AISC DG29 Example 5.1

ORIGIN := 1
MWW
Reference to AISC 14th Edition shapes database:

T = Row(shape) .= | for ie 1..rows(T1) -1
AISC Shapes I@)ase vi4.1.xls

Re«i if (T1<2>)i = shape
R

Solve Example 5.1 Corner tensile Flange: General Uniform Force Method

BOIls. 78 Udid. A4DU-A
Holes: std. %" dia. [ St LLBE:-EMO kips (LRFD)
Beam / Col: A992 i - PL 1"x2415"x2"-81" \ +560 kips (ASD)
Electrodes: E70XX Yo A \ A1

Plate: A572 Gr. 50 12

Angles: A36

— Connection shown
| 25-0"
\
\
“. Q‘,g//
&?/
; “%+716 kips
+100 kips—° Q?B
o ¥

[3p)
"/c;’ X

6@ 3"

Gage = 512" (typ.)

: | _—w21x83
50 kips(LRFDD& N & beam
33.3 kips (ASD) R

— Connection shown 100 K

\ i 66.7 [kips ( ~
H‘. 25'-0 .. . :

'~.
VT e
i ‘{')9/ /
\| e W14x90

\
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W
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\|.x ,
’ > 477 kips column
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o

Typical bracing elevation 571 kips (LRFD)
(ASD forces) 380 kips (ASD)

Fig. 5-1. Strong axis bracing connection—general uniform force method.
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AISC DG29 Example 5.1

Loads
LRFD Brace axial force P, == 840kip
horizontal nodal force Hupoge == 100kip
beam axial reaction AUpeam = 716Kip
beam shear reaction VUpeam = S0Kip

Material Properties
Beams steel grade A992 FYoeam = 30-ksi FUbeam := 65-ksi
Brace steel grade A36 F¥prace := 36-ksi Fuprace := 58-ksi
Plate steel grade A572 Gr. 50 Fyp := 50ksi Fupp == 65ksi
Modulus of Elasticity E := 29000ksi
weld strength Fexx = 70ksi

Member Properties

Beam Properties
Beam section |Beam = "W21X83" Span := 25ft
depth of beam dbeam = T1(Row(Beam),7)-in = 21.4-in
width of flange bfpeam = T1(Row(Beam), 12)-in = 8.4-in
thickness of flange tfoeam = T1(Row(Beam), 20) in = 0.835in
thickness of web tWheam = T1(Row(Beam), 17)-in = 0.515-in
design weld depth k_desprace = T1(Row(Beam),25)-in = 1.34-in

center of web to flange toe of fillet

strong moment of inertia

Column Properties

depth

flange width
flange thickness
web thickness

strong moment of inertia

4 4
IXpeam == T1(Row(Beam),39)-in" = 1830in

[Column := "W14X90"

deolumn == T1(Row(Column), 7)-in = 14-in
bfcoiumn = T1(Row(Column), 12)in = 14.5-in
tfeolumn == T1(Row(Column),20) in = 0.71in

tWeolumn = T1(Row(Column), 17)-in = 0.44-in

4 4
IXcoumn = T1(Row(Column),39)-in" =999 in
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AISC DG29 Example 5.1

Brace Properties

Brace section Brace := "2L8X6X1LLBB"
cross sectional area Agbrace = T1(Row(Brace), 6) ~in2 = 26.2-in2
. . . . L1:= "L8X6X1"
x distance to centroid X_barprace == T1(Row(L1),28) N = 1.65:in value for single angle

torace = T1(Row(Brace),22)-in = 1in

Plate Properties

thickness tpL == lin
I 3,

clip thickness tolip = Zm

end PL width hengpL = 10in

Member Design
Brace-to-Gusset Connection

Determine required number of bolts (J3.6)

bolt pitch (spacing) p:= 3in

. 7.
bolt diameter Aot = g,n
area of bolt Apoit := dbonz-; = O.6in2
bolt shear strength FnVyop = 84ksi Table J3.2 Group A

Frite o = 113ksi threads X
bolt tensile strength Nlpolt = 2
strength reduction factor &= 0.75
bolt shear strength (single shear) Pryy = @ FnVpoit-Apoit = 37.9 kip EQ: J3-1
bolt tensile strength Prt:= @ -Fntyo-Apoit = 51kip EQ:J3-1
number of bolts N . Py 11 l:\lse 14 bolltj recall
bolts = — . = L. Boltsn = B .

