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Basic Seismic

la | 1.4D 6| 1.2D +[05L] + 0.155 + E, + E,

2a | 1.2D + 1.6L + (0.5L, or 0.3S or 0.5R) 7| 09D — E, + E,

3a | 1.2D + (1.6L, or S or 1.6R) + ( or 0.5W) Basic: E, o 500 g 3 5 061
4a | 12D+ + (0.5L, or 0.3S or 0.5R) + (W or Wy) Eh< Overstrength: Epy, S K s s T s
5a 0.9D + (W or Wy) Capacity limited: E
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Partition w (kg/m?) Qmin example
Light w <40 75 MDF, Wood, Gypsum, Sandwich panel
Medium 40 < w < 200 100 Masonry
Heavy 200< w at place Lead wall (pb)
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Qeq = ( 1850 kg/m? =, > q =0 L >400kg/m? 51 <
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Ss= Sus=/faSs = SDS=§SMS | $1= Swmi=hHS = SD1=§SM1

Wehs

QE = Vb = CSW = Fx = Cvab ’ Cvx = W
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Sps Sp1 SpiTy 51
Cs = 719 | Cs,0r (T <T.) = ﬁle | Copoe (T >T1) = W’e | G, = max{0.01 ,0.044Spgl, ,ﬁle}

Structure C; x

T Ty =Cihy Steel moment frame 0.0724 0.8
Concrete moment frame | 0.0466 0.9
Steel EBF 0.0731 0.75
Risk Category (ﬂﬂ v ) Steel BRBF 0.0731 | 0.75
$120.752F 31207528 All other structures 0.0488 | 0.75

Seismic Design Category (A, B,C,D,E, F)
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No Ductility AISC
Highly | Moderately | Requirements Selsmic
System Ductile Ductile per AISC Provisions
75° 2.n1 ona Seismic Section
Provisions Reference
gg;dfo?gef:ec:t Depth of root = 3/4" — 5/8" Ordinary Moment Frame (OMF) . E1.5a
Flush with Surface Depth of Preparation = 5/8" Intermediate Moment Frame (IMF)
of Base Metal ) o Beams . 25
Weld Size = 3/4" « Columns . E2:5a
- \ / Special Moment Frames (SMF)
¢ R = Ceams . £3.52
! \ p } / 5BEH) :115:-—11001 Opening = 1/8" = Columns . B35
5/8 N £ 3/4 75 Included Angle = 75+ | Ordinary Goncentrically Braced Frames (OCBF)
| ¢ ‘ G (Groove Aué;le) = Dizgonal Braces . F1.52
T \ Weld Face Contour = Flush s"_egl:'g::lc;lf;'m Braced Frames (SCBF) & F2.52
1/8 Method of Making Contour = Grinding = Beams ° F2.5a
= = Columns . F2.52
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Bracings: Deformation Control (LRFD)
Column, Beam, Connections: Force Control (E;)

Bracing in Tension

P=R,FEA,

Post-Buckling:P Ll => M T

Bracing in Compression

Pye = min{1.14F,.,A, ,R,F,A,}
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1. Load Combinations

Load Combinations Compression (—) Tension (+)

1.4D

1.2D+1.6L

1.2D + 0.5L + 0.155 + E
09D + E

P,-E,,orE,
2.  Member — non-Seismic
l.  Yielding » @b, = 09F,A; > LRFD
2. Rupture = @P, = 0.75F,A, > LRFD
3. Block Shear — @P, = min{0.75[F, Ay, + 0.6F,A,, or 0.6F,Az,]} > LRFD
3.  Member — Seismic
 Vieldi No.Cl
2. Rupture » 4, = 4,
3. Block Shear > X R, & R, > Ey > |Do not check if welded !
4. Connectors
- Bolted Joint
1. Bolt Capacity = @R,, = [0.75|F,,A,NsN, > Eg
(Fyp = X > 0.55F, or N - 0.45EF, | Ny = 1 or 2) (Fup = 8.8(4325) = 8000% ,10.9(4490) = 10000)
2. Gusset Control

- Bearing » @R, = [0.75][3dtE,N,] >E, d= g o) a5, if OCBF = 2.4
- Tearout > @R, = [0.75][1.5 [.tE,N,] > E, le ¢lopm ol i3 oLt if OCBF = 1.2

3. Member Control
- Bearing - X Ry > E;
- Tearout -» X R, > E;
- Welded Joint

E60
1. Weld Capacity - @R, = 0.75[0.707 x 0.6 X F,,. . lal — 1336 d[l]

Wl sy per S (S p e o L ol pr dsb JS 20 085 )b+ 15 e
Euy = 0.6Fgxx (1 + 0.5sin® 8) > @R, = max{0.75[Ruy; + Ruwe] 07 0.75[0.85R,; + 1.5 Ryyye]}
2. Member Base Metal (SR) » @R,, = 0.75 [0.6F,A,,] (Any = I X tmin (member))
3. Gusset Base Metal (BS: U & L) > @Ry, = 0.75 [F,An, + 0.6F,Any o1 0.6F,Ape]  (Apwe = U X tyusset or min)
5. Connecting Element— non-Seismic
1. Yielding— PR, = 09F,A, > LRFD
2. Rupture > ¢F, = 0.75F,A,y=1y > LRFD
3. Block Shear (U&L) = @P, = min{0.75[F,A,; + 0.6F,A,, or 0.6F,Ag4]} > LRFD

