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1 Introduction

Osoconn is a free and open source connection design application. The Osoconn project
is a personal project developed by Roshn Noronha for educational purposes and licensed
under the MIT Open Source license. For more information visit https://osoconn. com.

1.1 Purpose and scope

The purpose of this document is to validate the results of the connection code HBO0O1AM10
for the Osoconn project.

1.2 Methodology

To validate the results of the program a set of sample calculations are prepared and
the results are compared with the output from the program. If the results obtained are
equal within a tolerance of one percent, the validation is deemed successful.

The connection code HBOO1AM10 refers to the double angle horozontal bracing con-
nection, and the design of this connection type is checked against the requirements of
AISC 360-2010 [1]. The detailed calculation and a summary of the comparison with the
program output is provided in section [2| The full output of the program is provided in
section 3l

To minimize the chance of errors the selected validation problems tries to cover
as many different options and connections configurations available in the program as
possible. However, while every attempt is made to ensure the accuracy of the program,
it should be noted that, not every aspect of the program can be tested,and the user shall
independently verify the output of the program before using it.

References

[1] AISC. Specification for Structural Steel Buildings. 360. American Institute of Steel
Construction, Chicago, IL, 2010.
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2 Validation Calculation

2.1 Executive summary

Table 1: Executive Summary

Result

Validation problem 1 OK
Validation problem 2 OK
Validation problem 3 OK
Validation problem 4 OK
Validation problem 5 OK
Validation problem 6 OK




2.2 Validation Problem 1

Problem Statement

Design a horizontal brace connection
brace,

of 45 degrees with the W12 beam.

beams,
slip critical type.

W1l4x48

with their back to back leg horizontal,
between a W12X40 and a W14X48 using the LRFD method.
The brace has an axial force of 35kip.
angles and plates are of grade ASTM A36.

17
!

for a double angle 2L3-1/2X3-1/2X3/8
framing into the junction
The brace has an angle
The
The bolts are ASTM 3125 A325

W12x40

Plan

Design Inputs

Material Properties

Material grade for plate
Yield strength
Tensile strength

Material grade of beam
Yield strength
Tensile strength

Material grade of angles
Yield strength
Tensile strength

Material grade for weld electrode
Tensile strength

Material specification for bolts
Tensile strength
Shear strength

Young's modulus for steel

Design Forces
Axial force in brace

Section

ASTM A36
F,,:=36 ksi
F,,:=58 ksi

ASTM A36
F:=36 ksi
F,5=58 ksi

ASTM (A36
F,q:=36ksi
F:=58 ksi

E70XX

ASTM 3125 A325

F,;:=90 ksi

F,,:=54 ksi

E:=29000 kst

P:=35 kip



Connection Geometry

Brace section 213-1/2X3-1/2X3/8
Thickness t,:=0.375 in
Qutstanding leg length lopri=3.5 in
Back-to-back leg length lp,:=3.51n
Gross.cross section area A,,:=5 in?
Centroid of brace outstanding leg T'pi=11in

Brace angle with horizontal 0,,:=45 deg

Beam section at connection 1 W12X40
Section depth d,p:=11.9 in
Flange width by, :=8.01 in
Flange thickness tsy1:=0.515 in
Web thickness tp1:=0.295 in
Distance from outer~face to fillet edge Kpget1:=1.375 in

Beam section at connection. 2 W14X48
Section depth d,pe:=13.8 in
Flange width bfpe:=8.03 in
Flange thickness t4y2:=0.595 in
Web thickness top2:=0.34 in
Distance from outer face to fillet edge Kpget2:=1.4375 in

Clip angle section L3-1/2X3X3/8
Thickness t,:=0.375 in
Outstanding leg length l,,:=3.51n
Welded leg length l;,:=3 in
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Gusset plate thickness t,:=0.5 in

Gusset dimension along connection 1 g1:=15 n

Gusset dimension along connection 2 go:=15 in

Gusset cutout at connection 1 ci:=41in

Gusset cutout at connection 2 cy:=4 in



Bolt diameter db::§ n

. 15 .
Bolt hole diameter bh —1—6 m
Slipcoefficient (class A surface) wn:=0.3
Bolt pretension T)re:=39 kip
Number "of -bolts per row on brace Ny, 1=
Number of kolts at clip at beam 1 n,:=3
Number of bolts at clip at beam 2 Ny :=3
Bolt spacing s:=2.51n
Bolt gage on brace Gpri=1.75 20
Bolt gage on clip g:=1.75 in

Location of brace edge from the work point loc,,:=16 in

Location of connection 1 from work point loc,:=6 in
Location of connection 2 from work point locy:=6 in
Bolt edge distance on brace ed;:=1.25 in
Bolt edge distance on gusset edy:=1.25 in
Bolt edge distance on clip eds;:=1.125 in
Clip to gusset weld thickness w:=0.25 in
Connection setback at connection 1 sb;:=0.5 in
Connection setback at connection 2 sby:=0.5 in

Design Calculations
Connection forces
Shear per bolt at brace connection

Pb::—

Ny

Component of brace force along connection 1
P;:=P-cos <9br>

Force per bolt along connection 1

P o=
bl 2.m,

Component of brace force along connection 2
P,:=P-sin <9br>

Force per bolt along connection 2

Pb =
2 2-77/2

Bolt shear at brace to gusset connection
Nominal slip resistance of bolt

R,=p+1.13+T,, -2

P,=11.667 kip

P, =24.749 kip

Py, =4.125 kip

Py=24.749 kip

Py, =4.125 Kip

R, =26.442 kip



Interaction ratio in bolt shear
I i=——— I0:0.441

Bolt bearing on brace check
Minimum.clear distance for bearing check

lcl =rmin <5—dbh,ed1—0.5'dbh> l61:002 m

Nominal strength in bearing

Ry i=min (1.2 1y oty Fq, 2.4+ dyo ty, o Fyp) R,=20.391 kip

Interaction ratie in bolt bearing at brace

0.5 Py,
I =1 1 - I =0.381
1 0.75-R, 1
Bolt bearing on gusset check
Minimum clear distance for. bearing on gusset

lc2 =man <8—dbh,€d2—0.5'dbh> l61=002 m

Nominal strength in bearing

Ry=min (1.2l 1, F,,,

2.4+dy-t,F,) R,=27.188 kip

Interaction ratio in bolt bearing at gusset

Py
I i=— I =0.572
2 0.75+R, 2
Brace tension rupture check
Net cross section area of brace
A=Ay, —2edy, - 1y, A, =4.297 in®
Length of connection
lbr =S8 <nbr_ ]_> lb'r': 51in
Shear lag factor ’
Ty
U=1-— U=0.8
lbr
Brace strength in tension rupture
P,:=F,-U-A,, P,=199.375 kip
Interaction ratio for brace tension rupture
P
I i=——— I =0.234
3 0.75-P, 3
Brace block shear check
Gross area in shear
Agyi=2 ((ny,—1) - s+ed;) - ty, A,,=4.688 in’
Net area in shear
Anv ::Agv—Z . <’nbr—05> .dbh. th‘ Anv:293 in2



Net area in tension

Apy=2+ (Lipy = Gor— 0.5+ dpp) *

Nominal strength block shear
Rnl ::0'6'Fua'Anv+Fua'Ant

Rn2 :=0.6 'Fya'Agv+Fua'Ant
Rn I=man <Rn1 ) Rn2>

Interaction ratio in block shear

[
47 0.75-R,

Gusset tension yielding check

Length of Whitmore section
ly=2+1,+tan (30 deg)

Nominal strength of gusset in yielding

P, ::pr-lw-tg

Interaction ratio in tension yielding

ANEdl
57 09.P,

Gusset tension rupture check
Net area of gusset in tension

Ang = <l,w — dbh> . tg

Nominal strength of gusset in rupture
Pn ::Fup°Ang

Interaction ratio in tension rupture

P
I ==
6 0.75-P,
Bolt shear at connection 1

Nominal slip resistance of bolt
R, :=p-1.13-T),,

A,,=0.961 in’

R, =156.984 kip

I =0.297
4

l,=5.774 in

P, =103.923 kip

I5:0.374

A,,=2.418 in’

P, =140.244 kip

I =0.333
6

R, =13.221 kip



Interaction ratio in bolt shear

P
I ::i
" R

n

Bolt bearing at clip angle at connection 1
Clear”distance between bolt holes/ hole and edge
lc::min<8—dbh,ed3—0.5-dbh>

Nominal strength in bearing

R, :=min <1.2-lc-ta-Fua,2-4‘db‘ta'Fua>

Interaction ratie in bolt bearing

P
J = b
8 0.7 R,
Bolt bearing at beam web at connection 1

Nominal strength in bearing
Rn::mi’n’<1'2'<8_dbh>.t’wbl.Fub’2'4.db.t’wbl.Fub>

Interaction ratio in bolt bearing

P
I ::*
9" 0.75 R,

Gusset shear yielding at connection ‘1
Nominal shear strength of gusset in yielding
Rn::O.G-pr-<g1—cl>-tg

Interaction ratio in gusset yieldling

P,

I
0 R

mn

Gusset plate block shear at connection 1
Length of gusset to column clip
Ll:: <n1—1>’8+2 6d3

Distance of gusset outer edge from work point
locgozzgl+8b2+0'5.t’wb2

Distance of gusset inner edge from work point

C
locgi ::Cl +Sb2+0-5‘twb2—if 02 =0,0, <l’ia_8bl> b c
2

Outer edge distance for clip on gusset

edg,:=locy,—loc; — Ly

Inner edge distance for clip on gusset
edg;:=loc, —locy,

I =0.312
7

1.=0.656 in

R, =17.128 kip

I =0.321
8

R, =32.081 kip

I =0.171
9
R, =118.8 kip
I =0.208

10
L,=17.25in

locy,,=15.67 in

loc,;=2.17 in

ed,,=2.42in

ed,;=3.83 in



Minimum edge distance for clip on gusset

ed,:=min (edgo , edgl) ed,=2.42 in
Gross area subjected to block shear
Agyi=(Ly+edy) - t, A,,=4.835 in’
Net aréa-subjected to tension
Apyi= (lig—sby) + A,,=1.25 in’
Nominal strength in block shear
R,:=0.6-F,+ Ay +F Ay R,=176.936 kip
Interaction ratio-in block shear
Py
I i=—— I =0.186
075 R, 11
Gusset flexure yielding’'at. connection 1
Eccentricity of force at connection 1
ecy:=¢y+5by+0.5 t,; ec;=4.648 in
Nominal moment strength of gusset
F ot «g 2
M, ::ngl M, =84.375 kip- ft
Interaction ratio in gusset flexure
Pl‘ecl
I =—— I =0.126
12 0.9.-M, 12
Clip angle shear yielding at connection 1
Gross area in shear
Agyi=2-Ly-t, A,,=5.438 in’
Nominal strength in shear yielding
R, ::0.6-Fya-Agv R,=117.45 kip
Interaction ratio in shear yielding
P,
I =— I =0.211
13 Rn 13
Clip angle shear rupture at connection 1
Net area in shear
A=Ay —2em,dy,-t, A,,=3.328 in’
Nominal strength in shear rupture
R,:=0.6-F, ,-A,, R,=115.819"kip
Interaction ratio in shear rupture
Py
I =—— I =0.285
14 075 R, -

10



Clip angle block shear at connection 1

Gross area subjected to block shear
Ag,u = 2 U <L1 — 6d3> U ta

Net {area subjected to block shear
A=Ay =2+ (n;—=0.5) «dy, 1,

Net area{subjected to tension
A= (20 log+ty—2-g—dy) - t,

Nominal strength in block shear
Rnl :=0.6 'Fua'Anv+Fua'Ant

Rn2 :=0.6 'Fya'Agv+Fua'Ant
Rn =Mman <Rn1 ) Rn2>

Interaction ratio in block:/shear
P
I ::71
1B 0.75,R,

Weld check at connection 1

Ly

Length of horizontal run of weld

bw = lia_Sbl
Centroid of weld group b 2
w
c,, =

Eccentricity of shear force

e l c

w = Ya " “w

Polar moment of inertia of weld group

L (brL) bt L)’

i 12 2:b,+1L,

11

A, =4.594 in®

A,,=2.836 in’

A,,=1.148 in’

R, =165.3 kip
I =0.2

15

b,=2.51in
c,=0.51 in
e,=2.49 in

I,=104.688 in’



Component of weld stress along x

Component of weld stress along y

Resultant weld stress

Nominal weld strength

_Pyeey Ly
fwz‘—TIw
f ._ Pl Pl'ew'<bw_cw>
T 24(20b,+ L)) 21,

Fu=\ fun® + fuy”

R, :=

Interaction ratio for weld check

Gusset rupture at weld at. connection 1

T ;:fiw
6. 0.75 R,

Minimum web thickness to match.weld strength

2'fw

g.min ‘=

Interaction ratio in web rupture

to
. ‘gmin
I17 1
g

Bolt shear at connection 2

Nominal slip resistance of bolt

R,=p+1.13:T,,

Interaction ratio in bolt shear

0.75 0.6+ F,,

Bolt bearing at clip angle at connection 2

Nominal strength in bearing

R, :=min <1.2-lc-ta°Fua,2-4’db‘ta'Fua>

Interaction ratio in bolt bearing

Bolt bearing at beam web at connection 2

P,
7l=l 1%
9075 R,

Nominal strength in bearing

R, :=min (1.2- (3—

12

dyn) * tupz* Fups 2-4+ dy =t Fop)

. =1.067 FP
'm,
ki

Fay=1.596 —2
'm,

£,=1.92 FP

'm,

R, =7.425 FP
'L’n

I =0.345

16

tgmin=0.147 in

I =0.294
17

R, =13.221 kip

I =0.312
18

R, =17.128 kip

I =0.321
19

R, =36.975 kip



Interaction ratio in bolt bearing
Py
I e ———
20 0.75 R,
Gusset shear yielding at connection 2

Nomindl .shear strength of gusset in yielding

R,:=0.6-F,,- <g2—cg> -t

Interaction ratio in gusset yieldling
P
I ::—2
2 R,
Gusset plate block‘'shear at connection 2

Distance of gussetiouter edge from work point
locgo::g2+8b1+0’5.twb1

Distance of gusset inner edge from work point

C
locy;:==cy+8by +0.5+t,,, —if | c; =0,0, (lm—sb2> .

Length of gusset to column clip
L2:: <n2—1>‘8+2 6d3

Outer edge distance for clip on gusset
edg,:=locy,—locy —L,

Inner edge distance for clip on gusset
edg;:=locy —locgy;

Minimum edge distance for clip on gusset
ed,:=min (edgo , edgi>

Gross area subjected to block shear
Agv = <L2 + edg> L tg

Net area subjected to tension

Ant = <lia - Sb2> * tg

Nominal strength in block shear
Rn::O.G-Fya-Agv+Fua-Ant

Interaction ratio in block shear
P

J =2

2 0.75 R,

Gusset flexure yielding at connection 2
Eccentricity of force at connection 2
€Cy:=Cq +3b2+05 t’wb2

13

I =0.149
20

R, =118.8 kip
I =0.208

21

loc,,=15.648 in

loc,; =2.148 in

L,=17.25in

ed,,=2.398 in

ed,;=3.853 in

ed,=2.398 in

A,,=4.824 in’

A,;=1.25in’

R,=176.693 kip

I =0.187
22

ec,=4.67 in



Nominal moment strenght of gusset

2
pr'tg'QZ
4

n

Intéraction ratio in gusset flexure
P2‘€C2

I ==

. 09-M,

Clip angle shear yielding at connection 2
Gross area in .shear

AgU::2.L2.ta

Nominal strength «in shear yielding
Rn::0.6-Fya-Agv

Interaction ratio in shear yielding

Clip angle shear rupture at .connection 2
Net area in shear
Anv ::Agv_ 2+n, 'dbh°ta

Nominal strength in shear rupture
R,:=0.6-F,,-A,,

Interaction ratio in shear rupture
I ::L
% 0.75 R,

Clip angle block shear at connection 2
Gross area subjected to block shear
Agv::2°<L2_ed3>°ta

Net area subjected to block shear
A=Ay =2+ (1= 0.5) «dy, - L,

Net area subjected to tension
Ant::<2°loa+tg_2°g_dbh>°ta

Nominal strength in block shear
Rnl ::0'6°Fua°Anv+Fua°Ant

Rn2 ::0'6°Fya°Agv+Fua°Ant

Rn I=min <Rn1 ’ Rn2>

14

M, =84.375 kip-ft

I =0.127
23

A,,=5.438 in’

R,=117.45 kip

I =0.211
24

A,,=3.328 in’

R, =115.819 kip

I =0.285
25

A,,=4.594 in’

A,,=2.836 in’

A,,;=1.148 in’

R, =165.3 kip



Interaction ratio in block shear
P

J =2

26 0.75 R,

Weld check at connection 2

L

Length of horizontal run of weld

bw b lia_3b2
Centroid of weld group
by’
c, =

Eccentricity of shear force

e, =l

ia—C

w* w

Polar moment of inertia of weld group

_(20by+Ly)° 1 by * (by+Ly)°

12 2:b,+1;
Component of weld stress along x
P2'ew'L2
f'wm::—
4.1,
Component of weld stress along y
P2 P2-€w-<bw—cw>
f'wy:: +
2+(2+by,+Ly) 21,

Resultant weld stress

Fo=\/Fuo” + Fuy”

Nominal weld strength
R, :=

Interaction ratio for weld check

I ;:f—w
27 0.75 R,

15

I =0.2

26
b,=2.51in
c,=0.51 in
e,=2.49 in

I,=104.688 in®

ki
fo=1.067 22
'L’n
ki
Fuy=1.596 L
'Ln
fi=1.02 FP
'Ln
R, =7.425 X
'Ln
I =0.345
27



Gusset rupture at weld at connection 2
Minimum web thickness to match weld strength

2 'fw
0.75-0.6-F,,

g.min *—

Interaction ratio in web rupture

I = tg.min
28 t,

tgmin=0.147 in

I =0.294
28
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Validation Results

The calculated ratios are compared with the output of Osoconn and if it is within a tolerance of
1% the result is deemed to be OK.

Table 2: Validation problem 1 results
Interaction Ratio

Check Calculated Osoconn Result
Bolt shear at brace check 0.441 0.441 OK
Bolt bearing at brace check 0.381 0.381 OK
Bolt bearing at gusset check 0.572 0.572 OK
Brace tension rupture check 0.234 0.234 OK
Brace block shear check 0.297 0.297 OK
Gusset tension yielding check 0.374 0.374 OK
Gusset tension rupture check 0.333 0.333 OK
Bolt shear at connection 1 0.312 0.312 OK
Bolt bearing at clip angle at connection 1 0.321 0.321 OK
Bolt bearing at beam web at connection 1 0.171 0.171 OK
Gusset shear yielding at connection 1 0.208 0.208 OK
Gusset plate block shear at connection 1 0.186 0.186 OK
Gusset flexure yielding at connection 1 0.126 0.126 OK
Clip angle shear yielding at connection 1 0.211 0.211 OK
Clip angle shear rupture at connection 1 0.285 0.285 OK
Clip angle block shear at connection 1 0.2 0.2 OK
Weld check at connection 1 0.345 0.345 OK
Gusset rupture at weld at connection 1 0.294 0.294 OK
Bolt shear at connection 2 0.312 0.312 OK
Bolt bearing at clip angle at connection 2 0.321 0.321 OK
Bolt bearing at beam web at connection 2 0.149 0.149 OK
Gusset shear yielding at connection 2 0.208 0.208 OK
Gusset plate block shear at connection 2 0.187 0.187 OK
Gusset flexure yielding at connection 2 0.127 0.127 OK
Clip angle shear yielding at connection 2 0.211 0.211 OK
Clip angle shear rupture at connection 2 0.285 0.285 OK
Clip angle block shear at connection 2 0.2 0.2 OK
Weld check at connection 2 0.345 0.345 OK
Gusset rupture at weld at connection 2 0.294 0.294 OK

17



2.3 Validation Problem 2

Problem Statement
Design a horizontal brace connection for a double angle 2L4X3X3/8 brace, with
theix short leg back to back and vertical, framing into the junction between
a W10X19 and a W10X30 using the LRFD method. The brace has an angle of 35
degrees.-with the W10X30 beam. The brace has an axial force of 45kip. The
beams, angles and plates are of grade ASTM A36. The bolts are ASTM 3125 A325
bearing type.

