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*General Description;

*The total area for the building=4000 m?
*Typical floor height=+3.375 m

*A36 for structural steel

*Reinforced steel GR60

*Concrete compressive strength=28 MPa
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*Combinations used

Service load Combinations Ultimate load Combinations
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“Gravity Analysis
General Checks:

« Compatibility Check.
« Equilibrium Check.
* Internal Check.



*Grayity Analysis

Block 1:

*Block Area=1276 m?
*Period=0.411 second.

*Dead error=1.7%

*Live error=0.7%

*Superimposed error=0.01%
*Max internal Check error=5.66%




*Gravity Analysis
Block 1:
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Chosen Frames for internal Check

X Y Moment Total Total moment | %Error
coordinate from moment every three
Coordinate | Sap(kN.m) | every three | points (Manual)
points(sap) (kN.m)
(kN.m)
X1=21.25 | Y1=9.72 Ml=142
X2=28.05 | Y2=9.72
X1=21.25 | Y1=11.35 | M2=-190
X2=28.05 | Y2=11.35
X1=21.25 | Y1=12.98 M3=93 307.5 294.89 44
X2=28.05 | Y2=12.98
X1=21.25 | Y1=23.32 MI1=119
X2=28.05 | Y2=23.32
X1=21.25 | Y1=249 M2=-184
X2=28.05 | Y2=249
X1=21.25 | Y1=26.48 M3=102 294.5 277 6.3
X2=28.05 | Y2=26.48

Manual And Etabs Results X-
frame




“Gravity Analysis
Block 1:

*Etabs max Deflection=17.42mm
* Allowable max Deflection=

Lshortest span 4700
. =19.58 mm
240 240

*Etabs<Max Deflection» ok

!

HHEE  Joint Element: 2445
PRHHER  Story: Story2
TETHHT Ul om0 265
R Uy =-0123
RS Uz = -17 424
PO Ro= 0000638
O Ry o= 0 000344
FHEH R Rz = 0.000021

Deflection Check Using Etabs



*Gravity Analysis

Block 2:

*Block Area=631 m?
*Period=0.654 second.

*Dead error=0.3%

*Live error=0.77%
*Superimposed error= 0.3%
*Max internal Check error=5.66%
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Chosen Frame for internal
Check

_[ "ﬁ Plan View - Story1 - £ = 3.375 () - Displacements (20+250+1.5L) [mm]

el

Deflection Check.

1



*Grayity Analysis

Block 3:

*Block Area=210 m?
*Period=0.476 second.

*Dead error=2.07%

*Live error=0.0%

*Max internal Check error=4.6%

| [ r433-DView |
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“Seismic Analysis
And Design

General Description for the location parameter.
Geometry of the structure.

Vertical and Horizontal irregularities.

Seismic Analysis method.



*“Seismic Analysis

General Description for the location

 Occupancy Category

Risk Category of Buildings and Other Structures for
Flood, Wind, Snow, Earthquake, and Ice Loads

Use or Occupancy of Buildings and Structures Risk Calegory

Buildings and other structures that represent low nisk to |
human life in the event of Failure

Adl b ldimgs and other structures excepl those hsted i Bk I
Categones 1, 11, and IV

Buildings and other structures, the filure of which could 11
pose a substantal nsk o human hife

Buwldings and other structures, nof included in Bisk
Category IV, with potential 10 cause a substantial economic
impact and/or mass disrupiion of day-to-day cavilian hife in
the event of Failure

Buildings and other structures not included in Risk Castegory
IV (including, but not limated to, facilities that manufacture,
process, handle, store, use, or dizpose of such substances as
hazardous Tuels, basardous chemicals, hasardous wasle, or
explosives) contaimng Woxic o explosive substances where
the quantity of the mateniul exceeds a threshold guantsty
established by the Authority Having Junsdiction and is
sulficient o pose a threut o the public il released”™

