5404 Gurley Avenue

Dallas, TX 75223

MOMENT CONNECTION: DESIGN OF W-SHAPE MOMENT BEAM TO

W-SHAPE COLUMN FLANGE (1WAY) WITH SHEAR PLATE

TYP DOUBLER PLATE TO
COLUMN FLANGE CJP CONNECTION

CONNECTION
TC-Uds @
TOP & BOT.
(t;\) THK. SHEAR PL ~A36 (UNO) (tst) THK. STFFENER
W/ db @ BOLTS :
Pl PLATE-A36 (UNO)
T SLOTS ON SHEAR PL ONLY
1 ( ) (AS REQUIRED)
W—SHAPE
A992 (UNO) N AS REQD
[BEAM ws |/ TYP ON WEB
/—y = = BTC—P4-GF
g B AS REQD
/ :; T 4 sEMN TYP ON WEB
WP ++ = TC-U4b—GF
" I N AS REQD
>+ = TYP ON WEB
A + < 7
/ - 24
JEN =
7 |
\
D / TC—U4b—GF
" AS REQD
(tdp) THK. DOUBLER
PLATE-A36 (UND) © K e N TYP ON BF%TEEPGF
(AS REQUIRED) qo)l | |len, S e
qap| "
Lehymy | | [nv,~1)@sv, ( ;\ AST;EQODN FLANGE
"SECTION A"
W—SHAPE S Wil TYP ON FLANGE
A992 (UND)
COLUMN
S= 1-1/8

E=|S—1/8" if Field Welded (' MIN)

S if Shop Welded (4" MIN.)

(T= thickness of connecting material)

C—Lla PARTIAL PENETRATION GROOVE WELD
tdp < 3 m>—ﬂf DETALL (S & E)
TC—U4a (series)
tdp > 3 m> N\

TYP DOUBLER PLATE TO COLUMN
FLANGE FILLET WELD CONNECTION

NOTE: (FIGURE ABOVE DOES NOT
REPRESENT ACTUAL DESICGN, REFER ON
ATTACHED CONNECTION SCHEDULE

FOR THICKNESS OF PLATE, LENGTH AND
SIZE OF WELDS)

TYP DOUBLER TO COLUMN WEB & FLANGE CONNECTION
(SEE SCHEDULE FOR NUMBER OF DOUBLER PLATE, ndp)
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5404 Gurley Avenue
Dallas, TH 75223

I. DESIGN DATA AND LOAD ( ASD

- AISC 1l4th Edition

COLUMN PROPERTIES (col): W14X193 - A992

chol:50-ksi dcol:15‘5'in twcol:O.89-in
Fucol=65-ksi bfcol:15.7-in tfcol:1.44-in
E:=29000ksi

BEAM PROPERTIES (bm): W18X60 - A992
Fypp =20-ksi dy, =18.2-in twp, =0.415-in
Fubm:65-ksi bfbm:7.56-in tfbm:0.695-in
Length of Beam, Ly = 20ft

SHEAR PLATE (pl): A36
prl::36-ksi Fupl::58-ksi Thickness of
Plate:

STIFFENER PLATE (st): A572-50 (AS REQUIRED) (Full Depth)
Fyge =50-ksi bstgiV:7.25-in tst:=1lin
Fust:65-ksi LstgiV:12.5-in nst = 2

DOUBLER PLATE (dp): A36 (AS REQUIRED) (Extended)

36-k 58-k d °
F = ~ksi Fu = -ksi t =—-'1n
Ydp dp P=%

Length of Doubler Plate,
1
Ldp := Ceil| dy, — 2tst, Zin

Ldp =16.25-1in

kl,oy =1.688-1in

kKool =2.75+1in

klym = 0.813-in

kbm:1.375-in

1 3
tpl = —in
P 4
clip:=1lin
ndp =1

CALCULATION FOR MOMENT CONNECTION 2.xmcd
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5404 Gurley Avanue

Dallas, TX 75223

BOLTS:

For Shear Plate to Beam Connection:

Bolt Diameter, db

plzl-in

Bolt Shear Strength, Arvpl =14.464 -kips

Bolt Tensile Strength, Arn

pl = 44.375-kips

1

Gap between edge of gap := —in
2

beam to edge of support,

Beam Web Edge Lehbmw =1.5-in

Distance,

Plate Vertical Edge Levpl =1.5-in
Distance,

Plate Horizontal Edge Lehpl =1.5-in
Distance,

Bolt Vertical Spacing, Sp1 = 3-in
Bolt Horizontal Spacing SV51 = 3.in

(For Multiple bolt
lines),

number of bolt rows:

number of vertical bolt lines:

total number of bolts: n

pl = NIy "0V,
Bolt First Down from top of beam,
WELDS: E70xx LH
Fu,=70" ksi Weld Size

Shear Plate to .
Column, w1

Flange (As Req'd), W2 T

Stiffener Plate to Column

Flange (As Reqg'd), i

Stiffener Plate to Column

= il
Web (As Req'd), "5 cel

Doubler Plate to Column (

Bolt Type "A490-SC-SSLT-CLASS A"

pl

Conn_typepl ="Slip Critical-type"

Hole diameter:

Shear Plate,

hd

plvzl.lZS-in

hdplh =1.375-1in

Beam Web,

hdy, = 1.125-in

nrpl =5
nvpl =2
npl =10
D, = 3.25-1in

CALCULATION FOR MOMENT CONNECTION 2.xmcd
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5404 Gurley Avenue
Dallas, TH 75223

SAFETY AND RESISTANCE FACTORS:

Safety Factor, Q (ASD)

Resistance Factor, ¢ (LRFD)

Modification Factor,

For

For

For

For

For

tension rupture,
tension yielding,
compression,
shear,

fillet weld

(shear),

For

For

shear rupture,

shear yielding,

For bearing,

For web compression
buckling,

For web crippling,

For

For

web yielding,

flexural local

buckling,

For

partial penetration

1
A =— (IF ASD)
0

safety factor

A =¢ (IF LRFD)

resistance factor

modification factor

weld (shear),

For partial penetration
weld (tension),

Q. =2.00 by =0.75 Ay, =0.50
Qpy,=1.67 bry =0.90 Apy=0.60
Q.=1.67 $.=0.9 Ao=0.60

Q,=1.67 ¢, =0.90 A, =0.60

Q,,=2.00 by =0.75 Ay, =0.50
Q,,=2.00 by =0.75 A, =0.50
Q,,=1.50 gy = 1.00 Ayy=0.67
Qg =2.00 Ppypg =075 Appq =0.50
Qu,=1.67 dpp =0.90 Aoy =0.60
Q.. =2.00 dop =0.75 Aoy =0.50
Qy, =1.50 By = 100 Ay =0.67
Q, =1.67 ¢, =0.9 Ay =0.60

Qyyyp =200 Gyp =075 Ayyp = 0-50
Qpyp =1.88 Gryp=0-8 Apyp =0-53

CALCULATION FOR MOMENT CONNECTION 2.xmcd
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5404 Gurley Avenue
Dallas, TH 75223

APPLIED LOADS:
BEAM
s UDL,

Given Shear Load
(if any),

Beam Shear Load,

Given Axial Load
(if any),

Beam Axial Load,

% Moment Capacity,

Given Moment Load,

Moment Load,

COLUMN

Axial Load,

Story Shear,

UDL = 0.5

Vgiv = 50kips

2 Ay FYpn Z¥pp

=80.689 kip

o
Il
o
~
E.
o
)

=
Il

Okips-ft

My =306.89-kips-ft 100% M.caf

Pu, ;= Okips

Vs := Okips

CALCULATION FOR MOMENT CONNECTION 2.xmcd
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5404 Gurley Avenue
Dallas, TH 75223

II. CALCULATIONS:

A. BEAM TO COLUMN FLANGE CONNECTION

1. Forces acting on the Connection
@ Beam Flange,

Pbm Mbm

Ff = +

Ff=210.376-kips

2. Beam Flange to Column Flange Connection
Length of connection,

Lwf = min(bfbm, bfcol)

Complete Penetration Groove Weld Capacity,
RWepp = Aty-min(chol , Fybm)-tfbm-wa

chpb:157.3ll-kips Ff =210.376-kips

RESULT = CJP weld can still fully developed the flange force

B. BEAM WEB CHECK

1. Bolt Bearing Capacity on Beam
(AISC 13th Ed. Chapter J, Section J3.10, page 16.1-111)

Bearing Area,

Abrgbm = dbpl “tWpn

Rbrgy, =0.415-in”

Bolt centerline distance from face of support,

ap = gap + Lehbmw+ 0.5(nv—-1) -sv

ab = 3 .5 in
Eccentric Load Coefficient,
(Table 7-7, AISC 13th Ed.)

C=7.292

CALCULATION FOR MOMENT CONNECTION 2.xmcd 6 of 34




5404 Gurley Avenue
Dallas, TH 75223

Allowable Bearing Strength using edge distance, (J3-6a,J3-6cC)
Fbe = Fuy - min[l .0 ~(D1 -0.5 ~hdbmw)-twbm, 2.0 ~Abrgbm] if hdp,, >hd;q
min|:1 .2 '(Dl -0.5 'hdbmw) w204 ~Abrgbm] otherwise
Fbe =64.74 -kips
Allowable Bearing Strength using bolt spacing, (J3-6a,J3-6c)
Fbs = Fu - min[l .0 -(spl - hdbmw)~twbm, 2.0 ~Abrgbm] if hdp,, >hd;q
min|:1 .2 '(Spl - hdbmw)'twbm , 2.4 ~Abrgbm] otherwise
Fbs =60.694-kips

Bolt Bearing Capacity,

C
Rbrgy = = |:Abrg'¥' [Fbe + Fbs (nr — 1) ]}

Rbrgy, =224.252-kips Viom = 80.689-kips

RESULT = Bearing Capacity > Force Applied,OK

2. Shear Capacity of Beam

(AISC 14th Ed. Specifications, Chapter G, Section G2.1, pages 16.1-67 to
16.1-69)

