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There’s always a solution in steel.
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AISC Live Webinars Course Description

Session L3: Design of the Moment Frames

Copyright Materials September 24, 2018

This presentation is protected by US and International Copyright laws. Reproduction,

distribution, display and use of the presentation without written permission of AISC is prohibited. This session presents system/connection selection and reviews
prequalification issues pertaining to moment frames. The lecture then
© The American Institute of Steel Construction 2018 addresses moment frame analysis, beam, column and connection

design. The session concludes with the treatment of base-plates.

The information presented herein is based on recognized engineering principles and is for
general information only. While it is believed to be accurate, this information should not be
applied to any specific application without competent professional examination and verification
by a licensed professional engineer. Anyone making use of this information assumes all liability
arising from such use.

Learning Objectives

+ ldentify the various prequalified connections for use in
moment frames.

Seismic Design in Steel:
Concepts and Examples

Session L3: Design of the Moment Frames
September 24, 2018

 List the advantages and disadvantages of the reduced beam
section (RBS) connection.

» Describe strong-column / weak-beam proportioning.

Rafael Sabelli, SE
+ |dentify the steps of a moment frame base-plate design.
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Course objectives

» Understand the principles of seismic design of
steel structures.

» Understand the application of those principles to
two common systems:
o Special Moment Frames
o Buckling-Restrained Braced Frames.

» Understand the application of design
requirements for those systems.

Seismic Design in Steel
Session L3: Design of the Moment Frames

Resources

» AISC Seismic Design Manual

 Ductile Design of Steel Structures,
Bruneau, Uang, and Sabelli,
McGraw Hill.

» Earthquakes and Seismic Design,
Facts for Steel Buildings #3.
Ronald O. Hamburger, AISC.

+ Other publications suggested in
each session

Other resources

» AISC Solutions Center
o 866.ASK.AISC (866-275-2472)
o Solutions@AISC.org

» AISC Webinars
o Webinars@AISC.org

Course outline

Partl: Concepts

R1. Introduction to effective seismic design
R2. Seismic design of moment frames

R3. Seismic design of braced frames

R4. Seismic design of buildings

Copyright © 2018
American Institute of Steel Construction
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Course outline

Partll: Application Session L3:

L1. Planning the seismic design :§ Design of the Moment
L2. Building analysis and diaphragm design Frames
L3. Design of the moment frames 2
L4. Design of the braced frames &

E

structural
s olEEL
Session topics Design overview

» Assume frame is drift governed
o Postpone strength check until frame optimized
* Drift
» Minimization of connection reinforcement
o Use software to compute drift

» Prequalification issues
* Frame analysis

« Connection design

* Optimization

* Beam strength design * Model as discussed in Session L2
» Column strength design + Member selection
o Base-plate design o Prequalification limits

o Seismic compactness (“highly ductile member”)

* Complet|0n of des'Qn o Strong-column/Weak-beam proportioning

Copyright © 2018
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Design overview

* RBS selected
o Good illustration of design procedure
o Relatively simple analysis
+ WUF-W is a good candidate for a small building
o Too simplified a design procedure
* No field welding for:
o Bolted flange plate (BFP)
o Bolted end plate (BEP)
» Connection selection considers
o Contractor preferences & capabilities
o Inspection & NDT requirements—shop and field

Prequalification issues

There’s always a solution in steel.

structural
7 olEEL
Prequalification issues RBS Prequalification limits
« Limits on member sizes * Beam * Column
. ) o I-shaped o I-shaped
+ Limits on degree of beam reduction o W36 max. o Box
» Analysis requirements o 300 PLF max. o Boxed WF
- Special design procedure in AISC 358 ok <1% « Connection
« Prescribed detailin o Span/depth 27 o 25%-50% flange
escribe etailing o Seismically compact reduction
 Lateral bracing requirements (in center 2/3 of RBS) . 15;/0-?_0% strength
o Laterally braced at reduction
* Protected zone hinge (exception for o Dimensional limits
composite deck)
AISC 358 §5.3
19 20

Copyright © 2018
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Seismic Design in Steel
Session L3: Design of the Moment Frames

Reduced Beam Section (RBS)

0.5by; < a < 0.75by,
Frame analysis

0.65d < b < 0.85d

0.1byr < ¢ < 0.25by R 4c? + b?

M2 < .

b—s0p —
Zgps = Zx — 2¢tpp(d — tpf) b b 2
bep = 2(R =€) + by — 2 R2—<§)
structural
AISC 358 §5.8 N -1

cl |

There’s always a solution in steel.

21

Frame analysis Moment-frame model

* Frame model set-up
o Stiffness modifications

. Roof ._._..
o Panel-zone modeling £ No ond
« End offsets 4th ?g E offsets or Second-
_¢—" - %% panel-zone | order
o Second-order effects . °© 0.9E (RBS) elements effects
. —¢§r- - * .- : typical addressed
* Member selection _ (NIST Guide) via B, factor
. . a5 E in member
o Prequalification 4% g3 design
g o
o Base condition l 0.35 |, typical | concrete grade] beams

23

Base plate and foundation rotational restraint
may be quantified for additional stiffness

24

opyright © 2018
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Moment-frame model

» AISC 358 suggests 10% increase in

Seismic Design in Steel
Session L3: Design of the Moment Frames

overall drift as a liberal estimate of
RBS effect
* NIST Tech Brief on Steel SMF
recommends 10% reduction in beam
stiffness as a reasonable
approximation
o RBS does not affect column

* Many software programs can

automatically include non-prismatic
RBS members
o RBS effect on drift is often 2%-5%

25

Moment-frame model

Roof _ _._ I- 56K
_4;&1!“ _________ ) 49K
3% ) 31K
_4;2”.“ ......... -) 14K

Loads from session L2 (do not include B, and

correspond to C,T,) 2

Moment-frame model

SO S (R«

Roof ._._.. Moot
=Y. 708K/g
Tributary mass

4 Mﬂonr (weight)

‘¢— =Y2 868KI/g included to
; permit period

_¢§ ---------- calculation
_¢2".d .........

