAOD
Section Height, H = 400.00

Section Width, W = £0.00

Cover Thickness, ¢ = 25.00

Element Lergth, L = 3000.00

Primary Member

SmoothBars

Ductile Steel

7EOE $AOCAEIEIT C &£ O %AOOENOAEA 2A0EOOAT AA j E
Longitudinal Bars With Ends Lapped Starting at the End Sections
InadequateLap Lengthwith lo/lou,min = 0.30
FRP Wrapping Data

Type: Carbon

Cured laminate properties (design values)
Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00

Elongation, efu = 0.01

Number of directions, NoDir = 1

Fiber orientations, AEqd T8 mtmJ
Number of layers, NL = 1

Radius of rounding corners, R = 40.00

—
b1
—

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.2. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 1.2

Local | SeismoBuild Hand

Check Limit Stat Ed -
ec imit State 98| Axis 2021 calculations

Immediate Occupancy Start 3 0.00544247 | 0.00544247
Collapse Prevention | End 2 0.04262022 | 0.04262022
Shear Capacity [kN] Collapse Prevention | End 2 445838333 | 445.838333

Chord Rotation Capacity
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COMPUTER FILES

A ASCErcrs2.bpf
A Report_ASCErcr2.pdf

EXAMPLE 13

SUCCINCT DATA

Primary Member

SmoothBars

Ductile Steel

With Detailing for A OOENOAEA 2AO0EOOAT AA | ET Al OAET ¢ OOEOO0OOSB
Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (lo/lou,min>=1)

FRP Wrapping

Existing Material Sets type

E I

DESCRIPTION

A rectangular column section is subjected toa Uniaxial without Eccentricity-Uniform Pushover
Analysis in the +X direction.

The resulting chord rotation capacity and shear capacitywith the FE analysis program SeismoBuildre
compared with hand calculations.

The Chord Rotation Capacitys checked acording to the tables 107, 10-8 and 109 and 10-19 of ASCE
41-17 and according to the equationg(10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007). The
employed equations are the(10-3) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks

GEOMETRY AND PROPERTIES

400

Units in N, mm
Knowledge Factor, KF = 1.00

- AOGAOEAI 08 001 PAOOEAOD
Concrete Elasticity, Ec = 23025.204
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations Note: Especially forthe calculation of moment
Existing material of Primary Member: Concrete strengths, the above steel rebar strengths are
Strength, fc = fcm = 24.00 multiplied by 1.25 according to R18.6.5, ACI
Existing material of Primary Member: Steel 318-14

Strength, fs = fsm = 5280
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Existing material: Steel Strength, fs = 1.25*fsm
= 656.25

For Shear Capacity Calculations

Member Shear Force is generally consided as
Force-Controlled Action according to Table C7
1,ASCE 4117.

-AiTAAOCSO 001 PAOOEAO
Section Height, H = 400.00

Section Width, W = §0.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00

Primary Member

Ribbed Bars

Ductile Steel

7EOQOE $AOAEI EIC A& O

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

Existing material of Primary Member: Concrete
Strength, fc = fc_lower_bound = 16.00
Existing material of Primary Member: Steel
Strength, fs = fs_lower_bound = 42000

Longitudinal Bars Without Lapping in the Vicinity of the End Regions

Adequate Lap Length (lo/lou,min>=1)
FRP WrappingData

Type: Carbon

Cured laminate properties (design values)
Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00
Elongation, efu = 0.01

Number of directions, NoDir = 1
&EAAO 1T OEAT OAOQGET 10O
Number of layers, NL = 1

Radius of rounding corners, R = 40.00

5%

AEd m8mnmJ

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element

(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most sgnificant results are compared in the table below:

Table 3.3. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 1.3

Check

Chord Rotation Capacity

. Local | SeismoBuild Hand
Limit State SR Axis 2021 calculations
Operational Level End 2 0.01050144 | 0.01050144
Life Safety Start 3 0.048467 0.048467

j ETAI
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- Local | SeismoBuild Hand
Check Limit State Edge Axis 2021 calculations
Shear Capacity [kN] Life Safety Start 3 469.303508 | 469.303508

COMPUTER FILES

A ASCErcrs3.bpf
A Report_ASCErcrs3.pdf

EXAMPLE 14

SUCCINCT DATA

SecondaryMember

RibbedBars

Ductile Steel

without$ AOAEIT ET ¢ A& O

Adequate Lap Length (lo/lou,min>=1)
FRP Wrapping
New Material Sets type

=4 =8 -4 —a_a_a_°a_2

DESCRIPTION

AOOENOAEA 2A0EOOAT AA
Longitudinal Bars With Ends Lapped Starting at the End Sections

23

i ET

A rectangular column section is subjected to a Uniaxial without Eccentricitniform Pushover

Analysis in the +X direction.

The resulting chord rotation capacity and shear capacitywith the FE analysis program SeismoBuild

are compared with hand calculations

The Chord Rotation Capacitys checked according tahe tables 107, 10-8 and 109 and 1019 of ASCE

41-17 and according to the equationg(10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007). The

employed equations are the(10-3) of ASCE 4117, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks

GEOMETRY AND PROPERTIES

F—250—

f 500 i

Units in N. mm

Knowledge Factor, KF = 0.85
- AOAOEAI 66 001 PAOOEAO

Concrete Elasticity, Ec = 25742.96
Steel Elasticity, Es = 200000.00

A

0

AE
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For Chord rotation Calculations

New material of Secondary Member: Concrete
Strength,fc = fcm = 30.00

New material of Secondary Member: Steel
Strength, fs = fsm = 525.00

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

New material: Steel Stength, fs = 1.25*fsm =
656.25

-ATL AROCBO 001 PAOOGEAD
Section Height, H = 26.00

Section Width, W =500.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00
SecondaryMember

Ribbed Bars

Ductile Steel
Without$ AOAET ET ¢ &1 O

For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table C7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

New material of Secondary Member: Concrete
Strength, fc = fc_lower_bound = 20.00

New material of Secondary Member: Steel
Strength, fs = fs_lower_bound = 420.00

Longitudinal Bars With Ends Lapped Starting at th&nd Sections

Adequate Lap Length (lo/lou,min>=1)
FRP WrappingData

Type: Carbon

Cured laminate properties (design values)
Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00
Elongation, efu = 0.01

Number of directions, NoDir= 1
&EAAO 1T OEAT OAOQGET 1O
Number of layers, NL = 1

Radius of rounding corners, R = 40.00

5%

AEd m8mnmJ

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element

(infrmFBPH) fully restrained at its suppott.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

AOOENOAEA 2AO0EOOAT AA j ETAI OA
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Table 3.4. Comparison between SeismoBuild and hand -calculated results for EXAMP LE 1.4

Local | SeismoBuild Hand

Check Limit Stat Ed - i
ec imit State 98| Axis 2021 calculations

Immediate Occupancy End 3 0.01012143 | 0.01012143
Collapse Prevention | Start 3 0.06476802 | 0.06476803
Shear Capacity [KN] Collapse Prevention | Start 3 348.299021 | 348.299021

Chord Rotation Capacity

COMPUTER FILES

A ASCErcrs4.bpf
A Report_ASCErcrs4.pdf

EXAMPLE 1.5

SUCCINCT DATA

SecondaryMember

SmoothBars

Ductile Steel

7TEOE $AOCAEIETC &£ O AOOENOAEA 2AO0EOOAT AA
Longitudinal Bars Straight Ends Lapped Starting at the End Sections

Lap Length lo = 80.00

No FRP Wrapping

New Material Sets type

=4 =4 -8 -8 _-a_8_9_9

DESCRIPTION

A rectangular column section is subjected to a Uniaxial without Eccentrictyniform Pushover
Analysis in the +Xdirection.

The resulting chord rotation capacity and shear capacitwith the FE analysis program SeismoBuildre
compared with hand calculations.

The Chord Rotation Capacitys checked according tahe tables 107, 10-8 and 109 and 1019 of ASCE
41-17 and according to the equations(10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007. The
employed equations are the(10-3) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks

GEOMETRY AND PRORERT

F—250—

} 500 i

Units in N, mm
Knowledge Factor, KF = 03

\
[—

p>2

(@]
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- AOAOEAI 686 001 PAOOEAO
Concrete Elasticity, Ec = 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

New material of Secondary Member: Concrete
Strength, fc = fcm = 33.00

New material of Secondary Member: Steel
Strength, fs = fsm = 555.56

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

New material: Steel Strength, fs = 1.25*fsm =
694.45

-ATAAOCBO 001 PAOOEAO
Section Height, H = 25@0

Secton Width, W = 50.00

Cover Thickness, ¢ = 25.00

Element Lergth, L = 3000.00
SecondaryMember

SmoothBars

Ductile Steel .
WithDetaE 1 ET C A&I O

For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according b Table C?
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

New material of Secondary Member: Concrete
Strength, fc = fc_lower_bound = 25.00

New material of Secondary Memeér: Steel
Strength, fs = fs_lower_bound = 500.00

Longitudinal Bars Straight Ends Lapped Starting at the End Sections

Lap Length lo = 80.00
No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element

(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The mostsignificant results are compared in the table below:

Table 3.5. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 1.5

. Local | SeismoBuild Hand
Check Limit Stat Ed . .
ec it State 9€1 Axis 2021 calculations
) ] Operational Level | Start 0.00576926 0.00576926
Chord Rotation Capacity -
Life Safety End 3 0.03578404 0.03578404
Shear Capacity [KN] Life Safety End 3 283.019461 283.019461

i ET Al OAET ¢

OOEOO(



COMPUTER FILES

A ASCErcrs5.bpf
A Report_ASCErcrs5.pdf

EXAMPLE 16

SUCCINCT DATA

E I

SecondaryMember

RibbedBars

Ductile Steel

7EOEI OO0 $AOAEI EIT C &I O

CHAPTER Comparison| 27

AOOENOAEA 2AO0EOOAT AA

Longitudinal Bars With Ends Lapped Starting at the End Sections

InadequateLap Length with Ib/Ib,min = 0.30
No FRP Wrapping
New Material Sets type

DESCRIPTION

A rectangular column section is subjected to a Uniaxial without Eccentricityniform Pushover
Analysis in the +X direction.

The Chord Rotation Capacitys checked according tdahe tables 107, 10-8 and 109 and 1019 of ASCE
41-17 and accordingto the equations (10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007. The
employed equations are the(10-3) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks

GEOMETRY AND PROPERTIES

F—250—

500 i

Units in N. mm

Knowledge Factor, KF = 1.00

- AOAOEAI 06

001 PAOOEAO

Concrete Elasticity, Ec = 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

multiplied by 1.25 according to R18.6.5, ACI

New material of Secondary Member: Concrete 318-14
Strength, fc = fcm = 33.00 New material: Steel Strength, fs = 1.25*fsm =
New material of Secondary Member: Steel 694.45

Strength, fs = fsm = 555.56

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are

For Shear Capacity Calculations
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Member Shear Force is generally considered as New material of Secondary Member: Concrete
Force-Controlled Action according toTable C7 Strength, fc = fc_lower_bound = 25.00
1,ASCE 4117. New material of Secondary Membhe Steel
Lower-bound strengths are used for Force Strength, fs = fs_lower_bound = 500.00
Controlled Actions according to 7.5.1.3ASCE

41-17

-AT AAOCS8 O 001 PAOOEAOD

Section Height, H 250.00

Section Width, W =500.00

Cover Thickness, ¢ = 25.00

Element Length, L 3000.00

SecondaryMember

RibbedBars

Ductile Steel

7EOEI OO0 $AOCAEI EI C &£ O AOOENOAEA 2A0EOOAT AA | E
Longitudinal Bars With Ends Lapped Starting at the End Sections
Inadequate Lap Length with Ib/Ib,min = 0.30

FRP WrappingData

Type: Carbon

Cured laminate properties (design values)

Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00

Elongation, efu = 0.01

Number of directions, NoDir = 1

Fiberi OEAT OAOET 1 Oh AEd m8mnmJ
Number of layers, NL = 1

Radius of rounding corners, R = 40.00

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its suppat.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.6. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 1.6

Local | SeismoBuild Hand

Check Limit Stat Ed i
ec imit State 981 Axis 2021 calculations

Immediate Occupancy End 2 0.00524996 0.00524996
Collapse Prevention | Start | 2 0.04724995 0.04724995

Chord Rotation Capacity

—_
p2
—
(@}

\
—)
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_ Local | SeismoBuild Hand
Check Limit State Edge AxiS 2021 calculations
Shear Capacity [KN] Collapse Prevention | Start | 2 |395.1168782 395.1168782

COMPUTER FILES

A ASCErcrs.bpf
A Report_ASCErcrss.pdf

EXAMPLE 17

SUCCINCT DATA

SecondaryMember
Ribbed Bars
Ductile Steel

No FRP Wrapping

E

DESCRIPTION

Existing Material Sets type

Without Detailing for Earthquake2 AOE OOAT AA
Longitudinal Bars Straight Ends Lapped Starting at the End Sections
InadequatelLap Length with lo/lou,min = 0.30

i ET Al OAET ¢ OOEOO0OODPO

A rectangular column section is shjected to a Uniaxial without EccentricityUniform Pushover

Analysis in the +X direction.

The resulting chord rotation capacity and shear capacitwith the FE analysis program SeismoBuildre
compared with hand calculations.

The Chord Rotation Capacitys checked according tahe tables 167, 10-8 and 109 and 1019 of ASCE
41-17 and according to the equationg(10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007. The
employed equations are the(10-3) of ASCE 4117, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 dnTable
22.5.5.1 of ACI 31814 for Shear Capacity checks

GEOMETRY AND PROPERTIES

F—250—1

f 500

Units in N, mm

Knowledge Factor, KF = 1.00

- AOGAOEAI 08 001 DAOOEAO
Concrete Elasticity, Ec = 21019.039

Steel Elasticity, Es = 200000.00
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For Chord rotation Calculations

Existing material: Concrete Strength, fc = fcm = For Shear Capacity Calculations

20.00 Member Shear Force isgnerally considered as
Existing material: Steel Strength, fs = fsm = Force-Controlled Action according to Table C7
444.44 1,ASCE 4117.

Note: Especially for the calculation of moment Existing material of Secondary Member:
strengths, the above steel rebar strengths are Concrete Strength, fc = fc_lower_bound = 16.00
multiplied by 1.25 according to R18.6.5, ACI Existing material of Secondary Member: Steel
318-14 Strength, fs fs_lower_bound = 400.00

Existing material: Steel Strength, fs = 1.25*fsm

= 555.55

- AT AAGEO 001 PAOOEAO

Section Height, H 250.00

Section Width, W =500.00

Cover Thickness, & 25.00

Element Lergth, L = 3000.00

SecondaryMember

Ribbed Bars

Ductile Steel

7EOEI OO0 $AOAEI EI C &£ O %AOOENOAEA 2A0EOOAT AA | E
Longitudinal Bars Straight Ends Lapped Starting at the End Sections
Inadequate Lap Length wih lo/lou,min = 0.30

No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without Eccentriity -Uniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.7. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 1.7

. Local | SeismoBuild Hand
Check Limit Stat Ed :
e¢ imit State 91 Axis 2021 calculations
. . Life Safety End 2 0.025916 0.025916
Chord Rotation Capacity -
Operational Level | Start 3 0.00601254 | 0.00601254
Shear Capacity [KN] Operational Level | Start 3 226.636052 | 226.636051

COMPUTER FILES

A ASCErcrs?.bpf
A Report_ASCErcrs7.pdf
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EXAMPLE 18
SUCCINCT DATA
1 SecondaryMember
1 RibbedBars
1 Ductile Steel
1 7EOEI OO $AOCAEIETC A O %AOOENOAEA 2A0EOOAT AA
1 Longitudinal Bars With Ends Lapped Starting at the End Sections
1 Lap Length lo = 300.00
1 FRP Wrapping
1 Existing Material Sets type
DESCRIPTION

A rectangular column section is subjected to a Uniaxial without Eccentricityniform Pushover
Analysis in the +X direction.

The resulting chord rotation capacity and shear capacitwith the FE analysis program SeismBuild are
compared with hand calculations.

The Chord Rotation Capacitys checked according tdhe tables 137, 10-8 and 109 and 1019 of ASCE
41-17 and according to the equationg(10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007). The
employed equatins are the (10-3) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks

GEOMETRY AND PROPERTIES

F—250—

f 500 i

Units in N, mm

Knowledge Factor, KF = 0.90

- AOGAOGEAI 08 001 DAOOEAOD
Concrete Elasticity, Ec 21019.039

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations Existing material: Steel Strength, fs = 15*fsm
Existing material: Concrete Strength, fc fem = =555.55

20.00 For Shear Capacity Calculations

Existing material: Steel Strength, fs = fsm = Member Shear Force is generally considered as
444.44 Force-Controlled Action according to Table C7
Note: Especially for the calculation of moment 1,ASCE 4117.

strengths, the above steel rebar strengths are Lower-bound strengths are used for Force
multiplied by 1.25 according to R18.6.5, ACI Controlled Actions according to 7.5.1.3ASCE

318-14 41-17
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Existing material of Secondary Member: Existing material of Secondary Member: Steel
Concrete Strength, fc = fc_lower_bound = 16.00 Strength, fs = fs_lower_bound = 400.00
-AIL AAGEO 001 PAOOEAO

Section Height, H 250.00

Section Width, W =500.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00

SecondaryMember

RibbedBars

Ductile Steel

7EOET OO $AOAEIETC A O %AOOENOAEA 2A0EOOAT AA j ET Al OAEI]
Longitudinal Bars With Ends Lapped Startig at the End Sections

Lap Length lo = 300.00

FRP Wrapping Data

Type: Carbon

Dry properties (design values)

Thickness, t = 1.00

Tensile Strength, ffu = 840.00

Tensile Modulus, Ef = 82000.00

Elongation, efu = 0.009

Number of directions, NoDir = 1

Fiberi OEAT OAOEIT 1 Oh AEd m8mnJ

Number of layers, NL = 1

Radius of rounding corners, R = 40®

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its suppott.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.8. Comparison between SeismoBuild and hand -calculated results for EXAMP LE 1.8

Local | SeismoBuild Hand

Check Limit Stat Ed -
ec imit State 9€| Axis 2021 calculations

Immediate Occupancy| Start | 2 0.00598494 0.00598494
Collapse Prevention | End 3 0.03847116 0.03847116
Shear Capacity [kN] Immediate Occupancy Start | 2 284587182 284587182

Chord Rotation Capacity

COMPUTER FILES

A ASCErcrs8.bpf
A Report_ ASCEcrs8.pdf



EXAMPLE 19

SUCCINCT DATA

Primary Member

SmoothBars

Ductile Steel

7EOE $AOAEIEITC A&l O

Lap Length lo = Ib = 300.00
No FRP Wrapping
New Material Sets type

E R I I R

DESCRIPTION

CHAPTER Comparison| 33

Longitudinal Bars With Ends Lappedstarting at the End Sections

A rectangular column section is subjected to a Uniaxial without Eccentricityniform Pushover

Analysis in the +X direction.

The resulting chord rotation capacity, and shear capacitywith the FE analysis program SeismoBuild

are compared with hand calculations.

The Chord Rotation Capacitys checked according tdhe tables 137, 10-8 and 109 and 1019 of ASCE
41-17 and according to the equationg(10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007). The

employed equations are the(10-3) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table

22.5.5.1 of ACI 31814 for Shear Capacity checks

GEOMETRY AND PROPERTIES

F—250—

} 500 i

Units in N, mm

Knowledge Factor = 1.00

- AOGAOGEAI 08 001 DAOOEAOD
Concrete Elasticity, Ec = 25742.96

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

New material: Concrete Strength, fc = fcm =
30.00

New material: Steel Strength, fs = fsm = 525.00
Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according toR18.6.5, ACI
318-14

Existing material: Steel Strength, fs £.25*fsm

= 656.25

For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table C7
1,ASCE 4117.

Lower-bound strengths are used for Fce-
Controlled Actions according to 7.5.1.3ASCE
41-17

New material of Primary Member: Concrete
Strength, fc = fc_lower_bound = 20.00

mh

[—

pa!

(@}
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New material of Primary Member: Steel Strength, fs = fs_lower_bound = 420.00
-AITL AROCBO 001 PAOOEAOD

Section Height, H 250.00

Section Width, W =500.00

Cover Thickness, ¢ = 25.00

Element Length, L = 800.00

Primary Member

SmoothBars

Ductile Steel

With Detailing for Earthquake Resistance (including stiru®@ 11 & Al T OAA AO pouvdQ
Longitudinal Bars With Ends Lapped Starting at the End Sections

Lap Length lo = Ib = 300.00
No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.9. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 1.9

Local | SeismoBuild Hand

heck Limi E i
Chec imit State dge Axis 2021 calculations

Operational Level | End 3 0.00234368 0.00234368
Collapse Prevention | Start | 2 0.03304406 0.03304406
Shear Capacity [kN] Operational Level | End 3 244679813 244.679813

Chord Rotation Capacity

OMPUTER FILES

A ASCErcrs9.bpf
A Report ASCErcrs9.pdf

EXAMPLE 110

SUCCINCT DATA

Primary Member

Ribbed Bars

Ductile Steel

WEOET OO0 $AOAEIETC A1 O %AOOENOAEA 2A0EOOAT AA j ETAI
Longitudinal Bars With Ends Lapped Starting at the End Sections

Inadequate Lap Length with bb/lb,min = 0.30

=A =4 =4 =492



1 NoFRP Wrapping
1 New Material S$ts type

DESCRIPTION

CHAPTER Comparison| 35

A rectangular column section is subjected to a Uniaxial without Eccentricityniform Pushover

Analysis in the +X direction.

The resulting chord rotation capacity and shear capacitywith the FE analysis program SeismoBuild

are compared with hand calculations.

The Chord Rotation Capacitys checked according tahe tables 167, 10-8 and 109 and 1019 of ASCE
41-17 and according to the equationg(10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007). The
employed equations arethe (10-3) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table

22.5.5.1 of ACI 31814 for Shear Capacity checks

GEOMETRY AND PROPERTIES

F—250—

f 500 i

Units in N. mm

Knowledge Factor [ = 0.80

- AOAOEAI 686 001 PAOOEAOD

Concrete Elasticity, Ec = 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

New material of Primary Member: Concrete
Strength,fc = fcm = 33.00

New material of Primary Member: Steel
Strength, fs = fsm = 555.56

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

New material: Steel Strenth, fs = 1.25*fsm =
694.45

-AT AAOCS8O 001 PAOOEAOD
Section Height, H 250.00

Section Width, W =500.00

Cover Thickness, ¢ = 25.00

Element Length, L = 800.00

Primary Member

Ribbed Bars

For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

New material of Primary Member: Concrete
Strength, fc = fc_lower_bound = 20.00

New material of Primary Member: Steel
Strength, fs = fs_lower_bound = 420.00
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Ductile Steel

7EOEI OO0 $AOAEI ET C A& O AOOENOAEA 2AO0EOOA
Longitudinal Bars With Ends Lapped Startingt the End Sections

InadequatelLap Length with Ib/lb,min = 0.30

No FRP WrappingData

—)
p
To
m

—_
p

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.10. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 1.10

Local | SeismoBuild Hand

Check Limit Stat Ed i i
ec imit State 981 Axis 2021 calculations

Immediate Occupancy Start | 3 0.00584698 0.00584698
Life Safety End 2 0.02584951 0.02584951
Shear Capacity [kN] Life Safety End 2 440.089193 440.089193

Chord Rotation Capacity

COMPUTER FILES

A ASCErcrs10bpf
A Report_ASCErcrs10.pdf

EXAMPLE 111

SUCCINCT DATA

i1  SecondaryMember
1 SmoothBars
1 Ductile Steel
1 Without Detailing for Earthquake2 AOEOOAT AA | ET Al OAET ¢ OOEOOODPO
1 Longitudinal Bars With Ends Lapped Starting at the End Sections
1 InadequateLap Length with Ib/Ib,min = 0.30
1 FRP Wrapping
i1  Existing Material Sets type
DESCRIPTION

A rectangular column section is subjecteda a Uniaxial without EccentricityUniform Pushover
Analysis in the +X direction.

The resulting chord rotation capacity strain and shear capacitywith the FE analysis program
SeismoBuildare compared with hand calculations.



The Chord Rotation Capacitys checked according tdahe tables 107, 10-8 and 109 and 1019 of ASCE
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41-17 and according to the equationg(10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007). The
employed equations are the(10-3) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.é6nd Table

22.5.5.1 of ACI 31814 for Shear Capacity checks

GEOMETRY AND PROPERTIES

F—250—

} 500 i

Units in N, mm

Knowledge Factor, KF = 1.00

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 21019.039

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material: Concrete Strength, fc = fcm =
20.00

Existing material: Steel Strength, fs = fsm =
444.44

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

Existing material: Steel Strength, fs = 1.25*fsm
= 555.55

-AT AROCBO 001 PAOOGEAD
Section Height, H 250.00

Section Width, W =500.00

Cover Thickness, ¢ = 25.00

Element Lengh, L = 300.00
SecondaryMember

SmoothBars

Du,ctile‘SteeJ . o .
7EOQET OO $AOAEIET C A& O

For Shear Capacity Calculations

Member Shear Force is geerally considered as
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

Existing material of Secondary Member:
Concrete Strength, fc = fc_lower_bound16.00
Existing material of Secondary Member: Steel
Strength, fs = fs_lower_bound = 400.00

AOOENOAEA 2AO0EOOAT AA

Longitudinal Bars With Ends Lapped Starting at the End Sections

InadequatelLap Length with Ib/lb,min = 0.30
FRP Wapping Data

Type: Carbon

Cured laminate properties (design values)
Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00

\
—_

p~3

—)

(@}



38 SeismoBuildverification Report

Elongation, efu = 0.01

Number of directions, NoDir = 1

&EAAO 1T OEAT OAOET T Oh AEd mn8nmJ
Number of layers,NL = 1

Radius of rounding corners, R = 40.00

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uraxial without Eccentricity-Uniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.11. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 1.11

Local | SeismoBuild Hand

Check Limit Stat Ed i i
ec imit State 981 Axis 2021 calculations

Operational Level | End 2 0.00692703 0.00692703
Life Safety Start 3 0.03698037 0.03698037
Shear Capacity [KN] Operational Level | End 2 366.671924 366.671924

Chord Rotation Capacity

COMPUTER FILES

A ASCErcrs1lbpf
A Report ASCErcrs1lpdf

EXAMPLE 112

SUCCINCT DATA

Primary Member

SmoothBars

Ductile Steel

Longitudinal Bars With Ends Lapped Starting at the End Sections
Adequate Lap Length(lo/lou,min>=1)

No FRP Wrapping

New Material Sets type

=4 =8 = =8 =4 -84 -1

DESCRIPTION

A rectangular column section is subjected to a Uniaxial without Eccentricityniform Pushover
Analysis in the +X direction.

The resulting chord rotation capacity strain and shear capacitywith the FE analysis program
SeismoBuildare compared with hand calculations.

7EOE $AOAEIETC A1 O AOOENOAEA 2A0OEOOAT AA { E

—)

p>1

O
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The Chord Rotation Capacitys checked according tdahe tables 107, 10-8 and 109 and 1019 of ASCE
41-17 and according to the equationg(10-5) of ASCE 4417 and (4.29) of D.Bskinis (2007). The
employed equations are the(10-3) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table

22.5.5.1 of ACI 31814 for Shear Capacity checks

GEOMETRY AND PROPERTIES

F—250—

} 500 i

Units in N. mm

Knowledge Factor = 0.85

- A O A OFrdperties

Concrete Elasticity, Ec = 25742.96
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

New material of Primary Member: Concrete
Strength, fc = fcm = 30.00

New material of Primary Member: Steel
Strength, fs = fsm = 525.00

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according toR18.6.5, ACI
318-14

New material: Steel Strength, fs = 1.25*fsm =
656.25

-ATAAOCBO 001 PAOOEAO
Section Height, H 250.00

Section Width, W =500.00

Cover Thickness, ¢ = 25.00

Element Length, L = 800.00

Primary Member

SmoothBars

Ductile Steel

For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are used for Force
Cmtrolled Actions according to 7.5.1.3ASCE
41-17

New material of Primary Member: Concrete
Strength, fc = fc_lower_bound = 20.00

New material of Primary Member: Steel
Strength, fs = fs_lower_bound = 420.00

With Detailing for Earthquake Resistance (including stirrups closed at 135
Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (lo/lou,min>=1)
No FRP Wrapping Data
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|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.12. Comparison between SeismoBuild and hand -calculated result s for EXAMPLE 1.12

_ Local | SeismoBuild Hand
Check Limit State Edge AxiS 2021 calculations
. ) Immediate Occupancy End 2 0.0141779 0.0141779
Chord Rotation Capacity -
Collapse Prevention | Start | 3 0.06032858 0.06032858
Shear Capacity [KN] Immediate Occupancy End 2 376.626704 376.626704

COMPUTER FILES

A ASCErcrsl2.bpf
A Report_ASCErcrs12pdf

EXAMPLE 113

SUCCINCT DATA

SecondaryMember

SmoothBars

Ductile Steel

7EOQOET OO $AOAEIEIC A O %AOOENOAEA 2A0EOOAT AA
Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (lo/lou,min>=1)

No FRP Wrapping

Existing Material Sets type

=2 =2 =094 -5_-4 -9

DESCRIPTION

A rectangular column section is subjected to a Uniaxial without Eccentricityniform Pushover
Analysis in the +X direction.

The resulting chord rotation capacity, and shear capacitywith the FE analysis program SeismoBuild
are compared with hand calculations.

The Chord Rotation Capacitys checked according tdahe tables 167, 10-8 and 109 and 10-19 of ASCE
41-17 and according to the equationg(10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007. The
employed equations are the(10-3) of ASCE 4117, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks

\
—_—

b3

—;



GEOMETRY AND PROPERTIES
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F—250—

} 500 i

Units in N, mm

Knowledge Factor, KF 4.00

- AOCAOEAI 66 001 PAOOEAO
ConcreteElasticity, Ec = 21019.039

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material of Secondary Member:
Concrete Strength, fc = fcm = 20.00

Existing material of Secondary Member: Steel
Strength, fs = fsm = 444.44

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to RB.6.5, ACI
318-14

Existing material: Steel Strength, fs = 1.25*fsm
= 555.55

-AiT AAOGBO 001 PAOOEAO
Section Height, H 250.00

Section Width, W =500.00

Cover Thickness, ¢ = 25.00

Element Length, L = 800.00

SecondaryMember

SmoothBars

Ductile Steel

Wit hout Detailing for

Earthquake

For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

New material of Primary Member: Concrete
Strength, fc = fc_lower_bound = 160

New material of Primary Member: Steel
Strength, fs = fs_lower_bound = 4m00

Resi stance

Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (lo/lou,min>=1)
No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element

(infrmFBPH) fully restrained at its suppott.

(incl ud
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ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.13. Comparison between SeismoBuild and hand -calculated results for EXAM PLE 1.13

- Local | SeismoBuild Hand
Check Limit State Edge Axis 2021 calculations
. ) Operational Level | Start| 3 0.0139845 0.0139845
Chord Rotation Capacity -
Life Safety Start| 2 0.03298859 0.03298859
Shear Capacity [kN] Life Safety Start| 2 170.165893 170.165893

COMPUTER FILES

A ASCErcrs13bpf
A Repat_ASCErcrs13pdf

EXAMPLE 114

SUCCINCT DATA

Primary Member

RibbedBars

Ductile Steel

7EOET OO $AOQOAEIEIC A1 O %AOOENOAEA 2AO0EOOAT AA
Longitudinal Bars With Ends Lapped Starting ahe End Sections

Lap Length lo = Ib = 300.00

FRP Wrapping

Existing Material Sets type

=2 =244 -9-9-9-1

DESCRIPTION

A rectangular column section is subjected to a Uniaxial without Eccentricityniform Pushover
Analysis in the +X direction.

The resulting chord rotation capaity, and shear capacitywith the FE analysis program SeismoBuild
are compared with hand calculations.

The Chord Rotation Capacitys checked according tdhe tables 137, 10-8 and 109 and 1019 of ASCE
41-17 and according to the equationg10-5) of ASCE41-17 and (4.29) of D.Biskinis (2007). The
employed equations are the(10-3) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks

\
—_

p2

—;



GEOMETRY AND PROPERTIES

F—250—

} 500 i

Units in N. mm

Knowledge Factor{ = 1.00

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 21019.039

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material of Secondary Member:
Concrete Strength, fc = fcm = 20.00

Existing material of Secondary Member: Steel
Strength, fs = fsm = 444.44

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

Existing material: Steel Strength, fs = 1.25*fsm
= 555.55

-AT AAOCS O 001 PAOOEAOD
Section Height, H 250.00

Section Width, W =500.00

Cover Thickness, ¢ = 25.00

Element Length, L = 800.00

Primary Member

RibbedBars
Ductile Steel

Without Detailing for Earthquake Re si st anc e

CHAPTER Comparison| 43

For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

Existing material of Primary Member: Concrete
Strength, fc = fc_lower_bound = 16.00

Existing material of Primary Member: Steel
Strength, fs =§_lower_bound = 400.00

(including stirrups not

Longitudinal Bars With Ends Lapped Starting at the End Sections

Lap Length lo = Ib = 300.00

No FRP WrappingData

Type: Carbon

Cured laminate properties (design values)
Thickness, t = 1.016

Tensile Strengh, ffu = 1055.00

Tensile Modulus, Ef = 64828.00
Elongation, efu = 0.01

Number of directions, NoDir = 1
&EAAO 1T OEAT OAOGEI T Oh
Number of layers, NL =1

AEd

nm8mrtmJd



44 SeismoBuildverification Report

Radius of rounding corners, R = 40.00

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most sgnificant results are compared in the table below:

Table 3.14. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 1.14

Local | SeismoBuild Hand

ook Limi E _
Chec imit State dge| \vis 2021 calculations

Immediate Occupancy| End 3 0.00069628 0.00069628
Collapse Prevention | End 2 0.04410058 0.04410058
Shear Capacity [kN] Immediate Occupancy| End 3 248928879 248.928879

Chord Rotation Capacity

COMPUTER FILES

A ASCErcrs14.bpf
A Report_ ASCErcrs14.pdf

EXAMPLE 115

SUCCINCT DATA

Primary Member

RibbedBars

Ductile Steel

with$ AOAET ET ¢ &£ O AOOENOAEA 2A0EOOAT AA j ET Al OAE
Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (Ib/ld>=1)

No FRP Wrapping

Existing Material Setgype

=2 =229

DESCRIPTION

A rectangular column section is subjected to a Uniaxial without Eccentricityniform Pushover
Analysis in the +X direction.

The resulting chord rotation capacity, and shear capacitwith the FE analysis program SeismoBuild
are compared wth hand calculations.

The Chord Rotation Capacitys checked according tdhe tables 167, 10-8 and 109 and 10-19 of ASCE
41-17 and according to the equationg(10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007. The
employed equations are the(10-3) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks

¢
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GEOMETRY AND PROPERTIES

200

I 200 i

Units in N, mm

Knowledge Factor[ = 1.00

- AOGAOEAI 08 001 DPAOOEAOD
Concrete Elasticity, Ec 29940.411
SteelElasticity, Es = 200000.00

For Chord rotation Calculations

Existing material of Secondary Member: Concrete Strength, fc = fcni&:.00

Existing material of Secondary Member: Steel i®ngth, fs = fsm = 500.00

Note: Especially for the calculation of moment strengths, the above steetbar strengths are
multiplied by 1.25according to R18.6.5, ACI 3184

Existing material: Steel Strength, fs = 1.25*fsm625.00

For Shear Capacity Calculations

Member Shear Force is generally considered as For@ontrolled Action according to Table C-4, ASCE
41-17.

Lower-bound strengths are used for ForceControlled Actions according to 7.5.1.3ASCE 4117
Existing material of Primary Member: Concrete Strength, fc = fc_lower_bound &.a0

Existing material of Primary Member: Steel Strength, fs = fs_lower_bound60.00

- Al A APdpéiies

Section Height, H =@0.00

Section Width, W =200.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00

Primary Member

Ribbed Bars

Ductile Steel

with$ AOAET ET ¢ &£ O AOOENOAEA 2A0EOOAT AA j ET Al OAE
Longitudinal Bars With Ends Lapped Starting at the End Sections
Adequate Lap Length (Ib/ld>=1)

No FRP Wrapping Data

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
I
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.
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ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.15. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 1.15

- Local | SeismoBuild Hand
Check Limit State Edge Axis 2021 calculations
) ) Operational Level | End 3 0.0108059 0.0108059
Chord Rotation Capacity -
Life Safety Start | 2 0.0557984 0.0557984
Shear Capacity [kN] Life Safety Start| 2 97.810732 97.810732

COMPUTER FILES

A ASCE_rcrsa.bpf
A Report_ ASCE_rcr&lpdf

EXAMPLE 116

SUCCINCT DATA

Primary Member

RibbedBars

Ductile Steel

with$ AOAET ET ¢ &£ O AOOENOAEA 2A0EOOAT AA j ET Al OAE
Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (Ib/ld>=1)

No FRP Wrapping

Existing Material Sets type

=2 =244 -9-9-9-1

DESCRIPTION

A rectangular column sectimm is subjected to a Uniaxial without EccentricityUniform Pushover
Analysis in the +X direction.

The resulting chord rotation capacity, and shear capacitwith the FE analysis program SeismoBuild
are compared with hand calculations.

The Chord Rotation Cagcity is checked according tdhe tables 137, 10-8 and 109 and 1019 of ASCE
41-17 and according to the equationg10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007). The
employed equations are the(10-3) of ASCE 4117, (22.5.1.1), (11.5.4.8), Table 18.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks

¢
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GEOMETRY AND PROPERTIES

200

I 200 i

Units in N, mm

Knowledge Factor[ = 1.00

- AOGAOEAI 08 001 DPAOOEAOD
Concrete Elasticity, Ec 29940.411

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material of Secondary Member: Concrete Strength, fc = fcm 200

Existing material of Secondary Member: Steel Strength, fs = fsrd@0.00

Note: Especially for the calculation of moment strengths, the above steetbar strengths are
multiplied by 1.25 according to R18.6.5, ACI 3184

Existing material: Steel Strength,§ =fsm =400.00

For Shear Capacity Calculations

Member Shear Force is generally considered as For@ontrolled Action according to Table C-4, ASCE
41-17.

Lower-bound strengths are used for ForceControlled Actions according to 7.5.1.3ASCE 4117
Existing material of Primary Member: Concrete Strength, fc = fc_lower_bound = 18.00
Existing material of Primary Member: Steel Strength, fs = fs_lower_bound = 500.00

-AT AAOGS O 001 PAOOEAO

Section Height, H = 200.00

Section Width, W = 200.00

Cover Thickness, ¢ = 280

Element Length, L = 3000.00

Primary Member

Ribbed Bars

Ductile Steel

7TEOE $AOCAEIET C &£ O AOOENOAEA 2AO0EOOAT AA j ETAI
Longitudinal Bars With Ends Lapped Starting at the End Sections
Adequate Lap Length (Ib/ld>=1)

No FRP Wrapping Data

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
I
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.
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ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.16. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 1.16

Local | SeismoBuild Hand

heck Limi E :
Chec imit State dge AXis 2021 calculations

Operational Level | End 3 0.01198425 0.01198425
Life Safety Start | 2 0.01668826 0.01668826
Shear Capacity [kN] Life Safety Start| 2 80.057129 80.057129

Chord Rotation Capacity

COMPUTER FILES

A ASCE_rcrs16.bpf
A Report_ ASCE_rcrs16.pdf

EXAMPLESSET2: L-SHAPEDCOLUMNSECTION
EXAMPLE2.1

SUCCINCT DATA

Primary Member

Ribbed Bars

Ductile Steel

7TEOE $AOCAEIET C &£ O AOOENOAEA 2AO0EOOAT AA j ET Al OAE
Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate LapLength (lo/lou,min>=1)

No FRP Wrapping

Existing Material Sets type

=2 =84 =0-9-9-9=-9

DESCRIPTION

An L-shaped column section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis
in the +X direction.

The resulting chord rotation capacity and shear capady with the FE analysis program SeismoBuild
are compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-71010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1),(11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.



GEOMETRY AND PROPERTIES

—250—

600

F—250—

I 600 i

Units in N, mm

Knowledge Factor, KF = 1.00

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 21019.039

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material of Secondary Member:
Concrete Strength, fc = fcm = 20.00

Existing material of Secondary Member: Steel
Strength, fs = fsm = 444.44

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

Existing material: Steel Strength, fs = 1.2%m
= 555.55

-AiT AAOGBO 001 PAOOEAO
Max Height, Hmax = 600.00

Min Height, Hmin = 250.00

Max Width, Wmax = 600.00

Min Width, Wmin = 250.00

Cover Thickness, ¢ = 25.00

Element Length, L = 800.00

Primary Member

Ribbed Bars

Ductile Steel
7EOQOE $AOAEI EIC A O

CHAPTER Comparison| 49

For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

Existing maerial of Primary Member: Concrete
Strength, fc = fc_lower_bound = 16.00
Existing material of Primary Member: Steel
Strength, fs = fs_lower_bound = 400.00

Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (lo/lou,min>=1)
No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

j ETAI
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MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial withoutEccentricity-Uniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.18. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 2.1

Local | SeismoBuild Hand

heck Limi E i
Chec imit State dge Axis 2021 calculations

Operational Level | End 3 0.00375176 0.00375176
Life Safety Start | 2 0.04360277 0.04360276
Shear Capacity [kN] Life Safety Start | 2 379.798435 379.798435

Chord Rotation Capacity

COMPUTER FILES

A ASCErclcs1.bpf
A Report_ASCEclcs1.pdf

EXAMPLE2.2

SUCCINCT DATA

Primary Member

SmoothBars

Ductile Steel

7TEOE $AOCAEIET C &£ O AOOENOAEA 2AO0EOOAT AA j ET Al OAE
Longitudinal Bars With Ends Lapped Starting at the End Sections

Inadequate Lap Length with lo/lou,min = 0.30

FRPWrapping

Existing Material Sets type

I v I v D > D

DESCRIPTION

An L-shaped column section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis
in the +X direction.

The resulting chord rotation capadty, and shear capacitywith the FE analysis program SeismoBuild
are compared with hand calculations.

The Chord Rotation Capacitys checked according tdahe tables 167, 10-8 and 109 and 10-19 of ASCE
41-17 and according to the equationg(10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007). The
employed equations are the(10-3) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks

C
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GEOMETRY AND PROPERTIES

250

F—250—

Units in N, mm

KnowledgeFactor, KF = 0.90

- AOAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 21019.039

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For Shear Capacity Calculations

Existing material of Secondary Member: Member Shear Force is generally considered as
Concrete Strength, fc = fcm = 20.00 Force-Controlled Action according to Table G7
Existing material of Secondary Member: Steel 1,ASCH1-17.

Strength, fs = fsm = 444.44 Lower-bound strengths are used for Force
Note: Especially for the calculation of moment Controlled Actions according to 7.5.1.3ASCE
strengths, the above steel rebar strengths are 41-17

multiplied by 1.25 according to R18.6.5, ACI Existing material of Primary Member: Concrete
318-14 Strength, fc = fc_lower_bound = 16.00

Existing material: Steel Strength, fs = 1.25*fsm Existing material of Primary Member: Steel
=555.55 Strength, fs = fs_lower_bouwh= 400.00

-AiT AAOGBO 001 PAOOEAO
Max Height, Hmax %600.00

Min Height, Hmin = 50.00

Max Width, Wmax =600.00

Min Width, Wmin = 250.00

Cover Thickness, ¢ = 25.00

Element Length, L = 800.00

Primary Member

SmoothBars

Ductile Steel

7TEOE $AOCAEIET C A O AOOENOAEA 2A0EOOAT AA j ET Al OAET ¢
Longitudinal Bars With Ends Lapped Starting at the End Sections
Inadequate Lap Length with lo/lou,min = 0.30
FRP Wrapping Data

Type: Carbon

Cured laminate properties (design values)
Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00

Elongation, efu = 0.01

Number of directions, NoDir = 1
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&EAAO 1T OEAT OAOET T Oh AEd m8mnmJ

Number of layers, NL = 1

Radius of rounding cornersR =

MODELLING AND LOADING

40.00

NOTE All the required values for hand calculations may be exported to the Report by selecting the
member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxihwithout Eccentricity -Uniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.19. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 2.2

o Local | SeismoBuild Hand
Limit State Edge - )
Check Axis 2021 calculations
Immediate Occupancy| Start | 3 0.00572021 0.00572021
Chord Rotation Capacity
Collapse Prevention | End 2 0.03935515 0.03935515
Shear Capacity [KN] Immediate Occupancy Start| 3 341.809727 341.809727

COMPUTER FILES

A ASCErclcs2.bpf
A Report_ASCErclcs2.pdf

EXAMPLE2.3

SUCCINCT DATA

Primary Member
SmoothBars
Ductile Steel

FRP Wrapping

E I I IE RS

DESCRIPTION

An L-shaped column section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis

in the +X direction.