6. Connecting Element— Seismic
1. Yielding —» No Change > E;

2. Rupture — No Change > E;
3. Block Shear — No Change > E;
4. Gusset Compression — % = % (p =09 ,8 =4)if <25 - reaches yield without buckling - F,. = F,

- @R, = 0.9F,A; > Pyprace:s,) = min{1.14F, Ag or RyF,Ag}

Temember”' "9

7.  Final checks
I laslg Vo=
Made-up - ’i—‘: < 0.4%
Local Buckling = A,y & A4pg  — |Attention: b for HSS = b — 3t|
Fold Line — s5h b S sl il 5 BLS ol sl ST [M = L1R, (M, = F,Z)]
30-70 Rule

ryE

L s O gt 33 S = Sl 03 (Sl Slen 5 43055 Joee 53 A 5V i lge 53— Sl 03 Sl les 5 sk el s = V Brace: |1, = 0.19

RyFy

K-Bracing & Tension Only Bracing: Forbidden / MTBF has some criteria

il iy 4kl 52510 b 1L edias Jlall Dlalad 5 e sl ¢ gezes Protected

//*
05 5 4 ol i ol p3Y b Saslie = 0.6R By t, X Joint Length] (E,&t, — Gusset) Zones <
Demand Critical Welds (CVN): 1. o g dhos | 2. 050 4,5 [ 3. 0520 oS 4 0 2

Y XN kWD

_.
e

. B = brace depthin
Protected Zone for Bracing = plane of buckling \?/

—_
—_




[1.14 > 1.1] &[3 > 24] & [1.5 5 1.2]: ol s

A3 o8 4SS 5 (sl dslee =) A 5V il

yten = b E bl 5l d5 0L LS 5 Y
Eq or Epp 45t 228 au)lee 51—
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S oLz VT 056
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Jolai 30 (slrg i degare — (55190 (slBg s (39 § 00Lw (39,

Jsles =)
Gl SV -Y

&5

i

T:sin(B)

a
——o

—_————
& H

I 'I!i cos(0)

§

Fig. 1. KISS method.

’ LP( ______

LT

Fig. 2. Parallel force method.

Jobed ) (glavg i degama — (g jl3e glag i g,

R-V

e =(e. +W)cosB—e, 5inO
e1=(ep +|§)sin9—eh cos@

€ €]

= p p="S2p
h e te; e te;
M=—2_ P(GcosO—e;sin0)

1 2

Fig. 4-2b. Parallel force method admissible force field.
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« Uniform Force Method

1.
2.

Load Combinations
Check Work Point:

General Case:

|if&—[§tan0 =ey,tanf — e, |:

a=a&pf=08 | r=\/(oc+ec)2+(/3+eb)2
B
=R Vy=Th
H.=%*PR,  H,=<R
M.=0 M,=0 ___,'\r_
i Col€
p— |
|if&—[3tan0¢ebtan6—ec|: ‘ Vie ‘
Hie | Vip
— I
a+xa&f+L | T:\/(a+ec)2+(ﬁ+eb)2 Wp._ wp. ‘ %R‘p
I(’tan9+1((%)2 K'—K tan 8 A “l | Hi-Ho __As_ geame ~ . | "
a=—>5 - B:f i E—Vw A"“(H”‘H“’})?w\ le_ j'
_ _\2 -
K =ey,tanf —e, |K’=§(tan0+%) | D=tan20+(%) LA ‘
B
Vc:?Pu Vb:eTbPu bl @S gglaze 1) Cajeeme 3l za Sl eetlysy S ' R +Rus=Vy
c oS Jlast 5
Hc=e?Pu Hb=%Pu @ hid il g g e wuSy5 Jlal 518 Gl
_ _ 3 55 4 ol Jlail g3 0 51 g semee o)y e
M. =H.(8—p) My, =Vy(a—a) a5 et llee aSly Bge oy
3. Check Gusset Joint to Beam