27

Copyright © 2018
American Institute of Steel Construction

Member selection

» Takes care of some checks
o Column & beam compactness
+ Highly ductile members per AISC 341 §E3.5
o Prequalification limits per AISC 358 §5.3

Anticipates some requirements
o Strong-column/weak-beam AISC 341 §E3.4a

o Potential need for column reinforcement
« Continuity plates
* Doublers

28
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Seismic Design in Steel
Session L3: Design of the Moment Frames

Member selection

* Beam
o Maximum depth = (60-14")/_ = 50”
o W36 maximum nominal depth
0 300 PLF maximum
oty <1%°
o Preferr, 22"

 For bottom-flange brace spacing = 8
o Maximum L, ~ 50r,, for R, F,= 55ksi
+ AISC 341 §D1.2b

Member Selection

AISC 358 §5.3
29

» Compactness
o Use SDM Table

o Note that RBS beam
compactness is
measured at the /4
point of the cut

+ Additional sections not
indicated in the table

may work 2
beg =2(R—c)+ by —2 R2—<§)

Assume b, = 0.8b; for member,

Tablo I-G-looﬁiinuié

Sections That Satisfy Seismic
Width-to-Thickness
Requirements
— ‘W-Shay
S | ) Lo -
WF BMF STHF SCLE | OCEF SCHF
S hﬂhl [ I |
and - Duageosd Disgenad
Gty Cobres
W14x730 .
a7 |
am | .
| .
=103 .
176 .
159 .
145 .
wietaz | -
o |
o | .
W14:82

Wid53

s TS T IR

Wid38
34

a0

Fy = 50 ksl

Lyam !

mas Gobimes | fraces | Graces (Eskmes | Bvars | i | Lo

« |15
. |72
. |10
« |69
- |63
. |67
« |65
« |65

. |18
. |55
. |15

. 103
. |13
. 102
. |12
. | 78
.|
. | 788
. | 64
+ | 63
« | 619

35
29
27
334
23
20
320
327
00
207
06
204
204
202
201
158
157
155
127
126
122

selection; check later

30

Member Selection

» Strong-Column/ Weak-Beam (SCWB)
3 Mpc
ﬁ > 1

o Assume 2z > 1.5
X Zggps
+ 3.0 makes column reinforcement less likely
o Not applicable to deep columns
* RBS beam reduction
o 30% assumed

« SCWB checked later

AISC 341 §E3.4a »

Beam and column numbers

1columnf — — 3

1 column
™ 2 beams

|
T beam | [*——*P*—P—*[*——*

- -

Q0040 —0O—040—O—0

2columns I T~ ) {

1 beam | .__‘i: % 1
—0

-
F S 2 columns
_ 2 beams
o

-

R
]

4 Z
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September 24, 2018 Session L3: Design of the Moment Frames
Strong-column/Weak-beam Preliminary design
P13 - S| =psa*sasa/(sp19+sBs2tsms3)
£ oo Do | Dosition| WO WA WA W3 WIS WXTE  Hand methods (see Naeim, assumptions
2 Z, 8
3 Beam % = 70‘; Designation Z, 735757 73207 f” 72607 723747 flz I added)
34 W27X114 343 1.48 1.33 1.20 1.08 ViR 2 1
15 W27X102 305 1.66 150 134 122 1.10 ifli
13 wa27xea | 278 182 164 147 1.34 1.20 1.09 o Aiz Cd 1121 Elc; Elp; = OOZhl
17 w27xea | 244 | 208 187 168 182 137 124 y—tyy—t
32 W24X103 280 1.81 163 145 133 119 108 | hy L
3 W24X3%4 254 2.00 1.80 161 1.46 1.32 119 .
54 w2axsa | 224 | 226 204 183 166 | 149 135 o Assume typical ICl' = Zlbi
35 W24xX76 200 254 229 205 186 167 1.51
% waaxes | 177 | 287 258 | 232 210 189 174 * End column I;; = I,
i W24x62 153 3.3 299 268 2.43 2.18 1.98
ia W24x55 134 378 341 306 277 249 226 Vih;i Cq [hi ]
0 317 286 256 232 200 1.89 ol,. =—=+—2|=L+ L| for N bays
1 xii::: i:j 3.52 347 2.85 2.58 2.32 210 bl 12EN 0.02 L2 y
el WAIM1VER 176 AN q1R2 298 708 7 RR 2 AN O Reduces iterations
3 ) « But with computers iterations are easy 3
Preliminary design lteration (computer analysis)
« Computer methods » Period changes with member changes
o Model with arbitrary member size * Base shear changes with period
. . . " .
o Increase or decrease stiffness to achieve o Use model to determine 1-mode period T

