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(tpr1) THICK REIN.
PLATE A36 (UNO
AS REQUIRED

(tpr2) THICK REIN.
PLATE A36 (UNO
AS REQUIRED

PLATE REINFORCEMENT 1 TO BEAM 1 PLATE REINFORCEMENT 1 TO BEAM 2
AS REQUIRED ﬁ AS REQUIRED

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

FOR THICKNESS OF PLATE, LENGTH AND
SIZE OF WELDS)
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5404 Gurley Avenue

Dallas, T 75223
I. DESIGN DATA AND LOAD ( ASD - AISC 14th Edition )
GIRDER PROPERTIES (gir): W21X62 - A36

Fygir:36-ksi dgir:21'in twgir:0.4-in klgir:0.813-in
Fugir:58-ksi bfgir:8.24-in tfgir:0.615-in kgir:1.313-in
E:= 29000ksi

BEAM1 PROPERTIES (bml): W18X65 - A992
Fybm1:5o'k5i dbml:18.4-in twbml:0.45-in klbml:0.875-in
Fup 1 = 65-ksi bfypp =7-.59-in tfpmy =0-75-1in Kpm = 1-438-in
Length of Beam, = ; 1
ength of beam Lpmy = 13ft + 0in Beam Bolt Gage, Ipp = 5—in

2

BEAM2 PROPERTIES (bm2): W18X65 - A992
FYpme = 50-ksi Ay =18.4-1in
Fup o> =65 -ksi bfyp, =7.59-in
Length of Beam, Lpm2 = 13ft + 0in

FLANGE PLATE (fp): A572-50
Fyfp:50-ksi Fufp:65-ksi

SHEAR PLATE 1 (pll): A572-50

prll =50-ksi Fupll =65-ksi

SHEAR PLATE 2 (pl2): A572-50

prlZ =50-ksi FuplZ =65-ksi

thmZ =0.

tfme = O .

45-in

75-1in

Beam Bolt Gage,

Thickness
of Plate,

Thickness of

Plate:

Thickness of

Plate:

klpymo = 0.875-1in
Kpmo = 1.438-1in

1,
gme =5—1in

2
tfp:=1lin
tpll:=1lin
tpl2:=1in
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5404 Gurley Avenue

Dallas, TX 75223

PLATE REINFORCEMENT 1 (prl): A36
prrl =36-ksi Fuprl =58-ksi
) 1
Thickness of Plate: tprl:=—in
2

width of Plate: bprl=28.625-1in

PLATE REINFORCEMENT 2 (pr2): A36

prrZ =36-ksi FuprZ =58-ksi

1
Thickness of Plate: tpr2:=—in
2

width of Plate: bpr2=28.625-1in

BOLTS:
For Shear Plate 1 to Beam 1 Connection,
Bolt Diameter, dbpll =1-in

Bolt Shear Strength,
Bolt Tensile Strength,

Beam Web Edge Lehbmwl =1.5-in

Distance,
Plate Vertical Edge Levpll =1.5-in
Distance,
Plate Horizontal Edge Lehpll =1.5-in

Distance,

Bolt Vertical Spacing, Spll =2.75-1n
Bolt Horizontal Spacing
(For Multiple bolt
lines),

Svpll =3-in

Gap between edge of L
beam to edge of support, gap = 2 n

number of bolt rows:
number of vertical bolt lines:

total number of bolts:

(AS REQUIRED)

(AS

Arvpl1 =14.464-kips

ArnDll =44.375-kips

Np11 = ATp 1 0Vp11

Number of Plate: nprl =2
REQUIRED)
Number of Plate: npr2 =2

Bolt_Type,); = "A490-SC-SSLT-CLASS_A"

Conn_typepll ="Slip Critical-type"

Hole diameter:

Shear Plate,

hd =1.125-1in hdpllh:1.375-in

pllv

Beam Web,

hdy 1w = 1.125-in

nrpll =5
nvpll =4
npll =20
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5404 Gurley Avenue
Dallas, TX 75223

Bolt First Down from top of beam,

For Flange Plate to Beam Flange 1 Connection:

Bolt Diameter,
Bolt Shear Strength,

Bolt Tensile Strength,

Flange Plate Vertical
Edge Distance,

Flange Plate Horizontal
Edge Distance,

Bolt Vertical Spacing,

Bolt Horizontal Spacing

dbfpl =1-in
Arvfp1 =14.464-kips

Arnfp1 =44.375-kips
Levfpl =1.5-in
Lehfpl =2-in

Sfpl =3-in

Svfpl =3-in

Dy =3.75-in

Bolt_Type gy = "A490-SC-STD-CLASS_A"

Conn_typefpl ="Slip Critical-type"

Hole diameter:

(For Multiple bolt
lines),

number of bolt rows:
number of vertical bolt lines:
total number of bolts:

First bolt line to beam flange edge,
For Shear Plate 2 to Beam 2 Connection,

Bolt Diameter, db o = 1-in

pl

Bolt Shear Strength,

Bolt Tensile Strength,

Beam Web Edge Lehbme =1.5-in

Distance,

Plate Vertical Edge LevplZ =1.5-in
Distance,

Plate Horizontal Edge LehplZ =1.5-in
Distance,

Bolt Vertical Spacing, Sp12 = 2.75-in

nfpl = 2nrfp1 ~nvfp1

ArvplZ =14.464 -kips

Arnplz =44.375-kips

Flange Plate,
hdfpl =1.125-1in
Beam Flange,

hdyp 1 ¢= 1.125-in

nrfpl =8
nvfpl =

nfpl =16

D3:3'in

Bolt_Type,), = "A490-SC-SSLT-CLASS_A"

Conn_typeplZ ="Slip Critical-type"

Hole diameter:

Shear Plate,

hd =1.125-1in hdpl2h:1.375-in

pl2v

Beam Web,

hdy oy = 1.125-in
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5404 Gurley Avenue

Dallas, TX 75223
Bolt Horizontal Spacing SVplZ =3-in
(For Multiple bolt
lines),
number of bolt rows: nrplZ =5
number of vertical bolt lines: nvplZ =4
total number of bolts: nplZ = nrplZ 'anlz nplZ =20
Bolt First Down from top of beam, D2 =3.75-in

For Flange Plate to Beam Flange 2 Connection:

Bolt Diameter, dbfp2 =1-in

Bolt Shear Strength, Arvfp2 =14.464 -kips
Bolt Tensile Strength, Arnfp2 =44.375 kips
Flange Plate Vertical Levfp2 =1.5-in

Edge Distance,

Flange Plate Horizontal Lehfp2 =2-in
Edge Distance,

Bolt Vertical Spacing, Sfp2 = 3-in
Bolt Horizontal Spacing svfp2 =3-in
(For Multiple bolt

lines),

Bolt_Type gy, = "A490-SC-STD-CLASS_A"

Conn_typefPZ ="Slip Critical-type"

Hole diameter:

Flange Plate,

hdfp2 =1.125-1in

Beam Flange,

hdyp o= 1.125-in

number of bolt rows: nrfp2 =8

number of vertical bolt lines: nvfp2 =1

total number of bolts: nfp2 = 2nrfp2 ~nvfp2 nfp2 =16
First bolt line to beam flange edge, Dy = 3-in

Governing Flange Plate Width,

bfp = max[qbml + Z(Hprl - 1)'Svfpl + 2Le1’1fpl » Jpm2 + 2(nvfp2 - 1)-svfp2 + 2Lehfp2]

bfp=9.5-in
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5404 Gurley Avenue

Dallas, TX 75223
WELDS: E70xx LH
Fu, =70 ksi Weld Size
Shear Plate 1 L
to Girder Web, 1= 4 n
Shear Plate 2 L
to Girder Web, w2 = 4 n
Plate Reinforcement 1 L e e 61
to Beam (as req'd), w3 = 4 1o W3 = oln
Plate Reinforcement 2 1 Lw, := 6in
W, .= —1n 4

to Beam (as reqg'd), 4 4
Flange Plate to 1

) Wg := —1n
Girder Flange, 5 4

SAFETY AND RESISTANCE FACTORS:
Safety Factor, Q (ASD)
Resistance Factor, ¢ (LRFD)
1
Modification Factor, A =5 (IF ASD) A =¢ (IF LRFD)
safety factor resistance factor modification factor

For tension rupture, Q. =2.00 ¢, =0.75 A, =0.50
For tension yielding, Qty =1.67 d)ty =0.9 Aty =0.60
For compression, Q. =1.67 ¢.=0.9 A =0.60
For member shear
. wr, 1y Q,=1.67 b, =0.9 A, =0.60
For fillet weld Q,,=2.00 ¢,y =0.75 A,,=0.50
(shear),
For shear rupture, Q,,=2.00 by =0.75 A,, =0.50
For shear yielding, QVY =1.50 d)VY =1.00 AVY =0.67
For block shear, 4 =2.00 ¢pg=0.75 Apg=0.50
For r.nember/bolt in Qbrg:2.00 d)brg:0.75 Abrg=O.5O
bearing,
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5404 Gurley Avenue