Buildings and other structures designated as essentil IV
facilities



‘ Seismic Zone Factor,Z

“Seismic Analysis

General Description for the location

Yuuy'.
e Ground Motion Parameter
=) (S,) =1.25*2=1.25*.2=0.25
(Sy) =2.5*2=2.5*.2=0.5 pres
- ‘ Al Sheikh 10% Probability of Exceedance in 50 years

oo 005 010 0N 0X 0 o0 038




*Seismic Analysis o

e Clana 2 Wot iy by
3 ] . A, Hand pock =5 0000 /s NA KA
General Description for the location &« 25001 000 3 NA
[ I||If|':i dense wnl] and wil ek |00 a0 2S00 whl) ot = M iy
. Suff sl b 1o 1200 s 13 to 50 blows /it 1,000 to 2000 A
E. Soft clay soil 000 fifs 15 blows /fi < 1,000 I/t

Any profike with more than 10 ft of soal that has the following characienstics:

. — Plasncity index Pf > 20,
SOll Type ‘ C = Molsure content w > 40,
— Undrained shear sremgth , < 300 b /¥

F. Sails requinng sile nespomse analysis Soe Sechion 20.3.|
i accondance with Section 21,1

Note: For SE | = 03048 i | /5= 03088 mlsc | b /I =0.0479 kN’



Site Coefficient, F,

% | | |
§ Q I S m I c A n a Iys I s Mapped Risk-Targeted Maximum Considered Earihoquake (MCEy) Speciral Response Acceleration

Parameter at Short Penod
Site Class 32025 J;=035 35 = 0L75 =10 82 1.25
General Description for the location , " " " " "
¢ e 1.2 Ll 10 10
b L 14 .2 .1 10
E 23 1.7 .2 0.9 09
F dee Sechon 11.4.7

Site coefficient:

(F,) =1.3 .
— a Site Coefficient, F,
(F,) =1.5

Nae: Use saraabghie- e interpolation for mtcmodiate valis of

Mapped Risk-Targeted Maxmum Considered Earthquake (MCEg) Spectral Response Acceleration
Purameter at 1-3 Penod

Site Class 5,200 §=02 §=03 5=04 5203
A 0.8 0 (.8 (.8 (.8
[ 1.0 110 | {1 1.0 |0
C 1.7 146 1.5 14 |3
)] X4 20 .8 |6 |5
E 1.5 32 2.8 24 24
F See Section 11.4.7

Node: Use strmighs-Eing mberpolation for mbermedaale valees of §,.



*Seismic Analysis

General Description for the location

Design Spectral Accelerations

SD; ==+ Fy+S; ™= SD, =1%15x0.25 = 0375
SDy==+F,+S; ™= SD.=1x13+0.5=0.65



*Seismic Analysis

General Description for the location

Importance Factor m=) =1
Seismic Design category B D,D
We choose the worst m) D

Risk Snow lce Importance loe Importance Seismic
Category from  Importance Factkor— Facior—Wind  Importance
Tabe 1.5 Fadar, i, Thickness, |, - Factor, |,
| (.50 0. %0 .0 LY

[l LY KLY .0 LY

[ .10 .15 1.0 1.5
IV 1. A .25 1.0 1.5

Risk Category

Value of Spg lorllorll v
Sps < 0.167 A A
0.167 < S5 < 0.33 B C
0.33 < Spe < 0.50 C D
0.50 < Sy D D

Seismic Design Category Based on 1-s Period
Response Acceleration Parameter

Risk Category

Value of S5, | gar 01 o W n

Sy = LIMT A e

(LIMT = Spy < (L1323 3 L -

0133 = 5, = 0.20 L [
[ ]

0.20 = S,

[3




*Seismic Analysis

Geometry of the Structure

 Frame System Used
Two types of Frame systems
1- Moment Resisting Frame
2- Building frame system



Table 12.2-1 Design Coefficients and Factors for Selsmic Force-Resisting Systems

ASCE 7 Section
Where Detaling Response Deflection
Requirements Modification Overstrength Ampilficaion
Selsmic Force-Ressting System Are Specified Coefficient, R* Fador, 0, Facter, O
C, MOMENT-RESISTING FRAME SYSTEMS
I. Steel special moment frames 14.1 and 12.255 8 3 M
3. Steel intermediate moment frames 1225.7and 4.1 4% 3 4
L Sleel orinany moment loumes D Sbanl 41 S
5. Spedial reinforced concrete moment frames™ 12255 and 142 8 3 S
b, Intermedhate renforced concrede moment frames 4 4