4. Check Gusset Joint to Column
- Welded
1. Weld Capacity
1
Force for favg =3 (\/(fa - fb)z + fvz + \/(fa + fb)z + ﬁ:z) x 1.25
fo = mes = | 2| 2 _ - max =Ry = lem gl i Lo oK bl ,
" fos foeak =N a + fp)* + f
_ E601336 _ ;1.5 . . e
(panﬁw}_\mmé\j = [E70: 1559] X ax(ly=1cm) X (1 +0.5sin™70) > ol 3, alow Lasls 5
Osw b 5 4wl i gl Y (b Caslas = |0.6RyFy1:1[7 X Joint Length| > (pRnM; F,&t, - Gusset | Ry for plates = 1.15
> E70 + SCBF + OOP - [0.53t < a| > E60 + SCBF + OOP - [0.63t < ]
2. Base Metal Check (Ogiw JU b 36 JU b Sy CwlS) 5 &5 36 axtad ol y
- ShearYield - @R, =0.6F, X (4g, = X 1cm) > [Lor2 weld lines] X Ry, .. 1/
- Shear Rupture > @R, = 0.75[0.6 F, X (4, = x 1cm)| > [1or2 weld lines] x Rityemjstine | Ignore shear yield if loading s E
*[Emin] F QLB 5200 ¥ 53 pb 5 e 15 JL 50 p
- Bolted . 7/§,-.“ fi= Ve
- &.&;{o)}oa{@jp}a&g;}j:} Fomes burwen \_ H.! | Y
. . (sbown sciog on gusse) T N 39 sgkin g b Slus
NG R e P A \Fj__j H, A L
] oy e 2 MC L yag2 SRR £ 111411115 A =
@ﬁw‘fu)r"“.g‘“’}g I > =
T Gl s SO sl e s Srmdeof |oemae e aM, M M M
1. Bolt Capacity Stress due 10 Me _n_n_‘ s, —Y B = o? 52 x% %
0.55 ) F—‘_LL f"=,,_z
Ry, = 0.75 [0.6(F,, = o 45Fub)AszNb] >R,
2. Gusset Check
3. Member Check
5. Plastic Interaction Check 334 <> 4610 15 Sy UK 9 Ogiw ST 5LS
ABL SIS (5 B wglieV 9 H g M flis 30 sl cawls™ 395 mgd oiodan &5
(r=vrmomam=n) * (=omam=m) * B st
— — — — 2 2\ | =
@V, = 0.9 X 0.6F,(Ag, = tl) @N, = 0.9F,(Ay = tl) oM, = 0.9F, (Z _ % _ %)




(298 Jog Ogiw Ol 4 Cuwwl) Widw Sl 4bgS WP Y 059 Il

H, =H, = P,sin@
V.=V, =P,cosf
Vy,=H.=0
+[My = Hyes]

+|M. =V e

OFw 4w Jlail Jhp Sal 1Y ohg ol %

| care
e Column le Col € » = (AV)

¢ web B’//P" A—r e
>~ B
- \ — r
wp. Bl A
| - el B wp \ ! \
AN R~ e
— 1 — = Aw eb N’

[/ — | , - — L | ~°_ Beam €
ﬁt | I — - 3l Ty Jerde
|| Ho =H, LAt Mo
i o =¥ &! a 'F{%'*HT/) Vie =V,

=vl. = B ol SR SN v= +4 ¢+ -3
| ResRo-v, R ook
: | RetRevs,

> Check single plate:

1. UFM forces Hc & Vc > a — ftan 6 = e, tan § — e, is satisfied

. Check single plate shear yield and rupture for Vc

. Check single plate tension yield and rupture for He

. Check combined net tension rupture+ net shear rupture(H&V) based on elliptical interaction
. Check block shear in single plate for Hc

. Check block shear in single plate for Vc

. Check combined block shear (H&V) based on elliptical interaction

. Check CJP weld to column for Hc & V¢ and moment (Vc*a)
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VUG 5 Ot 5,0 53 St Jhas (il b blao 38 polas yolis <

Sy KD 03 el <
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p—

R=3 cJlo 4lio AISC360 4 Lulgs [Slos <

g g b Bples LaodiS i ples Oyl 55 <
Load Combinations: M, & 1}, & w,,
Flange Plate Check (top & bottom)
> B, = dll

> Plate Yield: pR,, = 0.9E,A, - >t = O;m (6mm, 8mm, 10mm, ...)
> Plate Slenderness: A < 1'4\/% =40 (AISC360)
Flange Plate Weld Check: will give us length of flange plate (lesser is better to have FR)
> Weld Capacity: ¢ P, = 0.75(0.6 X 0.707 X Fgxy X aly,) = B, = 1, = g
» Weld Base Metal Check:
- Shear Yield: @Ry, = 0.6F,(Agy = lyitmin) =B,
- Shear Rupture: @R, = 0.75[0.6F,(Any = lpitmin)] =Py
- Block Shear: pR,, = 0.75(FuAnt + 0.6FyAg,,) > P,
Panel Zone Check

NS S £ o Jlait |

@R, = O.9(6.25Fytf2) > R, /Number of Columns FLB (2:8) b 30 s —)

+CP
CP Jslu>- ™ ™ ']—[

==

Jb (rogh g 2990 9 £V Cuglis SO = e pIY Cuwglie wihs

@Ry, = E,,ty[5k + (I, = N = tg,)] = R, /Number of Columns WLY (jlas 5 258 Ol adge O (55l Y

+CP
CP sl o o I

oba
1.5
@R, = 0.75 [o.etfv (1 +3(2) (‘t—W) ) /%
C: f w

> R,/ Number of Columns WLC (,128) Ol (SaS s 5 ¥
S o ] +CP

et Glepling
ABCSdom K4

WSB 5,15 5,0, o8 Goes sla 5 1] (60le) Ol (5l J35LS-F

— —Brace
el - |
£
24t} [EFyy o
@R, =09 (7@_21‘ = R,/Number of Column WCB (8lié cés) Ol g sz j5LS -0
Y S
S5 | - < R."’ -
;
ol
+CP
p— Mul Muz _ . N .
Vupanelznne a4 + d VMC Ol el 5 oy =¥

