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UBC 1927 (95 years ago)

BONDING AND TYING 12.12.3 Structural Separation. All portions of the

II] structure shall be designed and constructed to
All building shall be firmly bonded and act as an integral unit in resisting seismic forces
tied together as to their parts and unless separated structurally by a distance

each one as a whole in such manner %3’\ sufficient to avoid damaging contact as set forth
that the structure will act as a unit. “p&ﬁﬂ in_this section. Separations shall allow for the

maximum inelastic response dlsplacementﬁ:).fg
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SEAOC Seismology Committee (2019). “Earthquake Design Documentation,”
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Computer-generated calculations. In general, documentation generated by computer should
meet the same standards as hand-calculations. That is, they should be well annotated and results
should be reproducible. The keys to good design documentation with computer-generated
calculations are a clear graphical description of the computer model and tabular summaries of key
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It is always the responsibility of the engineer of record to confirm that the software works as
intended.

SEAOC Seismology Committee (2019). “Earthquake Design Documentation,”
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Reference  ASCE7-16

Date
Design Code Reference Document

Risk Category

San Diegod &
LT
Tijuana

Ensenada

USGS web services were down for some period of time and as a result this tool wasn't operational, resulting in timeout error.
USGS web services are now operational so this tool should work as expected.

Search for Address or Coordinates
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https://www.seismicmaps.org/

e S SAN CARLOS
Kofa National Gyll,:nﬂ‘:fﬁ RESERVATION.
Refuge RESERVATION 1
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o o
Yuma v e
Mexicali T
San Luis Rio Tucson -~
Colorado” 2 S T
OB
Reservade £ Pinacate y NATION
Reserva 98 Gran Desierto sonoyta® - meatRvATION o
la Blosfera = de Altar (1)
Alto Golfo J Sirra Vista
G de 2
s Puerto Pefiasco
3 ) -
oo Aaua Preta
Lat: 3259285068, Lng: -115.40070469
[ v Site Class D - Default (See Section 11.4.3) v

Risk Category

-115.40070469
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Table 11.4-1 Short-Period Site Coefficient, Fa
Mapped Risk-Targeted Maximum Considered Earthquake (MCER) Spectral Response Acceleration
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0.9
12

See Section
11.4.8
See Section
11.4.8

S¢=0.5

1.0
1.2
1.3
1.6
1.6

oy b

YA d>aw This publication or any part thereof must not be reproduced in any form without the written permission

See Section
11.4.8
See Section
11.4.8

.

14



www.M-Alirezaei.ir
Telegram: @AlirezaeiChannel

¥ WebSite: www.M-Alirezaei.ir
Telegram: @AlirezaeiChannel

”N“‘ .
¥ ‘

(F)) asb & ol Olojy o oS5 le £95 8l b

450 o9lS loj sl S5 0590 iy A3 Ak OlLh ol

TUER 5206  S,205  S,=04  S,=03  S,202
| 10 10 10 10 10
I 13 13 13 13 15
i 2.1 2.1 2.1 2.1 2.2
v 2.8 28 32 e 33
v 2.1 2.1 2.1 2.1 2.2
Vi oy b o5y b oy b oy b o5y b

Table 11.4-2 Long-Period Site Coefficient, Fv

Mapped Risk-Targeted Maximum Considered Earthquake (MCER) Spectral Response
Acceleration Parameter at 1-s Period

Site Class S1<0.10 S$1=0.2 S$1=0.3 S1=0.4 S1=0.5 S$120.6
A 0.8 0.8 0.8 0.8 0.8 0.8
B 0.8 0.8 0.8 0.8 0.8 0.8
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Model I: Rigid zone factor = 0, No panel zone

Maximum deflection: Ax = 3.05 cm
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Model 2: Rigid zone factor = 1.0, No panel zone

Maximum deflection: Ax =2.52 cm
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Model 3: Rigid zone factor = 0, Panel zone from column

Maximum deflection: Ax = 3.3| cm
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Model 4: Rigid zone factor 1.0, Panel zone from column

Maximum deflection: Ax = 2.83 cm
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Rigid zone factor 1.0, Panel zone from column

Maximum deflection: Ax = 2.83 cm

Rigid zone factor 0.5, No panel zone

Maximum deflection: Ax = 2.77 cm
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k=0.5T+ 0.75 0.5 < T < 2.5sec
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C, = Vertical distribution factor;