Clear distance between flanges of beam, less the fillet or corner radii,

h:= dbm -2 kdesbm ‘

kbw

h=16-in

Limiting depth-thickness ratio, t
n Wpm
N

bm hbm

htw =

twbm

Dy, = 38.554

Clear distance between transverse stiffeners,

a:= 0Oin 1if htw<260

2602
min|{3-h,|—— | -h| otherwise
htw

a=0-in

dbm

CALCULATION FOR MOMENT CONNECTION 2.xmcd
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5404 Gurley Avanue
Dallas, Tx 75223
Web plate buckling coefficient,
kv = 5 if htw<260
5 .
5+ > otherwise (G2-6)
a
kv =5
Web shear coefficient,
kv -E
Cv = 1 4if h, <1.1
tw Fypm (62-3)
kv-E
1.1
Fybm kv-E kv-E
if 1.1 <hy,<1.37 (G2-4)
htw Fybm Fybm
1.51-E-kv 13 kv-E
—_— if 1.37- <h (G2-5)
h, °F F¥pm "
tw *Ybm
Cv=1
Shear Capacity of Section,
(G2-1)

vamf:‘Avbm'o'6'Fybm'dbm'twbm'cv
me::80.689-kips

vamf:15l.06-kips

RESULT = Shear Capacity of Section > Force Applied, OK

C. BEAM TO SHEAR PLATE CHECK

1. Direct Bolt Shear Capacity
(AISC 13th Ed. Chapter J, Section J3.6, pages 16.1-108 to 16.1-109)

Shear Capacity per bolt,

Arvpl::14.464~kips

Bolt Shear Capacity,

Rb:::C~Arvpl
me::80.689-kips

105.477 -kips

Rb

8 of 34
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Dallas, TH 75223

RESULT = Bolt Shear Capacity > Force Applied, OK

2. Check for Spacing

(AISC 13th Ed. Specifications Chapter J, Section J3.3 and J3.5, pages 16.1-106
to 16.1-108)

Vertical Spacing,

Spl =3-in
) 2
Smin = ZEdbpl

Smin =2.667-in

Smax = min(12in , 24 -min(twbm R tpl))

Spax = 9-960-in

RESULT = s > s.min & s < s.max, OK

Horizontal Spacing,

svpl:B-in

2
SViin = 2€~dbpl

SViin = 2.667-in

SViax = min(12in , 24 -min(twbm R tpl))

SViax = 9.960-1in

RESULT = sv > sv.min & sv < sv.max, OK

3. Check for Edge Distance

(AISC 13th Ed. Specifications Chapter J, Section J3.4 and J3.5, pages 16.1-106
to 16.1-108)

Vertical Edge Distance,

Levpl =1.5-in

Lemin =1.25-1in

CZZO‘iH

CALCULATION FOR MOMENT CONNECTION 2.xmcd
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5404 Gurley Avenue

Dallas, TX 75223

Levmin = Lemin + C2
Levipn=1.25-in
LeViax = min (6in, 12-tpl)

Leviax = 6.000-1in

RESULT = Lev > Lev.min & Lev < Lev.max, OK

Horizontal Edge Distance,

Lehpl =1.5-in
Lehbmw:1.5-in

Le in:1.25-in

m
Lehminpl =1.375-1in
Lehpinpm=1-25- in

Lehmaxpl =min (6in, 12-tpl)
Lehmaxpl =6.000-1in
Lehmaxbm = min(6in , 12 'twbm)
Leh oxpm = 4-980-in

RESULT = Leh > Leh.min & Leh < Leh.max, OK

D. SHEAR PLATE CHECK

1. Check for Maximum Shear Plate Thickness

(AISC 13th Ed. Manual Part 10, page 10-103)

Exceptions for nv = 1 and nv = 2

1< db 1 - db 1

t < — 4+ — tw <— 4+ —
P T e bm= o7 16
Lehpl >2 «dbpl Lehbmw > 2 ‘dbpl

RESULT = Check maximum thickness of plate
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5404 Gurley Avenue
Dallas, TH 75223

Coefficient for Eccentrically Loaded Bolts
(AISC 13th Ed. Manual Part 7, page 7-19)

C'=238.669-in

Area of Bolts

Tr-db2
Ab = ———
4
.2
Ab=0.785-in

Length of Plate

Ipl:= (nr—-1) s+ 2 -Lev

Lpl =15-in

Maximum Thickness

6-(an1~Ab~C')

Plpay = 5
O.9~prl~Lpl
tplax =0-691-in tpl=0.75-1in
RESULT = Use the value of the maximum thickness of plate
Governing Shear Plate Thickness,
tplg:z if Casepl =1
tpl if tpl <tpl. .,
tpl 1if tpl =tplpax
1
Floor| tpl ,—1in otherwise
p max 16
tpl otherwise
11
tplg =——-1n

11 of 34
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2. Bolt Bearing Capacity of Shear Plate
(AISC 13th Ed.Specifications Chapter J, Section J3.10,
page 16.1-111)
Bearing Area,
Abrgpl = db-tplg

Abrg, ~0.687-in?