The resulting chord rotation capacity and shear capacitywith the FE analysisprogram SeismoBuild

7EOE $AOAEIEIC A& O
Longitudinal Bars With Ends Lapped Starting at the End Sections
Adequate Lap Length (lo/lou,min>=1)

Existing Material Sets type

are compared with hand calculations.

i ET Al OAE
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The Chord Rotation Capacitys checked according tdahe tables 107, 10-8 and 109 and 1019 of ASCE
41-17 and according to the equationg(10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007). The
employed equations are the(10-3) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table

22.5.5.1 of ACI 31814 for Shear Capacity checks

GEOMETRY AND PROPERTIES

250 —

600

F—250—

600 i

Units in N, mm

Knowledge Factor, KF = 1.00

- AOCAOEAI 66 001 PAOOEAO
ConcreteElasticity, Ec = 23025.204

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material of Primary Member: Concrete
Strength, fc = fcm = 24.00

Existing material of Primary Member: Steel
Strength, fs = fsm = 525.00

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.65, ACI
318-14

Existing material: Steel Strength, fs = 1.25*fsm
= 656.25

-ATAAOCBO 00T PAOOEAO
Max Height, Hmax = 600.00

Min Height, Hmin = 250.00

Max Width, Wmax = 600.00

Min Width, Wmin = 250.00

Cover Thickness, ¢ = 25.00

Element Lergth, L = 3000.00

Primary Member

SmoothBars

Ductile Steel

7EOQOE $AOAEI EIC &I O

AOOENOAEA 2A0EOOAT AA j E

For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

Existing material of Primary Member: Concrete
Strength, fc = fc_lower_bound = 16.00

Existing material of Primary Member: Steel
Strength, fs = fs_lower_bound = 4200

—_
p>1
.

Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (lo/loumin>=1)

FRP WrappingData

Type: Carbon

Cured laminate properties (design values)

O
v
—_
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Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00

Elongation, efu = 0.01

Number of directions, NoDir = 1

&EAAO 1T OEAT OAOET T Oh AEd mn8nmJ
Number of layers, NL = 1

Radius of rounding corners, R = 40.00

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The mostsignificant results are compared in the table below:

Table 3.20. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 2.3

Local | SeismoBuild Hand

ook Limi E :
Chec imit State dge| \vis 2021 calculations

Operational Level | End 2 0.00622419 0.00622419
Life Safety Start | 3 0.05149964 0.05149964
Shear Capacity [KN] Life Safety Start | 3 379.788787 379.788787

Chord Rotation Capacity

COMPUTER FILES

A ASCErclcs3.bpf
A Report_ ASCErclcs3.pdf

EXAMPLE2 4

SUCCINCT DATA

1 SecondaryMember
1 RibbedBars
1 Ductile Steel
7T 7EOEI OO0 S$SAOAEIEITC A O %AOOENOAEA 2A0EOOAT AA | ET Al
1 Longitudinal Bars With Ends Lapped Starting at the End Sections
1 Adequate Lap Length (lo/lou,min>=1)
1 FRP Wrapping
1 New Material Sets type
DESCRIPTNO

An L-shaped column section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis
in the +X direction.
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The resulting chord rotation capacity and shear capacitywith the FE analysis program SeismoBuild

are compared with hand calculatins.

The Chord Rotation Capacitys checked according tahe tables 167, 10-8 and 109 and 1019 of ASCE
41-17 and according to the equations(10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007. The
employed equations are the(10-3) of ASCE 4117, (22.51.1), (11.5.4.8), Table 11.5.4.6 and Table

22.5.5.1 of ACI 31814 for Shear Capacity checks

GEOMETRY AND PROPERTIES

—250—

600

F—250—

I 600 i

Units in N, mm

Knowledge Factor, KF = 0.80

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 26999.444

Steel Elasticity, Es 200000.00

For Chord rotation Calculations

New material of Secondary Member: Concrete
Strength, fc = fcm = 33.00

New material of Secondary Member: Steel
Strength, fs = fsm = 555.56

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

New material: Steel Strength, fs = 1.25*fsm =
694.45

-AT AAOCS8O 001 PAOOEAD
Max Height, Hmax = 600.00

Min Height, Hmin = 250.00

Max Width, Wmax = 600.00

Min Width, Wmin = 250.00

Cover Thickness, ¢ = 25.00

Element Lergth, L = 3000.00
SecondaryMember

RibbedBars

Ductile Steel
7EQEI OO $AOAEIEI C A& O

For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

Existing materia of Primary Member: Concrete
Strength, fc = fc_lower_bound = 280

Existing material of Primary Member: Steel
Strength, fs = fs_lower_bound = 5000

Longitudinal Bars With Ends Lapped Starting at the End Sections

i E1 Al OA
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Adequate Lap Length (lo/lou,min>=1)
FRP Wrapping Data

Type: Carbon

Cured laminate properties (design values)
Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00
Elongation, efu = 0.01

Number of directions, NoDir = 1
&EAAO 1T OEAT OAOET T Oh AEd mn8nmJ
Number of layers, NL =1

Radius of rounding corners, R = 400

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.21. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 2.4

Local | SeismoBuild Hand

Check Limit Stat Ed i i
ec imit State 981 Axis 2021 calculations

Immediate Occupancy End 3 0.00407688 0.00407688
Collapse Prevention | Start | 3 0.06396962 0.06396962
Shear Capacity [KN] Collapse Prevention | Start | 3 474535877 474.535877

Chord Rotation Capacity

COMPUTER FILES

A ASCErclcst.bpf
A Report_ASCEclcst.pdf

EXAMPLE2.5

SUCCINCT DATA

SecondaryMember

SmoothBars

Ductile Steel

7EOE S$AOAEIEI C &£ O AOOENOAEA 2A0EOOAT AA j E
Longitudinal Bars With Ends Lapped Starting at the End Sections

Lap Length lo = 300.00

No FRP Wrapping

New Material Sets type

=4 =4 =8 =4 =4 -8 -89

—_
p>1
O
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An L-shaped column section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis

in the +X direction.

The resulting chord rotation capacity and shear capacitywith the FE analysis progran SeismoBuild

are compared with hand calculations.

The Chord Rotation Capacitys checked according tahe tables 167, 10-8 and 109 and 1019 of ASCE
41-17 and according to the equationg(10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007). The
employed equations are the (10-3) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table

22.5.5.1 of ACI 31814 for Shear Capacity checks

GEOMETRY AND PROPERTIES

—250—

600

F—250—

I 600 i

Units in N, mm

Knowledge FactorKF = 1.00

- AOAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 26999.444

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

New material of SecondaryMember: Concrete
Strength, fc = fcm = 33.00

New material of Secondary Member: Steel
Strength, fs = fsm = 555.56

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

New material: Steel Strength, fs = 1.25*fsm =
694.45

-ATAROCBO 001 PAOOGEAOD
Max Height, Hmax $600.00

Min Height, Hmin =250.00

Max Width, Wmax =600.00

Min Width, Wmin =250.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00
SecondaryMember

SmoothBars

For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

Existing material of Primary Member: Concrete
Strength, fc = fc_lower_bound = 280

Existing material of Primary Member: Steel
Strength, fs = fs_lower_bound = 5000
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Ductile Steel

With Detailing for Earthquake Resistance (includingsto OO Al T OAA AO pouvJlQq

Longitudinal Bars With Ends Lapped Starting at the End Sections

Lap Length lo = 300.00
No FRP Wrapping

NOTE All the required values for hand calculations may be exported to the Report by selecting the

|
|
|
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element

(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.22. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 2.5

_ Local | SeismoBuild Hand
Check Limit State Edge Axis 2021 calculations
) ] Operational Level | Start 0.00385851 0.00385851
Chord Rotation Capacity -
Life Safety End 0.03147005 0.03147005
Shear Capacity [KN] OperationalLevel | Start 474559572 474.559572

COMPUTER FILES

A ASCErclcs5.bpf
A Report_ASCErclcs5.pdf

EXAMPLEZ2.6

SUCCINCT DATA

SecondaryMember
RibbedBars
Ductile Steel

FRP Wrapping

=4 =8 =8 =8 -8 -4 41

DESCRIPTION

An L-shaped column section is subjected to a Uniaxial without Eccentrictyniform Pushover Analyss

in the +X direction.

The resulting chord rotation capacity and shear capacitywith the FE analysis program SeismoBuild

New Material Sets type

are compared with hand calculations.

7EOQOET OO $AOAEIEIC A& O
Longitudinal Bars With Ends Lapped Starting at the End Sections
Inadequate Lap Length with Ib/Ib,min = 0.30

i ETAI
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The Chord Rotation Capacitys checked according tahe tables 107, 10-8 and 109 and 1019 of ASCE
41-17 and according to the equations(10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007. The

employed equations are the(10-3) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table

22.5.5.1 of ACI 31814 for Shear Capacity checks

GEOMETRAND PROPERTIES

2004

F—400—

200

600

Units in N, mm

Knowledge Factor, KF = 1.00

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 26999.444

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

New material of Secondary Member: Concrete
Strength, fc = fcm = 33.00

New material of Secondary Member: Steel
Strength, fs = fsm = 555.56

Note: Especially for the calculation omoment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

New material: Steel Strength, fs = 1.25*fsm =
694.45

-AiT AAOGS O 001 PAOOEAOD
Max Height, Hmax #00.00

Min Height, Hmin =200.00

Max Width, Wmax =600.00

Min Width, Wmin =200.00

Cover Thickness, ¢ = 25.00
ElementLength, L = 3000.00
SecondaryMember

RibbedBars

Ductile Stee~l
7EOEI OO0 $AOAEI ET C A& O

For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table C¥
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

New material of Secondary Member: Concrete
Strength, fc = fc_lower_bound = 25.00

New material of Secondary Member: Steel
Strength, fs = fs_lower_bound = 500.00

AOOENOAEA 2AO0EOOAT AA

Longitudinal Bars With Ends Lapped Starting at the End Sections

Inadequate Lap Length with Ib/Ib,min = 0.30
FRP WrappingData

Type: Carbon

Cured laminate properties (design values)
Thickness, t = 1.016

—_

p~3

—)

(@}
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Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00

Elongation, efu = 0.01

Number of directions, NoDir = 1

&EAAO 1T OEAT OAOET T Oh AEd mn8nmJ
Number of layers, NL =1

Radius of rounding corners, R = 40.00

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uiaxial without Eccentricity-Uniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.23. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 2.6

Local | SeismoBuild Hand

ook Limi E >
Chec imit State dge| s 2021 calculations

Immediate Occupancy End 2 0.00288528 0.00288528
Collapse Prevention | Start | 2 0.0485566 0.0485566
Shear Capacity [KN] Immediate Occupancy End 2 440.131721 440.131721

Chord Rotation Capacity

COMPUTER FILES

A ASCErclcs6.bpf
A Report_ASCErclcs6.pdf

EXAMPLE2.7

SUCCINCT DATA

SecondaryMember

RibbedBars

Ductile Steel

7EOQOET OO $AOAEIETC A O %AOOENOAEA 2AO0EOOAT AA
Longitudinal Bars With Ends Lapped Starting at the End S&ms

InadequatelLap Length with Ib/lb,min = 0.30

No FRP Wrapping

Existing Material Sets type

=2 =8 =4 =449 =-9

DESCRIPTION

An L-shaped column section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis
in the +X direction.

\
—)
p~3
—
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The resulting chord rotation capaity, and shear capacitywith the FE analysis program SeismoBuild

are compared with hand calculations.

The Chord Rotation Capacitys checked according tahe tables 167, 10-8 and 109 and 1019 of ASCE
41-17 and according to the equations(10-5) of ASCE41-17 and (4.29) of D.Biskinis (2007. The
employed equations are the(10-3) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table

22.5.5.1 of ACI 31814 for Shear Capacity checks

GEOMETRY AND PROPERTIES

2504

250

Units in N, mm

Knowledge FactorKF = 1.00

- AOAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 21019.039

Steel Elasticity, Es = 200000.00

For Chordrotation Calculations

Existing material of Secondary Member:
Concrete Strength, fc = fcm = 20.00

Existing material of Secondary Member: Steel
Strength, fs = fsm = 444.44

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

Existing material: Steel Strength, fs = 1.25*fsm
= 555.55

-AT AAOGS O 001 PAOOEAOD
Max Height, Hmax %600.00

Min Height, Hmin =250.00

Max Width, Wmax =600.00

Min Width, Wmin =250.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00
SecondaryMember

RibbedBars

Ductile Steel

7EOQOETI OO0 $AOAEIEIC & O

For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

New material of Secondary Member: Concrete
Strength, fc = fc_lower_bound = 160

New material of Secondary Member: Steel
Srength, fs = fs_lower_bound =@0.00

AOOENOAEA 2AO0OEOOAT AA { E

Longitudinal Bars With Ends Lapped Starting at the End Sections

InadequateLap Length with Ib/lb,min = 0.30

—_

p~3

—)

(@}
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No FRP WrappingData

R A e e e e e e T e e e T T

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most sgnificant results are compared in the table below:

Table 3.24. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 2.7

Local | SeismoBuild Hand

heck Limi E i
Chec imit State dge Axis 2021 calculations

Operational Level | Start| 3 0.00635746 0.00635746
Life Safety End 2 0.03172233 0.03172233
Shear Capacity [kN] Life Safety End 2 | 440.7559883| 440.7559883

Chord Rotation Capacity

COMPUTER FILES

A ASCErclcs7.bpf
A Report_ASCErclcs7.pdf

EXAMPLEZ2.8

SUCCINCT DATA

1 SecondaryMember
1 RibbedBars
i1 Ductile Steel
7 7TEOEI 60 $AOAEI ETIC £ O %AOOENOAEA 2A0EOOAT AA
i1 Longitudinal Bars With Ends Lapped Starting at the End Sections
i1 Lap Length lo = 300.00
1 FRP Wrapping
i1  Existing Material Sets type
DESCRIPTION

An L-shaped column section is subjected to a Uniaxial without Eccentriciyniform Pushover Analysis
in the +X direction.

The resulting chord rotation capacity and shear capacitywith the FE analysis program SeismoBuild
are compared with hand calculations.

The Chord Rotation Capacitys checked according tdhe tables 167, 10-8 and 109 and 10-19 of ASCE
41-17 and according to the equationg(10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007. The
employed equations are the(10-3) of ASCE 4117, (22.5.1.1),(11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks

\
—_—

b3

—;



GEOMETRY AND PROPERTIES

F—250—

50—

Units in N, mm

Knowledge Factor, KF = 0.77

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 21019.039

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material of Secondary Member:
Concrete Strength, fc = fcm = 20.00

Existing material of Secondary Member: Steel
Strength, fs = fsm = 444.44

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

Existing material: Steel Strength, fs = 1.2%m
= 555.55

-AiT AAOGBO 001 PAOOEAO
Max Height, Hmax %600.00

Min Height, Hmin =250.00

Max Width, Wmax =600.00

Min Width, Wmin =250.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00
SecondaryMember

RibbedBars

Ductile Steel

CHAPTER Comparison| 63

For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

Existing maerial of Secondary Member:
Concrete Strength, fc = fc_lower_bound = 16.00
Existing material of Secondary Member: Steel
Strength, fs = fs_lower_bound = 400.00

Without Detailing for Earthquake Resistance (including stirrups not closed@ p ouv J Q
Longitudinal Bars With Ends Lapped Starting at the End Sections

Lap Length lo = 300.00

FRP WrappingData

Type: Carbon

Cured laminate properties (design values)
Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00
Elongation, efu = 0.01

Number of directions, NoDir = 1
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&EAAO 1 OEAT OAGEI T Oh AEd mn8mnmlJ
Number of layers, NL = 1
Radius of rounding corners, R = 40.00

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.25. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 2.8

Local | SeismoBuild Hand

heck Limi E i
Chec imit State dge| \yis 2021 calculations

Immediate Occupancy Start | 2 0.00388691 0.00388691
Collapse Prevention | End 3 0.03287888 0.03287888
Shear Capacity [kN] Collapse Prevention | End 3 339.383110 339.383110

Chord Rotation Capacity

COMPUTER FILES

A ASCErclcs8.bpf
A Report_ASCErclcs8.pdf

EXAMPLE2.9

SUCCINCT DATA

Primary Member

SmoothBars

Ductile Steel

7TEOE $AOCAEIETC &£ O AOOENOGAEA 2AO0EOOAT AA
Longitudinal Bars With Ends Lapped Starting at the End Sections

Lap Length lo = 300.00

No FRPWrapping

New Material Sets type

=2 =2 =4 =4 -9-9-9-°

DESCRIPTION

An L-shaped column section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis
in the +X direction.

The resulting chord rotation capacity and shear capacitywith the FE analysis program SaimoBuild
are compared with hand calculations.

The Chord Rotation Capacitys checked according tdhe tables 167, 10-8 and 109 and 10-19 of ASCE
41-17 and according to the equations(10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007. The

i ET Al OAE
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employed equdions are the (10-3) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks

GEOMETRY AND PROPERTIES

250

—250—

Units in N, mm
Knowledge Factor, KF = 1.00
- AOAOEAI 66 001 PAOOEAO

Concrete Elasticity, Ee 23025.204
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For Shear Capacity Calculations

New material of Primary Member: Concrete Member Shear Force is generally considered as
Strength, fc = fcm = 24.00 Force-Controlled Action according to Table CG7
New material of Primary Member: Steel 1,ASCE 4117.

Strength, fs = fsm = 525.00 Lower-bound strengths are used for Force
Note: Especially for the calculation of moment Controlled Actions according to 7.5.8, ASCE
strengths, the above steel rebar strengths are 41-17

multiplied by 1.25 according to R18.6.5, ACI Existing material of Secondary Member:

318-14 Concrete Strength, fc = fc_lower_bound = 16.00
New material: Seel Strength, fs = 1.25*fsm = Existing material of Secondary Member: Steel
656.25 Strength, fs = fs_lower_bound = 4200

- AT AAGSO ®OT PAOOEA

Max Height, Hmax $600.00

Min Height, Hmin =250.00

Max Width, Wmax =600.00

Min Width, Wmin =250.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00

Primary Member

SmoothBars

Ductile Steel

With Detailing for Earthquake Resistance (includin@ OE OOODP O Al 1T OAA AO pouvlQ
Longitudinal Bars With Ends Lapped Starting at the End Sections
Lap Length lo = 300.00

No FRP Wrapping

NOTE All the required values for hand calculations may be exported to the Report by selecting the
member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
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MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial withoutEccentricity-Uniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.26. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 2.9

Local | SeismoBuild Hand

heck Limi E i
Chec imit State dge Axis 2021 calculations

Operational Level | End 3 0.00045553 0.00045553
Collapse Prevention | Start | 2 0.03272433 0.03272433
Shear Capacity [kN] Collapse Prevention | Start | 2 360.026749 360.026749

Chord Rotation Capacity

COMPUTER FILES

A ASCErclcs9.bpf
A Report_ASCErclcs9.pdf

EXAMPLE2.10

SUCCINCT DATA

Primary Member

RibbedBars

Ductile Steel

7EOQOET OO $AOAEIEIC A O %AOOENOAEA 2A0EOOAT AA
Longitudinal Bars With Ends Lapped Starting at the End Sections

Inadequate LapLength with lo/lou,min = 0.30

No FRP Wrapping

New Material Sets type

=2 =224

DESCRIPTION

An L-shaped column section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis
in the +X direction.

The resulting chord rotation capacity and shear capaity with the FE analysis program SeismoBuild
are compared with hand calculations.

The Chord Rotation Capacitys checked according tdhe tables 167, 10-8 and 109 and 10-19 of ASCE
41-17 and according to the equations(10-5) of ASCE 4117 and (4.29) of D.Biskinis (2007). The
employed equations are the(10-3) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks

\
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GEOMETRY AND PROPERTIES

250

—250—

Units in N, mm

Knowledge Factor, KF = 0.86

- A O A OFrdperie$

Concrete Elasticity, Ec = 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

New material: Concrete Strength, fc = fcm =
33.00

New material: Steel Strength, fs = fsm = 555.56
Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

New material: Seel Strength, fs = 1.25*fsm =
694.45

-AiT AAOGBO 001 PAOOEAO
Max Height,Hmax =600.00

Min Height, Hmin =250.00

Max Width, Wmax =600.00

Min Width, Wmin =250.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00

Primary Member

RibbedBars

Ductile Steel
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For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table CG7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.18,ASCE
41-17

New material of Primary Member: Concrete
Strength, fc = fc_lower_bound = 25.00

New material of Primary Member: Steel
Strength, fs = fs_lower_bound = 500.00

Without Detailing for Earthquake Resistance (including stirupsnoA1 T OAA AO pouvJ Q
Longitudinal Bars With Ends Lapped Starting at the End Sections

Inadequate Lap Length with lo/lou,min = 0.30
No FRP WrappingData

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|
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MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial withoutEccentricity-Uniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.27. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 2.10

Local | SeismoBuild Hand

heck Limi E i
Chec imit State dge Axis 2021 calculations

Immediate Occupancy| Start | 3 0.00632063 0.00632063
Life Safety End 2 0.02275145 0.02275145
Shear Capacity [kN] Immediate Occupancy| Start | 3 432.000369 432.000369

Chord Rotation Capacity

COMPUTER FILES

A ASCErclcs10.bpf
A Report_ASCErclcs10.pdf

EXAMPLE2.11

SUCCINCT DATA

SecondaryMember

SmoothBars

Ductile Steel

7EOQOET OO $AOAEIEIC A O %AOOENOAEA 2A0EOOAT AA
Longitudinal Bars With Ends Lapped Starting at the End Sections

Inadequate LapLength with lo/lou,min = 0.30

FRP Wrapping

New Material Sets type

=2 =224

DESCRIPTION

An L-shaped column section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis
in the +X direction.

The resulting chord rotation capacity and shear capady with the FE analysis program SeismoBuild
are compared with hand calculations.

The Chord Rotation Capacitys checked according tdhe tables 167, 10-8 and 109 and 10-19 of ASCE
41-17 and according to the equations(10-5) of ASCE 4117 and (4.29) of D.Biskinis (2007). The
employed equations are the(10-3) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks

\
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GEOMETRY AND PROPERTIES

—250—

600

—2s50—

I 600 i

Units in N, mm

Knowledge Factor, KF = 1.00

- A O A OFrdperties

Concrete Elasticity, Ec = 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

New material: Concrete Strength, fc = fcm =
33.00

New material: Steel Strength, fs = fsm = 555.56
Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

New material: Seel Strength, fs = 1.25*fsm =
694.45

-AiT AAOGBO 001 PAOOEAO
Max Height, Hmax $600.00

Min Height, Hmin =250.00

Max Width, Wmax =600.00

Min Width, Wmin =250.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00
SecondaryMember

SmoothBars

Ductile Steel

Without Detailing for Earthquake Resistance (including& OOO0DBO 11 0 Al 1T OAA AO pouvlQ
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For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.18,ASCE
41-17

New material of Primary Member: Concrete
Strength, fc = fc_lower_bound = 25.00

New material of Primary Member: Steel
Strength, fs = fs_lower_bound = 500.00

Longitudinal Bars With Ends Lapped Starting at the End Sections

Inadequate Lap Length with lo/lou,min = 0.30
FRP WrappingData

Type: Carbon

Dry properties (design values)

Thickness, t = 1.00

Tensile Strength, ffu = 840.00

Tensile Modulus, Ef = 82000.00

Elongation, efu = 0.009

Number of directions, NoDir = 1
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&EAAO 1 OEAT OAGEI T Oh AEd mn8mnmlJ
Number of layers, NL = 1
Radius of rounding corners, R = 40.00

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most sgnificant results are compared in the table below:

Table 3.28. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 2.11

Local | SeismoBuild Hand

heck Limi E i
Chec imit State dge| \yis 2021 calculations

Operational Level | End 2 0.00190457 0.00190457
Life Safety Start | 3 0.03703787 0.03703787
Shear Capacity [kN] Life Safety Start | 3 474527312 474527312

Chord Rotation Capacity

COMPUTER FILES

A ASCErclcs11bpf
A Report_ASCErclcs11pdf

EXAMPLE2.12

SUCCINCT DATA

Primary Member

SmoothBars

Ductile Steel

7TEOE $AOCAEIETC &£ O AOOENOAEA 2AO0EOOAT AA j ET Al OAE
Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (lo/lou,min>=1

No FRP Wrapping

New Material Sets type

=2 =2 =4 =4 -9-9-9-°

DESCRIPTION

An L-shaped column section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis
in the +X direction.

The resulting chord rotation capacity and shear capacitywith the FE analysis program SeismoBuild
are compared with hand calculations.

The Chord Rotation Capacitys checked according tdhe tables 167, 10-8 and 109 and 10-19 of ASCE
41-17 and according to the equations(10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007. The
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employed equations are the(10-3) of ASCE 4417, (22.5.1.1) (11.5.4.8), Table 11.5.4.6 and Table

22.5.5.1 of ACI 31814 for Shear Capacity checks

GEOMETRY AND PROPERTIES

—250—

600

—250—

600 {

Units in N, mm

Knowledge Factor, KF = 0.96

- AOAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 23025.204

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

New material of Primary Member: Concrete
Strength, fc = fcm = 24.00

New material of Primary Member: Steel
Strength, fs = fsm = 525.00

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

New material: Steel Strength, fs = 1.25*fsm =
656.25

- AT AAGEO 00T PAOOEAO
Max Height, Hmax $600.00

Min Height, Hmin =250.00

Max Wdth, Wmax =600.00

Min Width, Wmin =250.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00

Primary Member

SmoothBars

Du,ctile‘SteeI o .
7EOQOE $AOAEI EIC &I O

For Skear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table CG7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

New material of Primary Member Concrete
Strength, fc = fc_lower_bound = 160

New material of Primary Member: Steel
Strength, fs = fs_lower_bound = 4200

Longitudinal Bars With Ends Lappedstarting at the End Sections

Adequate Lap Length (lo/lou,min>=1)
No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Prin t-out Options module.
|
|
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MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.29. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 2.12

Local | SeismoBuild Hand

heck Limi E i
Chec imit State dge Axis 2021 calculations

Immediate Occupancy| End 2 0.00584654 0.00584654
Collapse Prevention | Start | 3 0.06182463 0.06182463
Shear Capacity [kN] Collapse Prevention | Start | 3 379.788892 379.788892

Chord Rotation Capacity

COMPUTER FILES

A ASCErclcs12bpf
A Report_ASCErclcs12pdf

EXAMPLE2.13

SUCCINCT DATA

SecondaryMember

SmoothBars

Ductile Steel

7EOQOET OO $AOAEIEIC A O %AOOENOAEA 2A0EOOAT AA
Longitudinal Bars With Ends Lappedtarting at the End Sections

Adequate Lap Length (lo/lou,min>=1)

No FRP Wrapping

Existing Material Sets type

=2 =224

DESCRIPTION

An L-shaped column section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis
in the +X direction.

The resulting chord rotation capacity, and shear capacitywith the FE analysis program SeismoBuild
are compared with hand calculations.

The Chord Rotation Capacitys checked according tdhe tables 167, 10-8 and 109 and 10-19 of ASCE
41-17 and according to the equations(10-5) of ASCE 4117 and (4.29) of D.Biskinis (2007). The
employed equations are the(10-3) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks

\
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GEOMETRY AND PROPERTIES

—250—

600

—2s50—

I 600 i

Units in N, mm

Knowledge Factor, KF = 1.00

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 21019.039

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material of Secondary Member:
Concrete Strength, fc = fcm = 20.00

Existing material of Secondary Member: Steel
Strength, fs = fsm = 444.44

Note: Especially for thecalculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

Existing material: Steel Strength, fs = 1.25*fsm
= 555.55

-AT AROCBO 001 PAOOGEAD
Max Height, Hmax %600.00

Min Height, Hmin =250.00

Max Width, Wmax =600.00

Min Width, Wmin =250.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00
SecondaryMember

SmoothBars

Ductile Stee~l
7EOEI OO0 s$AOAEI EIT C A& O

CHAPTER Comparison| 73

For Shear Capacity Calculations

Member Shear Force is generally consideredsa
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

New material of Primary Member: Concrete
Strength, fc = fc_lower_bound = 160

New material of Primary Member: Steel
Srength, fs = fs_lower_bound =@0.00

AOOENOAEA 2AO0EOOAT AA

Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate La Length (lo/lou,min>=1)
No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|
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MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysigUniaxial without Eccentricity-Uniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.30. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 2.13

Local | SeismoBuild Hand

heck Limi E i
Chec imit State dge Axis 2021 calculations

Operational Level | Start| 3 0.01204628 0.01204628
Life Safety Start | 2 0.03663188 0.03663188
Shear Capacity [kN] Operational Level | Start| 3 204547703 204.547703

Chord Rotation Capacity

COMPUTER FILES

A ASCErclcs13bpf
A Report_ASCErclcs13pdf

EXAMPLE2.14

SUCCINCT DATA

Primary Member

RibbedBars

Ductile Steel

7EOQOET OO $AOAEIEIC A O %AOOENOAEA 2A0EOOAT AA
Longitudinal Bars With Ends Lapped Starting at the End Sections

Lap Length lo = 300.00

FRP Wrapping

Existing Material Sets type

=2 =224

DESCRIPTION

An L-shaped column section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis
in the +X direction.

The resulting chord rotation capacity and shear capacitywith the FE analysis program SeismoBuild
are compared with hand calculations.

The Chord Rotation Capacitys checked according tdhe tables 167, 10-8 and 109 and 10-19 of ASCE
41-17 and according to the equations(10-5) of ASCE 4117 and (4.29) of D.Bskinis (2007). The
employed equations are the(10-3) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks

\
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GEOMETRY AND PROPERTIES

—250—

600

—250—

600 {

Units in N, mm

Knowledge Factor, KF = 1.00

- A O A OFrdperties

Concrete Elasticity, Ec = 21019.039
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material of Secondary Member:
Concrete Strength, fc = fcm = 20.00

Existing material of Secondary Member: Steel
Strength, fs = fsm = 444.44

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25according to R18.6.5, ACI
318-14

Existing material: Steel Strength, fs = 1.25*fsm
= 555.55

-AiT AAOGBO 001 PAOOEAO
Max Height, Hmax $600.00

Min Height, Hmin =250.00

Max Width, Wmax =600.00

Min Width, Wmin =250.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00

Primary Member

RibbedBars

Ductile Steel

WithoutDeOAET ET ¢ A O %AOOENOAEA 2AO0EOOAT AA
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For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

New material of Primary Member: Concrete
Strength, fc = fc_lower_bound = 160

New material of Primary Member: Steel
Srength, fs = fs_lower_bound =@0.00

Longitudinal Bars With Ends Lapped Starting at the End Sections

Lap Length lo = 300.00

FRP WrappingData

Type: Carbon

Cured laminate properties (design values)
Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00
Elongation, efu = 0.01

Number of directions, NoDir = 1

i ETAI OAET ¢ O«
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&EAAO 1 OEAT OAGEI T Oh AEd mn8mnmlJ
Number of layers, NL = 1
Radius of rounding corners, R = 40.00

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.31. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 2.14

Local | SeismoBuild Hand

Check Limit Stat Ed - i
ec imit State 98| Axis 2021 calculations

Immediate Occupancy| End 3 0.00067292 0.00067292
Collapse Prevention | End 2 0.04385179 0.04385179
Shear Capacity [KN] Immediate Occupancy End 3 440.730940 440.730940

Chord Rotation Capacity

COMPUTER FILES

A ASCErclcs14.bpf
A Report_ASCErclcs14.pdf

EXAMPLE2.15

SUCCINAATA

SecondaryMember

SmoothBars

Ductile Steel

7TEOQOET OO $AOAEIEIC A O AOOENOAEA 2AO0EOOAT AA j ETAI
Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (lo/lou,min>=)

No FRP Wrapping

Existing Material Sets type

=4 =8 =8 =8 -8 -4 41

DESCRIPTION

An L-shaped column section is subjected to a Uniaxial without Eccentriciyniform Pushover Analysis
in the +X direction.

The resulting chord rotation capacity, and shear capacitwith the FE analysis program SeismoBuild
are compared with hand calculations.
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The Chord Rotation Capacitys checked according tdahe tables 107, 10-8 and 109 and 1019 of ASCE
41-17 and according to the equations(10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007. The
employed equations are tke (10-3) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table

22.5.5.1 of ACI 31814 for Shear Capacity checks

GEOMETRY AND PROPERTIES

—200—

450

—200—

I 450 i

Units in N, mm

Knowledge Factor, KF = 1.00

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity Ec =19940.411

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material of Secondary Member:
Concrete Strength, fc = fcm £8.00

Existing material of Secondary Member: Steel
Strength, fs = fsm = 444.44

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25according to R18.6.5, ACI
318-14

Existing material: SteelStrength, fs = fsm =
444.44

-AiT AAOGS O 001 PAOOEAO
Max Height, Hmax #450.00

Min Height, Hmin =200.00

Max Width, Wmax =450.00

Min Width, Wmin =200.00

Cover Thickness, ¢ 25.00

Element Length, L = 3000.00

Secondary Member

SmoothBars

Ductile Steel

7EOQOETI OO0 $AOAEIEIC & O

For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths areused for Force
Controlled Actions according to 7.5.1.3, ASCE
41-17

New material of Primary Member: Concrete
Strength, fc = fc_lower_bound =2100

New material of Primary Member: Steel
Strength, fs = fs_lower_bound =00.0

AOOENOAEA 2AO0OEOOAT AA { E

Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (lo/lou,mirr=1)
No FRP Wrapping

—>
p~3
(@}
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|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial withoutEccentricity-Uniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.32. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 2.15

_ Local | SeismoBuil d Hand
Check Limit State Edge Axis 2021 calculations
] ] Operational Level | Start| 3 0.0126287 0.0126287
Chord Rotation Capacity -
Life Safety Start| 2 0.0346564 0.03467154
Shear Capacity [kN] Operational Level | Start| 3 206.400681 206.40070

COMPUTER FILES

A ASCE_rclcs15.bpf
A Report_ ASCE_rclcs15.pdf

EXAMPLE2.16

SUCCINCT DATA

SecondaryMember

SmoothBars

Ductile Steel

7EOQOET OO $AOAEIEIC A O %AOOENOAEA 2A0EOOAT AA
Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate LapLength (lo/lou,min>=1)

No FRP Wrapping

Existing Material Sets type

=2 =2 =4 =445

DESCRIPTION

An L-shaped column section is subjected to a Uniaxial without Eccentriciyniform Pushover Analysis
in the +X direction.

The resulting chord rotation capacity, and shear capagi with the FE analysis program SeismoBuild
are compared with hand calculations.

The Chord Rotation Capacitys checked according tdhe tables 167, 10-8 and 109 and 10-19 of ASCE
41-17 and according to the equationg(10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007). The
employed equations are the(10-3) of ASCE 4117, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks

\
—)
b3
—



CHAPTER Comparison| 79

GEOMETRY AND PROPERTIES

—200—

450

—200—

I 450 i

Units in N, mm

Knowledge Factor, KF = 1.00

- A O A OFrdperties

Concrete Elasticity Ec =19940.411
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For Shear Capacity Calculations

Existing material of Secondary Member: Member Shear Force is generally considered as
Concrete Strength, fc = fcm £8.00 Force-Controlled Action according to Table G7
Existing material of Secondary Member: Steel 1,ASCE 4117.

Strength, fs = fsm = 444.44 Lower-bound strengths ale used for Force
Note: Especially for the calculation of moment Controlled Actions according to 7.5.1.3, ASCE
strengths, the above steel rebar strengths are 41-17

multiplied by 1.25according to R18.6.5, ACI New material of Primary Member: Concrete
318-14 Strength, fc = fc_lower_bound =2100

Existing material: SteelStrength, fs = fsm = New material of Primary Member: Steel
444.44 Strength, fs = fs_lower_bound =00.0

-AiT AAOGBO 001 PAOOEAO

Max Height, Hmax #450.00

Min Height, Hmin =200.00

Max Width, Wmax =450.00

Min Width, Wmin =200.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00

Secondary Member

SmoothBars

Ductile Steel

7EOQOET OO $AOQGAEIEIC A O %AOOENOAEA 2AO0EOOAT AA | ET Al OA
Longitudinal Bars With Ends Lapped Starting at the End Sections
Adequate Lap Length (lo/lou,min>=1)

No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|
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MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.33. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 2.16

i Local | SeismoBuild Hand
heck L E .
Cinze I3 Sl dge Axis 2021 calculations
) ) Operational Level | Start| 3 0.0117076 0.0117076
Chord Rotation Capacity -
Life Safety Start| 2 0.0061141 0.0061141
Shear Capacity [kN] Operational Level | End 3 247.198517 247.198490

COMPUTER FILES

A ASCE_rclcs16.bpf
A Report_ ASCE_rclcs16.pdf

EXAMPLESSET3: T-SHAPEDCOLUMNSECTION
EXAMPLE3.1

SUCCINCT DATA

Primary Member

RibbedBars

Ductile Steel

7TEQOE $AOCAEIEIT C &£ O %AOOENOAEA 2A0EOOAT AA j ET Al OAE
Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (Io/lou,min>=1)

No FRP Wrapping

Existing Material Sets type

=2 =2 =445

DESCRIPTION

A T-shaped column section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis
in the +X direction.

The resulting chord rotation capacity and shear capacitywith the FE analysis program SeismoBuild
are compared with hand calculations.

The Chord Rotation Capacitys checked according tdhe tables 167, 10-8 and 109 and 10-19 of ASCE
41-17 and according to the equationg(10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007. The
employed equations are the(10-3) of ASCE 4117, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks
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GEOMETRY AND PROPERTIES

250

250 —

— 300—

250

I 750 i

Units in N, mm

Knowledge Factor, KF = 1.00

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec =21019.039

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For Shear Capacity Calculations

Existing material of Secondary Member: Member Shear Force is generally considered as
Concrete Strength, fc = fcm = 20.00 Force-Controlled Action according to Table G7
Existing material of Secondary Member: Steel 1,ASCE 4117.

Strength, fs = fsm = 444.44 Lower-bound strengths are used for Force
Note: Especially for the calculation of moment Controlled Actions according to 7.5.1.3ASCE
strengths, the above steel rebar strengths are 41-17

multiplied by 1.25 according to R18.6.5, ACI New material of Primary Member: Concrete
318-14 Strength, fc = fc_lower_bound = 160

Existing material: Steel Strength, fs = 1.25*fsm New material of Primary Member: Steel

= 555.55 Strength, fs = fs_lower_bauwd =400.00

- AT AAGSO 00T PAOOEAO

Max Height, Hmax = 550.00

Min Height, Hmin = 250.00

Max Width, Wmax = 750.00

Min Width, Wmin = 250.00

Eccentricity, Ec = 25.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00

Primary Member

RibbedBars

Ductile Steel

7EOE S$AOAEIEI C A O AOOENOAEA 2A0EOOAT AA | ET Al OAET ¢
Longitudinal Bars With Ends Laped Starting at the End Sections
Adequate Lap Length (lo/lou,min>=1)

No FRP Wrapping
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|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its suppott.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.34. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 3.1

Local | SeismoBuild Hand

Check Limit Stat Ed i i
ec imit State 981 Axis 2021 calculations

Operational Level | End 3 0.00322365 0.00322365
Life Safety Start | 2 0.04409459 0.04409459
Shear Capacity [kN] Operational Level |End 3 387.104377 387.104385

Chord Rotation Capacity

COMPUTER FILES

A ASCErctes1.bpf
A Report_ASCErctcsl.pdf

EXAMPLE3.2

SUCCINCT DATA

Primary Member

SmoothBars

Ductile Steel

7TEQOE $AOCAEIEIT C &£ O %AOOENOAEA 2A0EOOAT AA j ET Al OAE
Longitudinal Bars With Ends Lapped Startingt the End Sections

Inadequate Lap Length with lo/lou,min = 0.30

FRP Wrapping

Existing Material Sets type

=2 =2 =094 -5_-4 -9

DESCRIPTION

A T-shaped column section is subjected to a Uniaxial without Eccentriciyniform Pushover Analysis
in the +X direction.

The resulting chord rotation capacity, and shear capacitywith the FE analysis program SeismoBuild
are compared with hand calculations.

The Chord Rotation Capacitys checked according tdahe tables 167, 10-8 and 109 and 10-19 of ASCE
41-17 and according to the equatias (10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007. The
employed equations are the(10-3) of ASCE 4117, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks



GEOMETRY AND PROPERTIES

250

250

— 300—

250

I 750 i

Units in N. mm

Knowledge Factor, KF = 018

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 21019.039

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material of Secondary Member:
Concrete Strength, fc = fcm = 20.00

Existing material of Secondary Member: Steel
Strength, fs = fsm = 444.44

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

Existing material: Steel Strength, fs = 1.25*fsm
= 555.55

-AiT AAOGBO 001 PAOOEAO
Max Height, Hmax = 56.00
Min Height, Hmin = 250.00
Max Width, Wmax = 750.00
Min Width, Wmin = 250.00
Eccentricity, Ecc = 28.00
Cover Thickness, & 25.00
Element Length, L = 3000.00
Primary Member
SmoothBars

Ductile Steel

7EOE $AOAEIETC A1 O AOOENOAEA 2AO0EOOAT AA

CHAPTER Comparison| 83

For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table C7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

New material of Primary Member: Concrete
Strength, fc = fc_lower_bound = 160

New material of Primary Member: Steel
Srength, fs = fs_lower_bound =@D.00

Longitudinal Bars With Ends Lapped Starting at the End Sections

Inadequate Lap Length with lo/loumin = 0.30
FRP WrappingData

Type: Carbon

Cured laminate properties (design values)
Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00

Elongation, efu = 0.01

i ET Al OAE
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Number of directions, NoDir = 1

&EAAO 1 OEAT OAGET 1 06h AEqd mn8mnmld
Number of layers, NL =1

Radius of rounding corners, R = 40.00

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its suppott.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.35. Comparison between SeismoBuild and hand -calculated results for EXAM PLE 3.2

Local | SeismoBuild Hand

Check Limit Stat Ed - i
ec imit State 98| Axis 2021 calculations

Immediate Occupancy Start| 3 0.00460683 0.00460683
Collapse Prevention | End 2 0.03823517 0.03823517
Shear Capacity [KN] Immediate Occupancy| Start | 3 296.051583 296.051583

Chord Rotation Capacity

COMPUTER FILES

A ASCErctcs2.bpf
A Report_ASCErctcs2.pdf

EXAMPLE3.3

SUCCINCT DATA

Primary Member

SmoothBars

Ductile Steel

7TEOE $AOCAEIETC &£ O AOOENOAEA 2A0EOOAT AA j ET Al OAE
Longitudinal Bars With EndsLapped Starting at the End Sections

Adequate Lap Length (lo/lou,min>=1)

FRP Wrapping

Existing Material Sets type

=4 =8 =8 =8 -8 -8 41

DESCRIPTION

A T-shaped column section is subjected to a Uniaxial without Eccentricityyniform Pushover Analysis
in the +X direction.

The resulting chord rotation capacity, and shear capacitywith the FE analysis program SeismoBuild
are compared with hand calculations.

The Chord Rotation Capacitys checked according tdahe tables 167, 10-8 and 109 and 10-19 of ASCE
41-17 and according to the quations (10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007. The
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employed equations are the(10-3) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks

GEOMETRY AND PROPERTIES

250

250

— 300—

250

I 750 i

Units in N, mm

Knowledge Factor, KF = 1.00

- AOAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 23025.204

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For Shear Capacity Calculations

Existing material of Primary Member: Concrete Member Shear Force is generally considered as
Strength, fc = fcm = 24.00 Force-Controlled Action according to Table C7
Existing material of Primary Member: Steel 1,ASCE 4117.