W1ox19
214X3X3/8

Material specification for bolts

Tensile strength F,;:=90 kst
Shear strength F,,:=54 kst
Young's modulus for steel E:=29000 kst

Design Forces
Axial force in brace P:=45 kip

18

g
d < }
W10x30 Section
Flan
Design Inputs
Material Properties
Material grade for plate ASTM A36
Yield strength F,,:=36 kst
Tensile strength F,,:=58 ksi
Material grade of beam ASTM A36
Yield strength F =36 kst
Tensile strength F;,:=58 ksi
Material grade of angles ASTM~A36
Yield strength F,,:=36 kst
Tensile strength F,,:=58ks:
Material grade for weld electrode E70XX
Tensile strength Fpxx:=T70 ksi

ASTM 3125 A325



Connection Geometry

Brace section
Thickness

Outstanding leg length
Horizontal leg length

Gross. cross section area
Centreoid of brace back to back leg

Brace angle with from beam at connection 1

Back to back.ileg

spacing

Beam section at connection 1

Section depth
Flange width

Flange thickness

Web thickness

Distance from outer .face

Beam section at connection 2

Section depth
Flange width

Flange thickness

Web thickness

Distance from outer face

to fillet edge

to filllet edge

21.4X3X3/8
ty,.:=0.375 in
lopri=3 in
libr::4 in

A, :=4.98 in’
,:=0.775 in
0,,:=35 deg

Sppi= 0.25 in

W10X30

dxbl :=10.5 in
bfbl :=5.81 in
tfbl :=0.51 in

twbl :=0.3 in
kbdetl :=1.125 in

W10X19

dbe :=10.2 in
bfb2 :=4.02 in
tp2:=0.395 in
twb2 = 0-25 in

kbd6t2 = 0-695 in

Shear tab thickness t,:=0.5 in
Shear tab width wy:=3.5 in
G Beam 2
sbp | .
| Ve
II ] A
y L g
! Cannection 2 o
@ Fii ! .
] s
f I .7
II ] i L
:- o /". Gussst Plats
I I 1 D N
LAN ]
..... dmmbm s s = == -~ @ Beam 1
I

Worl — &

point 1 ooy
Gusset plate thickness t,:=0.5 in
Gusset dimension along connection 1 g1:=20 n
Gusset dimension along connection 2 g2:=20 in
Gusset cutout at connection 1 ci:=41in
Gusset cutout at connection 2 cy:=4 in
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Bolt diameter db:=§ in

. 15 .
Boltf hole diameter d““:Tﬂ§zn
Number of bolts per row on brace Ny, 1=
Number “of :bolts at clip at beam 1 N, :=9
Number of kolts at clip at beam 2 Ngy:=4
Bolt spacing s:=2.5 in
Bolt gage on brace gy :i=1.75 in
Bolt gage on shear tab gs:=1.75 in
Shear tab locatien for connection 1 loc,:=6 in
Shear tab location‘:for connection 2 locy:=6 in
Bolt edge distance<on brace ed;:=1.25 in
Bolt edge distance om“gusset edy:=1.25 in
Bolt edge distance on-.shear tab eds;:=1.125 in
Shear tab to beam weld thiekness w:=0.25 in
Connection setback at connection 1 sb;:=0.5 in
Connection setback at connection 2 sby:=0.5 in

Design Calculations
Connection forces
Shear per bolt at brace connection

P
Pb::
2‘nbr

Component of brace force along connection 1
Iﬁ::]’-cos(QMQ

Force per bolt along connection 1

P,
Py :=—
™
Component of brace force along connection 2
Pg::]j-sh1<0m>

Force per bolt along connection 2

P,
Py i=—
My
Bolt shear at brace to gusset connection

Area of bolt 2
7T°db

4

Ab =

Nominal shear strength of bolt
Rn ::an 'Ab

20

P,=17.5 kip

P, =36.862 kip

Py, =7.372 kip

P,=25.811 kip

Py, =6.453 kip

A,=0.601 in®

R, =32.471 kip



Interaction ratio in bolt shear
P
I ::711
o 0.7 R,
Bolt bearing on brace check

Minimum.clear distance for bearing check

l.;:==min (5— dyp,,ed; —0.5- dbh>

Nominal strength in bearing

Ry i=min (1.2 1y oty Fq, 2.4+ dyo ty, o Fyp)

Interaction ratie in bolt bearing at brace
P
I ::71)
1 0.75-R,
Bolt bearing on gusset check

Minimum clear distance for. bearing on gusset
lyo i=min (5 —dyp,,edy—0.5- dbh>

Nominal strength in bearing

Ry=min (1.2l 1, F,,,

2.4+dy-t,F,)

Interaction ratio in bolt bearing at gusset
P,
I =
2 0.75+R,

Brace tension rupture check

Net cross section area of brace
Appri=App— 2+ dpp,» by,

Length of connection
lbr =8 <nbr_ 1>

Shear lag factor ’
Ty
U==1-

lbr

Brace strength in tension rupture
PTL::F’UG.U.ATLbT‘

Interaction ratio for brace tension rupture

1=t
37 0.75-P,

Brace block shear check
Gross area in shear

Agyi=2¢ ((ny,—1)+s+edy) - by,

Net area in shear
Anv ::Agv_ 2. <nbr_0'5> 'dbh° tbr

21

I0 =0.308

lcl = 0.02 m

R, =20.391 kip

I1:0.49

lcl = 0.02 m

R, =27.188 kip

I =0.368
2

A, =4.277 in’

lb’r': 51in

U=0.845

P, =209.61 kip

I3 =0.286

A,,=4.688 in”

A,,=2.93 in’



Net area in tension

Apy=2+ (Lipy = Gor— 0.5+ dpp) *

Nominal strength block shear
Rnl ::0'6'Fua'Anv+Fua'Ant

Rn2 :=0.6 'Fya'Agv+Fua'Ant
Rn I=man <Rn1 ) Rn2>

Interaction ratio in block shear

[
47 0.75-R,

Gusset tension yielding check

Length of Whitmore section

ly=2+1,-tan (30 deg)+2- gy, + S,

Nominal strength of gusset in yielding

P, ::pr-lw-tg

Interaction ratio in tension yielding

ANEdl
57 09.P,

Gusset tension rupture check

Net area of gusset in tension

Ang = <l,w —2. dbh> . tg

Nominal strength of gusset in rupture
Pn ::Fup°Ang

Interaction ratio in tension rupture

1=t
¢ 0.75-P,

Gusset block shear check
Gross area in shear

Agyi=2 ((ny,—1)-s+edy) -,

22

A,,=1.336 in’

R, =178.734 kip

I =0.336
4

l,=9.524 in

P, =171.423 kip

I =0.292
5

A,,=3.824 in’

P, =221.807 kip

I =0.271
6

A,,=6.25 in’



Net area in shear

Apyi=Ag,— (20mp,— 1)+ dy,+ t, A,,=3.906 in’

Net varea in tension
A= (2 Gopt 80— dyp) g A,,=1.406 in’

Nominal strength block shear
Rnl ::0'6'Fup'Anv+Fup'Ant

R5i=0.6Fy,+ Ay, +F, - Ay,
R, :==min (R, ,Rys) R,=216.563 kip

Interaction ratio in block shear

P

I o= I =0.277
7 0.7 R, 7
Bolt shear at connection 1
Polar moment of inertia of bolt group
0.5 (n, — 1)
L,=2- > (i-s)?
=1
0.5 n,;
Ie:=2+ > ((i—0.5)-s)”
=1
I,:=if (mod (n;,2) =1,1,,,1,) 1,=62.5 in’
Distance of most remote bolt from CG
c:=0.5 (n;—1)+s c=5in
Maximum shear in bolt
P,\> (Py-g.-c)?
Foay |l I Gtk P,~8.999 kip
1, I,
Nominal shear strength of bolt
R,:=F,, A, R,=32.471-kip
Interaction ratio in bolt shear
P,
J =1 I =0.303
8 0.7 R, 8
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Bolt bearing at shear tab at connection 1
Clear distance between bolt holes/ hole and edge
lc =min <8 = dbh ) €d3 —0.5- dbh>

Nominal strength in bearing

R,=min (1.2+1.-t,F

up

2.4+dy-t, F,p)

Interaction ratio in bolt bearing
P
I ::#
9 0.7 R,
Bolt bearing at gusset at connection 1

Length of shear tab
L1:: <n1—1>‘3+2 €d3

Distance of gusset outer edge from work point
locy, =gy +8by+ 0.5,

Distance of gusset inner edge from work point

c
locgi:=cy+8by+ 0.5+ 1,4 —if| ¢, =0,0, <g8—3b1> . cl
2

Outer edge distance for bolt on gusset
edg,:=locy,—locy— Ly +eds

Inner edge distance for bolt on gusset
edg;:=loc, —locy; +eds

Minimum edge distance for clip on gusset
ed,:=min (edgo , edgi>

Clear distance between bolt holes/ hole and edge
lC::min<S—dbh,€dg—0.5°dbh>

Nominal strength in bearing

R, i=min (1.2+1 1, F,,,2.4dy-t,-F,,)

D

Interaction ratio in bolt bearing
I ;:i
0 075 R,

Gusset shear yielding at connection 1
Gross area in shear

Ag = <g1 —Cl> s tg

Nominal shear strength of gusset in yielding
R,:=0.6-F,,-A,

24

1.=0.656 in

R, =22.838 kip

I =043
9

L,=12.25 in

loc,, =20.625 in

locy,;=3.375 in

edy,=3.5 in

ed,;=3.75 in

edg:3.5 n

1.=1.563 in

R, =54.375 kip

1-=0.181
10
.9
Ag:8 m
R,=172.8 kip



Interaction ratio in gusset yieldling
Py

I =—

u R,

Gusset shear rupture at connection 1
Net area in shear

An ::Ag—'nl .dbh.tg

Nominal shear strength of gusset in rupture

R,:=0.6-F,,-A,

Interaction ratie in shear rupture
P
[ =1
12 0.7 R,
Gusset plate block shear at connection 1

Gross area subjected to'block shear
Agi= (L —2 edy+edy) - t,

Net area subjected to block 'shear
Ayi=Agy= (17— 0.5) < dy, - 1,

Net area subjected to tension
A= (gs—8b1=0,5 dyy) +

Nominal strength in block shear
Rnl ::0'6°Fua°Anv+Fua°Ant

R

n

2:=0.6F Ay +F <Ay
Rn =min <Rn1 ’ Rn2>

Interaction ratio in block shear
o=
13 0.7 R,
Gusset flexure yielding at connection 1

Eccentricity of force at connection 1
ecy ::Cz+5b1+0.5 t’wbl

Nominal moment strenght of gusset

2
Fypetygq
4

n-

Interaction ratio in gusset flexure
Pl‘ecl

I g —

4 0.9.M,

25

I =0.213
1

A, =5.656 in’

R, =196.838 kip

I =0.25
12

A,,=6.75 in’

A,,=4.641 in’

A,;=0.391 in’

R, =168.456 kip

I =0.292
13

ec;=4.65 in

M, =150.kip- ft

I =0.106
14



Shear tab shear yielding at connection 1
Gross area in shear

Nominal strength in shear yielding

R,:=0.6-F,,-A,,

Interaction ratio in shear yielding

Shear tab shear rupture at connection 1
Net area in shear
Anv ::Agv —MNye dbh * ts

Nominal strength in shear .rupture
R, :=0.6-F, ,-A,,

Interaction ratio in shear rupture
Py

I R

16 0.7 R,

Shear tab block shear at connection 'l
Gross area subjected to block shear

Agyi= (Ll — ed3> ot

Net area subjected to block shear

A=Ay, — (1 —0.5) « dyj + 4

Net area subjected to tension

A= <ws_gs_ 0.5 dbh> -1

Nominal strength in block shear

Rnl :=0.6 'Fua°Anv+Fua°Ant

Rn2 ::0'6°Fya°Agv+Fua°Ant

Rn =man <Rn1 ’ Rn2>

Interaction ratio in block shear
P

I ::—1

17 0.7 R,

Shear tab flexure yielding at connection 1

Nominal flexure strenght of shear tab

2

pr.tS.Ll
4

n

26

A,,=6.125 in’

R, =132.3 kip

I =0.279
15

A,,=3.781 in’

R, =131.588 kip

I =0.374
16

A,,=5.563 in’

A,,=3.453 in’

A,,;=0.641 in’

R, =157.306 kip

I =0:312
17

M, =56.273 kip<ft



Interaction ratio in shear tab flexure

Pl'gs

187 0.9 M,

Weld check at connection 1
Polar“moment of inertia of weld group

L®
YT 12
Weld stress along weld
P,
Jwz=
2‘L1
Max weld stress transverse to weld
¥ _ Pyegye Ly
4 41,

Resultant weld stress

Pl Fua® + fuy”

Nominal weld strength \[
2

Rn ::O-G‘FEXX‘

w

Interaction ratio for weld check

I ,:__;éi__
19 0.75 R,

Shear tab rupture at weld at connection 1

Minimum shear tab thickness to match weld strength

2 fu
ST 0.75-0.6+ F,

Interaction ratio in web rupture

t
I =
20 t

S

s.min

Web rupture at weld at connection 1

Minimum web thickness to match weld strength

fu
0.75-0.6-F,

w.min ‘=

Interaction ratio in web rupture

t

w.min

2 twbl

Bolt shear at connection 2
Polar moment of inertia of bolt group

0.5 (n,— 1)

IpO::Z- 2 (’i-S)2

=1

27

I =0.106
18

I,=153.189 in®

o
fn=1.505 P
m
fuy=1.29 K2
m
f.=1.082 &P
m
R, =7.425 FP
m
I =0.356
19

by min=0.152 in

I =0.304
20

tinin=0.076 in

I =0.253
21



0.5 n,

Iei=2- g ((:—0.5)-s)”

I ::if(mod<n2,2>=1 I,,I >

p »Lpo s+ pe

Distance-of most remote bolt from CG

c:=0.5 (n2—1>-3

Maximum shear .in bolt P, 2 P,yeg,-c 2
B T,

S
Ty p

Nominal shear stremngth of bolt
Rn::an'Ab

Interaction ratio in bolt .shear
P
I &y 152
2 075 R,
Bolt bearing at shear tab at connection 2

Clear distance between bolt holes/ hole and edge
lC::min<S—dbh,€d3—0.5°dbh>

Nominal strength in bearing
R, :=min (1.2l t;<F

up

Interaction ratio in bolt bearing
I ::i
%z 0.75 R,

Bolt bearing at gusset at connection 2
Length of shear tab
L2:: <n2—1>’8+2 6d3

Distance of gusset outer edge from work point
lOCgO::g2+5b1+0.5°t,wbl

Distance of gusset inner edge from work point

locy;:==cy+8by +0.5+1,,, —if|c; =0,0, (93—81)2) .

Outer edge distance for bolt on gusset
edg,:=locy,—locy— Ly +eds

Inner edge distance for bolt on gusset
edg;:=locy —locy; +eds

28

2.4+dy- 1, F,p)

Co

(&]

. 2
Ip:31.25 m
c=3.75 in
P,=8.427 kip

R, =32.471 kip

I =0.265
22

1.=0.656 in

R, =22.838 kip

I =0.377
23

L,=9.75 in

locy,=20.65 in

loc,;=3.4 in

ed,,=6.025 in

ed,;=3.725 in



Minimum edge distance for clip on gusset

ed,:=min (edgo,edgi> ed,=3.725 in
Clear distance between bolt holes/ hole and edge

lc =min <8—dbh,edg—0.5'dbh> lc: 1.563 in
Nominal “strength in bearing

R, :=min (1.2+l -t -F,,,2.4dy-t,-F,,) R, =54.375 kip
Interaction ratio in bolt bearing

P

[ =" I =0.158

2 0.75 R, 24
Gusset shear yielding at connection 2
Gross area in shear

Ag = <g2—C2> ‘tg Ag:8 in2

Nominal shear strength of gusset in yielding
Rn:=0.6-pr-Ag R,=172.38 kip

Interaction ratio in gusset yieldling

P,

I =—= I =0.149

25 Rn 25
Gusset shear rupture at connection 2
Net area in shear

An ::Ag—n2-dbh-tg An:6125 in2
Nominal shear strength of gusset in rupture

Rn::O.G-Fup-An R,=213.15 kip
Interaction ratio in shear rupture

P,

I =— - I =0.161

26 0.75 R, 20
Gusset plate block shear at connection 2
Gross area subjected to block shear

Agyi=(Ly—2 edy+edy) - t, A,,=5.613 in’
Net area subjected to block shear

A,y i=Agy— (N —0.5) « dy -t A, =3.972 in’
Net area subjected to tension

A= (gs—8by—0.5 dyy) -t A,,;=0.391 in’

Nominal strength in block shear
Rnl ::0'6°Fua°Anv+Fua°Ant

Rn2 ::0'6°Fya°Agv+Fua°Ant

29



Rn I=Mman <Rn1 ’ Rn2>

Interaction ratio in block shear
P
J =2
27 0.75 R,
Gusset flexure yielding at connection 2

Eccentricity of force at connection 2
662::Cl+8b2+0’5.twb2

Nominal moment strenght of gusset

2
pr'tg'QZ
4

n*

Interaction ratio in~ gusset flexure
P2‘€C2

I =

2.+ 0.9-M,

Shear tab shear yielding at’ connection 2
Gross area in shear

Nominal strength in shear yielding
Rn::0.6-pr-Agv

Interaction ratio in shear yielding

Py

I
29 R

n

Shear tab shear rupture at connection 2
Net area in shear
Anv ::Agv —MNg- dbh -t

Nominal strength in shear rupture
R,:=0.6-F, ,-A,,

Interaction ratio in shear rupture
P

I ::—2

30 0.75 R,

Shear tab block shear at connection 2
Gross area subjected to block shear

Agyi= <L2 — ed3> ot

Net area subjected to block shear

Ayi=Agy— (12— 0.5) < dy, o 1,

Net area subjected to tension

A= <ws_gs_ 0.5 dbh> -

30

R, =143.886 kip

I =0.239
27

ecy;=4.625 in

M, =150 kip- ft

I =0.074
28

A,,=4.875 in’

R, =105.3 kip
I =0.245

29
A,,=3in’
R, =104.4 kip
I =0.33

30

A,,=4.313 in’

A,,=2.672 in"

A,,;=0.641 in’



Nominal strength in block shear
Rnl :=0.6 'Fua'Anv+Fua'Ant

R5:=0.6Fy Ay +F- Ay
R, :==min (R, ,Rys) R,=130.138 kip

Interaction ratio in block shear

P,
I |=t 1 - I =0.264
31 0.75 R, a1
Shear tab flexure yielding at connection 2
Nominal moment strxenght of gusset
F, +t.+Ly”
M, ::y”fs2 M, =48.333 kN-m
Interaction ratio in gusset flexure
P,
[y 29 I =0.117
32 709 M, 32
Weld check at connection 2
Polar moment of inertia of weld .group
-LZ3 . 3
I,:= 1,=T77.238 in
Weld stress along weld 12
P ki
Fupim—— fo.=1.324 S
2.-L, n
Max weld stress transverse to weld
Poeqg.- L ki
Fugim 22 Fuy=1.425 22
41, n

Resultant weld stress

2 . =2 kzp
2
fw:: fw:n2+fwy f =1.945 — in
Nominal weld strength [
2 ki
R, := V2 R,=7.425 2P
in
Interaction ratio for weld check
I ::f—w I "=0.349
3 0.75 R, 33
Shear tab rupture at weld at connection 2
Minimum shear tab thickness to match weld strength
2
Lomini= fw = temin=0.149 in

0.75-0.6F,,

31



Interaction ratio in web rupture

ts min
= I =0.298
34

34 t

s

Web  rupture at weld at connection 2
Minimum web thickness to match weld strength

fuw

I N topmin=0.075 in
0.75-0.6-F,

w.min *—

Interaction ratio in web rupture

t .
[ o lwmin I_=0.298
il twb2 35

32



Validation Results

The calculated ratios are compared with the output of Osoconn and if it is within a tolerance of
1% the result is deemed to be OK.