Dallas, Tx 75223
For web crippling, Q.,.=2.00 ¢ =0.75 A ,=0.50
For member shear
=1. =1.00 A =0.67
yielding (W,S,M, HSS) wa 50 d)wy wy
For flexural rupture, Q. =2.00 ¢ep=0.75 Ag,=0.50
APPLIED LOAD:
BEAM 1
% UDL, UDL:= 0.5
Given Shear Load Vgivl = Okips

if any,

Beam 1 Shear
Load,

Given Axial Load
(if any),

Beam 1 Axial
Load,

% Moment Capacity,

Given Moment Load,

Moment Load,

BEAM 2
s UDL, UDL:= 0.5

Given Shear Load
if any,

Beam 2 Shear
Load,

Given Axial Load

Beam 2 Axial
Load,

% Moment Capacity,

Given Moment Load,

Moment Load,

Vpmy = 102.2-kips

Pgivl = Okips

Prmi = 0.00-kips

Mcapl =1
Mgivl = O0kips-ft
My = 331.84 -kips-ft 100% M.caf
Vgin = Okips
Vime =102.2-kips 505 UDL
Pgin = Okips
Ppme =0.00-kips
Mcap2 =1
Mgin = O0kips-ft
100% M.car

My =331.84-kips-ft
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5404 Gurley Avenue
Dallas, TH 75223

II. CALCULATIONS:

A. BOLTS ON FLANGE PLATE CHECK
FTy
S

1. Forces acting on the Connection 4%

@ Beam Flange,

Pom1 Mpym1
Ffpng = .

dpm1 ~ tpm1
Ffyml =225.611-kips F %

fbs

@ Interface of Beam Flange & Flange Plate,

Pom1 Mpm1

Ff =_—
bsl -

2 dbml

Ff, g1 =216.415-kips

@ Flange Plate,

Pom1 Mpym1

Ff1 = +

Ff, =205.26-kips

2. Bolt Shear Capacity
(AISC 14th Ed. Specifications, Chapter J, Section J3.6, page 16.1-125)
Shear Capacity per bolt,
Arvfp1 =14.464 -kips
Bolt Shear Capacity,
Rbfp = Ngpq ~Arvfpl

Rbg,, =231.424 kips Ff, g1 =216.415-kips

- f
Ffom

F o

i

RESULT = Bolt Shear Capacity > Force Applied, OK
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5404 Gurley Avenue
Dallas, TH 75223

B. BEAM 1 FLANGE CHECK

1. Bolt Bearing on Beam Flange

(AISC 14th Ed. Specifications, Chapter J, Section
J3.10, pages 16.1-127 to 16.1-128)

Bearing Area,

Abrgbm = dbfpl 'tfbml

Abrgy . = O.75-ir12

Allowable Bearing Strength using edge distance, (J3-6a,J3-6cC)
Fbe = Ap g Fupy) - min[l .0 -(D3 - O.5hdbm1f)~tfbml ,2.0 ~Abrgbm] if hdppig2hd)g
min|:1 .2 -(D3 -0. 5hdbmlf)~tfbml , 2.4 ~Abrgbm:| otherwise

Fbe =58.5 -kips

Allowable Bearing Strength using bolt spacing, (J3-6a,J3-6c)
Fbs = Ap g Fupy) - min[l .0 ~(sfp1 - hdbmlf)~tfbml ,2.0 ~Abrgbm] if hdppig2hd)g
min|:1 .2 '(Sfpl - hdbmlf)'tfbml , 2.4 ~Abrgbm] otherwise
Fbs =54.844-kips
Bolt Bearing Capacity,
Rbrgy ¢:= 2 MVepq ~|:min(Fbe R Arvfpl) + min(Fbs R Arvfpl)'(nrfpl - 1)]

Rbrgy ¢ =231.424 -kips Ffppg =225.611 -kips

RESULT = Bearing Capacity > Force Applied, OK |

2. Block Shear Capacity of Beam Flange

(AISC 14th Ed. Specifications, Chapter J, Section J4.3, page 16.1-129)

Reduction Factor, Upg = 1.0 (Tension Stress is Uniform)

Gross Shear Area

Agv = 2~[(nrfp1 - 1)'Sfpl + D3]'tfbm1

Agv =36-in°

Net Tension Area

Ant = [(bfbml - gbml) - (ZHprl - 1) 'hdbmlf]'tfbml
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5404 Gurley Avenue
Dallas, TH 75223

Ant =0.724-in?

Net Shear Area
Anv = 2 ~|:(nrfp1 - 1)'Sfpl + D3 - (1’1rfp1 -0 '5)'hdbmlf]'tfbml

Anv = 23.344-in?

Block Shear Capacity,
Rbs) 1= Ay min(O .6Fuy; -Anv + Up -Fuy j-Ant, 0.6-Fy, 1 -Agv + Uy -Fup 4 ~Ant)

Rbsy ¢ =478.725 -kips Ffypqy =225.611 kips

RESULT = Block Shear Capacity > Force Applied, OK

3. Beam Flexural Strength on Reduced Area w/ Reinforcement
(AISC 14th Ed. Specifications Chapter F, Section F13, page 16.1-64)

Effective Flange Thickness,

tfbmpr:: tfpp; if Reinforcementl ="Not Required" "
M

prrl .
tfy + tprl- Ej———— otherwise
Ypml

tfbmprzzl.ll-in

a. Gross Tension Flange Area

Afg = bfbml'tfbmpr (nr-1)@s

Afg::8.425-in2 Fr

b. Net Tension Area

Agp = Afg“(vafpl'hdbmlf'tfbmpr)
Bg, =5.927-in°
c. Value of Yt

Fybml
Y, = 1.0 if —<0.8 (F13-1)

Fubml

1.1 otherwise
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5404 Gurley Avenue

Dallas, TX 75223
d. Section Modulus of Section
bf £ 3 d tf 2
bml © bmpr bml = ~“bmpr
IXpmor = 2 > + b1t pmpy >

3
twbml'(dbml'_thbmpr>

+

12
.4
bempr::14l9.86-ln
bempr:: SXpm1 if Reinforcementl ="Not Required"
bempr
—— otherwise
0.5(dpm1 )
3

SXpppy = 154.333-in

e. Revised Flexural Requirement Due to Axial Load

Mrevl = Mom1 + 0-5Ppn1 (dpm ~ Efpm)

M, oyp = 331.836 kips-ft

f. Tension Rupture Capacity

Net Moment Capacity,

Ab'Fubml'Afn'SXbmpr
M _ =

n

M_ =352.187 -kips-ft Mpqg = 331.836 kips-ft

(F13-1)

RESULT = Net Moment Capacity > Applied Moment, OK

C. PLATE REINFORCEMENT CONNECTION TO BEAM: Required

1. Force Acting on Plate Reinforcement

Force on Flange,

tfbml
Ff, . =— Ff
bmi - bml
tfbmpr
Ffbmi::152.44-kips
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5404 Gurley Avenue

Dallas, TX 75223

Force on Plate Reinforcement,
For= Ffpm1 ~ Ffpmi
Fpr =73.171-kips

2. Weld Capacity of Plate Reinforcement to Beam

(AISC Specifications 13th Ed, Chapter J, Section J2.2b, Table J2.4,
pages 16.1-90 to 16.1-102)

Length of weld,

prrl = Lw3
prrl =6-in
No. of Weld side, N,g = 1
Minimum weld size,
3 1,
W s =—-1n Wnh =—-101
RESULT = Preferred Weld Size > Minimum Weld Size, OK
Maximum weld size,
7 . 1 .
W, =—:1n Wnh =—-1n
max 16 3 4
RESULT = Maximum Weld Size > Preferred Weld Size, OK

a. Plate Reinforcement to Beam Flange Using Fillet Weld

For Longitudinal Weld
Shear Strength,

For Beam:
vam = AVr -0.6 'Fubm'tfbm

kips

in

vam =14.625-
For Plate Reinforcement:
Rvpr =A,,.-0.6 -Fupr “tpr-n,g

. kips
Rv =3.7/-
pr in

CALCULATION FOR MOMENT CONNECTION 1.xmcd

12 of 58




5404 Gurley Avenue

Dallas, TX 75223

For Weld:

RV = AVW'O-6'Fuw'Sin (45deg) 'n,

w S

Rv, =14.849 -ksi

Maximum effective weld size,

min(vaHP Rvpr)

va

Weff =

Werg=0.586-1in

Weld Capacity,

prrl:: ZAVW-O.6O~FuW~sin(45~deg)~nws~min(weff,w3)-prrl

prrl::44.548-kips

For Transverse Weld

Shear Strength,
For Beam:

Rvp = Ay 0.6 Fug ~tf, -

kips

in

vamf:14‘625'

For Plate Reinforcement:

Rvpr::Avr-0.6-Fupr-tpr-nWS
kips
Rvpr-—8.7- o
For Weld:

RV = AVW'O-6'Fuw'Sin (45deg) 'n,

W S

Rv,,=14.849 -ksi

Maximum effective weld size,

min(vaHP Rvpr)

va

Weff =

CALCULATION FOR MOMENT CONNECTION 1.xmcd
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5404 Gurley Avenue
Dallas, TH 75223

Werg=0.586-1in

Weld Capacity,

RWprZ = AVW-O .60-Fu, -sin (45-deg) 'n g ~min(weff R WB)'LWprZ
RWprZ =28.176-kips
prr = max(prrl + prrZ , 0. 85~prr1 +1.5 'prrZ)

Rw,,. =80.13-kips

o ,=73.171-kips

Fo

RESULT = Weld Capacity > Force Applied, OK

D. PLATE REINFORCEMENT CHECK: Required

1. Bolt Bearing Capacity of Plate Reinforcement
(AISC 13th Ed. Specifications Chapter J, Section J3.10,
page 16.1-111)
Bearing Area,
Abrgpr = dbfp-tpr

Abrgpr:O.&in2

Allowable Bearing Strength using edge distance, (J3-6a,J3-6cC)
Fbe = Fu,, - min[l .0 ~(Levfp - O.5hdbmf)-tpr, 2.0 ~Abrgpr] if hdp ¢ >hd;q

min|:1 .2 ~(Levfp -0. 5hdbmf)~tpr , 2.4 ~Abrgpr] otherwise
Fbe =32.625-kips
Allowable Bearing Strength using bolt spacing, (J3-6a,J3-6c)

Fbs = Fu,, - min[l .0 ~(sfp - hdbmf)~tpr, 2.0 ~Abrgpr] if hdp r>hd;q

min|:1 .2 ~(sfp - hdbmf)~tpr , 2.4 ~Abrgpr] otherwise
Fbs =65.25 -kips
Bolt Bearing Capacity,
Rbrgpr = 2Abrg nvfp-[Fbe + Fbs(nrfp - 1)]

Rbrgpr:489.375-kips ,=73.171-kips

p

RESULT Not Applicable, Reinforcement not Required
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5404 Gurley Avenue
Dallas, TH 75223

2. Block Shear Capacity of Plate Reinforcement

(AISC 13th Ed. Specifications Chapter J, Section J4.3, pages 16.1-112 to
16.1-113 )

Reduction Factor, Upg = 1.0 (Tension Stress is Uniform)

Gross Shear Area

Agv = 2[(nrfp - 1) “Sfp + Dz]-tpr

Agv =24.75-in°

Net Shear Area

Anv = 2~[(nrfp - 1)'Sfp +D, —(nrfp - O.5)-hdbmf]-tpr

Anv =16.312-in?

Net Tension Area

Ant = [(nvfp - 1) SVep + Jpm ~ (2nvfp - 1) ~hdbmf]-tpr

Ant =2.187-in?

Block Shear Capacity,

Rbs_ = A min(O .6Fu_,-Anv + Up_ -Fu

o o pr ANt O.6-prr-Agv+UbS~Fupr~Ant)

Rbs . =330.737 -kips

p ,=73.171-kips

p

RESULT = Not Applicable, Reinforcement not Required |

3. Tension Yielding Capacity of Plate Reinforcement

(AISC 13th Ed. Specifications Chapter D, Section D2,
page 16.1-26)

Gross Tension Area,
Agpr = bpr-tpr

Agpr:4.313-in2

Tension Yielding Capacity,

Rty,, = Aty EYpr Adpy

Rtypr:92.964-kips ,=73.171-kips

p

RESULT = Not Applicable, Reinforcement not Required
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5404 Gurley Avenue
Dallas, TH 75223

E.

4. Tension Rupture Capacity of Plate Reinforcement
(AISC 13th Ed. Chapter D, Section D2, page 16.1-27)
Net Tension Area,
Ant = (bpr - 2nvfp-hdfp)~tpr

Ant =3.187-in?

Effective Net Tension Area,
Ae = min(Ant ,0.85 -Agpr)

Ae =3.187-in°

Tension Rupture Capacity

Rtrpr = Atr-Fupr-Ae

Rtr .= 92.437-kips

p ,=73.171-kips

p

RESULT = Not Applicable, Reinforcement not Required

FLANGE PLATE CHECK

1. Bolt Bearing Capacity of Flange Plate

(AISC 14th Ed. Specifications, Chapter J, Section J3.10,
pages 16.1-127 to 16.1-128)

Bearing Area,

Abrgfp = dbfpl -tfp

Abrgfp = 1-ir12

Allowable Bearing Strength using edge distance, (J3-6a,J3-6cC)
Fbe i= Ay, Fugy- min[l.o -(Levfpl - O.5hdfp1)~tfp, 2.0 ~Abrgfp] if hdgyp 2hdgg

min|:1 .2 ~(Levfpl -0. 5hdfpl)~tfp , 2.4 ~Abrgfp] otherwise

Fbe =36.562-kips

Allowable Bearing Strength using bolt spacing, (J3-6a,J3-6c)
Fbs = Ay, Fugy- min[l.o ~(sfp1 - hdfp1)~tfp, 2.0 ~Abrgfp] if hdgyp 2hdgg
min|:1 .2 '(Sfpl - hdfpl)~tfp , 2.4 ~Abrgfp] otherwise

Fbs =73.125-kips
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5404 Gurley Avenue
Dallas, TH 75223

Bolt Bearing Capacity,
Rbrgfp =2 MVepq ~|:min(Fbe , Arvfpl) + min(Fbs , Arvfpl)'(nrfpl - 1)]

Rbrgfp:231.424-kips Ff1:205.26-kips

RESULT = Bearing Capacity > Force Applied, OK

2. Block Shear Capacity of Flange Plate
(AISC 14th Ed. Specifications, Chapter J, Section J4.3, page 16.1-129)

Reduction Factor, Upg = 1.0 (Tension Stress is Uniform)

Flange Plate width,

bfp=29.5-in

RESULT = NUMBER OF BOLTS, OK

Pattern 1 N
=
Gross Shear Area A /3
4L
Agv = 2~[(nrfp1 - 1)'Sfpl + Levfpl]-tfp \E/
2 V)~
Agv =45-1in = ; 5
7
Net Tension Area L L
— _ 5. _ _ ) L
Ant := |:bfp 2-Lehgy (2nvfp1 1)hdfpl] tfp Dr+gop ), | L Loy,
(V’Wf*W)@Sf

Ant =4.375-in?

Net Shear Area
anv = 2:[(nrgpy — 1) sgpy + Leveyy —(nrgpy —0.5)hd g |-tfp
Anv =28.125-in°
Block Shear Capacity

RbS g1 = Apg min(O .6Fug Anv + Up g Fug -Ant, 0.6 Fyg, Agv + Upg -Fufp-Ant)

Rbsfpl =690.625 -kips
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Pattern 2

Gross Shear Area

—1)sv,

Agv = 2(nrfpl-—1)~sfp1~tfp

Lehfp

N

SN

!
N o o o

Y

Agv::42-in2

bm <mvf

J

Net Tension Area

bf,

Ant = (bfp ~ 20V, -hdfpl)~tfp
2 Dtgap

Levfp

Ant =7.25-in » y
(mm%)@sfp

Net Shear Area

Anv = ZRnrfpl —1)~sfpl _(nrfpl —]).hdfpl].tfp
Anv =26.25-in?
Block Shear Capacity
RDS £50 = Apg min(O. 6Fugy, ANV + Upg-Fugy-Ant, 0.6 Fyg, Agv + Ubs'Fufp'Ant)

Rbsfp2::747.5-kips

fp

Pattern 3

(nve—1)sv

AN 7,

4%

Gross Shear Area

gbm

Agv = 2~[(nrfp1 —])~sfpl—kLevfpl]-tfp

bf,

Agv::45-in2

Lev

Ditgap ,L J

Net Tension Area (nr=1)@s

Ant = [bfp - I — (2nvfp1 - 1)hdfpl]-tfp

Ant =2.875-in?

Net Shear Area
AHVF=2'Rnrfp1<—l)~sfpl—FLevfpl-—(nrfpl~—O.5)hdfpl]-tfp

Anv = 28.125-in?

Block Shear Capacity

RbS £53 = Apg min(O. 6Fug, Anv + Upg-Fug, Ant, 0.6 Fyg-Agy + Up -Fufp-Ant)

Rbs g3 = 641.875 kips
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Governing Block Shear Capacity
= min(Rbsfpl s Rbsfp2 , Rbs fp3)

Rbsfp:
Rbsfp:64l.875-kips Ff, =205.26-kips
RESULT = Block Shear Capacity > Force Applied, OK

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

Gross Tension Area,
Agfp =Dbfp-tfp
.2
Agfp =9.5-in
Tension Yielding Capacity,

Rty gy, = Aty'Fyfp Agg
Ff, =205.26-kips

Rtyfp =284.431-kips

RESULT = Tension Yielding Capacity > Force Applied, OK

4. Tension Rupture Capacity of Flange Plate
(AISC 14th Ed. Specifications, Chapter J, Section J4.1, pages 16.1-128 to

16.1-129)
Net Tension Area,

Ant = (bfp ~ 20V, -hdfpl)~tfp

Ant:7.25-in2

Effective Net Tension Area,
Ae = min(Ant, O.85~Agfp)

Ae=7.25-in?