Strength, fs = fsm = 525.00 Lower-bound strengths are used for Force
Note: Especially for the calculation of moment Controlled Actions according to 7.5.1.3ASCE
strengths, the above steel rebar strengths are 41-17

multiplied by 1.25 according to R18.6.5, ACI New material of Primary Member: Concrete
318-14 Strength, fc = fc_lower_bound = 160

Existing material: Steel Strength, fs = 1.25*fsm New material of Rimary Member: Steel

= 656.25 Strength, fs = fs_lower_bound = 4200

-AIL AAGEO 001 PAOOEAO

Max Height, Hmax = 50.00

Min Height, Hmin = 250.00

Max Width, Wmax = 50.00

Min Width, Wmin = 250.00

Eccentricity, Ecc = 28.00

Cover Thickness, ¢ 25.00

Element Length, L = 3000.00

Primary Member

SmoothBars

Ductile Steel

7TEOE $AOCAEIET C A O AOOENOAEA 2A0EOOAT AA j ET Al OAET ¢
Longitudinal Bars With Ends Lapped Starting at the End Sections
Adequate Lap Length (lo/lou,min>=1)

FRP WrappingData

Type: Carbon

Cured laminate properties (design values)

Thickness, t = 1.016
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Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00

Elongation, efu = 0.01

Number of directions, NoDir = 1

&EAAO 1T OEAT OAOET T Oh AEd mn8nmJ
Number oflayers, NL =1

Radius of rounding corners, R = 40.00

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uiaxial without Eccentricity-Uniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.36. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 3.3

I Local | SeismoBuild Hand
heck L E g
SEs Ll el Axis 2021 calculations
) ) Operational Level End 2 0.0077114 0.0077114
Chord Rotation Capacity -
Life Safety Start | 3 0.0499861 0.0499861
Shear Capacity [KN] Operational Level | End 2 550.614979 550.614979

COMPUTER FILES

A ASCErctcs3.bpf
A Report_ASCErctcs3.pdf

EXAMPLE3 4

SUCCINCT DATA

SecondaryMember

RibbedBars

Ductile Steel

7EOQOET OO $AOAEIETC A O %AOOENOAEA 2AO0EOOAT AA
Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate LaplLength (lo/lou,min>=1)

FRP Wrapping

New Material Sets type

=2 =8 =4 =449 =-9

DESCRIPTION

A T-shaped column section is subjected to a Uniaxial without Eccentricityyniform Pushover Analysis
in the +X direction.

\
—)
p~3
—



CHAPTER Comparison| 87

The resulting chord rotation capacity and shear capacitywith the FE analysis program SeismoBuild
are compared with hand calculations.

The Chord Rotation Capacitys checked according tahe tables 167, 10-8 and 109 and 1019 of ASCE
41-17 and according to the equations(10-5) of ASCE 4417 and (4.29) of D.Bskinis (2007). The
employed equations are the(10-3) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks

GEOMETRY AND PROPERTIES

250

250

—300—

250

I 750 i

Units in N, mm

Knowledge Factor, KF = 0.89

- A O A OFrdperties

Concrete Elasticity, Ec = 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For Shear Capacity Calculations

New material of Secondary Member: Concrete Member Shear Force is generally considered as
Strength, fc = fcm = 33.00 Force-Controlled Action according to Table G7
New material of Secondary Member: Steel 1,ASCE 4117.

Strength, fs = fsm = 555.56 Lower-bound strengths are usedor Force-
Note: Especially for the calculation of moment Controlled Actions according to 7.5.1.3ASCE
strengths, the above steel rebar strengths are 41-17

multiplied by 1.25 according to R18.6.5, ACI New material of Primary Member: Concrete
318-14 Strength, fc = fc_lower_bound = 25.00

New material: Steel Strength, fs = 1.25*fsm = New material of Primary Member: Steel
694.45 Strength, fs = fs_lower_bound = 500.00

-AIL AAGSEO 001 PAOOEAO

Max Height, Hmax = 550.00

Min Height, Hmin = 250.00

Max Width, Wmax = 750.00

Min Width, Wmin = 250.00

Eccenticity, Ecc = 29.00

Cover Thickness, ¢ = 280

Element Length, L = 3000.00

Secondary Member

RibbedBars

Ductile Steel

Wit hout Detailing for Earthquake Resistance (includi
Longitudinal Bars Straight Ends Lapped Starting at the End Sections
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Adequate Lap Length (lo/lou,min>=1)
FRP WrappingData

Type: Carbon

Cured laminate poperties (design values)
Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00
Elongation, efu = 0.01

Number of directions, NoDir = 1
&EAAO 1T OEAT OAOET T Oh AEd mn8nmJ
Number of layers, NL =1

Radius of rounding corners, R 40.00

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.37. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 3.4

Local | SeismoBuild Hand

Check Limit Stat Ed i i
ec imit State 981 Axis 2021 calculations

Immediate Occupancy End 3 0.00346676 0.00346676
Collapse Prevention | Start | 3 0.06274408 0.06274408
Shear Capacity [KN] Immediate Occupancy End 3 482618522 482.618510

Chord Rotation Capacity

COMPUTER FILES

A ASCErctcs4.bpf
A Report_ASCErctcs4.pdf

EXAMPLE3.5

SUCCINCT DATA

SecondaryMember

SmoothBars

Ductile Steel

7TEOE $AOCAEIET C &£ O AOOENOAEA 2A0EOOAT AA j ET Al OAE
Longitudinal Bars With Ends Lapped Starting at the End Sections

Lap Length lo = 300.00

No FRPWrapping

New Material Sets type

E R



DESCRIPTION
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A T-shaped column section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis

in the +X direction.

The resulting chord rotation capacity and shear capacitywith the FE analysis program SeimoBuild

are compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equatons are the (103) of ASCE 4117, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table

22.5.5.1 of ACI 31814 for Shear Capacity checks.

GEOMETRY AND PROPERTIES

250

250 —

— 300—

250

I 750 i

Units in N, mm

Knowledge Factor, KF = 1.00

- AOAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec 26999.444

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

New material of Secondary Member: Concrete
Strength, fc = fcm = 33.00

New material of Secondary Member: Steel
Strength, fs = fsm = 555.56

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

New material: Steel Strength, fs = 1.25*fsm =
694.45

- AT AAGBO 00T PAOOEAO
Max Height,Hmax = 550.00

Min Height, Hmin = 250.00

Max Width, Wmax = 750.00

Min Width, Wmin = 250.00

Eccentricity, Ecc = 80.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00

SecondaryMember
SmoothBars

For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.8..3,ASCE
41-17

New material of Primary Member: Concrete
Strength, fc = fc_lower_bound = 25.00

New material of Primary Member: Steel
Strength, fs = fs_lower_bound = 500.00
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Ductile Steel

With Detailing for Earthquake Resistancg ET AT OAET C
Longitudinal Bars With Ends Lapped Starting at the End Sections

Lap Length lo = Ib = 300.00
No FRP Wrapping

NOTE All the required values for hand calculations may be exported to the Report by selecting the

OOEOOODO

|
|
|
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element

(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.38. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 3.5

Al T OAA

_ Local | SeismoBuild Hand
Check Limit State Edge Axis 2021 calculations
) ] Operational Level | Start 0.00245839 0.00245839
Chord Rotation Capacity -
Life Safety End 0.03040786 0.03040786
Shear Capacity [KN] Life Safety End 483.151255 483.151255

COMPUTER FILES

A ASCErctcs5.bpf
A Report_ASCErctcs5.pdf

EXAMPLE3.6

SUCCINCT DATA

SecondaryMember
RibbedBars
Ductile Steel

FRP Wrapping

= =4 =4 =4 -8 =8 -8 =9

DESCRIPTION

A T-shaped column section is subjected to a Uniaxial without Eccentricityyniform Pushover Analysis

in the +X direction.

The resulting chord rotation capacity and shear capacitywith the FE analysis progran SeismoBuild

New Material Sets type

are compared with hand calculations.

7EOQOET OO $AOAEIEIC A& O
Longitudinal Bars With Ends Lapped Starting at the End Sections
Inadequate Lap Length with lo/lou,min = 0.30

i ETAI
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The Chord Rotation Capacitys checked according tdahe tables 107, 10-8 and 109 and 10-19 of ASCE
41-17 and according to the equations(10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007. The
employed equations are the (10-3) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks

GEOMETRY AND PROPERTIES

250

—300—1

200 A

250

I 750 i

Units in N, mm

Knowledge Factor, KF = 1.00

- AOCAOEAI 66 001 PAOOEAO
Concrete ElasticityEc = 26999.444

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For Shear Capacity Calculations

New material of Secondary MemberConcrete Member Shear Force is generally considered as
Strength, fc = fcm = 33.00 Force-Controlled Action according to Table G7
New material of Secondary Member: Steel 1,ASCE 4117.

Strength, fs = fsm = 555.56 Lower-bound strengths are used for Force
Note: Especially for the calculation of moment Controlled Actions accordingio 7.5.1.3, ASCE
strengths, the above steel rebar strengths are 41-17

multiplied by 1.25 according to R18.6.5, ACI New material of Primary Member: Concrete
318-14 Strength, fc = fc_lower_bound = 25.00

New material: Steel Strength, fs = 1.25*fsm = New material of Primary Member: Steel
694.45 Strength, fs = fs_lower_bound = 500.00

-AIL AAGSEO 001 PAOOGEAO

MaxHeight, Hmax = 550.00

Min Height, Hmin = 2%.00

Max Width, Wmax = 750.00

Min Width, Wmin = 250.00

Eccentricity, Ecc = 0.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00

SecondaryMember

RibbedBars

Ductile Steel

Without Detailing for Earthquake2 AOE OOAT AA | ET Al OAET ¢ OOEOOODPO 11 0 Al
Longitudinal Bars With Ends Lapped Starting at the End Sections
Inadequate Lap Length with lo/lou,min = 0.30

FRP WrappingData

Type: Carbon
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Cured laminate properties (design values)
Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00
Elongation, efu = 0.01

Number of directions, NoDir = 1
&EAAO 1T OEAT OAOQEITT O
Number of layers, NL = 1

Radius of rounding corners, R = 40.00

¢

AEd m8mnmJ

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
I
|

MODELING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most sgnificant results are compared in the table below:

Table 3.39. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 3.6

I Local | SeismoBuild Hand
heck L E :
Chec Imit State dge AXis 2021 calculations
) ) Immediate Occupancy| End 2 0.0030636 0.0030636
Chord Rotation Capacity -
Collapse Prevention | Start 2 0.0479955 0.0479955
Shear Capacity [KN] Immediate Occupancy End 2 687.814506 687.814506

COMPUTER FILES

A ASCErctcs6.bpf
A Report_ASCErctcs6.pdf

EXAMPLES.7

SUCCINCT DATA

SecondaryMember

RibbedBars

Ductile Steel

7EOET OO0 $AOAEIEITC A O %AOOENOAEA 2AO0EOOAT AA j ET AI
Longitudinal Bars With Ends Lapped Starting at the End Sections

Inadequate Lap Length with lo/lou,min = 0.30

No FRP Wrapping

Existing Material Sets type

= =8 =8 =4 -9 -8 -9 -1
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A T-shaped column section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis

in the +X direction.

The resulting chord rotation capacity and shear capacitywith the FE analysis program SeismoBuild

are compared with hand calculations.

The Chord Rotation Capacitys checked according tahe tables 167, 10-8 and 109 and 1019 of ASCE
41-17 and according to the equations(10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007. The
employed equations are the(10-3) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table

22.5.5.1 of ACI 31814 for Shear Capacity checks

GEOMETRY AND PROPERTIES

250

250

— 300—

250

I 750 i

Units in N, mm

Knowledge Factor, KF = 1.00

- AOAOEAI 686 001 PAOOEAOD

Concrete Elasticity, Ec = 21019.039
SteelElasticity, Es = 200000.00

For Chord rotation Calculations

Existing material of Secondary Member:
Concrete Strengthfc = fcm = 20.00

Existing material of Secondary Member: Steel
Strength, fs = fsm = 444.44

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

Existing material: Steel Strength, fs = 1.25*fsm
= 555.55

- AT AAGBO 00T PAOOEAO
Max Height,Hmax = 550.00

Min Height, Hmin = 250.00

Max Width, Wmax = 750.00

Min Width, Wmin = 250.00

Eccentricity, Ecc = 28.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00

SecondaryMember
RibbedBars

For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.18,ASCE
41-17

New material of Primary Member: Concrete
Strength, fc = fc_lower_bound = 160

New material of Primary Member: Steel
Srength, fs = fs_lower_bound =@0.00
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Ductile Steel

Without Detailing for Earthquake Resisth AA j ET Al OAET ¢ OOEOOODPO 110 Al

Longitudinal Bars With Ends Lapped Starting at the End Sections
Inadequate Lap Length with lo/lou,min = 0.30
No FRP Wrapping

R e e e e e e T T e e e T

1
NOTE All the required values for hand calculations may be exported to the Report by selecting the :
member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module. :

1

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.40. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 3.7

Local | SeismoBuild Hand

Check Limit Stat Ed - i
ec imit State 98| Axis 2021 calculations

Operational Level | Start| 3 0.00542101 0.00542101
Life Safety End 2 0.02915767 0.02915767
Shear Capacity [KN] Operational Level | Start| 3 348.317517 348.317517

Chord Rotation Capacity

COMPUTER FILES

A ASCErctcs7.bpf
A Report_ASCErctcs7.pdf

EXAMPLES3.8

SUCCINCT DATA

i1  SecondaryMember
1 RibbedBars
i1 Ductile Steel
7 7EOETI 00 $AOAEI ETC £ O %AOOENOAEA 2AO0EOOAT AA
1 Longitudinal Bars With Ends Lapped Starting at the End Sections
i1 Lap Length lo = 300.00
1 FRP Wrapping
i1  Existing Material Sets type
DESCRIPTION

A T-shaped column section is subjected to a Uniaxial without Eccentriciyniform Pushover Analysis
in the +X direction.

The resulting chord rotation capacity and shear capacitywith the FE analysis program SeismoBuild
are compared with hand @lculations.

\
—_—)
p2
—
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The Chord Rotation Capacitys checked according tdahe tables 107, 10-8 and 109 and 1019 of ASCE
41-17 and according to the equations(10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007. The
employed equations are the(10-3) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table

22.5.5.1 of ACI 31814 for Shear Capacity checks

GEOMETRY AND PROPERTIES

2504

—300—

250 —

250+

} 750 i

Units in N, mm

Knowledge Factor, KF = 0.93

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 21019.039

Steel Elasticity, Es 200000.00

For Chord rotation Calculations

Existing material of Secondary Member:
Concrete Strength, fc = fcm = 20.00

Existing material of Secondary Member: Steel
Strength, fs = fsm = 444.44

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

Existing material: Steel Strengthfs = 1.25*fsm
= 555.55

-AiT AAOGS O 001 PAOOEAOD
Max Height, Hmax = 550.00

Min Height, Hmin = 250.00

Max Width, Wmax = 750.00

Min Width, Wmin = 250.00

Eccentricity, Ecc = 28.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00
SecondaryMember

RibbedBars
Ductile Steel

Without Detailing for Earthquake Resistance (includin @ OEOOOBO | | O

For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

New material of Primary Member: Concrete
Strength, fc = fc_lower_bound = 160

New material of Primary Member: Steel
Srength, fs = fs_lower_bound =@0.00

Longitudinal Bars With Ends Lapped Starting at the End Sections

Lap Length lo = 300.00

FRP WrappingData

Type: Carbon

Dry properties (design values)

Al TOAA AO paouJd
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Thickness, t =1.00

Tensile Strength, ffu = 840.00

Tensile Modulus, Ef = 8200@0

Elongation, efu = 0.009

Number of directions, NoDir = 1

&EAAO 1T OEAT OAOET T Oh AEd mn8nmJ
Number of layers, NL = 1

Radius of rounding corners, R = 40.00

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.41. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 3.8

Local | SeismoBuild Hand

ook Limi E :
Chec imit State dge| \vis 2021 calculations

Immediate Occupancy Start | 2 0.00583828 0.00583828
Collapse Prevention | End 3 0.03962398 0.03962398
Shear Capacity [KN] Collapse Prevention | End 3 359.408823 359.408827

Chord Rotation Capacity

COMPUTER FILES

A ASCErctcs8.bpf
A Report_ASCErctcs8.pdf

EXAMPLE3.9

SUCCINCT DATA

Primary Member

SmoothBars

Ductile Steel

7EOE S$AOAEIEI C A O AOOENOAEA 2A0EOOAT AA | E
Longitudinal Bars With Ends Lapped Starting at the End Sections

Lap Length lo = 300.00

No FRP Wrapping

New Material Sets type

=8 =8 =4 4 =8 -8 -9 =9

DESCRIPTION

A T-shaped column section is subjected to a Uniaxial without Eccentriciyniform Pushover Analysis
in the +X direction.

—_
p>1
O
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The resulting chord rotation capacity and shear capacitywith the FE analysis programSeismoBuild

are compared with hand calculations.

The Chord Rotation Capacitys checked according tahe tables 167, 10-8 and 109 and 1019 of ASCE
41-17 and according to the equations(10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007. The
employed equations are the(10-3) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks

GEOMETRY AND PROPERTIES

250

250 —

—300—

250

F 750 i

Units in N, mm

Knowledge Factor, KF = 1.00

- AOCAOEAI 686 001 PAOOEAO
Concrete ElasticityEc = 28781.504

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

New material of Primary Member:Concrete
Strength, fc = fcm = 37.50

New material of Primary Member: Steel
Strength, fs = fsm = 625.00

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

New material: Steel Strength, fs = 1.25*fsm =
781.25

-AIL AAGSEO 001 PAOOEAO
Max Height, Hmax = 550.00

Min Height, Hmin = 2%.00

Max Width, Wmax = 750.00

Min Width, Wmin = 250.00

Eccentricity, Ecc = 28.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00

Primary Member

SmoothBars

Ductile Steel o
With Detailing for Earthquake Resi® AT A A

For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table C7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according v 7.5.1.3ASCE
41-17

New material of Primary Member: Concrete
Strength, fc = fc_lower_bound = 25.00

New material of Primary Member: Steel
Strength, fs = fs_lower_bound = 500.00

Longitudinal Bars With Ends Lapped Starting at the End Sections

Lap Length lo = 300.00
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No FRP Wrapping

I R A e e e e T e e e e T

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.42. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 3.9

Local | SeismoBuild Hand

heck Limi E i
Chec imit State dge Axis 2021 calculations

Operational Level | End 3 0.00038349 0.00038349
Collapse Prevention | Start | 2 0.0292333 0.0292333
Shear Capacity [KN] Operational Level | End 3 452.72718 452.72722

Chord Rotation Capacity

COMPUTER FILES

A ASCErctcs9.bpf
A Report_ASCErctcs9.pdf

EXAMPLE3.10

SUCCINCT DATA

Primary Member

RibbedBars

Ductile Steel

7EOET OO $AOAEIETC A O %AOOENOAEA 2AO0EOOAT AA
Longitudinal Bars With Ends Lapped Starting at the End Sections

Inadequate Lap Length with lo/lou,min = 0.30

No FRP Wrapping

New Material Sets type

=4 =4 =4 =4 -84 -9

DESCRIPTION

A T-shaped column section is subjected to a Uniaxial without Eccentriciyyniform Pushover Analysis
in the +X direction.

The resulting chord rotation capacity and shear capacitywith the FE analysis program SeismoBuild
are compared wth hand calculations.

The Chord Rotation Capacitys checked according tdahe tables 167, 10-8 and 109 and 10-19 of ASCE
41-17 and according to the equations(10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007. The
employed equations are the(10-3) of ASCE 4117, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks

\
—_—
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GEOMETRY AND PROPERTIES

F250—

250 —

— 300—

250

I 750 i

Units in N, mm
Knowledge Factor, KF = 1.00

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 26999.444
SteelElasticity, Es = 200000.00

For Chord rotation Calculations For Shear Capacity Calculations

New material of Primary Member: Concrete Member Shear Force is generally considered as
Strength, fc =fcm = 33.00 Force-Controlled Action according to Table G7
New material of Primary Member: Steel 1,ASCE 4117.

Strength, fs = fsm = 555.56 Lower-bound strengths are used for Force
Note: Especially for the calculation of moment Controlled Actions according to 7.5.1.3ASCE
strengths, the above steel rebar strengths are 41-17

multiplied by 1.25 according to R18.6.5, ACI New material of Primary Member: Concrete
318-14 Strength, fc = fc_lower_bound = 25.00

New material: Steel Strength,§ = 1.25*fsm = New material of Primary Member: Steel
694.45 Strength, fs = fs_lower_bound = 5000

-AiT AAOGBO 001 PAOOEAO
Max Height, Hmax = 550.00
Min Height, Hmin = 250.00
Max Width, Wmax = 750.00
Min Width, Wmin = 250.00
Eccentricity, Ecc = 28.00
Cover Thickness, ¢ = 25.00
Element Length, L = 3000.00
Primary Member
RibbedBars

Ductile Steel

Without Detailing for Earthquake Resistance (including& OOO0DBO 11 0 Al 1T OAA AO pouvlQ

Longitudinal Bars With Ends Lapped Starting at the End Sections
Inadequate Lap Length with lo/lou,min = 0.30
No FRP WrappingData

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
I
|
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MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial withoutEccentricity-Uniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.43. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 3.10

Local | SeismoBuild Hand

heck Limi E i
Chec imit State dge Axis 2021 calculations

Immediate Occupancy| Start | 3 0.00539449 0.00539449
Life Safety End | 2 0.02098089 0.02098089
Shear Capacity [kN] Immediate Occupancy| Start | 3 404.875368 404.875368

Chord Rotation Capacity

COMPUTER FILES

A ASCErctcs10.bpf
A Report_ ASCErctcs10.pdf

EXAMPLE3.11

SUCCINCT DATA

SecondaryMember

SmoothBars

Ductile Steel

7EOQOET OO $AOAEIEIC A O %AOOENOAEA 2A0EOOAT AA
Longitudinal Bars With Ends Lapped Starting at the End Sections

Inadequate Lap Length with lo/lou,min = 0.30

FRP Wrapping

New Material Sets type

=8 =8 =4 4 =8 =8 -9 =9

DESCRIPTION

A T-shaped column section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis
in the +X direction.

The resulting chord rotation capacity and shear capady with the FE analysis program SeismoBuild
are compared with hand calculations.

The Chord Rotation Capacitys checked according tdahe tables 167, 10-8 and 109 and 10-19 of ASCE
41-17 and according to the equations(10-5) of ASCE 4117 and (4.29) of D.Biskinis (2007). The
employed equations are the(10-3) of ASCE 4117, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks

\
—_—
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GEOMETRY AND PROPERTIES

250

250

— 300—

250

I 750 i

Units in N, mm

Knowledge Factor, KF = 1.00

- A O A OFrdperties

Concrete Elasticity, Ec = 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For Shear Capacity Calculations

New material of Primary Member: Concrete Member Shear Force is generally considered as
Strength, fc = fcm = 33.00 Force-Controlled Action according to Table C7
New material of Primary Member: Steel 1,ASCE 4117.

Strength, fs = fsm = 555.56 Lower-bound strengths are used for Force
Note: Especially for the calculation of moment Controlled Actions according to 7.5.1.3ASCE
strengths, the above steel rebar strengths are 41-17

multiplied by 1.25 according to R18.6.5, ACI New material of Primary Member: Concrete
318-14 Strength, fc = fc_lower_bound = 25.00

New material: Steel Strength, fs = 1.25*fsm = New material of Primary Member: Steel
694.45 Strength, fs = fs_lower_bound = 5000

-AT AAOCS O 001 PAOOEAOD
Max Height, Hmax = 550.00

Min Height, Hmin = 250.00

Max Width, Wmax = 750.00

Min Width, Wmin = 250.00

Eccentricity, Ecc = 28.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00
SecondaryMember

SmoothBars

Ductile Steel

7EOQOET OO $AOQGAEIEIC A O %AOOENOAEA 2AO0EOOAT AA | ET Al OA
Longitudinal Bars With Ends Lapped Starting at the End Sectis
Inadequate Lap Length with lo/lou,min = 0.30
Type: Carbon

Cured laminate properties(design values)
Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00

Elongation, efu = 0.01

Number of directions, NoDir = 1
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&EAAO 1 OEAT OAGEI T Oh AEd mn8mnmlJ
Number of layers, NL = 1
Radius of rounding corners, R = 40.00

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.44. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 3.11

Local | SeismoBuild Hand

Check Limit Stat Ed - i
ec imit State 98| Axis 2021 calculations

Operational Level | End 2 0.00176662 0.00176662
Life Safety Start| 3 0.0356044 0.05060441
Shear Capacity [KN] Life Safety Start| 3 435.143391 435.143391

Chord Rotation Capacity

COMPUTER FILES

A ASCErctcs11.bpf
A Report_ ASCErctcs11.pdf

EXAMPLE3.12

SUCCINCT DATA

Primary Member

SmoothBars

Ductile Steel

7TEOE $AOCAEIET C &£ O AOOENOAEA 2AO0EOOAT AA j ET Al OAE
Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (lo/lou,min>=1)

No FRP Wrapping

New Material Sets type

=A =8 =4 =8 -8 -8 -4 -9

DESCRITION

A T-shaped column section is subjected to a Uniaxial without Eccentricityyniform Pushover Analysis
in the +X direction.

The resulting chord rotation capacity and shear capacitywith the FE analysis program SeismoBuild
are compared with hand calculéons.

The Chord Rotation Capacitys checked according tdhe tables 167, 10-8 and 109 and 10-19 of ASCE
41-17 and according to the equationg(10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007. The
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employed equations are the(10-3) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks

GEOMETRY AND PROPERTIES

250

250

— 300—

250

I 750 i

Units in N, mm

Knowledge Factor, KF = 1.00

- AOAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 28781.504

Steel Elasticity, Es 200000.00

For Chord rotation Calculations

New material of Primary Member: Concrete For Shear Capacity Calculations

Strength, fc = fcm = 37.50 Member Shear Force is generally considered as
New material of Primary Member: Steel Force-Controlled Action according to Table G7
Strength, fs = fsm = 625.00 1,ASCE 4117.

Note: Especially for the calculation of moment New material of Primary Member: Concrete
strengths, the above steel rebar strengths are Strength, fc = fc_lower_bound = 25.00
multiplied by 1.25 according to R18.6.5, ACI New material of Primary Member: Steel

318-14 Strength, fs = fs_lower_bound = 5000

New material: Steel Strength, fs = 1.25*fsm =

781.25

- AT AAGSO 00T PAOOEAO

Max Height, Hmax = 550.00

Min Height, Hmin = 250.00

Max Width, Wmax = 750.00

Min Width, Wmin = 250.00

Eccentricity, Ecc = 28.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00

Primary Member

SmoothBars

Ductile Steel

7EOE S$AOAEIEIC A O AOOENOAEA 2A0EOOAT AA | ET Al OAET ¢
Longitudinal Bars With Ends Lapped Starting at the End Sections
Adequate Lap Length (lo/bu,min>=1)

No FRP Wrapping Data
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|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.45. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 3.12

I Local | SeismoBuild Hand
Check Limit State Edge Axis 2021 calculations
i ) Immediate Occupancy| End 2 0.0074566 0.0074566
Chord Rotation Capacity -
Collapse Prevention | Start | 3 0.05230344 0.05230344
Shear Capacity [kN] Collapse Prevention | Start | 3 404.895376 404.895376

COMPUTER FILES

A ASCErctcs12.bpf
A Report_ ASCErctcs12.pdf

EXAMPLE3.13

SUCCINCT DATA

SecondaryMember

SmoothBars

Ductile Steel

7EOQOET OO $AOAEIEIC A O %AOOENOAEA 2A0EOOAT AA
Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (lo/lou,min>=1)

No FRP Wrapping

ExistingMaterial Sets type

=4 =4 =4 =4 -84 -9

DESCRIPTION

A T-shaped column section is subjected to a Uniaxial without Eccentriciyniform Pushover Analysis
in the +X direction.

The resulting chord rotation capacity and shear capacitywith the FE analysis program SeismoBuild
are compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Bisking (2007). The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

\
—_—
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GEOMETRY AND PROPERTIES

F250—

250 —

— 300—

250

I 750 i

Units in N, mm

Knowledge Factor, K= 0.85

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 21019.039

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material of Secondary Member:
Concrete Strength, fc = fcm = 20.00

Existing material of Secondary Member: Steel
Strength, fs = fsm = 444.44

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 acwrding to R18.6.5, ACI
318-14

Existing material: Steel Strength, fs = 1.25*fsm
= 555.55

-AT AAOCS O 001 PAOOEAOD
Max Height, Hmax = 550.00

Min Height, Hmin = 250.00

Max Width, Wmax = 750.00

Min Width, Wmin = 250.00

Eccentricity, Ecc = 28.00

Cover Thickness, ¢ = 25.00

Element Length, L =3000.00
SecondaryMember

SmoothBars

Ductile Steel
7EQEI 0O $AOAEIEI C A& O
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For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

Existing material of Secondary Member:
Concrete Strength, fc = fc_lower_bound = 16.00
Existing material of Secondary Member: Steel
Strengh, fs = fs_lower_bound = 400.00

Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (lo/lou,min>=1)
No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
I
|

i ET AT OA
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MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial withoutEccentricity-Uniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.46. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 3.13

Local | SeismoBuild Hand

heck Limi E i
Chec imit State dge Axis 2021 calculations

Operational Level | Start| 3 0.00819516 0.00819516
Life Safety Start | 2 0.03104978 0.03104978
Shear Capacity [kN] Operational Level | Start| 3 159507518 159.507518

Chord Rotation Capacity

COMPUTER FILES

A ASCErctcs13.bpf
A Report_ ASCErctcs13.pdf

EXAMPLES.14

SUCCINCT DATA

Primary Member

RibbedBars

Ductile Steel

7EOQOET OO $AOAEIEIC A O %AOOENOAEA 2A0EOOAT AA
Longitudinal Bars Straight Ends Lapped Starting at the End Sections

Lap Lengthlo = 300.00

FRP Wrapping

ExistingMaterial Sets type

=8 =8 =4 4 =8 =8 -9 =9

DESCRIPTION

A T-shaped column section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis
in the +X direction.

The resulting chord rotation capacity and shear capacitywith the FE analysis program SeismoBuild
are compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1&b) of ASCE 4417 and (4.29) of D.Bskinis (2007). The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

\
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GEOMETRY AND PROPERTIES

250

250

— 300—

250

I 750 i

Units in N, mm

Knowledge Factor, KF = 0.90

- A O A OFrdperties

Concrete Elasticity, Ec = 21019.039
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material of Secondary Member:
Concrete Strength, fc = fcm = 20.00

Existing material of Secondary Member: Steel
Strength, fs = fsm = 444.44

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25according to R18.6.5, ACI
318-14

Existing material: Steel Strength, fs = 1.25*fsm
= 555.55

-AiT AAOGBO 001 PAOOEAO
Max Height, Hmax = 550.00

Min Height, Hmin = 250.00

Max Width, Wmax = 750.00

Min Width, Wmin = 250.00

Eccentricity, Ecc = 28.00

Cover Thickness, ¢ = 25.00

Element Length, L =3000.00

Primary Member

RibbedBars

Ductile Steel

7EOQOETI OO0 $AOAEIEIC & O
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For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table C7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

Existing material of Secondary Member:
Concrete Strength, fc = fc_lower_bound = 16.00
Existing material of Secondary Member: Steel
Strengh, fs = fs_lower_bound = 400.00

AOOENOAEA 2AO0EOOAT AA

Longitudinal Bars With Ends Lapped Starting at the End Sections

Lap Length lo = 300.00

FRP WrappingData

Type: Carbon

Curedlaminate properties (design values)
Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00
Elongation, efu = 0.01

—_
p~3
(@}
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Number of directions, NoDir = 1

&EAAO 1 OEAT OAGET 1 06h AEqd mn8mnmld
Number of layers, NL =1

Radius of roundingcorners, R = 40.00

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.47. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 3.14

Local | SeismoBuild Hand

Check Limit Stat Ed - i
ec imit State 98| Axis 2021 calculations

Immediate Occupancy| End 3 0.00187569 0.00187569
Collapse Prevention | End 2 0.0484806 0.0484806
Shear Capacity [KN] Immediate Occupancy End 3 167.382715 167.382715

Chord Rotation Capacity

COMPUTER FILES

A ASCErctcs14.bpf
A Report_ASCErctcs14.pdf

EXAMPLE3.15

SUCCINCT DATA

SecondaryMember

SmoothBars

Ductile Steel

7TEOET OO $AOQOAEIEIC A1 O %AOOENOAEA 2AO0EOOAT AA
Longitudinal Bars Straight Ends Lapped Starting at the End Sections

Adequate Lap Lengthk(lo/lou,min = Ib/ld >=1)

No FRP Wrapping

Existing Material Sets type

=4 =8 =8 =8 -8 -8 41

DESCRIPTION

A T-shaped column section is subjected to a Uniaxial without Eccentricityyniform Pushover Analysis
in the +X direction.

The resulting chord rotation capacity, and shear capacitwith the FE analysis program SeismoBuild
are compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and accordirg to the equations (105) of ASCE 4417 and (4.29) of D.Biskinis (2007).The

\
—_

p2

—;
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employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table

22.5.5.1 of ACI 31814 for Shear Capacity checks.

GEOMETRY AND PROPERTIES

F—150—

k754

— 150—

F—150—1

t 300 i

Units in N, mm

Knowledge Factor, KF = 85
- AOAOEAI 06
Concrete Elasticity, Ec = 21019.039
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material of Secondary Member:
Concrete Strength, fc = fcm 20.00

Existing material of Secondary Member: Steel
Strength, fs = fsm = 444.44

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

Existing material: Steel Strength, fs fsm =
444.44

-AT AAOGS O 001 PAOOEAOD
Max Height, Hmax =300.00
Min Height, Hmin = 150.00
Max Width, Wmax =300.00
Min Width, Wmin = 150.00
Eccentricity, Ecc = 790
Cover Thickness, ¢ = 25.00
Element Length, L = 3000.00
SecondaryMember
SmoothBars

Ductile Steel

7EOQOETI 00 $AOAEIEIC & O

00i PAOOEAO

For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table C7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

Existing material of Secondary Member:
Concrete Strength fc = fc_lower_bound = 16.00
Existing material of Secondary Member: Steel
Strength, fs = fs_lower_bound = 400.00

AOOENOAEA 2AO0OEOOAT AA { E

Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (lo/lou,min = Ib/ld >=1)
No FRP Wrapping

—_

p~3

—)

(@}
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|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.48. Comparison between SeismoBuild and hand-calculated results for EXAMPLE 3.15

i Local | SeismoBuild Hand
heck L E .
Cinze I3 Sl dge Axis 2021 calculations
) ) Operational Level | Start| 3 0.0294924 0.0294924
Chord Rotation Capacity -
Life Safety Start| 2 0.0477322 0.0477322
Shear Capacity [kN] OperationalLevel | Start| 3 104.606302 104.606302

COMPUTER FILES

A ASCE_rctcs15.bpf
A Report ASCE_rctcs15.pdf

EXAMPLE3.16

SUCCINCT DATA

1 SecondaryMember
1 SmoothBars
i1  Ductile Steel
7 7TEOEI 60 $AOAEI ETIC £ O %AOOENOAEA 2A0EOOAT AA
i1 Longitudinal Bars Straight Ends Lapped Starting at the End Sections
1 Adequate Lap Length (lo/lou,min = Ib/ld >=1)
1 No FRP Wrapping
i1 Existing Material Sets type
DESCRIPTION

A T-shaped column section is subjected to a Uniaxial without Eccentriciyniform Pushover Analysis
in the +X direction.

The resulting chord rotation capacity, and shear capacitwith the FE analysis program SeismoBuild
are compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-71010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4117, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacitghecks.

\
—)
b~
—



GEOMETRY AND PROPERTIES

F—150—

k754

—150—

F—150—

} 300 i

Units in N, mm

Knowledge Factor, KF = 0.85

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec =21019.039

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material of Secondary Member:
Concrete Strength, fc = fcm 20.00

Existing material of Secondary Member: Steel
Strength, fs = fsm = 444.44

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

Existing material: Steel Strength, fs fsm =
444.44

-AiT AAOGBO 001 PAOOEAO
Max Height, Hmax = 300.00

Min Height, Hmin = 150.00

Max Width, Wmax = 300.00

Min Width, Wmin = 15000

Eccentricity, Ecc = 790

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00

Secondary Member

SmoothBars

Ductile Steel

7EOQOETI OO0 $AOAEIEIC & O

CHAPTER Comparisonf 111

AOOENOAEA 2AO0EOOAT AA

For Shear Capacity Calculations

Member Shear Force is generallconsidered as
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

Existing material of Secondary Member:
Concrete Strength, fc = fc_lower_bound = 16.00
Existing material of Secondary Member: Steel
Strength, fs = fs_lower_bound = 400.00

Longitudinal Bars With Ends Lapped Startingt the End Sections

Adequate Lap Length (lo/lou,min = Ib/ld >=1)
No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
I
|
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MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.49. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 3.16

i Local | SeismoBuild Hand
Check Limit State Edge Axis 2021 calculations
) ) Operational Level | Start| 3 0.0335587 0.0335587
Chord Rotation Capacity -
Life Safety Start| 2 0.0396029 0.0396029
Shear Capacity [kN] Operational Level | Start| 3 109.481683 109.481608

COMPUTER FILES

A ASCE_rctcs16.bpf
A Report ASCE_rctcs16.pdf

EXAMPLESSET4: QRCULARCOLUMNSECTION
EXAMPLE4.1

SUCCINCT DATA

Primary Member

Ribbed Bars

Ductile Steel

7TEQOE $AOCAEIEIT C &£ O %AOOENOAEA 2A0EOOAT AA j ET Al OAE
Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (Io/lou,min>=1)

No FRP Wrapping

Existing Material Sets type

=2 =2 =445

DESCRIPTION

A circular column section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis in
the +X direction.

The resulting chord rotation capacity and shear capacitywith the FE analysis program SeismoBuild
are compared with hand calculations.

The Chad Rotation Capacity is checked according to the tables 40 10-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.54.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.



GEOMETRY AND PROPERTIES

Units in N, mm

Knowledge Factor, KF = 1.00

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 21019.039

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material of Secondary Member:
Concrete Strength, fc = fcm = 20.00

Existing material of Secondary Member: Steel
Strength, fs = fsm = 444.44

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

Existing material: Steel Strength, fs = 1.25*fsm
= 55555

-AT AAOSO 001 PAOOEAO
Diameter, D = 400.00

Cover Thickress, ¢ = 25.00

Element Lergth, L = 3000.00

Primary Member

Ribbed Bars

Ductile Steel o .
7EOQOE $AOAEI EIC &I O
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For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

Existing material of Secondary Member:
Concrete Strength, fc = fc_lower_bound = 16.00
Existing material of Secondary Member: Steel
Strength, fs = fs_lower_bound = 400.00

Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (lo/lou,mir>=1)
No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element

(infrmFBPH) fully restrained at its support.
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ANALYSIS TYPE

Pushover analysis (Uniaxial withoutEccentricity-Uniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.50. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 4.1

- Local | SeismoBuild Hand
heck L E :
Chec Imit State dge AXis 2021 calculations
) ) Operational Level | End 3 0.0197073 0.0197073
Chord Rotation Capacity -
Life Safety Start| 2 0.06197877 0.06197877
Shear Capacity [kN] Life Safety Start| 2 208.654033 208.654033

COMPUTER FILES

A ASCErccsl.bpf
A Report_ ASCErccsl.pdf

EXAMPLEA4.2

SUCCINCT DATA

Primary Member

SmoothBars

Ductile Steel

7TEOE $AOCAEIET C &£ O AOOENOAEA 2AO0EOOAT AA j ET Al OAE
Longitudinal Bars With Ends Lapped Starting at the End Sections

Inadequate Lap Length with lo/lou,min = 0.30

FRPWrapping

Existing Material Sets type

=2 =244 -9-9-9-1

DESCRIPTION

A circular column section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis in
the +X direction.

The resulting chord rotation capacity and shear capacitywith the FE analysisprogram SeismoBuild
are compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (16) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.
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GEOMETRY AND PROPERTIES

Units in N, mm

Knowledge Factor, KF = 038

- AOCAOEAI 66 001 PAOOEAO
ConcreteElasticity, Ec = 21019.039

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For Shear Capacity Calculations

Existing material of Secondary Member: Member Shear Force is generally considered as
Concrete Strength, fc = fcm = 20.00 Force-Controlled Action according to Table G7
Existing material of Secondary Member: Steel 1,ASCE 4117.

Strength, fs = fsm = 444.44 Lower-bound strengths are used for Force

Note: Especially for the calculation of moment Controlled Actions according to 7.5.1.3ASCE
strengths, the above steel rebar strengths are 41-17

multiplied by 1.25 according to RB.6.5, ACI Existing material of Secondary Member:

318-14 Concrete Strength, fc = fc_lower_bound = 16.00
Existing material: Steel Strength, fs = 1.25*fsm Existing material of Secondary Member: Steel

= 555.55 Strengh, fs = fs_lower_bound = 400.00

-AIL AAGEO 001 PAOOEAO

Diameter, D = 400.00

Cover Thickness, ¢ = 25.00

Element Lergth, L = 3000.00

Primary Member

SmoothBars

Ductile Steel

With Detailing for Earthquake Resistance (including stirru® AT T OAA AO pouvJQ
Longitudinal Bars With Ends Lapped Starting at the End Sections
Inadequate Lap Length with lo/lou,min = 0.30

FRP Wrapping Data

Type: Carbon

Cured laminate properties (design values)

Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00

Elongation, efu = 0.01

Number of directions, NoDir = 1

&EAAO 1 OEAT OAOGEI T Oh AEd mn8mnmJ
Number of layers, NL =1
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Radius of rounding corners, R = 40.00

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.51. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 4.2

Local | SeismoBuild Hand

ook Limi E _
Chec imit State dge| \vis 2021 calculations

Immediate Occupancy| Start | 3 0.01473761 0.01473760
Collapse Prevention | End | 2 0.04306525 0.04306525
Shear Capacity [kN] Immediate Occupancy| Start | 3 267.908662 267.908662

Chord Rotation Capacity

COMPUTER FILES

A ASCErccs2.bpf
A Report_ ASCErccs2.pdf

EXAMPLEA4.3

SUCCINCT DATA

Primary Member

SmoothBars

Ductile Steel

7TEQOE $AOCAEIEI C &£ O %AOOENOAEA 2A0EOOAT AA j ET Al OAE
Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (Io/lou,min>=1)

FRP Wrapping

Existing Material Sets type

=2 =229

DESCRIPTION

A circular column section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis in
the +X direction.

The resulting chord rotation capacity and shear capacitywith the FE analysisprogram SeismoBuild
are compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-71010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.
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GEOMETRY AND PROPERTIES

400

Units in N, mm

Knowledge Factor, KF = 1.00

- AOCAOEAI 66 001 PAOOEAO
ConcreteElasticity, Ec = 23025.204

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For Shear Capacity Calculations

Existing material of Primary Member: Concrete Member Shear Force is generally considered as
Strength, fc = fcm = 24.00 Force-Controlled Action according to Table G7
Existing material of Primary Member: Steel 1,ASCE 4117.