7. Ordinary reinforced concrete moment frames

14.2 3 3 M



% [ [ u Banc Dvegn
Re'once Camgory
Seismic Analysis - - = =
Ia Tordmal Irvegularity: Toriond emeguarky is defined 0 exid wheee the matimam viory (AARE DE s
delt, conguind incladeg accalestal torcvn with A« 10, =t cor end of the aoctare 1273 BCDEalF
(et verse 10 20 A i moee am |2 tenes the avernge of e sory dni of Be two eads of 1284) CDEmF
H - t I = I 't' (he srectire. Torsonal imegelenity requisements in e reference sectom gply ooy b Il CDEml
orizontal Irregularities. swectures in which the diuphagn e rigi! of semirgid ok 12561 01, and 1
1634 BCDEmdr
1h Extreme Tordonad Irregularity : Fxpeme edonal imegalariyy & defaad to ennt whese (AR Pad
the mat e viory drfl, compuind schidmng accidmbl rdon widh A, = 1 0, % om ond of R4 D
(he adracinte Banavene B st ath 3 mose fuas | 4 Smes the sversge of the oty dafts ot the 12342 D
two ends of he tratue. Faveme Desional imepalatty rogiisemerts it e seferene 1273 BCadD
sectons mply ondy 10 srtaes in which the daphragm are npd o semingd 2340 Cad D)
(M PR CodD
Tk 125 D
1634 BCadD
] Reentrmnt Corner brregularity: Reenwant comer ety & defoad 0 eug when 2304 DN wd?
bath plan progctions of the enactwe beynd 3 rocatant coener se prester than | 9% of e Tabke 1261 DEwdF
plan denetidn of e sructre in S piven Srectin
1 Disphrapn Dcontinulty rregalarty ; Dphrago docostmuy mvpdarty isdeband to 234 DK awdt
eAint where B & & disphragm with an shrgpt Sconinuity or varidon is ¢ffnew, Tk 1256 DE adF
inclading coe thee has 3 cobou! of open ava preater than 0% of the pow eachied
diaplesgm wea, of & change i effectve dupdragm (ffnew of more Sun 505 from one
Ay B e ner
i Out-of-1me et brregularity: Os of plase offet imegubinty & defined © el whese 1233 B, C.D,E s F
there s & dibcondemity i 4 lsteral fore rantince padh. soch 2 s out of plane offet of o 12334 DE sdF
leat me of B verscal dements (PRA) BCD K ad!
bk 1241 DEmdfb
1634 B CDE:mdF
b} Neaparalel System brregubarity: Noaperalbel o com megad wey s detined © exmt whow (PAN CDEmil
verscal bterad foroe-emiing clemons e oot el (o the magor orhogomal aves of the 1213 BCDEmd )
tenmic force redating wydem Tabke 12561 D E adF

1634 BCDEsdF




*Seismic Analysis

Horizontal irregularities ‘_E\ m“”’ T 1 1 A0
0r
AL (.15

e Reentrant irregularity == Exist

eeeeeee

Menlinear Case




*Seismic Analysis

Horizontal irregularities

Diaphragm Discontinuity
Irregularity mmpDoes not exist

Al Ay

Al

i

Alﬂl.’l‘




*Seismic Analysis

Horizontal irregularities

e Out of Plan offset
Irregularity ==p

No discontinuity in the lateral force
resisting frame ™% Not Exist

ELEVATION



*“Seismic Analysis

Horizontal irregularities

* Non-Parallel Lateral Load
Resisting System m=)

All the lateral force-resisting
elements Parallel =% Not Exist

.
S o |
X e wwwwm




“Seismic Analysis -

Vertical irregularities.

Ssime Dk

Rl Calegury
Descdption Secifion Appleaton

la  Stilfoes=50 Story Irreulanty: Stillne s-soft siory megulanty & dehned © einl where hereisa Table 1261 0 E and F
story in which the bateral stfTness & kess dhan 70 of that in the dory sbove or les han B0 of te
average diflness of the dhree siones shove,

Ih  StiTess-Extreme 5ol Story Irregularity: Stillnes-enreme solt dory megulanty s delined o end 12311 E and F
where thereisa siory in which he liten] dillnes & ks then 6% of hatinthe sory ahove orlssthm Table 1261 [ E and F
T0% of the averap diffnes of the hree dones shive.