Allowable Bearing Strength using edge distance, (J3-6a,J3-6cC)

Fbe = Fu,; - min[l.o ~(Lev - O.5hdplv)-tplg, 2.0 ~Abrgpl] if hdy)p 2hd)g

min|:1 .2 -(Lev -0. 5hdplv)-tplg, 2.4 ~Abrgpl] otherwise

Fbe =44.859-kips

Allowable Bearing Strength using bolt spacing, (J3-6a,J3-6cC)

Fbs = Fu,; - min[l.O ~(s - hdplv)~tplg, 2.0 -Abrgpl] if hdy)p 2hd)g
min|:1 .2 ~(s - hdplv)'tplg , 2.4 ~Abrgpl] otherwise

Fbs =89.719-kips
Bolt Bearing Capacity,
A C
Rbrgpl = brg'E [Fbe + Fbs- (nr — 1) ]

Rbrgpl:294.4l9-kips V=280.689 -kips

RESULT = Bearing Capacity > Force Applied, OK

3. Shear Yielding Capacity of Shear Plate
(AISC 13th Ed, Specifications Chapter J, Section J4.2, page 16.1-112)

Length of Plate,
Ipl:= (nr—-1)s+ 2Lev

Lpl =15-in

12 of 34
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Check if Length of Plate is acceptable,

(AISC 13th Ed, Manual Part 10, page 10-104)

Length = "Plate Length is OK per AISC Requirements" if Lpl 20.5(dbm—2kbm)

"Increase Plate Length per AISC Requirements" otherwise

Length = "Plate Length is OK per AISC Requirements"

Gross Shear Capacity,

Rvypl:=<Avy-0.6-prl~tplg~Lpl (J4-3)

Rvypl:148.5-kips V=280.689 -kips

RESULT = Shear Yielding Capacity > Force Applied, OK

4. Shear Rupture Capacity of Shear Plate

(AISC 13th Ed, Specifications Chapter J, Section J4.2, page 16.1-112)
Net Area,
Anv := (Lpl - nr-hdplv)~tplg

Anv = 6.445-in?

Shear Rupture Capacity,

erpl = Avr'o'6'Fupl'AnV (J4-4)

erpl:112.148-kips V=280.689 -kips

RESULT = Shear Rupture Capacity > Force Applied, OK

CALCULATION FOR MOMENT CONNECTION 2.xmcd 13 of 34




5404 Gurley Avenue
Dallas, TH 75223

5. Block Shear Capacity of Shear Plate

(AISC 13th Ed. Specifications Chapter J, Section J4.3, pages 16.1-112 to

16.1-113 )
Reduction Factor, Upg= | 1.0 if nv=1 (tension stress is uniform)
0.5 1if nv>1 (tension stress is non-uniform)
U =
bs 0.5 3
|
Gross Shear Area

7

Agv:i=[(nr—-1) -s+ Lev] -tpl @
o 7 2l
2 ™
Agv =9.281-in L
Leh (nv-1)@Sy NS
Net Tension Area
Ant =[Leh + (nv—1) -sv - (nv=0.5) -hdp ] tplg
.2
Ant =1.676-1in
Net Shear Area
Anv :=[(nr—1) s+ Lev— (nr—0.5) 'hdplv]'tplg
.2
Anv =5.801-in
Block Shear Capacity of Plate, (J4-5)
Rbs = Apg min(O. 6Fuy) *Anv + Upg-Fug) -Ant, 0.6 -Fyy) -Agv + Upg-Fuy) ~Ant)
Rbspl:124.536-kips V=280.689 -kips

RESULT = Block Shear Capacity > Force Applied, OK

CALCULATION FOR MOMENT CONNECTION 2.xmcd
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5404 Gurley Avenue
Dallas, TH 75223

6. Local Buckling Capacity of Shear Plate

(AISC 13th Ed., Manual Part 9, page 9-8 to 9-9)
Distance of bolt line to support,
ap = gap + Lehbm

ab:Z-in

Coefficient,
ILpl- /prl [ 1 j

\:=
Ipl 2

10-tpl.- | 475+ 280

g ap,

A=0.103
Q:= 1 1if X<0.7
1.34-0.486-X 1if 0.7 <X<1.41
1.30
otherwise
>\2

0=1
Allowable Buckling Stress,
Fcr = prl -0

Fcr =36-ksi

Gross Plastic Section Modulus,

X :
pl 4

2%, 38.672-in°

15 of 34
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Eccentricity,

epl = ab

epl =2-in

Buckling Capacity,

Fcr-zx

= Ay
pl b e

pl
Rbc

pl

Rbcpl:416.823-kips V=280.689 -kips

RESULT = Local Buckling Capacity of plate > Applied Force, OK

7. Flexural Yielding Capacity with von-Mises shear reduction

(AISC 13th Ed., Manual Part 10, page 10-103/Muir, Larry and Hewitt,Christopher,
"Design of Unstiffened Extended Single-Plate Shear Connections'", Engineering
Journal, 2nd Quarter 2009, page 69.)

Flexural Capacity,

Ab-prl-Lpl~tplg

2
ep1
2.25+16-
Lpl

Rchl:139.64-kips V=280.689 -kips

Rfc

pl-

RESULT = This limit state is not applicable.

8. Flexural Rupture Capacity

(AISC 13th Ed., Steel Construction Manual Design Examples page IIA-84)

Net Plastic Section Modulus,

2 ) 2
tpl-1pl? hdplv-s-tpl-(nr -1 tpl~(hdplv)
1= - - if mod (nr, 2) >0
p 4 4 4

Znet

-nrz-s~tpl

- if mod (nr, 2) =0
4 4
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5404 Gurley Avenue
Dallas, TH 75223

Znet ) =26.763-in°

Flexural Rupture Capacity,
(AISC 13th Ed., Manual Part 15, page 15-4)

Afr~Fupl-Znetpl

pl e

Rfr
pl
V=80.689-kips

Rfrpl =388.059 -kips

RESULT = This limit state is not applicable.