Strength, fs = fsm = 525.00 Lower-bound strengths are used for Fore-
Note: Especially for the calculation of moment Controlled Actions according to 7.5.1.3ASCE
strengths, the above steel rebar strengths are 41-17

multiplied by 1.25 according toR18.6.5, ACI Existing material of Primary Member: Concrete
318-14 Strength, fc = fc_lower_bound = 16.00

Existing material: Steel Strength, fs = 1.25*fsm Existing material of Primary Member: Steel

= 656.25 Strength, fs = fs_lower_bound = 420.00

-AT AAOCS O 001 PAOOEAOD

Diameter, D = ©0.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00

Primary Member

SmoothBars

Ductile Steel

7TEOE $AOCAEIETC &£ O AOOENOAEA 2AO0EOOAT AA j ET Al OAE
Longitudinal Bars With Ends Lapped Starting at the End Sections
Adequate Lap Length (lo/lou,min>=1)

FRP WrappingData

Type: Carbon

Cured laminate properties (design values)

Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00

Elongation,efu = 0.01

Number of directions, NoDir = 1

&EAAO 1 OEAT OAOET 1 O6h AEd mn8mnmlJ
Number of layers, NL =1

Radius of rounding corners, R = 40.00
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|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most sgnificant results are compared in the table below:

Table 3.52. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 4.3

Local | SeismoBuild Hand

Check Limit Stat Ed i i
ec imit State 981 Axis 2021 calculations

Operational Level | End 2 0.02147769 0.02147769
Life Safety Start| 3 0.08607968 0.08607968
Shear Capacity [KN] Operational Level | End 2 315.186661 315.186661

Chord Rotation Capacity

COMPUTER FILES

A ASCErccs3.bpf
A Report_ ASCErccs3.pdf

EXAMPLE4 4

SUCCINCT DATA

SecondaryMember

RibbedBars

Ductile Steel

7EOQOET OO $AOAEIEIC A O %AOOENOAEA 2A0EOOAT AA
Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (lo/lou,min>=1)

FRP Wrapping

New Material Sets type

=2 =2 =094 -5_-4 -9

DESCRIPTION

A circular column section is subjected to a Uniaxial without Eccentricit{niform Pushover Analysis in
the +X direction.

The resulting chord rotation capacity and shear capacitywith the FE analysis program SeismoBuild
are compared with hand @lculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

\
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GEOMETRY AND PROPERTIES

Units in N, mm

Knowledge Factor, KF = 0.90

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 26999.444

Steel Elasticity, Es 200000.00

For Chord rotation Calculations

New material of Secondary Member: Concrete
Strength, fc = fcm = 33.00

New material of Secondary Member: Steel
Strength, fs = fsm = 555.56

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

New material: Steel Strength, fs £.25*fsm =
694.45

-AT AAOSO 001 PAOOEAO
Diameter, D = ©€0.00

CoverThickness, ¢ = 25.00

Element Length, L = 3000.00
SecondaryMember

RibbedBars

Ductile Steel

7EQOET OO0 $AOAEIEIC A& O

%AOOENOAEA
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For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

New maerial of Secondary Member: Concrete
Strength, fc = fc_lower_bound = 25.00

New material of Secondary Member: Steel
Strength, fs = fs_lower_bound = 500.00

2AOEOOAT AA j

Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Legth (lo/lou,min>=1)
FRP Wrapping

Type: Carbon

Cured laminate properties (design values)
Thickness, t = 1.016

Tensile Strength, ffu = 1055.00
Tensile Modulus, Ef = 64828.00
Elongation, efu = 0.01

Number of directions, NoDir = 1

Fiber orientations, bi:t 8 t 1 J
Number of layers, NL =1

Radius of rounding corners, R = 40.00

\
—_

b3

—;
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|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its suppott.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.53. Comparison between SeismoBuild and hand -calculated results for EXAM PLE 4.4

. Local | SeismoBuild Hand

Check Limit Stat Ed . .
ec imit State g€ AXis 2021 calculations
Immediate Occupancy| End 3 0.0198931 0.0198931

Chord Rotation Capacity

Collapse Prevention | Start | 3 0.10133974 0.10133974
Shear Capacity [KN] Immediate Occupancy End 3 393.746777 393.746777

COMPUTER FILES

A ASCErccs4.bpf
A Report_ ASCErccs4.pdf

EXAMPLE4.5

SUCCINCT DATA

SecondaryMember

Smooth Bars

Ductile Steel

7TEQOE $AOCAEIEIT C &£ O %AOOENOAEA 2A0EOOAT AA j ET Al OAE
Longitudinal Bars With Ends Lappedstarting at the End Sections

Lap Length lo = 300.00

No FRP Wrapping

New Material Sets type

=2 =2 =094 -5_-4 -9

DESCRIPTION

A circular column section is subjected to a Uniaxial without Eccentricit{niform Pushover Analysis in
the +X direction.

The resulting chord rotation capacity, and shear capacitywith the FE analysis program SeismoBuild
are compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1) of ASCE 4117 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.
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GEOMETRY AND PROPERTIES

Units in N, mm

KnowledgeFactor, KF = 1.00

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 26999.444

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations New material: Steel Strength, fs = 1.25*fsm =
New material of Secondary Member: Concrete 694.45

Strength, fc = fcm = 33.00 For Shear Capacity Calculations

New material of Secondary Member: Steel Member Shear Force is generally considered as
Strength, fs = fsm = 555.56 Force-Controlled Action according to Table G7
Note: Especially for the calculation of moment 1, ASCE 4117 New material of Secondary
strengths, the above steel rebar strengthsare Member: Concrete Strength, fc =

multiplied by 1.25 according to R18.6.5, ACI fc_lower_bound = 25.00

318-14 New material of Secondary Member: Steel

Strength, fs = fs_lower_bound = 500.00
-AT AAOGS O 001 PAOOEAOD
Diameter, D = ©0.00
CoverThickness, ¢ = 25.00
Element Lergth, L = 3000.00
SecondaryMember
Smooth Bars
Ductile Steel
7EOE S$AOAEIEIC £ O AOOENOAEA 2AO0EOOAT AA j ETAI
Longitudinal Bars With Ends Lapped Starting at the End Sections

Lap Length lo = 300.00
No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
1

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.
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ANALYSIS TYPE

Pushover analysis (Uniaxial withoutEccentricity-Uniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.54. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 4.5

- Local | SeismoBuild Hand
heck L E :
Chec Imit State dge AXis 2021 calculations
. ) Operational Level | Start| 2 0.0073756 0.0073756
Chord Rotation Capacity -
Life Safety End 3 0.0309451 0.0309451
Shear Capacity [kN] Life Safety End 3 324.022703 324.022703

COMPUTER FILES

A ASCErccs5.bpf
A Repat_ASCErccs5.pdf

EXAMPLEA4.6

SUCCINCT DATA

1 SecondaryMember
1 Ribbed Bars
i1 Ductile Steel
7 7EOETI 00 $AOAEI ETC £ O %AOOENOAEA 2AO0EOOAT AA
i1 Longitudinal Bars With Ends Lapped Starting at the End Sections
i1 Inadequate Lap Length with lo/lou,min =0.30
1 FRP Wrapping
1 New Material Sets type
DESCRIPTION

A circular column section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis in
the +X direction.

The resulting chord rotation capacity and shear capacitywith the FE analysisprogram SeismoBuild
are compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (16) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

\
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GEOMETRY AND PROPERTIES

g

Units in N, mm
Knowledge Factor, KF = 1.00

- AOAOEAI 66 001 PAOOEAO

ConcreteElasticity, Ec = 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

New material of Secondary Member: Concrete
Strength, fc = fcm = 33.00

New material of Secondary Member: Steel
Strength, fs = fsm = 555.56

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according toR18.6.5, ACI
318-14

New material: Steel Strength, fs = 1.25*fsm =
694.45

-AT AAOSO 001 PAOOEAO
Diameter, D = 400.00

Cover Thickness, ¢ = 25.00

Element Lengh, L = 3000.00

Secondary Member

Ribbed Bars

Ductile Steel
Wi t hout

Detailing for
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For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are used for Force
Cortrolled Actions according to 7.5.1.3ASCE
41-17

New material of Secondary Member: Concrete
Strength, fc = fc_lower_bound = 25.00

New material of Secondary Member: Steel
Strength, fs = fs_lower_bound = 500.00

Earthguake Resistance (includ]i

Longitudinal Bars With Ends Lapped Starting at the End Sections

Inadequate Lap Length with lo/lou,min = 0.30
FRP WrappingData

Cured laminate properties (design values)
Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00

Elongaton, efu = 0.01

Number of directions, NoDir = 1

&EAAO 1T OEAT OAOET T Oh AE(

Number of layers, NL =1
Radius of rounding corners, R = 40.00
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|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most sgnificant results are compared in the table below:

Table 3.55. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 4.6

Local | SeismoBuild Hand

Check Limit Stat Ed i i
ec imit State 981 Axis 2021 calculations

Immediate Occupancy| End 2 0.00844428 0.00844428
Collapse Prevention | Start | 2 0.06844474 0.06844473
Shear Capacity [kN] Collapse Prevention | Start | 2 330.446286 330.446286

Chord Rotation Capacity

COMPUTER FILES

A ASCErccs6.bpf
A Report_ ASCErccs6.pdf

EXAMPLEA4.7

SUCCINCT DATA

SecondaryMember

RibbedBars

Ductile Steel

7EOQOET OO $AOAEIEIC A O %AOOENOAEA 2A0EOOAT AA
Longitudinal Bars With Ends Lapped Starting at the End Sections

Inadequate Lap Length with lo/lou,min = 0.30

No FRP Wrapping

Existing Material Sets type

= =4 = =4 -8 -84

DESCRIPTION

A circular column section is subjected to a Uniaxial without Eccentricit{niform Pushover Analysis in
the +X direction.

The resulting chord rotation capacity and shear capacitywith the FE analysis program SeismoBld
are compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equationsare the (10-3) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

\
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GEOMETRY AND PROPERTIES

Units in N, mm

Knowledge Factor, KF ©.80

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec 21019.039

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For Shear Capacity Calculations

Existing material of Secondary Member: Member Shear Force is generally considered as
Concrete Strength, fc = fcm = 20.00 Force-Controlled Action according to Table G7
Existing material of Secondary Member: Steel 1,ASCE 4117.

Strength, fs = fsm = 444.44 Lower-bound strengths are used for Force

Note: Especially for the calculation of moment Controlled Actionsaccording to 7.5.1.3ASCE
strengths, the above steel rebar strengths are 41-17

multiplied by 1.25 according to R18.6.5, ACI Existing material of Secondary Member:

318-14 Concrete Strength, fc = fc_lower_bound = 16.00
Existing material: Steel Strength, fs = 1.25*fsm Existing material of Secondary Member: Steel

= 555.55 Strength, fs = fs_lower_bound = 400.00

-AIL AAGEO 001 PAOOEAO

Diameter, D = 400.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00

SecondaryMember

RibbedBars

Ductile Steel

7EOET OO0 $AOAEIEITC A O %AOOENOAEA 2A0EOOAT AA j E
Longitudinal Bars With Ends Lagped Starting at the End Sections
Inadequate Lap Length with lo/lou,min = 0.30

No FRP Wrapping Data

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.
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ANALYSIS TYPE

Pushover analysis (Uniaxial withoutEccentricity-Uniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.56. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 4.7

Local | SeismoBuild Hand

heck Limi E :
Chec imit State dge| \yis 2021 calculations

Operational Level | Start| 3 0.01314185 0.01314185
Life Safety End 2 0.03014169 0.03014169
Shear Capacity [kN] Operational Level | Start| 3 207517834 207.517834

Chord Rotation Capacity

COMPUTER FILES

A ASCErccs7.bpf
A Report_ ASCErccs7.pdf

EXAMPLEA4.8

SUCCINCT DATA

1 SecondaryMember
1 RibbedBars
i1 Ductile Steel
7 7EOETI 00 $AOAEI ETC £ O %AOOENOAEA 2AO0EOOAT AA
i1 Longitudinal Bars With Ends Lapped Starting at the End Sections
i1 Lap Length lo = 300.00
1 FRP Wrapping
i1 Existing Material Sets type
DESCRIPTION

A circular column section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis in
the +X direction.

The resulting chord rotation capacity and shear capacitywith the FE analysis pogram SeismoBuild
are compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (16) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

\
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GEOMETRY AND PROPERTIES

Units in N, mm

Knowledge Factor, KF = 0.80

- AOCAOEAI 66 001 PAOOEAO
ConcreteElasticity, Ec =21019.039

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material of Secondary Member:
Concrete Strength, fc = fcm = 20.00

Existing material of Secondary Member: Steel
Strength, fs = fsm = 444.44

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to RB.6.5, ACI
318-14

Existing material: Steel Strength, fs = 1.25*fsm
= 555.55

-AT AAOSO 001 PAOOEAO
Diameter, D = 400.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00
SecondaryMember

RibbedBars

Ductile Stee~l
7EOEI OO0 $AOAEI ET C A& O
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For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

Existing material of Secondary Member:
Concrete Strength, fc = fc_lower_bound = 16.00
Existing material of Secondary Member: Steel
Strength, fs = fs_lower_bound = 400.00

AOOENOAEA 2AO0EOOAT AA

Longitudinal Bars With Ends Lapped Starting at the End Sections

Lap Length lo = 300.00

FRP Wrapping Data

Type: Carbon

Dry properties (design values)
Thickness, t = 1.00

Tensile Strength, ffu = 840.00
Tensile Modulus, Ef = 82000.00
Elongation, efu = 0.009
Number of directions, NoDir = 1
&EAAO 1T OEAT OAOQGET 1 Oh

AEd m8mnmJ

—_
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Number of layers, NL = 1

Radius of rounding corners, R = 40.00

NOTE All the required values for hand calculations may be exported to the Report by selecting the

|
|
|
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element

(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.57. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 4.8

I Local | SeismoBuild Hand
Check Limit State Edge Axis 2021 calculations
) ) Immediate Occupancy Start 0.00800001 0.00800001
Chord Rotation Capacity -
Collapse Prevention | End 0.03519999 0.03519999
Shear Capacity [kN] Immediate Occupancy| Start 211558189 211.558189

COMPUTER FILES

A ASCErccs8.bpf
A Report_ASCErccs8.pdf

EXAMPLEA4.9

SUCCINCT DATA

i1 Primary Member

1 SmoothBars

i1  Ductile Steel

1

1

i1 Lap Length lo = 80.00

1  NoFRP Wrapping

1 New Material Sets type
DESCRIPTION

A circular column section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis in

the +X direction.

The resulting chord rotation capacity and shear capacitywith the FE analysis programSeismoBuild

7EOE $AOAEIEIC A& O
Longitudinal Bars With Ends Lapped Starting at the End Sections

are ommpared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-71010-8 and 109 and 1019 of ASCE

41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The

i ET Al OAE
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employed ejuations are the (103) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table

22.5.5.1 of ACI 31814 for Shear Capacity checks.

GEOMETRY AND PROPERTIES

Units in N, mm

Knowledge Factor, KF = 1.00
- AOAOEAI OB
Concrete Elasticity, E& 24870.062
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

New material of Primary Member:Concrete
Strength, fc = fcm = 28.00

New material of Primary Member: Steel
Strength, fs = fsm = 420.00

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

New material: Steel Strength, fs = 1.25*fsm =
525.00

-AIT AROCBO 001 PAOOGEAD
Diameter, D = 400.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00

Primary Member

SmoothBars
Ductile Steel

001 PAOOEAO

For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table CG7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

New material of Primary Member: Concrete
Strength, fc = fc_lower_bound = 20.00

New material of Primary Member: Steel
Strength, fs = fs_hwer_bound = 400.00

With Detailing for Earthquake Resistance (including stirrups closed atdlv J
Longitudinal Bars With Ends Lapped Starting at the End Sections

Lap Length lo = Ib = 300.00
No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|
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MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.58. Comparison between SeismoBuild and hand-calculated results for EXAMPLE 4.9

Local | SeismoBuild Hand

heck Limi E i
Chec imit State dge Axis 2021 calculations

Operational Level | End 3 0.00546432 0.00546432
Collapse Prevention | Start | 2 0.04672222 0.04672222
Shear Capacity [kN] Collapse Prevention | Start | 2 214587303 214587303

Chord Rotation Capacity

COMPUTER FILES

A ASCErccs9.bpf
A Report_ ASCErccs9.pdf

EXAMPLE4.10

SUCCINCT DATA

Primary Member

RibbedBars

Ductile Steel

7TEOET OO $AOQGAEIEIC A1 O %AOOENOAEA 2AO0EOOAT AA
Longitudinal Bars With Ends Lapped Starting at the End Sections

Inadequate Lap Length with lo/lou,min = 0.30

No FRP Wrapping

New Material Sets type

E IR

DESCRIPTION

A circular column section is subjected to a Uniaxial without Eccentricityniform PushoverAnalysis in
the +X direction.

The resulting chord rotation capacity and shear capacitywith the FE analysis program SeismoBuild
are compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

\
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GEOMETRY AND PROPERTIES

Units in N, mm

Knowledge Factor, KF = 0.75

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 26999.444

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For Shear Capacity Calculations

New material of Primary Member: Concrete Member Shear Force is generally considered as
Strength, fc = fcm = 33.00 Force-Controlled Action according to Table G7
New material of Primary Member: Steel 1,ASCE 4117.

Strength, fs = fsm = 555.56 Lower-bound strengths are used for Force
Note: Especially for the calculation ofnoment Controlled Actions according to 7.5.1.3ASCE
strengths, the above steel rebar strengths are 41-17

multiplied by 1.25 according to R18.6.5, ACI New material of Primary Member: Concrete
318-14 Strength, fc =fc_lower_bound = 25.00

New material: Steel Strength, fs = 1.25*fsm = New material of Primary Member: Steel
694.45 Strength, fs = fs_lower_bound = 500.00

-AT AAROGS8O 001 PAOOEAOD

Diameter, D = 400.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00

Primary Member

RibbedBars

Ductile Steel

7TEOQOET OO0 $AOAEIEITC A O %AOOENOAEA 2A0EOOAT AA j E
Longitudinal Bars With Ends Lapped Starting at the End Sections
Inadequate Lap Length with lo/lou,min = 0.30

No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
1
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MODELING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The mostsignificant results are compared in the table below:

Table 3.59. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 4. 10

Local | SeismoBuild Hand

heck Limi E i
Chec imit State dge Axis 2021 calculations

Immediate Occupancy| Start | 3 0.01563237 0.01563237
Life Safety End | 2 0.03728312 0.03728312
Shear Capacity [kN] Immediate Occupancy| Start | 3 324.006445 324.006445

Chord Rotation Capacity

COMPUTER FILES

A ASCErccs10.bpf
A Report_ ASCErccs10.pdf

EXAMPLE4 .11

SUCCINCT DATA

i1  SecondaryMember
1 SmoothBars
i1 Ductile Steel
7 7EOETI 00 $AOAEI ETC £ O %AOOENOAEA 2AO0EOOAT AA
i1 Longitudinal Bars With Ends Lapped Starting at the End Sections
i1 Inadequate Lap Length with lo/lou,min = 0.30
1 FRP Wrapping
1 New Material Sets type
DESCRIPTION

A circular column section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis in
the +X direction.

The resulting chord rotation capacity and shear capacitywith the FE analysis program SeismoBuild
are compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (16) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the(10-3) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

\
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GEOMETRY AND PROPERTIES

Units in N, mm

Knowledge Factor, KF = 1.00

- AOAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 26999.444

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

New material of Primary Member: Concrete
Strength,fc = fcm = 33.00

New material of Primary Member: Steel
Strength, fs = fsm = 555.56

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

New material: SteelStrength, fs = 1.25*fsm =
694.45

-ATAAOCBO 001 PAOOEAO
Diameter, D =400.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00
SecondaryMember

SmoothBars

Ductile Steel

7EQEI 0O $AOAEIEI C A& O
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For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

New material of Primary Member: Concrete
Strength, fc = fc_lower_bound = 25.00

New material of Primary Member: Steel
Strength, fs = fs_lower_bound = 500.00

AOOENOAEA 2AO0EOOAT AA j ET Al OA

Longitudinal Bars With Ends Lapped Starting at the End Sections

Inadequate Lap Length with lo/lou,min = 0.30
FRP WrappingData

Type: Carbon

Cured laminate properties (design values)
Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00
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Elongation, efu = 0.01

Number of directions, NoDir = 1

FAAO 1T OEAT OAOEIT 1 Oh AEd mn8mnmJ
Number of layers, NL =1

Radius of rounding corners, R = 40.00

NOTE All the required values for hand calculations may be exported to the Report by selecting the
member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its suppott.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.60. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 411

Local | SeismoBuild Hand

Check Limit Stat Ed i i
ec imit State 981 Axis 2021 calculations

Operational Level | End 2 0.01010841 0.01010841
Life Safety Start| 3 0.05022462 0.05022462
Shear Capacity [kN] Operationl Level End 2 393.756676 393.756676

Chord Rotation Capacity

COMPUTER FILES

A ASCErccs11.bpf
A Report_ ASCErccs1l.pdf

EXAMPLE4.12

SUCCINCT DATA

Primary Member

SmoothBars

Ductile Steel

7EOE $AOAEIET C A& O AOOENOAEA 2AO0OEOOAT AA j ET Al OAE
Longitudinal Bars With Ends Lapped Startingt the End Section

Adequate Lap Length (lo/lou,min>=1)

No FRP Wrapping

New Material Sets type

=4 =8 =4 =4 -9 -8 -9 -1

DESCRIPTION

A circular column section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis in
the +X direction.

The resulting chord rotation capacity, and shear capacitywith the FE analysis program SeismoBuild
are compared with hand calculations.
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The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 10-19 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table

22.5.5.1 of ACI 31814 for Shear Capacity checks.

GEOMETRY AND PROPERTIES

Units in N, mm
KnowledgeFactor, KF = 1.00
- AOGAOEAI 08
Concrete Elasticity, Ec = 24870.062
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

New material of Primary Member: Concrete
Strength, fc = fcm = 28.00

New material of Primary Member: Steel
Strength, fs = fsm = 420.00

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

New material: Steel Strength, fs = 1.25*fsm =
525.00

-ATAAOCBO 001 PAOOEAO
Diameter, D =400.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00

Primary Member

SmoothBars

Ductile Steel
7EOQOE $AOAEI EIC A O

00i PAOOEAO

For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

New material of Primary Member: Concrete
Strength, fc = fc_lower_bound = 20.00

New material of Primary Member: Steel
Strength, fs = fs_lower_bound 400.00

j ETAI

Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (lo/lou,min>=1)
No FRP Wrapping Data

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detail ed Calculations (Annex) tab of the Print -out Options module.
|
|
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MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.61. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 4. 12

Local | SeismoBuild Hand

heck Limi E i
Chec imit State dge Axis 2021 calculations

Immediate Occupancy| End 2 0.01647478 0.016474782
Collapse Prevention | Start | 3 0.08283389 0.08283390
Shear Capacity [kN] Immediate Occupancy| End 2 271.260936 271.260936

Chord Rotation Capacity

COMPUTER FILES

A ASCErccs.bpf
A Repat_ASCErccsR.pdf

EXAMPLEA4.13

SUCCINCT DATA

SecondaryMember

SmoothBars

Ductile Steel

Wwithout$ AOAET ET ¢ &£ O %AOOENOAEA 2A0EOOAT AA j E
Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (lo/lou,min>=1)

No FRP Wrapping

Existing Material Sets type

E IR

DESCRIPTION

A circular column sectbn is subjected to a Uniaxial without EccentricityUniform Pushover Analysis in
the +X direction.

The resulting chord rotation capacity and shear capacitywith the FE analysis program SeismoBuild
are compared with hand calculations.

The Chord Rotation Cpacity is checked according to the tables 1@, 10-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The

employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 1%.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.
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GEOMETRY AND PROPERTIES

Units in N, mm

Knowledge Factor, KF = 0.86

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec =21019.039

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For ShearCapacity Calculations

Existing material of Secondary Member: Member Shear Force is generally considered as
Concrete Strength, fc = fcm = 20.00 Force-Controlled Action according to Table G7
Existing material of SecondarnfMember: Steel 1,ASCE 4117.

Strength, fs = fsm = 444.44 Lower-bound strengths are used for Force

Note: Especially for the calculation of moment Controlled Actions according to 7.5.1.3ASCE
strengths, the above steel rebar strengths are 41-17

multiplied by 1.25 according to R18.6.5, ACI Existing material of Secondary Menber:

318-14 Concrete Strength, fc = fc_lower_bound = 16.00
Existing material: Steel Strength, fs = 1.25*fsm Existing material of Secondary Member: Steel

= 555.55 Strength, fs = fs_lower_bound = 400.00

-AIL AAGSEO 001 PAOOEAO

Diameter, D =400.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00

SecondaryMember

SmoothBars

Ductile Steel

7TEOQOET OO0 $AOAEIEITC A O %AOOENOAEA 2A0EOOAT AA j E
Longitudinal Bars With Ends Lapped Starting at the End Section
Adequate Lap Length (lo/lou,min>=1)

No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.
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ANALYSIS TYPE

Pushover analysigUniaxial without Eccentricity-Uniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.62. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 4. 13

Local | SeismoBuild Hand

heck Limi E :
Chec imit State dge| \yis 2021 calculations

Operational Level | Start| 3 0.02860398 0.02860398
Life Safety Start| 2 0.0430952 0.0430952
Shear Capacity [kN] Life Safety Start| 2 91.169972 91.169972

Chord Rotation Capacity

COMPUTER FILES

A ASCErccsB.bpf
A Report_ ASCErccsB.pdf

EXAMPLE4.14

SUCCINCT DATA

Primary Member

RibbedBars

Ductile Steel

7EOET OO $AOAEIEITC A O %AOOENOAEA 2AO0EOOAT AA
Longitudinal Bars With Ends Lapped Starting at the End Sections

Lap Length lo =300.00

FRP Wrapping

Existing Material Sets type

=2 =2 =8 =445

DESCRIPTION

A circular column section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis in
the +X direction.

The resulting chord rotation capacity and shear capacitywith the FE anal/sis program SeismoBuild
are compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4117, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

\
—_—

b3

—;
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GEOMETRY AND PROPERTIES

g

Units in N, mm

Knowledge Factor, KF = 1.00

- AOCAOEAI 66 001 PAOOEAO
ConcreteElasticity, Ec = 21019.039

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For Shear Capacity Calculations

Existing material of Secondary Member: Member Shear Force is generally considered as
Concrete Strength, fc = fcm = 20.00 Force-Controlled Action according to Table G7
Existing material of Secondary Member: Steel 1,ASCE 4117.

Strength, fs = fsm = 444.44 Lower-bound strengths are used for Force

Note: Especially for the calculation of moment Controlled Actions according to 7.5.1.3ASCE
strengths, the above steel rebar strengths are 41-17

multiplied by 1.25 according to RB.6.5, ACI Existing material of Secondary Member:

318-14 Concrete Strength, fc = fc_lower_bound = 16.00
Existing material: Steel Strength, fs = 1.25*fsm Existing material of Secondary Member: Steel

= 555.55 Strength, fs = fs_lower_bound = 400.00

-AIL AAGSEO 001 PAOOEAO

Diameter, D =400.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00

Primary Member

RibbedBars

Ductile Steel

7EOET OO0 $AOAEIEITC A O %AOOENOAEA 2A0EOOAT AA
Longitudinal Bars With Ends Lapped Starting at the End Sections
Lap Length lo = 300.00

FRP Wrapping Data

Type: Carbon

Cured laminate properties (design values)

Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00

Elongation,efu = 0.01

Number of directions, NoDir = 1

&EAAO 1 OEAT OAOET 1 O6h AEd mn8mnmlJ
Number of layers, NL =1

Radius of rounding corners, R = 40.00

—_

b3

—;

(@}
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|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.63. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 4. 14

Local | SeismoBuild Hand

heck Limi E i
Chec imit State dge Axis 2021 calculations

Immediate Occupancy| End 3 0.00931721 0.00931721
Collapse Prevention | End 2 0.05131733 0.05131733
Shear Capacity [kN] Immediate Occupancy| End 3 286.693802 286.693803

Chord Rotation Capacity

COMPUTER FILES

A ASCErccs14.bpf
A Report_ ASCEccs14.pdf

EXAMPLEA4.15

SUCCINCT DATA

Primary Member

SmoothBars

Ductile Steel

7EOET OO $AOQOAEIEIC A1 O %AOOENOAEA 2AO0EOOAT AA
Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length(lo/lou,min>=1)

No FRP Wrapping

New Material Sets type

E L

DESCRIPTION

A circular column section is subjected to a Uniaxial without Eccentricit{niform Pushover Analysis in
the +X direction.

The resulting chord rotation capacity, and shear capacitwith the FE analysis program SeismoBuild
are compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (B07). The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

\
—_

p2

—;



GEOMETRY AND PROPERTIES

Units in N, mm

Knowledge Factor, KF = 100
- AOGAOEAI 08
Concrete Elasticity, Ec £8203.022
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

New material of Primary Member: Concrete
Strength, fc = fcm 45.00

New material of Primary Member: Seel
Strength, fs = fsm = 420.0

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

New material: Steel Strength, fs = 1.25*fsm =
525.00

-ATAAOCBO 001 PAOOEAO
Diameter, D =250.00

Cover Thickness, ¢ = 25.00
Element Length, L = 3000.00
Primary Member

SmoothBars

Ductile Steel

with$ AOAEIT ET ¢ & O

00i PAOOEAO
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For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

New material of Primary Member: Concrete
Strength, fc = fc_lower_bound =100

New material of Primary Member: Steel
Strength, fs = fs_lower_bound = 400.0

Longitudinal Bars With Ends Lapped Starting at the End Section

Adequate Lap Length (lo/lou,min>=1)
No FRP Wrapping

MODELLING AND LOADING

NOTE All the required values for hand calculations may be exported to the Report by selecting the
member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.

The column member is modeledthrough an inelastic plastichinge forcebased frame element

(infrmFBPH) fully restrained at its support.



142 | SeismoBuildverification Report

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.64. Comparison between SeismoBuild and hand-calculated results for EXAMPLE 4. 15

Local | SeismoBuild Hand

heck Limi E i
Chec imit State dge | \yis 2021 calculations

Collapse Prevention | Start | 3 0.07111166 0.07111166
Immediate Occupation| End 2 0.01777807 0.01777807
Shear Capacity [kN] Collapse Prevention | Start | 3 167.122814 167.122814

Chord Rotation Capacity

COMPUTER FILES

A ASCE_rccs15.bpf
A Report_ASCE_rccs15.pdf

EXAMPLEA4.16

SUCCINCT DATA

Primary Member

SmoothBars

Ductile Steel

Without Detailing for Earthquake Resistance (including stirrups not closed gt c v J J
Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (lo/lou,min>=1)

No FRP Wrapping

New Material Sets type

=2 =2 =8 =445

DESCRIPTION

A circular column section is subjected to a Uniaxial without Eccentricityniform Pushover Analyss in
the +X direction.

The resulting chord rotation capacity, and shear capacitwith the FE analysis program SeismoBuild
are compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4117, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.
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GEOMERY AND PROPERTIES

Units in N, mm

Knowledge Factor, KF = 100

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec £8203.022

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For Shear Capacity Calculations

New material of Primary Member: Concrete Member Shear Force is generally considered as
Strength, fc = fcm 45.00 Force-Controlled Action according to Table C7
New material of Primary Member: Seel 1,ASCE 4117.

Strength, fs = fsm = 420.0 Lower-bound strengths are used for Force
Note: Especially for the calculation onoment Controlled Actions according to 7.5.1.3ASCE
strengths, the above steel rebar strengths are 41-17

multiplied by 1.25 according to R18.6.5, ACI New material of Primary Member: Concrete
318-14 Strength, fc = fc_lower_bound =100

New material: Steel Strength, fs = 1.25*fsm = New material of Primary Member: Steel
525.00 Strength, fs = fs_lower_bound = 400.0

-AIL AAGSEO 001 PAOOEAO

Diameter, D =250.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00

Primary Member

SmoothBars

Ductile Steel

With Detailing for Earthquake Resistance (includin@ OEOO0ODPO 11 0 Ai T OAA AO pouvdQ
Longitudinal Bars With Ends Lapped Starting at the End Section
Adequate Lap Length (lo/lou,min>=1)

No FRP Wrapping

NOTE All the required values for hand calculations may be exported to the Report by selecting the
member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.

MODELING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.
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ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The mostsignificant results are compared in the table below:

Table 3.65. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 4. 16

Local | SeismoBuild Hand

heck Limi E
Chec imit State dge | \yis 2021 calculations

Collapse Prevention | Start | 3 0.09603145 0.09603145
Immediate Occupation| End 2 0.02129448 0.02129448
Shear Capacity [kN] Collapse Prevention | Start | 3 146.701756 146.701756

Chord Rotation Capacity

COMPUTER FILES

A ASCE_rccd.bpf
A Report_ ASCE_rcc$lpdf

EXAMPLESSETS: WALL SECTION
EXAMPLES.1

SUCCINCT DATA

Primary Member

Ribbed Bars

Ductile Steel

7TEOE $AOCAEIET C &£ O AOOENOAEA 2AO0EOOAT AA j ET Al OAE
Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (Io/lou,min>=1)

No FRP Wrappng

Existing Material Sets type

=2 =84 =0-9-9-9=-9

DESCRIPTION

A wall section is subjected to a Uniaxial without EccentricityUniform Pushover Analysis in the +X
direction.

The resulting chord rotation capacity strain and shear capacitywith the FE analysis program
SeismoRuild are compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-71010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (103) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.
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GEOMETRY AND PROPERTIES

6004 +600 [:2

5t

I 3000 i

Units in N, mm

Knowledge Factor, KF = 1.00

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec 21019.039

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For Shear Capacity Calculations

New material of Primary Member:Concrete Member Shea Force is generally considered as
Strength, fc = fcm = 2M0 Force-Controlled Action according to Table C7
New material of Primary Member: $eel 1,ASCE 4117.

Strength, fs = fsm 444.44 Lower-bound strengths are used for Force
Note: Especially for the calculation of moment Controlled Actions according to 7.5.1.3ASCE
strengths, the above steel rebar strengths are 41-17

multiplied by 1.25 according to R18.6.5, ACI New material of Primary Member: Concrete
318-14 Strength, fc = fc_lower_bond = 16.00

Existing material: SteelStrength, fs = 1.25*fsm New material of Primary Member: Steel

= 555.56 Strengh, fs = fs_lower_bound = 400.00

- AT AAGEO 00T PAOOEAO

Total Height, Htot = 30®.00

Edges Width, Wedg = 250.00

Edges Height, Hedg = 600.00

Web Width, Wweb = 250.00

Cover Thickness, ¢ = 25.00

Element Lergth, L = 3000.00

Primary Member

Ribbed Bars

Ductile Steel

WitE $AOAEI ETC &£ O %AOOENOAEA 2A0EOOAT AA j ET Al OAET ¢
Longitudinal Bars With Ends Lapped Starting at the End Sections
Adequate Lap Length (lo/lou,min>=1)

No FRPWrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|
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MODELLING AND LOADING

The wall member is modeledthrough an inelastic forcebased frame element (infrmFB) fully
restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significantresults are compared in the table below:

Table 3.66. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 5.1

Local | SeismoBuild Hand

heck Limi E i
Chec imit State dge Axis 2021 calculations

Operational Level End 3 0.00385930 0.00385930
Life Safety
Considering wall
controlled by Shear | Start| 2 0.015 0.015
Final interstorey drift
Capacity Ju,R

Shear Capacity [KN] Life Safety Start| 2 |1805.575132 1805.575132

Chord Rotation Capacity

COMPUTER FILES

A ASCErcrwsl.bpf
A Report_ASCErcrws1.pdf

EXAMPLES.2

SUCCINCT DATA

Primary Member

SmoothBars

Ductile Steel

7EOE S$AOAEIEIT C A O AOOENOAEA 2A0EOOAT AA j ET Al OAE
Longitudinal Bars With Ends Lapped Starting at the End Sections

Inadequate Lap Length with lo/lou,min = 0.30

FRP Wrapping

Existing Material Sets type

=2 =2 =845

DESCRIPTION

A wall section is subjected to a Uniaxial without Eccentricifyniform Pushover Analysis in the +X
direction.

The resulting chord rotation capacity, strain ad shear capacity with the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1&b) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.
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GEOMETRY AND PROPERTIES

6004 +600 (;2

5t

f 3000 i

Units in N, mm

Knowledge Factor, KF = 0.90

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec 21019.039

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For Shear Capacity Calculations

New material of Primary Member:Concrete Member Shear Force is generally considered as
Strength, fc = fcm = 2M0 Force-Controlled Action according to Table C7
New material of Primary Member: el 1,ASCE 4117.

Strength, fs = fsm = 444.44 Lower-bound strengths are used for Force
Note: Especially for the calculation of moment Controlled Actions according to 7.5.1.3ASCE
strengths, the above steel rebar strengths are 41-17

multiplied by 1.25according to R18.6.5, ACI New material of Primary Member: Concrete
318-14 Strength, fc = fc_lower_bound = 16.00
Existing material: SteelStrength, fs = 1.25*fsm New material of Primary Member: Steel

= 555.56 Strengh, fs = fs_lower_bound = 400.00

-AiT AAOGS O 001 PAOOEAO
Total Height, Htot =3000.00

Edges Width, Wedg = 250.00

Edges Height, Hedg = 600.00

Web Width, Wweb = 250.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00

Primary Member

SmoothBars

Ductile Steel

7TEOE S$AOAEIEI C A O AOOENOAEA 2A0EOOAT AA j ET Al OAE
Longitudinal Bars With Ends Lapped Starting at the End Sectis
Inadequate Lap Length with lo/lou,min = 0.30
FRP WrappingData

Type: Carbon

Cured laminate properties (design values)
Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00

Elongation, efu = 0.01

Number of directions, NoDir= 1
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&EAAO 1 OEAT OAGEI T Oh AEd mn8mnmlJ
Number of layers, NL = 1
Radius of rounding corners, R = 40.00

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The wall member is modeledthrough an inelastic forcebased frame element (infrmFB) fully
restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULS COMPARISON

The most significant results are compared in the table below:

Table 3.67. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 5.2

Local | SeismoBuild Hand

heck Limi E i
Chec imit State dge| \vis 2021 calculations

Immediate Occupancy| Start | 3 0.00274626 0.00274626
Collapse Prevention | End 2 0.01490435 0.01490435
Shear Capacity [kN] Immediate Occupancy Start | 3 1792.8000 1792.8000

Chord Rotation Capacity

COMPUTER FILES

A ASCErcrws2.bpf
A Report_ASCErcrws2.pdf

EXAMPLES.3

SUCCINCT DATA

Primary Member

SmoothBars

Ductile Steel

7TEOE $AOCAEIETC &£ O AOOENOAEA 2AO0EOOAT AA j ET Al OAE
Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (lo/lou,min>=1)

FRP Wrapping

Existing Material Sets type

=2 =2 =4 =4 -9-9-9-°

DESCRIPTION

A wall section is subjected to a Uniaxial without Eccentricitjniform Pushover Analysis in the +X
direction.

The resulting chord rotation capacity, strain and shear capacitywith the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-71010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
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employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table

22.5.5.1 of ACI 31814 for Shear Capacity checks.

GEOMETRY AND PROPERTIES

6004 +600

15t

f 3000 i

Units in N, mm

Confidence Factor, Cf =00

- AOAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 23025.204
SteelElasticity, Es = 200000.00

For Chord rotation Calculations

Existing material of Primary Member: Concrete
Strength, fc = fcm = 1600

Existing material of Primary Member: Stel
Strength, fs = fsm = 420.00

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

Existing material: Seel Strength, fs = 1.25*fsm
=525.00

- Al A A®dpéities

Total Height, Htot = 30®.00
Edges Width, Wedg 250.00
Edges Height, Hedg = 6000
Web Width, Wweb = 250.00
Cover Thickness, ¢ = 25.00
Element Length, L = 3000.00
Primary Member
SmoothBars

Ductile Steel

With Detailing for Earthquake Resistancg ET A1 OAET ¢ OOEOO0OODPO Al T OAA AO poaovu.

For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table CG7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.18,ASCE
41-17

Existing material of Secondary Member:
Concrete Strength, fc = fc_lower_bound = 16.00
Existing material of Secondary Member: Steel
Strength, fs = fs_lower_bound = 4200

Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequae Lap Length (lo/lou,min>=1)
FRP WrappingData

Type: Carbon

Cured laminate properties (design values)
Thickness, t = 1.016

Tensile Strength, ffu = 055.00
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Tensile Modulus, Ef = 64828.00

Elongation, efu = 0.01

Number of directions, NoDir = 1

&EAAO 1T OEAT OAOET T Oh AEd mn8nmJ
Number of layers, NL = 1

Radius of rounding corners, R = 40.00

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The wall member is modeledthrough an inelastic forcebased frame element (infrmFB) fully
restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULS COMPARISON

The most significant results are compared in the table below:

Table 3.68. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 5.3

I Local | SeismoBuild Hand
heck L E .
St Ll el Axis 2021 calculations
Operational Level
Considering wall
) _ controlled by Shear | End | 2 0.004 0.004
Chord Rotation Capacity Final interstorey drift
Capacity Ju,R
Life Safety Start| 3 0.0097905 0.0097917
Shear Capacity [kN] Life Safety Start| 3 1.992E+0(® 1.992E+03

COMPUTER FILES

A ASCErcrws3.bpf
A Report_ ASCErcrws3.pdf

EXAMPLES 4

SUCCINCT DATA

SecondaryMember

RibbedBars

Ductile Steel

7TEOQOET OO $AOAEIEIC A O AOOENOAEA 2A0EOOAT AA j ETAI
Longitudinal Bars Straight Ends Lapped Starting at the End Sections

Adequate Lap Length (lo/lou,min>=1)

FRP Wrapping

New Material Sets type

=4 == =299 =-4-2
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DESCRIPTION

A wall section is subjected to a Uniaxial without Eccentricitfyniform Pushover Analysis in the +X
direction.

The resulting chord rotation capacity, strain and shear cap#g with the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1),(11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

GEOMETRY AND PROPERTIES

6004 +600

15t

f 3000 i

Units in N, mm

Knowledge Factor, KF = 0.85

- AOAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec 26999.444

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material of Primary Member: Concrete
Strength, fc = fcm = 2590

Existing material of Primary Member: Stel
Strength, fs = fsm = 500.00

Note: Especially for the calculation of moment
strengths,

the above steel rebar strengths are multiplied
by 1.25according to R18.6.5, ACI 3184
Existing material: SteelStrength, fs = 1.25*fm
= 625.00

-AT AAOCS8O 001 PAOOEAD
Total Height, Htot = 30®.00

Edges Width, Wedg 250.00

Edges Height, Hedg =(®.00

Web Width, Wweb = 250.00

Cover Thickness, ¢ = 25.00

Element Lergth, L = 3000.00
SecondaryMember

RibbedBars

(2

For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

Consequently:

Existing material of Secondary Member:
Concrete Stength, fc = fc_lower_bound = 260
Existing material of Secondary Member: Steel
Strength, fs = fs_lower_bound = 85000
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Ductile Steel

7EOEI OO0 $AOAEI ET C &A1 O AOOENOAEA 2A0EOOAT AA | E
Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (lo/lou,min>=1)

FRP WrappingData

Type: Carbon

Cured laminate properties (design values)

Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00
Elongation, efu = 0.01

Number of directions, NoDir = 1
&EAAO 1T OEAT OAOQEITTO
Number of layes, NL =1

Radius of rounding corners, R = 40.00

¢

AEd m8mnmJ

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The wall member is modeledthrough an inelastic forcebased frame element (infrmFB) fully
restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without Ecentricity -Uniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.69. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 5.4

Local | SeismoBuild Hand

ook Limi E _
Chec imit State dge| \vis 2021 calculations

Immediate Occupancy End 3 0.00383542 0.00383542
Collapse Prevention | Start | 3 0.01683488 0.01683488
Shear Capacity [KN] Immediate Occupancyl End 3 2.49E+0® 2.490E+03

Chord Rotation Capacity

COMPUTER FILES

A ASCErcrws4.bpf
A Report_ ASCEcrws4.pdf

EXAMPLES.5

SUCCINCT DATA

SecondaryMember

SmoothBars

Ductile Steel

7EOE S$AOAEIEI C A O AOOENOAEA 2A0EOOAT AA | E
Longitudinal Bars With Ends Lapped Starting at the End Sections

Lap Length lo = 300.00

=A =4 =4 =8 -8 =1

—_
p
—_
(@]}

\
—)

—_
p>1
O
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1  NoFRP Wrapping
1 New Material Sets type

DESCRIPTION

A wall section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis in the +X
direction.

The resulting chord rotation capacity, strain and shear capacitwith the FE analysis program
SeismoBuild are compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (103) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table

22.5.5.1 of ACI 31814 for Shear Capacity checks.