1 Weight (Mas) rregularity: Weghl (moss) imegubmnty & delmed i end where the eflectivemassol — Table 126] [ E and F
any siory & mire than 150% of the eflectve mes of an adjacent dory. A moof that & lighter than the
floor helow need not be considered.

1. Vertical (reometric Irreulanly: Verhical geomeine imegubnty & defined o eint where the Tahle 1161 0 E and F
horizontal dimension of the sesmc force-resing sysdem inany dory 15 more than | 3% of thet m an
adjacent dary.

4. Inel"lane Disgontinuity in Vertical Lateral Foroe-Resisting Element Irregularity: bplne 12133 B, C,D,E and F
discontmuty in veriical lateral force-redsing element mmegulanty & defined 1o exst where there & 12134 [ E and F
in-plane ollsel of 2 vertical sewmic lome-reddmg element resuling in overiummg demends on Tahle 1161 [ E and F
suppirimg dncliral eements.

52 Disontinuityin Laleral Strength=\y ek Story Irregularity: Dscongnuity m laera] drength-wezk 1233l Ead F
stary mregulanty & defined 1o exnt where the dory bteral drength sl then 50 of et mthe dory Table 1261 0 E ad F
ahove. The dory lateral drength i the total lsera] drengthol &l seismic-resding elements sharmg the
story shear for the direction under comnsideration.

Sh Discontinuity in Lateral Strength-Exireme Weak Slory Irrepularity: Discmtmy m el 12331 [ E and F
stength-exireme weak siory megulanty & defined 1o e whene the dory |stral stength & les than 12112 B and C
65% of that in the siory shove. The dory stength ® the ot drength of 2l same-readmg elements Table 126 0 E and F

sharmg the sory shear for the drection under comsideration.




*“Seismic Analysis

Vertical irregularities

« Stiffness-soft story
Irregularities ==

Stiffness Weak Story =)




*Seismic Analysis

Vertical irregularities
HEAVY
MASS
« Weight mass Irregularity ==




*Seismic Analysis

Vertical irregularities

« Vertical geometric Irregularity mmp

horizontal dimension of the seismic force
system in any story is more than 130% of

that in the adjacent story mm)
Exist in Block 2

(a) Moment Frame

(b) Braced Frame




*Seismic Analysis

Vertical irregularities

In-Plane Discontinuity in Vertical Lo > 0.2Lw

Element Resisting Lateral Force ==

In-plane offset of the lateral force
resisting elementsm=) Nomm) Not Exist




*Seismic Analysis

Seismic Analysis Methods

« Equivalent Lateral Force Method (ELF).
 Response Spectrum Analysis(MCER).

« Time History Analysis .

e Static nonlinear analysis (pushover analysis)



Sample calculation on block 3*



Modal analysis & Mass participation *
ratio

Case Mode Period X Uy Uz Sum LIX Sum LY
=
1 0.592 0.71 0 0 0.71 0
Modal 2z 0.419 0 0.7111 0 0.71 0.7111
Modal 3 0.237 0 0 0 0.71 0.7111
Modal o 0.124 0.2056 0 0 0.9156 0.7111
Modal 9 0.114 0 0.1921 0 0.9156 0.9031

Program calculated period
90%mass 5 modes needed



*Seismic Analysis

Equivalent Lateral Force Method (ELF).

Block 3:
e Seismic Weight ==)
e \V=Cs*W

Cs max=SDs*I/R

Cs = SD1*/(T*R)
Cs min =.04 SD1 *

Mass of one floor Etabs | Weight of one floor Etabs
Story number (Kq) (KN)
d el 2680 19434
3 R 3009990332
T
] IR 3009 990332
1 iR 3009990332
base 607676 696130156
total weight 1214086.69 11910.19043
Ty 0.47 Sec
W 11906.12 KM
V=Cs™W
Cs 011 1289 83
Cs max 015 1775973
Cs min 0.03 240 5151




*Seismic Analysis

Equivalent Lateral Force Method (ELF).