1355 oslimal Hal8T Jotls Lol gy 5 Jlasl anter ot o 5l Ol 5105 ST skt &) g s

) _ 3bcstly _
if B < 0.4Py 1B < 0.75Py - @R, = 0.9(0.6Fydctw X Ncalumns) (1 + m , d. = h Stahl
8L akss Gy o _ Py 3bcptls

DP ™ lf P,. > 04Py | P‘r > 075Py d (pRn = O.9(O.6Fydctw X Ncolumns) (14 - P_y) (1 + m)

P. =P, +PA+ =
P, = E,A, —

'd 1™
“( JF . 1 Vuvop

Jlail aedar o9 Olod = g p3Y Cwglie

0l 490 §rg Plus

tw+t .
Min DP: ——omin oR > R,
Ly
gy 89 Plos
Min CP: by, must check for 1 column — by, = by, /Number of columns
. br, t . t b

fpv we fb cp

pmin — (1B _ W¢ tm‘"=max—, _p
g (Z-t2) 1 gema, 22




% OMF
(minimal inelastic deformation capacity) .o¥lasl 5 Lael )3 &Saa¥l 2 (5 pdy JK8 b b ol 0357 pal 3 1bud <
ol Gl + Culbies 4 o e s i tAISC360 tylgo flus wla! p 36T <
55 Jand Sy penlS 5 Lo S 5 b 5 B (bl 5 bl S aelS gz a5 <
S5 05 Al 5 Dlab slaws Cus o < (180 03l FR atien L) dizeas Slows o s 4o oVl <0 Ll ot Cbilim 46 <
23S oslizal WL EO0 1 5 o 55 052w 4 3 JL sl CIP 5 Gl oy Slgliger <

1. Load Combinations: LRFD - M, &V}, & w,, = 1.2D + 0.5L or 0.9D
2. Flange Plate Check (top & bottom)
» For Beam: M, =EZ
My, = 1.1R,M,, (Cp for OMF & IMF = 1.1)
ZMpr Wy X lh

Vpr= I +T (OMF - S, =0)

My = My + (1S, = 0)
My
B =? =[Eq] - Ry
» Plate Yield: pR,, = 0.9F,A5 —» > tey = ﬁ (6mm, 8mm, 10mm, ...)
> Plate Slenderness: A < 1.4,/E/F, = 40 (AISC360)
3. Flange Plate Weld Check: will give us length of flange plate (lesser is better to have FR)
» Weld Capacity: P, = 0.75(0.6 X 0.707 X Fgyyx X al,,) = P, = L, Pu

= 0.75%0.6x0.707 Fggg)a —
> Weld Base Metal Check:

< [2 x Iy (—clearance)] — g,

- Shear Yield: @Ry, = 0.6F,(Agy = Lytmin) =P,
- Shear Rupture: @R, = 0.75[0.6E,(Any, = Lytmin)] =B,
- Block Shear: @R, = 0.75(F,Ap; + 0.6F,Ag,) >P,
4. Panel Zone Check (LRFD Only for DP)
NS LS £ | e Jlail | 48
R, = 0.9(6.25F,t?) > R, /Number of Columns FLB (2:8) Jb b 30 ias )
CPJ;\» o o Pry ( yf) u/ f ) b b n e
Jb (g0 e 39290 9 PIY Swglie JOWS = g pIY Cwglie
CP Jsla- ™ M | @R, =FEuwt,[S5k+ (, =N = tr,)] = R, /Number of Columns WLY (Glis 5 228) Ol ad 3o Ok (55l =¥
- 2 =Y (t\"° EFywtr . z
S M M | @R,=0.75|08t3|1+ 3( ) . — = R,/Number of Column WLC (¢,l) ol S5 o -
dc f w -
bl - M WSB 5,15 5,0, o8 Goes sla 5 1] (608) Ol (5l J55LST-F
24 t3 [EF,
T 4} -| oR,=09 (ﬁ) > R,/Number of Column WCB (53lid cé) Ol g 5L -0
—
Vupnnelzone = % i Ol dadar > u‘:’J! -7
Y% a:m\)>tf‘}$|:b{l})jl J\-a:‘h.—?.?‘;‘a:-).;)t!) Ql;l;):;)}lég: PP
. _ 3bertly ) _
s | _ if P, < 0.4P, | [P, < 0.75P, ] > @Ry = 0.9(0.6F,d,t,y X Noogumns) (1 R e — d, = h Stahl
. _ Py 3bertcy
DP if B> 0.4P, [P > 0.75P,| > @R, = 0.9(0.6F,dct, X Nopmns) (1.4 - P—y) (1 dbdctpwwlum)
P.=P,+PA+--
P, =F A,
Jlail dadar oy Olod = gz £3Y Swglie
N Rn - "
Min DP: “’t—w (tw + top,,, ) = Ry : Ol s §rg Bl
Min CP: by, must check for 1 column — b, = by, /Number of columns 3 Swgw B9 Ploe
in _ (Pro _ ¢ in _ trp bep
> g = (L2 - ) > tmin = max (L2, 223