GEOMETRY AND PROPERTIES

Units in N, mm

Knowledge Factor, KF = 1.00

- AOAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec 26999.444

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material of Primary Member: Concrete
Strength, fc = fcm = 3300

Existing material of Primary Member: Stel
Strength, fs = fsm = 555.56

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

Existing material: SteelStrength, fs = 1.25*fsm
= 694.45

-Ai AAGEO 00T PAOOEAO
Total Height, Htot = 30®.00
Edges Width, Wedg 250.00
Edges Height, Hedg = 6000
Web Width, Wweb = 250.00

Cover Thitkness, ¢ = 25.00
Element Lergth, L = 3000.00

(2

For Shear Capacity Calculations

Member Shear Force is@nerally considered as
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

Existing material of Secondary Member:
Concrete Stength, fc = fc_lower_bound 25.00
Existing material of Secondary Member: Steel
Strength, fs = fs_lower_bound = 8000
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SecondaryMember

SmoothBars

Ductile Steel

With Detailing for Earthquake Resistance (including stirrups closed at 135
Longitudinal Bars With Ends Lapped Starting at the End S&ns

Lap Length lo = 300.00

No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The wall member is modeledthrough an inelastic forcebased frame element (infrmFB) fully
restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.70. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 5.5

Local | SeismoBuild Hand

ook Limi E _
Chec imit State dge | \is 2021 calculations

Operational Level | Start| 2 0.00446269 0.00446269
Life Safety End 3 0.00892944 0.00893328
Shear Capacity [KN] Operational Level | Start| 2 951.659265 951.659265

Chord Rotation Capacity

COMPUTER FILES

A ASCErcrws5.bpf
A Report_ ASCErcrws5.pdf

EXAMPLES.6

SUCCINCT DATA

SecondaryMember

RibbedBars

Ductile Steel

7EOQOET OO $AOAEIETC A O %AOOENOAEA 2AO0EOOAT AA
Longitudinal Bars Without Lapping in the Vicinity of the End Regions

Inadequate Lap Length with lo/lou,min = 0.30

FRP Wrapping

New Material Sets type

=2 =8 =4 =449 =-9

DESCRIPTION

A wall section is subjected to a Uniaxial without Eccentricitjniform Pushover Analysis in the +X
direction.

\
—)
p~3
—
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The resulting chord rotation capacity, strain and shear capacitwith the FE analysis program

SasmoBuild are compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (103) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table

22.5.5.1 of ACI 31814 for Shear Capacity checks.

GEOMETRY AND PROPERTIES

6004 +600

5t

I 3000 i

Units in N, mm

Knowledge Factor, KF = 1.00

- AOCAOEAI 686 001 PAOOEAO
Concrete Elasticity, Ec 26999.444

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material of Primary Member: Concrete
Strength, fc = fcm = 2590

Existing material of Primary Member: Stel
Strength, fs = fsm = 500.00

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

Existing material: SteelStrength, fs = 1.25*fsm
=625.00

-AIL AAGSEO 001 PAOOEAO
Total Height, Htot = 30®.00

Edges Width, Wedg 250.00

Edges Height, Hedg = @D0O0

Web Width, Wweb = 250.00

Cove Thickness, ¢ = 25.00

Element Length, L = 3000.00
SecondaryMember

Ribbed Bars

Ductile Steel
7EQEI OO $AOAEIEI C A& O

For Shear Capacity Calculations

Member Shear Fore is generally considered as
Force-Controlled Action according to Table C7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

Existing material of Secondary Member:
Concrete Stength, fc = fc_lower_bund = 2500
Existing material of Secondary Member: Steel
Strength, fs = fs_lower_bound = 5000

Longitudinal Bars With Ends Lapped Starting at the End Sections

Inadequate Lap Length with lo/lou,min = 0.30
No FRP Wrapping

i ET AT OA
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|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module .
|
|

MODELLING AND LOADING

The wall member is modeledthrough an inelastic forcebased frame element (infrmFB) fully
restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial withoutEccentricity-Uniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.71. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 5.6

Local | SeismoBuild Hand

Check Limit Stat Ed i i
ec imit State 981 Axis 2021 calculations

Immediate Occupancy End 2 0.00454704 0.00454704
Collapse Prevention | Start | 2 0.01654736 0.01654736
Shear Capacity [kN] Immediate Occupancy End 2 |1055.779049| 1055.779049

Chord Rotation Capacity

COMPUTER FILES

A ASCErcrws6.bpf
A Report_ASCErcrws6.pdf

EXAMPLES.7

SUCCINCT DATA

SecondaryMember

RibbedBars

Ductile Steel

7EOQOET OO $AOAEIEIC A O %AOOENOAEA 2A0EOOAT AA
Longitudinal Bars With Ends Lapped Starting at the End Sections

Inadequate LaplLength with lo/lou,min = 0.30

No FRP Wrapping

Existing Material Sets type

=2 =2 =094 -5_-4 -9

DESCRIPTION

A wall section is subjected to a Uniaxial without Eccentricifyniform Pushover Analysis in the +X
direction.

The resulting chord rotation capacity, strain and shear camdty with the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007). The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

\
—_—

b3

—;
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GEOMETRY AND PROPERTIES

6004 +600 [:2

5t

I 3000 i

Units in N, mm

Knowledge Factor, KF = 1.00

- A O A OFrdperties

Concrete Elasticity, Ec 21019.039
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For Shear Capaty Calculations

Existing material of Primary Member: Concrete Member Shear Force is generally considered as
Strength, fc = fcm = 1680 Force-Controlled Action according to Table C7
Existing material of Primary Member:Steel 1,ASCE 4117.

Strength, fs = fsm = 400.00 Lower-bound strengths are used for Force
Note: Especially for the calculation of moment Controlled Actions according to 7.5.1.3ASCE
strengths, the above steel rebar strengths are 41-17

multiplied by 1.25 according to R18.6.5, ACI Existing material of Secondary Member:
318-14 Concrete Stength, fc = fc_lower_bound = 160
Existing material: SteelStrength, fs = 1.25*fsm Existing material of Secondary Member: Steel
=500.00 Strength, fs = fs_lower_bound = 4m00

-AiT AAOGBO 001 PAOOEAO

Total Height, Htot = 30®.00

Edges Width, Wedg 250.00

Edges Height, Hedg =0®.00

Web Width, Wweb = 250.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00

SecondaryMember

RibbedBars

Ductile Steel

7EOQOET OO $AOQGAEIEIC A O %AOOENOAEA 2AO0EOOAT AA | ET Al OA
Longitudinal Bars With Ends Lapped Startingt the End Sections
Inadequate Lap Length with lo/lou,min = 0.30

No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Prin t-out Options module.
|
|
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MODELLING AND LOADING

The wall member is modeledthrough an inelastic forcebased frame element (infrmFB) fully
restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.72. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 5.7

. Local | SeismoBuild Hand
Check Limit State Edge Axis 2021 calculations
Operational Level Start| 3 0.00305224 | 0.00305224
Chord Rotation Capacity o Life Safety
Considering wall controlled by Shear| End 2 0.0040 0.0040
Final interstorey drift Capacity:Ju,R
Shear Capacity [kN] Operational Level Start| 3 |1604.513202|1604.513202

COMPUTER FILES

A ASCErcrws7.bpf
A Report_ ASCErcrws7.pdf

EXAMPLES.8

SUCCINCT DATA

i1  SecondaryMember
1 RibbedBars
i1 Ductile Steel
7 7EOETI OO0 $AOAEI ETC £ O %AOOENOAEA 2AO0EOOAT AA
1 Longitudinal Bars With Ends Lapped Starting ahe End Sections
i1 Lap Length lo = 300.00
1 FRP Wrapping
i1 Existing Material Sets type
DESCRIPTION

A wall section is subjected to a Uniaxial without Eccentricitgniform Pushover Analysis in the +X
direction.

The resulting chord rotation capacity, strain and skar capacity with the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (16) of ASCE 4417 and @4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

\
—_

p2

—;



GEOMETRY AND PROPERTIES

k6004 +6004

st

t 3000 i

Units in N. mm

Knowledge Factor, KF = 018

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec 21019.039

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material of Primary Member: Concrete
Strength, fc = fcm = 1680

Existing material of Primary Member: Stel
Strength, fs = fsm = 400.00

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

Existing material: SteelStrength, fs = 1.25*fsm
=500.00

-AiT AAOGBO 001 PAOOEAO
Total Height, Htot = 300000

Edges Width, Wedg = 250.00

Edges Height, Hedg 600.00

Web Width, Wweb = 250.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00
SecondaryMember

Ribbed Bars

Ductile Seel
7EQEI 0O $AOAEIEI C A& O

CHAPTER Comparison| 159

(2

For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table C7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

Existing material of Secondary Member:
Concrete Stength, fc = fc_lower_bound = 160
Existing material of Secondary Member: Steel
Strength, fs = fs_lower_bound = 400.00

Longitudinal Bars With Ends Lapped Starting at the End Sections

Lap Length lo = 300.00

FRP Wrapping Data

Type: Carbon

Cured laminate properties (design values)
Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00
Elongation, efu = 0.01

Number of directions, NoDir = 1

i ET AT OA
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&EAAO 1 OEAT OAGEI T Oh AEd mn8mnmlJ
Number of layers, NL = 1
Radius of rounding corners, R = 40.00

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELING AND LOADING

The wall member is modeledthrough an inelastic forcebased frame element (infrmFB) fully
restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant resultsare compared in the table below:

Table 3.73. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 5.8

Local | SeismoBuild Hand

Check Limit Stat Ed - i
ec imit State 98| Axis 2021 calculations

Immediate Occupancy Start | 3 0.00277127 0.00277127
Collapse Prevention | Start | 3 0.01382101 0.01382101
Shear Capacity [KN] Collapse Prevention | End 3 1693.200 1693.200

Chord Rotation Capacity

COMPUTER FILES

A ASCErcrws8.bpf
A Report_ASCErcrws8.pdf

EXAMPLES.9

SUCCINCT DATA

Primary Member

SmoothBars

Ductile Steel

7TEOE $AOCAEIETC &£ O AOOENOAEA 2A0EOOAT AA j ET Al OAE
Longitudinal Bars With Ends Lapped Starting at the End Sections

Lap Length lo = 300.00

No FRP Wrapping

New Material Sets type

=4 =2 =4 =8 -8 -4 -89

DESCRIPTION

A wall section is subjectedto a Uniaxial without Eccentricity-Uniform Pushover Analysis in the +X
direction.

The resulting chord rotation capacity, strain and shear capacitywith the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacitysi checked according to the tables 1@, 10-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
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employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6nd Table

22.5.5.1 of ACI 31814 for Shear Capacity checks.

GEOMETRY AND PROPERTIES

6004 6004

456

[
I 3050 i

Units in N, mm

Knowledge Factor, KF = 1.00

- AOAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec 25742.96

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material of Primary Member: Concrete
Strength, fc = fcm = 3000

Existing material of Primary Member:Steel
Strength, fs = fsm = 625.00

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

Existing material: SteelStrength, fs = 1.25*fsm
=781.25

-AT AROCBO 001 PAOOGEAD
Total Height, Htot = 30®.00

Edges Width, Wedg = 250.00

Edges Height, Hedg = 600.00

Web Width, Wweb = 250.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00

Primary Member

SmoothBars

Ductile Steel

7EOE $AOAEIEITC A&l O

(2

For Shear Capaty Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table CG7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

Existing material of Secondary Member:
Concrete Stength, fc = fc_lower_bound = 200
Existing material of Secondary Member: Steel
Strength, fs =fs_lower_bound = 500.00

Longitudinal Bars With Ends Lapped Starting at the End Sections

Lap Length lo = 300.00
No FRP Wrapping

i ET Al OAE
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|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The wall member is modeledthrough an inelastic forcebased frame element (infrmFB) fully
restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.74. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 5.9

Local | SeismoBuild Hand

Check Limit Stat Ed i i
ec imit State 981 Axis 2021 calculations

Operational Level | Start| 3 0.00276728 0.00276728
Collapse Prevention | Start | 2 0.01540528 0.01540528
Shear Capacity [kN] Collapse Prevention | Start | 2 674.917089 674.917089

Chord Rotation Capacity

COMPUTER FILES

A ASCErcrws9.bpf
A Report_ASCEcrws9.pdf

EXAMPLES.10

SUCCINCT DATA

Primary Member

RibbedBars

Ductile Steel

7EOQOET OO $AOAEIEIC A O %AOOENOAEA 2A0EOOAT AA
Longitudinal Bars With Ends Lapped Starting at the End Sections

Inadequate Lap Length with lo/lou,min = 0.30

FRP Wrapping

New Material Sets type

=2 =224

DESCRIPTION

A wall section is subjected to a Uniaxial without Eccentricitjniform Pushover Analysis in the +X
direction.

The resulting chord rotation capacity, strain and shear capacitwith the FE analysis program
SeismoBuildare compared with hand calclations.

The Chord Rotation Capacity is checked according to the tables-71010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

\
—_—
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GEOMETRY AND PROPERTIES

6004 +600

5t

f 3000 i

Units in N, mm

Knowledge Factor, KF = 0.90

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec 26999.444

Steel Elasticity, Es 200000.00

For Chord rotation Calculations

Existing material of Primary Member: Concrete
Strength, fc = fcm = 2590

Existing material of Primary Member: Stel
Strength, fs = fsm = 500.00

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

Existing material: SteelStrength, fs= 1.25*fsm
=625.00

-AiT AAOGBO 001 PAOOEAO
Total Height, Htot = $00.00

Edges Width, Wedg 250.00

Edges Height, Hedg = @D0O0

Web Width, Wweb =250.00

Cover Thickness, ¢ = 25.00

Element Lergth, L = 3000.00

Primary Member

RibbedBars

Ductile Steel

7EOEI OO0 $AOAEI EI C A& O
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(2

For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table C7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

Existing material of Secondary Member:
Concrete Stength, fc = fc_lower_bound = 260
Existing material of Secondary Member: Steel
Strength, fs = fs_lower_bound = 500.00

Longitudinal Bars With Ends Lapped Starting at the End Sections

Inadequate Lap Length with lo/lou,min = 0.30
FRP Wrapjng Data

Type: Carbon

Dry properties (design values)

Thickness, t = 1.00

Tensile Strength, ffu = 840.00

Tensile Modulus, Ef = 82000.00

Elongation, efu = 0.009

i E1 Al OA
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Number of directions, NoDir = 1

&EAAO 1 OEAT OAGET 1 06h AEqd mn8mnmld
Number of layers, NL =1

Radius ofrounding corners, R = 40.00

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The wall member is modeledthrough an inelastic forcebased frame element (infrmFB) fully
restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULS COMPARISON

The most significant results are compared in the table below:

Table 3.75. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 5.10

Local | SeismoBuild Hand

Check Limit Stat Ed - i
ec imit State 9€| Axis 2021 calculations

Immediate Occupancy| Start | 3 0.00303648 0.00303648
Life Safety End 2 0.00854704 0.00854704
Shear Capacity [kN] Immediate Occupancy| Start | 3 2490.000 2490.000

Chord Rotation Capacity

COMPUTER FILES

A ASCErcrws10.bpf
A Report_ ASCErcrws10.pdf

EXAMPLES.11

SUCCINCT DATA

SecondaryMember

SmoothBars

Ductile Steel

7TEOET OO $AOQOAEIEIC A1 O AOOENOAEA 2AO0EOOAT AA
Longitudinal Bars With Ends Lapped Starting at the End Sections

Inadequate Lap Length with lo/lou,min = 0.30

FRP Wapping

New Material Sets type

=4 =8 =8 =8 -8 -8 -4 -1

DESCRIPTION

A wall section is subjected to a Uniaxial without Eccentricifyniform Pushover Analysis in the +X
direction.

The resulting chord rotation capacity, strain and shear capacitywith the FE analysis program
SeismoBuid are compared with hand calculations.

\
—_—)

p2

—;
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The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 10-19 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equationsare the (10-3) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table

22.5.5.1 of ACI 31814 for Shear Capacity checks.

GEOMETRY AND PROPERTIES

Units in N, mm

Knowledge Factor, KF = 1.00

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec 26999.444

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material of Primary Member: Concrete
Strength, fc = fcm = 3300

Existing material of Primary Member: Stel
Strength, fs = fsm = 555.56

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

Existing material: SteelStrength, fs = 1.25*fsm
=694.45

-AiT AAOGS O 001 PAOOEAO
Total Height, Htot = $00.00

Edges Width, Wedg 250.00

Edges Height, Hedg = @000

Web Width, Wweb =250.00

Cover Thckness, ¢ = 25.00

Element Lergth, L = 3000.00
SecondaryMember

SmoothBars

Ductile Stee~l
7EOEI OO0 $AOAEI ET C A& O

For Shear Capacity Calculations

Member Shear Force is@nerally considered as
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

Existing material of Secondary Member:
Concrete Stength, fc = fc_lower_bound 25.00
Existing material of Secondary Member: Steel
Strength, fs = fs_lower_bound = 500.00

AOOENOAEA 2AO0OEOOAT AA { E

Longitudinal Bars With Ends Lapped Starting at the End Sections

Inadequate LapLength with lo/lou,min = 0.30
FRP Wrapping Data

Type: Carbon

Cured laminate properties (design values)
Thickness, t = 1.016

—_

p~3

—)

(@}
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Tensile Strength, ffu = 1055.00
Tensile Modulus, Ef = 64828.00
Elongation, efu = 0.01

Number of directions, NoDir = 1

FiberorientatET T Oh AEd mn8mnmnJ

Number of layers, NL =1

Radius of rounding corners, R = 40.00

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The wall member is modeledthrough an inelastic forcebased frame element (infrmFB)

restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULS COMPARISON

The most significant results are compared in the table below:

Table 3.76. Comparison between SeismoBuild and hand -calculated results f or EXAMPLE 5.11

I Local | SeismoBuild Hand
heck L E .
Cinze I3 Sl ez Axis 2021 calculations
) ) Operational Level End 0.00259167 0.00259167
Chord Rotation Capacity -
Life Safety Start 0.00918702 0.00918702
Shear Capacity [KN] Operational Level | End 846.339539 846.339539

COMPUTER FILES

A ASCErcrws11.bpf
A Report_ASCErcrws11.pdf

EXAMPLES.12

SUCCINCT DATA

Primary Member
SmoothBars
Ductile Steel

No FRP Wrapping
New Material Sets type

=2 =8 =4 =449 =-9

DESCRIPTION

A wall section is subjected to a Uniaxial without Eccentricitjniform Pushover Analysis in the +X

direction.

7EOE $AOAEIET C A& O
Longitudinal Bars With Ends Lapped Starting at the End Sections
Adequate Lap Length (lo/lou,min>=1)

—_
p>1
O
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The resulting chord rotation capacity, strain and shear capacitwith the FE analysis program
SeismoBuildare comparedwith hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

GEOMETRY AND PROPERTIES

6004 +600 (2

5t

I 3000 i

Units in N, mm

Knowledge Factor, KF = 1.00

- AOCAOEAI 686 001 PAOOEAO
Concrete Elasticity, Ec 25742.96
SteelElasticity, Es = 200000.00

For Chord rotation Calculations For Shear Capacity Calculations

Existing material of Primary Member: Concrete Member Shear Force is generally considered as
Strength, fc = fcm = 3000 Force-Controlled Action according to Table C7
Existing material of Primary Member: Stel 1,ASCE 4117.

Strength, fs = fsm = 625.00 Lower-bound strengths are used for Force
Note: Especially for the calculation of moment Controlled Actions according to 7.8..3,ASCE
strengths,the above steel rebar strengths are 41-17

multiplied by 1.25 according to R18.6.5, ACI Existing material of Secondary Member:
318-14 Concrete Stength, fc = fc_lower_bound = 200
Existing material: Seel Strength, fs = 1.25*fsm Existing material of Secondary Member: Steel
=781.25 Strength, fs = fs_lower_bound = 500.00

-AT AAGEO 001 PAOOEAO

Total Height, Htot = 3@0.00

Edges Width, Wedg 250.00

Edges Height, Hedg = @D0O0

Web Width, Wweb =250.00

Cover Thickness, ¢ 25.00

Element Lergth, L = 3000.00

Primary Member

SmoothBars

Ductile Steel

7EOE $AOAEIEITC A& O AOOENOAEA 2AO0OEOOAT AA | ET Al OAET ¢
Longitudinal Bars With Ends Lapped Starting at the End Sections
Adequate Lap Length (lo/lou,min>=1)
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No FRP Wrapping Data

NOTE All the required values for hand calculations may be exported to the Report by selecting the

|
|
|
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
I
|

MODELLING AND LOADING

The wall member is modeledthrough an inelastic forcebased frame element (infrmFB)
restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULS COMPARISON

The most significant results are compared in the table below:

Table 3.77. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 5.12

i Local | SeismoBuild Hand
heck L E .
Chec il Sl e Axis 2021 calculations
Immediate Occupancy
Considering wall
] ] controlled by Shear | End 2 0.004 0.004
Chord Rotation Capacity Final interstorey drift
Capacity 1u,R

Collapse Prevetion | Start| 3 0.01691793 0.01691793

Shear Capacity [kN] Immediate Occupancy End 2 674.917089 674.917089

COMPUTER FILES

A ASCErcrws12.bpf
A Report_ ASCErcrws12.pdf

EXAMPLES.13

SUCCINCT DATA

SecondaryMember
SmoothBars
Ductile Steel

Longitudinal Bars With Ends Lappedstarting at the End Sections
Adequate Lap Length (lo/lou,min>=1)

No FRP Wrapping

Existing Material Sets type

=4 =8 =8 =8 -8 -4 41

DESCRIPTION

A wall section is subjected to a Uniaxial without Eccentricifyniform Pushover Analysis in the +X

direction.

7EOEI OO0 $AOCAEI EI C &£ O %AOOENOAEA 2A0EOOAT A

The resulting chord rotaion capacity, strain and shear capacitywith the FE analysis program

SeismoBuildare compared with hand calculations.

i ETAI
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The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 10-19 of ASCE
41-17 and according to the equatios (10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

GEOMETRY AND PROPERTIES

6004 +600 (;2

5t

f 3000 i

Units in N, mm

Knowledge Factor, KF = 0.85

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec 21019.039

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For Shear Capacity Calculations

Existing material of Primary Member: Concrete Member Shear Force is generally considered as
Strength, fc = fcm = 1600 Force-Controlled Action according to Table C7
Existing material of Primary Member: Stel 1,ASCE 4117.

Strength, fs = fsm = 400.00 Lower-bound strengths are used for Force
Note: Especially for the calculation of moment Controlled Actions according to 7.5.1.3ASCE
strengths,the above steel rebar strengths are 41-17

multiplied by 1.25 according to R18.6.5, ACI Existing material of Secondary Member:
318-14 Concrete Stength, fc = fc_lower_bound = 160
Existing material: SteelStrength, fs = 1.25*fsm Existing material of SecondarnfMember: Steel
=500.00 Strength, fs = fs_lower_bound = 400.00

-AiT AAOGBO 001 PAOOEAO

Total Height,Htot = 3000.00

Edges Width, Wedg 250.00

Edges Height, Hedg = @D0O0

Web Width, Wweb =250.00

Cover Thickness, ¢ = 25.00

Element Lergth, L = 3000.00

SecondaryMember

SmoothBars

Ductile Steel

Without Detailing for Earthquake Resistance (including stiru®@ 117 O A1 T OAA AO pouvdQ
Longitudinal Bars With Ends Lapped Starting at the End Sections
Adequate Lap Length (lo/lou,min>=1)

No FRP Wrapping
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|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The wall member is modeledthrough an inelastic forcebased frame element (infrmFB) fully
restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULS COMPARISON

The most significant results are compared in the table below:

Table 3.78. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 5.13

_ Local | SeismoBuild Hand
Check Limit State Edge AxiS 2021 calculations
Operational Level Start| 3 0.0032804 | 0.0032804
Chord Rotation Capacity o Life Safety
Considering wall controlled by Shear| Start | 2 0.034 0.034
Final interstorey drift Capacity:Ju,R
Shear Capacity [kN] Life Safety Start| 2 504.709433 | 504.709433

COMPUTERILES

A ASCErcrws13.bpf
A Report_ ASCErcrws13.pdf

EXAMPLES.14

SUCCINCT DATA

Primary Member

RibbedBars

Ductile Steel

7EOET OO $AOQOAEIEIC A1 O AOOENOAEA 2AO0EOOAT AA
Longitudinal Bars With Ends Lapped Starting at the En8ections

Lap Length lo = 300.00

FRP Wrapping

Existing Material Sets type

=2 =209

DESCRIPTION

A wall section is subjected to a Uniaxial without Eccentricitjniform Pushover Analysis in the +X
direction.

The resulting chord rotation capacity, strain and shear cap#y with the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-71010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007). The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

\
—_

p2

—;



GEOMETRY AND PROPERTIES

6004 +600

5t

f 3000 i

Units in N, mm

Knowledge Factor, KF = 1.00

- A O A OFrdperties

Concrete Elasticity, Ec 21019.039
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material of Primary Member: Concrete
Strength, fc = fcm = 1680

Existing material of Primary Member: Stel
Strength, fs = fsm = 400.00

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

Existing material: SteelStrength, fs = 1.25*fsm
=500.00

-AiT AAOGBO 001 PAOOEAO
Total Height, Htot = 3@0.00

Edges Width, Wedg 250.00

Edges Height, Hedg = @000

Web Width, Wweb =250.00

Cover Thickness, ¢ = 25.00

Element Lergth, L = 3000.00

Primary Member

RibbedBars

Ductile Steel
7EQEI 0O $AOAEIEI C A& O
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(2

For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table C7
1,ASCE 4117.

Lower-bound strengthsare used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

Existing material of Secondary Member:
Concrete Stength, fc = fc_lower_bound = 160
Existing material of Secondary Member: Steel
Strength, fs = fs_lower_bound = 400.00

Longitudinal Bars With Ends Lapped Starting at the End Sections

Lap Lengthlo = 300.00

FRP WrappingData

Type: Carbon

Cured laminate properties (design values)
Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00
Elongation, efu = 0.01

Number of directions, NoDir = 1

i ET AT OA
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&EAAO 1 OEAT OAGEI T Oh AEd mn8mnmlJ
Number of layers, NL = 1
Radius of rounding corners, R = 40.00

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options modul e.
|
|

MODELLING AND LOADING

The wall member is modeledthrough an inelastic forcebased frame element (infrmFB) fully
restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULS COMPARISON

The most significant results are compared in the table below:

Table 3.79. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 5.14

_ Local | SeismoBuild Hand
Check Limit State Edge Axis 2021 calculations
Immediate Occupancy End 2 0.0032597 | 0.0032597
Chord Rotation Capacity . (_:ollapse Prevention
Considering wall controlled by Shear| End 2 0.004 0.004
Final interstorey drift Capacity: u,R
Shear Capacity [kN] Immediate Occupancy End 2 697.895588 | 697.895588

COMPUTER FILES

A ASCErcrws14.bpf
A Report_ASCErcrws14.pdf

EXAMPLESSET6: BEAM SECTION

EXAMPLEG.1

SUCCINCT DATA

Primary Member

Ribbed Bars

Ductile Steel

With detailing for earthquake resistancg ET A1 OAET ¢ OOEOQOOODPO Al T OAA AO poc
Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (lo/lou,min>=1)

No FRP Wrapping

Existing Material Sets type

=4 =4 =8 =8 =4 -8 -4 -9

DESCRIPTION

A beam section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis in the +X
direction.
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The resulting chord rotation capacity, strain and shear capacitywith the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to he equations (185) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

GEOMETRY AND PROPERTIES

00—

—2300—

Units in N, mm

Knowledge Factor, KF = 1.00

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 21019.039

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For Shear Capacity Calculations

Existing material of Primary Member: Concrete Member Shear Force is generally considered as
Strength, fc = fcm = 2000 Force-Controlled Action according to Table G7
Existing material of Primary Member: Stel 1,ASCE 4117.

Strength, fs = fsm = 444.4444 Lower-bound strengths are used for Force
Note: Especially for the calculation of moment Controlled Actions according to 7.5.1.3ASCE
strengths, the above steel rebar strengths are 41-17

multiplied by 1.25 according to R18.6.5, ACI Existing material of Secondary Member:
318-14 Concrete Strength fc = fc_lower_bound = 16.00
Existing material: SteelStrength, fs = 1.25*fsm Existing material of Secondary Member: Steel
= 555.5556 Strength, fs = fs_lower_bound = 400.00

-AT AAOCS8O 001 PAOOEAOD

Section Height, H = 400.00

Section Width, W = 30.00

Cover Thickness, & 25.00

Element Length, L = 850.00

Primary Member

Ribbed Bars

Ductile Steel

7EOE $AOCAEIEIT C A O AOOENOAEA 2AO0EOOAT AA j ET Al OAET ¢
Longitudinal Bars With Ends Lapped Starting at the End Sections
Adequate Lap Length (lo/lou,min>=1)

No FRP Wrapping
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|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The beam member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH).

ANALYSIS TYPE

Pushoveranalysis (Uniaxial without Eccentricity-Uniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.80. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 6.1

Local | SeismoBuild Hand

Check Limit Stat Ed i i
ec imit State 981 Axis 2021 calculations

Operational Level | End 3 0.00872727 0.00872727
Life Safety Start| 2 0.0255385 0.0255385
Shear Capacity [KN] Life Safety Start| 2 136.838224 136.838224

Chord Rotation Capacity

COMPUTER FILES

A ASCEBeaml.bpf
A Report_ ASCEBeam1.pdf

EXAMPLEG.2

SUCCINCT DATA

Primary Member

SmoothBars

Ductile Steel

7TEQOE $AOCAEIEIT C &£ O %AOOENOAEA 2A0EOOAT AA j ET Al OAE
Longitudinal Bars With Ends Lapped Starting at the End Sections

Inadequate LaplLength with lo/lou,min = 0.30

No FRP Wrapping

Existing Material Sets type

=2 =2 =094 -5_-4 -9

DESCRIPTION

A beam section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis in the +X
direction.

The resulting chord rotation capacity, strain and shear capacitwith the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and acording to the equations (165) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.



GEOMETRY AND PROPERTIES

F——400—

F—2300—

Units in N, mm

Knowledge Factor, KF = 018

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 21019.039

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material of Primary Member: Concrete
Strength, fc = fcm = 200

Existing material of Primary Member: Stel
Strength, fs = fsm = 444.4444

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

Existing material: SteelStrength, fs = 1.25*fsm
= 555.5556

-ATAAOCBO 001 PAOOEAO
SectionHeight, H = 400.00

Section Width, W = 30.00

Cover Thickness, & 25.00

Element Length, L = 175®0

Primary Member

Smooth Bars

Ductile Steel

7EOQOE $AOAEI EIC &I O
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For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table C7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

Existing material of Secondary Member:
Concrete Strength, fc = fc_lower_bound = 16.00
Existing material of SecondarnfMember: Steel
Strength, fs = fs_lower_bound = 400.00

Longitudinal Bars With Ends Lappedstarting at the End Sections

Inadequate Lap Length with lo/lou,min = 0.30
No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|
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MODELLING AND LOADING

The beam member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH).

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.81. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 6.2

Local | SeismoBuild Hand

heck Limi E i
Chec imit State dge Axis 2021 calculations

Immediate Occupancy| Start | 3 0.00602588 0.00602588
Collapse Prevention | End 2 0.02653457 0.02653457
Shear Capacity [kN] Immediate Occupancy| Start | 3 167.462075 167.462072

Chord Rotation Capacity

COMPUTER FILES

A ASCEBeam?2.bpf
A Report ASCEBeam?2.pdf

EXAMPLEG.3

SUCCINAIATA

Primary Member

SmoothBars

Ductile Steel

7TEQOE $AOCAEIEI C &£ O %AOOENOAEA 2A0EOOAT AA j ET Al OAE
Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (Io/lou,min>=1)

No FRP Wrapping

Existing Material Sets type

=2 =224

DESCRIPTION

A beam section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis in the +X
direction.

The resulting chord rotation capacity, strain and shear capacitwith the FE analysis program
SeismoBuildare compaed with hand calculations.

The Chord Rotation Capacity is checked according to the tables-71010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1&b) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.



GEOMETRY AND PROPERTIES

F—400—

—300—

Units in N, mm

Knowledge Factor, KF = 1.00

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 23025.204
SteelElasticity, Es = 200000.00

For Chord rotation Calculations

Existing material of Primary Member: Concrete
Strength,fc = fcm = 24.00

Existing material of Primary Member: Steel
Strength, fs = fsm = 525.00

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

Existing material: SteelStrength, fs = 1.25*fsm
=656.25

-AiT AAOGBO 001 PAOOEAO
Section Height, H #00.00

Section Width, W = 30.00

Cover Thickness, & 25.00

Element Length, L = 180.00

Primary Member

SmoothBars

Ductile Steel
7EOQOE $AOAEI EIC &I O
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For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

Existing material of Secondary Member:
Concrete Strength, fc = fc_lower_bound = 16.00
Existing material of Secondary Member: Steel
Strength, fs = fs_lower_bound = 420.00

Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (lo/lou,min>=1)
No FRP Wrapping

NOTE All the required values for hand calculations

may be exported to the Report by selecting the

|
|
|
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The beam member is modeledthrough an inelastic plastichinge forcebased frame element

(infrmFBPH).
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ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.82. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 6.3

- Local | SeismoBuild Hand
heck L E :
Chec Imit State dge AXis 2021 calculations
) ) Operational Level | End 0.00735004 0.00735004
Chord Rotation Capacity -
Life Safety Start 0.02404297 0.02404297
Shear Capacity [kN] Life Safety Start 203.754366 203.754367

COMPUTER FILES

A ASCEBeam3.bpf
A Report ASCEBeam3.pdf

EXAMPLEG6 4

SUCCINCT DATA

SecondaryMember
RibbedBars
Ductile Steel

No FRP Wrapping

=2 =244 -9-9-9-1

DESCRIPTION

A beam section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis in the +X

direction.

The resulting chord rotation capacity, strain and shear capacitywith the FE analysis program

Without$ AOAET ET ¢ &1 O
Longitudinal Bars With Ends Lapped Starting at the End Sections
Adequate Lap Length (Io/lou,min>=1)

New Material Sets type

SeismoBuildare compared with hand calclations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (16) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table

22.5.5.1 of ACI 31814 for Shear Capacity checks.

%AOOENOAEA 2AO0EOOAT AA



GEOMETRY AND PROPERTIES

F—400—

—300—

Units in N, mm

Knowledge Factor, KF = 0.90

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 26999.444

Steel Elasticity, Es 200000.00

For Chord rotation Calculations

New material of Secondary Member: Concrete
Strength, fc = fcm = 33.00

New material of Secondary Member: Steel
Strength, fs = fsm = 555.56

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

Existing material: SteelStrength, fs = 125*fsm
=694.45

-AiT AAOGBO 001 PAOOEAO
Section Height, H = 400.00

Section Width, W = 30.00

Cover Thickness, & 25.00

Element Length, L = 180.00
SecondaryMember

RibbedBars

Ductile Steel
Without$ AOAET ET ¢ &1 O
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For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

New material of Secondary Member: Concrete
Strength, fc = fc_lower_bound = 25.00

New material of Secondary MemberSteel
Strength, fs = fs_lower_bound = 500.00

Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (lo/lou,min>=1)
No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The beam member is modeledthrough an inelastic plastichinge forcebased frame element

(infrmFBPH).
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ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.83. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 6.4

Local | SeismoBuild Hand

heck Limi E :
Chec imit State dge| \yis 2021 calculations

Immediate Occupancy End 3 0.00868649 0.00868649
Collapse Prevention | Start | 3 0.03368617 0.03368617
Shear Capacity [kN] Collapse Prevention | Start | 3 245.858291 245.858291

Chord Rotation Capacity

COMPUTER FILES

A ASCEBeam4.bpf
A Report ASCEBeam4.pdf

EXAMPLEG.5

SUCCINAIATA

SecondaryMember

SmoothBars

Ductile Steel

7TEQOE $AOCAEIEI C &£ O %AOOENOAEA 2A0EOOAT AA j ET Al OAE
Longitudinal Bars With Ends Lapped Starting at the End Sections

Lap Length 10=30.00

No FRP Wrapping

New Material Sets type

=2 =2 =484

DESCRIPTION

A beam section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis in the +X
direction.

The resulting chord rotation capacity, strain and shear capacitwith the FE analysis program
SeismoBuildare compared with hand calclations.

The Chord Rotation Capacity is checked according to the tables-71010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1&b) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.



GEOMETRY AND PROPERTIES

F——400—

F—2300—

Units in N, mm

Knowledge Factor, KF = 1.00

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 26999.444

Steel Elasticity, Es 200000.00

For Chord rotation Calculations

New material of Secondary Member: Concrete
Strength, fc = fcm = 33.00

New material of Secondary Member: Steel
Strength, fs = fsm = 555.56

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

Existing material: SteelStrength, fs = 125*fsm
=694.45

-AT AAOSO 001 PAOOEAO
Section Height, H = 400.00

Section Width, W = 30.00

Cover Thicknessg = 25.00

Element Length, L = 180.00

Secondary Member

Smooth Bars

Ductile Steel

7EOQOE $AOAEI EIC &I O
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For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

New material of Secondary Member: Concrete
Strength, fc = fc_lower_bound = 25.00

New material of Secondary MemberSteel
Strength, fs = fs_lower_bound = 500.00

Longitudinal Bars With Ends Lapped Starting at the End Sections

Lap Lengthlo=300.00
No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|
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MODELLING AND LOADING

The beam member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH).

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The mostsignificant results are compared in the table below:

Table 3.84. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 6.5

Local | SeismoBuild Hand

heck Limi E i
Chec imit State dge Axis 2021 calculations

Operational Level | Start| 2 0.00827915 0.00827915
Life Safety End 3 0.0225644 0.0225644
Shear Capacity [kN] Life Safety End 3 251.383714 251.383714

Chord Rotation Capacity

COMPUTER FILES

A ASCEBeam5.bpf
A Report ASCEBeam5.pdf

EXAMPLEG.6

SUCCINCT DATA

SecondaryMember

RibbedBars

Ductile Steel

without$ AOCAET ET ¢ &£ O %AOOENOAEA 2A0EOOAT AA j ET Al OAET «
Longitudinal Bars With Ends Lapped Starting at the End Sections

Inadequate Lap Length with lo/lou,min=0.30

No FRP Wrapping

New Material Sets type

=2 =224

DESCRIPTION

A beam section is subjected to a Uniaxial without EccentricitWniform Pushover Analysis in the +X
direction.

The resulting chord rotation capacity, strain and shear capacitwith the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-¥010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1&b) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (115.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.



GEOMETRY AND PROPERTIES

F——a400—

—300—

Units in N, mm

Knowledge Factor, KF = 1.00

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 26999.444

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

New material of Secondary Member: Concrete
Strength, fc = fcm = 33.00

New material of Secondary Member: Steel
Strength, fs = fsm = 555.56

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

Existing material: SteelStrength, fs = 1.25*fsm
=694.45

-AiT AAOGBO 001 PAOOEAO
Section Height, H #00.00

Section Width, W = 30.00

Cover Thickness, & 25.00

Element Length, L #1892.749
SecondaryMember

Ribbed Bars

Ductile Steel

without$ AOAET ET ¢ A&l O
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For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

New material of Secodary Member: Concrete
Strength, fc = fc_lower_bound = 25.00

New material of Secondary Member: Steel
Strength, fs =fs_lower_bound = 500.00

Longitudinal Bars With Ends Lapped Starting at the End Sections

Inadequate Lap Length withlo/lou,min=0.30
No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|
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MODELLING AND LOADING

The beam member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH).

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.85. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 6.6

Local | SeismoBuild Hand

heck Limi E i
Chec imit State dge Axis 2021 calculations

Immediate Occupancy| End 2 0.00632504 0.00632504
Collapse Prevention | Start | 2 0.03245166 0.03245166
Shear Capacity [kN] Collapse Prevention | Start | 2 171.04778 171.04778

Chord Rotation Capacity

COMPUTER FILES

A ASCEBeam6.bpf
A Report ASCEBeam6.pdf

EXAMPLEG.7

SUCCINCT DATA

SecondaryMember

RibbedBars

Ductile Steel

7EOQOET OO $AOAEIEIC A O %AOOENOAEA 2A0EOOAT AA
Longitudinal Bars Straight Ends Lapped Starting at the End Sections

Inadequate Lap Length with lo/lou,min=0.30

No FRP Wrapping

Existing Material Sets type

=2 =224

DESCRIPTION

A beam section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis in the +X
direction.

The resulting chord rotation capacity, strain and shear capacitwith the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-71010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1&b) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations arethe (10-3) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

\
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GEOMETRY AND PROPERTIES

F——400—

F—300—

Units in N, mm

Knowledge Factor, KF = 1.00

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 21019.039

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For Shear Capacity Calculations

Existing material of Secondary Member: Member Shear Force is generally considered as
ConcreteStrength, fc = fcm = 20.00 Force-Controlled Action according to Table G7
Existing material of Secondary Member: Steel 1,ASCE 4117.

Strength, fs = fsm = 444.44 Lower-bound strengths are used for Force

Note: Especially for the calculation of moment Controlled Actions accordng to 7.5.1.3ASCE
strengths, the above steel rebar strengths are 41-17

multiplied by 1.25 according to R18.6.5, ACI Existing material of Secondary Member:

318-14 Concrete Strength, fc = fc_lower_bound = 16.00
Existing material: SteelStrength, fs = 1.25*fsm Existing material of Secondary Member: Steel

= 555.55 Strengh, fs = fs_lower_bound = 400.00

-AiT AAOGBO 001 PAOOEAO

Section Height, H #00.00

Section Width, W = 30.00

Cover Thickness, ¢ = 280

Element Length, L = 188.00

SecondaryMember

RibbedBars

Ductile Steel

7TEOQOETI OO $AOAEIEIC A O %AOOENOAEA 2A0EOOAT AA j E
Longitudinal Bars With Ends Lapped Starting at the End Sections
Inadequate Lap Length with lo/lou,min=0.30

No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|
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MODELLING AND LOADING

The beam member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH).

ANALYSIS TYPE

Pushover aralysis (Uniaxial without Eccentricity-Uniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.86. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 6.7

Local | SeismoBuild Hand

heck Limi E i
Chec imit State dge Axis 2021 calculations

Operational Level | Start| 3 0.00709449 0.00709449
Life Safety End | 2 0.0211508 0.0211508
Shear Capacity [kN] Operational Level | Start| 3 197.277123 197.277123

Chord Rotation Capacity

COMPUTER FILES

A ASCEBeam?7.bpf
A Report_ ASCBeam?7.pdf

EXAMPLEG.8

SUCCINCT DATA

SecondaryMember

RibbedBars

Ductile Steel

7EOQOET OO $AOAEIEIC A O %AOOENOAEA 2A0EOOAT AA
Longitudinal Bars With Ends Lapped Starting at the End Sections

Lap Length lo = 300.00

No FRP Wrapping

Existing Material Sets type

=2 =224

DESCRIPTION

A beam section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis in the +X
direction.

The resulting chord rotation capacity, strain and shear capacitwith the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-71010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1&b) of ASCE 4417 and (4.29) of D.Biskinis(2007). The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

\
—)
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GEOMETRY AND PROPERTIES

F——400—

F—300—

Units in N, mm

Knowledge Factor, KF = 0.86

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 21019.039

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material of Secondary Member:
Concrete Strength, fc = fcm = 20.00

Existing material of Secondary Member: Steel
Strength, fs = fsm = 444.44

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 acwrding to R18.6.5, ACI
318-14

Existing material: SteelStrength, fs = 1.25*fsm
= 555.55

-ATAAOCBO 001 PAOOEAO
Section Height, H #00.00

Section Width, W = 30.00

Cover Thicknessg =25.00

Element Length, L = 188.00
SecondaryMember

RibbedBars

Ductile Steel

Without Detailing for Earthquake Resistance (includin @ OEOOOBO | | O
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For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are sed for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

Existing material of Secondary Member:
Concrete Strength, fc = fc_lower_bound = 16.00
Existing material of Secondary Member: Steel
Strengh, fs = fs_lower_bound = 400.00

Longitudinal Bars With Ends Lapped Starting at the End Sections

Lap Length lo = 300.00
No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

paouJ(
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MODELLING AND LOADING

The beam member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH).