double shear ®rpy-(2) P, = 840 kip
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AISC DG29 Example 5.1
Check tensile yielding on the brace gross section (J4.1a)
recall
strength reduction factor 2:=09 FYprace = 36ksi
tensile yielding strength of brace PR}, = ®-FypraceAbrace = 848.9Kip AQprace = 26.2 in’
check CapaCity |f(Pu < ‘I’Rn , "OK" , "NOT OK") = "OK" PU =840 klp
Check tensile rupture on the brace net section (J4.1b)
recall
2. 2 .2
net area of brace ANprace = Aprace — 4 torace’| doolt + Eln =22.2in AQprace = 26.21n
thrace = 1N
length of bolted connection lbrace = (1—4 - 1)-3in =18in X_barprace = 1.651n
2 FYorace = 36 ksi
X_bar, _ i
shear lag factor (Tbl D3.1 case 2) U=1- e 0.908 Flprace = S8 ksi
lbrace FypL = 50ksi
effective area of brace A€urace = U-ANprace = 20.2in° FupL = 65ksi
Npoits = 14
dbolt =0.875in
strength reduction factor &= 0.75 p=3in
tensile rupture strength of brace R0, = ©-FbraceAbrace = 877.2Kip tpL =11
check capacly if(P, < ®R,, "OK" , "NOT OK" ) = "OK" P, = 840 kip
n\
Check block shear rupture on the brace (J4.3) S i 4 O.f/<
%‘- (o /
//-:3 o
block shear strength Rn = 0.60F,-Aqy + UpsFy-Ant < 0.60F-Agy + Ups-Fy-Ang o / -
o OCK shear
% 1 | failure path on
gross shear area . 2 N double angle
AgVprace = (2)'tbrace'(|brace + 1~5|n) =39in
net area for shear 14 2 .2
ANVprace = AGVprace — (2)(7 - 05) 'tbrace'(dbolt + E'n) =26in
. . 2. 2
netarea for tension Antprace = (2)-tbrace-[(p + 2in) — 1.5-(dbo|t + Emﬂ =7in

uniformly loaded

strength reduction factor

block shear strength

check capacity

0‘60Fubrace'Aanrace =904.8 klp
0~60Fybrace'Angrace =842.4 klp

Ubs =1

P = 0.75 Ups ' FUprace Antprace = 406 kip
MM

%:: (I)~(0.6 min(Fubrace'Aanracea FYbrace'Angrace) + Ubs'Fubrace'Antbrace)
R, = 936.3kip

if(P, < ®R,, "OK" , "NOT OK" ) = "OK"
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AISC DG29 Example 5.1

Check block shear rupture on the gusset plate (J4.3)

gross shear area AgvpL = 2 tp (lprace + 1.5in) = 39in
14 2,
net area for shear Anvp| := Agvp — (2) BN 0.5 |-tpL-| dpoit + Eln
.2
AnVPL =26in >N\
—— Block shear
2 failure path on
net area for tension Antp| = tPL.[gin - (dbon + _inﬂ —2in? gusset plate
16 0.60Fup -Anvp, = 1014 kip
uniformly loaded Ups= 1 0.60Fyp -Agvp_ = 1170kip
strength reduction factor & :=0.75 Ups-FupL-Antp, = 130kip
block shear strength @R, := -(0.6 min(Fupy-Anvpy, Fyp,-Agvp ) + Ups-Fup -Antp( ) = 858 kip
check capaciy if(P, < ®R,, "OK" , "NOT OK" ) = "OK"
Check bolt bearing on the gusset plate (J3.10)
. recall
bolt bearing strength =121t .d-t-
g streng Ry = 1.2:lgt-F, < 2.4-d-t-F,, Br., = 37.9Kip
, 1 _ i
clear distance (between bolts) le_inner = 3in — (dbolt + —in) =2.06in oot = 0-8751n
16 Fup, = 65ksi
. 1
clear distance (between edge) lc_edge == 1.5in — 0.5-(dbo,t + Ein) =1.03in Npoits = 14
P, = 840 kip
strength reduction factor d = 0.75
MW
edge bolt bearing strength @R, eqge = MiN[ @-1.2:15 gqge-tpr-FupL, ®-2.4-dpot-tpL-FUpL , (2)®ry, | = 60.3kip
inner bolt bearing strength PRy inner = min[tI)- 1.2-l inner-tpL-Fupp, ®-2.4-dpoit-tp -Fup, (2)‘I’rnvj| =75.8kip
Total bolt bearing strength DR, = (2) PRy edge + (NbonS - 2)-<I>Rn_inner =1029.9kip
check capacity if(P, < ®R,,, "OK" , "NOT OK" ) = "OK"
recall
Check the gusset plate for tensile yielding on the Whitmore section (pg: 9-3) lbrace = 181in
whitmore section width ly = p + tan(30deg) -2 -lprace = 23.81n tWheam = 0.515in
lu_web = 4.70in te=1in
FyPL = 50ksi
effective area of the .2 .
Whitmore section Aw = (lw = lw web) teL + (I web) tWoeam = 21.5in P, = 840 kip
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AISC DG29