9. Interaction of Shear Yielding, Shear Buckling, and Flexural Yielding of Plate

(AISC 14th Ed. Manual Part 10, page 10-104 to 10-105)

From AISC Manual Equation 10-5,

2 2
Vr Mr
— | +|— | £1.0
Ve M
epl = gap + Lehbmw+ 0.5(nv—-1) -sv

M, =282.41 -kips-in

Shear yielding,

Ve = Avy-0.6-prl~tplg~Lpl

Vc:148.5-kips

CALCULATION FOR MOMENT CONNECTION 2.xmcd
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5404 Gurley Avenue

Dallas, TX 75223

Flexural yielding,
MczzAb-prl-szl

M, = 833.645-kips-in

Interaction,
2 2
Ve My
— | +|—| =0.41
Ve c

RESULT = Interaction < 1.0, OK

E. SHEAR PIATE TO COLUMN CHECK

1. Rupture Strength at Weld for Column
Rupture Strength at Weld,

RVioy = Ay 0.6-Fu, q-tf 472 -Ipl

Rv,,1 =842.4-kips Viom = 80.689-kips

RESULT = Girder Web Capacity > Force Applied, OK.

F. COLUMN LOCAL CHECKS

1. Flange Local Bending
(AISC 14th Ed. Chapter J, Specifications Section J10.1, page 16.1-133)
Flange Force,

Ff=210.376-kips
Distance of Force to Column End,
De 1 = 36in

Local Bending Capacity,

. 2 . _
Rfb:i= | Ag,-6.25-tf 1" Fy.,; 1if De 210-tf (J10-1)

col

2 .
0.5-Agp,-6.25-tf ., 7" Fy,,, Otherwise

Rfb =388.024-kips F£=210.376-kips

RESULT = Local Flange Bending Capacity > Force Applied, OK

CALCULATION FOR MOMENT CONNECTION 2.xmcd 18 of 34




5404 Gurley Avenue
Dallas, TH 75223

2. Web Local Yielding
(AISC 14th Ed. Specifications, Chapter J, Section J10.2, page 16.1-134)
Bearing Length,

N := tfbm

N=0.695-in

Web Yielding capacity,

Rwy = Ay chol~twcol~(N+ 5-kdescol) if Degyy >dagr (J10-2)
chol'twcol'(I\H' 2.5-kdescol) otherwise (J10-3)
Rwy = 323.218-kips Ff=210.376-kips

RESULT = Web Yielding Capacity > Force Applied, OK

3. Column Web Crippling

(AISC 14th Ed. Specifications, Chapter J, Section J10.3, pages 16.1-134 to
16.1-135)

Web Crippling capacity,

E-Fyeo1 tfeor

1.5
4N tWeo1
Ny =1+ -0.2
dcol tfcol
2 . dcol
ch:=ACr 0.8tw,y -Nl-Esq if De 1 z——zf— (J10-4)
. dcol N
O'4twcol ~N1~ESq if Deggp <—(/— A <0.2 (J10-5a)
2 d
col
. dcol N 10-5b
0.4tw,oq ~N2~ESq if Deggp <——— A >0.2 (J10-5b)
2 dcol
Rwc =517.019-kips Ff=210.376-kips

RESULT = Web Crippling Capacity > Force Applied, OK
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4. Web Panel Zone Shear
(AISC 14th Ed, Chapter J, Specifications Section J10.6, page 16.1-136 to 137)

Force Acting on the Web Panel Zone,

Mpm 2Ap FYeo1 BXc01
sz =min R - Vs
Ypm ~ Efpm Ypm ~ Efpm

sz =210.376-kips
Column Strength,

P.:= FYeo1 A9c01 if Code ="LRFD"

0.60-Fy,q7 "Ag,oy 1f Code ="ASD"

P, =1704-kips

Web Panel Zone Shear Capacity,

Rvz ;= AV'O'6'chol'dcol'twcol if PucolSO.4O-PC (J10 - 9)
A Pucol
-0.6-Fy -d “tw 1.4 —— otherwise
v col “col col P (J10 - 10)
Rvz g 1 =247.814 -kips Vi, =210.376-kips
RESULT : Web Panel Zone Shear Capacity > Force Applied, OK
5. Shear Buckling of Column Web
(AISC 14th Ed, Chapter G, Section G2.1, page 16.1-67 to 16.1-69)
Minimum Thickness of Column Web based on shear buckling,
deo1 —2-kdesgog F¥co1 (G2 — 1)
tw = .
colm 2.24 E
twcolm:0.212-in twcol:O.89-in
h:=d_ 1 —2kdes 4
h
hy, =
tw
tWeo1
20 of 34
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AV otherwise

Ayeop =0.667

Shear Buckling Capacity,

RV.51 = Ayeo170-6-Fy oy Cv twogg-degy
RVCOl =275.9-kips VpZ::21O.376'kipS

a:= 0Oin if htw<<260
260 )
min|3-h, -h| otherwise
h
twcol
a=0-in
kv = 5 if htwﬁ260
5
5+ otherwise
a 2
h
kv=5
h kv-E
Cv = 1 if —<1.1- [|———
tWeol FYcol
kv-E
1.1 | ——
chol kv-E h kv-E
if 1.1- < <1.37- | ————
h FYcol Yol FYeol
twcol
1.51-E-kv kv -E h
if 1.37: <
h 2 FYco1l Vo1
col
twcol
Cv=1
A A h E
= if ——<2.24. [——
vcol - v 1 .
Y tWeol FYeol