Table 3: Validation problem 2 results
Interaction Ratio

Check Calculated Osoconn Result
Bolt shear at brace to gusset connection 0.308 0.308 OK
Bolt bearing on brace check 0.49 049 OK
Bolt bearing on gusset check 0.368 0.368 OK
Brace tension rupture check 0.286 0.286 OK
Brace block shear check 0.336 0.336 OK
Gusset tension yielding check 0.292 0.292 OK
Gusset tension rupture check 0.271 0.271 OK
Gusset block shear check 0.277 0.277 OK
Bolt shear at connection 1 0.303 0.303 OK
Bolt bearing at shear tab at connection 1 0.43 043 OK
Bolt bearing at gusset at connection 1 0.181 0.181 OK
Gusset shear yielding at connection 1 0.213 0.213 OK
Gusset shear rupture at connection 1 0.25 0.25 OK
Gusset plate block shear at connection 1 0.292 0.292 OK
Gusset flexure yieldsing at connection 1 0.106 0.106 OK
Shear tab shear yielding at connection 1 0.279 0.279 OK
Shear tab shear rupture at connection 1 0.374 0.374 OK
Shear tab block shear at connection 1 0.312 0.312 OK
Shear tab flexure yielding at connection 1 0.106 0.106 OK
Weld check at connection 1 0.356 0.356 OK
Shear tab rupture at weld at connection 1 0.304 0.304 OK
Web rupture at weld at connection 1 0.253 0.253 OK
Bolt shear at connection 2 0.265 0.265 OK
Bolt bearing at shear tab at connection 2 0.377 0.377 OK
Bolt bearing at gusset at connection 2 0.158 0.158 OK
Gusset shear yielding at connection 2 0.149 0.149 OK
Gusset shear rupture at connection 2 0.161 0.161 OK
Gusset plate block shear at connection 2 0.239 0.239 OK
Gusset flexure yielding at connection 2 0.074 0.074 OK
Shear tab shear yielding at connection 2 0.245 0.245 OK
Shear tab shear rupture at connection 2 0.33 0.33 OK
Shear tab block shear at connection 2 0.264 0.264 OK
Shear tab flexure yielding at connection 2 0.117 0.117 OK
Weld check at connection 2 0.349 0.349 OK
Shear tab rupture at weld at connection 2 0.298 0.298 OK
Web rupture at weld at connection 2 0.298 0.298 OK

33



2.4 Validation Problem 3

Problem Statement
Design a horizontal brace connection for a double angle 2L6X4X5/16 brace,
with'their back to back leg horizontal, framing into the junction between two
W12X58 and a W12X58 using the LRFD method. The brace has an angle of 55
degrees..s The brace has an axial force of 65kip. The beams are of grad ASTM
A992, angles and plates are of grade ASTM A36. The bolts are ASTM 3125 A490
slip critical type.

W1258

Material specification for bolts
Tensile strength
Shear strength

Young's modulus for steel

Design Forces
Axial force in brace

34

Corrstion 2 2L6X4X5/16
e
e
[ ]
° €
e o o e /
- <
W12x58 Section
Plan
Design Inputs
Material Properties
Material grade for plate ASTM A36
Yield strength F,,:=36 kst
Tensile strength F,,=58 ksi
Material grade of beam ASTM A992
Yield strength Fy,:=50 kst
Tensile strength F, ;=65 ksi
Material grade of angles ASTM (AB6
Yield strength F,,:=36kst
Tensile strength F,,:=58 kst
Material grade for weld electrode E70XX
Tensile strength Frxx:=T70 ksi

ASTM 3125 A490
F t:: ]_]_3 ksi

F,,:=68 ksi

E:=29000 kst

P:=65 kip



Connection Geometry
Brace section
Thickness
Outstanding leg length
Back-to-back leg length
Gross.cross section area
Centroid of brace outstanding leg
Brace angle with horizontal

Beam section at connection 1
Section depth
Flange width
Flange thickness
Web thickness
Distance from outer~face to fillet edge

Beam section at connection. 2
Section depth
Flange width
Flange thickness
Web thickness
Distance from outer face to fillet edge

2L6X4X5/16
ty,:=0.313 in
lopri=4 10
lipr:=6 in

Ay, :=6.06 in’
Z4,,:=0.908 in
0,,:=55 deg
W12X58
dp:=12.2 in
bsp:=10 in
tfbl :=0.64 in
tuwp1 :=0.36 in

kbdetl :=1.5in

W12X58

Aoy =12.2 in
bfb2 :=10 n
tfb2 :=0.64 in
tpp=0.36 in

kbd6t2 = ]_-5 in

Gussst Plate

I

Gusset plate thickness

Gusset dimension along connection 1
Gusset dimension along connection 2
Gusset cutout at connection 1
Gusset cutout at connection 2
Gusset extension at connection 1
Gusset extension at connection 2

Bolt diameter
Bolt hole diameter

35

t,:=0.5 in
g1:=15 n
g-:=15 in
c:=01n
cy:=01in

ex,:=0.5 in
exr,:=0.5 in

db =1 1n
dbh :=1.063 in



Slip coefficient (
Bolt pretension

Numbéer of bolts pe
Number of bolts at
Number¥ of bolts at

Bolt
Bolt

spacing
row spacing

Bolt
Bolt
Bolt

gage on brace
gage on beam

Bolt
Bolt

location for
location for

Bolt
Bolt
Bolt
Bolt

edge distance
edge
edge

edge

distance
distance
distance

Beam bottom flange
Beam bottom flange
Setback of beam at
Setback of beam at

Design Calculations
Connection forces

class A surface)

r row on brace
beam 1 flange
beam 2 flange

1

gage on beam.2

conhection 1
connection 2

on brace
on gusset
on gusset .at connection 1
on gusset at.connection 2

cope length ati connection 1
cope length at connection 2

connection 1
connection 2

Shear per bolt at brace connection

Component of brace

Force per bolt alo

Component of brace

Force per bolt alo

P
Pb::
2 ny,

force along connection 1
Iﬁ::]’-cos(QMQ

ng connection 1

P,
Py i=—
ny

force along connection 2
Pg::13-5h1<0m>

ng connection 2
P,
Ppyi=—
ny

36

pn:=0.3

T,..:=64 kip
Ny 3= 3

nl = 3

n2 = 3

s:=3 1in
s,.:=1.75 in
Gor = 21in
Jbm1 = 3 in
Jbm2 = 3 in
loc,:=6 in
locy:=6 in
6d1 :=1.5 i’n’
6d2 = ]_-5 in
€d3 = ]_-5 in
€d4 :=1.5 i’n’
cp =4 1in
cpy:=01in
Sbbl = 0-5 in

P,=10.833 kip

P,=37.282 kip

Py, =12.427 kip

P,=53.245 kip

Py, =17.748 kip



Bolt shear at brace to gusset connection
Nominal slip resistance of bolt

Ry=p+1.13+T,+2

Intéraction ratio in bolt shear

Bolt bearing.-on brace check
Minimum clear .distance for bearing check

l.;:==min (5— dyp,,ed; —0.5- dbh>

Nominal strength «in bearing
Ry =min (1.2l -

Interaction ratio in bolt bearing at brace

£ 05 P,
170.75-R,,

Bolt bearing on gusset check

Minimum clear distance for bearing on gusset

l02 =1min <8 - dbh ) €d2 —0.5- dbh>

Nominal strength in bearing

R, :=min (1.2+l5-t,-F

Interaction ratio in bolt bearing at gusset

Py
I =
2 0.75R,
Brace tension rupture check

Net cross section area of brace
Appr=Ap,— 4 dpp by,

Length of connection
lbr =35 <nbr_ 1>

Shear lag factor ’
Ty
U:=1-—

lbr

Brace strength in tension rupture
Pn::F’U,a.U.Aan'

Interaction ratio for brace tension rupture

el P11
37 0.75-P,

37

as 2.4 edyety,.

2.4+dy-t,F,)

R, =43.392 kip

I =0.25
0

1., =0.969 in

R, =21.099 kip

I1:O.342

1., =0.969 in

R, =33.704 kip

I2 =0.429

Ay, =4.729 in’

lbr: 6 in

U=0.849

P, =232.78 kip

I =0.372
3



Brace block shear check
Gross area 1in shear

Agyi=2 ((ng,—1) - s+ed;) - ty, A,,=4.695 in’
Net (area in shear

Anv ::Agv_ 2. <nbr_0'5> 'dbh' tbr Anv: 3.031 in2
Net areain tension

Ant =2 <libr_ 9pr— 1.5 dbh> . tb,,. Ant =1.506 in2

Nominal strength block shear
Rnl :=0.6 'Fua'Anv+Fua'Ant

Rn2 :=0.6 'Fya'Agv+Fua'Ant
R, :==min (R,;,Rs) R,=188.751 kip

Interaction ratio in block:/shear

I::———fi——— I =0.459
1 0.75R, 4
Gusset tension yielding check
Length of Whitmore section
ly:=2+1.-tan (30 deg) +s, l,=8.678 in

Nominal strength of gusset in yielding

P, i=F, 1, P, =156.208 kip

g

Interaction ratio in tension yielding

P

[ = 1 =0.462
57 09.P, 5

Gusset tension rupture check
Net area of gusset in tension

A= (ly—2 dy,) -t A,,=3.276 in’

g

Nominal strength of gusset in rupture
P, ::Fup-Ang P,=190.014-kzp
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Interaction ratio in tension rupture

[
¢ 0.75-P,

Gusset block shear check
Gross”area in shear

Agyi=2 ((ny,—1)+s+edy) -1,

Net area in shear

Anv ::Agv_ <2 *Npyr — 1> 'dbh't

Net area in tension

Ant = <8r - dbh> * tg

Nominal strength block shear

Rnl :=0.6 'Fup'Anv+Fup°Ant

Ryp:=0.6+Fy Ay 4F,, A,

Rn =Mman <Rn1 ’ Rn2>

Interaction ratio in block shear

=t
77 0.75 R,

Bolt shear at connection 1
Nominal slip resistance of bolt
Rn::;u-l.13-Tpre

Interaction ratio in bolt shear

Bolt bearing at gusset plate at connection 1

Length of connection 1
L1::<n1—1>‘8

Distance of gusset outer edge from work point

locy, =g, —ex,

39

I6 =0.456

. 2
Agp=7.51n

A,,=4.843 in’

A,,=0.344 in’

R, =181.923 kip

I =0.476
7

R, =21.696 kip

I8:0.573

L1:6 in

loc,,=14.5 in



Distance of gusset inner edge from work point

c
locy;=c;—exy—if|c;= 0,0, (gy1 +€17) * Cl loc,;=—0.5 in
2
Outéer edge distance for clip on gusset
edg,:=locy,—loc, — L, edy,,=2.5in
Inner edgerdistance for clip on gusset
edg;=loc, —locy ed,;=6.5 in
Minimum edge distance for clip on gusset
ed,:==min (edgo, edgi> ed,=2.5 in
Clear distance between bolt holes/ hole and edge
lc =min <8_dbh’edg_0'5.dbh> lc: 1.937 in
Nominal strength in bearing
Ry=min (1.2+1,+t,-F,,,2.4dy-t,-F,,) R, =67.408 kip
Interaction ratio in bolt bearing
P
[ =t N I =0.246
9 0.7 R, 9
Bolt bearing at beam flange at connection 1
Edge distance of bolt to beam flange edge
edy:=loc, —cp; —sbby—0.5 t,0 ed,=1.32 in
Clear distance between bolt holes/ hole and edge
lc ::min <S— dbh ) edb— 0.5. dbh> lc =0.788 in
Nominal strength in bearing
Ry i=min (1.2l tpy« Fy, 2.4 dy -t o Fp) R,=39.362 kip
Interaction ratio in bolt bearing
P
[ o=t I =0.421
0 075 R, 10
Gusset shear yielding at connection 1
Gross area in shear
. 9
Ag = <g1—01>-tg Ag:7-5 m
Nominal shear strength of gusset in shear yielding
R, ::0.6-pr-Ag R,=162 kip
Interaction ratio in shear yieldling
Py
I ==—— I =0.23
11 R 11
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Gusset shear rupture at connection 1
Net area in shear

An ::Ag—'nl .dbh.tg

Nominal shear strength of gusset in rupture

R,:=0.6-F,,-A,
Interaction ratio in shear rupture
P
I ::71
12 0.7 R,

Gusset plate block shear at connection 1
Gross area subjected to block shear
Agv = <L1 +€dg> .tg

Net area subjected to'block shear
Aypi=Agy— (17— 0.5) < dy, - £,

Net area subjected to tension
A= <gbm1 +ex;—0.5 dbh> 'tg

Nominal strength in block shear
Rnl ::0'6'Fua'Anv+Fua°Ant

R,5:=0.6F - Ag,+Fq-Apy
Rn =min <Rn1 ’ Rn2>

Interaction ratio in block shear
o=
13 0.7 R,
Gusset flexure yielding at connection 1

Eccentricity of force at connection 1
ecy:=max (cZ—ex1,0>

Nominal moment strenght of gusset

2
Fypetye g,
4

n*

Interaction ratio in gusset flexure
Pl‘ecl

I e ———

4 0.9.M,

Bolt shear at connection 2
Nominal slip resistance of bolt
Rn::u-1.13-Tpre

41

A, =5.906 in’

R, =205.511 kip

I =0.242
12

A, =4.25 in’

A,,=2.921 in’

A,;=1.484 in’

R, =177.887 kip

I =0.279
13

ec;=0 in

M, =84.375 kip-ft

R, =21.696 kip



Interaction ratio in bolt shear

Py
=22 I _=0.818
5 R, 15

Bolt bearing at gusset plate at connection 2
Length of connection 2

L2::<n2—1>'8 L2:6Tn
Distance of gusset outer edge from work point

locy, =g, —ex; loc,,=14.5 in

Distance of gusset inner edge from work point

c
locgi=cy—ex; —if|c;=0,0, (gbm2+eac2> . c2 loc,;=—0.5 in
1

Outer edge distance for.clip on gusset

edy,:=locg,—locy— L, ed,,=2.5in
Inner edge distance for clip’on gusset

ed;:=loc, —loc,, ed,;=6.5 in
Minimum edge distance for clip on gusset

edg:=min (edgo,edgi> ed,=2.5 in
Clear distance between bolt holes/ hole and edge

lc =min <S_dbh’edg_0'5.dbh> lc: 1.937 in
Nominal strength in bearing

R, :=min 1.2+l t - F,,;2:4-dy-t,-F,,) R, =67.408 kip
Interaction ratio in bolt bearing

P

I =2 I =0.351

16 0.7 R, 16
Bolt bearing at beam flange at connection 2
Edge distance of bolt to beam flange edge

edy:=locy—cpy,—sbby—0.5 1,10 ed,=5.82 in
Clear distance between bolt holes/ hole and edge

lc =min <S—dbh,€db—0.5 .dbh> lc: 1.937 in
Nominal strength in bearing

Ry i=min (1.2l tpye Fypy, 2.4 dy gy Fyp) R,=96.695 kip
Interaction ratio in bolt bearing
P
I =2 I =0.245
17 0.7 R, 17
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Gusset shear yielding at connection 2
Gross area in shear

Ag = <92 — C2> s tg

Nominal shear strength of gusset in yielding

R,:=0.6-F,,-A,

Interaction ratio in gusset yieldling
P,

I =

8 R,

Gusset shear rupture at connection 2
Net area in shear
An ::Ag —TL2 . dbh . tg

Nominal shear strength of gusset in rupture
Rn::O.G-Fup-An
Interaction ratio in shear<rupture
FERAS I
9 0.75.R,

Gusset plate block shear at connection 2
Gross area subjected to block shear
Agv = <L2 + edg> L] tg

Net area subjected to block shear
A=Ay, — (ny—0.5) < dy, -

Net area subjected to tension
A= (Gomo+ex2— 0.5 dyy) + 1,

Nominal strength in block shear
Rnl ::0'6°Fua°Anv+Fua°Ant

Rn2 :=0.6 'Fya°Agv+Fua°Ant
Rn =Mman <Rn1 ’ Rn2>

Interaction ratio in block shear
o2
20 0.75 R,
Gusset flexure yielding at connection 2

Eccentricity of force at connection 2
€cy:=max (cl—eac2,0>

43

.9
A,=7.51n
R, =162 kip
I =0.329

18

A, =5.906 in’

R, =205.511 kip

I =0.345
19

A, =4.25 in’

A,,=2.921 in’

A,,;=1.484 in’

R, =177.887 kip

I =0.399
20

ec,=0 in



Nominal moment strenght of gusset

F ot gy
M, ::y”fgg? M, =84.375 kip- ft

Intéeraction ratio in gusset flexure

I P2 ‘662
2 0.9.M, 21
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Validation Results

The calculated ratios are compared with the output of Osoconn and if it is within a tolerance of
1% the result is deemed to be OK.

Table 4: Validation problem 3 results
Interaction Ratio

Check Calculated Osoconn Result
Bolt shear at brace check 0.25 0.25 OK
Bolt bearing at brace check 0.342 0.342 OK
Bolt bearing at gusset check 0.429 0.428 OK
Brace tension rupture check 0.372 0.372 OK
Brace block shear check 0.459 0.459 OK
Gusset tension yielding check 0.462 0.462 OK
Gusset tension rupture check 0.456 0.456  OK
Gusset block shear check 0.476 0.476  OK
Bolt shear at connection 1 0.573 0.573 OK
Bolt bearing at gusset plate at connection 1 0.246 0.246 OK
Bolt bearing at beam flange at connection 1 0.421 0.421 OK
Gusset shear yielding at connection 1 0.23 0.23 OK
Gusset shear rupture at connection 1 0.242 0.242 OK
Gusset plate block shear at connection 1 0.279 0.279 OK
Gusset flexure yielding at connection 1 0.0 0.0 OK
Bolt shear at connection 2 0.818 0.818 OK
Bolt bearing at gusset plate at connection 2 0.351 0.351 OK
Bolt bearing at beam flange at connection 2 0.245 0.245 OK
Gusset shear yielding at connection 2 0.329 0.329 OK
Gusset shear rupture at connection 2 0.345 0.345 OK
Gusset plate block shear at connection 2 0.399 0.399 OK
Gusset flexure yielding at connection 2 0.0 0.0 OK
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2.5 Validation Problem 4

Problem Statement
Design a horizontal brace connection for a double angle 2L102X89X12.7 brace,
with.their back to back leg horizontal, framing into the junction between a
W360X64 and a W310X38.7 using the ASD method. The brace has an angle of 65
degrees.-with the W360 beam. The brace has an axial force of 105kN. The beams
are ASTM-A992, angles and plates are of grade ASTM A36. The bolts are ASTM
3125 A325-slip critical type.