R;, = Max(Ry — ¢R,)| <€ e sto oS

® TY (at flange) CP Capacity: @R, = 0.9F,(A; = by X tep) X Nog cp >
® SY (at web) CP Capacity: 9R, = 0.9[0.6F,(Agy = lningy X tep) 1 X Nopp =
— Swgn d09 e
fillet Ry, ja‘:g e
a = - if high use CJP 9
to flanges = T5[0.75 x 0.6 x 0.707 X Frxx](by = b4y x 2 x 2 M9 / — 1
Fillet B (“"’“‘ ”) =M, /d" ’1éf/
a = '
toweb 1075 x 0.6 X 0.707 X Fpyx](ly = lmded) X 2 X 2 ] v
abgd B9 mo>
Vi pp = Vi (i) — 0.9(0.6F, d, )
fillet __ Vu*DP

or use CJP

%P 70.75 X 0.6 X 0.707 X Fryy] X min{dpp , hpp}
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+BFP Connection olted Flange Plate)

1. Load Combinations: LRFD —» M&¥; & w, = 1.2D + 0.5L or 0.9D
Slenderness Ratio for Column & beam — A4
Beam and Column Flanges: Axial + Beam and Column Webs: Flexure
3. Flange Plate Calculations:
» Beam:

By

E +
My = CprRyFyZe, (c,,r for SMF = 22— < 1.2 - 5t37 = 1.2)
y

> Flange Plate:
assume Sy, > Lp = Lejearspan — 25k

2M wyl
sz pr+ uth
Mszpr‘l‘VpXSh
My
Fr=3

P
assume - = P:‘y—bffp

b R,F,
fbeam Yy
< —=(1- - 04
dport 2 ( RtFu) 0.4cm
Py

0.9 F,,(= 0.55 x 1000)4,
Check:Smm = 3dbolt &Lemin =1.5dor IR - 2d

> PL>< bep X trp
» Checks:
- Plate in Tension (Yield & Rupture):
@R, = F A, > Pr
@R, =09F,A, > Pf
- Bearing & Tearout:
OR, = 0.9[2.4dt i, F,Np] > Py
@R, = 0-9[1-ZlcmintminFuNb] > P — between bolts & between bolt and edge
- Block Shear:
x Don’tuse Ry & R,
@R, = 0.9[F,Ap; + 0.6F Ay, or 0.6F,Ap,| > Pr
- Compression Buckling:
@Ry = 09[Fp4,] > P »4 =255

T 029ts

number of bolts =

4. Panel Zone Check (R, = Py) (We can ignore V()
b wolsl e (SO DP " ol g ool $L11, DP Cales F oY 5050 1348 G50 53 <

WS S £ | e Jlail | 48
R, = 0.9[6.25F,t?] = R, /Number of Columns FLB (228 b ad 50 Liast -
CPJE\» ! o Py [ yf] u/ f M I (PP >
JU g0 o 39290 9 P3Y Cuglie JOW = g pIY Cunglie
CP Jslu>- ™ ™ | @R, = Euwty[S5k+ (I, =N = tg,)] = R, /Number of Columns WLY (las 5 (2i8) Ol (mdo g0 04 )l Y
WLC (,128) Ol SaS s 5 ¥
S5 ] ] 1= L5\ [Erumt
@R, =0.75 [O.B(tw + tpp)? (1 +3 (b—N) (thDP) | > R,/Number of Column
dc ty ty+tpp
e - ™M WSB[:,!;;x)ts‘.@wsu,;éu] (oled) Ol Sl SleS -F
24 (ty+tpp)® J[E Fyy e
(S5 o - | R, =109 T o = R,/Number of Column WCB (55ld cé) Ol g J5LS -0
M M
ipanetzone — Ect = (Pr = d—f) —Veor (Veor = m) Obr aatr 33 a7
1355 oslimal Hal8T Jotls Lol gy 5 Jlasl anter ot o 5k, Ol 5105 ST skt &) g s
. 3bept?
if P < 0.4Py [P < 075Py - @R, =@V, = 0.6Fydctw X Neotumns (1 +Wlfv“}fmmns) d. = h Stahl
. 1.2P, 3bcst?
if B, > 0.4P, [P, > 0.75P,| » @Ry = ¢V, = 0.6F,d;ty X Neorumns (1.9 - T) (1 +m)
8L akss Gy = | B =P, +PA+-
DP P, = EA,
® Panel Zone Thicknesses (check individually)
d, +w,
t= 90 (dz = d — 2k)(w, = width of panel zone between column flanges)
Jlail dadar oy Olod = gz £3Y Cwoglie




T8 (b + topyyy ) = Ra

VuDP =Ry — oW

24
d,+w,
90

Min DP:

tpp =

Recheck: t =

1ol 4bgd &g Plos

Min CP: by, must check for 1 column - bf,, = by, /Number of columns

: by t . t b,
min — fr wc min fb cp
> bcp = (T - T) > tcp = max {_2 ' e }

> tSMF: 7¥0 il 4 b 93 5719 585 Jb Culbd o bl b s 51 8 571 (g B9 e 9 55 JLSIF 6 26