BIOCk 3: Case Mode Period
. SEE
. Program calclulat-ed period == m 0.71 0
* Period in X direction =0.592 s Vods - 0.7111

« PeriodinY direction =0.419 s



*“Seismic Analysis

Equivalent Lateral Force Method (ELF).

Block 3:
e Manual period )

* Lower limit of period =

. T=ct*h X=0.425S

« Upper limit of period

+ Ta=Cu*Ct*h X =1.4*425=0.505 S

T from program is less than 0.595 & more
than 0.425 mm) Ok

Coefficient for Upper Limit on Calculated Period

Design Spectral Aesponse Accelerntion

Paramelier at 18, 55, Coefficient &,

@

0.3 1.4

2 1.5

015 1.6

<11 1.7
Structure Type C, x

Moment-resisting frame systems in which the
frames resist 100% of the required seismic
force and are not enclosed or adjoined by
components that are more ngid and will
prevent the frames from deflecting where
subjected 0 seismic forces:

Steel moment-resistng frames
Concrete moment-resisting frames

Steel eccentrically braced frames m 5
accordance with Table 12.2-1 hnes
Bl or DI
Steel buckling-restrained braced frames 0.03 (0.0731) 0.75
All other structural systems 0.02 (0.0488)° 0.75

“Metric equivalents are shown in parentheses.



*Seismic Analysis

Equivalent Lateral Force Method (ELF).
Block 3:

Base Shear Calculation:
« Base Shear Distribution ==
Lateral load to stories X :-

h|elevation | weight | wh | F(KN) | emror%
sloryd | 3375 | 13500 |2680.219 | 36682962 | 219.5309| 0.03413
storyd | 3375 | 10125 | 3009.99 30476152 | 172.0666 | 0.03416
stoy2 | 3375 | 6750 | 300999 120317435 | 114.711 | 0.03413
sloyl | 3375 | 3375 | 3009.99 [10158.717 | 5735552 | 0.03421

L ateral I osd to Storias - Y

Storyd ~ 762 4649KN
Story3 —& 705.7179KN
Story2 —e= 737 1453kN

SO 5706k

Base I I I I I I I
0 40 80 120 10 200 240 280 320

Force, kKN



*Seismic Analysis

Equivalent Lateral Force Method (ELF).
Block 3:

Torsional Irregularity Check X-Direction:

delta max
m) <1.2 N0

« Ratio=
_ de{ta Avg
irregularity

Load Maximum| Average
Story |Case/Co |Direction %1 Ratio irregularity
mbo mm mm
Storyd  |EQx2  |X 4 586 4 569 1.004
Mone
Storyd  [EQx2  |X 3.247 3.224 1.007
Mone
Story2  |EQx2  |X 1.847 1.83 1.009 None
Storyl  |EQx2  |X 0 648 0632 1.025

None




*Seismic Analysis

Equivalent Lateral Force Method (ELF). -

Load Maximu | Averag Ax
. Directio Ax
BIOCk 3: Story | Case/Comb mdelta | edelta | Ratio calculate
_ _ n calculated q
Accidental Torsion Calculation ? mm | mm
. ___delta max . 07005373
Ratio= <1.4 no accidental
. delta Avg ‘ Story4 EQx 2 X 4.589 4569 | 1.005 . 1
Torsion
0.7052561
Story3 EQx 2 X 3.249 3.224 | 1.008 5 :
delta max
s — s ) 07073995
' Story2 EQx 2 X 1.848 1831 | 1.01 : 1
0.7300512

Storyt |  EQx2 X 0648 | 0632 | 1.026 , 1




Response spectrum *

®* SDs =0.65 sec
* SD1 =0.375 sec

Function Graph

420 -

360 -

300 - '

240 -

180

120 -

0 -

04 I I I I I I I I I I
0.0 1.0 20 a0 40 5.0 60 T 8.0 8.0 10.0

Horizontal Response spectrum




Response spectrum scaling *

Based on ASCE 7-16 *

The base shear from response spectrum must be
equal or more than 100 % from base shear from
ELF .If its not a scaling for response must be
made .