Example 5.1

tensile yielding strength of the gusset plate (J4.1a)

strength reduction factor
tensile yielding strength

check capacity

P = 0.90
MMWN
BR, := &-Fyp A, = 967.7kip

if(P, < ®R,, "OK" , "NOT OK" ) = "OK"

Check the qusset plate for compression buckling on the Whitmore section (J4.4)

recall
effective length factor Kp = 0.5 tp = 1in
length of plate to buckle Lp, == 9.76in FypL = 50ksi
P, = 840kip
radius of gyration fpL = =0.289in
KL KpL-LpL
" — =169 <25
pL
gross area Agp| := tp -20.9in =20.9 in”
strength reduction factor P = 0.90
MW
compressive strength PP, = ®-Fyp -Agp, = 940.5kip
check capacity if (Pu <®P,,"OK" ,"NOT OK") ="OK"
Connection Interface Forces (chapter 13) g
beam half depth €peam = beam _ 10.7in recal
dbeam =214in
column half depth deolumn . degiumn = 14in
€column = 2 =71in
P, = 840kip
slope of brace 0 = atan =47.2-de
brace 11.125 g
a - {3-tan(B) = epeam tan(d) — ecolumn Eq:13-1
B_bar:= 12in
B:= B_bar
Q= ebeam'tan(ebrace) — €column * B'tan(ebrace) =17.5in
plate thickness t, == 1lin
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AISC DG29

Example 5.1

Gusset-to-Beam Connection

Ih + teip t
+
> p

o bar=a=

Ih = 2(a — tp) — tegip = 32.2in

r= \/(0‘ + ecolumn)2 + (6 + ebeam)2 =334in

= @

P, =301.9kip

Veolumn =

€beam

Vipeam = —— Py = 269.2kip
r
Pu'COS(ebrace) - (Vcolumn + Vbeam) =—0Kkip

€column

Heotumn = P, = 176.1kip

(e
Hoeam 1= — Py = 439.9kip

Pu'Sin(ebrace) - (Hcolumn + Hbeam) =—0Kkip

Check gusset plate for shear yielding (J4.2a) and tensile vielding (J4.1a) along the beam flange

weld length

strength reduction factor
shear yielding strength

check capacity

strength reduction factor
Tensile yielding strength

check capacity

|W6|d = lh - 0.75in=31.5in

d = 1.00

MW

(bRU = @‘O.éo'prL'tpL'|We|d =944.1 klp
if(Hpeam < ®Ry, "OK" , "NOT OK" ) = "OK"
P = 0.90

MW

‘PRU = (I)'FYPL'tPL'IweM = 1416.2 klp

if(Veam < @Ry, "OK" , "NOT OK" ) = "OK"

Eqg. 13-6

Eq.13-2

Eq.13-4

Eqg. 13-3

Eqg. 13-5

recall

I, =32.2in
tpr=1in

FypL = 50ksi
Hoeam = 439.9kip
Vipeam = 269.2kip
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AISC DG29 Example 5.1