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.87. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 6.8

Local | SeismoBuild Hand

ook Limi E .
Chec imit State dge| \yis 2021 calculations

Immediate Occupancy Start | 2 0.00709606 0.00709607
Collapse Prevention | End 3 0.02824702 0.02824702
Shear Capacity [kN] Immediate Occupancy| Start | 2 117.680872 117.680872

Chord Rotation Capacity

COMPUTER FILES

A ASCEBeam8.bpf
A Report ASCEBeam8.pdf

EXAMPLEG.9

SUCCINAIATA

Primary Member

SmoothBars

Ductile Steel

7TEOE $AOCAEIET C &£ O AOOENOAEA 2AO0EOOAT AA j ET Al OAE
Longitudinal Bars With Ends Lapped Starting at the End Sections

Lap Length lo = 300.00

No FRP Wrapping

New Material Sets type

=2 =840

DESCRIPTION

A beam section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis in the +X
direction.

The resulting chord rotation capacity, strain and shear capacityith the FE analysis program
SeismoBuildare compared with hand calclations.

The Chord Rotation Capacity is checked according to the tables-71010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (16) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.



GEOMETRY AND PROPERTIES

F——400—

F—2300—

Units in N, mm

Knowledge Factor, KF =1.00

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 25742.96

Steel Elasticity, Es 200000.00

For Chord rotation Calculations

New material of Primary Member: Concrete
Strength, fc = fcm = 30.00

New material of Primary Member: Steel
Strength, fs = fsm = 625.00

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

Existing material: SteelStrength, fs = 1.25*fsm
=781.25

-ATAROCBO 001 PAOOGEAO
Section Height, H #00.00
Section Width, W = 30.00
Cover Thicknessg = 25.00
Element Length, L = 188.00
Primary Member

SmoothBars

Ductile Steel

withDeOAEIT ET ¢ A&l O
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For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

New material of Primary Member: Concrete
Strength, fc = fc_lower_bound = 20.00

New material of Primary Member: Steel
Strength, fs = fs_lower_bound = 500.00

Longitudinal Bars With Ends Lapped Starting at the End Sections

Lap Length lo = 300.00
No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|
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MODELING AND LOADING

The beam member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH).

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared itthe table below:

Table 3.88. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 6.9

Local | SeismoBuild Hand

heck Limi E i
Chec imit State dge Axis 2021 calculations

Operational Level | End 3 0.00690173 0.00690173
Collapse Prevention | Start | 2 0.03240897 0.03240897
Shear Capacity [kN] Collapse Prevention | Start | 2 162.939788 162.939788

Chord Rotation Capacity

COMPUTER FILES

A ASCEBeam9.bpf
A Report ASCEBeam9.pdf

EXAMPLEG6.10

SUCCINCT DATA

Primary Member

RibbedBars

Ductile Steel

without$ AOCAET ET ¢ &£ O %AOOENOAEA 2A0EOOAT AA j ET Al OAET «
Longitudinal Bars With Ends Lapped Starting at the End Sections

Inadequate Lap Length with lo/lou,min=0.30

No FRP Wrapping

New Material Sets type

=2 =224

DESCRIPTION

A beam section issubjected to a Uniaxial without EccentricityUniform Pushover Analysis in the +X
direction.

The resulting chord rotation capacity, strain and shear capacitwith the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation @pacity is checked according to the tables 1@, 10-8 and 109 and 10-19 of ASCE
41-17 and according to the equations (1&b) of ASCE 4417 and (4.29) of D.Biskinis (2007).The

employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 1.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.
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GEOMETRY AND PROPERTIES

F——400—

F—2300—

Units in N, mm

Knowledge FactorKF = 0.90

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 26999.444

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For Shear Capaty Calculations

New material of Primary Member: Concrete Member Shear Force is generally considered as
Strength, fc = fcm = 33.00 Force-Controlled Action according to Table G7
New material of Primary Member:Steel 1,ASCE 4117.

Strength, fs = fsm = 555.56 Lower-bound strengths are used for Force
Note: Especially for the calculation of moment Controlled Actions according to 7.5.1.3ASCE
strengths, the above steel rebar strengths are 41-17

multiplied by 1.25 according to R18.6.5, ACI New material of Primary Member: Concret
318-14 Strength, fc = fc_lower_bound = 25.00
Existing material: SteelStrength, fs = 1.25*fsm New material of Primary Member: Steel
=694.45 Strengh, fs = fs_lower_bound £00.00

-AiT AAOGBO 001 PAOOEAO
Section Height, H #00.00

Section Width, W = 30.00

Cover Thicknessg = 25.00
ElementLength, L =18®.00

Primary Member

Ribbed Bars

Ductile Steel

without$ AOAET ET ¢ &£ O %AOOENOAEA 2A0EOOAT AA j ET Al OAE

Longitudinal Bars With Ends Lapped Starting at the End Sections
Inadequate Lap Legth with lo/lou,min=0.3 0
No FRP Wapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|
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MODELLING AND LOADING

The beam member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH).

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.89. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 6.10

Local | SeismoBuild Hand

heck Limi E i
Chec imit State dge Axis 2021 calculations

Immediate Occupancy| Start | 3 0.00706586 0.00706586
Life Safety End 2 0.02126874 0.02126873
Shear Capacity [kN] Life Safety End 2 171.04778 171.04778

Chord Rotation Capacity

COMPUTER FILES

A ASCEBeam10.bpf
A Report ASCEBeam10.pdf

EXAMPLEG6.11

SUCCINCT DATA

SecondaryMember

SmoothBars

Ductile Steel

without$ AOCAET ET ¢ &£ O %AOOENOAEA 2A0EOOAT AA j ET Al OAET «
Longitudinal Bars With Ends Lapped Starting at the End Sections

Inadequate Lap Length with lo/lou,min = 0.30

No FRP Wrapping

New Material Ses type

=2 =224

DESCRIPTION

A beam section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis in the +X
direction.

The resulting chord rotation capacity, strain and shear capacitwith the FE analysis program
SeismoBuildare compared with hard calculations.

The Chord Rotation Capacity is checked according to the tables-71010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1&b) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE41-17, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.
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GEOMETRY AND PROPERTIES

F——400—

F—2300—

Units in N, mm

Knowledge Factor, KF = 1.00

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 26999.444

Steel Elasticity,Es = 200000.00

For Chord rotation Calculations For Shear Capacity Calculations

New material of Primary Member: Concrete Member Shear Force is generally considered as
Strength, fc = fcm = 33.00 Force-Controlled Action according to Table G7
New material of Primary Member: Steel 1,ASCE 4117.

Strength, fs = fsm = 555.56 Lower-bound strengths are used for Force
Note: Especially for the calculation of moment Controlled Actions according to 7.5.1.3ASCE
strengths, the above steel rebar strengths are 41-17

multiplied by 1.25 according to R18.6.5, ACI New material of Primary Member: Concrete
318-14 Strength, fc = fc_lower_bound = 25.00
Existing material: SteelStrength, fs = 1225*fsm New material of Primary Member: Steel
=694.45 Strengh, fs = fs_lower_bound = 500.00

-AT AAOSO 001 PAOOEAO
Section Height, H #00.00

Section Width, W = 30.00

Cover Thicknessg = 25.00

Element Length, L = 188.00
SecondaryMember

Smooth Bars

Ductile Steel

without$ AOAET ET ¢ &£ O %AOOENOAEA 2A0EOOAT AA j ET Al OAE

Longitudinal Bars With Ends Lapped Starting at the End Sections
Inadequate Lap Length with lo/lou,min = 0.30
No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|
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MODELLING AND LOADING

The beam member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH).

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.90. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 6.11

Local | SeismoBuild Hand

heck Limi E i
Chec imit State dge Axis 2021 calculations

Operational Level | End 2 0.00692376 0.00692376
Life Safety Start| 3 0.02295003 0.02295003
Shear Capacity [kN] Operational Level | End 2 171.04778 171.04778

Chord Rotation Capacity

COMPUTER FILES

A ASCEBeam11.bpf
A Report ASCEBeam11.pdf

EXAMPLEG6.12

SUCCINCT DATA

Primary Member

SmoothBars

Ductile Steel

7TEQOE $AOCAEIEI C &£ O %AOOENOAEA 2A0EOOAT AA j ET Al OAE
Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length(lo/lou,min>=1)

No FRP Wrapping

New Material Sets type

=2 =224

DESCRIPTION

A beam section is subjected to a Uniaxial without Eccentricityniform Pushover Analysis in the +X
direction.

The resulting chord rotation capacity, strain and shear capacitwith the FE analysis program
SeismoBuildare compared with hand calclations.

The Chord Rotation Capacity is checked according to the tables-71010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1&b) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.



GEOMETRY AND PROPERTIES

F—400—

—300—

Units in N, mm

Knowledge Factor, KF = 1.00

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 25742.96

Steel Elasticity, Es 200000.00

For Chord rotation Calculations

New material of Primary Member: Concrete
Strength, fc = fcm = 30.00

New material of Primary Member: Steel
Strength, fs = fsm = 625.00

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

Existing material: SteelStrength, fs = 1.25*fsm
=781.25

-ATAAOCBO 001 PAOOEAO
Section Height, H #0.00
Section Width, W = 30.00
Cover Thicknessg = 25.00
Element Length, L = 188.00
Primary Member

Smooth Bars

Ductile Steel

WithDetAET ET ¢ & O
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For Shear Capacity Calculations

Member Shear Force is generally considered as
Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

New material of Primary Member: Concrete
Strength, fc = fc_lower_bound = 200

New material of Primary Member: Steel
Strengh, fs = fs_lower_bound = 500.00

Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (lo/lou,min>=1)
No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

i ET Al OAET ¢



196 | SeismoBuildverification Report

MODELING AND LOADING

The beam member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH).

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared itthe table below:

Table 3.91. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 6.12

Local | SeismoBuild Hand

heck Limi E i
Chec imit State dge Axis 2021 calculations

Immediate Occupancy| End 2 0.00766963 0.00766962
Collapse Prevention | Start | 3 0.03433575 0.03433575
Shear Capacity [kN] Immediate Occupancy| End 2 162.939788 162.939788

Chord Rotation Capacity

COMPUTER FILES

A ASCEBeam12.bpf
A Report ASCEBeam12.pdf

EXAMPLEG6.13

SUCCINCT DATA

SecondaryMember

SmoothBars

Ductile Steel

without$ AOCAET ET ¢ &£ O %AOOENOAEA 2A0EOOAT AA j ET Al OAET «
Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (Io/lou,min>=1)

No FRP Wrapping

Existing Material Sets type

=2 =224

DESCRIPTION

A beam section is gbjected to a Uniaxial without EccentricityUniform Pushover Analysis in the +X
direction.

The resulting chord rotation capacity, strain and shear capacitwith the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Cpacity is checked according to the tables 1@, 10-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1&b) of ASCE 4417 and (4.29) of D.Biskinis (2007).The

employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 15.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.



GEOMETRY AND PROPERTIES

F——400—

F—2300—

Units in N, mm

Knowledge Factor, KF = 0.75

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 21019.039

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material of Secondary Member:
Concrete Strength, fc = fcm = 20.00

Existing material of SecondarnfMember: Steel
Strength, fs = fsm = 444.44

Note: Especially for the calculation of moment
strengths, the above steel rebar strengths are
multiplied by 1.25 according to R18.6.5, ACI
318-14

Existing material: SteelStrength, fs = 1.25*fsm
=555.55

-AT AAOSO 001 PAOOEAO
Section Height, H #00.00

Section Width, W = 30.00

Cover Thicknessg = 25.00

Elemert Length, L = 18®.00
SecondaryMember

Smooth Bars

Ductile Steel
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For Shear Capacity Calculations

Member Shear Force is generally considered as

Force-Controlled Action according to Table G7
1,ASCE 4117.

Lower-bound strengths are used for Force
Controlled Actions according to 7.5.1.3ASCE
41-17

New material of Primary Menber: Concrete
Strength, fc = fc_lower_bound = 160

New material of Primary Member: Steel
Srength, fs = fs_lower_bound =@0.00

i ET Al OAET ¢

Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (lo/lou,min>=1)
No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

OOEOOODBO

Al

(0]
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MODELING AND LOADING

The beam member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH).

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared itthe table below:

Table 3.92. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 6.13

Local | SeismoBuild Hand

heck Limi E i
Chec imit State dge Axis 2021 calculations

Operational Level | Start| 3 0.00654577 0.00654577
Life Safety Start | 2 0.01820078 0.01820077
Shear Capacity [kN] Life Safety Start| 2 102.628668 102.628668

Chord Rotation Capacity

COMPUTER FILES

A ASCEBeam13.bpf
A Report ASCEBeam13.pdf

EXAMPLEG6.14

SUCCINCT DATA

Primary Member

RibbedBars

Ductile Steel

without$ AOCAET ET ¢ &£ O %AOOENOAEA 2A0EOOAT AA j ET Al OAET «
Longitudinal Bars With Ends Lapped Starting at the End Sections

Lap Length lo = 300.00

No FRP Wrapping

Existing Material Sets type

=2 =224

DESCRIPTION

A beam section is subjected to &niaxial without Eccentricity-Uniform Pushover Analysis in the +X
direction.

The resulting chord rotation capacity, strain and shear capacitwith the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is ch&ed according to the tables 167, 10-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1&b) of ASCE 4417 and (4.29) of D.Biskinis (2007).The

employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Tab
22.5.5.1 of ACI 31814 for Shear Capacity checks.
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GEOMETRY AND PROPERTIES

F——400—

F—300—

Units in N, mm

Knowledge Factor, KF = 1.00

- AOCAOEAI 66 001 PAOOEAO
Concrete Elasticity, Ec = 21019.039

Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For Shear Capacityalculations

Existing material of Secondary Member: Member Shear Force is generally considered as
Concrete Strength, fc = fcm = 20.00 Force-Controlled Action according to Table G7
Existing material of Secondary Member: Steel 1,ASCE 4117.

Strength, fs = fsm = 444.44 Lower-bound strengths are used for Force
Note: Especially for the calculation of moment Controlled Actions according to 7.5.1.3ASCE
strengths, the above steel rebar strengths are 41-17

multiplied by 1.25 according to R18.6.5, ACI New material of Primary Member: Concrete
318-14 Srength, fc = fc_lower_bound = 16.00
Existing material: SteelStrength, fs = 1.25*fsm New material of Primary Member: Steel
=555.55 Strength, fs = fs_lower_bound = 400.00

-AT AAOSO 001 PAOOEAO
Section Height, H #00.00

Section Width, W = 300.00

Cover Thicknessg = 25.00

Element Length, L = 188.00

Primary Member

RibbedBars

Ductile Steel

without$ AOAET ET ¢ &£ O %AOOENOAEA 2A0EOOAT AA j ET Al OAE

Longitudinal Bars With Ends Lapped Starting at the End Sections
Lap Length lo = 300.00
No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The beam member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH).
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ANALYSIS TYPE

Pushover analysigUniaxial without Eccentricity-Uniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.93. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 6.14

- Local | SeismoBuild Hand
Check Limit State Edge Axis 2021 calculations
) ) Immediate Occupancy End 0.00784475 0.00784475
Chord Rotation Capacity -
Collapse Prevention | End 0.03186296 0.03186296
Shear Capacity [kN] Immediate Occupancy| End 200.6659 200.646303

COMPUTER FILES

A ASCEBeam14.bpf
A Report ASCEBeam14.pdf

EXAMPLESSET7: JACKETEDRECTANGULARCOLUMNSECTION

EXAMPLE7.1

SUCCINCT DATA

Primary Member
Ribbed Bars

Ductile Steel

7EOE S$AOQAEI

No FRP Wrapping Data

=2 =2 =4 09991

DESCRIPTION

A jacketed rectangular column section is subjectedto a Uniaxial without Eccentricity-Uniform

ETC &l O

Pushover Analysis in the +X direction.

The resulting chord rotation capacity, strain and shear capacitywith the FE analysis program

SeismoBuildare compared with hand calculations.
The Chord Rotation Capacity ishecked according to the tables 10, 10-8 and 109 and 1019 of ASCE

41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 dnTable

22.5.5.1 of ACI 31814 for Shear Capacity checks.

Longitudinal Bars With Ends Lapped Starting at the End Sections
Adequate Lap Length (Io/lou,min>=1)

New Material Sets typdor the Jacket and Existing Material Sets type for the Existing column

i ET Al OAE



GEOMETRY AND PROPERTIES

T
QQ
F 8
1
—200—
! ann J

Units in N, mm
Knowledge Factor, KF = 1.00

- AOAOEAI 66 001 PAOOEAOD

Jacket:

Concrete Elasticity, Ec = 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

New material: Concrete Strength, fc = fcm =
33.00

New material: Steel Strength, fs = fsm =
555.5556

New material: Steel Strength, fs = 1.25*fsm =
694.4444

Existing Column:

Concrete Elasticity, Ec = 21019.039
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material: Concrete Strength, fc = fcm =

20.00

Existing material: Steel Strength, fs = fsm =
444.4444

Existing material: Steel Strength, fs = 1.25*fsm
= 555.5556

-AiT AAOCS O 001 PAOOEAO
External Height,H = 400.00

External Width, W =00.00

Internal Height, H = 200.00

Internal Width, W = 20.00

Cover Thickness¢ = 25.00

Element Length, L = 800.00

Primary Member

Ribbed Bars
Ductile Steel
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For Shear Capacity Calculations

New material of Primary Member: Concrete
Strength, fc = fc_lower_bound = 25.00
New material of Primary Member: Steel
Strength, fs = fs_lower_bound = 500.00

For Shear Capacity Calculations

Existing material of Primary Member: Concrete
Strength, fc = fc_lower_bound = 16.00
Existing material of Primary Member: Steel
Strength, fs = fs dwer_bound = 400.00
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7TEOE $AOCAEIETC &£ O %AOOENOAEA 2A0EOOAT AA j ET Al OAET ¢ C
Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (lo/lou,min>=1)

No FRP Wrapping

|

: NOTE All the required values for hand calcu lations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.94. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 7.1

Local | SeismoBuild Hand

Check Limit Stat Ed - i
ec imit State 98| Axis 2021 calculations

Operational Level | End 3 0.00566466 0.00566466
Life Safety Start| 2 0.03951044 0.03951044
Shear Capacity [KN] Operational Level | End 3 405.148401 405.148401

Chord Rotation Capacity

COMPUTER FILES

A ASCETrcjrs1.bpf
A Report_ASCHcjrs1.pdf

EXAMPLEY .2

SUCCINCT DATA

Primary Member

SmoothBars

Ductile Steel

7EOE $AOAEIET C A& O AOOENOAEA 2A0OEOOAT AA j ET Al OAE
Longitudinal Bars With Ends Lapped Starting at the End Sections

Inadequate Lap Length with Ib/Ib,min = 0.30

FRPWrapping

New Material Sets type for the Jacket and Existing Material Sets type for the Existing column

=4 =8 =8 =8 -8 -8 41

DESCRIPTION

A jacketed rectangular column section is subjected to a Uniaxial without Eccentricityniform
Pushover Analysis in the +X direction.

The resuting chord rotation capacity, strain and shear capacitywith the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
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employed equations are the (163) of ASCE 4417, (22.5.1.1),(11.5.4.8), Table 11.5.4.6 and Table

22.5.5.1 of ACI 31814 for Shear Capacity checks.

GEOMETRY AND PROPERTIES

T
88
T N
1
—200—
L mn ]

Units in N, mm

Knowledge Factor, KF = 85

- AOAOEAI 66 001 PAOOEAOD

Jacket:

Concrete Elasticity, Ec = 26999.444
Steel Elasticity, Es 200000.00

For Chord rotation Calculations

New material: Concrete Strength, fc = fcm =
33.00

New material: SteelStrength, fs = fsm =
555.5556

New material: Steel Strength, fs = 1.25*fsm =
694.4444

Existing Column:

Concrete Elasticity, Ec = 21019.039
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material: Concrete Strength, fc = fcm =

20.00

Existing material: Steel Strengthfs = fsm =
444.4444

Existing material: Steel Strength, fs = 1.25*fsm
= 555.5556

-AiT AAOGBO 001 PAOOEAO
External Height,H = 400.00

External Width, W =400.00

Internal Height, H = 200.00

Internal Width, W =200.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00

For Shear Capacity Calculations

New material of Primary Member: Concrete
Strength, fc = fc_lower_bound = 25.00
New material of Primary Member: Steel
Strength, fs = fs_lowr_bound = 500.00

For Shear Capacity Calculations

Existing material of Primary Member: Concrete
Strength, fc = fc_lower_bound = 16.00
Existing material of Primary Member: Steel
Strength, fs = fs_lower_bound = 40000
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Primary Member

SmoothBars

Ductile Steel

7EOE $AOCAEIEIT C &£ O %AOOENOAEA 2A0EOOAT AA j ET Al OAET ¢ C
Longitudinal Bars With Ends Lapped Starting at the End Sections
Inadequate Lap Length with Ib/lb,min = 0.30

FRP WrappingData

Type: Carbon

Cured laminate properties (design values)

Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 8828.00

Elongation, efu = 0.01

Number of directions, NoDir = 1

&EAAO 1 OEAT OAOGEI T Oh AEd mn8nmlJ
Number of layers, NL = 1

Radius of rounding corners, R = 40.00

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.95. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 7.2

Local | SeismoBuild Hand

Check Limit Stat Ed i i
ec imit State 98| Axis 2021 calculations

Immediate Occupancy Start | 3 0.00604045 0.00604045
Collapse Prevention | End 2 0.03871933 0.03871933
Shear Capacity [KN] Immediate Occupancy Start| 3 475483613 475.483613

Chord Rotation Capacity

COMPUTER FILES

A ASCErcjrs2.bpf

A Report_ASCErcjrs2.pdf
EXAMPLE?.3

SUCCINCT DATA

i1  Primary Member

1 SmoothBars

i Ductile Steel

7 7EOQOE $AOQOAEI EITC A O %AOOENOAEA 2A0EOOAT AA j ET Al OAE
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1 Longitudinal Bars With Ends Lapped Starting at the End Sections

1 Adequate Lap Length (lo/lou,min>=1

1 FRP Wrapping

1 New Material Sets type for the Jacket and Existing Material Sets type for the Existing column
DESCRIPTION

A jacketed rectangular column section is subjected to a Uniaxial without Eccentricityniform
Pushover Analysis in the +X direction.

The resulting chord rotation capacity, strain and shear capacitywith the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and accoding to the equations (185) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

GEOMETRY AND PROPERTIES

T
==
=R
1
—200—
[ ann i

Units in N, mm
Knowledge Factor, KF = 1.00
- AOGAOGEAI 08 001 DAOOEAOD

Jacket:

Concrete Elasticity, Ec = 25742.96
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For Shear Capacity Calculations

New material: Concrete Strength, fc = fcm = New material of Primary Member: Concrete
30.00 Strength, fc = fc_lower_bound 20.00

New material: Steel Strength, fs = fsm 625.00 New material of Primary Member: Steel
New material: Steel Sength, fs = 1.25*fsm = Strength, fs = fs_lower_bound = 500.00
781.25

Existing Column:

Concrete Elasticity, Ec = 28781.504
Steel Elasticity, Es 200000.00

For Chord rotation Calculations Existing material: Steel Strength, fs = fsm =
Existing material: Concrete Strength, fc = fcm 625.00
37.50
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Existing material: Steel Strength, fs = 1.25*fsm Existing material of Primary Member:Steel
=781.25 Srength, fs = fs_lower_bound =@).00

For Shear Capacity Calculations

Existing material of Primary Member: Concrete

Strength, fc = fc_lower_bound = 280

-AT AAOCS8 O 001 PAOOEAOD

External Height, H 400.00

External Width, W = £0.00

Internal Height, H =200.00

Internal Width, W = 200.00

Cover Thickness, ¢ = 25.00

Element Length, L = 300@0

Primary Member

SmoothBars

Ductile Steel

7EOE $AOCAEIEIT C &£ O %AOOENOAEA 2A0EOOAT AA j E
Longitudinal Bars With Ends Lapped Starting at the End Sections
Adequate Lap Length (Io/lou,min>=1)

FRP Wrapping

Type: Carbon

Curedlaminate properties (design values)

Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00

Elongation, efu = 0.01

Number of directions, NoDir = 1

&EAAO 1T OEAT OAOET10O0h AEd mn8mnmlJ
Number of layers, NL = 1

Radius of rounding corners R = 40.00

—_
b1

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.964. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 7.3

Local | SeismoBuild Hand

Check Limit Stat Ed i
ec imit State 981 Axis 2021 calculations

Operational Level | End 2 0.01254957 0.01254957
Life Safety Start 3 0.05210926 0.05210926

Chord Rotation Capacity

I OAET ¢
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- Local | SeismoBuild Hand
Check Limit State Edge AxiS 2021 calculations
Shear Capacity [KN] Operational Level | End 2 540.153014 540.153014

COMPUTER FILES

A ASCErcjrs3.bpf
A Report_ASCErcjrs3.pdf

EXAMPLEY 4

SUCCINCT DATA

SecondaryMember

RibbedBars

Ductile Steel

7EOQOET OO $AOAEIEIC A O %AOOENOAEA 2A0EOOAT AA
Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (lo/lou,min>=1)

FRPWrapping

New Material Setgype for the Jacket and Newaterial Sets type for the Existing column

E

DESCRIPTION

A jacketed rectangular column section is subjected to a Uniaxial without Eccentricityniform
Pushover Analysis in the +X direction.

The resulting chord rotation capacity and shear capacitywith the FE analysis program SeismoBuildre
compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4117, (22.5.1.1),(11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

GEOMETRY AND PROPERTIES

T
QQ
F 8
1
—200—
! ann J

Units in N, mm
KnowledgeFactor, KF = 0.80
- AOAOEAI 66 001 PAOOEAO

Jacket:

Concrete Elasticity, Ec = 26999.444
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Steel Elasticity, Es 200000.00

For Chord rotation Calculations

New material: Concrete Strength, fc = fcm =
33.00

New material: Steel Strength, fs = fsm 555.56
New material: Steel Sength, fs = 1.25*fsm =
694.45

Existing Column:

Concrete Elasticity, Ec = 26999.444
Steel Elasticity, Es= 200000.00

For Chord rotation Calculations

Existing material: Concrete Strength, fc = fcm
33.00

Existing material: Steel Strength, fs = fsm =
555.56

Existing material: Steel Strength, fs = 1.25*fsm
=694.45

-AT AAOGBO 001 PAOOEAO
External Height,H = 400.00

External Width, W = £€0.00

Internal Height, H =200.00

Internal Width, W =200.00

Cover Thickness, ¢ = 25.00

Element Lergth, L = 3000.00
SecondaryMember

RibbedBars

Ductile Steel

7TEOEI 600 $AOAEIET C AIO

For Shear Capacity Calculations

New material of SecondaryMember: Concrete
Strength, fc = fc_lower_bound 25.00

New material of SecondaryMember: Steel
Srength, fs = fs_lower_bound = 500.00

For Shear Capacity Calculations

New material of SecondaryMember: Concrete
Strength, fc =fc_lower_bound = 250

New material of SecondanfMember: Steel
Srength, fs = fs_lower_bound =@&0.00

%AOOENOAEA 2A0EOOAT AA

Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (lo/lou,min>=1)
FRP WrappingData

Type: Carbon

Cured laminateproperties (design values)
Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00
Elongation, efu = 0.01

Number of directions, NoDir = 1
&EAAO 1 OEAT OAOGET 1 Oh
Number of layers, NL =1

Radius of rounding corners, R 40.00

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

\
—_

p~2
(@}
—_
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MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.97. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 7.4

Local | SeismoBuild Hand

ook Limi E :
Chec imit State dge | Avis 2021 calculations

Immediate Occupancy| End 3 0.01153236 0.01153236
Collapse Prevention | Start | 3 0.06352302 0.06352302
Shear Capacity [kN] Immediate Occupancy| End 3 586.345380 586.345380

Chord Rotation Capacity

COMPUTER FILES

A ASCErcjrs4.bpf
A Report_ASCErcjrs4.pdf

EXAMPLE7.5

SUCCINCT DATA

SecondaryMember

SmoothBars

Ductile Steel

7EOE S$AOAEIEI C &£ O AOOENOAEA 2A0EOOAT AA | ET Al OF
Longitudinal Bars With Ends Lapped Starting at the End Sections

Lap Length lo = 300.00

No FRPWrapping

New Material Setgype for the Jacket and Newaterial Sets type for the Existing column

=2 =224

DESCRIPTION

A jacketed rectangular column section is subjected to a Uniaxial without Eccentricityniform
Pushover Analysis in the +X direction.

The resulting chord rotation capacity, strain and shear capacitywith the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-71010-8 and 109 and 1019 of ASCE
41-17 and according to he equations (105) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.
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GEOMETRY AND PROPERTIES

T
QQ
F 8
1
—200—
! ann J

Units in N, mm
Knowledge Factor, KF = 1.00
- AOGAOEAI 68 001 PAOOEAO

Jacket:

Concrete Elasticity, Ec = 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

New material: Concrete Strength, fc = fcm =
33.00

New material: Steel Strength, fs = fsm 555.56
New material: Steel Sength, fs = 1.25*fsm =
694.45

Existing Column:

Concrete Elasticity, Ec = 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material: Concrete Strength, fc = fcm
33.00

Existing material: Steel Strength, fs = fsm =
555.56

Existing material: Steel Strength, fs = 1.25*fsm
=694.45

-AiT AAOGBO 001 PAOOEAO
External Height, H = 80.00

External Width, W =400.00

Internal Height, H = 20.00

Internal Width, W = 20.00

Cover Thickness, ¢ 25.00

Element Length, L = 3000.00
SecondaryMember

SmoothBars
Ductile Steel

For Shear Capacity Calculations

New material of SecondaryMember: Concrete
Strength, fc = fc_lower_bound 25.00

New material of SecondaryMember: Steel
Strength, fs = fs_lower_bound = 500.00

For Shear Capacity Calculations

New material of SecondaryMember: Concrete
Strength, fc = fc_lower_bound = 280

New material of SecondaryMember: Steel
Srength, fs = fs_lower_bound =@0.00
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7EOE $AOAEIETC A& O AOOENOAEA 2AO0OEOOAT AA j ET Al OAET ¢
Longitudinal Bars With Ends Lapped Starting at the End Sections
Lap Length lo = 300.00

No FRP Wrappig

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.98. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 7.5

Local | SeismoBuild Hand

Check Limit Stat Ed - i
ec imit State 98| Axis 2021 calculations

Operational Level | Start| 2 0.00363911 0.00363911
Life Safety Start| 3 0.03560834 0.03560834
Shear Capacity [KN] Operational Level | Start| 2 331.927828 331.927828

Chord Rotation Capacity

COMPUTER FILES

A ASCErcjrs5.bpf
A Report_ ASCErcjrs5.pdf

EXAMPLE?.6

SUCCINCT DATA

i1  SecondaryMember
1 RibbedBars
1 Ductile Steel
7T 7EOETI 00 $AOAEI ETC £ O %AOOENOAEA 2AO0EOOAT AA j EI
1 Longitudinal Bars With Ends Lapped Starting at the End Sections
1 Inadequate Lap Length with lo/lou,min =0.30
1 FRP Wrapping
1 New Material Setgype for the Jacket and Newlaterial Sets type for the Existing column
DESCRIPTION

A jacketed rectangular column section is subjected to a Uniaxial without Eccentricityniform
Pushover Analysis in the +X direction.

The resulting chord rotation capacity, strain and shear capacitywith the FE analysis program
SeismoBuildare compared with hand calculations.
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The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 10-19 of ASCE
41-17 and accading to the equations (105) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

GEOMETRY AND PROPERTIES

Units in N, mm
Knowledge Factor, KF = 1.00
- AOCAOEAI 66 001 PAOOEAO

Jacket:

Concrete Elasticity, Ec = 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

New material: Concrete Strength, fc = fcm =
33.00

New material: Steel Strength, fs = fsm 555.56
New material: Steel Sength, fs = 1.25*fsm =
694.45

Existing Column:

Concrete Elasticity, Ec = 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material: Concrete Strength, fc = fcm
33.00

Existing material: Steel Strength, fs = fsm =
555.56

Existing material: Steel Strength, fs = 1.25*fsm
=694.45

- Al A APdpéiies
External Height, H = 250.00
External Width, W = 750.00
Internal Height, H = 50.00
Internal Width, W = 550.00
Cover Thickness, ¢ = 25.00

For Shear Capacity Calculations

New material of SecondaryMember: Concrete
Strength, fc = fc_lower_bound 25.00

New material of SecondaryMember: Steel
Strength, fs = fs_lower_bound = 500.00

For Shear Capacity Calculations

New material of SecondaryMember: Concrete
Strength, fc = fc_lower_bound = 280

New material of SecondaryMember: Steel
Srength, fs = fs_lower_bound =@).00
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Element Length, L = 3000.00

SecondaryMember

RibbedBars

Ductile Steel

Without Detailing for Earthquake Resi®© AT AA j ET A1 OAET ¢ OOEOOOPO 11 0 Al O/
Longitudinal Bars With Ends Lapped Starting at the End Sections
Inadequate Lap Length with lo/lou,min = 0.30

FRP WrappingData

Type: Carbon

Cured laminate properties (design values)

Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00

Elongation, efu = 0.01

Number of directions, NoDir = 1

&EAAO 1 OEAT OAOGEI T Oh AEd mn8nmlJ
Number of layers, NL = 1

Radius of rounding corners, R = 40.00

|

: NOTE All the required values for hand calculati ons may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial withoutEccentricity-Uniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.99. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 7.6

Local | SeismoBuild Hand

Check Limit Stat Ed i i
ec imit State 981 Axis 2021 calculations

Immediate Occupancy End 2 0.00203440 0.00203440
Collapse Prevention | Start | 2 0.03495429 0.03495429
Shear Capacity [kN] Collapse Prevention | Start | 2 948.848738 948.848738

Chord Rotation Capacity

COMPUTER FILES

A ASCErcjrs6.bpf

A Report_ ASCErcjrs6.pdf
EXAMPLEY.7

SUCCINCT DATA

1 SecondaryMember
1 Ribbed Bars
i1 Ductile Steel
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Without Detailing for Earthquake Resistance (including stirrups not closed at 13
Longitudinal Bars Straight Ends Lapped Starting at the End Sections

Inadequate LapLength with lo/lou,min = 0.30

No FRP Wrapping

New Material Setsype for the Jacket and Existind/aterial Sets type for the Existing column

E ]

DESCRIPTION

A jacketed rectangular column section is subjected to a Uniaxial without Eccentricityniform
Pushower Analysis in the +X direction.

The resulting chord rotation capacity, strain and shear capacitywith the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 10-9 and 10-19 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacitghecks.

GEOMETRY AND PROPERTIES

Units in N, mm
Knowledge Factor, KF = 1.00
- AOAOEAI 66 001 PAOOEAO

Jacket:

Concrete Elasticity, Ec = 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For Shear Capacity Calculations

New material: Concrete Strength, fc = fcm = New material of SecondaryMember: Concrete
33.00 Strength, fc = fc_lower_bound 25.00

New material: Steel Strength, fs = fsm 555.56 New material of SecondaryMember: Steel
New material: Steel Sngth, fs = 1.25*fsm = Strength, fs = fs_lower_bound = 500.00

694.45
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Existing Column:

Concrete Elasticity, Ec = 21019.039
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For Shear Capacity Calculations

Existing material: Concrete Strength, fc = fcm New material of SecondaryMember: Concrete
20.00 Strength, fc = fc_lower_bound = 160

Existing material: Steel Strength, fs = fsm = New material of SecondaryMember: Steel
444.44 Srength, fs = fs_lower_bound =@0.00
Existing material: Steel Strength, fs = 1.25*fsm

=555.55

-ATAAOCBO 001 PAOOEAO
External Height,H = 250.00

External Width, W = 79.00

Internal Height, H = 50.00

Internal Width, W = 550.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00
SecondaryMember

Ribbed Bars

Ductile Steel

7EOQOET OO $AOAEIEIC A O AOOENOAEA 2A0EOOAT AA | ET Al OA

Longitudinal Bars With Ends Lapped Starting at the End Sections
Inadequate Lap Length with lo/lou,min = 0.30
No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.100. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 7.7

Local | SeismoBuild Hand

Check Limit State Edge Axis 2021 calculations

Operational Level | Start| 3 0.00264705 0.00264705
Life Safety End 2 0.01790598 0.01790598
Shear Capacity [KN] Operational Level | Start| 3 534.028422 534.028422

Chord Rotation Capacity
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COMPUTER FILES

A ASCErcjrs7.bpf
A Report_ASCErcjrs7.pdf

EXAMPLE?.8

SUCCINCT DATA

SecondaryMember
RibbedBars
Ductile Steel

Longitudinal Bars With EndsLapped Starting at the End Sections

Lap Length lo = 300.00

FRP Wrapping Data

New Material Sets type for the Jacket and Existing Material Sets type for the Existing column

E I

DESCRIPTION

A jacketed rectangular column section is subjected to a Uniaxial withouEccentricity-Uniform
Pushover Analysis in the +X direction.

The resulting chord rotation capacity, strain and shear capacitwith the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked according tioe tables 167, 10-8 and 109 and 10-19 of ASCE
41-17 and according to the equations (165) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of A1 31814 for Shear Capacity checks.

GEOMETRY AND PROPERTIES

T
==
28
1
F—200—
I ann |

Units in N, mm
Knowledge Factor, KF = 0.80
- AOAOEAI 686 001 PAOOEAO

Jacket:

Concrete Elasticity, Ec = 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations New material: Steel Strength, fs = fsm 555.56
New material: Concrete Strength, fc = fcm = New material: Steel Sength, fs = 1.25*fsm =
33.00 694.45

7EOQOET 60 $AOAEI EIC A1 O %AOOENOAEA 2AO0EOOAT AA

i ET

A



For Shear Capacity Calculations
New material of SecondaryMember: Concrete
Strength, fc = fc_lower_bound 25.00

Existing Column:

Concrete Elasticity, Ec = 21019.039
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material: Concrete Strength, fc = fcm
20.00

Existing material: Steel Strength, fs sfsm =

444 .44

Existing material: Steel Strength, fs = 1.25*fsm
=555.55

-AT AROCBO 001 PAOOGEAO
External Height,H = 400.00

External Width, W = £€0.00

Internal Height, H = 200.00

Internal Width, W = 200.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00
SecondaryMember

RibbedBars

Ductile Steel
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New material of SecondaryMember: Steel
Strength, fs = fs_lower_bound = 500.00

For Shear Capacity Calculations

New material of SecondaryMember: Concrete
Strength, fc = fc_lower_bound = 160

New material of SecondaryMember: Steel
Srength, fs = fs_lower_bound =@0.00

Without Detailing for Earthquake Resistance (including stirrups not closed@ p ouv J q
Longitudinal Bars With Ends Lapped Starting at the End Sections

Lap Length lo = 300.00

FRP Wrapping Data

Type: Carbon

Cured laminate properties (design values)
Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00
Elongation, efu = 0.01

Number of directions, NoDir = 1
&EAAO 1 OEAT OAOQGEI 10O
Number of layers, NL = 1

Radius of rounding corners, R = 40.00

¢

AEd mn8nmJ

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element

(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)
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RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.101. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 7.8

I Local | SeismoBuild Hand
Check Limit State Edge Axis 2021 calculations
. . Immediate Occupancy| Start 0.00332297 0.00332297
Chord Rotation Capacity -
Collapse Prevention | End 0.03426434 0.03426434
Shear Capacity [kN] Immediate Occupancy Start 386.022585 386.022585

COMPUTER FILES

A ASCErcjrs8.bpf
A Report_ASCErcjrs8.pdf

EXAMPLE?.9

SUCCINCT DATA

1 Primary Member
1 SmoothBars
1 Ductile Steel
1
1
1 Lap Length lo = 300.00
1 No FRPWrapping
1
DESCRIPTION

A jacketed rectangular column section is subjected to a Uniaxial without Eccentricityniform

7EOE $AOAEIEIC A&l O
Longitudinal Bars With Ends Lapped Starting at the End Sections

Pushover Analysis in the +X direction.

The resulting chord rotation capacity, strain and shear capacitywith the FE analysis program

SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to he equations (105) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4117, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table

22.5.5.1 of ACI 31814 for Shear Capacity checks.

GEOMETRY AND PROPERTIES

450
F—250—1

F—250—

L 45n {

New Material Setsype for the Jacket and Newlaterial Sets type for the Existing column

mh

[—

p>2

O
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Units in N, mm
Knowledge Factor, KF = 1.00
- AOGAOEAI 08 001 DAOOEAOD

Jacket:

Concrete Elasticity, Ec = 25742.96
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For Shear Capacity Calculations

New material: Concrete Strength, fc = fcm = New material of Primary Member: Concrete
30.00 Strength, fc = fc_lower_bound 20.00

New material: Steel Strength, fs = fsm 625.00 New material of Primary Member: Steel
New material: Steel Sength, fs = 1.25*fsm = Strength, fs = fs_lower_bound = 500.00
781.25

Existing Column:

Concrete Elasticity, Ec = 25742.96
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For Shear Capacityalculations

Existing material: Concrete Strength, fc = fcm New material of PrimaryMember: Concrete
30.00 Strength, fc = fc_lower_bound = 200
Existing material: Steel Strength, fs = fsm = New material of Primary Member: Steel
625.00 Srength, fs = fs_lower_bound = 500.
Existing material: Steel Strength, fs = 1.25*fsm

=781.25

-AT AROCBO 001 PAOOGEAD

External Height, H = £0.00

External Width, W= 400.00

Internal Height, H = 20.00

Internal Width, W = 200.00

Cover Thicknessg = 25.00

Element Length, L = 800.00

Primary Member

SmoothBars

Ductile Steel

With Detailing for Earthquake Resistance (including stirru® A1 T OAA AO pouvJQq
Longitudinal Bars With Ends Lapped Starting at the End Sections
Lap Length lo = 300.00

No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.
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ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.102. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 7.9

Local | SeismoBuild Hand

heck Limi E :
Chec imit State dge| \yis 2021 calculations

Operational Level | End 3 0.00045298 0.00045298
CollapsePrevention | Start| 2 0.03820662 0.03820662
Shear Capacity [kN] Operational Level | End 3 464.717587 464.717587

Chord Rotation Capacity

COMPUTER FILES

A ASCETrcjrs9.bpf
A Report_ ASCErcjrs9.pdf

EXAMPLE7.10

SUCCINCT DATA

1 Primary Member

1 Ribbed Bars

i1 Ductile Steel

1 Without Detailing for kA OOENOAEA 2AO0EOOAT AA | ET Al OAET ¢ OOEOOO®D
i1 Longitudinal Bars With Ends Lapped Starting at the End Sections

i1 Inadequate Lap Length with lo/lou,min = 0.30

1 FRP Wrapping

1 New Material Sets type for the Jacket and New Material Sets type for theisting column

DESCRIPTION

A jacketed rectangular column section is subjected to a Uniaxial without Eccentricityniform
Pushover Analysis in the +X direction.