AISC341: If |t f < % - needs CP & for boxed column: If |t < % — needs CP

R;, = Max(R, — pRy) <6 e sta oS

b E
.A—?S0.56 %—

® CP Capacity (TY): @R, = F,(Ag = by X tep) X Nogcp = Ry,
® CP Capacity (SY): 9R, = 0.6F,(Agy = lnin,, X tep) X Noscp = Ry,

(S &9 Plos

1.¢R, = 0'9FJ’CP(2 or 4)(bep — clip) X tep (2 — one sided , 4 - two sided)
2. ¢Ry = 0.6, (lop =2 X clip) X 2te,

3.¢R, = 0'6chuz X max {dctey o7 lgptap)
. R*
fillet u . .
a = = if high use CJP
toflanges 1 5[0.75 x 0.6 X 0.707 X Frxx](l,, = be'44) x 2 x 2 f hig J
fillet _ PRnmina,2,3)

a =
toweb = 1075 x 0.6 x 0.707 X Fgyx](ly = Imerde) x 2 x 2

S8 Sl (P (S95 dgdun Pl i (ol clip) Siwgm Bi9 e

» Vertical Weld (develop DP shear strength)

W = 0.9 0r 0.75[0.6 X 0.707 Fxx]
» Horizontal Weld: %75 Vertical Weld

4095 §r9 o>

5. Strong Column Weak Beam
> For Column:
M, =EZ,

E, +E,
My = CprRyFyZe | Cyr for SMF = == < 1.2

y
dpoam 0.5h
= Mpr + ZVear ( 2 ) = Mo X 55— 054,

*
DPCtop or bot

Pr 0.5h
IMpc _ EZC<F3’C Ag)xo.sh—o.sdb

=M, - =(Mpr+My)

6. Check Beam Shear
Vor < @V, = 0.6E,dpt,,

>

< End-Plate Connection hji @
Zone
1 3’51]“./ ®
5 -1;__*/_—/-—
®©{ , N ’
> (mER J g }@ Tension
S N
‘/@ M
v
"'-GD—’ 2./ Horizontal shear
i
— L~ \ ; Compression
Qﬁ; ’\\ I
B @
L @ @ Vertical shear

o o

Ref

>1 , P based on = (oE (we can assume B. = 0.4F,A,)

Component

Bolt tension

End plata
bending

| Column flange
| bending

Beam web
tension

Column web
tension

Flange to end
plate weld

Web to end plate
weld

Column web

panel shear

Beam flange

| compression

Beam flange weld |
Column web
Web to end plate

| weld

Boit shear

Bolt bearing
(plate or flange)




4+ Fin(Finger) Plate / Shear Tab Connection —rr—N\

Flexible: o 0l b 5 Jb a0 Jazei € = |(n — 1)2.54 —a| > a

Rigid: = s b 0gw db o Juazet €y = [(n — 1)2.54 — a

e = 0 for Moment Frames

e = a for extended single plate

Astane-Asl: [6 < a < 9cm]: single column of n bolts N o 7]

Cpmin = 7 > 6mm

dp

=—4+16mm>t

tpmax 2 Pmin

Weld: E60: a,, = 0.75 X t,, X 2

6mm <6_4

> Stress in bolts:

<t, <=

dp
2

1. Shear =V}, /(number of bolts X Ap)
2. Torsion=TC/]
J =1+, = TAd?

R, =090r0.75 F, S )
- @R, = 090r0. 0‘5“%!;,>fv_ (NbXAb) +<T>

» Forces in bolts — check bearing & Tearout
Rubolt = fulp

> Weld: E70: 0.75¢t, E60: 0.875t,

« Extended:

1. Plate + Beam Web Vertical Shear: SY + SR
@R, = 0.6F, Ay, >V,
@R, = 0.75[0.6F,Ap,] >V,

2. Plate + Beam Web Block Shear
@R, = 0.75[F,Ap; + 0.6F, Ay, >V,

3. Plate Shear & Moment

( Vy )2 My (=Thouts) <1
Z
@Vp—SY (pMn=(0_9Fy)x(Z=%)
2

( v, )2 N ( My (= Thores) ) <1
@V = SR oMy = (0.75F) X (Znet))

1 _ 2 1 _ 2
=t (s dgh.«‘m _Clm)(n s+ d@,w’u 'cbr") s Znetoonrow = s (s d,;w» 'c‘m) n‘s

n =number of rows , s= vertical bolt row spacing

Zn

etodd row

4. Plate Weld
Astane: Weld: E60: a,, = 0.75 X t,, x%

2
2 1
o= (2‘Z<_uh) + ZMZZ = (pR{lor CmWeldCapacity = 09[06 X 0.707 X FEXX]aW(Astane)
X—
6

5.  Beam Web Compression Buckling

=21 |

f
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Jfipsi=027/f! kg/ecm? JfiMPa =3.18\[f! kg/cm? s asi; Jus <
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® ¢ for Moment or Moment + Axial (based on pp,q,)= 0.9
® ¢ofor Shear = 0.750r 0.6  ® @for Connections = 0.85