Consider force interaction for gusset plate

interaction Eq plasticity theory Myp Vi 2 Hop 4
(Neal, 1977) and suggested by ( j + ( j + ( j <1

Astaneh-Asl (1998) oM, ®N, oV, recall
FyPL = 50ksi
strength reduction factor 2,=10.90 el = 31.5in
(I)MnPL-(I)'Fy'ZX tPL: Lin

Hpeam = 439.9kip

2
. tpL lweld o
nominal moment strength (EQ: F2-1) dMnp = ®-Fyp, - — - 11142.1in-kip vV 269.2kip
beam = :

2 4
. . . 0 Vpeam Hbeam
interaction equation + + =0.08
®Mnp 0.90-(FypL -ty “weld) 1.0-(0.60-Fypy tp( -lweid)

Design weld at gusset-to-beam flange connection

recall
Vpeam kip lwelg = 31.5in
il siress in wekd fy = =8.6-—
axial stress in we lweld in Hoeam = 439.9 kip
H , Vpeam = 269.2kip
shear stress in weld fy = beam 4‘@
lwetd in
bending stress in weld fo=0
2 .2 Kip
peak stress foeak = (fa + fb) +f, =164-—
in
1 2 .2 2 .2 Kip
average stress favg= 5 (fa—fo) + £, +4f (fatfo) +f,°[=164—
in
load angle f
g Ol0ag == atan(—aj =31.5-deg
fy
additional ductility (pg: 13-11) ductility := 1.25
" Kip
stress on weld fweld := max(ductility-fayg. foeak) = 20.5-—
in
fweld
D:= =6.2

gusset to beam flange weld size

ki
2‘(1.392_—‘)) ‘(1.0 ; 0.50~sin(6|oad)l’5>
N

D := ceil(D)-in=7in 16 th of an inch
MWV
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AISC DG29

Example 5.1

Check beam web local yielding (J10.2)

strength reduction factor

web local yielding strength

check capacity

Check equivalent normal force, Ne

Check beam web local crippling (J10.3)

strength reduction factor

web local crippling strength

check capacity

Gusset-to-Column Connection

recall
= 1.00 FYbeam = S0ksi
MMWN

PR, = @.wa.tw.(zjk " |b) tWpeam = 0.5in

. k_des =1.3in
BRy= ®-FYbeam Woeam:(2-5K_deSbrace + lweig) = 896.6kip "= orace”
|we|d =31.5In

if(Vpeam < ®Ry, "OK" , "NOT OK" ) = "OK Vioam = 269.2Kip

Design bolts at gusset-to-column connection (J3.6 & J3.7)

number of bolts

uliimate shear force per bolt

check capacity

ultimate tensile force per bolt

check capacity

strength reduction factor
modified nominal tensile

stress factored to include
shear stress efects

combined loading strength

check capacity

recall recall
Ny =V + = 269.2Ki T . e .
ue = Ybeam T 5 2) P Wpeam = 0.5i0  thoeam = 0.84in
|we|d =31.5in FYbeam = 50ksi
dpeam = 21.4in E = 29000 ksi
,\%’v\:: 0.75 Vbeam =269.2kip
1.5
2 Iweld theam E- Fybeam'tfbeam i
<I>R0 = ®-0.80-twpegm |1+ 3- . - | ———  =765.4kip
dbeam tfbeam theam
if(Vpeam < @Ry, "OK" , "NOT OK" ) = "OK"
recall

Nbolts.end_pL = 14 Fnvyop = 84 ksi

Veolumn Fntpo = 113 Ksi
ruv e =216k|p 3 .
Nbolts.end_PL ®r,, = 37.9kip
®r¢ = 51kip

if(ryy < ®rpy, "OK" , "NOT OK" ) = "OK"
Heolumn = 176.1kip

Vco|umn =301.9 klp

Hcolumn .
fyti= — " = 12.6kip
Nboits.end_PL

Apop = 0.6in°
if(rut < ¢rnt, "OK" s "NOT OK") — "OK" bolt - .

d = 0.75

AAAA

Fnt
'frv < Fnt
Tnv

F'nt min| 1.3-Fnt Ftoor fuv Fnt 82.6 ksi
polt := MIN| 1.5-FNipgp — ———- > FNlpgit| = 82. I
@ -Fnvpoi | Abolt