+ Typically much larger than C,T,

» Reduces forces greatly
Modify scaling with each iteration
o Keep an eye on SC/WB o Each iteration permits reduction in forces until model
period matches period used to derive forces

» Or use a response spectrum in analysis software

proper drift
o Use seismically compact members

35 36

Copyright © 2018
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September 24, 2018 Session L3: Design of the Moment Frames
lteration (computer analysis) Drift-determined period
C,T,=0.92s s
T C, Vet %V Sq =Cq (R/I )g = ng Adapted from Naeim’s
— 0.90 0.083 276 102% Consant ¢ /sec Seismic Design
0.95 0.079 262 97% [Fq. 12:87 5;;1;;:;;"3‘ ¢ s7 s.ar Handbook, 3.3.7
100 0075 248 92% ; a2y So=n _Fal” _ SpagTisec)
1.05  0.071 237 87% || i @ Am A
110 0.068 226 83% 3 | ol
115 0.065 216 80% £ —— S T
120  0.063 207 76% ¢ o H sl ke 258 Sq & = Argop==0.02h = 20192580 (Zsec % is an approximate
1.25 0.060 199 73% £ H 3 3 4 correction factor
1.30 0.058 191 MM% = E , + Spectral
135  0.056 184 68% & £ _ 2 0.02h4m” _ 20.025h (sec) displacement is
140 0054 177 66% 2 3Sp1g (sec) 3 Spi(feet) notroof
145  0.052 171 63% s
150  0.050 166 61% n n L L _20025(5L5)(se0) _ | participation
T, = 1.53s (final iteration) et ' : e 3 0.6(feet) <100%
37 38
Final iteration RBS Modeling
@ @ @ @ « Many software packages facilitate more
1 1 1 1 . .
; i i i exact modeling of RBS stiffness
Roof ._._.. W18x40 . .
. NN . + Other methods available in journals
_4;5151 ______ = 2 | w24x62 2 = _ . .
3 T vpica |3 3 » Use of I ;= 0.9/, typically overestimates
S i 3 T . O
LR = | woaez  [= the reduction significantly
© 2 typical o Q
ond k¥ ot \W24x76 kv =
_¢_ 3 s typical ¥ 3
= 2 = 2
st 24'x36"
_¢_ '''''''' typical
39 40

Copyright © 2018
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September 24, 2018 Session L3: Design of the Moment Frames
Final iteration Final iteration
* 18t Mode period =1.53s « Stiffness reduced compared to what was
* Cypriny = 0.049 assumed in determining B,
* Vg =162K = 60% Vsyengn) * Recalculate B,
+ Amplify displacements by final B,
Drift ratio A=ﬂ = Cadei
" h Iy
Story4 0.014
Story3 0.019
Story2 0.018
Story1 0.018
41 42
Second Order Effects: SMF Final iteration
B, = Pl . « Drift-controlled « 15t Mode period =1.53s
1-— Stlg”; o A=0.02h e C Drift) = 0.049
[1 —0.15m Varireh « Use P-A gravity load . VS( .” 4 —162K = 60% V
L o P=1.0D+0.5L (Drift) (Strength)
B, = T 0.02Psrery * Assume P,;= "2 Py, -
1 _—0-93Vdriff_ * B, = 1.06 (largest) B, * Drift ratio
B, o Use ELM 0.0143
Roof | 1.03 0.0197
g"; — o K=1 00193  <0.02 OK
Zm 1.06 0.0193
. B =11 e nct b conedered ¥

opyright © 2018
merican Institute of Steel Construction
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Seismic Design in Steel
Session L3: Design of the Moment Frames

Stability check (ASCE 7 12.8.7) Check irregularities
_ PstoryAIe .
c 0= « Vertical soft story
1 o Results from model
0 Omax = 8¢, <0.25 Level Displacement | Shear | Stiffness
_ story shear demand (in.) (kips) (kips/in)
° ‘B ™ story shear strength at first significant yield 4" 0.637 60 95
rd
« Assume f = @ = 0.9; Oy = ———— = 0.10 3 0.860 13 | 132
20969 2" 0.840 146 | 174
.0, = 3313K(0.0193h)(1.0) _ 0.07 OK 1st. o000 162 174
162K (h)5.5 o Story stiffness increases with story shear
o ﬁ = 1.08~B, o Irregularity not present
ASCE 7 §12.8.7
45 46
. o ,
Check irregularities What's the score?
* Vertical weak story o—*—° * Member selection
o Beam strength Vea v, Ve o Members meet compactness requirement
* Assume uniform RBS reduction % o Members meet RBS prequalification limits
Mo Veer zV, * Frame meets drift limit
Level Beam (ft-kip) (kip) (kip) . .
Roof W18x40 303 22.1 638 » Frame meets ASCE stability requirement
4" W24x62 591 44.0 633 .
3¢ W24x62 591 44.0 633 « ELM with K=1 may be used
2[10 . . .
Wedo 72 2L 2 o No DAM stiffness reductions
o Irregularity not present
47 48

opyright © 2018
merican Institute of Steel Construction
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Seismic Design in Steel
Session L3: Design of the Moment Frames

Connection design

There’s always a solution in steel.

structural

STEEL

Connection design

A d t, by & k K b/2t,  hn, I z,
W24x62 182 237 0430 7.04 0590 163 1'/55 597 501 1550 153
W14x132 38.8 .14.7 0.645 14_.7 1.03 1.09 41 9/16 7.15 1.747 1530 234