» Cover for Concrete = Column & beam =4cm | Slab & walls=2cm | foundation = 7.5cm
£ MPa i 393leyT fy fa £y 0.90 =
17<f/ 228 0.85 ] -
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1. Material Check
- f; > 200
- fy <4200

Jus 125
fy

2. Stability Properties (based on drift)
Q — 2:PuAelastic

Vus b jjlfc(based on CL)

- Moment Magnification Method:

65 = ! =>1 ! =>1
*T1-¢= " [__ZER -
0.75%P,
Ml = Mlns + SSMIS & M2 = M2ns + 5sM25

3. Beam Design = min 2 bars Continuous
- Analysis Results: M, @CL @Face & M, — |LRFD

a4

- Flexure —
- 1, > 4 D
— b > 0.3hor 25cm i

— Rebar: From Chart : pin/Pmax/La/LaHook

A
Num of rebars » A, - p = == >
f S p b

A
Check: A > a = Sfy,
0.85 £/b

. M. f
Design: R, = (pb’éz , m= 0.835’]( = Preq = (1 - 1-

Check:

> @M}~ = 0.9A,f, (d

Beam Longitudinal Reinforcement

/Calumn shear

; v _ Mp,:,-t-Mp,A
‘

34 =

w, = (1.2 +0.25,9D + 1.0L + 0.28

ol (LT

Ver Vez

08 iz bed
fy
0025 bwj(ﬁ or A3) 2 m b..,d . min. 2 bars continuous

(M,, or M;) at any section zjfmax. My at either joint)

Pmin < p < Pmax
-
. 0.375
7 O 1.33p analysis —mﬁl or 0.25

“maX) > M, (LRFD @face)

2mR
—y“ sreq = 1:33Preqhd < A, |

) - 1.334
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Top and Botom 2 bars continuous
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Top and Bottom: 1.4b,d / f, < p <0.025

- Shear (E.)

non-—seismic

seismic

V, @CL @d from face - Design @d from face for My,

® [non — seismic] if V,

® [non — seismic| Spax = [Ve < 2V.] = ; or 60cm & [V, >2V.]= Z or 30cm
_ 1.25Afy
"~ 0.85f/b

> M7 o = AT(1255) (d-5)

> w, =[(1.2 + 0.25,5)D + 0.5L + ---

—>Ve=]/p+‘/"q= +

In 2

- @V, =[0.75 or 0.6](V; + V) >

Check:
- Al bl ol O g 4y Sl e (Sle O atg D sal

d
-2h:5; < " & 6dblong varmin & 15cM
v+

= ymax _ppx L %
I, — 2h

* @2h - @V, >V
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- after 2h : S, <§

> 0.5¢V, = 0.5 x0.53,/f/b,d = A, is needed =

I X5 0k 2,0

Mﬂr"'M;;r " wyln if Vp>%50Ve—=Ve=0

else(V. = 0.53,/f/bd & V, =

usezsmzc(plastlc)&

=~ [non-seismic]: S < g & 60cm

3.5bys
fy

(V. = 0.53,/f/b,d)

Apfyd
S

s A el (sla el 5L)

Unon-—seismic

Beam Transverse Reinforcement
No lap splicing within

this region 1 Cy
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Column Design

4. Column Design
- Load combinations: [M, & M, &V, = Eq] & [P, = LRFD] Sway frame Non — sway frame
. . . . Unb d B d
- [non — seismic] M, @P, — inside (¢M,@¢pP,): OK 0 5005 L, > unsupported iCa0ins
Check Geometz V. Kirace < 12Kprame r=0.3h Kirace > 12Kprame
K>1 K=1
Neglect
hsha:t = 30cm e ﬁ <22 Slenderness ﬁ <344+ 12 (&) —-—
T (Short) T M,
) - Kl Moment, kl, M,
hmng < 2.5hgp0rt D = 30cm e 22 < T” <100 Aﬁff:,;ff;ﬁ,:f;;) 100 = — >34+ 12 (Mz) —
- Flexure B, e n
1 . — — > 100 o analysis 2% <100 e
-[B, < —Agfy — beam behavior] = but assume beam — col. T slender <