‘bRU = @'F‘ntbon'Abon =372 klp

Flnt = 1~3'Fnt -

if(ryt < ®R,, "OK" , "NOT OK" ) = "OK"
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ple 5.1

Design gusset-to-end plate weld (Eq: 8-2)

resultant load on weld R, = J Heotumn- + Veorumn = 349.5Kip
Hcolumn
resultant weld load angle Oresultant := atan =30.3-deg
column

Nboits.end_PL

recall
Heolumn = 176.1Kip

Vco|umn =301.9 klp

Nbolts.end_pL = 14
p=3in

end plate effective length of weld lweld.end PL = p'f =21in
R,

end plate weld size Dend_pL = kip s =5.1

<2>~(1.392 ?)Iweld.end_pr(l.o + 0.50-sin (Oresuitant) )

Randoftoi= 081l (Dena_pL) = 6
Check gusset plate tensile and shear yielding at the gusset-to-end-plate interface (J4.1a & J4.2a)
strength reduction factor B = 0.90 recall
Tensile yielding strength ®N,, := B-FypL-(tp, 1) = 1070.3 kip ly =23.8in
. tpp =1in
check capaci PL
paclty if(Hootumn < ®Np, "OK" , "NOT OK" ) = "OK"
FyPL = 50 ksi

strength reduction factor 2 = 1.00
shear yielding strength dV, = tI>-0.6O-FyP|_-(tP|_-IW) =713.5kip
check capacity

if(Veotumn < ®Npp, "OK" , "NOT OK" ) = "OK"

Hegiumn = 176.1Kip
Vco|umn =301.9 klp

Check prying action on bolts at the end plate (Part 9 and Figure 5-4a) LT
bolt gage gage = 5.5in SI:tSES .
gage — tp. , &
BengpL = - 2.3in irivh
BZZ Z2 |
' dbot ,
Eq9-21 b'endpL == DendpL — - - 1.8in - Sk =
Fig. 5-4a. Washer clearance for end-plate bolts.
hengpL — gage ,
QgngpL = ——————— =2.25in recall
2 tPL =1in
dbot dbot 7
Eq 9-27 a‘endpL = mln(aendpL + T , 1~25'bendPL + 2 =2.69in dbOlt = E In
b'endPL hendPL =10in
= =0.674 .
PendPL . ®r = S1kip
1 15 p=3in
d":= dpot + Eln 16 in ®r,, = 51 kip
Eq9-24 =1 — =
q dengpL =1 o 0.69 = 12.6kip
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AISC DG29 Example 5.1

available tensile bolt strength B := ®r, = 51kip
strength reduction factor P = 0.90 B := 24.2kip
MW MWV
thickness to prevent prying action 4-B-D'enapL
Eq 9-30 to:= | ————— =1in
®-p-Fup,
2
1 te
Eq 9-35 a'= Al—1] -1[=-0
5endPL'(1 + pendPL) tpL

Eq 9-33 Q:

Cc

tpL ?
(t_j (1 + dgngpLa) = 1

available strength Tavail = B-Q =24.2kip

check capcity if (rut < Tavail, "OK" , "NOT OK") ="OK"

5.
tryt endPL=5/8" fendpL = re

2
, 1 te
Q= . —-1{=1.35
5endPL'(1 + pendPL) tendpL

2
tendpL
MQMZZ ¢ ‘(1 + ‘SendPL) =0.66

Cc

available strength Navaiy= B-Q=16kip
check capcity if(ryt < Tavait» "OK" , "NOT OK" ) = "OK"
recall
Check bolt bearing at bolt holes on end plate (J3.10a) ®r,, = 37.9kip
, 1 _ ;
clear distance lc_engpL = 1.75in — 0.5-(dbo,t + —in) =1.28in Ghoit = 0.8751n
16 tendPL =0.625in
strength reduction factor $ = 0.75 Fup_ = 65ksi
MW
bolt bearing strength BRy = min(@+1.2:lg_gndpLtendpLFUpL . ®+2.4-doot tengpLFUpL, @rny) = 37.9kip
check capcity if (tI)Rn > ®ry,, "bolt shear governs" , "check bolt bearing") = "bolt shear governs"
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AISC DG29