Tension Rupture Capacity

Rtrfp:=<Atr-Fufp-Ae
Ff, =205.26-kips

Rtrfp =235.625 -kips

RESULT = Tension Rupture Capacity > Force Applied, OK
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5. Flange Plate Compression Capacity
(AISC 14th Ed. Specifications, Chapter J, Section J4.4, pages

16.1-129 to 16.1-130)

Effective Length Factor,

K=0.65 (Commentary Table C-A7.1)

Laterally Unbraced Length of Plate,

L:= D3+ gap

L=3.5-in

Radius of Gyration,

_ tfp
gap Ds

3

r=0.289-1in

Slenderness Ratio,

KL
KLr:=——=7.881
r

Elastic Critical Buckling Stress,

T -E
F_ =

e
KLr2

4608.437-ksi

|
Il

Compression Buckling Stress,

For= | Fyg, 1if KLr<25

otherwise
Fyfp

Fe
0.658 Fyep

E

if KLr £4.71-
Fyfp

O.877-Fe otherwise

Fcr::50-ksi
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Compression Capacity,
Rcbfp =A_-F..-bfp-tfp
Rcbfp:284.431-kips Ff, =205.26-kips

RESULT = Compression Capacity > Force Applied, OK

F. FLANGE PLATE TO GIRDER CHECK

(Please refer to Section P. Flange Plate to Girder Check)

G. BEAM 1 WEB CHECK

1. Bolt Bearing Capacity on Beam

(AISC 14th Ed. Specifications, Chapter J, Section
J3.10, pages 16.1-127 to 16.1-128)

Bearing Area,

Abrgbm = dbpll Tt
Abrgy = 0 .45-in2
Bolt centerline distance from face of support,

ab:=0.5~(bf )+gap+Lehbm+O.5~(nv—1)~sv

gir =~ tngr

ab=10.42-in

Eccentric Load Coefficient,

(Table 7-7, AISC 14th Ed.)

C=7.564

Allowable Bearing Strength using edge distance, (J3-6a,J3-6cC)
Fbe = Fuy 1 - min[l .0 ~(D1 -0.5 ~hdbm1w)-twbm1 ,2.0 ~Abrgbm] if hdpq, 2hd;q

min|:1 .2 '(Dl -0.5 'hdbmlw)'twbml , 2.4 ~Abrgbm] otherwise

Fbe =70.2 -kips

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

Fbs = Fu ] - min[l .0 '(Spll - hdbmlw)-twbml ,2.0 ~Abrgbm] if hdpq, 2hdq

min|:1 .2 '(Spll - hdbmlw)'twbml , 2.4 ~Abrgbm] otherwise
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Fbs =57.037 -kips

Bolt Bearing Capacity,

cC
Rbrgbm;=<Abrg-:;:~[Fbe—#Fbs(nr<—1)]

Rbrgbm;:225.673-kips me1::102-2'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,

hi=dy, 1 — 2 -kdespy 1
h=16.1-in
Limiting depth-thickness ratio,

h

h =
tw -
twbml

Dy, =35.778

Clear distance between transverse stiffeners,

a:= 0Oin 1if htw<<260

260)°
min|{3-h,|—— | -h| otherwise

htw
a=0-in

Web plate buckling coefficient,

kv = 5 if htw<<260

5
otherwise

kv =5

kbw

thWT

bm hbm

(G2-6)

dbm
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Web shear coefficient,

kv-E
Cv := 1 if h <l1.1. [|——
tw D
Fybml (6G2=3)
kv -E
1.1 | ——
FYpm1

kv-E kv-E
if 1.1 [———<hy,<1.37 | —— (G2-4)
Dy FY¥pm1 F¥pm1
1.51-E-kv 3 kv-E
— if 1.37- |—— <h —
e Fyo Ew (G2-5)
tw “Ybml
Cv=1
Shear Capacity of Section,
Rvp = Ame ‘0.6 Fypm1 " Ypm1  t¥om1 "CV (G2-1)
Rvy =165.6-kips Viom1 = 102.2-kips

RESULT = Shear Capacity of Section > Force Applied, OK

H. BEAM 1 TO SHEAR PLATE CHECK

1. Direct Bolt Shear Capacity

(AISC 14th Ed. Specifications, Chapter J, Section J3.6, page 16.1-125)

Shear Capacity per bolt,

Arvpl1 =14.464 -kips

Bolt Shear Capacity,

Rb = C~Arvpl1

pl-

Rbpl:109.406-kips mel:102.2-kips

RESULT = Bolt Shear Capacity > Force Applied, OK
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I. SHEAR PLATE 1 CHECK
1. Check for Maximum Shear Plate Thickness

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

Exceptions for nv = 1 and nv = 2

L 3 1 _d 1
tpl < — + — tw, < — 4 —
P 2 16 bm= "5 " 14
Leh > 2-db Leh, > 2-db

RESULT = Check maximum thickness of plate

Coefficient for Eccentrically Loaded Bolts

(AISC 14th Ed.Manual Part 7, pages 7-19)

C'=091.406-in

Area of Bolts

Tr-db2

Ab =
4

Ab=0.785-in°

Length of Plate

Ipl:= (nr—-1) s+ 2 -Lev
Ipl=14-in

Maximum Thickness

anl
6- -Ab-C'
.9

tPlyax = . (10-3)
prl-Lpl
tplmaX:1.349-in tpl=1-in
RESULT = Plate Thickness < Max Thickness Permitted, OK
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Governing Shear Plate Thickness

tpl ., = if Case 7 =1

g pl
tpl if tpl <tpl, .,

tpl 1if tpl =tplpax

1
Floor(tplmax . Ein) otherwise

tpl otherwise

tplgzl-in

2. Bolt Bearing Capacity of Shear Plate

(AISC 14th Ed. Specifications Chapter J, Section J3.10,
pages 16.1-127 to 16.1-128)

Area of Bearing Surface,

Abrgpl = db-tplg
Ab =1.in?
rgy,; =1-in

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

1.0+ (vev - 0.5ndy) ) tpl ]

Fbe :=Fu_.7- | min if hd 2> hd
pl plh 1s
i 2.0 -Abrgpl 1
1.2+(Lev - 0.5hdy) ) tply
min otherwise
2.4~Abrgpl

Fbe =73.125-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

pl’
min|:1 .2 ~(s - hdplv)'tplg , 2.4 ~Abrgpl] otherwise

Fbs =126.75-kips
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Bolt Bearing Capacity,

cC
Rbrgpl = Abrg'g' [Fbe + Fbs (nr — 1) ]

Rbrgpl:438.808-kips V=102.2-kips

RESULT = Bearing Capacity > Force Applied, OK

3. Shear Yielding Capacity of Shear Plate

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

Length of Plate,
Lpl:= (nr—-1)s + 2Lev

Ipl=14-in

Check if Length of Plate is acceptable,

(AISC 14th Ed. Manual Part 10, page 10-106)

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:280-kips V=102.2-kips

RESULT = Shear Yielding Capacity > Force Applied, OK

4. Shear Rupture Capacity of Shear Plate

(AISC 14th Ed. Specifications Chapter J, Section J4.2, page 16.1-129)
Net Area,
Anv := (Lpl - nr-hdplv)~tplg

Anv =8.375-in?
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Shear Rupture Capacity,
erpl = Avr-0.6-Fupl~Anv (Td—-4)
erpl:163.313-kips V=102.2-kips

RESULT = Shear Rupture Capacity > Force Applied, OK

5. Block Shear Capacity of Shear Plate

(AISC 14th Ed. Specifications Chapter J, Section J4.3, page 16.1-129)

Reduction Factor, Upg= | 1.0 if nv=1 (tension stress is uniform)

0.5 1if nv>1 , , .
+ v (tension stress is non-uniform)

UbS = O 5
Gross Shear Area | b J
1
L |
. . . | |
Agv:i=[(nr—1) -s + Lev] tplg %/> |
1 ‘ >
\ O
Agv:12.5-in2 % } JJ\ g
=
i
Net Tension Area Leh (HV'\)@S\/ =

Ant =[Leh + (nv—1) -sv - (nv-0.5) -hdp ] tplg

Ant =5.687-in?

Net Shear Area

Anv:z[(nr—l)~s+Lev—(nr—O.5)-hd -tpl

plv g

Anv =7.438-in?