RESULT = Shear Buckling will not control, OK
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G. REINFORCEMENT DESIGN FORCES

1. Required Strength for Doubler Plate

Vudp = max(VpZ _min(RVZcol , vaol) , Okips) if tWeo1 <teoim
max(vpz —Rvz 41> Okips) otherwise
Vudp =0-kips
2. Stiffener Plate Design Force
Stiffener Plate Design Force,
Fstt:z max (Ff —min (Rwy, Rfb) , Okips) if wa20.15~bfcol
max (Ff —Rwy, Okips) otherwise
Fsty = 0-kips
FstC =max (Ff —min (Rwy, Rwc) , Okips)

Fst, = 0-kips
Fst = max(Fstt, Fstc)
Fst =0-kips
Design Shear Force @ Column Web,
Fst = Fst

Fst,=0-kips

3. Column Web Thickness Check Due to Forces From Stiffener Plates

(Steel Design Guide Series 13, Chapter 4, Section 4.4.2, page 30)

COMBINED
SHEARING

No Doubler
Plate Req't

DOES
NOT
AFFECT
SHEAR
ON
COLUMN
WEB

DOES
NOT
AFFECT
SHEAR
ON
COLUMN
WEB
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FstW
twcol =
reql 'Avy'o'6'chol'(dcol'_2'kcol)'4
twcolreqlzzo-in
Fstw
twcol =
reqz Avy'o'6'chol'dcol'2
twcolrqu::O-in
FstW
twcol =
req’ 'Avy'o'6'chol'(dcol'_2'kcol)'2
twcolreq3::0-in
Fstw
twcol =
reqt Avy'o'6'chol'dcol

twcolreq4::0-in

Required Thickness of Column Web,

twcolreq:z max(twcolreq3, tWCOlreq4) if Vudp =0
otherwise
max(twcolreql, tWCOlrqu) if ndp=1
0 otherwise
twcolreq::O-in twaol =0.89-in

RESULT = NOT APPLICABLE, Stiffener Plate Not Required.

H. DOUBLER PLATE DESIGN

1. Required Doubler Plate Thickness
Thickness of Doubler Plate,
tdp = 0Oin if Vudp=0kips
tdp otherwise

tdp=0-in
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Based on Shear Buckling of Column Web,

TWeoim ™ TWeol _ _
tdpreql:z max ndp , 0in if ndp =21

0 otherwise
tdpreqlzzo-in

Based on Shear Yielding of Doubler Plate,

tdpre 2 =
d Avy~0.6~Fydp~dcol~ndp

tdpreqzzzo-in
Based on Shear Buckling of Doubler Plate,

(dCOl _2'kdescol) Fydp

in ksi

tdpreq3 = 418 +1ln

tdpyeq3=0-164-in

Due to Forces at Stiffener Plate,

FstW

td =
Preq4 ,Avy~0.6~Fydp~(Lstgiv-—2clip>~4

£dpyeqq = 0-in

Fstw

tdpre 5 =
P AG,0.6-Fygy-degy -2

tdpreq5::0-in
Required Thickness of Doubler Plate,

Ldpyeq = max(tdPyeqy s tdPreq2 s> tPreq3: tPreqs s tdPreqgs
q q q q

tdpreq::0.164-in tdp=0-in

RESULT = NOT APPLICABLE, Doubler Plate Not Required.
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2. Weld Check for Each Doubler Plate Connection to Column Flange

Doubler Plate to Column Flange Connection Using Fillet Weld

a.
Minimum Thickness of Doubler Plate for Fillet Welding,

LdPpinw = Xeo1 ~ tfeol

tdpiny =1-31-in tdp=0-in

RESULT = NOT APPLICABLE, Doubler Plate Not Required.
No. of Weld side, N,g = 1

Minimum weld size,
(AISC 14th Ed, Chapter J, Specifications Section J2.2b, Table J2.4)

1
w, . =0-1in Wr=—-1n
min 2 4
RESULT = NOT APPLICABLE, Doubler Plate Not Required.

Shear Strength,

For Column:
RV g1 = Ayp0.6-Fu g -tfgq nyg
kips
Rv =28.08"
col in

For Doubler Plate:
Rvdp = Avr-0.6-Fudp-tdp

kips
Rvdp =0 T
For Weld:
Rv :=A_ . -0.6-Fu -sin (45deg) Ny
Rv, =14.849 ksi
Maximum effective weld size,
min(vaol s Rvdp)
W =
eff -
va
Weff = 0-in
25 of 34
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Length of Wweld,

Lwdp = Ldp

Weld Capacity,
R gy, 1= Ay 0.6-Fu,-sin (45deg) 'n g -min(wz , Weff)'Lwdp
Rwdp:O-kips Vudp:O-kips

RESULT = NOT APPLICABLE, Doubler Plate Not Required.

b. Doubler Plate to Column Flange Connection Using Complete Pen

Complete Penetration Groove Weld Capacity,

chps = Avy-min(chol , Fydp)-O .60-Ldp-tdp-ndp
s = 0-kips Vudp:O-kips

Rpr

RESULT = NOT APPLICABLE, Doubler Plate Not Required.