W3e0x64
- 21102X89X12.7 ﬂ

Connection 2

W310x38.7

Connection 1

Plan Section

Design Inputs

Material Properties

Material grade for plate ASTM A36
Yield strength F,,:=250 MPa
Tensile strength F,,=400 MPa

Material grade of beam ASTM A992
Yield strength Fyy:=345 MPa
Tensile strength F ;=450 MPa

Material grade of angles ASTM (AB6
Yield strength Fy,:=250 MPa
Tensile strength F,,:=400 MPa

Material grade for weld electrode E70XX

Tensile strength

Material specification for bolts

ASTM 3125 A325

Tensile strength F,,;:=620 MPa
Shear strength F,,:=372 MPa

Young's modulus for steel

Design Forces
Axial force in brace

46

E:=200000 MPa

P:=105 kN



Connection Geometry

Brace section
Thickness
Outstanding leg length
Back-to-back leg length
Gross.cross section area

Centroid of brace outstanding leg

Brace angle with horizontal

Beam section at connection
Section depth
Flange width
Flange thickness
Web thickness
Distance from outer~face

Beam section at connection
Section depth
Flange width
Flange thickness
Web thickness
Distance from outer face

Clip angle section
Thickness
Outstanding leg length
Welded leg length

Shear tab thickness

Shear tab width

to fillet edge

to fillet edge

[P gy il e

2L102X89X12.7
ty,:=12.7 mm
Loy =88.9 mm
lipr:==102 mm
Ay, :=4520 mm*
z%,:=25.2 mm
6,,:=65 deg

W360X64

dp =348 mm
by =203 mm
typ1:=13.5 mm
twp1 :=7.75 mm
Kpget1:=34.9 mm

W310X38.7
dp0 =310 mm
bpe:=165 mm

Lipp:=9.65 mm
twpe i=5.84 mm
Epgero =27 mm

L89X89X9.5

t,:=9.53 mm
l,,:=88.9 mm
l;,:=88.9 mm

t,:=12 mm
w,:=100 mm

Gussat Plate

g

Gusset plate thickness

-~ Beam 1

Gusset dimension along connection 1
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tyi=12 mm
g1:=500 mm



Gusset dimension along connection 2 g>:=500 mm

Gusset cutout at connection 1 c;:=125 mm
Gusset cutout at connection 2 Ccy: =125 mm
Bolt'diameter dy:=24 mm
Bolt Hole diameter dpp =27 mm
Slip coefficient (class A surface) wn:=0.3

Bolt pretension T,..:=205 kN
Number of bolts per row on brace ny, =4
Number of bolts at clip at beam 1 n,:=4
Number of bolts at clip at beam 2 Ngy:=4

Bolt spacing s5:=70 mm
Bolt gage on brace Jpr =55 mm
Bolt gage on shear<tab g,:=50 mm
Bolt gage on clip g:=45 mm
Location of connection 1 from work point loc,:=150 mm
Location of connection 2 .from work point locy:=150 mm
Bolt edge distance on brace ed;:=35 mm
Bolt edge distance on gusset edy:=35 mm
Bolt edge distance on clip eds;:=35 mm
Clip to gusset weld thickness w:=6 mm
Connection setback at connection 1 sb:=12 mm
Connection setback at connection 2 sby:=12 mm

Design Calculations
Connection forces
Shear per bolt at brace connection

Py=— P,=26.25 kN

Ny,

Component of brace force along connection 1
P,:=P-.cos (0br> P,=44.375 kN

Force per bolt along connection 1

P,
Pbl = Pb1:5547 kN
2.n,
Component of brace force along connection 2
P,y:=P-.sin (0br> P,=95.162 kN
Force per bolt along connection 2
Py
Pyy:i=— Pyy,=23.791 kN
ny
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Bolt shear at brace to gusset connection
Nominal slip resistance of bolt

R,i=p1-1.13.T,, -2 R,=138.99 kN

Intéraction ratio in bolt shear

1.5 Py,
I = I =0.283
0 R, 0
Bolt bearing.-on brace check
Minimum clear .distance for bearing check
lcl =1man <5—dbh,€d1—0.5'dbh> l61:215 mm
Nominal strength «in bearing
Ryi=min (1.2« 1y oty Fq, 2.4+ dye ty, - Fyp) R,=131.064 kN
Interaction ratio in bolt bearing at brace
2.0:0.5 P,
AN I =0.2
! R, 1
Bolt bearing on gusset check
Minimum clear distance for bearing on gusset
ch =1min <8—dbh,€d2—0.5'dbh> l61:215 mm
Nominal strength in bearing
Ry i=min (1.2+lp 1, Fy,,2.4-dye 1, F,) R,=123.84 kN
Interaction ratio in bolt bearing at gusset
2.0 P,
I = I =0.424
2 R, 2
Brace tension rupture check
Net cross section area of brace
Appri=App— 2 dyp,» by, A, =3834.2 mm’
Length of connection
lbr::3-<’nbr—1> le':210 mm
Shear lag factor ’
Ty
U:==1- U=0.88
lbr
Brace strength in tension rupture
P,:=F,-U-A,, P, =1349.638 kN
Interaction ratio for brace tension rupture
2.0P
I = I =0.156
3 P 3

n
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Brace block shear check
Gross area 1in shear

Agyi=2+((ny,— 1) »s+edy) - ty,

Net (area in shear

Anv ::Agv =2 <nbr_ 05> ° dbh * tbr

Net areain tension

Apyi=2+ (lipy — Gor— 0.5+ dyp) + ty,

Nominal strength block shear
Rnl ::0'6'Fua'Anv+Fua'Ant

Rn2::0.6-Fya-Agv+Fua-Ant
Rn =Mman <Rn1 ) Rn2>
Interaction ratio in block. shear
2.0 P
I o= 0
4 R

n

Gusset tension yielding check

Length of Whitmore section
ly:=2-1;.-tan (30 deg)

Nominal strength of gusset in yielding

P, ::pr-lw-tg

Interaction ratio in tension yielding

7 1.67 P
5 P,

n

Gusset tension rupture check
Net area of gusset in tension

Ang = <l,w — dbh> . tg

Nominal strength of gusset in rupture
Pn ::Fup°Ang

Interaction ratio in tension rupture
2.0P
I =
6 P

n

20

A, =6223 mm”®

A,,=3822.7T mm’

A,,=850.9 mm’

R,=1257.808 kN

I =0.167
4

l,=242.487 mm

P, =727.461 kN

I =0.241
5

A, ,=2585.845 mm*

P, =1034.338 kN

I =0.203
6



Bolt shear at connection 1
Nominal slip resistance of bolt

R,=p-1.13.T,,, R, =69.495 kN

Intéraction ratio in bolt shear

1.5 Py,
I i=——— I =0.12
7 R, 7
Bolt bearing-at clip angle at connection 1
Clear distance between bolt holes/ hole and edge
le:=min (s—dyy,, ed;— 0.5+ dy,) [.=21.5 mm
Nominal strength «in bearing
Ryi=min (1.2+1,t, Fyy, 2.4 dye . Fyp) R,=98.35 kN
Interaction ratio in bolt bearing
2.0 Py,
Nl I =0.113
8 R 8

mn

Bolt bearing at beam web at connection 1
Nominal strength in bearing
Rn::min<1'2.<8_dbh>.t’wbl.F’ub’2'4.db.twbl.Fub>
R,=179.955 kN

Interaction ratio in bolt bearing

2.0 Py,
I = — I =0.062
9 R, 9
Gusset shear yielding at connection 1
Nominal shear strength of gusset in yielding
R,:=0.6+F,,+(g;—c;)-t, R,=675 kN
Interaction ratio in gusset yieldling
1.5 P,
I := I =0.099
10 Rn 10
Gusset plate block shear at connection 1
Length of clip angle
Ly=(ny—1)+5+2 edy L, =280 mm
Distance of gusset outer edge from work point
locg, =gy +8by+ 0.5+ 9 locy,=514.92 mm

Distance of gusset inner edge from work point

. c
locy;:=c;+8by+0.5t,,,—if | c;=0,0, (lia_3b1> .

loc,;=63.02 mm
)

Outer edge distance for clip on gusset
edg,:=locy,—loc; — Ly ed,,=84.92 mm

o1



Inner edge distance for clip on gusset

Minimum edge distance for clip on gusset
ed,:=min (edgo , edgl)

edg;:=loc; —locy,

Gross area subjected to block shear

Agv = <L1 + edg> . tg

Net area subjected to tension

Ant = <lia _3b1> ° tg

Nominal strength in block shear

R,:=0.6F, 4+ Ay +Fuq Ay

Interaction ratio in block shear

Gusset flexure yielding at connection 1

2.0 P,
N M=
11 R

mn

Eccentricity of force at connection 1

€C1:=Cy +8b1 + 0.5 twbl

Nominal moment strength of gusset

2
::pr'tg'gl
" 4

Interaction ratio in gusset flexure

Clip angle shear yielding at connection 1

Gross area in shear

1.67‘P1 -601
2T M,

n

AgU::2-L1-ta

Nominal strength in shear yielding

R,:=0.6-F A,

Interaction ratio in shear yielding

Clip angle shear rupture at connection 1

Net area in shear

1.5 P,
I =
13 R

mn

Anv ::Agv_z * 1y 'dbh°ta

Nominal strength in shear rupture

R,:=0.6-F,,-A,,

52

ed,;=86.98 mm

edg =84.92 mm

A,,=4379.04 mm?

A,,=922.8 mm’

R,=1025.976 kN

I =0.087
1

ec; =140.875 mm

M, =187.5 kN-m

I =0.056
12

A,,=5336.8 mm’

R, =800.52 kN

I 7=0.083
13

A,,=3278.32 mm’

R, =786.797 kN



Interaction ratio in shear rupture
2.0 P,
I =
14 R

mn

Clip.angle block shear at connection 1
Gross”area subjected to block shear
Ag,u = 2 U <L1 —6d3> U ta

Net area subjected to block shear
A=Ay =2+ (n;—=0.5) «dy, t,

Net area subjected to tension
A= (20 log+ty—2-g—dy) - t,

Nominal strength in “block shear
Rnl ::O'G'Fua'Anv+Fua'Ant

Rn2 :=0.6 'Fya'Agv+Fua'Ant
Rn S <Rn1 ’ Rn2>

Interaction ratio in block shear

2.0 P,

5 R

n

Weld check at connection 1

Ly

Length of horizontal run of weld

bw::lia_Sbl
Centroid of weld group b 2
w
c,, i=—

Eccentricity of shear force

€= lia —Cy

93

I =0.113
14

A,,=4669.7 mm’

A,,=2868.53 mm’

A,,=693.784 mm®

R, =965.961 kN

I =0.092
15

b,=76.9 mm

¢, =13.632 mm

€,=175.268 mm



Polar moment of inertia of weld group

3 2 2
(2:butLn)® by« (by+In) I,,=5066.369 cm”

w

12 2:b,+L,
Component of weld stress along x
Pi-ey Ly kN
fwz = . fw$:0046 —_—
4.1, mm

Component of .weld stress along y

P P;-e,-(b,—c, kN
Fuy= L Prew ) Fuy=0.072 ——
2+(2+b,+ L) 21, mm
Resultant weld stress EN
2 2
w'= wx + w w:0086 —
Jw=\S Juwy J —
Nominal weld strength i
2 kN
Rn:ZO.G‘FEXX‘i'w Rn:1227—
2 mm

Interaction ratio for weld«check

2.0.f,
6 R

T

Gusset rupture at weld at connection 1
Minimum web thickness to match weld ‘strength

2.0-2-f,

Lg.min=1.425 mm
0.6-F,,

g.min ‘=

Interaction ratio in web rupture

t .
J =_gmm I =0.119
17 tg 17

Bolt shear at connection 2

Polar moment of inertia of bolt group

0.5 (n,— 1)
L,=2- > (i-s)?
i=1
0.5 ny
I.:=2+ > ((i—0.5)-s)”
i=1
I,:=if (mod (ny,2) =1,1,,,1,) 1,=245 cm’®
Distance of most remote bolt from CG
c:=0.5 (ny—1)+s c=105 mm
Maxi h in bolt
aximum shear in bo P, 2 Pyeg,-c 2
P=A\||l—| +|—— P,=31.334 kN
T, I,
Nominal shear strength of bolt
R, =p+1.13-T),, R,=69.495 kN
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Interaction ratio in bolt shear
1.5 Py,
I R ——
18 R,

Bolt bearing at shear tab at connection 2
Clear”distance between bolt holes/ hole and edge
lc =min <5— dbh ) €d3 —0.5- dbh>

Nominal strength in bearing

R,:=min (1.2+1.-t,F

up

2.4+dy-t,-F,p)

Interaction ratie in bolt bearing
I ,:Lpbz
19 R,

Bolt bearing at gusset at connection 2
Length of shear tab
Ly:= <n2—1> +s+2 eds

Distance of gusset outer edge«from work point
locgo::g2+8bl+0'5.twbl

Distance of gusset inner edge fromi work point

. &)
locy;=cy+8b; +0.5 -t —if | c; =0,0, (g,—5b,) « .
1
Outer edge distance for bolt on gusset
edg,:=locy,—locy— Ly +eds

Inner edge distance for bolt on gusset
edg;:=locy, —locy; +eds

Minimum edge distance for clip on gusset
ed,:=min (edgo , edgi>

Clear distance between bolt holes/ hole and edge
lc::min<S—dbh,edg—0.5-dbh>

Nominal strength in bearing
R,:=min (1.2l +t,F

up

2.4dy-t,F,,)

Interaction ratio in bolt bearing
2.0 Py,

I e ———

20 Rn

Gusset shear yielding at connection 2
Gross area in shear

Ag = <gz —C2> s tg

95

I =0.514
18

l.=21.5 mm

R,=123.84 kN
I =0.384

19
L,=280 mm

loc,,=515.875 mm

loc,; =102.875 mm

ed,,=120.875 mm

ed,;=82.125 mm

edg: 82.125 mm

l.=43 mm
R,;=247.68 kN
I =0.192

20

A,=4500 mm®



Nominal shear strength of gusset in yielding

R,:=0.6-F,,-A,

Interaction ratio in gusset yieldling
1.5 P,
I =

21 R

n

Gusset shear rupture at connection 2
Net area in shear

An ::Ag—'n2 .dbh.tg

Nominal shear strength of gusset in rupture
Rn::O.G-Fup-An

Interaction ratio in~sshear rupture
2.0 P,
I g=
22 R

mn

Gusset plate block shear at connection 2
Gross area subjected to blockeshear
Agyi=(Ly=2 edy+edy) -,

Net area subjected to block shear

A=Ay, — (15=0.5) < dy, - £,

Net area subjected to tension
A= (gs—8by— 0.5 dyp) -

Nominal strength in block shear

Rnl :=0.6 'Fua°Anv+Fua°Ant

Rn2 ::0'6°Fya°Agv+Fua°Ant

Rn I=min <Rn1 ’ Rn2>

Interaction ratio in block shear
2.0 P,

I =
23 R

n

Gusset flexure yielding at connection 2
Eccentricity of force at connection 2
602::cl+8b2+0'5.twb2

Nominal moment strenght of gusset

2
§ 4

o6

R, =675 kN

I =0.211
21

A, =3204 mm”®

R, =768.96 kN

I =0.248
22

A,,=3505.5 mm’

A,,=2371.5 mm’

A,,; =294 mm’

R, =643.425 kN

I =0.296
23

ecy,=139.92 mm

M, =187.5 kN-m



Interaction ratio in gusset flexure
1.67 (Py-ecy)
24 M,

Shear tab shear yielding at connection 2
Gross”area in shear

A ::L2‘t8

gu

Nominal strength in shear yielding

R,:=0.6-F,,-A,,

Interaction ratie in shear yielding
7 = 1.5 P,
25 R

n

Shear tab shear rupture at connection 2

Net area in shear
Anv ::Agv —MNye dbh * ts

Nominal strength in shear rupture
R,:=0.6:F,,-A,,

Interaction ratio in shear rupture
2.0 P,
I =
26 R

mn

Shear tab block shear at connection 2

Gross area subjected to block shear
AgU = <L2 — €d3> . tS

Net area subjected to block shear

Ayi=Agy— (P2 —0.5) < dy o 1,

Net area subjected to tension

A= <ws_gs_ 0.5 dbh> -1

Nominal strength in block shear

Rnl :=0.6 'Fua°Anv+Fua°Ant

Rn2 ::0'6°Fya°Agv+Fua°Ant

Rn I=min <Rn1 ’ Rn2>
Interaction ratio in block shear
2.0 P,

27 R

n

o7

I =0.119
24

A,,=3360 mm®

R, =504 kN

I =0.283
25

A,,=2064 mm?

R, =495.36 kN

I =0.384
26

A,,=2940 mm’®

A,,=1806 mm’

A,, =438 mm’

R, =608.64 kN

I =0.313
27



Shear tab flexure yielding at connection 2

Nominal moment strenght of gusset

F,,t,- Ly
4

n

Interdction ratio in gusset flexure

167 Py-g,
s M,

n

Weld check at .connection 2

Polar moment of dinertia of weld group

Weld stress

L,®
'LU':—
along weld 12
P,
fw:n::
2‘L2
Max weld stress transverse 'to weld
f ! P2'gs'L2
hid al,

Resultant weld stress

Nominal weld strength

Interaction

fw::\/ﬁ$2 -|_fwy2

Rn::O'G.FEXX. \/5

*Ww

ratio for weld check

2.0 f,
29 R

n

Shear tab rupture at weld at connection 2

Minimum shear tab

Interaction

Web rupture
Minimum web

Interaction

2.0-2 f,
s.mun " 06 ‘Fup
ratio in web rupture
I = ts.min
30 t

S

at weld at connection 2
thickness to match weld strength

2.0 f,,
O'G.F’u,b

w.min "

ratio in web rupture

t

w.min

3 twb2

o8

thickness to match weld strength

M, =58.8 kN-m

I =0.135
28

I,=1829.333 em?

kN
fue=0.17 =
mm
kN
Fuy=0.182 ———
mm
kN
fu=0.249 =
mm
R,=1.227 L2\
mm
I =0.406
29

temin=4.151 mm

I =0.346
30

top.min= 1845 mm

I =0.316
31
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Validation Results

The calculated ratios are compared with the output of Osoconn and if it is within a tolerance of
1% the result is deemed to be OK.

Table 5: Validation problem 4 results
Interaction Ratio

Check Calculated Osoconn Result
Bolt shear check at brace 0.283 0.283 OK
Bolt bearing at brace check 0.2 0.2 OK
Bolt bearing at gusset check 0.424 0.424 OK
Brace tension rupture check 0.156 0.156 OK
Brace block shear check 0.167 0.167 OK
Gusset tension yielding check 0.241 0.241 OK
Gusset tension rupture check 0.203 0.203 OK
Bolt shear at connection 1 0.12 0.12 OK
Bolt bearing at clip angle at connection 1 0.113 0.113 OK
Bolt bearing at beam web at connection 1 0.062 0.062 OK
Gusset shear yielding at connection 1 0.099 0.099 OK
Gusset plate block shear at connection 1 0.087 0.087 OK
Gusset flexure yielding at connection 1 0.056 0.056 OK
Clip angle shear yielding at connection 1 0.083 0.083 OK
Clip angle shear rupture at connection 1 0.113 0.113 OK
Clip angle block shear at connection 1 0.092 0.092 OK
Weld check at connection 1 0.139 0.139 OK
Gusset rupture at weld at connection 1 0.119 0.119 OK
Bolt shear at connection 2 0.514 0.514 OK
Bolt bearing at shear tab at connection 2 0.384 0.384 OK
Bolt bearing at gusset at connection 2 0.192 0.192 OK
Gusset shear yielding at connection 2 0.211 0.211 OK
Gusset shear rupture at connection 2 0.248 0.248 OK
Gusset plate block shear at connection 2 0.296 0.296 OK
Gusset flexure yielding at connection 2 0.119 0.119 OK
Shear tab shear yielding at connection 2 0.283 0.283 OK
Shear tab shear rupture at connection 2 0.384 0.384 OK
Shear tab block shear at connection 2 0.313 0.313 OK
Shear tab flexure yielding at connection 2 0.135 0.135 OK
Weld check at connection 2 0.406 0.406 OK
Shear tab rupture at weld at connection 2 0.346 0.346  OK
Web rupture at weld at connection 2 0.316 0.316 OK
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2.6 Validation Problem 5

Problem Statement
Design a horizontal brace connection for a double angle 2L76X76X6.4 brace,
with'their short leg back to back and vertical, framing into the junction
between a W360X64 and a W200X100 using the ASD method. The brace has an angle
of 40 degrees with the W360 beam. The brace has an axial force of 46 kN. The
beams, angles and plates are of grade ASTM A36. The bolts are ASTM 3125 A490

bearing type.
W360X04 =][:
2L76X76X6.4

Connection 2

. N
. [
— ! \
W200X100

Connection 1

Flan Section

Design Inputs
Material Properties

Material grade for plate ASTM A36
Yield strength F,,:=250 MPa
Tensile strength F,,:=400 MPa

Material grade of beam ASTM A36
Yield strength Fy,:=250 MPa
Tensile strength F3:=400 MPa

Material grade of angles ASTM~A36
Yield strength Fy,:=250 MPa
Tensile strength F,,:=400 MPa

Material grade for weld electrode E70XX
Tensile strength Frxx:=482 MPa

Material specification for bolts ASTM 3125 A490
Tensile strength F,,;:=780 MPa
Shear strength F,,:=469 MPa

Young's modulus for steel E:=200000 MPa

Design Forces
Axial force in brace P:=46 kN
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Connection Geometry
Brace section
Thickness

Horizontal leg length

Back-to-back leg length
Gross.cross section area

Centreoid of brace back to back leg

Brace angle with from beam at connection 1

Back to back.«leg spacing

Beam section at connection 1

Section depth
Flange width
Flange thickness
Web thickness

Distance from outer .face

to fillet edge

Beam section at connection 2

Section depth
Flange width
Flange thickness
Web thickness

Distance from outer face

Shear tab thickness

to filllet edge

2L76X76X6.4
ty,.:=6.35 mm
lop =762 mm
lipy:=76.2 mm
A, :=1858 mm’
'y :=21.2 mm
0,,:=40 deg