The resulting chord rotation capacity, strain and shear capacitywith the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (16) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed ejuations are the (103) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.
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Units in N, mm
Knowledge Factor, KF = 0.90
- AOCAOEAI 66 001 PAOOEAO

Jacket:

ConcreteElasticity, Ec = 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

New material: ConcreteStrength, fc = fcm =
33.00

New material: Steel Strength, fs = fsm 555.56
New material: Steel Sength, fs = 1.25*fsm =
694.45

Existing Column:

Concrete Elasticity, Ec 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material: Concrete Strength, fc = fcm
33.00

Existing material: Steel Strength, fs = fsm =
555.56

Existing material: Steel Strength, fs = 1.25*fsm
=694.45

-AiAAOCS6O 001 PAOOEAO
External Height, H = 28.00

External Width, W= 750.00

Internal Height, H = .00

Internal Width, W = 550.00

Cover Thicknessg = 25.00

Element Length, L = 800.00

Primary Member

Ribbed Bars
Ductile Steel

For Shear Capacity Calculations

New material of Primary Member: Concrete
Strength, fc = fc_lower_bound 25.00

New material of Primary Member: Steel
Strength, fs = fs_lower_bound = 500.00

For Shear Capacity Calculations

New material of Primary Member: Concrete
Strength, fc =fc_lower_bound = 250

New material of Primary Member: Steel
Srength, fs = fs_lower_bound = 500.00
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7EOET OO $AOQCAEIEIC A O AOOENOAEA 2AO0EOOAT AA
Longitudinal Bars With Ends Lapped Starting at the End Sections
Inadequate Lap Length with lo/lou,min = 0.30

FRP WrappingData

Type: Carbon

Dry properties (design values)

Thickness, t = 1.00

Tensile Strength, ffu = 840.00

Tensile Modulus, Ef = 82000.00

Elongation, efu = 0.009

Number of directions, NoDir = 1

&EAAO 1T OEAT OAOET T Oh AEd mn8nmJ
Number of layers, NL = 1

Radius of rounding corners, R = 40.00

NOTE All the required values for hand calculations may be exported to the Report by selecting the
member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.103. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 7.10

Local | SeismoBuild Hand

ook Limi E _
Chec imit State dge| \vis 2021 calculations

Immediate Occupancy Start | 3 0.00270555 0.00270555
Life Safety End 2 0.02740560 0.02740560
Shear Capacity [KN] Immediate Occupancy Start | 3 | 776.6322095| 776.6322095

Chord Rotation Capacity

COMPUTER FILES

A ASCErcjrs10.bpf
A Report ASCErcjrs10.pdf

EXAMPLE7 .11

SUCCINCT DATA

SecondaryMember

SmoothBars

Ductile Steel

7TEOET OO $AOAEIEITC A O %AOOENOAEA 2AO0EOOAI
Longitudinal Bars With Ends Lapped Starting at the End Sections

Inadequate Lap Length withlo/lou,min = 0.30

FRP Wrapping

=A =4 =8 =8 =8 -9 =9

AA

p

f—

(@]}

m
—_

p~3

—)

—)



CHAPTER Comparison| 223

1 New Material Sets type for the Jacket and Existingaterial Sets type for the Existing column

DESCRIPTION

A jacketed rectangular column section is subjected to a Uniaxial without Eccentricityniform
Pushover Analysis in the+X direction.

The resulting chord rotation capacity, strain and shear capacitwith the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 10-19 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1),(11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

GEOMETRY AND PROPERTIES

o
&
A
p——>550 —
f 750 |

Units in N, mm

Knowledge Factor, KF = 1.00

- AOAOEAI 66 001 PAOOEAO
Jacket:

Concrete Elasticity, Ec = 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

New material: Concrete Strength, fc = fcm =
33.00

New material: Steel Strength, fs = fsm 555.56
New material: Steel Sength, fs = 1.25*fsm =
694.45

Existing Column:

Concrete Elasticity, Ec = 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material: Concrete Strength, fc = fcm
33.00

Existing material: Steel Strength, fs = fsm =
555.56

Existing material: Steel Strength, fs = 1.25*fsm
=694.45

For Shear Capacity Calculations

New material of Primary Member: Concrete
Strength, fc = fc_lower_bound 25.00

New material of Primary Member: Steel
Strength, fs = fs_lower_bound = 500.00

For Shear Capacity Calculations

New material of Primary Member: Concrete
Strength, fc = fc_lower_bound = 280

New material of Primary Member: Steel
Srength, fs = fs_lower_bound = 500.00
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-AT AAOCS8 O 001 PAOOEAOD

External Height, H = 28.00

External Width, W= 750.00

Internal Height, H = 9.00

Internal Width, W = 550.00

Cover Thicknessg = 25.00

Element Length, L = 800.00

SecondaryMember

SmoothBars

Ductile Steel

Without Detailing for Earthquake Resistance (including stirrups notclose AO pouvJ Q
Longitudinal Bars With Ends Lapped Starting at the End Sections
Inadequate Lap Length with lo/lou,min = 0.30

FRP WrappingData

Type: Carbon

Cured laminate properties (design values)

Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Madulus, Ef = 64828.00

Elongation, efu = 0.01

Number of directions, NoDir = 1

&EAAO 1T OEAT OAOET T Oh AEd mn8nmJ
Number of layers, NL = 1

Radius of rounding corners, R = 40.00

B e T i R R e T T e e e T

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most sgnificant results are compared in the table below:

Table 3.104. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 7.11

Local | SeismoBuild Hand

Check Limit Stat Ed i
ec imit State 981 Axis 2021 calculations

Operational Level | End 2 0.00249820 0.00249820
Life Safety Start| 3 0.03328224 0.04999932
Shear Capacity [KN] Operational Level | End 2 11100.268745 1100.268745

Chord Rotation Capacity

COMPUTER FILES

A ASCErcjrs11.bpf
A Report_ ASCEcjrs1l.pdf
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EXAMPLE7.12

SUCCINCT DATA

Primary Member

SmoothBars

Ductile Steel

7EOE S$AOAEIETC A O AOOENOAEA 2AO0EOOAT AA j
Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (lo/lou,min>=1)

No FRP Wrapping

New Material Sets type for thelacket and New Material Sets type for the Existing column

E R I I R

DESCRIPTION

A jacketed rectangular column section is subjected to a Uniaxial without Eccentricityniform
Pushover Analysis in the +X direction.

The resulting chord rotation capacity, strain and shar capacity with the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

GEOMETRY AND PROPERTIES

o
&
i
—550—
f 750 |

Units in N, mm
Knowledge Factor, KF = 1.00
- AOAOEAI 66 001 PAOOEAO

Jacket:

Concrete Elasticity, Ec = 26999.444
Steel Elasticity, Es = 200000.00

For Chordrotation Calculations: For Shear Capacity Calculations

New material: Concrete Strength, fc = fcm = New material of Primary Member: Concrete
33.00 Strength, fc = fc_lower_bounet 25.00

New material: Steel Strength, fs = fsm 555.56 New material of PrimaryMember: Steel
New material: Steel Sength, fs = 1.25*fsm = Strength, fs = fs_lower_bound = 500.00

694.45

ms
—_
pa!
(@}
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Existing Column:

Concrete Elasticity, Ec = 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For Shear Capacity Calculations

Existing material: Concrete Strength, fc = fcm New material of PrimaryMember: Concrete
33.00 Strength, fc = fc_lower_bound = 280
Existing material: Steel Strength, fs = fsm = New material of PrimaryMember: Steel
555.56 Srength, fs =fs_lower_bound = 500.00
Existing material: Steel Strength, fs = 1.25*fsm

=694.45

-AT AAOCS8 O 001 PAOOEAOD

External Height, H = 28.00

External Width, W= 750.00

Internal Height, H = ®.00

Internal Width, W = 550.00

Cover Thickness¢ = 25.00

Element Length, L = 800.00

Primary Member

SmoothBars

Ductile Steel

WithDAOAET ET ¢ &£ O %AOOENOAEA 2A0EOOAT AA | ET Al OAE
Longitudinal Bars With Ends Lapped Starting at the End Sections
Adequate Lap Length (Io/lou,min>=1)

No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.105. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 7.12

. Local | SeismoBuild Hand

Check Limit State Edge : .
9€1 Axis 2021 calculations
Immediate Occupancy End 2 0.0819644 0.0819644

Chord Rotation Capacity -
Collapse Prevention | Start | 3 0.05089053 0.05089053

Shear Capacity [KN] Collapse Prevention | Start | 3 554.149719 554.149719
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COMPUTER FILES

A ASCErcjrs12.bpf
A Report_ASCErcjrs12.pdf

EXAMPLE7.13

SUCCINCT DATA

SecondaryMember

SmoothBars

Ductile Steel

7EOQOEI OO0 $AOAEI ET C &£ O %AOOENOAEA 2A0EOOAT AA | ET A
Longitudinal Bars Without Lapping in the Vicinity of the End Regions

Adequate Lap Length(lo/lou,min>=1)

No FRP Wrapping

New Material Sets type for the Jacket and Existing Material Sets type for the Existing column

E I

DESCRIPTION

A jacketed rectangular column section is subjected to a Uniaxial without Eccentricityniform
Pushover Analysis in the+X direction.

The resulting chord rotation capacity, strain and shear capacitwith the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-7010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (165) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

GEOMETRAND PROPERTIES

Units in N, mm
Knowledge Factor, KF = 0.85
- AOCAOEAI 686 001 PAOOEAO

Jacket:

Concrete Elasticity, Ec = 25742.96
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations New material: Steel Strength, fs = fsm 625.00
New material: Concrete Strength, fc = fcm = New material: Steel Sength, fs = 1.25*fsm =
30.00 781.25
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For Shear Capacityalculations New material of Primary Member: Steel
New material of Primary Member: Concrete Strength, fs = fs_lower_bound = 500.00
Strength, fc = fc_lower_bound 20.00

Existing Column:

Concrete Elasticity, Ec = 23025.204
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For Shear Capacity Calculations

Existing material: Concrete Strength, fc = fcm New material of Primary Member: Concrete
24.00 Strength, fc = fc_lower_bound = 160
Existing material: Steel Strength, fs = fsm = New material of Primary Member: Steel
500.00 Srength, fs = fs_lower_bound = 400.00
Existing material: Steel Strength, fs = 1.25*fsm

=625.00

-AIL AAGBO 001 PAOOEAO

External Height, H = 25.00

External Width, W= 750.00

Internal Height, H = .00

Internal Width, W = 550.00

Cover Thickness¢ = 25.00

Element Length, L = 800.00

SecondaryMember

SmoothBars

Ductile Steel

7EOEI OO0 $AOCAEI EI C &£ O %AOOENOAEA 2A0EOOAT AA | E
Longitudinal Bars With Ends Lapped Starting at the End Sections
Adequate Lap Length (lo/lou,min>=1)

No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.106. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 7.13

Local | SeismoBuild Hand

Check Limit Stat Ed i
ec imit State 981 Axis 2021 calculations

Operational Level | Start| 3 0.00821938 0.00821938
Life Safety Start 2 0.02790516 0.02790516

Chord Rotation Capacity
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- Local | SeismoBuild Hand
Check Limit State Edge Axis 2021 calculations
Shear Capacity [kN] Operational Level | Start| 2 435.634674 435.634674

COMPUTER FILES

A ASCErcjrs13.bpf
A Report_ASCEcjrs13.pdf

EXAMPLE7.14

SUCCINCT DATA

Primary Member

RibbedBars

Ductile Steel

7EOQOET OO $AOAEIEIC A O %AOOENOAEA 2A0EOOAT AA
Longitudinal Bars With Ends Lapped Starting at the End Sections

Lap Length lo = 300.00

FRP Wrapping

New Material Sets type for the Jacket and Existing Material Sets type for the Existing column

E

DESCRIPTION

A jacketed rectangular column section is subjected to a Uniaxial without Eccentricityniform
Pushover Analysis in the +X direction.

The resulting chord rotation capacity, strain and shear capacitywith the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to the equiions (10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4117, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

GEOMETRY AND PROPERTIES

450
F—250—

F—250—

b 45n {

Units in N, mm
Knowledge Factor, KF = 0%
- AOAOEAI 66 001 PAOOEAO

Jacket:

Concrete Elasticity, Ec = 26999.444
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Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For Shear Capacity Calculations

New material: Concrete Strength, fc = fcm = New material of Primary Member: Concrete
33.00 Strength, fc = fc_lower_bound 25.00

New material: Steel Strength, fs = fsm 555.56 New material of Primary Member: Steel
New material: Steel Sength, fs = 1.25*fsm = Strength, fs = fs_lower_bound = 500.00
694.45

Existing Column:

Concrete Elasticity, Ec = 21019.039
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For Shear CapacityLalculations

Existing material: Concrete Strength, fc = fcm New material of PrimaryMember: Concrete
20.00 Strength, fc = fc_lower_bound = 160
Existing material: Steel Strength, fs = fsm = New material of Primary Member: Steel
444.44 Srength, fs = fs_lower_bound = 400.00
Existing material: Steel Strength, fs = 1.25*fsm

=555.55

-AIL AAGEO 001 PAOOEAO

External Height, H = $0.00

External Width, W= 450.00

Internal Height, H = 250.00

Internal Width, W = 250.00

Cover Thicknessg = 25.00

Element Length, L = 800.00

Primary Member

RibbedBars

Ductile Steel

7TEOET OO $AOQOAEIEIC A O AOOENOAEA 2AO0EOOAT AA j E
Longitudinal Bars With Ends Lapped Starting at the End Sections
Lap Length lo = 300.00

FRP Wrapping Data

Type: Carbon

Cured laminate properies (design values)

Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00

Elongation, efu = 0.01

Number of directions, NoDir = 1

&EAAO 1 OEAT OAGET 1 0h AEqd mn8mnmlJ
Number of layers, NL =1

Radius of rounding corners, R = 40.00

P e T i e e e e e e e e T T T

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

—_
p~2
—_
(@}

\
—)



ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.107. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 7.14
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- Local | SeismoBuild Hand
heck L E :
Chec Imit State dge AXis 2021 calculations
) ) Immediate Occupancy End 0.0027627 0.0027627
Chord Rotation Capacity -
Collapse Prevention | End 0.03558642 0.03558642
Shear Capacity [kN] Immediate Occupancy| End 447.101034 447.101034

COMPUTER FILES

A ASCErcjrs14.bpf
A Report_ASCErcjrs14.pdf

EXAMPLE7.15

SUCCINCT DATA

1 SecondaryMember
1 SmoothBars

i1 Ductile Steel

1

1

1

1  NoFRP Wrapping
1

DESCRIPTION

with$ AOAEI ET ¢ &I O
Longitudinal Bars With Ends Lappedin the Vicinity of the End Regions
Adequate Lap Length(lo/lou,min>=1)

—_—)
p2
,

New Material Sets type for the Jacket and Existing Material Sets type for the Existing column

A jacketed rectangular column section is subjected to a Uniaxial without Eccentricityniform
Pushover Analysis in the+X direction.

The resulting chord rotation capacity, strain and shear capacitywith the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

(@}

—_—)
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GEOMETRAND PROPERTIES

200
—100—

—100—

L nn {

Units in N, mm
Knowledge Factor, KF 4.00

- AOAOEAI 66 001 PAOOEAO

Jacket:

Concrete Elasticity, Ec 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

New material: Concrete Strength, fc = fcm =
30.00

New material: Steel Strength, fs = fsm 625.00
New material: Steel Sength, fs = 1.25*fsm =
781.25

Existing Column:

Concrete Elasticity, Ec = 23025.204
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material: Concrete Strength, fc = fcm
33.00

Existing material: Steel Strength, fs = fsm =
500.00

Existing material: Steel Strength, fs fsm
=555.56

-Ai AAOGS O 001 PAOOEAO
External Height, H = 20.00

External Width, W=2000.00

Internal Height, H =100.00

Internal Width, W =100.00

Cover Thickness¢ =10.00

Element Length, L = 800.00
SecondaryMember

SmoothBars

For Shear CapacityLalculations

New material of Primary Member: Concrete
Strength, fc = fc_lower_bound 20.00

New material of Primary Member: Steel
Strength, fs = fs_lower_bound = 500.00

For Shear Capacity Calculations

New material of Primary Member: Concrete
Strength, fc = fc_lower_bound 25.00

New material of Primary Member: Steel
Srength, fs = fs_lower_bound £00.00
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Ductile Steel

7EOEI OO0 $AOAEI ET C & O AOOENOAEA 2AO0EOOAT AA j
Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (lo/lou,min>=1)

No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.108. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 7.15

Local | SeismoBuild Hand

Check Limit Stat Ed - i
ec imit State 98| Axis 2021 calculations

Operational Level | Start| 2 0.04294833 0.04304225
Life Safety Start 3 0.12471363 0.12471363
Shear Capacity [kN] Life Safety End | 3 | 177.775347 177.775347

Chord Rotation Capacity

COMPUTER FILES

A ASCE_rcjrs5.bpf
A Report_ ASCE_rcjr&pdf

EXAMPLE7.16

SUCCINCT DATA

SecondaryMember

SmoothBars

Ductile Steel

With$ AOAET ET ¢ &A1 O %AOOENOAEA 2AO0EOOAT AA j EI
Longitudinal Bars With Ends Lappedin the Vicinity of the End Regions

Adequate Lap Length (lo/lou,min>=1)

No FRP Wrapping

New Material Sets type for the Jacket and Existing Material Sets type for the Existing column

E I

DESCRIPTION

A jacketed rectangular column section is subjected to a Uniaxial without Eccentricityniform
Pushover Analysis in the +X direction.

The resulting chord rotation capacity, strain and shear capacitwith the FE analysis program
SeismoBuildare compared with hand calculations.
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The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 10-19 of ASCE
41-17 and acording to the equations (105) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

GEOMETRY AND PROPERTIES

200
—100—

—100—

L nn {

Units in N, mm
Knowledge Factor, KF = 1.00
- AOCAOEAI 66 001 PAOOEAO

Jacket:

Concrete Elasticity, Ec 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For Shear Capacity Calculations

New material: Concrete Strength, fc = fcm = New material of Primary Member: Concrete
30.00 Strength, fc = fc_lower_bound 20.00

New material: Steel Strength, fs = fsm 625.00 New material of PrimaryMember: Steel
New material: Steel Sength, fs = 1.25*fsm = Strength, fs = fs_lower_bound = 500.00
781.25

Existing Column:

Concrete Elasticity, Ec = 23025.204
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For ShearCapacity Calculations

Existing material: Concrete Strength, fc = fcm New material of Primary Member: Concrete
33.00 Strength, fc = fc_lower_bound = 280
Existing material: Steel Strength, fs = fsm = New material of Primary Member: Steel
500.00 Srength, fs = fs_lower_bound = 500.00
Existing material: Steel Strength, fs fsm

=555.56

-ATAAOCEO 00T PAOOEAO
External Height, H = 20.00

External Width, W= 2000.00

Internal Height, H = 100.00

Internal Width, W = 100.00

Cover Thicknessg = 15.00




Element Length, L = 800.00
Secordary Member
SmoothBars

Ductile Steel

7EOEI OO0 $AOAEI EIT C A& O
Longitudinal Bars With Ends Lapped Starting at the End Sections
Adequate Lap Length (lo/lou,min>=1)
No FRP Wrapping

NOTE All the required values for hand calculations may be exported to the Report by selecting the
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AOOENOAEA 2AO0EOOAT AA

|
|
|
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
I
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element

(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.109. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 7.16

I Local | SeismoBuild Hand
heck L E .
Cinze I3 Sl e Axis 2021 calculations
) ) Operational Level | Start 0.01987796 0.01987796
Chord Rotation Capacity -
Life Safety Start 0.07881397 0.07881397
Shear Capacity [KN] Life Safety End 236.1735667| 236.1735667

COMPUTER FILES
A ASCE_rcjrs16.bpf

A Report_ASCE_rcjrs16.pdf

EXAMPLESSETS8: JACKETEDL-SHAPED COLUMNSECTION
EXAMPLES.1

SUCCINCT DATA

=2 =2 ===

Primary Member
Ribbed Bars
Ductile Steel

7EOE $AOAEIET C A& O
Longitudinal Bars With Ends Lapped Starting at the End Sections
Adequate Lap Length (lo/lou,min>=1)

No FRP Wrapping

i ET

New Material Sets type for the Jacket and Existing Material Sets type for the Existing column

A

0

i ET AT OA

F
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DESCRIPTION

A jacketed L-shaped column section is subjected to a Uniaxial without Eccentriciyniform Pushower
Analysis in the +X direction.

The resulting chord rotation capacity and shear capacitywith the FE analysis program SeismoBuildre
compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 10-19 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

GEOMETRY AND PROPERTIES

F—400—

100

750

F—400—

I 750 i

Units in N, mm

Knowledge Factor, KF = 1.00

- AOAOEAI 686 001 PAOOEAOD

Jacket:

ConcreteElasticity, Ec = 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For Shear Capacity Calculations

New material: ConcreteStrength, fc = fcm = New material of Primary Member: Concrete
33.00 Strength, fc = fc_lower_bound 25.00

New material: Steel Strength, fs = fsm 555.56 New material of Primary Member: Steel
New material: Steel Sength, fs = 1.25*fsm = Strength, fs = fs_lower_bound = 500.00
694.45

Existing Column:

Concrete Elasticity, Ec 21019.039
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations For Shear Capacity Calculations

Existing material: Concrete Strength, fc = fcm New material of Primary Member: Concrete
20.00 Strength, fc =fc_lower_bound = 160
Existing material: Steel Strength, fs = fsm = New material of PrimaryMember: Steel
444.44 Srength, fs = fs_lower_bound = 400.00

Existing material: Steel Strength, fs = 1.25*fsm
=555.55
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-AITL AROCBO 001 PAOOEAOD
Max Height, Hmax = 76.00
Min Height, Hrin = 400.00
Max Width, Wmax = 75.00
Min Width, Wmin = 400.00
JacketThickness, tj = 100.00
Cover Thickness, ¢ = 25.00
Element Length, L = 3000.00
Primary Member

Ribbed Bars

Ductile Steel

7EOE $AOAEIEIC £ O AOOENOAEA 2AO0EOOAT AA j ET Al OAET C

Longitudinal Bars With Ends Lapped Starting at the End Sémhs
Adequate Lap Length (lo/lou,min>=1)
No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysigUniaxial without Eccentricity-Uniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.110. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 8.1

Local | SeismoBuild Hand

Check Limit Stat Ed i i
ec imit State 98| Axis 2021 calculations

Operational Level | End 3 0.00318618 0.00318618
Life Safety Start| 2 0.03651772 0.03651772
Shear Capacity [KN] Life Safety Start| 2 876.312752 876.312752

Chord Rotation Capacity

COMPUTER FILES

A ASCErcjlcs1.bpf

A Report_ASCErcjlcs1.pdf
EXAMPLES8.2

SUCCINCT DATA

i1 Primary Member

1 SmoothBars

i1 Ductile Steel

7T 7EOQOE $AOAEIEIC A O %AOOENOAEA 2A0EOOAT AA

j ET AT OA
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1
1 Inadequate Lap Length with lo/lou,min = 0.30
1 FRP Wrapping
1
DESCRIPTION

A jacketed L-shaped column section is subjected to a Uniaxial without Eccentriciyniform Pushover

Analysis in the +X direction.

The resulting chord rotation capacity, strain and shear capacitywith the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 10-9 and 1019 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Cpacity checks.

GEOMETRY AND PROPERTIES

F—400—

750

F—400—

I 750 i

Units in N, mm

Knowledge Factor, KF = 0.80

- AOAOEAI 686 001 PAOOEAOD

Jacket:

Concrete Elasticity, Ec = 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

New material: Concrete Strength, fc = fcm =
33.00

New material: Steel Strength, fs = fsm 555.56
New material: Steel Sength, fs = 1.25*fsm =
694.45

Existing Column:

Concrete Elasticity, Ec = 21019.039
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations
Existing material: Concrete Strength, fc = fcm
20.00

Longitudinal Bars With Ends Lapped Starting at the End Sections

New Material Sets type for the Jacket and Existing Material Sets type for the Existing column

For Shear Capacity Calculations

New material of Primary Member: Concrete
Strength, fc = fc_lower_bound 25.00

New material of Primary Member: Steel
Strength, fs = fs_lower_bound = 500.00

Existing material: Steel Strength, fs = fsm =
444 .44
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Existing material: SteelStrength, fs = 1.25*fsm New material of PrimaryMember: Concrete
=555.55 Strength, fc = fc_lower_bound = 160
For Shear Capacity Calculations New material of Primary Member: Steel

Srength, fs = fs_lower_bound = 400.00

-AIL AAGEO 001 PAOOEAO

Max Height, Hmax = 76.00

Min Height, Hnin = 400.00

Max Width, Wmax = 75.00

Min Width, Wmin = 400.00

Jacket Thickness, tj 200.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00

Primary Member

SmoothBars

Ductile Steel

7TEOE $AOCAEIEIT C &£ O %AOOENOAEA 2A0EOOAT AA j ETAI
Longitudinal Bars With Ends Lapped Starting at the End Sections
Inadequate lap Length with lo/lou,min = 0.30

FRP WrappingData

Type: Carbon

Cured laminate properties (design values)

Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00

Elongation, efu = 0.01

Number of directions, NoDir = 1

FioerT OEAT OAOEI 1 Oh AEd m8mnmJ
Number of layers, NL = 1

Radius of rounding corners, R = 40.00

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its suppott.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.111. Comparison between SeismoBuild and hand -calculated results for EXA MPLE 8.2

Local | SeismoBuild Hand

Check Limit Stat Ed i
ec imit State 981 Axis 2021 calculations

Immediate Occupancy Start | 3 0.00193682 0.00193682
Collapse Prevention | End 2 0.03419979 0.03419979

Chord Rotation Capacity
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I Local | SeismoBuild Hand
Check Limit State Edge Axis 2021 calculations
Shear Capacity [kN] Immediate Occupancy| Start | 3 720.058495 720.058495

COMPUTER FILES

A ASCErcjlcs2.bpf
A Report_ASCErcjlcs2.pdf

EXAMPLES.3

SUCCINCT DATA

Primary Member
SmoothBars
Ductile Steel

FRP Wrapping

E I

DESCRIPTION

A jacketed Lshaped column section is subjected to a Uniaxial withoutdgentricity-Uniform Pushover

Analysis in the +X direction.

The resulting chord rotation capacity, strain and shear capacitwith the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked according tbhe tables 167, 10-8 and 109 and 1019 of ASCE
41-17 and according to the equations (165) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACB18-14 for Shear Capacity checks.

GEOMETRY AND PROPERTIES

F—400—

10¢-

750

F—400—

I 750 i

Units in N, mm

Knowledge Factor, KF = 1.00

- AOAOEAI 66 001 PAOOEAO

Jacket:

Concrete Elasticity, Ec = 25742.96

7EOE $AOAEIEIC A& O
Longitudinal Bars With Ends Lappedtarting at the End Sections
Adequate Lap Length (lo/lou,min>=1)

New Material Sets type for the Jacket and Existing Material Sets type for the Existing column

\
—

b1

O



Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

New material: Concrete Strength, fc = fcm =
30.00

New material: Steel Strength, fs = fsm 625.00
New material: Steel Sength, fs = 1.25*fsm =
781.25

Existing Column:

Concrete Elasticity, Ec = 23025.204
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material: Concrete Strength, fc = fcm
24.00

Existing material: Steel Strength, fs = fsm =
525.00

Existing material: Steel Strength, fs = 1.25*fsm
=656.25

-AIL AAGBO 001 PAOOGEAO
Max Height, Hmax = 76.00

Min Height, Hmn = 400.00

Max Width, Wmax = 75.00

Min Width, Wmin = 400.00

Jacket Thickness, tj = 100.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00

Primary Member

SmoothBars

Ductile Steel
7EOQE $AOAEI EIC A O

AOOENOAEA
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For Shear Capacity Calculations

New material of Primary Member: Concrete
Strength, fc = fc_lower_bound 20.00

New material of Primary Member: Steel
Strength, fs = fs_lower_bound = 500.00

For Shear Capacity Calculations

New material of Primary Member: Concrete
Strength, fc = fc_lower_bound = 160

New material of Primary Member: Steel
Srength, fs = fs_lower_bound = 420.00

Longitudinal Bars With Ends Laped Starting at the End Sections

Adequate Lap Length (lo/lou,min>=1)
FRP WrappingData

Type: Carbon

Cured laminate properties (design values)
Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00
Elongation, efu = 0.01

Number of directions, NoDir = 1
&EAAO 1T OEAT OAOQEITTO
Number of layers, NL =1

Radius of rounding corners, R = 40.00

3¢

AEd mn8mnmJ

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

j 1A
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MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.112. Comparison between SeismoBuild and hand -calcul ated results for EXAMPLE 8.3

Local | SeismoBuild Hand

heck Limi E i
Chec imit State dge Axis 2021 calculations

Operational Level | End 2 0.00391193 0.00391193
Life Safety Start| 3 0.04254755 0.04254755
Shear Capacity [kN] Operational Level | End 2 943.739888 943.739888

Chord Rotation Capacity

COMPUTER FILES

A ASCErcjlcs3.bpf
A Report_ASCErcjlcs3.pdf

EXAMPLES 4

SUCCINCT DATA

SecondaryMember

RibbedBars

Ductile Steel

7EOET OO $AOAEIETC A O %AOOENOAEA 2AQPEOOAT AA
Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length (Io/lou,min>=1)

FRP Wrapping

New Material Setgype for the Jacket and Newaterial Sets type for the Existing column

=2 =224

DESCRIPTION

A jacketed l-shaped column section is subjected to a Uniadiwithout Eccentricity-Uniform Pushover
Analysis in the +X direction.

The resulting chord rotation capacity, strain and shear capacitwith the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked emrding to the tables 107, 10-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1&b) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
225.5.1 of ACI 31814 for Shear Capacity checks.

\
—)
b~
—



GEOMETRY AND PROPERTIES

F—400—

100

750

F—400—

I 750 i

Units in N, mm
Knowledge Factor, KF = 0.90

- AOAOEAI 66 001 PAOOEAOD

Jacket:

Concrete Elasticity, Ec 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

New material: Concrete Strength, fc = fcm =
33.00

New material: Steel Strength, fs = fsm 555.56
New material: Steel Stength, fs = 1.25*fsm =
694.45

Existing Column:

Concrete Elasticity, Ec 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material: Concrete Strength, fc = fcm
33.00

Existing material: Steel Strength, fs sfsm =
555.56

Existing material: Steel Strength, fs = 1.25*fsm
=694.45

-AT AAOCS8O 001 PAOOEAD
Max Height, Hmax = 30.00

Min Height, Hnin = 400.00

MaxWidth, Wmax = 7%9.00

Min Width, Wmin = 400.00

Jacket Thickness, tj = 100.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00
SecondaryMember

RibbedBars
Ductile Steel

CHAPTER Comparison| 243

For Shear Capacity Calculations

New material of SecondaryMember: Concrete
Strength, fc = fc_lower_bound 25.00

New material of SecondaryMember: Steel
Strength, fs = fs_lower_bound = 500.00

For Shear Capacity Calculations

New material of SecondaryMember: Concrete
Strength, fc = fc_lower_bound = 280

New material of SecondaryMember: Steel
Srength, fs = fs_lower_bound £00.00
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7TEOET OO $AOQOAEIEIC A O AOOENOAEA 2APEOOAT AA j E
Longitudinal Bars With Ends Lapped Starting at the End Sections
Adequate Lap Length (lo/lou,min>=1)

FRP Wrapping Data

Type: Carbon

Cured laminate properties (design values)

Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 648280

Elongation, efu = 0.01

Number of directions, NoDir = 1

&EAAO 1T OEAT OAOET T Oh AEd mn8nmJ
Number of layers, NL = 1

Radius of rounding corners, R = 40.00

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.113. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 8.4

Local | SeismoBuild Hand

ook Limi E _
Chec imit State dge| \vis 2021 calculations

Immediate Occupancy| End 3 0.00356944 0.00356944
Collapse Prevention | Start | 3 0.05473481 0.05473481
Shear Capacity [KN] Collapse Prevention | Start | 3 948.969410 948.969410

Chord Rotation Capacity

COMPUTER FILES

A ASCErcjlcs4.bpf
A Report_ASCErcjlcs4.pdf

EXAMPLES8.5

SUCCINCT DATA

SecondaryMember

SmoothBars

Ductile Steel

7EOE S$AOAEIEI C A O AOOENOAEA 2A0EOOAT AA | E
Longitudinal Bars With Ends Lapped Starting at the End Sections

Lap Length lo = 300.00

No FRPWrapping

=A =4 =8 =8 =8 -9 =9

—_
p
—_
(@]}

\
—)

—_
p>1
O
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1 New Material Setgtype for the Jacket and Newaterial Sets type for the Existing column

DESCRIPTION

A jacketed l-shaped column section is subjected to a Uniaxial without Eccentricityniform Pushover
Analysis in the +X direction.

The resulting clord rotation capacity, strain and shear capacitywith the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 10-19 of ASCE
41-17 and according to theequations (10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

GEOMETRY AND PROPERTIES

F—400—

100

750

F—400—

I 750 i

Units in N, mm
Knowledge Factor, KF = 1.00
- AOAOEAI 66 001 PAOOEAO

Jacket:

Concrete Elasticity, Ec 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

New material: Concrete Strength, fc = fcm =
33.00

New material: Steel Strength, fs = fsm 555.56
New material: Steel Sength, fs = 1.25*fsm =
694.45

Existing Column:

Concrete Elasticity, Ec 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

Existing material: Concrete Strength, fc = fcm
33.00

Existing material: Steel Strength, fs = fsm =
555.56

Existing material: Steel Strength, fs = 1.25*fsm
=694.45

For Shear Capacity Calculations

New material of SecondaryMember: Concrete
Strength, fc = fc_lower_bound 25.00

New material of SecondaryMember: Steel
Strength, fs = fs_lower_bound = 500.00

For Shear Capacity Calculations

New material of SecondaryMember: Concrete
Strength, fc = fc_lower_bound = 280

New material of SecondaryMember: Steel
Srength, fs = fs_lower_bound = 500.00
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-AT AAOCS8 O 001 PAOOEAOD

Max Height, Hmax = 76.00

Min Height, Hmin =400.00

Max Width, Wmax = 75.00

Min Width, Wmin = 400.00

Jacket Thickness, tj = 100.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00

SecondaryMember

SmoothBars

Ductile Steel

7EOE S$AOAEIETC &£ O AOOENOAEA 2AO0EOOAT AA j ET Al OAET ¢
Longitudinal Bars With Ends Lapped Starting at th&nd Sections
Lap Length lo = 300.00

No FRP Wrapping

1
|
: NOTE All the required values for hand calculations may be exported to the Report by selecting the :
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module. :
|
1
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uiaxial without Eccentricity-Uniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.114. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 8.5

o Local | SeismoBuild Hand
Check Limit State Edge : .
m 981 Axis 2021 calculations
) ) Operational Level | Start| 2 0.001521 0.001521
Chord Rotation Capacity -
Life Safety End 3 0.02802485 0.02802485
Shear Capacity [KN] Operational Level | Start| 2 940.076480 940.076480

COMPUTER FILES

A ASCErcjlcs5.bpf

A Report_ASCErcjlcs5.pdf
EXAMPLES.6

SUCCINCT DATA

1 SecondaryMember

1 Ribbed Bars

1 Ductile Steel

T 7EOETI 00 $AOAEI ETC A O %AOOENOAEA 2AO0EOOAT AA | ET AI
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1 Longitudinal Bars With Ends Lapped Starting at the End Sections

1 InadequateLap Length with lo/lou,min = 0.30

1 No FRP Wrapping

1 New Material Sets type for the J&et and NewMaterial Sets type for the Existing column
DESCRIPTION

A jacketed L-shaped column section is subjected to a Uniaxial without Eccentriciyniform Pushover
Analysisin the +X direction.

The resulting chord rotation capacity, strain and shear capacitywith the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

GEMETRY AND PROPERTIES

F—400—

fod

F——600—

F—400—

700

Units in N, mm
Knowledge Factor, KF = 1.00
- AOGAOGEAI 08 001 DAOOEAOD

Jacket:

Concrete Elasticity, Ec 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations

New material: Concrete Strength, fc = fcm =
33.00

New material: Steel Strength, fs = fsm 555.56
New material: Steel Sength, fs = 1.25*fsm =
694.45

Existing Column:

Concrete Elasticity, Ec 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations
Existing material: Concrete Strength, fc = fcm
33.00

For Shear Capacity Calculations

New material of SecondaryMember: Concrete
Strength, fc = fc_lower_bound 25.00

New material of SecondaryMember: Steel
Strength, fs = fs_lower_bound = 500.00

Existing material: Steel Strength, fs = fsm =
555.56
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Existing material: Steel Strength, fs = 1.25*fsm New material of SecondaryMember: Concrete
=694.45 Strength, fc = fc_lower_bound = 280
For Shear Capacity Calculations New material of SecondaryMember: Steel

Srength, fs = fs_lower_bound = 500.00

- AT AAGEO 001 PAOOEAO

Max Height, Hmax $600.00

Min Height, Hnin = 400.00

Max Width, Wmax = 10.00

Min Width, Wmin = 400.00

Jacket Thickness, tj = 100.00

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00

SecondaryMember

Ribbed Bars

Ductile Steel

7EOQOET OO $AOAEIEIC A O AOOENOAEA 2A0EOOAT AA  E
Longitudinal Bars With Ends Lapped Starting at the End Sections
Inadequate Lap Length with d/lou,min = 0.30

FRP WrappingData

Type: Carbon

Cured laminate properties (design values)

Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00

Elongation, efu = 0.01

Number of directions, NoDir = 1

&EAAO 1T OEAT OAOET10O0h AEd mn8mnmlJ
Number of layers, NL = 1

Radius of rounding corners, R = 40.00

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The mostsignificant results are compared in the table below:

Table 3.115. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 8.6

Local | SeismoBuild Hand

Check Limit Stat Ed i
ec imit State 981 Axis 2021 calculations

Immediate Occupancy| End 2 0.00131546 0.00131546
Collapse Prevention | Start | 2 0.04510672 0.04510672

Chord Rotation Capacity

—_
b
,
(@}
\
—)
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I Local | SeismoBuild Hand
Check Limit State Edge Axis 2021 calculations
Shear Capacity [kN] Collapse Prevention | Start | 2 885.527656 885527656

COMPUTER FILES

A ASCErcjlcs6.bpf
A Report_ASCErcjlcs6.pdf

EXAMPLES8.7

SUCCINCT DATA

SecondaryMember

Ribbed Bars

Ductile Steel

7EOQOET OO $AOAEIEIC A O %AOOENOAEA 2A0EOOAT AA
Longitudinal Bars With Ends Lapped Starting at the End Sections

Inadequate Lap Length with lo/lou,min = 0.30

No FRP Wrapping

New Material Sets type for the Jacket and Existing Material Sets type for the Existing column

E

DESCRIPTION

A jacketed Lshaped column section is subjected to a Uniaxial without Eccentricityyniform Pushover
Analysis in the +X direction.

The resulting chord rotdion capacity, strain and shear capacitywith the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to the equatios (10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

GEOMETRY AND PROPERTIES

F—400—

-
o
-~

750

F—400—

I 750

Units in N, mm

Knowledge Factor, KF = 1.00
- AOAOEAI 66 001 PAOOEAO

Jacket:

Concrete Elasticity, Ec = 26999.444
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Steel Elasticity, Es = 200000.00

For Chord rotation Calculations: For Shear Capacity Calculations:

New material: Concrete Strength, fc = fcm = New material of Secondary Member: Concrete
33.00 Strength, fc = fc_lower_bound = 25.00

New material: Steel Strength, fs = fsm = 555.56 New material of Secondary Member: Steel
New material: Steel Strength, fs = 1.25*fsm = Strength, fs = fs_lower_bound = 500.00
694.45

Existing Column:

Concrete Elasticity, Ec = 21019.039
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations: For Shear Capacity Calculations:

Existing material: Concrete Strength, fc = fcm New material of Secondary Member: Concrete
20.00 Strength, fc = fc_lower_bound = 16.00
Existing material: Steel Strength, fs = fsm = New material of Secondary Member: Steel
444.44 Srength, fs = fs_lower_bound =@0.00

Existing material: Steel Strength, fs = 1.25*fsm

=555.5556

-AT AAOCS O 001 PAOOEAO

Max Height, Hinax = 75.00

Min Height, Hmn = 400.00

Max Width, Wmax = 75.00

Min Width, Wmin = 400.00

Jacket Thickness, tj = 100®

Cover Thickness, ¢ = 25.00

Element Length, L = 3000.00

SecondaryMember

Ribbed Bars

Ductile Steel

7EOEI OO0 $AOCAEI EI C &£ O %AOOENOAEA 2A0EOOAT AA | E
Longitudinal Bars With Ends Lapped Starting at the End Sections
Inadequate Lap Length with lo/lou,min = 0.30

No FRP WrappingData

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE
Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:
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Table 3.116. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 8.7

Local | SeismoBuild Hand

Check Limit Stat Ed i i
ec imit State 98| Axis 2021 calculations

Immediate Occupancy| Start | 2 0.00176802 0.00176802
Collapse Prevention | End 3 0.03922738 0.03922738
Shear Capacity [KN] Immediate Occupancy Start | 2 876.340526 876.340526

Chord Rotation Capacity

COMPUTER FILES

A ASCErcjlcs7.bpf
A Report_ASCErcjlcs7.pdf

EXAMPLES.8

SUCCINCT DATA

1 SecondaryMember

1 Ribbed Bars

I Ductile Steel

1 7TEOEI OO0 $AOCAEIEIC &£ O %AOOENOAEA 2A0EOOAT AA

i Longitudinal Bars With Ends Lapped Starting at the End Sections

1 Lap Length lo = 300.00

1  FRPWrapping

1 New Material Sets type for the Jacket and Existing Material Sets type for the Existing column
DESCRIPTION

A jacketed Lshaped column section is subjected to a Uniaxial without Eccentricityyniform Pushover
Analysis in the +X direction.

The resulting chord rotation capacity, strain and shear capacitywith the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and acording to the equations (105) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

GEOMETRY AND PROPERTIES

F—400—

100

750

F—400—

750 i

Units in N. mm
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Knowledge Factor, KF = 038

- AOAOEAI 66 001 PAOOEAOD

Jacket:

Concrete Elasticity, Ec = 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations:
New material: Concrete Strength, fc = fcm =
33.00

New material: Steel Strength, fs = fsm = 555.56

New material: Steel Strength, fs = 1.25*fsm =
694.45

Existing Column:

Concrete Elasticity, Ec = 21019.039
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations:

Existing material: Concrete Strength, fc = fcm
20.00

Existing material: Steel Strength, fs = fsm =
444.44

-AiT AAOGBO 001 PAOOEAO
Max Height, Hmax = 76.00
Min Height, Hmn = 450.00
Max Width, Wmax = 75.00
Min Width, Wmin = 450,00
Jacket Thickness, tj = 100.00
Cover Thicknessg¢ = 25.00
Element Length, L = 300.00
SecondaryMember

Ribbed Bars

Ductile Steel

7TEOEI 00 $AOAEIETC AIO

For Shear Capacityalculations:

New material of Secondary Member: Concrete
Strength, fc = fc_lower_bound = 25.00

New material of Secondary Member: Steel
Strength, fs = fs_lower_bound = 500.00

Existing material: Steel Strength, fs = 1.25*fsm
=555.5556

For Shear Capacity Calculations:

New material of Secondary Member: Concrete
Strength, fc = fc_lower_bound = 16.00

New material of Secondary Member: Steel
Srength, fs = fs_lower_bound =@0.00

AOOENOAEA 2A0EOOAT AA j

Longitudinal Bars With Ends Lapped Startingt the End Sections

Lap Length lo = 300.00

FRP Wrapping Data

Type: Carbon

Cured laminate properties (design values)
Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00
Elongation, efu = 0.01

Number of directions, NoDir = 1

&EAAO T OEAT OAOET T Oh AEd m8mnmJ

Number of layers, NL =1
Radius of rounding corners, R = 40.00

\
—)
p2
—_
(@}

\
—)



NOTE All the required values for hand calculations may be exported to the Report by selecting the
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|
|
|
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
I
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element

(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.117. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 8.8

_ Local | SeismoBuild Hand
Check Limit Stat Ed . .
ec imit State 9€1 Axis 2021 calculations
] ] Operational Level | Start 0.00262660 0.00262660
Chord Rotation Capacity -
Life Safety Start 0.02962745 0.02962745
Shear Capacity [KN] Operational Level | Start 1111.344819 1111.344842

COMPUTER FILES

A ASCErcjlcs8.bpf
A Report_ASCErcjlcs8.pdf

EXAMPLES8.9

SUCCINCT DATA

1 Primary Member
1 SmoothBars
1 Ductile Steel
1
1
i1 Lap Length lo = 300.00
1 No FRPWrapping
1
DESCRIPTION

A jacketed l-shaped column section is subjected to a Uniaxial without Eccentrictyniform Pushover

Analysis in the +X direction.