Roof _ _.. W18x40
typical
< o N <
_4;5“" X 2| w24x62 B N
....... % S : oY %
g 3 typical +3 g
3 = | woaxe2 =
© o typical o P
_¢2”." ______ X T | W24x76 < <
= J typical s i
= z S z
24"x36”
---------- typical

50

Connection design

Compute beam plastic-hinge moment
Analyze beam at formation of plastic hinges
Compute forces on connection

Check connection limit states

o AISC 341 (SC/WB)

o AISC 358 (beam checks)

o AISC 360 (WLY, WC, FLB, P2)
Example follows 2010 provisions

2 W24x62 beams
2 W14x132 columns

51

Compute beam plastic-hinge

moment
» Selecta, b, & ¢
ca=4" = 0.57by, 0.5by; < a < 0.75by;
ob=16" = 0.68d 0.65d < b < 0.85d
oc=1.5 =0.21by 0.1bys < ¢ < 0.25by,

Zrps = Zy — 2ctpp(d — typ) = 112in3 = 73%Z,

My, = CprRyE,Zgps = (1.15)(1.1)(50ksi)(112in®) = 7090kip * in

_ (50ksi) + (65ksi)

= < = 1.15
pr 2F, pr 2(50ksi)

AISC 358 §5.8

2 W24x62 beams

2 W14x132 columns 5

Copyright © 2018
American Institute of Steel Construction
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Beam analysis

+ Geometry:
OSh - a+b/2 - 12"
oLp=L—dg —2s, =360"—14.7"—2(12")

oL, =321"
i i
I ' Plastic hinge location vl
Y24, ! Yad _|_‘ :
col L_} " Sh : Lh col : S I

2 W24x62 beams
2 W14x132 columns

53

Seismic Design in Steel
Session L3: Design of the Moment Frames

Approximate RBS beam stiffness

* 10% reduction in beam stiffness may not
be valid for some cases
o Low span-to-depth ratios
* As low as 5 permitted for IMF
o Thick-flange/thin-web beams
* Built up

2 \W24x62 beams
2 W14x132 columns

54

Approximate RBS beam stiffness

* 10% reduction in beam stiffness very
conservative for most cases
o High span-to-depth ratios
» 27 required for SMF
o Typical flange/web thickness ratios
* Rolled WF beams

» Sabelli approximate equation:
1

Ler _ -
io—"; - =093
(Ly + 2sp,)? - (th/l) (d- ff)z

2 W24x62 beams
2 W14x132 columns

55

Copyright © 2018
American Institute of Steel Construction

Beam analysis

 Gravity distributed load
ow,=1.2D +0.5L
o w,=1.2(0.840kIf)D +0.5(0.600kIf) = 1.31klf

2 W24x62 beams

2 W14x132 columns %

14
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Beam analysis

» Gravity shear
o V,= Vs w, L, = ¥(1.31kIf)(321in)(1ft/12in)

o V,=17.5K
» Seismic shear
o Vo= 2M,, /L, = 2(7090Kip*in)/(321in)=44.1K
» Total shear
0 Vrgs = 17.5K+44 1K=61.6K
0 Vggsy = 17.5K-44.1K=-26.6K (i.e., up)

2 W24x62 beams

2 W14x132 columns &

I/ Mo = My 4 Viegsy(Syt72d,,)

M= M+ VRBSZSh' i
| M Iy

- |

\
Mo = My 4 Viegsy(Syt72d,,)

)

My =M, + VRBszsh'l‘ i

1
1
1
‘M

oM, Mer
S M =M, +Vipe,S, i
11 =Mpr*Vres1Sh
i Miy =M, +VigssS
\ Moy = Myt Vigss(Sy+72d;o) Meyy = M+ Viegsi(Sp+¥adyy) 59
N 2

C
A

opyright © 2018
merican Institute of Steel Construction

Seismic Design in Steel
Session L3: Design of the Moment Frames

Beam analysis

Mgp= _ .

M+ Virgsa(Sit+V2doo) 1 M, =7610kip*in

Mpz= Mo+ VreszShe | My, = 7410kip*in
Seismic moment M, ' 1 l M, =7090kip"in

diagram

Total moment
diagram \

M,,=7090Kip*in ‘
_ P : ‘Mpr
M;=7830kip*in | 4 Myy =M+ VigssSy
M, = 8280kip*in ¢ M, =

M+ Viggsi(Sp+V2dgg) 58

Check section at column face

* Moment

o @M, = 1.0Z,R,F,

o @M,, = 8415Kkip * in > 7830Kkip * in OK
* Shear

o @V, = 306K Table 3-6

o @V, = 306K > 61.6K OK

2 W24x62 beams

2 W14x132 columns &0

15
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Strong-Column/Weak-Beam

. 2 Mi‘;c S 1 AISC 341 §E3.4a
X My,
* d
'Mpc:Zc(Fy_Pu/A)+Vc b/Z
oP, =1.4D + 0.5L+ 3.0E,=249K

— ZVeclL/z —
© VC B 1/2hi+1/3hiq = 106K Ve
o M,’;C=1 1,500kip*in °—°f°—o
VEcl

o Y, My;.=22,900kip*in

2 W24x62 beams
2 W14x132 columns

61

Seismic Design in Steel
Session L3: Design of the Moment Frames

Strong-Column/Weak-Beam

b ZM;b = MCll + MC12=15,900kip*in

. Y Mpc _ 22,900kip*in

> Mpb 15,900kip*in
XZc _ .
=21 (just to gage the effectiveness of
Z ZRBS this as a predictor of SCWB ratio)