V = Total design lateral force or shear at the base of the structure (kN);

w, w, = Portion of the total effective seismic weight of the structure (W) located or
assigned to level i or x;

h, h, = Height (m) from the base to level i or x;
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12.4.2.2 Vertical Seismic Load Effect. The vertical seismic load effect, E,, shall be determined in
accordance with Eq. (12.4-4a) as follows:

E, = 0.255sD (12.4-4a)

and, D = effect of dead load.
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effect of horizontal forces —t T— effect of vertical forces
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E Steel Frame Design Preferences for AISC 360-22

ftem Value Lo]
01 |Design Code AISC 360-22
02 |Mutti-Response Case Design Step-by-Step - All
03 |Framing Type SMF
04 | Seismic Design Category D

05 |Importance Factor 1
» 06 |Design System Rho

07 |Design System Sds 05

08 |Design System R 8

09 |Design System Omegal 3
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1. - Vleld ((D—/C)max>Vbase

Vhase = base shear from Equivalent Lateral Force (ELF) analysis
2. - Remove the Elements (Brace or Moment Frame)

1
3.~ Vyjeld, Removed = (m) Vbase

Vyield, R d
4, > if EGREMOVE 3300 o 5 =1.0 Otherwise p=12 or p=13

Vyield
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FEMA 451 (Federal Emergency Management Agency)
3.1.6.3 Torsion, Orthogonal Loading, and Load Combinations
There are three possible methods for applying the orthogonal loading rule:

1. Run the response-spectrum analysis with 100 percent of the scaled X spectrum acting in one direction, concurrent with the application of
30 percent of the scaled Y spectrum acting in the orthogonal direction. Use CQC for combining modal maxima. Perform a similar analysis
for the larger seismic forces acting in the Y direction.

2. Run two separate response-spectrum analyses, one in the X direction and one in the Y direction, with CQC being used for modal
combinations in each analysis. Using a direct sum, combine 100 percent of the scaled X-direction results with 30 percent of the scaled Y-
direction results. Perform a similar analysis for the larger loads acting in the Y direction.

3. Run two separate response-spectrum analyses, one in the X direction and one in the Y-direction, with
CQC being used for modal combinations in each analysis. Using SRSS, combine 100 percent of the scaled X-direction results

with 100
percent of the scaled Y-direction results }\ M
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Absolute Sum Method

This method combines the response for different directions of loading by taking the sum of
their absolute values. A scale factor, dirf, is available for reducing the interaction between the
different directions. Specify dirf=1 for a simple absolute sum:

This method is usually over-conservative. Specify 0 < dirf < 1 to combine the directional
results by the scaled absolute sum method. Here, the directional results are combined by
taking the maximum, over all directions, of the sum of the absolute values of the response in
one direction plus dirf times the response in the other directions. For example, if dirf = 0.3,
the spectral response, R, for a given displacement, force, or stress would be:

where:

and R1, R2, and R3 are the modal-combination values for each direction.

__ __ RSN PV
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ETABS Help:

The program automatically considers seismic load effects, including overstrength factors
(ASCE 2.3.6, 2.4.5, 12.4.3), as special load combinations that are created automatically from
each load combination, involving seismic loads. In that case, the horizontal component of
the force is represented by E_; and the vertical component of the force is represented by E,,

where

En=Q,QE (ASCE 12.4.3.1)

Ev =0.25,sD (ASCE 12.4.2.2)

Effectively, the special seismic combinations for the LRFD provision are

(1.2 +0.2Sp)DL ©Q, Qg (ASCE 2.3.6-6,12.4.2.2,12.4.3.1)
(1.2 + 0.2555)DL ©Q, Qg+ 1.0LL (ASCE 2.3.6-6,12.4.2.2,12.4.3.1)
(0.9 - 0.25,5)DL ©, Qg (ASCE 2.3.6-7,12.4.2.2,12.4.3.1)
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Hinge Property Name
[Fr1

Hinge Type
O Force Controlled (Brittle)
@ Deformation Controlled (Ductie)

Interacting P-M2-M3

Fiber P-M2-M3

Parametric Concrete P-M2-M3
Parametric Steel P-M2-M3
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Edit o b3 o

Displacement Control Parameters
Type

Point  MomentSF Rotation/SF A @® Moment - Rotation 9l 95— <. 2 5
i (0l)9o- K) Juain g45