I. STIFFENER PLATE DESIGN

1. Width of Stiffeners
Maximum Width of Stiffener Plates

1
bstmax = Floor[o .5 '(bfcol - twcol) - tdp, Zln}

bsty , =7.25in

Minimum Width of Stiffener Plates
(AISC 14th Ed, Specifications Chapter J, Section J10.8, page 16.1-138)

Lwf tWeo1
bst . _ = - + td
min 3 2 P

bst in = 2.075-in

Width of Stiffener Plates

1
min(Floor(max(bstmin s bStgiv) s Zin) s bstmaxj

bst:
bst =7.25-1in

26 of 34
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2. Length of Stiffeners
Minimum Length of Stiffener Plates,
(Steel Design Guide Series 13, Chapter 4, Section 4.3.3, page 24)

dcol
Lstmin.— 5

7.75-1in

Lsthin

Maximum Length of Stiffener Plates

1
Lstpax = Floor(dcol~—2tfcol,jilnj

12.5-in

LstmaX

Length of Stiffener Plates

1
Lst:=1nin(Floor(max(Lstmin, LStgiv)’innj’ Lstmaxj

Lst =12.5-in

3. Thickness of Stiffeners
Thickness of Stiffener Plate,

tst =1-in

Minimum Thickness of Stiffener Plate,
(AISC Specifications 14th Ed, Chapter J, Section J10.8, page 16.1-138)

(Steel Design Guide Series 13, Chapter 4, Section 4.3.2, page 23)

tfbm bst
= max

tstmin: 5 5 16
tstin=0.453-in tst=1-in
= NOT APPLICABLE, Stiffener Plate Not Required

RESULT

4. Tension Capacity of Stiffener Plate
(AISC 14th Ed. Specifications, Chapter J, Section J4.1, page 16.1-128)

Tension Capacity,

Rtyst::<Aty-Fyst-2(bst~—clip)-tst
Rtygy =374.251 -kips Fsty = 0-kips

RESULT = NOT APPLICABLE, Stiffener Plate Not Required
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5. Bearing Capacity of Stiffener Plate

(AISC 14th Ed. Chapter J, Specifications Section J7, page 16.1-131)

Bearing Capacity,
Rcbgp =1 '8Abrg'Fyst'2 (bst —clip) -tst

Rcbgy =562.5-kips Fst,=0-kips

RESULT = NOT APPLICABLE, Stiffener Plate Not Required

6. Shear Yielding Capacity of Stiffener Plate

(AISC 14th Ed. Specifications, Chapter J, Section J4.2, page 16.1-129)
Shear Yielding,

RVygy = Avy-0.6-Fyst-tst-2- (Lst — 2clip)

Rvy y = 420-kips Fst,=0-kips

RESULT = NOT APPLICABLE, Stiffener Plate Not Required

7. Weld Check for Stiffener Plate to Column Flange

a. Forces Acting on the Connection

Fst =0-kips

b. Stiffener Plate to Column Flange Connection Using Fillet Weld

No. of Weld side, Ny,g = 2

Minimum weld size,
(AISC 14th Ed, Chapter J, Specifications Section J2.2b, Table J2.4)
5 3

. . w,=—-1n

RESULT = NOT APPLICABLE, Stiffener Plate Not Required

Shear Strength,

For Column:

RV g1 = Ayp-0.6-Fu g -tfgq nyg
c 16 kips
Rv =56.16-
col in
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For Stiffener Plate:
Rvgy o= Atr'Fust'tSt

3 kips
Rv = .5
st in

For Weld:

=A,, 1.5-0.6-Fu,-sin (45deg) 'n g

va
va =44.548 -ksi

Maximum effective weld size,

mln(vaol , Rvst)

W =
eff -
va

0.73-in

Weff

Length of Wweld,

Lwg = max (bst —clip, 0)

Lwg=06.25-1in

Weld Capacity,
Rwe:=A, -1.5-0.6-Fu -sin (45deqg) -nws~min(w4 , weff)wa-nst

Rwe =406.25-kips Fst =0-kips

RESULT = NOT APPLICABLE, Stiffener Plate Not Required

Stiffener Plate to Column Flange Connection Using Partial Pen

C.

Root Face,

1
f:=—in

End Preparation
tfpS =tst - £

5
tfpg :E-in

29 of 34
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Effective Weld Thickness

tfpg = tfpg -0

7 5
tprZE'lI’l tfein :E-ln

RESULT = NOT APPLICABLE, Stiffener Plate Not Required

Partial Penetration Groove Weld Capacity,
prps = min(Atr Fugy , A, Fu_,,) N,s:0.6, Atwp Fu, 0. 60)-wa ‘tfpy-nst

prps:244.348-klps Fst =0-kips

RESULT = NOT APPLICABLE, Stiffener Plate Not Required

d. Stiffener Plate to Column Flange Connection Using Complete Pen

Complete Penetration Groove Weld Capacity,
chps = Aty-min(chol , Fyst)~wa-tst ‘nst

chps:374.251-kips Fst =0-kips

RESULT = NOT APPLICABLE, Stiffener Plate Not Required

8. Weld Check for Stiffener Plate to Column Web

a. Force Acting on the Connection

Fst,=0-kips

b. Stiffener Plate to Column Web Connection Using Fillet Weld

No. of Weld side, Ny,g = 2

Minimum weld size,

(AISC 14th Ed, Chapter J, Specifications Section J2.2b, Table J2.4)
5 3

wo. =——-1in weg =—-1in

RESULT = NOT APPLICABLE, Stiffener Plate Not Required
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Shear Strength,