AISC 341 §E3.4a

2 \W24x62 beams
2 W14x132 columns

62

Forces at column face

0.85M
I —288K AISC 341-16 E3.6f

.Pf_ dp—tpf

* Web Local yielding
o #R, = 8(5k. + N)E,t.y,
0 B8R, = 1.0(5k, + tyf )F, 0, =282K NG
« Continuity plates required for 288K-282K=6K

AISC 360 §J.10

2 W24x62 beams

2 W14x132 columns &3

opyright © 2018
merican Institute of Steel Construction

Forces at column face

* Web crippling

o gR, = 90.80t¢, [1 + 3 tCW l /Epywtcf
th tew
o 8R, = 0.75 % 0.80t2, l1 +3 tbf ftcw ] /EF:Wth
cf cw

o gR, =402K, OK

AISC 360 §J.10

2 W24x62 beams

2 W14x132 columns 64

16
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Forces at column face Additional AISC 341 check

» Flange local bending .t > bbf/6
0 @R, = 0.9 * 6.25t°F,. =298K OK

e t;r = 1.03in
o More stringent requirement in AISC 341-10 §E3.6f

o PP/ =704/ =117in > 1.03in, NG
o Continuity plates required

o« tep > 0.4\/1.8bbftbf (gigj) equivalent to

FypR
0 6.25t2 = 1.8bbftbf( b yb/chRyc)
0 0.9 % 6.25F,ctr” = %018 /p by ctyFypRyp
4 Ru~1-5bbftbeyFyb = 343K
o Continuity plates would be required AISC 360 §J.10 AISC 341 §E3.6f

2 W24x62 beams
2 W14x132 columns

2 \W24x62 beams
2 W14x132 columns

65

66

Panel Zone

— Mf1+Mf2

- Optimization

e I, — V. =643K — 106K = 537K

. ¥, = 1.0F, [0.6tcwdc + %
o PV, =285K+59K=344k
* Doubler required

0 537K-344K=193K

tc_w _ N Q9 H
o 193K285k =0.44", '2"doubler required

] AISC 341 E3.6e(1)

8
q

7]
£
c
<]
2
=
=]
w
«©
w
g
=
|
0
<
@
=
I_

structural

STEEL

2 W24x62 beams

2 W14x132 columns &7

Copyright © 2018
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Seismic Design in Steel
Session L3: Design of the Moment Frames

Elimination of doublers and

Optimization continuity plates

 Current design works

V

o Meets drift limit e
o Connection can meet all limit states on oo i’

* Requires continuity plates v

* Requires doubler A " ¢ —

* Investigate design of equivalent stiffness w

o Heavier column goN e o = '
o Lighter beam v, 1

ForRBS: Ip =

69

Neh (Aay _1 Aqu
0957 (" atgy = i) + "y,

Elimination of doublers and

continuity plates Optimization

« Try W14x145
o I, = 1460in?

« Try W14x159
o 1,2 1420in%

. Try W14x176
o l,»2 1360in*

o W24x62 o W24x62 o W24x55
* I,=1550in* + I,= 1550in* * I,= 1350in*

o Continuity o No continuity + Check drift!

plates plates o No continuity
o 5/16” doubler o 3/16” doubler plates

o No doubler

Frame: Original design:
N,=N,=2 W24x62: I = 1550in*
h=125 W14x132: I,;= 1530in*

L=30 Ay /A= 1.02

For RBS: g =

1
Nch A 1 A
09T (CYatg, = Yig) + " ary,

+ Original design

o W24x62 beams 7. = 21

RBS

o W14x132 columns
o 1.9% drift
o 4t floor

+ Continuity plates

» Doubler plate
o Roof (not shown)

+ Continuity plates

* No doubler plate

* Redesign (3 bays)ZC
o W24x55 beams 7.~ 3?2
o W14x176 columns
o 2.0% drift
o 1230# more steel
o +$1230
o No continuity plates
» 32 eliminated:
o -$3200

o No doubler plates
» 2 eliminated:
o -$600

Copyright © 2018
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Beam strength design

There’s always a solution in steel.

structural

STEEL

Beam design

© 9 9 o

Roof _ _.. W18x40
typical
N — o — — o <
O | waaxe2 ~ | @ N
3 dpical _T| & g
=] waaxe2 |3
- typical o o
o S 2
w | W24x76 v <
J typical s i
= = =
24"x36”
typical

74

Beam design

4th floor beam

W24x62 (original design)

V, superseded by capacity design
P,= 6K (can be neglected)

75

Beam design

« Lateral bracing
o Top flange continuously braced by deck
o Brace at each RBS (just outside)

L=2(at+b)= duy
=255

NS
€]
Q

AISC 341 §E3.4b

76
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Beam design

 Lateral bracing for highly ductile members
oLy < 0.086% = 0.095;’;”2
o Brace @ 25.5'/5=5.71’

» Alternative: use W21x73
o 1=1600in* (compared to 1550in* for W24x62)
o 507, = 50(1.81") = 7.5
o Brace @ 25.5'/4=6.4’
o Redesign connection

= 501, = 50(1.38") = 5.76’