Block Shear Capacity of Plate, (J4-5)

Rbs

o1 = Aps min(O .6Fuyy -Anv + Up o -Fugy -Ant, 0.6-Fy ) -Agv + Upg-Fuy) ~Ant)

Rble:237.453-kips V=102.2-kips

RESULT = Block Shear Capacity > Force Applied, OK |
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6. Local Buckling Capacity of Shear Plate

(AISC 14th Ed., Manual Part 9, page 9-9)

Distance of bolt line to support,

ay, = 0.5 '(bfgir - twgir) + gap + Lehbm

ap = 5.92-in
Coefficient,
ILpl- [/Fy
A/ pl 1
\:= .
\/ksi

Ipl 2
10-tpl.- | 475+ 280
g ap,

A=0.219
Q:= 1 1f X<0.7

1.34-0.486-X 1f 0.7 <X<1.41
1.30

otherwise

0=1
Allowable Buckling Stress,

Fcr = prl -Q
Fcr =50 -ksi

Gross Plastic Section Modulus,

X

pl- 4

ZX =49-in

pl
Eccentricity,

epl = ab

epl:5.92-in
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Buckling Capacity,

Fcr-prl
Rbcp1::<Ab' .
pl

Rbcpl::247.815-kips V=102.2-kips

RESULT = Local Buckling Capacity will not Control!

7. Flexural Yielding Capacity with von-Mises shear reduction

(AISC 14th 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

185.409-kips

Rfc

pl

V=102.2 -kips

Rfcpl

RESULT = Flexural Yielding Capacity > Applied Force, OK

8. Flexural Rupture Capacity
(AISC 14th Ed., Steel Construction Manual Design Examples page IIA-104)

Net Plastic Section Modulus,

2 ) 2
tpl-Ipl? hdplv-s-tpl-(nr -1 tpl~(hdplv)

Znet = - -
pl 4 4 4

2  hd -nr2-s~t 1

tpl-Lpl plv P
- if mod (nr, 2) =0

4 4
Znet_, =30.121-in°
netyq = 30. -in

if mod (nr, 2) >0
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Flexural Rupture Capacity,

(AISC 14th Ed., Manual Part 15, page 15-4)

Afr . Fupl . Znetpl

Rfr =
1!

Rfrpl:165.361-kips V=102.2-kips

RESULT = Flexural Rupture Capacity > Applied Force, OK

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

V,=102.2-kips
M = Vr~[0.5-(bfgir—twgir)+ gap + Lehbm+ 0.5-(nv—-1) -sv]

M, =1064.924 -kips-in

Shear yielding,

Vg = Avy-0.6-prl~tplg~Lpl

Vo = 280 -kips
Flexural yielding,
Mg = Ab'prl'ZXpl
M, = 1467.066-kips-in

Interaction,

2 2
\Y% M.

— | +|—| =o0.66
\Y% MC

RESULT = Interaction < 1.0, OK
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J. SHEAR PLATE 1 TO GIRDER

1. Weld Capacity of Shear Plate to Girder Web

(AISC Specifications 14th Ed, Chapter J, pages 16.1-110 to 16.1-117)
No. of Weld side, Ny,g = 2

Minimum Weld Size,

W s =——-1n W, =—-1n

RESULT = Preferred Weld Size > Minimum Weld Size, OK

K. BOLTS ON FLANGE PLATE CHECK

_ . Ffos Ff
1. Forces acting on the Connection 4%
Ffom

@ Beam Flange,

Pbm2 Mbm2
Ffbm2 = 2

F o

dbm2 - tfme
?—% =~ ¢

Ffymo =225.611-kips fbs

@ Interface of Beam Flange & Flange Plate,

Ffl gy =216.415 kips

@ Flange Plate,

Prm2 Mpm2

Ff, =205.26-kips

2. Bolt Shear Capacity
(AISC 14th Ed. Specifications, Chapter J, Section J3.6, page 16.1-125)

Shear Capacity per bolt,

Arvfp2 =14.464-kips
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Bolt Shear Capacity,
Rbfp = Dgpo ~Arvfp2
Rbgy, =231.424 kips Ffpgp = 216.415-kips

RESULT = Bolt Shear Capacity > Force Applied, OK

L. BEAM FLANGE CHECK

1. Bolt Bearing on Beam Flange

(AISC 14th Ed. Specifications, Chapter J, Section
J3.10, pages 16.1-127 to 16.1-128)

Bearing Area,
2

Abrgy = 0.75-in

Allowable Bearing Strength using edge distance, (J3-6a,J3-6cC)
Fbe = Ap g Fupyy- min[l .0 ~(D4 - O.5hdbm2f)~tfbm2 ,2.0 ~Abrgbm] if hdpp,g2hd)g
min|:1.2 ~(D4 - O.5hdbm2f)~tfbm2 , 2.4 ~Abrgbm] otherwise

Fbe =58.5 -kips

Allowable Bearing Strength using bolt spacing, (J3-6a,J3-6c)
Fbs = Ap g Fupyy- min[l .0 -(sfp2 - hdbmzf)~tfbm2 ,2.0 ~Abrgbm] if hdpp,g2hd)g
min|:1 .2 ~(sfp2 - hdmef)'tfme , 2.4 ~Abrgbm] otherwise
Fbs =54.844-kips
Bolt Bearing Capacity,
Rbrgy ¢:= 2 DV Epo ~|:min(Fbe R Arvfp2) + min(Fbs R Arvfp2)-(nrfp2 - 1)]

Rbrgy ¢ =231.424 -kips Ffppe =225.611 -kips

RESULT = Bearing Capacity > Force Applied, OK |
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2. Block Shear Capacity of Beam Flange

(AISC 14th Ed. Specifications, Chapter J, Section J4.3, page 16.1-129)

Reduction Factor, Upg = 1.0 (Tension Stress is Uniform)

Gross Shear Area

AgvV = 2~Rnrfp2 —])~sfp2-FD4]'tfbm2

Agv =36-in°

Net Tension Area

Ant := [(bfme - gme) - (2anp2 - 1) 'hdmef]'tfme

Ant =0.724-in?

Net Shear Area

AHVF:2'Rnrfp2‘_1)'Sfp2+'D4_(nrfp2‘_0'5)'hdbm2£ytfbm2

Anv = 23.344-in?

Block Shear Capacity,

Rbsy 1= Ay min(O .6Fuy 5 -Anv + Uy -Fuy o -Ant, 0.6-Fy, > Agv + Uy -Fug o ~Ant)

Rbsy ¢ =478.725 -kips Ffypqp =225.611 kips

RESULT = Block Shear Capacity > Force Applied, OK |

3. Beam Flexural Strength on Reduced Area w/ Reinforcement

(AISC 14th Ed. Specifications Chapter F, Section F13, page 16.1-64)

Effective Flange Thickness,

tfbmpr:: tfppe if Reinforcement2 ="Not Required"
prrZ
tfygp + tpr2: Ej———— otherwise
Yom2
tfbmprzzl.ll-in
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a. Gross Tension Flange Area

Afg = bfme'tfbmpr

—8.425.in?

Afg

b. Net Tension Area

Afp = Afg‘_(vapr'hdmef'tfbmpr)
Bg,=5.927-in°

c. Value of Yt

FYbm2
Yy = 1.0 if —<0.8
Fupm2
1.1 otherwise
Ytzzl
d. Section Modulus of Section
bf, o -tf 3
bm2 " ““bmpr
Ixpmpr = 2 > + b0t pmpy
3
twme'(dme'_thbmpr>
+
12
. 4
bempr::14l9.86-1n
bempr:: SXme if Reinforcement?2
bempr
——— otherwise
0.5(dpnz)
s -154.333-in°
Xbmpr_ . -1n

e. Revised Flexural Requirement Due to Axial Load

(nr-1)@s

(F13-1)

dbm2_tfbmpr
2

i

= "Not Required"

Myevo = Mppp + O'5Pbm2'(dbm2'_tfbm2)

M =331.836-kips-ft

rev2
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f. Tension Rupture Capacity

Net Moment Capacity,

Ay, Fupno 'Afn'sxbmpr
M = (F13-1)

n

M_ =352.187 -kips-ft M, oyp =331.836 kips-ft

RESULT = Net Moment Capacity > Applied Moment, OK

M. PLATE REINFORCEMENT CONNECTION TO BEAM: Required

1. Force Acting on Plate Reinforcement

Force on Flange,

fpme

Ff, . =—— Ff
bmi - bm?2
tfbmpr

Ffpn; =152.44-kips

Force on Plate Reinforcement,
Fpr =Ffpme ~ Flpmi

F_ _=73.171-kips

2. Weld Capacity of Plate Reinforcement to Beam
(AISC Specifications 13th Ed, Chapter J, Section J2.2b, Table J2.4,
pages 16.1-90 to 16.1-102)

Length of weld,

prrl = Lw4

prrl =6-in

No. of Weld side, N,g = 1
Minimum weld size,
3 1,
W s =—-1nN W, =—"-1n
min 16 4 4

RESULT = Preferred Weld Size > Minimum Weld Size, OK
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Maximum weld size,
7 1
WmaX:E'ln w4:—-1n

4

RESULT = Maximum Weld Size > Preferred Weld Size, OK

a. Plate Reinforcement to Beam Flange Using Fillet Weld

For Longitudinal Weld
Shear Strength,

For Beam:
Rvy = A, -0.6-Fug -t o

kips

in

Rvy = 14.625-

For Plate Reinforcement:

Rvpr::Avr-0.6-Fupr-tpr-nWS
kips
Rvpr_8 7- in
For Weld:

va::Avw-O.6-Fuw-sin(45deg)-nWS

Rv, =14.849 -ksi

Maximum effective weld size,

min(vaHP Rvpr)

va

Weff =

Werg=0.586-1in

Weld Capacity,

L ZAVW-O.6O~FuW~sin(45~deg)~nws~min(weff,w4)-prrl

prrl::44.548-kips
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For Transverse Weld
Shear Strength,
For Beam:
vamf:‘Avr'O'6'Fubm'tfbm
kips
Rv =14.625-
bm in
For Plate Reinforcement:
Rvpr::Avr-0.6-Fupr-tpr-nWS
kips
R =8.7-
Vpr 38 in
For Weld:

va::Avw-O.6-Fuw-sin(45deg)-nWS

Rv, =14.849 -ksi

Maximum effective weld size,

min(vaHP Rvpr)

va

Weff =

Wegg=0.586-1n
Weld Capacity,
prr2:=<Avw-O.6O-Fuw~sin(45~deg)~nws~min(weff,w4)-prr2

prr2zz28.176-kips

prr:z maX(RWprﬂ_+'prr2’ O.85~prr1 + 1.5~prr2)

RwDr::8O.13-kips FDr::73.17l-kips
RESULT = Weld Capacity > Force Applied, OK
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N. PLATE REINFORCEMENT CHECK: Required

1. Bolt Bearing Capacity of Plate Reinforcement
(AISC 13th Ed. Specifications Chapter J, Section J3.10,
page 16.1-111)

Bearing Area,

Abrgpr = dbfp-tpr
Ab =0.5-in?
rgpy =0.5-in
Allowable Bearing Strength using edge distance, (J3-6a,J3-6cC)

Fbe = Fu,, - min[l .0 ~(Levfp - O.5hdbmf)-tpr, 2.0 ~Abrgpr] if hdp ¢ >hd)g
min|:1 .2 ~(Levfp -0. 5hdbmf)~tpr , 2.4 ~Abrgpr] otherwise

Fbe =32.625-kips

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

Fbs = Fu,, - min[l .0 ~(sfp - hdbmf)~tpr, 2.0 ~Abrgpr] if hdp ¢ >hd;q
min|:1 .2 ~(sfp - hdbmf)~tpr , 2.4 ~Abrgpr] otherwise

Fbs =65.25 -kips

Bolt Bearing Capacity,
= 2Abrg nvfp-[Fbe + Fbs(nrfp - 1)]

Rbrgpr:
Rbrgpr:489.375-kips Fpr:73.17l-kips
RESULT = Bearing Capacity > Force Applied, OK

2. Block Shear Capacity of Plate Reinforcement
(AISC 13th Ed. Specifications Chapter J, Section J4.3, pages 16.1-112 to

16.1-113 )
(Tension Stress is Uniform)

Reduction Factor, Upg = 1.0

Gross Shear Area
Agv = 2[(nrfp - 1) "Sfp + Dz]-tpr

Agv =24.75-in°
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Net Shear Area

Anv = 2~[(nrfp - 1)'Sfp +D, —(nrfp - O.5)-hdbmf]-tpr

Anv =16.312-in?

Net Tension Area

Ant = [(nvfp - 1) SVep + Jpm ~ (2nvfp - 1) ~hdbmf]-tpr

Ant =2.187-in?

Block Shear Capacity,

Rbs_ . = Abs min(O .6Fu

o rAm%H%SFuert,&6F%nJWV+Umfﬁermﬁ

P P P

Rbs . =330.737 -kips

p ,=73.171-kips

p

RESULT = Block Shear Capacity > Force Applied, OK |

3. Tension Yielding Capacity of Plate Reinforcement
(AISC 13th Ed. Specifications Chapter D, Section D2,
page 16.1-26)

Gross Tension Area,
Agpr = bpr-tpr
Ag__=4.313-in°
Ipr =14- -in
Tension Yielding Capacity,
REy,, = Aty'prr "Agpp

Rtypr:92.964-kips ,=73.171-kips

p

RESULT = Tension Yielding Capacity > Force Applied, OK

4. Tension Rupture Capacity of Plate Reinforcement
(AISC 13th Ed. Chapter D, Section D2, page 16.1-27)
Net Tension Area,
Ant = (bpr - 2nvfp-hdfp)~tpr

Ant =3.187-in?

Effective Net Tension Area,

Ae = min(Ant ,0.85 -Agpr)

Ae =3.187-in°
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Tension Rupture Capacity

Rtrpr:=<Atr-Fupr-Ae

Rtr .= 92.437-kips

p ,=73.171-kips

p

RESULT = Tension Rupture Capacity > Force Applied, OK

O. FLANGE PLATE CHECK

1. Bolt Bearing Capacity of Flange Plate

(AISC 14th Ed. Specifications, Chapter J, Section J3.10, pages 16.1-127 to
16.1-128)

Bearing Area,
Abrgfp = dbfp2 -tfp
Abrgfp = 1-ir12
Allowable Bearing Strength using edge distance, (J3-6a,J3-6cC)
Fbe i= Ay, Fugy- min[l.o -(Levfp2 - O.5hdfp2)~tfp, 2.0 ~Abrgfp] if hdgyy 2hdgg
min|:1 .2 ~(Levfp2 -0. 5hdfp2)~tfp , 2.4 ~Abrgfp] otherwise

Fbe =36.562-kips
Allowable Bearing Strength using bolt spacing, (J3-6a,J3-6c)

Fbs = Ay, Fugy- min[l.o -(sfp2 - hdfp2)~tfp, 2.0 ~Abrgfp] if hdgy 2hdgg
min|:1 .2 ~(sfp2 - hdfp2)~tfp , 2.4 ~Abrgfp] otherwise

Fbs =73.125-kips

Bolt Bearing Capacity,
Rbrgfp =2 DV epo ~|:min(Fbe s Arvfp2) + min(Fbs s Arvfp2)-(nrfp2 - 1)]

Rbrgfp:231.424-kips Ff2:205.26-kips

RESULT = Bearing Capacity > Force Applied, OK

2. Block Shear Capacity of Flange Plate

(AISC 14th Ed. Specifications, Chapter J, Section J4.3, page 16.1-129)

Reduction Factor, Upg = 1.0 (Tension Stress is Uniform)

Flange Plate width,

bfp=29.5-in
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RESULT = NUMBER OF BOLTS, OK

Pattern 1

Gross Shear Area

=
%)
5 T
Agv =2 ~|:(nrfp2 - 1)'Sfp2 + Levfp2]-tfp 9 g
Agv =45- in2
o
Net Tension Area
Ant := [bfp -2 -Lehfp2 - (2nvfp2 - 1)hdfp2].tfp
5 Dtgap Levy,
7

Ant =4.375-1in

Net Shear Area

Anv = 2~[(nrfp2 - 1)'Sfp2 + Leven, _(nrpr - o,5)hdfp2].tfp
Anv =28.125-in°
Block Shear Capacity
RbS g1 = Apg min(O. 6Fug, Anv + Upg-Fug, Ant, 0.6 Fy g -Agy + Up -Fufp-Ant)

Rbsfpl =690.625 -kips

Pattern 2

Gross Shear Area

Agv = 2~(nrfp2 —1)~sfp2~tfp j:
. 2 T o
Agv =42-in L] 5 ]
\C/\ AJ \Q* ,,&
7 € ‘ o o] o] a
Net Tension Area S =
O\ﬁ o o o 2
Ant = (bfp ~2nve,, -hdfp2)-tfp IR
Ant = 7.25-'1r12
Dytgap Levy,
7
Net Shear Area (nr—1)@S

Anv = 2[(nrfp2 — 1)'Sfp2 - (nrfpz — 1).hdfp2].tfp
Anv =26.25-in?
Block Shear Capacity

RDS £50 = Apg min(O. 6Fugy ANV + Upg-Fug,-Ant, 0.6 Fyg, Agv + Ubs'Fufp'Ant)

Rbsfp2 =747.5-kips
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Pattern 3

P

~1)sv

Gross Shear Area

Lehfp

Agv = 2~[(nrf —1)~s + Lev -tfp g i
P2 fp2 fp2 EN ‘
2 5 / 0/‘2 NS
Agv =45-1in 0\7,/ - o
g
Net Tension Area L L
) Ditgap Levy,
Ant = [bfp - Jpmo — (2nvfp2 - 1)hdfp2]-tfp T

Ant =2.875-in?