Example 5.1

Check block shear rupture of the end plate (J4.3) recall

block shear strength

gross shear area (1 side)

net shear area (1 side)

net tensile area (1 side)

strength reduction factor

block shear strength

check capcity

Check prying action on column flange

available strength

check capacity

Ru = 0.60Fy-Any + Ups Fy-Ant < 0.60F,-Agy + Ups-Fu-Ang Veolumn = 301.9kip

Nboits.end_pL = 14

Npolts.end_PL , 2 .
AgvendPL = f -1 P+ 1.75in 'tendPL =12.3in tendPL =0.625in

Npolts.end_pL 2. 2
AnVengpL = AQVendpL — tendpL’| —————— — 0.5 || dpoit + n|= 8.28in

2
hengpL — 9age 2 5
AntengpL = tendpL- B S—— 0.5+ dpoit + n| = 1.091in
0.60Fup|_-Anvendp|_ =323 klp
A= 1 0.60Fypy -AQVengpL = 370.3kip
d = 0.75 UbS‘FuPL'AntendPL =71.1 klp
MM

‘PRU = @(2)(06 min(FUpL'AnVendpL, FYPL'AgVendPL) + UbS'FuPL'AntendPL) =591.1 klp

if(Veotumn < ®Rp, "OK" , "NOT OK" ) = "OK"

gage — tWeolumn

Peolumn = ——————— =2.5in recall
d gage = 5.5in
bolt . .
b’column = Beolumn — > T 2.1in tWeolumn = 0.441in
dbolt =0.875in
bfcoumn — 9age use
Beolumn = + —45in > aggpL=225in bfogumn = 14.5in

tFatumn = 0.711n
, , dpolt dboit , _
A column == MIN| @gpgpL + T , 1~25'bcolumn + T =2.69in p= 3in

' FUpeam = 65 ksi
b column

Pcolumn = =0.78 ryt = 12.6 kip

column

dl
Scolumn = 1 — o 0.69

P = 0.90
MW

4-B-b'soumn B =24.2kip
t..= | ——  =1.074in
M @ -p-Fupeam

2
, 1 te
o= . —-1|=1.05
5column'(1 + pcolumn) teolumn

2
tfcolumn
Q= (1 + Scotumn) = 0.74

tc

Tavaiv= B-Q = 17.8kip
if(ryt < Tavait, "OK" , "NOT OK" ) = "OK"
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AISC DG29 Example 5.1

more realistic model

number of bolts in row N := Npolts.end PL + 2 =7 recall
bfeolumn — gage Nboits.end_pL = 14
a_bar:= 2 b sopumn = 14.5in

b_bar = bggymn = 2.5in Pootumn = 2.51n

gage = 5.5in
i n-1)p+ m-b_bar+2-a_bar
replcepuih el Peff = ( L —~ —— =5in Fupeam = 65ksi
n
tfeolumn = 0.7in
dcolumn eff = 1 ——— =0.81 T avail = 17.8Kip
- Peff

t B Bookmn _\ e33in B = 24.2kip
= [ —————— =0.833i =24.2Kki
M (I)'peff'Fubeam

2
1 te
-1[=0.26

o= .
6column_eff'(l + pcolumn) tfcolumn

2
t1:column .
Qeff = i (1 + 5endPL‘0‘) =0.86

Cc

percent change
available trength Tavaileff = B-Qesr = 20.7 kip Tavaileff — Tavail
— =163%
check CapaCity if(rut < Tavail.effa "OK" ,"NOT OK") = "OK" Tava”
Check bearing on column flange . 5,
tfcolumn =0.7in > tendPL = g in
Beam-to-Column Connection s
N L
=g 150in recall
Span = 25-ft
. Span .
Height := =278.1in Oprace = 47.2-deg
tan(ebrace) 4
C .= =139.1in
MA 2 .4
IXcqumn =999in
2 2
DG 29 EQ 4-12 Muo=6( P ) lo'le .(b +C j AGbrace = 2621
’ Abc)ly 2l be €beam = 10.7in
b ¢ B_bar = 12in