Seismic Design in Steel
Session L3: Design of the Moment Frames

AISC 341 §D1.2b 77

Beam design

« Lateral bracing

. L=2(a+b)- d
' =255 i€

78

Beam design

* 4t floor beam
+ W24x62 (original design)
* M,=1.4D + 0.5L+ 1.0E,
oM,=1.4D + 0.5L+ 1.0(B,162°K)
o w,= 1.4(0.840klf) +0.5(0.600kIf) = 1.48KkIf

o At column centerline
« M, = w, (30ft)2/12+ 1.0([1.05]162'K) = 28 'K
o At RBS: ¢M,=0.9 F,Zrgs™ 5040"K=420'K OK

79

Beam design

* At L,>L, (1%t segment outside RBS)

w_de/
oM, ~ 281’1(% = 0.89M,, = 250'K

o C,=1.2 (see SDM Example 4.3.3 for method)
o¢oM,=570K

« forL,=5.5"and C =1.0 (Table 3-10)

* For C,=1.2, 1.2*570'K = 684’K
o¢M,=09 F Z, =574K OK

Copyright © 2018
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Beam design

oo 12.5M o
2 S Mo + 3My + Mg + 3Mc

---------7~------- 3 spaces
------7----------- 4 spaces
----5f------------ 5spaces

For straight-line moment
diagram (no distributed load)

0 041 02 03 04 05 06 0.7 08 0.9 1

Mi/M, M, /M1-2L, /L,

AISC 360 §F.1 81

There’s always a solution in steel.

Seismic Design in Steel
Session L3: Design of the Moment Frames

Column strength design

structural

STEEL

Column design

» by t, K, w bj2t,  hn, I z,
W14x145 427 148 0.680 15.5 1.09 19/16 145 711 16.8 1710 260
i i i i
1 1 1 1

Roof _ .. W18x40
E? typical

I < ~ ~ -

_4;&‘!‘_._.?, = O wW24x62 ) N

© g § typical ‘é_ﬁ g

_4;2'?_._.?_.- 2| woaxe2 |3

ch> typical

S 3 3 2

_4;2"."_._: X % | W24x76 < 1%

sl = S| typical i s

5 = = E |3

..... b 24'x36" il
typical

83

+ Case 1
o Combo M-BLC-1
« 1.4D + 0.5L+ 1.0E,
» By inspection » By inspection
compression controls
o Axial and flexure
considered flexure considered
* B, and B, apply * B, applies

Column design

» Case?

o Combo M-OLC-1
+ 1.4D + 0.5L+ 3.0E,

compression controls
o Axial in the absence of

AISC 341 §D1.4a
84
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Column design

» Shear * Axial
o Vp =3.2K o Py =151.8K
oV, =1.5K o P, =60.8K
o Ve = B,25.9K o Pe = B,51.6K
=1.07(25.9K) =55.2K
=27.7K « Moment
o Shear strength OK by oM, =29.7K
inspection oM, = 13.6'K
o Mg = B,200K

=214K

85

Seismic Design in Steel
Session L3: Design of the Moment Frames

Column design (case 1)

» Combo M-BLC-1

014D + 0.5L+ 1.0E,,
* Axial

o P,=1.4(151.8K)+0.5(60.8K)+(55.2K) =298K
* Moment

oM, = 1.4(29.7’K)+0.5(13.6'K)+(214'K) =262’K

86

Column design (case 1)

Cm
P
1- u/PEl

o Assume C,,=0.6 (for triangular moment diagram)
c,<06 C,=06 C,>0.6 C,=1.0

b A O D

2
0Pp =T =17340K ¢ =06

OBl=1 BlzlfOrPuS0.4PE1

>1

e B, =

AISC 360 Appendix 8 87

Column design (case 1)

. P, = 1690K (Table 4-1)
oP,loP,=0.18

+ oM, = 975K (L,<L,, Table 3-2)

.« %P, I6P, + M, /oM, = 0.36 OK

Copyright © 2018
American Institute of Steel Construction
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Column design (case 2)

« Combo M-OLC-1
014D + 0.5L+ 3.0E,,

* No moment

Base-plate design

 Axial %
o P,=1.4(151.8K)+0.5(60.8K)+3.0(55.2K) 5
=408K H
o P,IoP,=0.24 OK
=

structural

olEEL

89

Base-plate design Base-plate design

A d t, by t K, w bj2t,  hn, I z,
W14x145 427 148 0.680 15.5 1.09 19/16 145 711 16.8 1710 260

Overstrength forces
Additional ductility still helpful

Roof W18x40
< o ypical . < » Consider tension case
4 N © | w24x62 2 x . .
$ s T vpcal |2 : « Follow Design Guide 1 method
i z z ,
T s o Example 4.4.3 in SDM
1o} e [sr) 1o}
ond s s | waaxre  |T < o “Base plate with large moment” method
_¢_ ''''''' 3 ¥ typical ¥ 3
2 z z z
24°x36" "
'''''''''' typical .