For Column:
tWeo1
vaol::‘Avr'o'6'Fucol'__7;__'nws
kips
vaol::17.355- o

For Stiffener Plate:
Rvst::‘Avr'O'6'Fust'tSt

5 kips
Rv =19.5-
st in

For Weld:

=A, 0.6-Fu,-sin (45deg) 'n g

va :

Rv,, =29.698 ksi

Maximum effective weld size,

mln(vaol, Rvst)

W =
eff -
va

0.584-in

Weff

Length of weld,

=Lst —2-clip

wa.

10.5-in

wa

Weld Capacity,
w.=<AVW-O.6-FuW~sin(45deg)-min(weff,w5)~wa~n
Rw = 364.455 -kips Fst,=0-kips

ws'nSt

Rw

RESULT = NOT APPLICABLE, Stiffener Plate Not Required

c. Stiffener Plate to Column Web Connection Using Partial Pen

Root Face,

1
f:=—in
8
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End Preparation
tfpS =tst - £
7
tfpe=—"'1n
Pg 5
Effective Weld Thickness
tfpg = tfpg -0
T 5
tprZE'lI’l tfein :E-ln

RESULT = NOT APPLICABLE, Stiffener Plate Not Required

Partial Penetration Groove Weld Capacity,

prpsZ = min(AVr Fugy , A, Fu_,1 > Ava Fuw)-O .6-Lw -tfpp-nst

prp82:358.312-kips Fst,=0-kips

RESULT = NOT APPLICABLE, Stiffener Plate Not Required

d. Stiffener Plate to Column Web Connection Using Complete Pen

Complete Penetration Groove Weld Capacity,
chpsZ = Avy'min(chol , Fyst)-O .60-Lw  -tst-nst

ch052:42o'kips Fst,=0-kips

RESULT = NOT APPLICABLE, Stiffener Plate Not Required
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C-Lla

tdp < 3 in
TC—U4a (series)

tdp > 3 m> N\

TYP DOUBLER PLATE TO
COLUMN FLANGE CJP CONNECTION

TYP DOUBLER PLATE TO COLUMN
FLANGE FILLET WELD CONNECTION

TYP DOUBLER TO COLUMN WEB & FLANGE CONNECTION
(SEE SCHEDULE FOR NUMBER OF DOUBLER PLATE, ndp)

III. DETAILS
A. SKETCH
TC-U4a @
TOP & BOT.
(t;\) THK. SHEAR PL —A36 (UNO) (tst) THK. STIFENER
W/ do "¢ BOLTS :
Pl PLATE-A36 (UNO)
T SLOTS ON SHEAR PL ONLY
1 ( ) (AS REQUIRED)
W—SHAPE
A992 (UNO) N AS REQD
[BEAM ws |/ TYP ON WEB
/—y = = BTC—P4—0F
g B—— AS REQD
/ :; T 4 sEMN TYP ON WEB
WP ++ = TC-U4b—GF
" I N AS REQD
- = TYP ON WEB
c
/A +* —
- =4
LN B
7 |
D / TC—U4b—GF
" AS REQD
(tdp) THK. DOUBLER
PLATE-A36 (UND) © K e N TYP ON BF%TEEPGF
(AS REQUIRED) qo)l | |len, S e
gap) "
Lehoma| | [nv,—1)@sv, (£) TYP ON FLANGE
» » AS REQD
SECTION A N
—— W-SHAPE — we |/ TYP ON FLANGE
A992 (UND)
COLUMN
S= 1-1/8

E=|S-1/8" if Field Welded (& MIN)
S if Shop Welded (4" MIN.)
(T= thickness of connecting material)

PARTIAL PENETRATION GROOVE WELD
DETAIL (S & E)

NOTE: (FIGURE ABOVE DOES NOT
REPRESENT ACTUAL DESICGN, REFER ON
ATTACHED CONNECTION SCHEDULE

FOR THICKNESS OF PLATE, LENGTH AND
SIZE OF WELDS)

MOMENT CONNECTION: DETAIL OF W-SHAPE MOMENT BEAM TO

W-SHAPE COLUMN FLANGE (1WAY) WITH SHEAR PLATE

CONNECTION
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B. TABLE: MOMENT CONNECTION SCHEDULE:

W18X60 A992 | 306 39/44 0 80 42/61 0 0

A490-SC-SSLT-
3/4 | A36 112 1 CLASS A 5 2 (112112 1121314 12

W14X193[ A992 | NR | NR NR | NR| NR | NR | NR | NR

Note:
1. All Welds are E70XX LH
2. NR - Not Required

IV. REFERENCES

Steel Construction Manual ( 14th )- ASD American Institute of Steel
Construction, Inc. 2010
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