-06 -1 O Moment - Curvature
08 L

Lo Hysteresis Type And Parameters
Hysteresis Type Isotropic v
[ symmetric

No Parameters Are Required For This
Hysteresis Type

Load Carrying Capacity Beyond Point E
@® Drops To Zero = . o
S Cm— E | an hie )L b

Scaling for Moment and Rotation

Postive Negative
[] Use Yield Moment  MomentSF  [1393920 h 0')9-’ 9 ){J L,'é.o
[] UseYieRotation ~ RotatonSF  [0.0147 |
(Steel Objects Only)
Acceptance Criteria (Plastic Rotation/SF) ] = Nentive U:J){ -&-; .h! be
Il mmediate Occupancy 1 E

Life Safety B ]

I colapse Prevention 1

[J Show Acceptance Criteria on Piot
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Assign menu > Frame > e 5l 5 bl 1) L5 5500 slaoldl sl laxl daoldl & Jolae olazs]
294 ,alb Frame Hinge Assignments o > b awles plul Hinges

[ Auto Hinge Assignment Data ™
Auto Hinge Type
[Assign | Analyze Display Design Options Tools Help From Tables In ASCE 41-17 v
|
[ % Joint v D& 2 §IE B :
[ Select a Hinge Table
‘\ Frame » | I* Frame Sections..
~ Table 8-7.1 (Steel Beams - Flexure) v
K& Cable b | #,  Property Modifiers...
X Tendon » |5 Material Property Overwrites... Degree of Freedom Deformation Controlled Hinge Load Carrying Capacity
u2 Drops Load After Point £
ik we " | Releases/Partial Fiity... O (OlDrove Losd Atag =
) solid » @ m3 O Is Extrapolated After Point E
= > Local Axes..
-
W link/Support 4 & Reverse Connectivity...
W3 Joint Losds » [Tl End (Length) Offsets...
. - AT panamed
lrm  Frame Loads » | T+ Insertion Point...
-
& CableLoads * | 9% OutputStations.
~% Tendon Loads » e
P-Delta Force...

WY Arealoads » [
& Solid Loads » Eah

Link/Support Loads » | Tension/Compression Limits...

Joint Patterns... afe Hinges..

3% Hinge Overwrites...
Assign to Group.. Ctrle Shift+G
.
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€ Materials...

[ Section Properties »

©?  Mass Source...

Coordinate Systems/Grids... =
3¢ Define Load Cases b
Joint Constraints...
Joint Pattems-. Load Cases Click to:
Groups... Load Case Name Load Case Type Add New Load
Section Cuts... Linear Static
MODAL Modal Add Copy of Load Case...

Generalized Displacements,

Modify/Show Load Case...

fr  Functions >

Y2  Load Pattems... * Delete Load Case
192 Load Cases...

¥
Load Combinations... Display Load Cases

Show Load Case Tree...

Ll Moving Loads »

Named Property Sets »
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H Load Case Data - Nonlinear Static

2 o ol
Notes

Load Case Name -
Pu Set Def Name Modify/Show...

Initial Conditions.
® Zero Inttial Conditions - Start from Unstressed State

Modal Load Case

Loads Applied a ’Q I
Load Type km&fﬁ%& LS
v

Load Pattern v E1

lLoadpatern Jlet | Add
Modify
Delete

Other Parameters

All Modal Loads Applied Use Modes from Case MODAL v

Load Application Displ Control
Results Saved Muttiple States
Nonlinear Parameters. Default

(e b (Ssbel)

Load Case Type
Static 2 Design...

Analysis Type
QO Linear

@® Nonlinear \ (r:?):'é' l'ﬂ (_#’) &l’d L):’B)

Geometric Nonlinearity Parameters

@® None

P-Deta \ L. .
P-Detta plus Large Displacements [Caad ] (_#’ P ol )5 |

Source
ious v

Initial conditions

Linear: The analysis starts with zero stres}. It does not contain loads from any
previous analysis, even if it uses the stiffa€Ss from a previous nonlinear analysis.

Nonlinear: The analysis may continue fgbm a previous non linear analysis, in
which case it contaifall loads, deformatlons, stresses, etc., from that previous
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SEAOC: When checking diaphragm deflections, cracked section properties (50% Ig) should be used.