*

responce base equvilant responce
response spectrum
. shear (befor base  scalefactor base shear
scaling . |
scaling ) shear (after scaling )

for base shear force 951.0061 1289.83] 136 | 1289.83




*Seismic Analysis

Risk Category

Response Spectrum Analysis(MCER). s vl ! 0

Drift Check Smetues, ober han mesonry searwal st fowrsories. 0405, 0020k, 0015k
of less above the base a defined 1n Section 11.2, with intetior

Amp“fled drift:Cd*Story drlft EtabS walls, paritions, cetlings, and exterior wall systems tat have
. been designed to accommodaie the story drfts
Allowable Drift == from Table . i G, i,

Masonry cantlever shear wall structures (.010k,,

Allowable Dr|ft:()()2*h(story):675mm Orher masonry shear wall structures 0.007h (.007h, 0007h,
 SIUCTUr ’m 0013k, (.010k,

AIl other structures

“h, 15 th sory height below level 1

o sesic fotc esising st solely comprssing moment frames i Seismic Design Categories D, E, and F, the dlowable story drit shall comply with the
mquuenrnta of Setion 121211,

“Theteshal be no it it for singestory structres with inteior wals, 5, pntions, ceiings, an exterior wall systens hat have been designed to dcommodte
The story drifis, The structure aetamtmn wqmmnmn of Section 1212.3 1 not waned,

%Smuctures n which the bosc simcturel sy ystem consists of masonry shear walls designed & vertical elements cantlevered from their base or foundation suppor

that e 50 conduced ht monn e betveen shea vl muplmgr 1 negligihle.



*Seismic Analysis

Response Spectrum Analysis(MCER).

story load case load direction maximum displacment drift drift = Cd/l
B I OC k 3 . Story4 EQYres Max Y 8857 2873 14.365
. Story3 EQYres Max Y 5984 2757 13.785
. Story?2 EQYres Max Y 3227 2214 11.07
Drlft CheCk Story1 EQYres Max Y 1.013 1.013 5065

Amplified drift=4.5*Story drift Etabs
Allowable Drift=0.02*3375=67.5 mm.

story load case load direction |maximum displacment drift drift * Cd/l
Story4 ECXres Max X 16.477 5397 26.985
Story3 ECXres Max X 11.08 5149 25.745
Story2 ECXres Max X 5931 4078 20.39
Story1 ECXres Max X 1.853 1.853 9265




Samvy

Vertical Response spectrum

05

0.45

04

0.35

0.3

0.25

0.z

0.15

01

0.05

o

0.000 0.010 0020 0.030 0040 0050 0060 0070 0080 0090 0100 0110 0120 0130 0140 0150 0160 0170 0.180 0.190 0.200 0.210

3

+

vertical period (Sec)

Equation=0.35av*D




Time History analysis™

Time history analysis was made from a data for a previous earthquake happened in *
turkey area

So the data was scaled based on response spectrum for building area *

3 earthquakes were used and scaled *



Matched time history *

Target/Matched Response Spectrum

LB S

Target/Matched Response Spectrum

—

Target/Matched Response Spectrum

Th-2 [\

ReferencesSpectrally Matched Acceleration Time History

Reference./Spectrally Matched Acceleration Time Histony

e

ReferencesSpectrally Matched Acceleration Time Histany




Time History scale™

Based on ASCE 7-16

The base shear from response spectrum must be equal or more than 100 % from base shear
from ELF .If its not a scaling for response must be made .

time history  [equivilant time History
scaling time history base shear base |[scalefactor| base shear
(befor scaling ) | shear (after scaling )
for base shear force 989 6329) 128983 | 1.3033419 128983




Time History drift”

*Because the numbers of time history data are less than 7 the
maximum drift form the 3 file was taken

story load case load direction | maximum displacment drift drift * Cd/l
Story4 time history ¥ Max Y 7.964 2495 12.475
Story3 time history Y Max Y 5469 2465 12325
Story2 time history Y Max Y 3.004 2.048 10.24
Story1 time history Y Max Y (0.956 0.956 478
story load case load direction |maximum displacment drift drift * Cd/l
Story4 time history X Max X 14 937 5.002 2501
Story3 time history X Max X 9935 471 2355
Story2 time history X Max X 5225 3.627 18.135
Story1 time history X Max X 1.608 1.598 799