Sy =6 mm

W360X64

dp =348 mm
by =203 mm
typ1:=13.5 mm
twp1:=7.75 mm
Kpget1:=34.9 mm

W200X100
dyp2 =229 mm
bpe:=210 mm

Ly :=23.7T mm
tpe i=14.5 mm
kbd6t2 = 41.3 mm

t,:==10 mm

Shear tab width wy:=100 mm
G Baam 2
) :-E
= Y
! Connection 2 -
1 D] 3
1
Py "
= #
.
I - - 2
: ’ 3 Gussst Plate
loc; I // Connection 1
[=r] Gt e e e
LN, ! s
..... _-_L_'_==-q?=-_—_-=,g-_qgem1
T =1
Worl ! Ii,_—,, o
point 1 fooy
Gusset plate thickness ty=12 mm
Gusset dimension along connection 1 g1:=500 mm
Gusset dimension along connection 2 g>:=500 mm
Gusset cutout at connection 1 c;:=125 mm
Gusset cutout at connection 2 cy:=125 mm
Gusset extention at connection 2 exr,:=10 mm
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Bolt diameter

Bolt hole

Number of
Number of
Number of

diameter

bolts per row on brace
bolts at connection 1
bolts at connection 2

Bolt spacing

Bolt gage
Bolt gage
Bolt gage

Shear tab

on brace
on shear tab
on beam 2

location<for connection 1

Bolt location for connection 2

Bolt edge
Bolt edge
Bolt edge

Shear tab

distance on brace
distance on gusset
distance on shear tab

to beam weld thickness

Connection setback at connection 41

Beam bottom flange cope length at connection 2

Setback of beam at connection 2

Design Calculations
Connection forces

Shear per

Component

Force per

Component

Force per

bolt at brace connection

P
Pb::
2'nbr

of brace force along connection 1
Iﬁ::]’-cos(QMQ

bolt along connection 1

P,
Py i=—
ny

of brace force along connection 2
P@::]D-sh1<0m>

bolt along connection 2
P,
Ppyi=—
ny
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dy:=20 mm
dbh =22 mm

Ny 3= 3
nl = 4
712 = 4
5:=60 mm

gy =45 mm
g,:=50 mm
Jbm2 = 3 in

loc,:=200 mm
locy:=200 mm

ed,:=35 mm
ed,:=35 mm
eds:=35 mm
w:=6 mm

sby:=12 mm

cpy:=0 mm
sbby:=12 mm

P,=17.667 kN

P,=35.238 kN

P, =8.81 kN

P,=29.568 kN

Py, =7.392 kN



Bolt shear at brace check
Area of bolt

Ayi= A, =314.159 mm’

Nominal shear strength of bolt
R,:=F,, +A, R,=147.341 EN

Interaction ratio in bolt shear

2.0 P,
I = I =0.104
0 R, 0
Bolt bearing at brace check
Minimum clear distance for bearing check
lcl =rmin <8—dbh,€d1—0.5'dbh> l61:24 mm
Nominal strength in bearing
Ryi=min (1.2« 1y oty Fq, 2.4+ dy e ty, o Fyp) R,=73.152 kN
Interaction ratio in bolt bearing at brace
2:0.P,
I := I =0.21
1 R, 1
Bolt bearing at gusset check
Minimum clear distance for bearing.on gusset
l62 =rmin <S—dbh,€d2—0.5 .dbh> lcl =24 mm
Nominal strength in bearing
Ryi=min (1.2+lp ty  Fyp, 2.4 dye g F) R,=138.24 kN
Interaction ratio in bolt bearing at gusset
2.0 P,
I = I =0.111
2 R, 2
Tension rupture at brace to gusset connection
Net cross section area of brace
Appri=App— 2 dyp,+ by, A, =1578.6 mm’®
Length of connection
lbr =S (nbr— ]_> lbr: 120 mm
Shear lag factor i
Ui=1_-" U=0.823
lbr
Brace strength in tension rupture
P,:=F,-U-A,, P, =519.886"kN
Interaction ratio for brace tension rupture
2.0P
I = I =0.177
3 P 3

n
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Brace block shear check
Gross area 1in shear

Agyi=2+((ny,— 1) »s+edy) - ty,

Net (area in shear

Anv ::Agv =2 <nbr_ 05> ° dbh * tbr

Net areain tension

Apyi=2+ (lipy — Gor— 0.5+ dyp) + ty,

Nominal strength block shear
Rnl ::0'6'Fua'Anv+Fua'Ant

R, :=06-Fy A, +F,.+ Ay
Rn =Mman <Rn1 ) Rn2>

Interaction ratio in block:/shear

7 20 P
4 R,

Gusset tension yielding check

Length of Whitmore section
ly=2+1,+tan (30 deg) +2- gy, + s

Nominal strength of gusset in yielding

P, ::pr-lw-tg

Interaction ratio in tension yielding

7 1.67 P
5 P,

n

Gusset tension rupture check
Net area of gusset in tension

Ang = <l,w —2. dbh> . tg

Nominal strength of gusset in rupture
Pn ::Fup°Ang
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A,,=1968.5 mm’

A,,=1270 mm?

A,,=256.54 mm’

R, =397.891 kN

I =0.231
4

l,=234.564 mm

P, =703.692 kN

1 =0.109
5

A, ,=2286.769 mm”

P, =914.708 kN



Interaction ratio in tension rupture

20P
I = 0 I =0.101
6 P, 6
Gusset block shear check
Gross area in shear
Agi=2 ((np,—1)-s+edy) - t, A,,=3720 mm®
Net area in shear
A=A g, — (201, — 1) s dy o 8 A,,=2400 mm’
Net area in tension
A= (2 Gt 85— dyp) g A, =888 mm®
Nominal strength block shear
Rnl :=0.6 'Fup'Anv+Fup°Ant
R,5:=0.6 -pr-Agv+Fup-Ant
RTL ::min <RTL1 ’RTL2> Rn:913-2 kN
Interaction ratio in block shear
20P
I = I =0.101
7 R, 7
Bolt shear at connection 1
Polar moment of inertia of bolt group
0.5 (n, — 1)
Ipo =2 2 (’L . S) 2
=1
0.5 n,;
I.:=2+ >, ((i—0.5)-s)
=1
I,:=if (mod (n;,2) =1,1,,,1,) I,=18000-mm*
Distance of most remote bolt from CG
c:=0.5 (n;—1)+s c=90 mm
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Maximum shear in bolt

Nominal shear strength of bolt

Rn =

an 'Ab

Interaction ratio in bolt shear

8.

2.0 P,
7 b1

R

n

Bolt bearing at shear tab at connection 1

Clear distance between bolt holes/ hole and edge
lC::min<S—dbh,€d3—0.5'dbh>

Nominal strength in “bearing

Rn =

min (1.2+1.-t,F

Interaction ratio in bolt bearing

9

2.0 P,
7 b1

R

n

Bolt bearing at gusset at connection 1

Length of shear tab
lez

(ny—1) 542 ed;

up

2.4+dy-t, F,p)

Distance of gusset outer edge from work point

locy,

=01 — €Ty

Distance of gusset inner edge from work point

locg;:=c,—exy,—if|c,=0,0, <g8—3b1> .

Outer edge distance for bolt on gusset
edg,:=locy,—loc, — Ly +eds

Inner edge distance for bolt on gusset
edg;:=loc, —locy; +eds

Minimum edge distance for clip on gusset
ed,:=min (edgo , edgi>

Cy

Cy

Clear distance between bolt holes/ hole and edge
lCZ:m'l.'n<S—dbh,€dg—0.5°dbh>

Nominal strength in bearing

Rn =

min (1.2+1.-t,-F

67

up

2.4dy-t,F,,)

P,=12.459 kN

R, =147.341 kN

I =0.12
8

l.=24 mm

R,=115.2 kN

I =0.153
9

L,=250 mm

locy, =490 mm

loc,; =77 mm

ed,, =75 mm

ed,; =158 mm

edg:75 mm

l.=38mm

R, =218.88 kN



Interaction ratio in bolt bearing
2.0 Py,

I =

10 R,

Gusset shear yielding at connection 1
Gross”area in shear

Ag = <gl _Cl> L1 tg

Nominal shear strength of gusset in yielding

R,:=0.6-F,,-A,

Interaction ratie in gusset yieldling
1.5 P,
I =
11 R

n

Gusset shear rupture at connection 1
Net area in shear
An ::Ag—'nl .dbh.tg

Nominal shear strength of gusset in rupture
ILfZ(L6°FLpu4n

Interaction ratio in shear rupture
2.0 P,
I =
12 R

mn

Gusset plate block shear at connection 1

Gross area subjected to block shear
Agy=(L—2 edy+edy) -1,

Net area subjected to block shear
A=Ay, — (17— 0.5) < dy, - £,

Net area subjected to tension
A= (gs— b1 — 0.5 dyy) +

Nominal strength in block shear
Rnl :=0.6 'Fua°Anv+Fua°Ant

Rn2 :=0.6 'Fya°Agv+Fua°Ant
Rn I=min <Rn1 ’ Rn2>

Interaction ratio in block shear
2.0 P,
3 R

n

68

I =0.08
10

A,=4500 mm”

R,=675 kN
I =0.078

11
A, =5.338 in’

R, =185.818 kip

I =0.085
12

A,,=3060 mm’

A,,=2136 mm’

A, =324 mm’

R, =588.6 kN

I =0.12
13



Gusset flexure yielding at connection 1
Eccentricity of force at connection 1
ec,:=c;+sb; ec; =137 mm
Nominal moment strenght of gusset
F ‘t ‘912
M, ::% M, =187.5 kN-m
Interaction ratio in gusset flexure

167 (Py-ecy)

: I =0.043
14 M, 14
Shear tab shear yielding at connection 1
Gross area in shear
2
Agy=Ly ot Ay, =2500 mm
Nominal strength in shear .yielding
Rn::O.G-pr-Agv R,=375 kN
Interaction ratio in shear yielding
1.5 P;
I := I =0.141
15 Rn 15
Shear tab shear rupture at connection 1
Net area in shear
A=Ay —ny - dyy ot A,,=1620 mm’
Nominal strength in shear rupture
R,=0.6-F, -A,, R, =388.8 kN
Interaction ratio in shear rupture
2.0 P,
I = I =0.181
16 Rn 16
Shear tab block shear at connection 1
Gross area subjected to block shear
Agyi= (L —eds) - t, A,,=2150 mm’®
Net area subjected to block shear
A,y i=Ag,— (1= 0.5) < dy,+ L, A, =1380 mm’
Net area subjected to tension
A= (wy—gy— 0.5 dy,) A,;=390.mm’

Nominal strength in block shear
Rnl ::0'6°Fua°Anv+Fua°Ant

Rn2 ::0'6°Fya°Agv+Fua°Ant
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R, :==min (R, ,Rs) R,=478.5 kN

Interaction ratio in block shear

2.0 P,
I := I =0.147
17 R 17
mn
Shear tab :-flexure yielding at connection 1
Nominal moment strenght of gusset
F,,t,-L’
M, ::f M, =39.063 kN-m
Interaction ratio in gusset flexure
1.67 P;-g
— 1198 I =0.075
18 M, 18
Weld check at connection 1
Polar moment of inertia’of. weld group
I3
I =5 I,=1302.083 em®
Weld stress along weld 12
Py kN
fwx = fwx:007 —
2.-L, mm
Max weld stress transverse to weld
Pl‘g ‘Ll kN
fuoyi=——— Fuuy=0.085 ——
41, mm
Resultant weld stress EN
fw:: Vfw:zQ +fwy2 fw:()ll%
Nominal weld strength [
2 kN
Rn::O'G.FEXX. \/_ w Rn:]_227 —_—
mm
Interaction ratio for weld check
2.0
= Ju I =0.179
19 Rn 19
Shear tab rupture at weld at connection 1
Minimum shear tab thickness to match weld strength
2.0-2
Lomini= fw tomin=1.835 mm
O.6-Fup
Interaction ratio in web rupture
ts.min
I = I =0.183
20 t 20

S
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Web rupture at weld

at connection 1

Minimum web thickness to match weld strength

2.0 f,
0'6.F’ub

w.min ‘=

Interdction ratio in web rupture

t

21

w.min

twb 1

Bolt shear at connection 2

Nominal shear /strength of bolt

Rn ::an 'Ab

Interaction ratio in<bolt shear

2.0 P
I ::71)2
22 R

n

Bolt bearing at gusset plate at connection 2

Length of connection 2

L2:: <n2—1> .S

Distance of gusset outer edge from work point
locg,:=gs+8b; +0.51,;

Distance of gusset inner edge from work point

locy;=cy+8by +0.5+t,; —if | €= 0,0, (Gymo +€T5) *

Outer edge distance for clip on gusset

edg,:=locy,—locy— Ly

Inner edge distance for clip on gusset

Minimum edge distance for clip on gusset

edg;:=locy—locy;

ed,:=min (edgo , edgi>

Clear distance between bolt holes/ hole and edge
lCZ:m'l.'n<S—dbh,€dg—0.5°dbh>

Nominal strength in bearing

R, :=min (1.2+1.+t,F

Interaction ratio in bolt bearing

2.0 P,
I ::—b2
23 R

n

71

up

2.4+dy+t,F,,)

Co

&1

twmin=0.917 mm

I =0.118
21

R, =147.341 kN

22

L,=180 mm

loc,,=515.875 mm

locy,;=54.675 mm

ed,,=135.875 mm

ed,;=145.325 mm

edg: 135.875 mm

l.=38 mm
R,=218.88 kN
I =0.068

23



Bolt bearing at beam web at connection 2
Edge distance of bolt to beam flange edge
edy:=locy,—cpy,—sbby—0.5 1,40 ed,=7.116 in

Clear distance between bolt holes/ hole and edge
lc =min <5—dbh,edb—0.5'dbh> lC: 1.496 in

Nominal strength in bearing

Ry i=min (1.2l tpye Fyp, 2.4+ dy gy Fyp) R,=97.182 kip

Interaction ratio in bolt bearing

2.0 Py,
I =—— ~ I =0.034
24 R, 24
Gusset shear yielding at connection 2
Gross area in shear
A= (ga—cy) -t A,=4500 mm®
Nominal shear strength of gusset in yielding
Rn::O.G-pr-Ag R,=675 kN
Interaction ratio in gusset yieldling
1.5 P,
I = I =0.066
25 Rn 25
Gusset shear rupture at connection 2
Net area in shear
A=Ay —nyedy,t, A, =3444 mm’
Nominal shear strength of gusset in rupture
R,:=0.6-F,,-A, R,=826.56 kN
Interaction ratio in shear rupture
2.0 P,
I := I =0.072
26 Rn 26
Gusset plate block shear at connection 2
Gross area subjected to block shear
Agyi=(Ly+edy) - t, A,,=3790.5 mm’
Net area subjected to block shear
A=Ay, — (13— 0.5) < dy, - 1, A,,=2866.5 mm’
Net area subjected to tension
A= (gbm2+ex2—0.5 dbh> -, A,;=902.4 mm’

Nominal strength in block shear
Rnl ::0'6°Fua°Anv+Fua°Ant
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Ry3:=0.6F, Ay +F- Ay
R, :==min (R, ,Rs) R,=929.535 kN

Intéraction ratio in block shear

2.0 P,
I = I =0.064
27 R, 27
Gusset flexure yielding at connection 2
Eccentricity of force at connection 2
€cy:=max (cl—em2,0> ecy, =115 mm
Nominal moment strenght of gusset
F ot .g 2
M, = yp i_2 M,=187.5 kN-m
Interaction ratio in gusset flexure
1.67 (Py-ec
{4 ( : _2> I =0.03
28 M 28

n
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Validation Results

The calculated ratios are compared with the output of Osoconn and if it is within a tolerance of
1% the result is deemed to be OK.

Table 6: Validation problem 5 results
Interaction Ratio

Check Calculated Osoconn Result
Bolt shear at brace check 0.104 0.104 OK
Bolt bearing at brace check 0.21 0.21 OK
Bolt bearing at gusset check 0.111 0.111 OK
Brace tension rupture check 0.177 0.177 OK
Brace block shear check 0.231 0.231 OK
Gusset tension yielding check 0.109 0.109 OK
Gusset tension rupture check 0.101 0.101 OK
Gusset block shear check 0.101 0.101 OK
Bolt shear at connection 1 0.12 0.12 OK
Bolt bearing at shear tab at connection 1 0.153 0.153 OK
Bolt bearing at gusset at connection 1 0.08 0.08 OK
Gusset shear yielding at connection 1 0.078 0.078 OK
Gusset shear rupture at connection 1 0.085 0.085 OK
Gusset plate block shear at connection 1 0.12 0.125 OK
Gusset flexure yielding at connection 1 0.043 0.044 OK
Shear tab shear yielding at connection 1 0.141 0.141 OK
Shear tab shear rupture at connection 1 0.181 0.181 OK
Shear tab block shear at connection 1 0.147 0.147 OK
Shear tab flexure yielding at connection 1 0.075 0.075 OK
Weld check at connection 1 0.179 0.179 OK
Shear tab rupture at weld check 0.183 0.183 OK
Web rupture at weld at connection 1 0.118 0.118 OK
Bolt shear at connection 2 0.1 0.1 OK
Bolt bearing at gusset plate at connection 2 0.068 0.068 OK
Bolt bearing at beam web at connection 2 0.034 0.034 OK
Gusset shear yielding at connection 2 0.066 0.066 OK
Gusset shear rupture at connection 2 0.072 0.072 OK
Gusset plate block shear at connection 2 0.064 0.068 OK
Gusset flexure yielding at connection 2 0.03 0.026 OK
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2.7 Validation Problem 6

Problem Statement

Design a horizontal brace connection for a double angle 21L152X89X12.7 brace,
with'their back to back leg horizontal, framing into the junction between two
W460X74 and a W250X67 using the ASD method. The brace has an angle of 60
degrees.-with the W460. The brace has an axial force of 190kN. The beams are
of grad ASTM A992, angles and plates are of grade ASTM A36. The bolts are

ASTM 3125-A325 slip critical type.
2L152X89X12.7 H

Connection 2

gr‘
e

Connection 1

Wa60X74

Plan Section

Design Inputs

Material Properties

Material grade for plate ASTM A36
Yield strength F,,:=250 MPa
Tensile strength F,,=400 MPa

Material grade of beam ASTM A992
Yield strength Fyy:=345 MPa
Tensile strength F ;=450 MPa

Material grade of angles ASTM (AB6
Yield strength Fy,:=250 MPa
Tensile strength F,,:=400 MPa

Material grade for weld electrode E70XX
Tensile strength Frxx:=482 MPa

Material specification for bolts ASTM 3125 A325
Tensile strength F,;:=620 ksi
Shear strength F,, :=372 ksi

Young's modulus for steel E:=200000 MPa

Design Forces
Axial force in brace P:=190 kN
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Connection Geometry

Brace section
Thickness

Outstanding leg length
Back-to-back leg length
Gross. cross section area

Centroid of brace outstanding leg
Brace angle with horizontal

Beam section at connection 1

Section depth
Flange width
Flange thickness
Web thickness

Distance from outer~face to fillet edge

Beam section at connection. 2

Section depth
Flange width
Flange thickness
Web thickness

Distance from outer face to fillet edge

Gusset plate thickness

Gusset
Gusset
Gusset
Gusset
Gusset

dimension
dimension
cutout at
cutout at
extension

along
along

e, |
—i

-
-
koc; | # Connection 1
[} | il el
P

2L152X89X12.7
ty,:=12.7 mm
Loy =88.9 mm
lipy:==152 mm
Ay, :=5800 mm*
'y :=21.1 mm
6,,:=60 deg

W460X74

dp, =457 mm
bpp =191 mm
tp1:=14.5 mm
twp1 :=9.02 mm
Kpget1:=31.8 mm

W250X67

dp0 =257 mm
bpe =204 mm
L :==15.7 mm
twp :=8.89 mm
kpgern:i=33.3 mm

Gusset Plate

_stl

S === === - — g Beam 1

connection 1
connection 2

ty:=16 mm
g1:=500 mm
g>:=500 mm

connection 1
connection 2
at connection 2

Clip angle section

Thickness

Outstanding leg length
Welded leg length

7

c;:=150 mm
Cy:=150 mm
exy:=25 mm

LB89X89X9.5

t,:=9.53 mm
l,,:=88.9 mm
l;,:=88.9 mm



Bolt diameter

Bolt hole diameter

Slip coefficient (class A surface)
Boltd pretension

Number of bolts per row on brace
Number “of :bolts at connection 1
Number of bolts at connection 2