The resulting clord rotation capacity, strain and shear capacitywith the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to theequations (10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007).The

7EOE $AOAEIEIC A& O
Longitudinal Bars With Ends Lapped Starting at the End Sections

New Material Setgype for the Jacket and Newaterial Sets type for the Existing column

i ET AT OA

employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.
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GEOMETRY AND PROPERTIES

F—400—

100

750

F—400—

I 750 i

Units in N, mm
Knowledge Fa&tor, KF = 1.00
- AOGAOEAI 68 001 PAOOEAO

Jacket:

Concrete Elasticity, Ec = 25742.96
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations:

New material: Concrete Strength, fc = fcm =
30.00

New material: Steel Strength, fs = fsm 625.00
New material: Steel Strength, fs = 1.25*fsm =
781.25

Existing Column:

Concrete Elasticity, Ec = 25742.96
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations:

Existing material: Concrete Strength, fc = fcm
30.00

Existing material: Steel Strength, fs = fsm =
625.00

Existing material: Steel Strength, fs = 1.25*fsm
=781.25

-AT AAOCS8O 001 PAOOEAD
Max Height, Hmax = 76.00

Min Height, Hnin = 400.00

Max Width, Wmax = 75.00

Min Width, Wmin = 400.00

Jacket Thickness, tj = 100.00

Cover Thickness, ¢ 25.00

Element Length, L = 3000.00

Primary Member

SmoothBars
Ductile Steel

For Shear Capacity Calculations:

New material of Primary Member: Concrete
Strength, fc = fc_lower_bound 20.00

New material of Primary Member: Steel
Strength, fs = fs_lower_bound = 500.00

For Shear Capacityalculations:

New material of Primary Member: Concrete
Strength, fc = fc_lower_bound 20.00

New material of Primary Member: Steel
Srength, fs = fs_lower_bound £00.00
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7EOE $AOAEIETC A& O AOOENOAEA 2AO0OEOOAT AA j ET Al OAET ¢
Longitudinal Bars With Ends Lapped Starting at the End Sections
Lap Length lo = 300.00

No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.118. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 8.9

Local | SeismoBuild Hand

Check Limit Stat Ed - i
ec imit State 98| Axis 2021 calculations

Operational Level | End 3 0.00019707 0.00019707
Collapse Prevention | Start | 2 0.04039167 0.04039167
Shear Capacity [kN] Collapse Prevention | Start | 2 848.936399 848.936399

Chord Rotation Capacity

COMPUTER FILES

A ASCErcjlcs9.bpf
A Report_ASCErcjlcs9.pdf

EXAMPLES.10

SUCCINCT DATA

Primary Member

Ribbed Bars

Ductile Steel

7TEOQOET OO $AOQOAEIEIC A1 O AOOENOAEA 2A0EOOAT AA | EI
Longitudinal Bars With Ends Lapped Starting at the End Sections

Inadequate Lap Length withlo/lou,min = 0.30

FRP Wrapping

New Material Setgype for the Jacket and Newlaterial Sets type for the Existing column

=4 =8 =8 =8 -8 -84 =1

DESCRIPTION

A jacketed l-shaped column section is subjected to a Uniaxial without Eccentricityniform Pushover
Analysis in the +X diretion.

The resulting chord rotation capacity, strain and shear capacitywith the FE analysis program
SeismoBuildare compared with hand calculations.
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The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 10-19 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

GEOMETRY AND PRABFES

F—400—

-
o
-~

750

F—400—

k 750 i

Units in N, mm
Knowledge Factor, KF 9,87
- AOCAOEAI 66 001 PAOOEAO

Jacket:

Concrete Elasticity, Ec 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations: For Shear Capacityalculations:

New material: Concrete Strength, fc = fcm = New material of PrimaryMember: Concrete
33.00 Strength, fc = fc_lower_bound 25.00

New material: Steel Strength, fs = fsm 555.56 New material of PrimaryMember: Steel
New material: Steel Strength, fs = 1.25*fsm = Strength, fs = fs_lower_bound = 500.00
694.45

Existing Column:

Concrete Elasticity, Ec 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations: For Shear Capacity Calculations:

Existing material: Concrete Strength, fc = fcm New material of Primary Member: Concrete
33.00 Strength, fc = fc_lower_bound = 25.00
Existing material: Steel Strength, fs = fsm = New material of PrimaryMember: Steel
555.56 Srength, fs = fs_lower_bound =@).00
Existing material: Steel Strength, fs = 1.25*fsm

=694.45

-AT AAOCS8O 001 PAOOEAD
Max Height, Hmax = 76.00

Min Height, Hnin = 400.00

Max Width, Wmax = 75.00

Min Width, Wmin = 400.00

Jacket Thickness, tj = 100®

Cover Thickness, ¢ = 25.00
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Element Length, L = 3000.00

Primary Member

Ribbed Bars

Ductile Steel

7EQOEI OO0 $AOAEI ET C &£ O %AOOENOAEA 2A0EOOAT AA | ET Al OA
Longitudinal Bars With Ends Lapped Starting at the End Sections
InadequateLap Length with lo/lou,min = 0.30

FRP WrappingData

Type: Carbon

Dry properties (design values)

Thickness, t = 1.00

Tensile Strength, ffu = 840.00

Tensile Modulus, Ef = 82000.00

Elongation, efu = 0.009

Number of directions, NoDir = 1

Fiber orientations, AEqd, T8 mmJ

Number of layers, NL = 1

Radius of rounding corners, R = 40.00

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.119. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 8.10

- Local | SeismoBuild Hand
Check Limit State Edge : .
imi %€ Axis 2021 calculations
) ) Immediate Occupancy Start| 3 0.002484 0.002484
Chord Rotation Capacity -
Life Safety End 2 0.03044315 0.03044315
Shear Capacity [KN] Immediate Occupancy Start| 3 948.969410 948.969410

COMPUTER FILES

A ASCErcjlcs10.bpf

A Report_ASCErcjlcs10.pdf
EXAMPLES.11

SUCCINCT DATA

1 SecondaryMember
1 SmoothBars
1 Ductile Steel
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1 Without Detailing for WAOOENOAEA 2A0EOOAT AA j ET Al OAET C

1 Longitudinal Bars With Ends Lapped Starting at the End Sections

i1 Inadequate Lap Length with lo/lou,min = 0.30

1 FRP Wrapping

1 New Material Setdype for the Jacket and Newaterial Sets type for he Existing column
DESCRIPTION

A jacketed l-shaped column section is subjected to a Uniaxial without Eccentricityniform Pushover
Analysis in the +X direction.

The resulting chord rotation capacity, strain and shear capacitywith the FE analysis program
SeismoBuild are compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

GEOMETRY AND PROPERTIES

F—400—

750

F—400—

I 750 i

Units in N, mm
Knowledge Factor, KF = 1.00
- AOGAOGEAI 08 001 DPAOOEAOD

Jacket:

Concrete Elasticity, Ec 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations: For Shear Capacity Calculations:

New material: Concrete Strength, fc = fcm = New material of SecondaryMember: Concrete
33.00 Strength, fc = fc_lower_bound 25.00

New material: Steel Strength, fs = fsm 555.56 New material of SecondaryMember: Steel
New material: Steel Strength, fs = 1.25*fsm = Strength, fs = fs_lower_bound = 500.00
694.45

Existing Column:

Concrete Elasticity, Ec 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations:

OOEOOOB
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Existing material: Concrete Strength, fc = fcm For Shear Capacity Calculations:

33.00 New material of SecondaryMember: Concrete
Existing material: Steel Strength, fs = fsm = Strength, fc = fc_lower_bound = 25.00
555.56 New material of SecondaryMember: Steel
Existing material: Steel Strength, fs = 1.25*fsm Srength, fs = fs_lower_bound =@).00
=694.45

-AT AAOCS8 O 001 PAOOEAOD

Max Height, Hmax = 76.00

Min Height, Hrin = 400.00

Max Width, Wmax = 75.00

Min Width, Wmin = 400.00

Jacket Thickness, tj = 100.00

Cover Thickness, ¢ = 280

Element Length, L = 3000.00

Secondary Member

SmoothBars

Ductile Steel

7EOQOET OO $AOAEIEIC A O AOOENOAEA 2A0EOOAT AA  E
Longitudinal Bars With Ends Lapped Starting at the End Sections
Inadequate Lap Length with lo/loumin = 0.30

FRP Wrapping Data

Type: Carbon

Cured laminate properties (design values)

Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00

Elongation, efu = 0.01

Number of directions, NoDir = 1

&EAAO T OEAT OAOGET T Oh AEd mn8nmJ
Number of layers, NL = 1

Radius of rounding corners, R = 40.00

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its suppott.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

—_
b
(@}
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Table 3.120. Comparison between SeismoBuild and hand -calculated results for EX AMPLE 8.11

Local | SeismoBuild Hand

Check Limit Stat Ed i i
ec imit State 98| Axis 2021 calculations

Operational Level | End 2 0.00039807 0.00039807
Life Safety Start| 3 0.03267304 0.03267304
Shear Capacity [KN] Life Safety Start| 2 948.973828 948.973828

Chord Rotation Capacity

COMPUTER FILES

A ASCETrcjlcs11.bpf
A Report_ASCErcjlcs11.pdf

EXAMPLES8.12

SUCCINCT DATA

Primary Member

SmoothBars

Ductile Steel

7TEOE $AOCAEIETC &£ O AOOENOAEA 2AO0EOOAT AA
Longitudinal Bars With Ends Lapped Starting athe End Sections

Adequate Lap Length (lo/lou,min>=1)

No FRP Wrapping

New Material Sets type for the Jacket and New Material Sets type for the Existing column

E R R ]

DESCRIPTION

A jacketed Lshaped column section is subjected to a Uniaxial without Eccentricityyniform Pushover
Analysis in the +X direction.

The resulting chord rotation capacity, strain and shear capacityith the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Stear Capacity checks.

GEOMETRY AND PROPERTIES

F—400—

100

750

F—400—

k 750 !

Units in N. mm

Knowledge Factor, KF = 1.00

\
[—

p>2

O
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Jacket:

Concrete Elasticity, Ec 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations:

New material: Concrete Strength, fc = fcm =
33.00

New material: Steel Strength, fs = fsm 555.56
New material: Steel Strength, fs = 1.25*fsm =
694.45

Existing Column:

Concrete Elasticity, Ec 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations:

Existing material: Concrete Strength, fc = fcm
33.00

Existing material: Steel Strength, fs = fsm =
555.56

Existing material: SteelStrength, fs = 1.25*fsm
=694.45

-AT AROCBO 001 PAOOGEAD
Max Height, Hmax = 76.00

Min Height, Hin = 400.00

Max Width, Wmax = 75.00

Min Width, Wmin = 400.00

Jacket Thickness, tj = 100.00

Cover Thickness, ¢ = 280

Element Length, L = 3000.00

Primary Member

SmoothBars

Ductile Steel

7EOE $AOAEIEIC A& O
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For Shear Capacity Calculations:

New material of PrimaryMember: Concrete
Strength, fc = fc_lower_bound 25.00

New material of Primary Member: Steel
Strength, fs = fs_lower_bound = 500.00

For Shear Capacity Calculations:

New material of Primary Member: Concrete
Strength, fc = fc_lower_bound = 25.00
New material of Primary Member: Steel
Srength, fs = fs_lower_bound =@&0.00

Longitudinal Bars With EndsLapped Starting at the End Sections

Adequate Lap Length (lo/lou,min>=1)
No FRP Wrapping Data

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element

(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

i ET AT
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RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.121. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 8.1 2

Local | SeismoBuild Hand

Check Limit Stat Ed i i
ec imit State 98| Axis 2021 calculations

Immediate Occupancy End 2 0.00366261 0.00366261
Collapse Prevention | Start | 3 0.04958454 0.04958454
Shear Capacity [KN] Collapse Prevention | Start | 3 948.970236 948.970236

Chord Rotation Capacity

COMPUTER FILES

A ASCErcjlcs12.bpf
A Report_ASCErcjlcs12.pdf

EXAMPLES.13

SUCCINCT DATA

SecondaryMember

SmoothBars

Ductile Steel

Without Detailing for Earthquake Resistance (including stirrups not closed at 135
Longitudinal Bars With Ends Lapped Starting at the End Sections

Adequate Lap Length(lo/lou,min>=1)

No FRP Wrapping

New Material Sets type for the Jacket and Existirldaterial Sets type for the Existing column

=4 =48 -8 -8 _8_9_9_9

DESCRIPTION

A jacketed Lshaped column section is subjected to a Uniaxial without Eccentricityyniform Pushover
Analysis in the X direction.

The resulting chord rotation capacity, strain and shear capacitwith the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

GEOMETRAND PROPERTIES

F—400—

100

750

F—400—

I 750 i
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Units in N, mm
Knowledge Factor, KF = 0.90
- AOGAOEAI 08 001 DAOOEAOD

Jacket:

Concrete Elasticity, Ec 25742.96
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations: For Shear Capacitfalculations:

New material: Concrete Strength, fc = fcm = New material of SecondaryMember: Concrete
30.00 Strength, fc = fc_lower_bound 20.00

New material: Steel Strength, fs = fsm 625.00 New material of SecondaryMember: Steel
New material: Steel Strength, fs = 1.25*fsm = Strength, fs = fs_lower_bound = 500.00
781.25

Existing Column:

Concrete Elasticity, Ec =19940.411
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations: For Shear Capacity Calculations:

Existing material: Concrete Strength, fc = fcm New material of SecondaryMember: Concrete
18.00 Strength, fc = fc_lower_bound = 12.00
Existing material: Steel Strength, fs = fsm = New material of SecondanfMember: Steel
500.00 Srength, fs = fs_lower_bound =@0.00
Existing material: Steel Strength, fs = 1.25*fsm

=625.00

-AT AAOGS O 001 PAOOEAO

Max Height, Hmax = 76.00

Min Height, Hmin = 400.00

Max Width, Wmax = 75.00

Min Width, Wmin = 400.00

Jaket Thickness, tj = 100.00

Cover Thickness, ¢ = 280

Element Length, L = 3000.00

SecondaryMember

SmoothBars

Ductile Steel

7TEOET OO $AOQCAEIEIC A O AOOENOAEA 2AO0EOOAT AA j E
Longitudinal Bars With Ends Lapped Starting ahe End Sections
Adequate Lap Length (lo/lou,min>=1)

No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.
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ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.122. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 8.1 3

Local | SeismoBuild Hand

heck Limi E :
Chec imit State dge| \yis 2021 calculations

Operational Level | Start| 3 0.00663650 0.00663650
Life Safety Start| 2 0.03498441 0.03498441
Shear Capacity [kN] Life Safety Start| 2 698.851403 698.851403

Chord Rotation Capacity

COMPUTER FILES

A ASCETrcjlcs13.bpf
A Report_ASCErcjlcs13.pdf

EXAMPLES.14

SUCCINCT DATA

1 Primary Member

1 RibbedBars

1 Ductile Steel

1 Without Detailing for Earthquake Resistance (including stirrups not closed at 135

i1 Longitudinal Bars With Ends Lapped Starting at the End Sections

i1 Lap Length lo = 300.00

1 FRP Wrapping

1 New Material Sets type for the Jacket and Existing Material Sets type for the Existing column
DESCRIPTION

A jacketed l-shaped column section is subjected to a Uniaxial without Eccentriciyniform Pushover
Analysis in the +X direction.

The resulting chord rotaton capacity, strain and shear capacitywith the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (16) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1),(11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.



GEOMETRY AND PROPERTIES

F—400—

100

750

F—400—

I 750 i

Units in N, mm
Knowledge Factor, KF ©.90
- AOCAOEAI 66 001 PAOOEAO

Jacket:

Concrete Elasticity, Ec = 26999.444
Steel Elasticity, Es 200000.00

For Chord rotation Calculations:

New material: Concrete Strength, fc = fcm =
33.00

New material: SteelStrength, fs = fsn = 555.56
New material: SteelStrength, fs = 1.25*fsm =
694.45

Existing Column:

Concrete Elasticity, Ec = 21019.039
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations:

Existing material: Concrete Strength, fc = fcm =
20.00

Existing material: Steel Strength, fs = fsm =
444.44

Existing material: SteelStrength, fs = 1.25*fsm
=555.55

-ATAAOCEO 00T PAOOEAO
Max Height, Hmax = 76.00

Min Height, Hnin = 400.00

Max Width, Wmax = 75.00

Min Width, Wmin = 400.00

Jacket Thickness, tj = 100.00

Cover Thickness, ¢ = 260

Element Length, L = 3000.00
Primary Member
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For Shear Capacity Calculations:

New material of Secondary Member: Concrete
Strength, fc = fc_lower_bound = 280

New material of Secondary Member: Steel
Strength, fs = fs_lowr_bound = 500.00

For Shear Capacity Calculations:

New material of Secondary Member: Concrete
Strength, fc = fc_lower_bound = 160

New material of Secondary Member: Steel
Strength, fs = fs_lower_bound = 400.00
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RibbedBars

Ductile Steel

Without Detailing for Earthquake Resistance (includind OEOO0OPO 11 0 Al T OAA AO povuvld
Longitudinal Bars With Ends Lapped Starting at the End Sections

Lap Length lo = 300.00

FRP WrappingData

Type: Carbon

Cured laminate properties (design values)

Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00
Elongation, efu = 0.01

Number of directions, NoDir = 1
&EAAO 1T OEAT OAOQEITO
Number of layers, NL = 1

Radius of rounding corners, R = 40.00

5¢

AEd m8mnmJ

NOTE All the required values for hand calculations may be exported to the Report by selecting the
member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.123. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 8.14

Local | SeismoBuild Hand

Check Limit Stat Ed i i
ec imit State 98| Axis 2021 calculations

Immediate Occupancy| End 3 0.00025576 0.00025576
Collapse Prevention | End 2 0.03145013 0.03145013
Shear Capacity [KN] Immediate Occupancy End 3 684.441895 684.441895

Chord Rotation Capacity

COMPUTER FILES

A ASCErcjlcs14.bpf
A Report_ASCErcjlcs14.pdf

EXAMPLES.15

SUCCINCT DATA

SecondaryMember

SmoothBars

Ductile Steel

Without Detailing for Earthquake Resistance (including stirrups not closed at 135
Longitudinal Bars With Ends Lapped Starting at the End Sections

=A =2 =2 =9 =



1 Adequate Lap LengtHlo/lou,min>=1)
1 No FRP Wrapping
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1 New Material Sets type for the Jacket and Existing Material Sets type for the Existing column

DESCRIPTION

A jacketed L-shaped column section is subjected to a Uniaxial without Eccentriciyniform Pushover

Analysis in the 4X direction.

The resulting chord rotation capacity, strain and shear capacitwith the FE analysis program

SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The

employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

GEOMETRY ANPROPERTIES

F—400—

100

750

F—400—

k 750 1

Units in N, mm

Knowledge Factor, KF = 0.90

- AOAOEAI 686 001 PAOOEAOD

Jacket:

Concrete Elasticity, Ec 29940.411
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations:

New material: Concrete Strength, fc = fcm =
30.00

New material: Steel Strength, fs = fsm 625.00
New material: Steel Strength, fs = 1.25*fsm =
781.25

Existing Column:

Concrete Elasticity, Ec =19940.411
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations:
Existing material: Concrete Strength, fc = fcm
18.00

For Shear Capacityalculations:

New material of SecondaryMember: Concrete
Strength, fc = fc_lower_bound 20.00

New material of SecondaryMember: Steel
Strength, fs = fs_lower_bound = 500.00

Existing material: Steel Strength, fs = fsm =
500.00

Existing material: Steel Strength, fs = 1.25*fsm
=625.00
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For Shear Capacity Calculations: New material of SecondaryMember: Steel
New material of SecondaryMember: Concrete Srength, fs = fs_lower_bound =@0.00
Strength, fc = fc_lower_bound = 12.00

-AIL AAGEO 001 PAOOEAO

Max Height, Hmax #00.00

Min Height, Hnin = 200.00

Max Width, Wmax = 400.00

Min Width, Wmin = 200.00

Jacket Thickness, tj = 50.00

Cover Thickness, ¢ =3.00

Element Length, L = 3000.00

Secondary Member

SmoothBars

Ductile Steel

7EOEI OO0 $AOCAEI EI C &£ O %AOOENOAEA 2A0EOOAT AA | E
Longitudinal Bars With Ends Lapped Starting ahe End Sections
Adequate Lap Length (Io/lou,min>=1)

No FRP Wrapping

NOTE All the required values for hand calculations may be exported to the Report by selecting the
member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its suppott.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.124. Comparison between SeismoBuild and hand -calculated results for EXA MPLE 8.15

Local | SeismoBuild Hand

Check Limit Stat Ed i i
ec imit State 981 Axis 2021 calculations

Operational Level | Start| 3 0.00946033 0.00946033
Life Safety Start| 2 0.00930324 0.00930324
Shear Capacity [KN] Life Safety Start| 2 377.848974 377.848974

Chord Rotation Capacity

COMPUTER FILES

A ASCE_rcjlcs3.bpf
A Report_ ASCE_rcjlcElpdf
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EXAMPLES.16

SUCCINCT DATA

SecondaryMember

SmoothBars

Ductile Steel

Without Detailing for Earthquake Resistance (including stirrups not closed at 135
Longitudinal Bars With Ends Lappedstarting at the End Sections

Adequate Lap Length (lo/lou,min>=1)

No FRP Wrapping

New Material Sets type for the Jacket and Existing Material Sets type for the Existing column

E R I I R

DESCRIPTION

A jacketed L-shaped column section is subjected to a Uniaxial with@lEccentricity-Uniform Pushover
Analysis in the +X direction.

The resulting chord rotation capacity, strain and shear capacityith the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked according the tables 107, 10-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 ofACI 31814 for Shear Capacity checks.

GEOMETRY AND PROPERTIES

F—400—

750

F—400—

I 750 i

Units in N, mm
Knowledge Factor, KF = 0.90
- AOAOEAI 66 001 PAOOEAO

Jacket:

Concrete Elasticity, Ec 49940.411
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations: For Shear Capacity Calculations:

New material: Concrete Strength, fc = fcm = New material of SecondaryMember: Concrete
30.00 Strength, fc = fc_lower_bound 20.00

New material: Steel Strength, fs = fsm 625.00 New material of SecondaryMember: Steel
New material: Steel Strength, fs = 1.25*fsm = Strength, fs = fs_lower_bound = 500.00
781.25

Existing Column:



270 | SeismoBuildVerification Report

Concrete Elasticity, Ec =19940.411
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations: For Shear Capacity Calculations:

Existing material: Concrete Strength, fc = fcm New material of SecondaryMember: Concrete
18.00 Strength, fc = fc_lower_bound = 12.00
Existing material: Steel Strength, fs = fsm = New material of SecondaryMember: Steel
500.00 Srength, fs = fs_lower_bound =@0.00
Existing material: Steel Strength, fs = 1.25*fsm

=625.00

- Al A APdpérties

Max Height, Hmax = 40.00

Min Height, Hnin = 200.00

Max Width, Wmax = 400.00

Min Width, Wmin = 200.00

Jacket Thickness, tj = 50.00

Cover Thickness, ¢ =3.00

Element Length, L = 3000.00

Secondary Member

SmoothBars

Ductile Steel

Without DetailinC &l O %AOOENOAEA 2AO0EOOAT AA j ET Al OAET ¢ OOEOOOE
Longitudinal Bars With Ends Lapped Starting at the End Sections
Adequate Lap Length (Io/lou,min>=1)

No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most sgnificant results are compared in the table below:

Table 3.125. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 8.16

. Local | SeismoBuild Hand
Check Limit State Edge : .
981 Axis 2021 calculations
) ) Operational Level | Start| 3 0.013289 0.01329098
Chord Rotation Capacity -
Life Safety Start| 2 0.037901 0.0378999
Shear Capacity [KN] Life Safety Start| 2 258.260096 258.261074
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COMPUTER FILES

A ASCE_rcjlcs16.bpf
A Report_ASCE_rcjlcs16.pdf

EXAMPLESSET9: JACKETEDT -SHAPEDCOLUMNSECTION
EXAMPLE9.1

SUCCINCT DATA

Primary Member

RibbedBars

Ductile Steel

7TEQOE $AOAEIEIC &£ O AOOENOAEA 2A0EOOAT AA
Longitudinal Bars Straight Ends Lapped Starting at the

Adequate Lap Length (Io/lou,min>=1)

No FRPWrapping

New Material Sets type for the Jacket and Existing Material Sets type for the Existazgumn

E R

DESCRIPTION

A jacketed Fshaped column section is subjected to a Uniaxial without Eccentriciyniform Pushover
Analysis in the +X direction.

The resulting chord rotation capacity, strain and shear capacityith the FE analysis program
SeismoBuildare compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according tothe equations (105) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

GEOMETRY AND PROPERTIES

F—450 —

300

k250

F—450—

10t

I 950 i

Units in N, mm
Knowledge Factor, KF = 1.00
- AOGAOEAI 08 001 DAOOEAO

Jacket:

-
p>1
O



272 | SeismoBuildVerification Report

Concrete Elasticity, Ec 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations: For Shear Capacity Calculations:

New material: Concrete Strength, fc = fcm = New material of Primary Member: Concrete
33.00 Strength, fc = fc_lower_bound 25.00

New material: Steel Strength, fs = fsm 555.56 New material of PrimaryMember: Steel
New material: Steel Strength, fs = 1.25*fsm = Strength, fs = fs_lower_bound = 500.00
694.4444

Existing Column:

Concrete Elasticity, Ec 21019.039
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations: For Shear Capacity Calculations:

Existing material: Concrete Strength, fc = fcm New material of Primary Member: Concrete
20.00 Strength, fc = fc_lower_bound =@.00
Existing material: Steel Strength, fs = fsm = New material of Primary Member: Steel
444.44 Strength, fs = fs_lower_bound =@0.00
Existing material: Steel Strength, fs = 1.25*fsm

=555.5556

-AIL AAGBO 001 PAOOEAO
MaxHeight, Hnax=750.00
Min Width, Hmin = 450.00
Max Width, Whax=950.00
Min Width, Wiin = 450.00
Eccentricity, Ec.= 250.00
JacketThickness, t= 100.00
Cover Thickness¢ = 25.00
Element Length, L = 300.00
Primary Member

Ribbed Bars

Ductile Steel

7TEQOE $AOCAEIEIT C &£ O AOOENOAEA 2A0EOOAT AA j ET Al OAE

Longitudinal Bars With Ends Lapped Starting at the End Seatis
Adequate Lap Length (lo/lou,min>=1)
No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uraxial without Eccentricity-Uniform +X)
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Table 3.126. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 9.1

Local | SeismoBuild Hand

Check Limit Stat Ed i i
ec imit State 98| Axis 2021 calculations

Operational Level End 3 0.00282421 0.00282422
Life Safety Start| 2 0.03543103 0.03543103
Shear Capacity [KN] Operational Level | End 3 |1130.060638 1130.060638

Chord Rotation Capacity

RESULTS COMPARISON

The most significant results are compared in the table below:

COMPUTER FILES

A ASCErcjtcs1bpf
A Report_ ASCErcjtcs1pdf

EXAMPLE9.2

SUCCINCT DATA

Primary Member

SmoothBars

Ductile Steel

7EOE S$AOAEIET C &£ O %AOOENOAEA 2A0EOOAT AA | EI
Longitudinal Bars With Ends Lapped Starting at the End Sections

Inadequate Lap Length withlo/lou,min =0.30

FRP Wrapping

New Material Sets type for the Jacket and Existing Material Sets type for the Existazgumn

=2 =2 =48 =445

DESCRIPTION

A jacketed Fshaped column section is subjected to a Uniaxial without Eccentricityniform Pushover
Analysis in the +X direction.

The resulting chord rotation capacity and shear capacitywith the FE analysis program SeismoBuildre
compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 10-19 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity chécs.

A

0

F
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GEOMETRY AND PROPERTIES

—450 —

300

k250

F—450—1

10t~

k 950 i

Units in N, mm

Knowledge Facor, KF = 0.8

- AOAOEAI 66 001 PAOOEAOD

Jacket:

Concrete Elasticity, Ec 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations:

New material: Concrete Strength, fc = fcm =
33.00

New material: Steel Strength, fs = fsm 555.56
New material: Steel Strength, fs = 1.25*fsm =
694.4444

Existing Column:

Concrete Elasticity, Ec 21019.039
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations:

Existing material: Concrete Strength, fc = fcm
20.00

Existing material: Steel Strength, fs = fsm =
444.44

Existing material: Steel Strength, fs £.25*fsm
=555.5556

-Ai AAOGS O 001 PAOOEAO
Max Height, Hnax=750.00

Min Width, Hmin = 450.00

Max Width, Whax=950.00

Min Width, Wi, = 450.00

Eccentricity, Ec.= 250.00

Jacket Thickness, £ 100.00

Cover Thickness¢ = 25.00

For Shear Capacity Calculations:

New material of Primary Member: Concrete
Strength, fc = fc_lower_bound 25.00

New material of PrimaryMember: Steel
Strength, fs = fs_lower_bound = 500.00

For Shear Capacity Calculations:

New material of Primary Member: Concrete
Strength, fc = fc_lower_bound =&.00

New material of PrimaryMember: Steel
Srength, fs = fs_lower_bound =@0.00
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Element Length, L = 3000.00

Primary Member

SmoothBars

Ductile Steel

7EOE $AOCAEIEIT C &£ O %AOOENOAEA 2A0EOOAT AA j ETAI
Longitudinal Bars With Ends Lapped Starting at the End Sections
Inadequate Lap Length with lo/lou,min=0.30

FRP WrappingData

Type: Carbon

Cured laminate properties (design values)

Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 648280

Elongation, efu = 0.01

Number of directions, NoDir = 1

&EAAO 1 OEAT OAOGEI T Oh AEd mn8nmlJ
Number of layers, NL = 1

Radius of rounding corners, R = 40.00

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most sgnificant results are compared in the table below:

Table 3.127. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 9.2

Local | SeismoBuild Hand

Check Limit Stat Ed i i
ec imit State 981 Axis 2021 calculations

Immediate Occupancy Start| 3 0.00209471 0.00209474
Collapse Prevention | End 2 0.03651949 0.03651949
Shear Capacity [KN] Immediate Occupancy Start| 3 857.716683 857.716737

Chord Rotation Capacity

COMPUTER FILES

A ASCErcjtcs2.bpf
A Report_ ASCEcjtcs2.pdf

EXAMPLE 9.3

SUCCINCT DATA

1 Primary Member
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1 SmoothBars

1 Ductile Steel

7 7TEOE $AOAEIETGC A O %AOOENOAEA 2AO0EOOAT AA j

1 Longitudinal Bars With Ends Lapped Starting at the End Sections

1 Adequate Lap Lengthlp/lou,min >=1)

1 FRP Wrapping

1 New Material Sets type fothe Jacket and Existing Material Sets type for the Existimglumn
DESCRIPTION

A jacketed Fshaped column section is subjected to a Uniaxial without Eccentriciyniform Pushover
Analysis in the +X direction.

The resulting chord rotation capacity and shea capacity with the FE analysis program SeismoBuildre
compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (429) of D.Biskinis (2007). The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

GEOMETRY AND PROPERTIES

—450 —

300+

k250

F—450—

10t

I 950 i

Units in N, mm

Knowledge Factor, KF = 1.00
- AOAOEAI 66 001 PAOOGEAO

Jacket:

Concrete Elasticity, Ec 25742.96
Steel Elasticity, Es = 200000.00

For Chordrotation Calculations: For Shear Capacity Calculations:

New material: Concrete Strength, fc = fcm = New material of Primary Member: Concrete
30.00 Strength, fc = fc_lower_bounet 20.00

New material: Steel Strength, fs = fsm 625.00 New material of Primary Member: Steel
New material: Steel Strength, fs = 1.25*fsm = Strength, fs = fs_lower_bound = 500.00
781.25

Existing Column:

Concrete Elasticity, Ec 23025.204

\
—)

p>2

(@}



Steel Elasticity, Es = 200000.00

For Chord rotation Calculations:

Existing material: Concrete Strength, fc = fcm
24.00

Existing material: Steel Strength, fs = fsm =
525.00

Existing material: Steel Strength, fs = 1.25*fsm
=656.25

-AIL AAGSEO 001 PAOOGEAO
MaxHeight, Hnax=750.00

Min Width, Hmin = 450.00

Max Width, Whax=950.00

Min Width, Wiin = 450.00

Eccentricity, Ec.= 250.00

Jacket Thickness,; £ 100.00

Cover Thickness¢ = 25.00

Element Length, L = 300.00

Primary Member

SmoothBars

Ductile Steel

7EOE $AOAEIEIC A& O
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For Shear Capacity Calculations:

New material of Primary Member: Concrete
Strength, fc = fc_lower_bound =@.00

New material of Primary Member: Steel
Srength, fs =fs_lower_bound = 80.00

Longitudinal Bars Without Lapping in the Vicinity of the End Regions

Adequate Lap length (lo/lou,min>=1)
FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element

(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without Eccentricig-Uniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.128. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 9.3

- Local | SeismoBuild Hand
Check Limit Stat Ed .
e¢ imit State 9°1 Axis 2021 calculations
) ] Operational Level End 2 0.00329890 0.00329890
Chord Rotation Capacity -
Life Safety Start| 3 0.04238693 0.04238693
Shear Capacity [kN] Life Safety Start| 3 909.647589 909.647589
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SeismoBuildverification Report

COMPUTER FILES

A ASCErcjtcs3.bpf
A Report_ ASCHEcjtcs3.pdf

EXAMPLES 4

SUCCINCT DATA

=2 =8 =8 =8 -4 -4 99

SecondaryMember
RibbedBars
Ductile Steel

Without Detailing for Earthquake Resistance (including stirrups notédl OAA AO pou J
Longitudinal Bars With Ends Lapped Starting at the End Sections
Adequate Lap Length (Io/lou,min>=1)

FRPWrapping

New Material Setgype for the Jacket and Newaterial Sets type for the Existingolumn

DESCRIPTION

A jacketed Fshaped column section is subjected to a Uniaxial without Eccentriciyniform Pushover

Analysis in the +X direction.

The resulting chord rotation capacity, and shear capacitywith the FE analysis program SeismoBuild

are compared with hand calculations.

The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 1019 of ASCE
41-17 and according to the equatins (10-5) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

GEOMETRY AND PROPERTIES

F—450—

—450 —

300

k250

1ot

k 950 1

Units in N. mm

Knowledge Factor, KF = 0.90

- AOAOEAI 06

Jacket:

Concrete Elasticity, Ec 26999.444
Steel Elasticity, Es = 200000.00

00i PAOOEAO



For Chord rotation Calculations:

New material: Concrete Strength, fc = fcm =
33.00

New material: Steel Strength, fs = fsm 555.56
New material: Steel Strength, fs = 1.25*fsm =
694.45

Existing Column:

Concrete Elasticity, Ec 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations:

Existing material: Concrete Strength, fc = fcm
33.00

Existing material: Steel Strength, fs = fsm =
555.56

Existing material: Steel Strength, fs = 1.25*fsm
=694.45

-AT AAOCS8 O 001 PAOOEAOD
MaxHeight, Hnax=750.00

Min Width, Hmin = 450.00

Max Width, Whax=950.00

Min Width, Wiin = 450.00

Eccentricity, E.= 250.00

Jacket Thickness, t 100.00

Cover Thickness¢ = 25.00

Element Length, L = 3000.00
SecondaryMember

RibbedBars
Ductile Steel

7EOEI 60 $AOCAEIET C AIO

%AOOENOAEA 2A0EOOAT AA
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For Shear Capacity Calculations:

New material of SecondaryMember: Concrete
Strength, fc = fc_lower_bound 25.00

New material of SecondaryMember: Steel
Strength, fs = fs_lower_bound = 500.00

For Shear Capacity Calculations:

New material of SecondaryMember: Concrete
Strength, fc = fc_lower_bound = 25.00

New material of SecondaryMember: Steel
Srength, fs = fs_lower_bound =@&0.00

Longitudinal Bars With Ends Lapped Startingt the End Sections

Adequate Lap Length (lo/lou,min>=1)
FRP WrappingData

Type: Carbon

Cured laminate properties (design values)
Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00
Elongation, efu = 0.01

Number ofdirections, NoDir = 1
&EAAO 1T OEAT OAOQOET 1 O
Number of layers, NL =1

Radius of rounding corners, R = 40.00

3¢

AEd mn8mnmJ

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element

(infrmFBPH) fully restrained at its support.

\
—_

p2
(@}
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ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.129. Comparison between SeismoBuild and hand -calcul ated results for EXAMPLE 9.4

Local | SeismoBuild Hand

heck Limi E :
Chec imit State dge| \yis 2021 calculations

Immediate Occupancy End 3 0.00344011 0.00344011
Collapse Prevention | Start | 3 0.05412668 0.05412668
Shear Capacity [kN] Immediate Occupancy| End 3 /1238584872 1238.584872

Chord Rotation Capacity

COMPUTER FILES

A ASCETrcjtcs4.bpf
A Report_ ASCEcjtcs4.pdf

EXAMPLE 9.5

SUCCINCT DATA

SecondaryMember

SmoothBars

Ductile Steel

7TEOE $AOCAEIET C &£ O AOOENOAEA 2AO0EOOAT AA j ET Al OAE
Longitudinal Bars With Ends Lapped Starting at the End Sections

Lap Length lo = 300.00

New Material Setsype for the Jacket and NewMaterial Sets type for the Existingolumn

= =8 = =8 =449

DESCRIPTION

A jacketed Fshaped column section is subjected to a Uniaxial withowccentricity-Uniform Pushover
Analysis in the +X direction.

The resulting chord rotation capacity, and shear capacitywith the FE analysis program SeismoBuild
are compared with hand calculations.

The Chord Rotation Capacity is checked according to the tab 10-7, 10-8 and 109 and 1019 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.



GEOMETRY AND PROPERTIES

F—450 —

3001

k250

F—450—

1ot

I 950 i

Units in N, mm
Knowledge Factor, KF = 1.00

- AOAOEAI 66 001 PAOOEAOD

Jacket:

Concrete Elasticity, Ec 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations:

New material: Concrete Strength, fc = fcm =
33.00

New material: Steel Strength, fs = fsm 555.56
New material: Steel Strength, fs = 1.25*fsm =
694.45

Existing Column:

Concrete Elasticity, Ec 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations:

Existing material: Concrete Strength, fc = fcm
33.00

Existing material: Steel Strength, fs = fsm =
555.56

Existing material: Steel Strength, fs = 1.25*fsm
=694.45

-Ai AAOGS8 O 001 PAOOEAO
MaxHeight, Hnax=750.00

Min Width, Hmin = 450.00

Max Width, Whax=950.00

Min Width, Wi, = 450.00

Eccentricity, Ec.= 250.00

Jacket Thickness, + 100.00

Cover Thickness¢ = 25.00

Element Length, L = 300.00
SecondaryMember
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For Shear Capacity Calculations:

New material of SecondaryMember: Concrete
Strength, fc = fc_lower_bound 25.00

New material of SecondanfMember: Steel
Strength, fs = fs_lower_bound = 500.00

For Shear Capacity Calculations:

New material of SecondaryMember: Concrete
Strength, fc = fc_lower_bound = 25.00

New material of SecondaryMember: Steel
Srength, fs = fs_lower_bound =@).00
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SmoothBars
Ductile Steel

With Detailing for Earthquake Resistance (ind AET ¢ OOEOO0OOPO Al T OAA AO pouvdQ

Longitudinal Bars With Ends Lapped Starting at the End Sections
Lap Length lo = 300.00
No FRP Wrapping

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element
(infrmFBPH) fully restrained at its support.

ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most sgnificant results are compared in the table below:

Table 3.130. Comparison between SeismoBuild and hand -calculated results for EXAMPLE 9.5

Local | SeismoBuild Hand

Check Limit Stat Ed i i
ec imit State 981 Axis 2021 calculations

Operational Level | Start| 2 0.00134204 0.00134204
Life Safety End 3 0.02760399 0.02760399
Shear Capacity [KN] Operational Level | Start| 2 |[1217.110931 1217.109391

Chord Rotation Capacity

COMPUTER FILES

A ASCErcijtcs5.bpf
A Report_ ASCEcjtcs5.pdf

EXAMPLE9.6

SUCCINCT DATA

SecondaryMember

RibbedBars

Ductile Steel

Without$ AOAET ET ¢ £ O AOOENOAEA 2A0EOOAT AA i
Longitudinal Bars With Ends Lapped Starting at the End Sections

Inadequate Lap Length with lo/lou,min = 0.30

FRP Wrapping

New Material Setsype for the Jacket and NevMaterial Sets type for the Existingolumn

=4 == =8 =4 -4 -4 -1

DESCRIPTION

A jacketed Fshaped column section is subjected to a Uniaxial without Eccentricityyniform Pushover
Analysis in the +X direction.

The resulting chord rotation capacity, stran and shear capacitywith the FE analysis program
SeismoBuildare compared with hand calculations.
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The Chord Rotation Capacity is checked according to the tables-1010-8 and 109 and 10-19 of ASCE
41-17 and according to the equations (1) of ASCE 4417 and (4.29) of D.Biskinis (2007).The
employed equations are the (163) of ASCE 4417, (22.5.1.1), (11.5.4.8), Table 11.5.4.6 and Table
22.5.5.1 of ACI 31814 for Shear Capacity checks.

GEOMETRY AND PROPERTIES

—450 —

300

1200

F—450—

1ot

I 950 i

Units in N, mm
Knowledge Factor, KF 4.00
- AOCAOEAI 66 001 PAOOEAO

Jacket:

Concrete Elasticity, Ec 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations:

New material: Concrete Strength, fc = fcm =
33.00

New material: Steel Strength, fs = fsm 555.56
New material: Steel Strength, fs = 1.25*fsm =
694.45

Existing Column:

Concrete Elasticity, Ec 26999.444
Steel Elasticity, Es = 200000.00

For Chord rotation Calculations:

Existing material: Concrete Strength, fc = fcm
33.00

Existing material: Steel Strength, fs = fsm =
555.56

Existing material: Steel Strength, fs = 1.25*fsm
=694.45

-Ai AAGEO 00T PAOOEAO
Max Height, Hnax=750.00

Min Width, Hmin = 450.00
Max Width, Whax = 950.00

For Shear Capacity Calculations:

New material of SecondaryMember: Concrete
Strength, fc = fc_lower_bound 25.00

New material of SecondanMember: Steel
Strength, fs = fs_lower_bound = 500.00

For Shear Capacity Calculations:

New material of SecondaryMember: Concrete
Strength, fc = fc_lower_bound = 25.00

New maerial of SecondaryMember: Steel
Srength, fs = fs_lower_bound =@).00
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Min Width, Wiin = 450.00

Eccentricity, Ec.= 200.00

Jacket Thickness, £ 100.00

Cove Thickness,c = 25.00

Element Length, L = 3000.00

SecondaryMember

Ribbed Bars

Ductile Steel

Without$ AOAET ET ¢ & O %AOOENOAEA

2A0EOO

Longitudinal Bars With Ends Lapped Starting at the End Sections

Inadequate LaplLength with lo/lou,min = 0.30
FRP WrappingData

Type: Carbon

Cured laminate properties (design values)
Thickness, t = 1.016

Tensile Strength, ffu = 1055.00

Tensile Modulus, Ef = 64828.00

Elongation, efu = 0.01

Number of directions, NoDir = 1
FiberorientatET 1 Oh AEqd mn8mnmJ
Number of layers, NL = 1

Radius of rounding corners, R = 40.00

AT AA { ETA

|

: NOTE All the required values for hand calculations may be exported to the Report by selecting the
1 member of interest in the Detailed Calculations (Annex) tab of the Print -out Options module.
|
|

MODELLING AND LOADING

The column member is modeledthrough an inelastic plastichinge forcebased frame element

(infrmFBPH) fully restrained at its suppott.
ANALYSIS TYPE

Pushover analysis (Uniaxial without EccentricityUniform +X)

RESULTS COMPARISON

The most significant results are compared in the table below:

Table 3.131. Comparison between SeismoBuild and hand -calculated results for EXA MPLE 9.6

I Local | SeismoBuild Hand
heck L E :
Chec Imit State dge Axis 2021 calculations
. ) Immediate Occuancy| End 0.00120614 0.00120614
Chord Rotation Capacity -
Collapse Prevention | Start 0.04443716 0.04443716
Shear Capacity [KN] Collapse Prevention | Start 1351.973817 1351.973817

COMPUTER FILES

A ASCErcjtcs6.bpf
A Report_ ASCEcjtcs6.pdf