Net Shear Area
Anv = 2 '[(nrpr - 1) "Sfp2 + Levfp2 - (nrpr - 0. 5)hdfp2]'tfp
Anv =28.125-in°
Block Shear Capacity
Rbs g3 = Apg min(O .6Fug Anv + Upo-Fug -Ant, 0.6 Fyg,-Agv + Upg -Fufp-Ant)

Rbs g3 = 641.875 kips

Governing Block Shear Capacity
Rbsfp = min(Rbs fpl° Rbs fp2 Rbs fp3)

Rbsg, = 641.875 kips Ff,=205.26-kips

RESULT = Block Shear Capacity > Force Applied, OK

3. Tension Yielding Capacity of Flange Plate
(AISC 14th Ed. Specifications, Chapter J, Section J4.1, page 16.1-128)
Gross Tension Area,
Agfp = bfp-tfp
.2
Agfp =9.5-in
Tension Yielding Capacity,
Rty gy, 1= Aty'Fyfp "Aggp

Rtyfp:284.431-kips Ff, =205.26-kips

RESULT = Tension Yielding Capacity > Force Applied, OK
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4. Tension Rupture Capacity of Flange Plate
(AISC 14th Ed. Specifications, Chapter J, Section J4.1, pages 16.1-128 to

16.1-129)
Net Tension Area,
Ant = (bfp ~2nve,, -hdfp2)~tfp

Ant:7.25-in2

Effective Net Tension Area,
Ae :=min(A . -A
e mln( nt, 0.85 gfp)
.2
RAe =7.25-in
Tension Rupture Capacity
Rtrfp = Atr-Fufp-Ae

Rtrfp:235.625-kips Ff, =205.26-kips

RESULT = Tension Rupture Capacity > Force Applied, OK

5. Flange Plate Compression Capacity
(AISC 14th Ed. Specifications, Chapter J, Section J4.4, pages

16.1-129 to 16.1-130)

Effective Length Factor,

K=0.65 (Commentary Table C-A7.1)

Laterally Unbraced Length of Plate,

L:=D, + gap

L=3.5-in

Radius of Gyration,

Slenderness Ratio,

KL

KLr = —— =
r

7.881

tfp
r=
e ;
gap , | 2
r=0.289-1in 17
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Elastic Critical Buckling Stress,

F_=4608.437-ksi

Compression Buckling Stress,

For= | Fyg, 1if KLr<25

otherwise

Fyfp

F E
0.658 ‘Fyg, 1if KLr<4.71-

Fyfp

O.877-Fe otherwise

Fcr::50-ksi

Compression Capacity,

Rcbfp:=<AC-Fcr-bfp~tfp

Rcbfp::284.431-kips Ff, =205.26-kips

RESULT = Compression Capacity > Force Applied, OK

P. FLANGE PLATE TO GIRDER CHECK

1. Weld of Flange Plate to Girder
(AISC Specifications 14th Ed, Chapter J, pages 16.1-110 to 16.1-117)

a. Using Fillet Weld

No. of Weld side, N,g = 2

Minimum weld size,

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

1 L.
W, . =—-1n We =—-1n
min 4 5 4

RESULT = Preferred Weld Size = Minimum Weld Size,OK
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Maximum weld size,
1 _ 1
Woax = tfp—Eln if tfpzzln
tfp otherwise
. 1 .
wmaX:O.938-1n w5:z-1n

RESULT = Preferred Weld Size < Maximum Weld Size, OK

Q. BEAM 2 WEB CHECK

1. Bolt Bearing Capacity on Beam

(AISC 14th Ed. Specifications, Chapter J, Section
J3.10, pages 16.1-127 to 16.1-128)

Bearing Area,

Abrgy = O.45-ir12

Bolt centerline distance from face of support,

ap = 0.5 (b —twgs )+ gap + Lehy + 0.5+ (nv - 1) sv

ab=10.42-in

Eccentric Load Coefficient,

(Table 7-7, AISC 14th Ed.)
C=7.564
Allowable Bearing Strength using edge distance, (J3-6a,J3-6cC)
Fbe = Fuy - min[l .0 ~(D3 -0.5 ~hdbm2w)-twbm2 ,2.0 ~Abrgbm] if hdp 5, 2hdg
min|:1 .2 ~(D3 -0.5 'hdmeW)'thmZ , 2.4 ~Abrgbm] otherwise

Fbe =70.2 -kips

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

Fbs = Fu min[l .0 ~(sp12 - hdbmzw)-twme ,2.0 ~Abrgbm] if hdyp 5, 2hd;g
min|:1 .2 ~(sp12 - hdmew)'twme , 2.4 ~Abrgbm] otherwise

Fbs =57.037 -kips
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Bolt Bearing Capacity,
A C
Rbrgy, = brg-§~[Fbe+Fbs(nr—1) ]

Rbrgbm;:225.673-kips me2::102-2'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:= dbm2 -2 kdesbm2 ‘

kbw

h=16.1-in

Limiting depth-thickness ratio, t
H Wpm
N

bm hbm

htw =

CWhmo

Dy, =35.778

Clear distance between transverse stiffeners,
a:= 0Oin if htw<260

2602
min|{3-h,|—— | -h| otherwise
htw

a=0-in
Web plate buckling coefficient,

kv = 5 if htw<260

5

otherwise (G2-6)

kv =5

dbm
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Web shear coefficient,

kv-E
Cv = 1 if h <l.1. |——
tw D
FYbm2 (62=3)
kv -E
1.1 | ——
FYpm2

kv-E kv -E
if 1.1- —<htw£1.37- (G2-4)
htw Fybm2 Fybm2
1.51-E-kv 3 kv-E
— if 1.37- [—— <nh _
e Frog | EW (G2-5)
tw "Ybm2
Cv=1
Shear Capacity of Section,

vam=165.6-kips me2:102.2-kips

RESULT = Shear Capacity of Section > Force Applied, OK

R. BEAM TO SHEAR PLATE CHECK

1. Bolt Shear Capacity

(AISC 14th Ed. Specifications, Chapter J, Section J3.6, page 16.1-125)

Shear Capacity per bolt,

ArvplZ =14.464 -kips

Bolt Shear Capacity,

Rbpl =109.406 -kips

Vpmo = 102.2-kips

RESULT = Bolt Shear Capacity > Force Applied, OK

S. SHEAR PLATE 2 CHECK

1. Check for Maximum Shear Plate Thickness

(AISC 14th Ed. Manual Part 10, page 10-104)
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Exceptions for nv = 1 and nv = 2
1< db 1 - db 1
tpl £ — + — twy, < — + —
PR T e bm= "2 " 16
Leh >2-db Lehp 2 2-db

RESULT = Check maximum thickness of plate

Coefficient for Eccentrically Loaded Bolts

(AISC 14th Ed.Manual Part 7, pages 7-19)

C'=091.406-in

Area of Bolts

Tr-db2

Ab =
4

Ab=0.785-in°

Length of Plate

Ipl:= (nr—-1) s+ 2 -Lev

14-in

ILpl

Maximum Thickness

anl
tPlyax = . (10-3)
prl-Lpl
tplmaX::1.349-in tpl=1-in
= Plate Thickness < Max Thickness Permitted, OK

RESULT
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Governing Shear Plate Thickness

tpl ., = if Case 7 =1

g pl

tpl if tpl <tpl, .,

tpl 1if tpl =tplpax

1
Floor(tplmax . Ein) otherwise

tpl otherwise

tplgzl-in

2. Bolt Bearing Capacity of Shear Plate

(AISC 14th Ed. Specifications Chapter J, Section J3.10,
pages 16.1-127 to 16.1-128)

Area of Bearing Surface,

Abrgpl = db-tplg
Ab =1.in?
rgy,; =1-in

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

1.0-(Lev - 0.5ndp) ) tply ]

Fbe = A -Fu_q | min if hd > hd
brg pl plh 1s
i 2.0 -Abrgpl 1]
[1.2-(Lev -0.5ndy) ) tely ||
min otherwise
2.4~Abrgpl

Fbe =36.562-kips

Allowable Bearing Strength using bolt spacing, (J3-6a,J3-6cC)
Fbs = Ap g Fup - min[l .0 -(s - hdplv)-tplg, 2.0 ~Abrgpl] if hd,py, 2hdgg
min|:1 .2 ~(s - hdplv)'tplg , 2.4 ~Abrgpl] otherwise

Fbs =63.375-kips
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Bolt Bearing Capacity,

cC
Rbrgpl = Abrg'g' [Fbe + Fbs (nr — 1) ]

Rbrgpl:219.404-kips V=102.2-kips

RESULT = Bearing Capacity > Force Applied, OK

3. Shear Yielding Capacity of Shear Plate

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

Length of Plate,
Ipl:= (nr—-1)s+ 2Lev

Ipl=14-in

Check if Length of Plate is acceptable,

(AISC 14th Ed. Manual Part 10, page 10-106)

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:280-kips V=102.2-kips

RESULT = Shear Yielding Capacity > Force Applied, OK

4. Shear Rupture Capacity of Shear Plate
(AISC 14th Ed. Specifications Chapter J, Section J4.2, page 16.1-129)
Net Area,

Anv := (Lpl - nr-hdplv)~tplg

Anv =8.375-in?
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Shear Rupture Capacity,
erpl = Avr-0.6-Fupl~Anv (Td—-4)
erpl:163.313-kips V=102.2-kips

RESULT = Shear Rupture Capacity > Force Applied, OK

5. Block Shear Capacity of Shear Plate

(AISC 14th Ed. Specifications Chapter J, Section J4.3, page 16.1-129)

Reduction Factor, Upg= | 1.0 if nv=1 (tension stress is uniform)

. if >1 . . .
0.5 if nv (tension stress is non-uniform)

UbS = O 5
Gross Shear Area | b J
1
|
Agv = [(nr—l)-s+Lev]-tplg %/> }
1 ‘ >
\ O
Agv:12.5-in2 % } JJ\ g
=
i
Net Tension Area Leh (HV'\)@S\/ =

Ant = [Leh+ (nv-1) -sv - (nv-0.5) ‘hd,yp |- tply

Ant =5.687-in?