. 2 2 )
MuD 6 Pu |Xbeam IXcolumn (b +C j HCOIumn = 176.1kip
AGbrace D¢ )| Xoeam  2Mcolumn | L b-C P, = 840kip
+

b c Vieam = 269.2kip

Myp = 1272.8in-kip
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AISC DG29

Example 5.1

required shear strength

required axial strength

H Muo 56.1 ki
= —— =56.1Kki
ub B_bar + epeam P

Hy == Heolumn — Hup + Hupoge = 220 kip
VU = Vbeam + VUbeam =319.2 klp
T, := H, =220kip

Design bolts at beam-to-column connection (J3.6 & J3.7)

number of bolts

uliimate shear force per bolt

check capacity

ultimate tensile force per bolt

check capacity

strength reduction factor
modified nominal tensile

stress factored to include
shear stress efects

combined loading strength

check capacity

try Gr 490 bolts
nominal tensile stress

nominal shear stress

modified nominal tensile
stress factored to include
shear stress efects

strength reduction factor

combined loading strength

check capacity

recall
Nbolts_beam = 12 ®r,, =37.9kip
Vu ®r, = 51kip
M= —— = 26.6Kip .
M Nbolts_beam Fntpo = 113 Ksi

if(ruv < ®rp,,"OK" , "NOT OK") = "OK" anbolt = 84 ksi

Ab0|t =0.6 in2
T _ .

oo u _18.3kip V, =319.2kip
Nbolts_beam T, = 220kip

if(ryt < ®ryt, "OK" , "NOT OK" ) = "OK"

8.:=0.75
Fom 13— F
- I - . <
nt nt -F rv nt

Tnv

F'nt min| 1.3-Fnt —Fmbon —ruv Fnt 67.6ksi
holt,= Min| 1.3-Fntpgy; — : > FNpojt| = 67.6KSI
@ -Fnvpoi | Apolt

(bRU = @'F‘ntbon'Abon =30.5 klp

if(ryt < ®R,, "OK" , "NOT OK" ) = "OK"

Fntpot aggo = 113ksi 75 factored tensile strength per bolt

P :
MM
B:
MWV

=0.
Fnvport_a490 := 84ksi = ©-Fntyot 400 Anolt = SLKIP

Fntpor_as90 ( Muv

, Fntpoit_aggo| = 67.6ksi
Apolt -

F'ntooit_ag90 := min| 1.3-Fntyor as90 —
@ -Fnvpoit_ad90

P = (0.75
MM
PR, ag90 = P-F'ntpor_as00-Abort = 30.5kip

if (ryt < @Ry _ag90, "OK" , "NOT OK") = "OK"
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AISC DG29 Example 5.1

Design beam web-to-end plate weld (Eq 8-2)

resultant force Ru= 4/ Vu2 + Tu2 = 387.7kip

Ty

angle of load O _endPL = atan(v—j =34.6-deg
u
. . Nbolts_beam
effective length of connection lb endPL == f
end plate weld size Ry

recall
Nbolts_beam =12
V, =319.2kip

T, = 220kip

Db _endpL = Kip
(2) (

AIADMMBLV:: CeiI(Db_endpL)-in =7in

Check the 5.5in. gage with 7/16in. fillet welds (Table 7-15)

. 7
required clearance Cs o = —in
- 8
clearance gage tWheam  Db_endrPL )
clearance = - - =2.05in
2 2 16
check clearance

if(C3_req < clearance, "OK" , "NOT OK") ="OK"

Check prying action on bolts and end plate (Chapter 9)

beam end plate thickness ty endPL = %in

gage — tWpgam .
bpean = —————— = 2.5

' dbolt ,
b beam = bbeam - T =2.1in

hendpL — gage ,
Bpeam = —————— = 2.3in

' , dbolt dbolt ,
A peam = MIN| Apegm + T , 1'25bbeam + T =2.7in

b'beam
Pb_endPL == T

=0.76

beam
1

5b_endPL =1- F =0.69

1392_j|b endPL‘(LO + OSOSIH(eb endPL)1'5>
n - -

=64

recall
tWpeam = 0.515in

gage = 5.5in

Db endpL=71n

recall
tWpeam = 0.515in

gage = 5.5in
dpoit = 0.8751n
hengpL = 101N
p=3in

Fupp = 65ksi

rut = 18.3kip

Example 1 (12.06.21).xmcd
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AISC DG29 Example 5.1