91 92
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Base-plate design

* Shear * Axial
o Vp =3.2K o Pp =151.8K
oV, =1.5K o P, =60.8K
o Vg = B,25.9K o Pg =B,51.6K
=1.07(25.9K) =55.2K
=27.7K « Moment
oM, =128K
oM, =58K
oMz  =B,196K

=209'K

Seismic Design in Steel
Session L3: Design of the Moment Frames

93

Base-plate design

R,=0.7D + 3.0E,
o combo M-OLC-2 (session L1)

+V,= 853K
« P,= 893K  Tension
* M,= 635K

o Column expected strength:
*11RFZ, =1310K D2.6¢(b)

94

Base-plate design

;A
° fpmax = ®0-85fc\/A:i =
(0.65)0.85(4ksi)2 = 4.42ksi
* Qmax = fpmaxB = 4.42ksi(32") = 141K /in

ce= Mu/Pu = 635K/ o3k = —128"

Copyright © 2018
American Institute of Steel Construction

AISC Design Guide 1 §3.4 %
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Base-plate design

=t [ B

Amax
o Y =
[127+32] +

N _ o oar o
\/(12,,_'_%) _ 2(=59.3K) (~128"+12")

141K /in
« Y=542" 181"
* T=QnaY + P, =141K/in*1.81"+59.3K=314K
’“‘";578-6'(/ rod  Aisc Design Guide 1§3.4

97

Base-plate design

m, 095d  m| m=gor

98

Base-plate design

Flexure at the bearing side

_Y
t >2.11 fpmaxY[max(m;n) /2]
p Fy

i " n_1.81"
£, > 2.11\/4.421651(1.81 )[9.§0 /2] _ 251"
50ksi

Use 2% plate

AISC Design Guide 1 §3.4 %

Base-plate design

* Flexure at the tension side
ox=f-dR+t/2=515"

oty =2.11 /;—lfy= 2.1” Use 2%" plate

Copyright © 2018
American Institute of Steel Construction
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Anchor-rod design

e Shear
oV, =853K/bolts  w,
= 21.4K/bolt o bl
* Moment Lol

oe=‘/ztwp+tbp+tg, :
» e = 5(1"[assumed])+ 2%4"+2"=5"V4"
4 bolts in

o Mu =1 Vu e 4 bolts in shear &
tension only bending only
=56.2"K

101

Anchor-rod design (tension)

* Check anchor rod o Stresses
o Loads e F,; = 0.795E, = 59.7ksi
C M =K e F,, = 0.45F, = 33.8ksi
! 5 Vll .
« T, =786K o f,= L= Oksi
Vo =OK o fo="0= 44.5ksi
o Properties o .
. d =11 'fh:?:(]ks‘[
A =1.77in? o fr = fo+ fp = 44.5ksi
' A"‘”t = 1.41in?=0.795A ¢ F,m = [1-3 - OIF_V] Fpe < Fyy
o Table 7-17 o OF',, = (0.75)59.7ksi = 44.7ksi

. = in3
z 0.563in e fi <OF, OK

@M Note: F,, =0.75 F, accounts for effective net area
AISC 341 §J3.7 102

W) approximately. This method does so explicitly.

Ryt

Anchor-rod design (shear)

» Check anchor rod o Stresses
o Loads e Fy = 0.795F, = 59.7ksi
- M =56.2°K e F,, = 0.45F, = 33.8ksi
} .
W _ .
* T, =0K o fo ="} =34ksi
eV, =214K . f = % — Oksi
o Properties ", '
o fp =—=421ksi
o« d = 2” 7 '
A = min? o fi=fatfo =421ksi
* Aner = 2.50in?=0.795A o Foe=[13 =Ly < Py
o Tevle 7-17 . OF,, = (0.75)59.7ksi = 44.7ksi
«Z =1.33ind

o ft < ®F,Tlt OK

AISC 341 §J3.7 103

Anchor-rod design

* Rods designed for tension only:
o 1%." diameter
o Utilizes calculated net section

* Rods designed for tension on one side, shear
and bending on the other
o 2” diameter
o Rods are not a good bending element

* Rods designed for tension, shear, and bending
o 2%4" diameter

104

Copyright © 2018
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Anchor-rod design

» Shear alternatives (no moment in rods)

o Bearing of base plate and column
» OK for base plates embedded in slabs
» Concrete reinforcement to complete load path
* f, = 00.85f/ = (0.65)0.85(4ksi) = 2.2ksi
* f,Bt, = 2.2ksi*32"3” = 211K
o Friction
e Cu = (141K/in*1.81")(0.4)=102K  ACI 349

105

Seismic Design in Steel
Session L3: Design of the Moment Frames

Anchor-rod design

Shear alternatives

Rods designed for
tension only can
provide some
inelastic rotation
capacity; bond with
concrete should be
broken to allow
elongation

106

Anchor-rod design

Table 14-2
Recommended Maximum Sizes for
Anchor-Rod Holes in Base Plates ...

for grade
55
* Use (8) 17/2"Grade A.'J'fam:'::,d m:mm;er, wf;'r‘.;r wf:r‘.;r
55 anchor rod R e
F1554, S1 BRE el bl el g
22 3%s 52 I3

Notes: 1. Circular or square washers meeting the washer size are acceptible.
2. Clearance must be considered when choosing an appropriate anchor rod hole location, noting effects such as the
position of the rod in the hole with respect to the column, weld size and other interferences.
3. When base plates are less than 1/ in. thick, punching of holes may be an economical option. In this case, %/4-in.
anchor rods and 1'/16-in.-diameter punched holes may be used with ASTM F844 (USS Standard) washers in pIk@g
of fabricated plate washers.