Net Shear Area

Anv :=[(nr—1) s+ Lev— (nr—0.5) 'hdplv]'tplg
. 2
Anv =7.438-1in

Block Shear Capacity of Plate, (J4-5)

Rbs = Apg min(O .6Fuyy -Anv + Up o -Fugy -Ant, 0.6-Fy ) -Agv + Upg-Fuy) ~Ant)

Rbspl:237.453-kips V=102.2-kips

RESULT = Block Shear Capacity > Force Applied, OK
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6. Local Buckling Capacity of Shear Plate

(AISC 14th Ed., Manual Part 9, page 9-9)

Distance of bolt line to support,

ay, = 0.5 '(bfgir - twgir) + gap + Lehbm

ap = 5.92-in
Coefficient,
ILpl- [/Fy
A/ pl 1
\:= .
\/ksi

Ipl 2
10-tpl.- | 475+ 280
g ap,

A=0.219
Q:= 1 1f X<0.7

1.34-0.486-X 1f 0.7 <X<1.41
1.30

otherwise

0=1
Allowable Buckling Stress,

Fcr = prl -Q
Fcr =50 -ksi

Gross Plastic Section Modulus,

X

pl- 4

ZX =49-in

pl
Eccentricity,

epl = ab

epl:5.92-in
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Buckling Capacity,
Fcr-prl
Rbcp1::<Ab' .
pl
Rbcpl::247.815-kips V=102.2-kips

RESULT = Local Buckling Capacity will not Control!

7. Flexural Yielding Capacity with von-Mises shear reduction

(AISC 14th 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

185.409-kips V=102.2-kips

Rfc

pl-

Rfcpl

RESULT = Flexural Yielding Capacity > Applied Force, OK

8. Flexural Rupture Capacity

(AISC 14th Ed., Steel Construction Manual Design Examples page IIA-104)

Net Plastic Section Modulus,

2 ) 2
tpl-1pl? hdgyyos-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

Znetpl::30.12l-in
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Flexural Rupture Capacity,

(AISC 14th Ed., Manual Part 15, page 15-4)

Afr . Fupl . Znetpl

Rfr =
1!

Rfrpl:165.361-kips V=102.2-kips

RESULT = Flexural Rupture Capacity > Applied Force, OK

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

V,=102.2-kips
M = Vr~[0.5-(bfgir—twgir)+ gap + Lehbm+ 0.5-(nv—-1) -sv]

M, =1064.924 -kips-in

Shear yielding,

Vg = Avy-0.6-prl~tplg~Lpl

Vo = 280 -kips
Flexural yielding,
Mg = Ab'prl'ZXpl
M, = 1467.066-kips-in

Interaction,

2 2
\Y% M.

— | +|—| =o0.66
\Y% MC

RESULT = Interaction < 1.0, OK
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T. SHEAR PLATE 2 TO GIRDER CHECK

1. Weld of Shear Plate to Girder

(AISC Specifications 14th Ed, Chapter J, pages 16.1-110 to 16.1-117)

No. of Weld side, Ny,g = 2
3 1,
W+ =—-.1Nn WnHh =—-101
min 16 2 4

RESULT = Preferred Weld Size > Minimum Weld Size,

OK
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(tfp) THK.—A36 (UNO)
— FLANGE PLATE

III DETAIILS: W/ dbg"e BOLTS
Wy ; N\ /Wy ;
A Rr Sy P
A. SKETCH = T - s i
—_— o J =l @\ \@ 5 Q.‘
5| 3 | z 5
W—SHAPE » &l + P g W—SHAPE
A992 BEAM 1—=\ £ = A92 BEAM 2
[ g + 4 Iy
S hedET
&4 % + &)
] EAE N
AR LEE
— “’\(tpwz) THK.—A36 (UNO)
(tpl1) THK.—A36 (UNO) Leh Lo SHEAR PLATE 2
SHEAR PLATE 1 Mg Moz W/ dopiz'® BOLTS
W/ dbpi’e BOLTS (nvp‘zfﬂ@svp‘z (nvme)@sva
LeNpmuz LeNprmwt
W—SHAPE 9y »%0 W—SHAPE
A992 BEAM 1—
(nre,~1)@sg, (nr=1)@s, |7A992 BEAM 2
3 Leyv D /\"N/ Ldv 9
& Al SIR UX} 4, Vi 2
5 i 1 o O i O
M { ! { N
! i, 0 .2, amm gy Y
— = b5
oy e e | tee el ) \
E Pl B
S i T
- TYP. > I -~
@ FLANGE PLATE  Ws (tfp) THK.—A36 (UNO)
TO GIRDER WEB € FLANGE PLATE
AND FLANGE g APE W/ dbip’0 BOLTS
A992 GIRDER ——
SECTION A

TYP.

W3

£ «

- 3
(tpr1) THICK REIN.
PLATE A36 _(UNO
AS REQUIRED

PLATE REINFORCEMENT 1 TO BEAM 1 PLATE REINFORCEMENT 1 TO BEAM 2

AS REQUIRED ﬁ AS REQUIRED

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

FOR THICKNESS OF PLATE, LENGTH AND
SIZE OF WELDS)

MOMENT CONNECTION: DESIGN OF W-SHAPE BEAMS (BOLTED
FLANGE PLATE AND WEB SHEAR PLATE CONNECTION) TO
W-SHAPE GIRDER (2-WAY)
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B. TABLE: MOMENT CONNECTION SCHEDULE

Beam 1 Flange Plate Bolts at Flange Plate Plate Reinforcement Conn.
Bolt
size |Grade| P | PP |Grade dl_"‘” nrpt | nvir | P | VP! tor! | Grage | PP e L_W3
(in) | (in) (in) | Typesps (in) | (in) | (in) (in) | (in) | (in)
A490-SC-
STD-
W18X65 | A992 [ 1 |9 1/2 AoT2- 1 CLASS A 8 1 3 3 1721 A6 | 8 5/8 | 1/4 6
50
STD Hole on
BOTH Plies
Beam Beam Beam
Girder Shear Plate 1 Bolts at Shear Plate 1 Shear | Axial | Moment
Load Load Load
Bolt
size  |Grade| P! [Grage| 9P¥ ot vy | 5P [SYPH | Vot Pomt | Momt
(in) (in) | Typepn (in) | (in) | (kips) | (kips) | (kips-ft)
A490-SC-
SSLT-
W21X62 | A36 1 AST2- 1 CLASS_A 5 4 1234 ] 3 102.20 0.00 331.84
50 SSLon
Shear Plate
ONLY
Bolt Settings (in) Edge Distances (in) Weld Size
gap
Levpin | Lehpin |Lehpmwi | Levipt | Lehsps (in) Wi Ws
D1 D3 | gbm1 . . . . . .
(in) | (in) (in) (in) [ (in) (in) | (in)
334 3 |512 112112 112 | 112 2 112 1/4 1/4
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5404 Gurley Avenue

Dallas, TX 75223
Beam 2 Flange Plate Bolts at Flange Plate Plate Reinforcement Conn.
Bolt
size  |Grade| ‘P | PP |Grage | 9P%2 nrpz | nvpz | SP2 V92 [ tP2 | Grage | PPY2 | Wa | Lwa
(in) | (in) (in) | Types2 (in) | (in) | (in) (in) | (in) | (in)
A490-SC-
STD-
W18X65 | A992 1 1912 AoT2- 1 CLASS A 8 1 3 3 1721 A6 | 8 58 | 1/4 6
50
STD Hole on
BOTH Plies
Beam Beam Beam
Girder Shear Plate 2 Bolts at Shear Plate 2 Shear | Axial | Moment
Load Load Load
Bolt
size  |Grade| P2 |Grade dl_)p'z Nroz | nvp | P2 [SVPR2] Vom: Pomz | Mom2
(in) (in) | Typepr (in) | (in) | (kips) | (kips) | (kips-ft)
A490-SC-
SSLT-
W21X62 | A36 1 AST2- 1 CLASS_A 5 4 1234 ] 3 102.20 0.00 331.84
50 SSLon
Shear Plate
ONLY
Bolt Settings (in) Edge Distances (in) W.eld
Size
gap
(in)
D, D | gome Le.VpIZ Le.hpIZ Lehpmw2 Le.prz Le.hpr \.Nz
(in) | (in) (in) (in) [ (in) (in)
3341 3 (5120112 112 112 (112 2 112 114
IV. REFERENCES
Steel Construction Manual ( 14th )- ASD American Institute of Steel

Construction, Inc. 2010
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