Assign | Analyze Display Design Detailing Options Tools Help Shell Assignment - Stiffness Modifiers

*.  Joint ' REED-®- Y

N\ Frame AP AR A A AN L Property/Stiffness Modiiers for Analysis

7Y shel v | & siab section... Membrane {11 Direction 05

N Link » | & DeckSection.. Membrane f22 Direction 05

~X Tendon » [E)  WallSection... Membrane f12 Direction 1

&1 Joint Loads » |[B) Openings.. Bending m11 Dection 1

[ FrameLoads » [ stfnessModifiers. > Bending m22 Direction 1

4% Shell Loads » | Thickness Overwrites... Bending m12 Direction 1

2% Tendon Loads » |g%  Insertion Point.. Shear v13 Direction 1

s Gauge Properties » |[E] Disphragms.. \ Shear v23 Direction 1 |
Assign Pier Force Acceptance Criteria... 435 EdgeReleases... Mass 1 é
Assign Spandrel Force Acceptance Criteria. Line Releases... Weight 1

5% Assign Objects to Group... »¥q  Rib Locations...

Sl Clear Display of Assigns Local Axes... 9K Close Poply
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Diaphragm displacements for a 10 cm thick slab
1
0.904 0.878 0.904
— 0.9
€
£08
€07
g 0.6
©
o 05
'E 0.4 ===Diaphragm Displacement
EP 0.30'2 . ===Story Displacement 77
502
801
0
0 5 10 15 20 25 30 35 40 45
distance from Wall A
0.277 + 0.67 ) _
ADVE = ==~ —— = 0473 mm i Sile bl
MDD = 0.904 — 0.473 = 0.431 mm ks e ol
MDD 0.431 0.911 < 2.0 il ol
""" ) . s ok
ADVE — 0.473 _ e 5 510 ol g ﬁ%&j
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B Load Case Data

ols s bl wb oo ol

Ge::: CaseName SPx Design 2 olde o aoly 4 il
Load Case Type Response Spectrum v Notes... -39»:1 A Mb).!
Mass Source Previous (MsSrc1)

Analysis Model Default cm/sec? Ml}).g .\:-|9 as [P IS

Loads Applied . 3>ly o 9 87981 o, il

Load Type Load Name Function Scale Factor . —
Acceleraticnyp {ur {zsms;:r.wsr:( 1962 Add — g_98| ’Hlﬁ m/sec?

Delete
\ (0 Advanced

Other Parameters

Modal Load Case Modal
Modal Combination Method CQC

SF(Scale factor) = =9 - 1X 981 _ 196, ™
cale factor) = R - % soc?

\ a\" Axbo Thrs publlcatron orany part thereof must not be reproduced inany form wrthout the written perm|55|on

*3';))'&‘\, % WebSite: www.M-Alirezaei.ir =252 e)
N Y ) Telegram: @AlirezaciChannel ‘ —UU‘
S i R gram: @AlirezaeiChanne! - m] ™
ETABS 4l > b g 05l 2l Jlesl
s il e 9 il sl )33 b ST 420K Slapin Slogsly ;5T Gl sl Ciab
P 53 ol LK) b o SToun o piass 4 00 8l slagglme + 515 olwe o bls 5 05le 2l
39‘:’@ dl}u ).a)lf)lj.\)m ts\_l).:.a )I..\.a.o n_p.:.b ebj GO.:.L:)L\ cJ Lé,’.a

erd: SOpgo S 539‘4::‘50 4.23; /.b.r 22 7.0 )JI)J YA .\)‘J.'\L'«'wa‘ t}‘b 9 ).:l).o r,.m l.t )‘.).5.4 9> U'll ol /J.J».;u 22
T oy s il b gl o T 51K 6l
A2 _ 231 - 041 ln D2

A, 231-041InD,

RF (Response factor) =

0 < DI < 100 (percentage)
0 < D2 < 100 (percentage) DI b a; byoyo ol

D2 Sl + b o & gy sl
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Response Spectrum Function Definition - User Defined X Load Case Data

General

Function Name 280011| D I '" & .b,.:)A LS.’.I)‘:A

Spy Design...
Response Spectum v Notes...