& = 0.90 B = 51kip
MW

4-B-b'peam . B,= 30.4kip
= | —— =1.19in

®-p-Fup,

2
' ! te 1|=22
Qp_endPL = : -l =4
- 5b_endPL'(1 + pb_endPL) ty endPL

2
th_endPL
( =l (1 + Sb_endPL) =0.46

C

§_):—o-

Qp_endpL

Tavail.b_endPL = B-Qp engpL = 14.1Kkip

if(rut < Tavail.b_endPLa "OK" ,"NOT OK") ="NOT OK"

3
use thicker plate KouondRin = an
2
bandb ! b =13
QL = . — = 1.
5b_endPL'(1 + pb_endPL) ty endPL
2
ty endPL
Qo= |~ | (1 + 8o enat) =067
C
available strength MaxeibuonsRin= B Qo_endpL = 203 kip
check capcity if(rut < Tavailb_endpt» "OK" , "NOT OK" ) = "OK"
recall
Check prying action on column flange 4-B-b'copumn b'corumn = 2.09in
t..= | ——— =12in , .
M ®-p-Fupeam @'column = 2.71N
2 Pcolumn = 0.8
' ! te 1|=15 p=3in
Qcolumn = : - =1L =51
Scolumn'(l + pcolumn) teolumn
) dcolumn = 0.688
tfeoumn Fu = 65ksi
Qeolumn = ( ‘(1 + 6(:olumn‘l) =0.59 beam
c tfcolumn =0.7in
. ryt = 18.3 Ki
Tavail.column = B*Qcolumn = 17.8kip ut P
B =30.4kip

if(Fut < Tavail column "OK" , "NOT OK" ) = "NOT OK"
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AISC DG29

Example 5.1

Check bolt bearing at end plate

Check block shear rupture on end plate (J4.3)

recall

block shear strength

fross area in shear (1 side)

net shear area (1 side)

net tensile area (1 side)

strength reduction factor

block shear strength

check capacity

Check beam shear strength (J4.2)

gross shear area

strength reduction factor

shear strength

check capcity

Check column shear strength (J4.2)

gross shear area

strength reduction factor

shear strength

check capcity

hengpL = 101N
Ry = 0.60F Ay + Ups-Fy-An < 0.60F,-Agy + Upg-Fy-Any

Nbolts_beam i
AgVp_endpL = — - 1|-p+4.40in |-ty engpL

to_engpL = 0.8in
Nbolts_beam =12
dbolt =0.875in

Ang_endpL =145 in2 gage = 331N

Nbolts_beam 2. 2
AnVp_endpL = AGVp_endPL ~ tb_endPL- — 03 oot + TeMn)| =104

hendpL — gage 2 5
Anty endpL = tb_endPL| —————— — 0.5:| dpoit + = 1.31in

2
O'6OFUPL'Aan_endPL =406.6 klp
Al’ij"hﬁv:: ! 0~60FyPL'Ang_endPL =436.5 klp

$ = 0.75 Ups-FupL-Ant, engpi = 85.3 kip
MW

DRy = ©(2)(0.6min(Fup-Anvi, engpL . FypL-AGVs endpL) + Uns FUpL-Anty, engpi)
&R, = 737.8kip

recall

if(Vu <®R,,"OK" ,"NOT OK") ="OK" V, =319.2kip
.2 recall

AgVbeam = dpeam tWpeam = 11in dpeam = 21.4in

(I) = 100 twbeam = 0515 |n
MW

; F = 50ksi
A(I)MARM)V:: $-0.60-FYpeam AgVbeam = 330.6kip Yoeam

V, =319.2kip
if(Vy < ®R,, "OK" , "NOT OK" ) = "OK"
.2 recall
Agv =d -tw, =6.2in .
IVeolumn column column dcolumn = 14in
$ = 1.00 tWeolumn = 0.44in

BRy, = P-0.60-Fypeam AQVeoiumn = 184.8Kip Fybeam = 50ksi

if(Hcolumn < ¢Rn , nOKn , "NOT OK") — uOKn HCO|UI’T‘II’1 = 1761 klp
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