Bolt spacing

Bolt row spacing
Bolt gage on brace
Bolt gage on clip
Bolt gage on beam 2

Location of connection 1l from work point
Location of connection 2 from work point

Bolt edge distance on brace
Bolt edge distance on gusset
Bolt edge distance on clip

Clip to gusset weld thickness
Connection setback at connection 1

Beam bottom flange cope length at connection 2
Setback of beam at connection 2

Design Calculations
Connection forces
Shear per bolt at brace connection

P
Pb::
2 ny,

Component of brace force along connection 1
P,:=P-cos <9br>
Force per bolt along connection 1
P,

P =
b= e

Component of brace force along connection 2
P,:=P-sin <9br>

Force per bolt along connection 2
P,
Py i=—
ny
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dy:=22 mm
dbh =24 mm

pn=0.3

T ppe=176 kN
Ny i=

’I’Ll = 3

n2 = 5

s:=70 mm

$,.:=70 mm
Jpr =50 mm
g:=45 mm
Gpmeo =50 mm

loc,:=200 mm
locy:=200 mm

ed,:=30 mm
ed,:=30 mm
eds:=35 mm

w:=6 mm
sby:=12 mm

cpy:=0 mm
sbby:=12 mm

P,=31.667 kN

P,=95 kN

Py, =15.833 kN

P,=164:545 kN

Py, =32.909 kN



Bolt shear at brace to gusset connection
Nominal slip resistance of bolt

R,i=p1-1.13.T,, -2 R,=119.328 kN

Intéraction ratio in bolt shear

1.5 Py,
I := I =0.398
0 R, 0
Bolt bearing.-on brace check
Minimum clear .distance for bearing check
lcl =1man <5—dbh,€d1—0.5'dbh> lclz 18 mm
Nominal strength «in bearing
Ryi=min (1.2« 1y oty Fq, 2.4+ dye ty, - Fyp) R,=109.728 kN
Interaction ratio in bolt bearing at brace
2.0:0.5 P,
Nl I =0.289
! R, 1
Bolt bearing on gusset check
Minimum clear distance for bearing on gusset
ch =1min <8—dbh,€d2—0.5'dbh> lclz 18 mm
Nominal strength in bearing
Ry i=min (1.2+lp 1, Fy,,2.4-dye 1, F,) R,=138.24 kN
Interaction ratio in bolt bearing at gusset
2.0 P,
I = I =0.458
2 R, 2
Brace tension rupture check
Net cross section area of brace
Appri=App— 4 dyp,+ by, A, =4580.8 mm’®
Length of connection
lbr =S (nbr— ]_> lbr: 140 mm
Shear lag factor i
Ui=1— b U=0.849
lbr
Brace strength in tension rupture
P,:=F,-U-A,, P,=1556.163 kN
Interaction ratio for brace tension rupture
2.0P
I = I =0.244
3 P 3

n
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Brace block shear check
Gross area 1in shear

Agyi=2 ((ng,—1) - s+ed;) - ty, A,,=4318 mm’
Net (area in shear

Anv ::Agv_2 = <nbr_0'5> 'dbh'tbr Anv:2794 mm2
Net areain tension

Apyi=2 (L — Gor— 1.5+ dyp) = Ty A,;=1676.4 mm’

Nominal strength block shear
Rnl ::0'6'Fua'Anv+Fua'Ant

Rn2 :=0.6 'Fya'Agv+Fua'Ant
R, :==min (R,;,Rs) R,=1318.26 kN

Interaction ratio in block:/shear

2.0 P
I := - I =0.288
4 R, 4
Gusset tension yielding check
Length of Whitmore section
ly:=2+1.-tan (30 deg) +s, l,=231.658 mm

Nominal strength of gusset in yielding

P, i=F, 1, P, =926.632 kN

g

Interaction ratio in tension yielding

7 1.67 P
5 P,

n

I5 =0.342

Gusset tension rupture check
Net area of gusset in tension

A= (ly—2 dy,) -t A,,=2938.529 mm*

g

Nominal strength of gusset in rupture
P, ::Fup-Ang P,=1175.412"kN

80



Interaction ratio in tension rupture

7 20P
6 P,

n

Gusset block shear check
Gross”area in shear

Agyi=2 ((ny,—1)+s+edy) -1,

Net area in shear

Anv ::Agv = <2 *Npyr — 1> * dbh * tg

Net area in tension
Ant = <8r = dbh> * tg

Nominal strength block shear
R,;:=0.6 -Fup-Am +F,, <A,

R,3:=0.6-F,,+ A, +F,, A,
Rn =Mman <Rn1 ’ Rn2>

Interaction ratio in block shear

7 20P
7 R

n

Bolt shear at connection 1
Nominal slip resistance of bolt
Rn::;u-l.13-Tpre

Interaction ratio in bolt shear
e 1.5 Py,
8 R,

Bolt bearing at clip angle at connection 1
Clear distance between bolt holes/ hole and edge
lCZ:m'l.'n<S—dbh,€d3—0.5°dbh>

Nominal strength in bearing

R, :=min <1.2-lc-ta°Fua,2-4’db‘ta'Fua>
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I =0.323
6

Ay, =5440 mm’®

A,,=3520 mm?

A, =736 mm’

R,=1110.4 kN

I =0.342
7

R, =59.664 kN

I8 =0.398

l.=23 mm

R,=105.211 kKN



Interaction ratio in bolt bearing
2.0 Py,

I e ———

9 R,

Bolt bearing at beam web at connection 1
Nominal .strength in bearing

Rn =min <12 U <8_dbh> 'twbl 'F’ub? 2'4.db.t’wb1 .F’ub)

Interaction ratio in bolt bearing
2.0 Py,
I R ——
10 R,

Gusset shear yielding at connection 1
Nominal shear strength of gusset in yielding
Rn:ZO’G.pr.<gl_cl>.tg

Interaction ratio in gusset yieldling
1.5 P,
I :=

1 R

n

Gusset plate block shear at connection 1

Length of gusset to column clip
Ll:: <n1—1>‘8+2 6d3

Distance of gusset outer edge from work point
locy, =g, —ex,

Distance of gusset inner edge from work point

locg;:=c,—exy,—if|c,=0,0, (lm—sb1> %
2

Outer edge distance for clip on gusset

edg,:=locy,—loc; — Ly

Inner edge distance for clip on gusset
edg;:=loc, —locy

Minimum edge distance for clip on gusset
edg,:=min (edgo , edgi>

Gross area subjected to block shear
Agv = <L1 +€dg> 'tg

Net area subjected to tension

Ant = <lia _Sb1> * tg

Nominal strength in block shear
Rn::O.G-Fya-Agv+Fua-Ant
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I =0.301
9

R, =214.315 kN

I =0.148
10

R,=840 kKN
I =0.17

11

L,;=210 mm

locy, =475 mm

loc,;=48.1 mm

ed,,=65 mm

ed,;=151.9 mm

edg =65 mm

A,,=4400 mm’

A,,=1230.4mm’

R,=1152.16 kN



Interaction ratio in block shear
2.0 P,

I =
12 R

mn

Gusset flexure yielding at connection 1
Eccentricity of force at connection 1
ecy ::C2+5b1+0.5 twbl

Nominal moment strenght of gusset
2
Fypety- g
4

n

Interaction ratio-in gusset flexure
1.67 (Py-ec,)
s M,

Clip angle shear yielding at connection 1
Length of gusset to column/clip
L,:= <’n1—1>-8+2 eds

Gross area in shear

AgU::2-L1-ta

Nominal strength in shear yielding
Rn::0.6-Fya-Agv

Interaction ratio in shear yielding
1.5 P,
I =

14 R

n

Clip angle shear rupture at connection 1
Net area in shear

Anv ::Agv_z *Ty 'dbh°ta

Nominal strength in shear rupture
R,:=0.6-F, ,-A,,

Interaction ratio in shear rupture
2.0 P,
I =
15 R

n

Clip angle block shear at connection 1
Gross area subjected to block shear

Agyi=2- (L —eds)-t,

Net area subjected to block shear

A=Ay =2+ (n;—=0.5) «dy,+ t,

83

I =0.165
12

ec;=6.556 in

M, =250 kN -m

I =0.106
13

L;=210 mm

A,,=4002.6 mm’

R, =600.39 kN

I =0.237
14

A,,=2630.28 mm’

R, =631.267 kN

1-=0.301
15

A,,=3335.5 mm’

A,,=2191.9 mm’



Net area subjected to tension
Ant::<2'loa+tg_2'g_dbh>'ta

Nominal strength in block shear
Rnl :20'6'Fua'Anv+Fua'Ant

R, :=0.6-F A, +F,.- Ay
Rn I=man <Rn1 ) Rn2>

Interaction ratio in block shear

2.0 P,

6 R

mn

Weld check at connection 1

Ly

Length of horizontal run of weld

bw::lia_Sbl
Centroid of weld group b 2
w
c,, =—
Eccentricity of shear force
epi=li,—c

w ia— Cw

Polar moment of inertia of weld group

(2:b,+Ly)° 1 by * (by+1Ly)°

w*

12 2:b,+L,
Component of weld stress along x
Pieey Ly
f’ID$::—
4.1,
Component of weld stress along y
Pl Pl‘ew‘<bw—cw>
fuy= +
2+(2+b,+ L) 21,
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A,,=760.494 mm’

R, =804.523 kN

I =0.236
16

b,=76.9 mm

¢, =16.255 mm

€,=72.645 mm

1,=2674.44 cm®

For =035 SV
mm
Fuy=0.209 L
mm



Resultant weld stress

Fu=\/ fun® + fuy”

Nominal weld strength \[
2

Rn:ZO'G.FEXX. w

Interaction ratio for weld check

2.0 fy
7 R

n

Gusset rupture at weld at connection 1
Minimum web thickness to match weld strength

2.0:2-f,,
0.6+F,,

g.min =

Interaction ratio in web rupture

t

. “g.min
I1s'_—t
g
Bolt shear at connection 2
Nominal slip resistance of bolt

R,=p-113-T,,

Interaction ratio in bolt shear
7l 1.5 Py,
19 Rn

Bolt bearing at gusset plate at connection 2
Length of connection 2

Distance of gusset outer edge from work point
lOCgO ::g2+5b1+0.5 twbl

Distance of gusset inner edge from work point

. Ca

locgi ::C2+5b1+0-5 t’wbl_lf Cl =0,0, <gbm2+€.’L’2> L] s
1

Outer edge distance for clip on gusset
edg,:=locy,—locy— Ly

Inner edge distance for clip on gusset
edg;:=locy—locy,

Minimum edge distance for clip on gusset
edg,:=min (edgo , edgi>

Clear distance between bolt holes/ hole and edge
lCZ:m'l.'n<S—dbh,€dg—0.5°dbh>
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kN
fu=0.249 =
mm
R,=1.227 Lo\
mm
I =0.406
17

tgmin=4.148 mm

I =0.259
18

R, =13.413 kip

I =0.827
19

L,=11.024 in

loc,,=20.335 in

loc,;=3.603 in

édy,=1.437 in

ed,;=4.271 in

edg: 1.437 in

1.=0.965 in



Nominal strength in bearing

R, :=min (1.2+l -t - F,,,2.4dy-t,-F,,) R, =42.317 kip

Interaction ratio in bolt bearing
20P

[ =" I =0.35

20 R, 20
Bolt bearing at beam flange at connection 2
Edge distance. of bolt to beam flange edge

edy:=locy,—cpy,—sbby—0.5 1,40 ed,=183.555 mm

Clear distance between bolt holes/ hole and edge
lc =min <S—dbh,€db—0.5 .dbh> lC:46 mm

Nominal strength in “bearing
Ryi=min (1.2l o tpye Fuy, 2.4 dytpy - Fyp) R,=373.032 kN

Interaction ratio in bolt bearing

2.0 Py,
I =0~ I =0.176
21 Rn 21
Gusset shear yielding at connection 2
Gross area in shear
A= (go—cy) 1, A,=8.68 in’
Nominal shear strength of gusset in yielding
R, ::0.6-pr-Ag R,=188.84 kip
Interaction ratio in gusset yieldling
1.5 P,
I = I =0.294
22 Rn 22
Gusset shear rupture at connection 2
Net area in shear
A=A, —ny e dy, -, A, =5.704 in’
Nominal shear strength of gusset in rupture
R,:=0.6-F,,-A, R,=198.551 kip
Interaction ratio in shear rupture
2.0 P,
I = I =0.373
23 Rn 23
Gusset plate block shear at connection 2
Gross area subjected to block shear
Agyi=(Ly+edy) - t, A,,=5064.16 mm”
Net area subjected to block shear
A,pi=Ag,— (15— 0.5) « dyy - 8, A,,=3336.16 mm?
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Net area subjected to tension

A= <gbm2 +exry—0.5 dbh> = tg

Nominal strength in block shear

Rnl :20'6'Fua'Anv+Fua'Ant
Rn2 ::O'G'Fya'Agv+Fua'Ant

Rn =man <Rn1 ’ Rn2>

Interaction ratio in block

shear

2.0 P,

24

Gusset flexure yielding at connection 2

R

n

Eccentricity of force'at connection 2

€Cy:=1max <01 —exs,, 0>

Nominal moment strenght of

n-

gusset

2
Eypety- 9o
4

Interaction ratio in gusset flexure

167 (Py-ecs)

25

M

n

A,,;=1008 mm’

R,=(1.163-10°) kN

I =0.283
24

ecy =125 mm

M, =250 kN -m

I =0.137
25
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Validation Results

The calculated ratios are compared with the output of Osoconn and if it is within a tolerance of
1% the result is deemed to be OK.

Table 7: Validation problem 6 results
Interaction Ratio

Check Calculated Osoconn Result
Bolt shear at brace check 0.398 0.398 OK
Bolt bearing at brace check 0.289 0.289 OK
Bolt bearing at gusset check 0.458 0.458 OK
Brace tension rupture check 0.244 0.244 OK
Brace block shear check 0.288 0.288 OK
Gusset tension yielding check 0.342 0.342 OK
Gusset tension rupture check 0.323 0.323 OK
Gusset block shear check 0.342 0.342 OK
Bolt shear at connection 1 0.398 0.398 OK
Bolt bearing at clip angle at connection 1 0.301 0.301 OK
Bolt bearing at beam web at connection 1 0.148 0.148 OK
Gusset shear yielding at connection 1 0.17 0.17 OK
Gusset plate block shear at connection 1 0.165 0.165 OK
Gusset flexure yielding at connection 1 0.106 0.106 OK
Clip angle shear yielding at connection 1 0.237 0.237 OK
Clip angle shear rupture at connection 1 0.301 0.301 OK
Clip angle block shear at connection 1 0.236 0.236 OK
Weld check at connection 1 0.406 0.406 OK
Gusset rupture at weld at connection 1 0.259 0.259 OK
Bolt shear at connection 2 0.827 0.827 OK
Bolt bearing at gusset plate at connection 2 0.35 0.35 OK
Bolt bearing at beam web at connection 2 0.176 0.176  OK
Gusset shear yielding at connection 2 0.294 0.294 OK
Gusset shear rupture at connection 2 0.373 0.373 OK
Gusset plate block shear at connection 2 0.283 0.283 OK
Gusset flexure yielding at connection 2 0.137 0.137 OK

88



3 Osoconn Output

3.1 Validation problem 1

Osoconn

vi.1

Connection code : HBOO1AM10
Connection ID : HBOO1_1

Connection is 0K
Maximum interaction ratio

Design method
Brace axial force (P)

Beam
Beam
Beam

steel grade
yield strength
tensile strength

Angle steel grade
Angle yield strength
Angle tensile strength

Plate steel grade
Plate yield strength
Plate tensile strength

Number of bolts in gusset to brace connection
Number of bolt rows in gusset to brace connection
Number of bolts in connection 1 (nl)

Number of bolts in connection 2 (n2)

Bolt
Bolt
Bolt
Bolt
Bolt
Bolt
Bolt
Bolt

Weld
Weld

grade

nominal tensile strength

type

thread in shear plane

diameter

gage on brace angle

spacing

distance to edge on brace in the direction of force

electrode
tensile strength

Brace section

Brace angle from beam at connection 1 (theta)
Orientation of back to back legs
Outstanding leg type

Gusset plate thickness

89

LRFD
35.000 kip

ASTM A36
36.000 ksi
58.000 ksi

ASTM A36
36.000 ksi
58.000 ksi

ASTM A36
36.000 ksi
58.000 ksi

w W= W

ASTM A325
90.000 ksi
Friction
Yes

0.875 in
1.750 in
2.500 in
1.250 in

E70
70.000 ksi

2 X L3-1/2X3-1/2X3/8
45.000 deg
Horizontal
Short Leg



Gusset dimension along connection 1 15.000 in

Gusset dimension along connection 2 15.000 in
Gusset cutout along connection 1 4.000 in
Gusset cutout along connection 2 4.000 in
Connection type at connection 1 Clip Angle
Connection type at connection 2 Clip Angle

Clip angles at connection to beam 2 X L3-1/2X3X3/8

I
|
I
|
I
|
I
I
|
Thickness of clip to gusset weld | 0.250 in
Bolt gage on clip angle | 1.750 in
I
Section property of beam at connection 1 | W12x40
Thickness of web | 0.295 in
Thickness of flange | 0.515 in
Width of fange | 8.010 in
Section property of beam at connection 2 | W14x48
Thickness of web | 0.340 in
Thickness of flange | 0.595 in
Width of fange | 8.030 in
_______________________________________________________________________ o
Design Calculation
_______________________________________________________________________ o
|
Bolt shear at brace check: |
Nominal strength of bolts in shear (Rn) | 79.326 kip
LRFD factor in bolt shear (phi) | 1.000
Allowable strength in bolt shear |
[Ra=phi*Rn] | 79.326 kip
Interaction ratio in bolt shear
[P/Ra] | 0.441
I
Bolt bearing at brace check:
Shear force per bolt in brace connection (Pb) | 11.667 kip
Nominal strength in bolt bearing at brace (Rn) | 20.391 kip
LRFD factor in bolt bearing (phi) | 0.750
Allowable strength in bolt bearing at brace
[Ra=phi*Rn] | 15.293 kip
Interaction ratio in bolt bearing at brace |
[Pb/ (2*Ra) ] | 0.381
I
Bolt bearing at gusset check:
Nominal strength in bolt bearing at gusset plate | 27.188 kip
LRFD factor in bolt bearing (phi) | 0.750
Allowable strength in bolt bearing at gusset
[Ra=phi*Rn] | 20.391 kip
Interaction ratio in bolt bearing at gusset plate |
[Pb/Ra] | 0.572
I
Brace tension rupture check:
Gross area of brace | 56.000 in~2
Shear Lag Factor (U) | 0.800
Net area of brace (An) | 4.297 in~2
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Effective area for tensile rupture
[Ae=Anx*U]

Nominal strength in brace rupture (Pn)

LRFD factor in tension rupture (phi)

Allowable strength in brace rupture
[Pa=phi*Pn]

Interaction ratio in brace rupture
[P/Pa]

Brace block shear check:

Gross area in shear

Net area in shear

Net area in tension

Nominal block shear strength at brace (Rn)

LRFD factor in block shear (phi)

Alloable block shear strength at brace
[Ra=phi*Rn]

Interaction ratio in block shear at brace
[P/Ral

Gusset tension yielding check:

Lenght of Whitmore section

Gusset plate area in tension yielding

Nominal strength in gusset yielding (Pn)

LRFD factor in tension yielding
[phil

Allowable strength of gusset tension yielding
[Pa=phi*Pn]

Interaction ratio in gusset plate tension yielding

[P/Pa]

Gusset tension rupture check:

Gusset plate net area in tension

Nominal strength in gusset rupture (Pn)

LRFD factor in tension rupture
[phil

Allowable strength of gusset tension rupture
[Pa=phi*Pn]

Interaction ratio in gusset plate tension rupture
[P/Pa]

Connection 1 Checks
Component of brace force along connection 1
[P1=P*cos(theta)]
Force per bolt in connection 1
[Pb1=P1/n1]