Copyright © 2018
American Institute of Steel Construction

Anchor-rod design

* Unpublished
recommendations to
prevent plate dishing:

o Grade 36

* Use Table 14-2
o Grade 55

* Use =0.4d,,4
o Grade 105

* Use t=0.69d,,4
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Base connection design

+ Potential sources of base
inelastic rotation
o Column inelastic rotation
« Significant overstrength
* Affects column
o Anchor-rod elongation
» Compression increases overstrength
* M, =P, (N-2*4")/2 = 298K(2’)/2 = 298'K
o Base plate flexure
» Compression increases overstrength
o Foundation rotation

109

Seismic Design in Steel
Session L3: Design of the Moment Frames

Base connection design

* Column strength
o RFZ, =1191TK
* Anchor rods
o M, ~SAdF ~SA(N-2*4")F,+ M,
* M,~1060'K (1% rods); 1340K @ F,
* M,~1660K (2" rods); 2170K @ F,
+ Base plate
o M, ~ M, prate 14°] (N-2747) + M,
* My piate = Fy Bt,2/4 = 3025°K
o M,~1810K

110

Base connection design

+ M-OLC-2
oM,=09D+E,+QE, = 652K

» Use 174" anchor rods

» Design column connection to develop
column strength
o CJP flanges

o Web
» Use 7/,5" weld = 0.64t,,

M

Copyright © 2018
American Institute of Steel Construction

DCwW

CJP
Flanges
DCW

Gr. 50 Plate 2%."x32"x32”

(8) 12" Gr. 55 Anchor rods

- with %"x32x3%%" plate washers
at base plate and at bottom.
De-bond rods from concrete.

112
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Completion of design

Completion of design » Connection * Beam
o Indicate DCW o Indicate protected
o Indicate weld tab Zone
removal o Design lateral braces

o Indicate steel backing e Column

requirements o Design column splice

There’s always a solution in steel.

structural
olEEL e
Completion of design
+ Base plate + Specifications Summary
o Provide load path for o Specify weld
shear toughness
o Design concrete requirements
anchorage/force o Specify Quality
transfer to foundation Assurance Plan

o Design grade beam for
ductile rotation

8
q

7]
£
c
<]
2
=
=]
w
«©
w
g
=
|
P
<
@
=
l_

structural

STEEL

115
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Summary

« SMF tend to be governed by drift
o Design for drift first
o Conservative assumptions in strength design do not

End of Session L3

generally affect design Next:
ol Design of the

» Combine maxima in lieu of performing multiple calculations Bl'aced frameS

» Selecting heavier columns initially reduces
reinforcement

There’s always a solution in steel.

structural

- Sl
) Question time
structural
Sl

opyright © 2018
merican Institute of Steel Construction
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Individual Webinar Registrants
CEU/PDH Certificates

Within 2 business days...

e You will receive an email on how to report attendance from:
registration@aisc.org.

* Be on the lookout: Check your spam filter! Check your junk
folder!

e Completely fill out online form. Don’t forget to check the boxes
next to each attendee’s name!

Individual Webinar Registrants

CEU/PDH Certificates
Within 2 business days...

* New reporting site (URL will be provided in the forthcoming
email).

* Username: Same as AISC website username.

¢ Password: Same as AISC website password.

8-Session Package Registrants
CEU/PDH Certificates

One certificate will be issued at the conclusion of
all 8 sessions.

8-Session Package Registrants

CEU/PDH Certificates

Videos and Quizzes
» For Sessions R1 — R4, access has been available since July 16.
For Sessions L1 — L4, find access within two days after the live air date.
(An email will be sent from webinars@aisc.org.)
All video recordings are available through October 22.
All quizzes are due October 22.
A final exam will also be given. It will be available October 5 and due October
22.
Quiz scores are displayed in the Course Resources table.

Copyright © 2018
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8-Session Package Registrants 8-Session Package Registrants
CEU/PDH Certificates Course Resources

Attendance and PDH Certificates

+ For Sessions R1 — R4, you must pass the quiz to receive credit for the session.

* For Sessions L1 — L4, you have two options to receive credit for the session.
Option 1: Watch the session live. Credit for live attendance will be Find all your handouts, quizzes and quiz scores,

displayed in the Course Resources table within two days of the session. recording access. and attendance information all in
Option 2: Watch the recording and pass the quiz. !
one place!

EEU Certificates — Certificate of Completion

« In addition to PDH certificates earned for each individual session, an EEU
(Equivalent Education Unit) certificate of completion will be issued for
participants who complete the full course. Participants must pass at least 7 of
8 quizzes and the final exam to earn the EEU.

Distribution of Certificates
» All certificates (PDH and EEU) will be issued after the course is completed (the
week of October 22). Only the registrant will receive certificates for the course.

8-Session Package Registrants 8-Session Package Registrants
Course Resources Course Resources
Go to www.aisc.org and sign in. Go to www.aisc.org and sign in.

SR MyAISC

MY PROFILE

T FROFIE

MY PURCHASED DOWNLOADS

© VEEW DOWNLOADS

MY COURSE RESOURCES

VIEW RESOURCES

USERNAME

PASSWORD
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8-Session Package Registrants

Seismic Design in Steel

Session L3: Design of the Moment Frames

Course Resources

8-Session Package Registrants

f“%
i

Selsmic

Course Resources

Design in Steel

B-SESSION PACKAGE RESOURCES

Thank You

Please give us your feedback!
Survey at conclusion of webinar.

There’s always a solution in steel.

structural

STEEL

opyright © 2018
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