- Dimension Check: b > 30cm & 0.01 < p < 0.06 (= 0.04) ity 4
- SCWB Check: 2M,,. = 1.2 M, g
Mpc @ P, My, @ beam max +
[Mncz‘ﬂn;%u & M, = ‘/’717]_,4?”5 M..( 1 I | )M,..Mn.(iI ‘}) 2
- Z | n20zs00etet0e
S ol AT el gla O 5 5o it
09-025,D- 106
. S sl y o 3 HLSS 8 o o sl s Sway right P Swey lef """"""""""'"/ >
r—f‘-‘n 2 > D e ilobNser e SEIL S M.?L'M.‘.’L’E(M;'M') T
Bending Moment
- Shear
. . d d
® [non — seismic| Sy = [Ve < 2V.] = 5 or 60cm & [V, >2V.] = 5 or 30cm (V. = 0.53,/f/b,,d)
» check hoop sz)acinz . Conseculive crossties engaging the same - P
longitudinal bar have their 90-degree hooks , eh:s,:u[“""' la i
® [, = max (hu;—» A, 45Cm) on opposite sides of column 3 )
6d}, extension ‘\ - — A ;
ciorcy l — L [m
dy 2 7! . — ]
- Ash;},y - S;y,, < ( 6db) 602 75 mm Asha Ly = [Tae LN
. 35—hy A — o t %
-10< 5, <min (15,10 + ) 2 i B
S =1
X; |
- h, = max X; M bea 2]
51.’ 5 5{‘ “_ c
8. =15cm
X; - NG
® [, 5l s — Spacing < 6d, or 15cm ° %L =T ¢ .
- i
a
:jjﬁﬁgM\éSﬁ,i\{ml:wj&Tﬁ» t_:— . l::-
X 2
- B '§ 1l | " & =a5em
Ag=cy X C; |
Ar=boxb The dimension x; from centerline to centerline ¢
A‘h et n ez . . . of laterally supported longitudinal bars is not | l
cp = area enclosed by outside perimeter of concrete cross section 1o exceed 350 mm. The term A, used in [ i ) s— 1
. . . . - X ]
Asp = like Ayfor beam in each direction Eq. (18.7.5.3) is taken as the largest value of x;. ]5‘”' — )
hy, =max Xi - h, <35cm [ifpu>0.3Agf’C—>200m] 1t [
) 1
f |
» check min amount of hoop %35 w4810 g s 5o
i e
— c c . qNe . & .
~Ag > Agn, = max [(0 35b, (2 fs - 1)f—) ) 0.09be L | = s 2 it IS, 513055 51> B&So: NEW
4 c Ytie Ytie

— recheck new Agy,

(i a0 18754 1y By > 0.34,f] ZIVL Las Sloslons 53)

» check hoop capacity
0.75 [V; + (V; = 0)] > V. & (W,

often DNC)

LRFD
col

col
t0p+Mpr bot

Mpr

— must be designed for I/, based on Mprcoz@Pu -V,

but need not exceed V, based on M,,.
beam

_ 35byS

- [non-seismic] — A < A, (often DNC)

Vmin ~ T
Z.. . Apfyd , s
[ Ks s = Vo = —— - ¢V, = 0.75l] Mo =7
[ u‘;:] N PYs s (a) From analysis (b) Column hinging (c) Beam hinging
- Veost i atan [V = 0,1, > 0.5V]
_ o _ MprtMgy L a _ 1.254f,
SV >V, i analysis &V, =V, = e | Mgmn@p, (no (p|fymcrease) | Mprbeam) = AS(1.25fy) (d - 5) |a= 0.85fc';
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5. Geometry Checks Hoop: w &l | Cross-tie: o, | Hook: s | Tie: &&s | Stirrup: o el

The spacing of transversely supported flexural
reinforcing bars shall not exceed 35 cm.

Bars not to exceed 150 mm clear
Set of overtapping closed ties [ ]

Bars not to exceed Angle at supports not to exceed 135-degrae spacing without SUPP;“_#LM:F_L_‘I o encise o bare
. 7 [ i
1?0 mm clear spacing o e \_ - 7. 5 5 = = = = n
without support S'"EIJIE heltlﬂb Single tie to Bar exceeding
enclose all bars
enclose all bars ;sgﬂ'lrr‘l';' clear
QOverlapping | -— Bar exceeding Crosslie supparted by 5
135-degree 150 mm clear “ T;‘* cmssﬁe\c’j _‘ Crossus\ A
standard spacing supported
~—May be greater than hooks by dlosed tie
150 mm no intermediate 7\
tie required lo o A o ol lls o 5 . .u
) - 6dj, extension
Crosstie as defined in 25.3.5
Detail B Y —_—
6ely> 75 mm stal Alternate hoolf position _of Staggerad
extension each successive crosstie heok
v location as
Consecutive crossties e Longitudinal required for
engaging the same f successive
longitudinal bars have reinforcement clrcular ties

their 90-degree hooks on
opposite sides

Detail A p Detail G

\—1 35-degree
bend

Circular tie

d)
r column beam "T‘
4cm 2.5cm Lap2 150 mm
s2 greatestof { 1.5d,, dy

133dpg, | 1.33dag0

Maximum spacing
between bars
resirained by legs
of crossties or
hoops = 350 mm

6. Joint Design
> (1-25fy) L Cj]’ Eor b aisl i8Il )3 87 G50 5o s
0.85

» @ for joint shear =

Effective joint
area, A;

Computation of Joint Shear Shear Resistance of Joints kgf & cm2
Ve

11244 For beameolzmn joines of specisl momsent
framacs 208 disgonally sciaforced coopling besms. 4 fov
sbear kall e 085,

Effective

jointwidth=b+ £
; sh+2x

Joint depth = h
in plane of

T, =1.25A. f) «— C =T reinforcement
— t generating shear-
: v, =534,\F". 4,
) =Tz§ ' — T, =1.25A% f,

column

v, =4.024.7" 4,

Ve

Vex =V, -T2 - G V,=3248.4 1", 4, ﬁ

Reinforcement
generating shear—

Direction of
V forces generating
shear