Bolt shear check:
Nominal strength in bolt shear (Rn)
LRFD factor in bolt shear (phi)
Allowable strength in bolt shear
[Ra=phi*Rn]
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3.438 in"2
199.375 kip
0.750
149.531 kip
0.234

4.688 in"2
2.930 in"2
0.961 in"2
156.984 kip
0.750
117.738 kip
0.297

5.774 in
5.000 in"2
103.923 kip
0.900
93.531 kip
0.374

2.418 in"2
140.244 kip
0.750

105.183 kip

0.333

24.749 kip
4.125 kip
13.221 kip
1.000

13.221 kip



Interaction ratio in bolt shear
[Pb1/Ral

Bolt bearing at clip angle check:

Nominal strength in bolt bearing at clip angle (Rn)

LRFD factor in bolt bearing (phi)

Allowable strength in bolt bearing at clip angle
[Ra=phi*Rn]

Interaction ratio in bolt bearing at clip angle
[Pb1/Ral

Bolt bearing at beam web check:
Nominal strength in bolt bearing at beam web (Rn)
LRFD factor in bolt bearing (phi)
Allowable strength in bolt bearing at beam web
[Ra=phi*Rn]
Interaction ratio in bolt bearing at beam web
[Pb1/Ral

Gusset shear yielding check:

Gusset plate shear area

Nominal shear strength of gusset in yielding (Rn)

LRFD factor in shear yielding (phi)

Allowable shear strength of gusset in yielding
[Ra=phi*Rn]

Interaction ratio in shear yielding at gusset
[P1/Ra]

Gusset plate block shear check:

Gross area in shear for block shear rupture

Net area in shear for block shear rupture

Net area in tension for block shear rupture

Nominal strength in block shear at gusset (Rn)

LRFD factor in BLOCK shear (phi)

Allowable strength in block shear at gusset plate
[Ra=phi*Rn]

Interaction ratio in block shear at gusset plate
[P1/Ra]

Gusset flexure yielding check:
Eccentricity of force at connection (e)

Nominal flexure strength of gusset in yielding (Mn)

LRFD factor in flexure yielding (phi)

Allowable flexure strength of gusset in yielding
[Ma=phi*Mn]

Interaction ratio in flexure yielding at gusset
[P1xe/Mal

Clip angle shear yielding check:
Gross area in shear

Nominal shear yielding strength of connecting element (Rn)

LRFD factor in shear yielding (phi)

Allowable shear yielding strength of connecting element
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0.312
17.128 kip
0.750
12.846 kip
0.321
32.081 kip
0.750
24.061 kip
0.171

5.500 in"2
118.800 kip
1.000
118.800 kip
0.208

4.835 in"2
4.835 in"2
1.250 in~2

176.936 in~2
0.750

132.702 kip
0.186

4.647 in
1012.500 kip in
0.900

911.250 kip in
0.126

5.438 in~2

117.450 kip
1.000



[Ra=phi*Rn]
Interaction ratio in shear yielding of element
[P1/Ral

Clip angle shear rupture check:

Connecting element net area in shear

Nominal shear strength of connecting element in rupture (Rn)

LRFD factor in shear rupture (phi)

Allowable shear strength of connecting element in rupture
[Ra=phi*Rn]

Interaction ratio in shear rupture of connecting element
[P1/Ra]

Clip angle block shear check:

Gross area in shear for block shear rupture

Net area in shear for block shear rupture

Net area in tension for block shear rupture

Nominal strength in block shear at shear tab (Rn)

LRFD factor in block shear (phi)

Allowable strength in block shear at connecting element
[Ra=phi*Rn]

Interaction ratio in block shear at connecting element
[P1/Ral

Weld check:
Maximum stress in weld (f)
Nominal weld strength (fn)
LRFD factor for weld strength(phi)
Allowable weld strength
[fa=phi*fn]
Interaction ratio for weld strength

[f/fa]

Gusset rupture at weld check:
Nominal strength of gusset at weld (Rn)
LRFD factor for rupture at weld (phi)
Allowable strength of gusset rupture at weld
[Ra=phi*Rn]
Interaction ratio for gusset rupture at weld
[P1/Ra]

Connection 2 Checks
Component of brace force along connection 2
[P2=P*sin(theta)]
Force per bolt in connection 2
[Pb2=P2/n2]

Bolt shear check:
Nominal strength in bolt shear (Rn)
LRFD factor in bolt shear (phi)
Allowable strength in bolt shear
[Ra=phi*Rn]
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117.450 kip
0.211

3.328 in"2
115.819 kip
0.750

86.864 kip
0.285

4.594 in"2
2.836 in"2
1.148 in"2
165.300 kip
0.750
123.975 kip
0.200

1.920 kip/in
7.423 kip/in
0.750

5.568 kip/in
0.345

17.400 kip/in
0.750

13.050 kip/in

0.294

24.749 kip
4.125 kip
13.221 kip
1.000

13.221 kip



Interaction ratio in bolt shear
[Pb2/Ra]

Bolt bearing at clip angle check:

Nominal strength in bolt bearing at clip angle (Rn)

LRFD factor in bolt bearing (phi)

Allowable strength in bolt bearing at clip angle
[Ra=phi*Rn]

Interaction ratio in bolt bearing at clip angle
[Pb2/Ral

Bolt bearing at beam web check:
Nominal strength in bolt bearing at beam web (Rn)
LRFD factor in bolt bearing (phi)
Allowable strength in bolt bearing at beam web
[Ra=phi*Rn]
Interaction ratio in bolt bearing at beam web
[Pb2/Ral

Gusset shear yielding check:

Gusset plate shear area

Nominal shear strength of gusset in yielding (Rn)

LRFD factor in shear yielding (phi)

Allowable shear strength of gusset in yielding
[Ra=phi*Rn]

Interaction ratio in shear yielding at gusset
[P2/Ra]

Gusset block shear check:

Gross area in shear for block shear rupture

Net area in shear for block shear rupture

Net area in tension for block shear rupture

Nominal strength in block shear at gusset (Rn)

LRFD factor in BLOCK shear (phi)

Allowable strength in block shear at gusset plate
[Ra=phi*Rn]

Interaction ratio in block shear at gusset plate
[P2/Ra]

Gusset flexure yielding check:
Eccentricity of force at connection (e)

Nominal flexure strength of gusset in yielding (Mn)

LRFD factor in flexure yielding (phi)

Allowable flexure strength of gusset in yielding
[Ma=phi*Mn]

Interaction ratio in flexure yielding at gusset
[P1xe/Mal

Clip angle shear yielding check:
Gross area in shear

Nominal shear yielding strength of connecting element (Rn)

LRFD factor in shear yielding (phi)

Allowable shear yielding strength of connecting element
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0.312
17.128 kip
0.750
12.846 kip
0.321
36.975 kip
0.750
27.731 kip
0.149

5.500 in"2
118.800 kip
1.000
118.800 kip
0.208

4.824 in~2
4.824 in"2
1.250 in"2

176.693 in~2
0.750

132.520 kip
0.187

4.670 in
1012.500 kip in
0.900

911.250 kip in
0.127

5.438 in~2

117.450 kip
1.000



[Ra=phi*Rn]
Interaction ratio in shear yielding of element
[P2/Ral

Clip angle shear rupture check:

Connecting element net area in shear

Nominal shear strength of connecting element in rupture (Rn)

LRFD factor in shear rupture (phi)

Allowable shear strength of connecting element in rupture
[Ra=phi*Rn]

Interaction ratio in shear rupture of connecting element
[P2/Ra]

Clip angle block shear check:

Gross area in shear for block shear rupture

Net area in shear for block shear rupture

Net area in tension for block shear rupture

Nominal strength in block shear at shear tab (Rn)

LRFD factor in block shear (phi)

Allowable strength in block shear at connecting element
[Ra=phi*Rn]

Interaction ratio in block shear at connecting element
[P2/Ra]

Weld check:
Maximum stress in weld (f)
Nominal weld strength (fn)
LRFD factor for weld strength(phi)
Allowable weld strength
[fa=phi*fn]
Interaction ratio for weld strength

[f/fa]

Gusset rupture at weld check:
Nominal strength of gusset at weld (Rn)
LRFD factor for rupture at weld (phi)
Allowable strength of gusset rupture at weld
[Ra=phi*Rn]
Interaction ratio for gusset rupture at weld
[P2/Ra]

3.2 Validation problem 2

Osoconn vi1.1
Connection code : HBOO1AM10
Connection ID : HBOO1_2

Connection is 0K
Maximum interaction ratio

Design Input
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117.450 kip
0.211

3.328 in"2
115.819 kip
0.750

86.864 kip
0.285

4.594 in"2
2.836 in"2
1.148 in~2
165.300 kip
0.750
123.975 kip
0.200

1.920 kip/in
7.423 kip/in
0.750

5.568 kip/in
0.345

17.400 kip
0.750

13.050 kip

0.294



LRFD
45.000 kip

Design method
Brace axial force (P)

ASTM A36
36.000 ksi
58.000 ksi

Beam steel grade
Beam yield strength
Beam tensile strength

ASTM A36
36.000 ksi
58.000 ksi

Angle steel grade
Angle yield strength
Angle tensile strength

Plate steel grade ASTM A36

Plate yield strength 36.000 ksi
Plate tensile strength 58.000 ksi
Number of bolts in gusset to brace connection 3

Number of bolt rows in gusset to brace connection 1

Number of bolts in connection 1 (nl) 5

Number of bolts in connection 2 (n2) 4

Bolt grade ASTM A325
Bolt nominal tensile strength 90.000 ksi
Bolt type Bearing
Bolt thread in shear plane Yes

Bolt gage on brace angle 1.750 in
Bolt spacing 2.500 in
Bolt distance to edge on brace in the direction of force 1.250 in
Weld electrode E70

Weld tensile strength 70.000 ksi

2 X L4X3X3/8

+
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Bolt diameter | 0.875 in
|
|
|
|
|
|
|

Brace section |

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Brace angle from beam at connection 1 (theta) 35.000 deg
Orientation of back to back legs Vertical
Outstanding leg type Short Leg
Gusset plate thickness 0.500 in
Gusset dimension along connection 1 20.000 in
Gusset dimension along connection 2 20.000 in
Gusset cutout along connection 1 4.000 in
Gusset cutout along connection 2 4.000 in
Connection type at connection 1 Shear Tab
Connection type at connection 2 Shear Tab
Thickness of shear tab 0.500 in
Thickness of shear tab to beam weld 0.250 in
Bolt gage on shear tab (gs) 1.750 in
Section property of beam at connection 1 W10X30
Thickness of web 0.300 in

96



Thickness of flange

|
Width of fange | 5.810 in
Section property of beam at connection 2 | W10X19
Thickness of web | 0.250 in
Thickness of flange | 0.395 in
Width of fange | 4.020 in
_______________________________________________________________________ o
Design Calculation
_______________________________________________________________________ o
|
Bolt shear at brace check: |
Nominal strength of bolts in shear (Rn) | 194.853 kip
LRFD factor in bolt shear (phi) | 0.750
Allowable strength in bolt shear
[Ra=phi*Rn] | 146.140 kip
Interaction ratio in bolt shear
(P/Ra] | 0.308
|
Bolt bearing at brace check: I
Shear force per bolt in brace connection (Pb) | 7.500 kip
Nominal strength in bolt bearing at brace (Rn) | 20.391 kip
LRFD factor in bolt bearing (phi) | 0.750
Allowable strength in bolt bearing at brace
[Ra=phi*Rn] | 15.293 kip
Interaction ratio in bolt bearing at brace |
[Pb/Ra] | 0.490
|
Bolt bearing at gusset check: |
Nominal strength in bolt bearing at gusset plate | 27.188 kip
LRFD factor in bolt bearing (phi) | 0.750
Allowable strength in bolt bearing at gusset
[Ra=phi*Rn] | 20.391 kip
Interaction ratio in bolt bearing at gusset plate |
[Pb/Ral | 0.368
|
Brace tension rupture check:
Gross area of brace | 4.980 in~2
Shear Lag Factor (U) | 0.845
Net area of brace (An) | 4.277 in~2
Effective area for tensile rupture
[Ae=Anx*U] | 3.614 in"2
Nominal strength in brace rupture (Pn) | 209.610 kip
LRFD factor in tension rupture (phi) | 0.750
Allowable strength in brace rupture
[Pa=phi*Pn] | 157.207 kip
Interaction ratio in brace rupture
[P/Pa] | 0.286
|
Brace block shear check: |
Gross area in shear | 4.688 in"2
Net area in shear | 2.930 in"2
Net area in tension | 1.336 in"2
Nominal block shear strength at brace (Rn) | 178.734 kip
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LRFD factor in block shear (phi)

Alloable block shear strength at brace
[Ra=phi*Rn]

Interaction ratio in block shear at brace
[P/Ra]

Gusset tension yielding check:

Lenght of Whitmore section

Gusset plate area in tension yielding

Nominal strength in gusset yielding (Pn)

LRFD factor in tension yielding
[phil]

Allowable strength of gusset tension yielding
[Pa=phi*Pn]

Interaction ratio in gusset plate tension yielding

[P/Pa]

Gusset tension rupture check:

Gusset plate net area in tension

Nominal strength in gusset rupture (Pn)

LRFD factor in tension rupture
[phil

Allowable strength of gusset tension rupture
[Pa=phi*Pn]

Interaction ratio in gusset plate tension rupture
[P/Pa]

Gusset block shear check:

Gross area in shear

Net area in shear

Net area in tension

Nominal strength of gusset in block shear (Rn)

LRFD factor in block shear (phi)

Allowable strength og gusset in block shear
[Ra=phi*Rn]

Interaction ratio in block shear at gusset plate
[P/Ra]

Connection 1 Checks
Component of brace force along connection 1
[P1=P*cos (theta)]
Force per bolt in connection 1
[Pb1=P1/n1]

Bolt shear check:
Nominal strength in bolt shear (Rn)
LRFD factor in bolt shear (phi)
Allowable strength in bolt shear
[Ra=phi*Rn]
Interaction ratio in bolt shear
[Pb1l/Ral
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0.750
134.051 kip
0.336

9.524 in
4.980 in"2
171.423 kip
0.900
154.281 kip
0.292

3.824 in"2
221.807 kip
0.750
166.355 kip
0.271

6.250 in"2
3.906 in"2
1.406 in~2
216.562 kip
0.750
162.422 kip
0.277
36.862 kip
7.372 kip
32.476 kip
0.750
24.357 kip
0.303



Bolt bearing at shear tab check:

Nominal strength in bolt bearing at shear tab (Rn)

LRFD factor in bolt bearing (phi)

Allowable strength in bolt bearing at shear tab
[Ra=phi*Rn]

Interaction ratio in bolt bearing at shear tab
[Pb1/Ral

Bolt bearing at gusset check:
Nominal strength in bolt bearing at gusset (Rn)
LRFD factor in bolt bearing (phi)
Allowable strength in bolt bearing at gusset
[Ra=phi*Rn]
Interaction ratio in bolt bearing at gusset
[Pb1/Ra]l

Gusset shear yielding check:
Gusset plate shear area

Nominal shear strength of gusset in yielding (Rn)

LRFD factor in shear yielding (phi)

Allowable shear strength of gusset in yielding
[Ra=phi*Rn]

Interaction ratio in shear yielding at gusset
[P1/Ral

Gusset shear rupture check:

Gusset gross area in shear

Gusset net area in shear

Nominal shear strength of gusset in rupture (Rn)

LRFD factor in shear rupture (phi)

Allowable shear strength of gusset in rupture
[phi*Rn]

Interaction ratio in shear rupture of gusset
[P1/Ral

Gusset plate block shear check:
Gross area in shear for block shear rupture
Net area in shear for block shear rupture
Net area in tension for block shear rupture
Nominal strength in block shear at gusset (Rn)
LRFD factor in BLOCK shear (phi)

Allowable strength in block shear at gusset plate

[Ra=phi*Rn]
Interaction ratio in block shear at gusset plate
[P1/Ral

Gusset flexure yielding check:
Eccentricity of force at connection (e)

Nominal flexure strength of gusset in yielding (Mn)

LRFD factor in flexure yielding (phi)

Allowable flexure strength of gusset in yielding
[Ma=phi*Mn]

Interaction ratio in flexure yielding at gusset
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22.837 kip
0.750

17.128 kip
0.430
54.375 kip
0.750
40.781 kip
0.181

8.000 in"2
172.800 kip
1.000
172.800 kip
0.213

8.000 in"2
5.656 in"2
196.837 kip
0.750
147.628 kip
0.250

6.750 in"2
4.641 in~2
0.391 in"2
168.456 in~2
0.750
126.342 kip
0.292

4.650 in
1800.000 kip in

0.900

1620.000 kip in



[P1xe/Ma]

Shear tab shear yielding check:

Gross area in shear

Nominal shear yielding strength of connecting element (Rn)

LRFD factor in shear yielding (phi)

Allowable shear yielding strength of connecting element
[Ra=phi*Rn]

Interaction ratio in shear yielding of element
[P1/Ral

Shear tab shear rupture check:

Connecting element net area in shear

Nominal shear strength of connecting element in rupture (Rn)

LRFD factor in shear rupture (phi)

Allowable shear strength of connecting element in rupture
[Ra=phi*Rn]

Interaction ratio in shear rupture of connecting element
[P1/Ral

Shear tab block shear check:

Gross area in shear for block shear rupture

Net area in shear for block shear rupture

Net area in tension for block shear rupture

Nominal strength in block shear at shear tab (Rn)

LRFD factor in block shear (phi)

Allowable strength in block shear at connecting element
[Ra=phi*Rn]

Interaction ratio in block shear at connecting element
[P1/Ral

Shear tab flexure yeilding check:
Nominal flexure yeilding strength of connecting element (Mn)
LRFD factor in flexure (phi)
Allowable strength of connecting element in flexure
[Ma=phi*Mn]
Interaction ratio in flexure yielding of connecting element
[P1*gs/Mal

Weld check:
Maximum stress in weld (f)
Nominal weld strength (fn)
LRFD factor for weld strength(phi)
Allowable weld strength
[fa=phi*fn]
Interaction ratio for weld strength

[£/fa]

Shear tab rupture at weld check:
Nominal strength of shear tab rupture at weld (Rn)
LRFD factor for rupture at weld (phi)
Allowable strength of shear tab rupture at weld
[Ra=phi*Rn]
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0.106

6.125 in~2
132.300 kip
1.000

132.300 kip
0.279

3.781 in~2
131.587 kip
0.750

98.691 kip
0.374

5.562 in~2
3.453 in~2
0.641 in~2
157.306 kip
0.750

117.980 kip
0.312

675.281 kip in
0.900

607.753 kip in
0.106

1.982 kip/in
7.423 kip/in
0.750

5.568 kip/in
0.356

17.400 kip/in

0.750

13.050 kip/in



Interaction ratio for shear tab rupture at weld
[P1/Ral

Beam web rupture at weld check:
Nominal strength of beam web at weld (Rn)
LRFD factor for rupture at weld (phi)
Allowable strength of beam web rupture at weld
[Ra=phi*Rn]
Interaction ratio for beam web rupture at weld
[P1/Ral

Connection 2 Checks
Component of brace force along connection 2
[P2=P*sin(theta)]
Force per bolt in connection 2
[Pb2=P2/n2]

Bolt shear check:
Nominal strength in bolt shear (Rn)
LRFD factor in bolt shear (phi)
Allowable strength in bolt shear
[Ra=phi*Rn]
Interaction ratio in bolt shear
[Pb2/Ral]

Bolt bearing at shear tab check:
Nominal strength in bolt bearing at shear tab (Rn)
LRFD factor in bolt bearing (phi)
Allowable strength in bolt bearing at shear tab
[Ra=phi*Rn]
Interaction ratio in bolt bearing at shear tab
[Pb2/Ra]

Bolt bearing at gusset check:
Nominal strength in bolt bearing at gusset (Rn)
LRFD factor in bolt bearing (phi)
Allowable strength in bolt bearing at gusset
[Ra=phi*Rn]
Interaction ratio in bolt bearing at gusset
[Pb2/Ral

Gusset shear yielding check:

Gusset plate shear area

Nominal shear strength of gusset in yielding (Rn)

LRFD factor in shear yielding (phi)

Allowable shear strength of gusset in yielding
[Ra=phi*Rn]

Interaction ratio in shear yielding at gusset
[P2/Ra]