Stary Response

Time History Results ™

r T
-12.5 -10.0

T
-7.5

T
-5.0
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Summery of displacement

N
story load direction equivelant fesponse\ | history
Story4 Y 13.175 14.365 \ 12.475
Story3 Y 12.84 13.785 || 12.325
Story?2 Y 10.54 11.07 || 10.24
Story1 Y 5.005 \ 5065 /| 478
e\
story load direction equivelant / response\ history
Story4 X 26.265 26.985 25.01
Story3 X 25.285 25.745 23.55
Story2 X 20.31 20.39 18.135
Story1 X 9.39 7.99

\ 9265 /
N_“




*Push-over Analysis

Base Shear, V

.
D, Story Drift, D

~




Ku



*Push-over Analysis

Block 4 Performance:

Models

 Moment resisting frame




Push-over Analysis -

Displacement Control Parameters

Type
Point Moment'SF Curvature/SF M () Moment - Rotation
BIOCk 4 Pe rfo rman Ce: - 01 -5.3 $ @l Moment - Curvature
L = L Hinge Length
C- -1 23

- 1 0 Relative Length

n
B raCI n g M 0 d e I N A 0 0 Cr Hysteresis Type And Parameters
- 1. 0.

t . C 1. 33 . Hysteresis Type Isotropic v

L4 M l I I H Symmetric

O en Inge D 1. 83 v Mo Parameters Are Required For This
11 2304 Hysteresis Type

EIaStIC Perfectly pIaStIC Load Carrying Capacity Beyond Point E

@ Drops To Zero

BehaVior () Is Extrapolated

Scaling for Moment and Curvature
Positive Megative

[] Use Yieki Moment  MWomentSF  |249]

Use Yield Curvature  Curvature SF
(Steel Objects Only)

Acceptance Criteria (Plastic Curvature/SF)
Positive Megative

. Immediate Occupancy

Life Safety oK Cancel

Collapse Prevention

[] Show Acceptance Criteria on Plot



*Push-over Analysis

Block 4 Performance:

* Assigning hinges in the
beginning, middle and end
of the members.

m=) Result Fallure mode. /\\ /\\




*Push-over Analysis

Block 4 Performance:

Bracing Model:

» Result Push over curve.

=

Manual check :

Summation of external works
=summation of internal works

ZPA:sz*H

Static Nonlinear Caze Plot Type

push over x v ATC-40 Capacity Spectrum

xi0

400

3130._:

320._:

Spectral Displacement

-
RN R RN RN AR RN ARARR RN AN
30, 600 90, 1200 1500 180 2100 2400 270. 300,

Spectral Acceleration - g

xil

Units
W KN, m, C

Current Plot Parameters

A40PO1
Add New Parameters...
Add Copy of Parameters...

Modify/Show Parameters...

Performance Point (V. D)
(709.416,0.03)

Performance Point (Sa, 5d)
(0125,0.031)

Performance Point (Teff, Beff)
(0.99,005)

A



*Push-over Analysis

Block 4 Performance:

Bracing Model:

Manual check :

ZPA:ZMp*H

TABLE: Pushover Capacity Curve X

LoadCase Step Displacement|BaseForce

Text Unitless m KN

push over x 0 0.000255 0
push over x 1 0.126329| 1260.525
push over x 2 0.166491| 1586.268
push over x 3 0.363835| 2493.029
push over X 4 0.513835| 3147.911
push over x 5 0.630407] 3591.762
push over x 6 0.786691| 3907.754
push over x / 0.939921| 4128.501
push over x 8 1.096304| 4287.505
push over x 9 1.102395| 4291.582
push over X 10 1.12826| 4299.066
push over x 11 1.274711| 4150.062

2000 result manual result |error %

base shear 4299.066| 4567.525926( 5.8775786




“Push-over Analysis

Block 4 Performance:

Push over curve in X direction

14000

12000 % + ~ X

10000 —4—pushover X
o =l—"linearcapacity”
@ 8000
@ 6000
. /./ by

——— 3
4000 .—--"’H_ ——Fe
2000 > —0—Fy
0.4 0.6 0.8 1 1.2 1.4
displacment




Base shear

14000

12000

10000

8000

6000

4000

2000

A
e K
’*_._.-4"' ¢
@
Y
0.2 0.4 0.6 0.8 1 1.2

displacment

1.4

=—4—pushover X
== "linearcapacity"
== AU
e A\
=—t=Fe
=0—Fy

Fu

Response
Modification 8.95

Coefficient, Ra

Overstrength 3.41
Factor, Q0
Deflection
Amplification 8.93

Factor, Cd




*Push-over Analysis

Block 4 Performance:

Y direction:

« Assigning hinges in the [\
beginning, middle and end /\ \
of the members. il

=) Result Failure mode. A\ \\
/

26

o 13

13
-26

39
-b.2
6.5

18



*Push-over Analysis

TABLE: Pushover Capacity Curve Y
Block 4 Performance: LoadCase Step Displacement| BaseForce
Text Unitless m KN

push over y 0 3.73E-06 0
push over y 1 0.049886 382.247
« Result Push over curve. push over y 2 0.066907 504.65
‘ push over y 3 0.084663 545.724
push over y 4 0.084663 545.724
Manual check : push overy 5 0.08559 546.166
Summation of external works PUSH OVEL oL a2l 990005
=summation of internal works push over y s 328073
push over y 8 0.550035 200.503
SPA = z Mp * 6 push over y o 0700085 73.308

sap 2000 result [/manual result |error %

base shear 556.088| 663.7/86666/| 16.22489153




Push over curve in 'Y direction

Base shear

1800
1600
1400
1200
1000
300
600
400
200

0.05

0.1 0.15

displacment

0.2

0.25

—4—pushoverY
- "linearcapacity”




Base shear

1800

1600

1400

1200

1000

800

) 4

"
600
400

200
0 l/

0.05

0.1 0.15

displacment

0.2

—4—pushoverY

—fl—"linearcapacity"

Response
Modification 2.41

Coefficient, Ra

Overstrength 1.45
Factor, Q0
Deflection
Amplification 2.41

Factor, Cd




Difference between building *
parameter from Code ASCE-7 2016
and pushover analysis results

X direction Y direction
from push-over analysis from code from push-over analysis from code

Response Response Response Response

Modification 8.95 Modification 450 Modification 241 Modification 4.50
Coefficient, Ra Coefficient, Ra Coefficient, Ra Coefficient, Ra

Overstrength 341 Overstrength 3.00 Overstrength 1.45 Overstrength 3.00
Factor, Q0 Factor, Q0 Factor, Q0 Factor, Q0

Deflection Deflection Deflection Deflection

Amplification 8.93 Amplification 400 Amplification 241 Amplification 4.00
Factor, Cd Factor, Cd Factor, Cd Factor, Cd




*Detailing

Beams Detailing

®» Cross sectionin Beams:
» | ap splices:
®» Continuity in bars:
® Stirrups at distance 2h:
< d/A4.
< 6db.

< 150 mm.
spacing = 100 mm.

®» Stirrups at mid of the beam:

<S=d/2.

1120 mm @12 /120 mm 714
/ /
/ ;
o 53 r ” T . LT T TR
ISERTIBAR SRR R A A e S [
1y ] § 2| 3 S A5 A T P
I 1 Mo 9 ; “1*1°1F
@14
' L1 L1 TV Lg Lg =
> - — b T o '4—-—»
4 3 3 ‘ 3
I

U ssommd |1/ Lisomm |
0 mm \ / Om L
= _121\ IR Q L2'
k150mm 8 LA 8 3
[ L1 + L2‘“ q




“Detailing

Column Detailing

Cross Sections:
I
> max column dimension.
> 1/6 of clear height of column.
> 450 mm.

splicing:
500 mm
Transverse steel:
< % minimum member dimension.
< 6 db.
<S5,

0.310

1.110

0213



*Detailing

Footing Detailing

D14

D14

18

16



*Detailing
Steel Connections:

Beam-Column Flange Connection
Stiffeners are used
Beam-Column Web Connection
Beam-Girder Connection