280 -
240 -
200 -
180
120 b,
080 — \__
040 1
000 050 100 150 200 250 300 350 400 450 500 Diaphragm Eccentricty

Medal Damping Constant at 0.05

Function Damping B = Mass Source Previous (MsSrc1)
P—— ownt
Defined Function Loads Applied
Pesiod Vahe Load Type Load Name Function Scale Factor LiJ

[0 1 Acceleration U2 | 28001 |58.86 Add

[N - Delete

0.05 175 Add

01 25

0.15 25 Moddy [ Advance

02 25

025 25 Delete Other Parameters

03 v|25 v

Modal Load Case Modal -
Function Graph Modal Combination Method SRSS =
[ Include Rigid Response
D2 $J+ b b4 b |
o & <5"':“b ! PR S

Modfy/Show...
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References

Research Institute (EERI)

Joint Labe!: 4 Joint Label: 4

Story: Story7 Story. Story?

Ux = 1.0668 Ux = 12078

Uy = 2.9837 &y: ;ﬁge

Uz= 0.1017 z= 0. B
Rx= 0000604 ___—— §;= gggggg: —
Ry = 0.000293 ~ \ — = 2
foteim | 33782x0883=298 iGN

i _).»/“

\ g |

e

230 D2=8% 5 DI=5% oT s a5 Lo sl D2=

Newmark, N. M., Hall, W. J. (1982). Earthquake Spectra and Design, monograph. Berkeley, California: Earthquake Engineering
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AISC 341-16 Dl.4a

For columns that are common to intersecting frames, determination of
the required axial strength, including the overstrength seismic load or the
capacity-limited seismic load, as applicable, shall consider the potential for
E X simultaneous inelasticity from all such frames. The direction of application

S O of the load in each such frame shall be selected to produce the most
1 severe load effect on the column.
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AISC 341-16 Commentary D1.4a

For systems with high R values, even the 30% design motion is likely capable of yielding the structure,
and considering that the 100% motion may occur in any direction relative to a given axis of the
structure, it is clear that simultaneous yielding of orthogonal systems is likely and should be
considered in the design. Determination of the need to combine axial forces from simultaneous
yielding of intersecting frames is left as a matter of judgment. The extent to which simultaneous
yielding of orthogonal lateral frames is of concern is a matter of configuration and design, and
depends upon the expected deformations and the story drift at which the system used is expected to
start yielding. Depending upon stiffness and overstrength, moment frames generally remain elastic

until they reach 1% story drift, whereas braced frames generally will yield before reaching half that
drift.
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SEAOC Seismology Committee (2019)

If intersecting frames are present, due to the high R values associated with BRBFs, SEAOC takes the

position that designers should, at a minimum, design intersecting columns for axial forces

corresponding to 100% of yielded/strain-hardened BRBs in one direction, and 100% of yielded (not
strain-hardened) BRBs in the other direction.
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Yy
C=1.14P,=1.14 xF, xA,
E Define Load Patterns
Loads Click To!
Seff Weight Auto
Load Type Mtier Lateral Load

2 Other v|[o ] o
NyLR || Notional ~ll0 A ||Auto ~
NxP Notional 0 Auto
NyP Notional 0 Auto
ExBot Seismic 0 User Coefficient
EyBot Seismic: 0 User Coefficient Delete Load
c1 Other 0
T Other 0
C2 Other 0

2 Adliiover ________Rdllo |
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Assign menu > Frame Loads > Point

Load Pattem Name n v

Load Type and Direction

Options g
MR @ O it g o
Drection of Load Application | Local-1 v O {

O Delete Existing Loads

Point Loads !: )
i 2 3
Distance |0 [025 | [075 |

load  [110 [ |[o | [am Jhet

@ Relative Distance from End-| O Absolute Distance from End-|

OK Apply
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Load Pattem Name c1 t ; v

Load Type and Direction

Options
® o . @ O Addto Existing Loads
Drection of Load Application | Local-1 v O iasbtin ok

O Delete Existing Loads

Point Loads 4@ p
1 2 3 4
Distance |0 | [025 | [075 |[1

load |70 [0 ][0 | [l kgt

@ Relative Distance from End-l O Absolute Distance from End-l

OK Apply
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FR o) S cud b 5
T = R,A,F, = 1.2 X 26.9 X 2350 X 103 ~ 75.8 ton A anheie
0.5 x 500 cm i)les )lid b b s
Maximum ﬁ = max 3.907 cm 0398
r 0.7x500cm 82.93
422cm
4.71 =471 —1374>8293 = 7
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