Gusset shear rupture check:
Gusset gross area in shear

101

0.304

10.440 kip/in

0.750

7.830 kip/in

0.253
25.811 kip
6.453 kip
32.476 kip
0.750
24.357 kip
0.265
22.837 kip
0.750
17.128 kip
0.377
54.375 kip
0.750
40.781 kip
0.158
8.000 in"2
172.800 kip
1.000
172.800 kip
0.149
8.000 in"2



Gusset net area in shear 6.125 in~2
Nominal shear strength of gusset in rupture (Rn) 213.150 kip
LRFD factor in shear rupture (phi) 0.750
Allowable shear strength of gusset in rupture

[phi*Rn] 159.862 kip
Interaction ratio in shear rupture of gusset

[P2/Ra] 0.161

Gusset block shear check:

Gross area in shear for block shear rupture 5.612 in~2
Net area in shear for block shear rupture 3.972 in"2
Net area in tension for block shear rupture 0.391 in~2
Nominal strength in block shear at gusset (Rn) 143.886 in~2
LRFD factor in BLOCK shear (phi) 0.750
Allowable strength in block shear at gusset plate

[Ra=phi*Rn] 107.915 kip
Interaction ratio in block shear at gusset plate

[P2/Ra] 0.239

Gusset flexure yielding check:

Eccentricity of force at connection (e) 4.625 in
Nominal flexure strength of gusset in yielding (Mn) 1800.000 kip in
LRFD factor in flexure yielding (phi) 0.900

I
|
I
|
I
|
|
I
|
I
|
I
|
I
|
I
|
|
I
|
I
|
I
Allowable flexure strength of gusset in yielding
[Ma=phi*Mn] | 1620.000 kip in
Interaction ratio in flexure yielding at gusset |
[P1xe/Ma] | 0.074
|
|
I
|
I
|
I
|
I
|
I
|
|
I
|
I
|
I
|
I
|
I
|
|
I
|

Shear tab shear yielding check:

Gross area in shear 4.875 in~2
Nominal shear yielding strength of connecting element (Rn) 105.300 kip
LRFD factor in shear yielding (phi) 1.000
Allowable shear yielding strength of connecting element

[Ra=phi*Rn] 105.300 kip
Interaction ratio in shear yielding of element

[P2/Ra] 0.245

Shear tab shear rupture check:

Connecting element net area in shear 3.000 in~2
Nominal shear strength of connecting element in rupture (Rn) 104.400 kip
LRFD factor in shear rupture (phi) 0.750
Allowable shear strength of connecting element in rupture

[Ra=phi*Rn] 78.300 kip
Interaction ratio in shear rupture of connecting element

[P2/Ra] 0.330

Shear tab block shear check:

Gross area in shear for block shear rupture 4.312 in"2
Net area in shear for block shear rupture 2.672 in"2
Net area in tension for block shear rupture 0.641 in~2
Nominal strength in block shear at shear tab (Rn) 130.137 kip
LRFD factor in block shear (phi) 0.750

Allowable strength in block shear at connecting element
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[Ra=phi*Rn]
Interaction ratio in block shear at connecting element
[P2/Ral

Shear tab flexure yeilding check:
Nominal flexure yeilding strength of connecting element (Mn)
LRFD factor in flexure (phi)
Allowable strength of connecting element in flexure
[Ma=phi*Mn]
Interaction ratio in flexure yielding of connecting element
[P2*gs/Mal

Weld check:
Maximum stress in weld (f)
Nominal weld strength (fn)
LRFD factor for weld strength(phi)
Allowable weld strength
[fa=phi*fn]
Interaction ratio for weld strength

[f/fa]

Shear tab rupture at weld check:
Nominal strength of shear tab rupture at weld (Rn)
LRFD factor for rupture at weld (phi)
Allowable strength of shear tab rupture at weld
[Ra=phi*Rn]
Interaction ratio for shear tab rupture at weld
[P2/Ra]

Beam web rupture at weld check:
Nominal strength of beam web at weld (Rn)
LRFD factor for rupture at weld (phi)
Allowable strength of beam web rupture at weld
[Ra=phi*Rn]
Interaction ratio for beam web rupture at weld
[P2/Ra]

3.3 Validation problem 3

Osoconn vi1.1
Connection code : HBOO1AM10
Connection ID : HBOO1_3

Connection is 0K
Maximum interaction ratio

Design method
Brace axial force (P)
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97.603 kip
0.264

427.781 kip in
0.900

385.003 kip in
0.117

1.945 kip/in
7.423 kip/in
0.750

5.568 kip/in
0.349

17.400 kip
0.750

13.050 kip
0.298

8.700 kip
0.750

6.525 kip

0.298

LRFD
65.000 kip



Beam steel grade
Beam yield strength
Beam tensile strength

Angle steel grade
Angle yield strength
Angle tensile strength

Plate steel grade
Plate yield strength
Plate tensile strength

Number of bolts in gusset to brace connection

Number of bolt rows in gusset to brace connection

Number of bolts in connection 1 (nl)
Number of bolts in connection 2 (n2)

Bolt grade

Bolt nominal tensile strength
Bolt type

Bolt thread in shear plane
Bolt diameter

Bolt gage on brace angle

Bolt spacing

Bolt distance to edge on brace in the direction of force

Weld electrode
Weld tensile strength

Brace section

Brace angle from beam at connection 1 (theta)
Orientation of back to back legs

Outstanding leg type

Gusset plate thickness

Gusset dimension along connection 1
Gusset dimension along connection 2
Gusset cutout along connection 1
Gusset cutout along connection 2

Connection type at connection 1
Connection type at connection 2

Section property of beam at connection 1
Thickness of web
Thickness of flange
Width of fange

Section property of beam at connection 2
Thickness of web
Thickness of flange
Width of fange

+ —-——— - — — — — — — — — — — — — — — — — — — — — — — — —— — — — — — — ——— — — — — — — — — — — — — —

ASTM A992
50.000 ksi
65.000 ksi

ASTM A36
36.000 ksi
58.000 ksi

ASTM A36
36.000 ksi
58.000 ksi

w w NN W

ASTM A490
113.000 ksi
Friction
Yes

1.000 in
2.000 in
3.000 in
1.500 in

E70
70.000 ksi

2 X L6X4X5/16
55.000 deg
Horizontal
Short Leg

0.500 in
15.000 in
15.000 in
0.000 in
0.000 in

Bolted to Flange
Bolted to Flange

W12X58

0.360 in
0.640 in
10.000 in
W12X58

0.360 in
0.640 in
10.000 in



Design Calculation

Bolt shear at brace check:
Nominal strength of bolts in shear (Rn)
LRFD factor in bolt shear (phi)
Allowable strength in bolt shear
[Ra=phi*Rn]
Interaction ratio in bolt shear
[P/Ra]

Bolt bearing at brace check:

Shear force per bolt in brace connection (Pb)

Nominal strength in bolt bearing at brace (Rn)

LRFD factor in bolt bearing (phi)

Allowable strength in bolt bearing at brace
[Ra=phi*Rn]

Interaction ratio in bolt bearing at brace
[Pb/ (2*Ra)]

Bolt bearing at gusset check:

Nominal strength in bolt bearing at gusset plate

LRFD factor in bolt bearing (phi)
Allowable strength in bolt bearing at gusset
[Ra=phi*Rn]

Interaction ratio in bolt bearing at gusset plate

[Pb/Ra]

Brace tension rupture check:

Gross area of brace

Shear Lag Factor (U)

Net area of brace (An)

Effective area for tensile rupture
[Ae=An*U]

Nominal strength in brace rupture (Pn)

LRFD factor in tension rupture (phi)

Allowable strength in brace rupture
[Pa=phi*Pn]

Interaction ratio in brace rupture
[P/Pa]

Brace block shear check:

Gross area in shear

Net area in shear

Net area in tension

Nominal block shear strength at brace (Rn)

LRFD factor in block shear (phi)

Alloable block shear strength at brace
[Ra=phi*Rn]

Interaction ratio in block shear at brace
[P/Ral

Gusset tension yielding check:
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260.352 kip
1.000
260.352 kip
0.250
10.833 kip
21.104 kip
0.750
15.828 kip
0.342
33.712 kip
0.750
25.284 kip
0.428

6.060 in~2
0.849

4.730 in~2
4.014 in~2
232.811 kip
0.750
174.608 kip
0.372

4.695 in~2
3.032 in"2
1.506 in"2
188.778 kip
0.750
141.584 kip
0.459



Lenght of Whitmore section

Gusset plate area in tension yielding

Nominal strength in gusset yielding (Pn)

LRFD factor in tension yielding
[phil

Allowable strength of gusset tension yielding
[Pa=phi*Pn]

Interaction ratio in gusset plate tension yielding

[P/Pa]

Gusset tension rupture check:
Gusset plate net area in tension
Nominal strength in gusset rupture (Pn)
LRFD factor in tension rupture
[phil
Allowable strength of gusset tension rupture
[Pa=phi*Pn]

Interaction ratio in gusset plate tension rupture

[P/Pa]

Gusset block shear check:

Gross area in shear

Net area in shear

Net area in tension

Nominal strength of gusset in block shear (Rn)

LRFD factor in block shear (phi)

Allowable strength og gusset in block shear
[Ra=phi*Rn]

Interaction ratio in block shear at gusset plate
[P/Ra]

Connection 1 Checks
Component of brace force along connection 1
[P1=Px*cos(theta)]
Force per bolt in connection 1
[Pb1=P1/n1]

Bolt shear check:
Nominal strength in bolt shear (Rn)
LRFD factor in bolt shear (phi)
Allowable strength in bolt shear
[Ra=phi*Rn]
Interaction ratio in bolt shear
[Pb1/Ral

Bolt bearing at gusset check:
Nominal strength in bolt bearing at gusset (Rn)
LRFD factor in bolt bearing (phi)
Allowable strength in bolt bearing at gusset
[Ra=phi*Rn]
Interaction ratio in bolt bearing at gusset
[Pb1/Ral
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8.678 in

6.060 in"2
156.208 kip
0.900
140.587 kip
0.462

3.277 in"2
190.043 kip
0.750
142.532 kip
0.456

7.500 in"2
4.844 in"2
0.344 in~2
181.937 kip
0.750
136.453 kip
0.476
37.282 kip
12.427 kip
21.696 kip
1.000
21.696 kip
0.573
67.425 kip
0.750
50.569 kip
0.246



Bolt bearing at beam flange check:

Nominal strength in bolt bearing at beam flange (Rn)

LRFD factor in bolt bearing (phi)

Allowable strength in bolt bearing at beam flange
[Ra=phi*Rn]

Interaction ratio in bolt bearing at beam flange
[Pbl/Ral

Gusset shear yielding check:

Gusset plate shear area

Nominal shear strength of gusset in yielding (Rn)

LRFD factor in shear yielding (phi)

Allowable shear strength of gusset in yielding
[Ra=phi*Rn]

Interaction ratio in shear yielding at gusset
[P1/Ral

Gusset shear rupture check:

Gusset gross area in shear

Gusset net area in shear

Nominal shear strength of gusset in rupture (Rn)

LRFD factor in shear rupture (phi)

Allowable shear strength of gusset in rupture
[phi*Rn]

Interaction ratio in shear rupture of gusset
[P1/Ra]

Gusset plate block shear check:

Gross area in shear for block shear rupture

Net area in shear for block shear rupture

Net area in tension for block shear rupture

Nominal strength in block shear at gusset (Rn)

LRFD factor in BLOCK shear (phi)

Allowable strength in block shear at gusset plate
[Ra=phi*Rn]

Interaction ratio in block shear at gusset plate
[P1/Ra]

Gusset flexure yielding check:
Eccentricity of force at connection (e)

Nominal flexure strength of gusset in yielding (Mn)

LRFD factor in flexure yielding (phi)

Allowable flexure strength of gusset in yielding
[Ma=phi*Mn]

Interaction ratio in flexure yielding at gusset
[P1xe/Mal

Connection 2 Checks

Component of brace force along connection 2
[P2=P*sin(theta)]
Force per bolt in connection 2

107

39.374 kip
0.750
29.531 kip
0.421

7.500 in"2
162.000 kip
1.000
162.000 kip
0.230

7.500 in"2
5.906 in"2
205.537 kip
0.750
154.153 kip
0.242

4.250 in~2
2.922 in"2
1.484 in"2

177.894 in~2
0.750

133.420 kip

0.279

0.000 in

1012.500 kip in

0.900

911.250 kip in

0.000

53.245 kip



[Pb2=P2/n2]

Bolt shear check:
Nominal strength in bolt shear (Rn)
LRFD factor in bolt shear (phi)
Allowable strength in bolt shear
[Ra=phi*Rn]
Interaction ratio in bolt shear
[Pb2/Ral

Bolt bearing at gusset check:
Nominal strength in bolt bearing at gusset (Rn)
LRFD factor in bolt bearing (phi)
Allowable strength in bolt bearing at gusset
[Ra=phi*Rn]
Interaction ratio in bolt bearing at gusset
[Pb2/Ral

Bolt bearing at beam flange check:

Nominal strength in bolt bearing at beam flange (Rn)

LRFD factor in bolt bearing (phi)

Allowable strength in bolt bearing at beam flange

[Ra=phi*Rn]
Interaction ratio in bolt bearing at beam flange
[Pb2/Ral

Gusset shear yielding check:
Gusset plate shear area

Nominal shear strength of gusset in yielding (Rn)

LRFD factor in shear yielding (phi)

Allowable shear strength of gusset in yielding
[Ra=phi*Rn]

Interaction ratio in shear yielding at gusset
[P2/Ra]

Gusset shear rupture check:

Gusset gross area in shear

Gusset net area in shear

Nominal shear strength of gusset in rupture (Rn)

LRFD factor in shear rupture (phi)

Allowable shear strength of gusset in rupture
[phi*Rn]

Interaction ratio in shear rupture of gusset
[P2/Ral

Gusset block shear check:
Gross area in shear for block shear rupture
Net area in shear for block shear rupture
Net area in tension for block shear rupture
Nominal strength in block shear at gusset (Rn)
LRFD factor in BLOCK shear (phi)

Allowable strength in block shear at gusset plate

[Ra=phi*Rn]
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17.748 kip
21.696 kip
1.000
21.696 kip
0.818
67.425 kip
0.750
50.569 kip
0.351
96.720 kip
0.750
72.540 kip
0.245

7.500 in"2
162.000 kip
1.000
162.000 kip
0.329

7.500 in"2
5.906 in"2
205.537 kip
0.750
154.153 kip
0.345

4.250 in"2
2.922 in"2
1.484 in"~2

177.894 in~2
0.750

133.420 kip



Inter
[P

Gusset f

action ratio in block shear at gusset plate
2/Ral

lexure yielding check:

Eccentricity of force at connection (e)
Nominal flexure strength of gusset in yielding (Mn)

LRFD

factor in flexure yielding (phi)

Allowable flexure strength of gusset in yielding
[Ma=phi*Mn]

Inter
[P

action ratio in flexure yielding at gusset
1xe/Mal

3.4 Validation problem 4

Osoconn
Connecti
Connecti

Conne

vi.1
on code : HBOO1AM10
on ID : HBOO1_4

ction is OK

Maximum interaction ratio

Design method

Brace

Beam
Beam
Beam

Angle
Angle
Angle

Plate
Plate
Plate

Numbe
Numbe
Numbe
Numbe

Bolt
Bolt
Bolt
Bolt
Bolt
Bolt
Bolt
Bolt

axial force (P)

steel grade
yield strength
tensile strength

steel grade
yield strength
tensile strength

steel grade
yield strength
tensile strength

r of bolts in gusset to brace connection

r of bolt rows in gusset to brace connection
r of bolts in connection 1 (nl)

r of bolts in connection 2 (n2)

grade

nominal tensile strength

type

thread in shear plane

diameter

gage on brace angle

spacing

distance to edge on brace in the direction of force
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0.399

0.000 in
1012.500 kip in
0.900

911.250 kip in

0.000

ASD
105000.000 N

ASTM A992
345.000 MPa
450.000 MPa

ASTM A36
250.000 MPa
400.000 MPa

ASTM A36
250.000 MPa
400.000 MPa

iGNNI

ASTM A325
620.000 MPa
Friction
Yes

24.000 mm
55.000 mm
70.000 mm
35.000 mm



Weld electrode
Weld tensile strength

Brace section

Brace angle from beam at connection 1 (theta)

Orientation of back to back legs
Outstanding leg type

Gusset
Gusset
Gusset
Gusset
Gusset

plate thickness

dimension along connection 1
dimension along connection 2
cutout along connection 1
cutout along connection 2

Connection type at connection 1
Connection type at connection 2

Thickness of shear tab

Thickness of shear tab to beam weld
Bolt gage on shear tab (gs)

Clip angles at connection to beam
Thickness of clip to gusset weld
Bolt gage on clip angle

Section property of beam at connection 1

Thickness of web
Thickness of flange
Width of fange

Section property of beam at connection 2

Thickness of web
Thickness of flange
Width of fange

Bolt shear at brace check:
Nominal strength of bolts in shear (Rn)
ASD factor in bolt shear (omega)
Allowable strength in bolt shear

[Ra=Rn/omegal
Interaction ratio in bolt shear
[P/Ral

Bolt bearing at brace check:

Shear force per bolt in brace connection (Pb)
Nominal strength in bolt bearing at brace (Rn)

ASD factor in bolt bearing (omega)
Allowable strength in bolt bearing
[Ra=Rn/omegal

Interaction ratio in bolt bearing at brace

[Pb/(2*Ra)]
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E70
482.000 MPa

2 X L102X89X12.7
65.000 deg
Horizontal
Short Leg

12.000 mm
500.000 mm
500.000 mm
125.000 mm
125.000 mm

Clip Angle
Shear Tab

12.000 mm
6.000 mm
50.000 mm
2 X L89X89X9.5
6.000 mm
45.000 mm

W360X64
7.750 mm
13.500 mm
203.000 mm
W310X38.7
5.840 mm
9.650 mm
165.000 mm

5556960.000 N
1.500

370640.000 N

0.283
26250.000 N
131064.000 N
2.000
65532.000 N
0.200



Bolt bearing at gusset check:
Nominal strength in bolt bearing at gusset plate

ASD factor in bolt bearing (omega)

Allowable strength in bolt bearing at gusset

[Ra=Rn/omega]

Interaction ratio in bolt bearing at gusset plate

[Pb/Ral

Brace tension rupture check:

Gross area of brace

Shear Lag Factor (U)

Net area of brace (An)

Effective area for tensile rupture
[Ae=An*U]

Nominal strength in brace rupture (Pn)

ASD factor in tension rupture (omega)

Allowable strength in brace rupture
[Pa=Pn/omega]

Interaction ratio in brace rupture
[P/Pa]

Brace block shear check:

Gross area in shear

Net area in shear

Net area in tension

Nominal block shear strength at brace (Rn)

ASD factor in block shear (omega)

Allowable block shear strength at brace
[cap= Rn/omega]

Interaction ratio in block shear at brace
[P/Ral

Gusset tension yielding check:

Lenght of Whitmore section
Gusset plate area in tension yielding
Nominal strength in gusset yielding (Pn)
ASD factor in tension yielding

[omegal

Allowable strength of gusset in tension yielding

[Pa=Pn/omegal

Interaction ratio in gusset plate tension yielding

[P/Pa]

Gusset tension rupture check:

Gusset plate net area in tension
Nominal strength in gusset rupture (Pn)
ASD factor in tension rupture

[omega]

Allowable strength of gusset in tension rupture

[Pa=Pn/omegal

Interaction ratio in gusset plate tension rupture

[P/Pa]

111

123840.000 N
2.000

61920.000 N

0.424

4520.000 mm~2

0.880

3834.200 mm~2

3374.096 mm~2

1349638.400 N

2.000

674819.200 N

0.156

6223.000 mm~2

3822.700 mm~2

850.900 mm~2

1257808.000 N

2.000

628904.000 N

0.167

242.487 mm

4520.000 mm~2

727461.339 N

1.670

435605.592 N

0.241

2585.845 mm~2

1034338.143 N

2.000

517169.071 N

0.203



Connection 1 Checks
Component of brace force along connection 1
[P1=P*cos (theta)]
Force per bolt in connection 1
[Pb1=P1/n1]

Bolt shear check:
Nominal strength in bolt shear (Rn)
ASD factor in bolt shear (omega)
Allowable strength in bolt shear
[Ra=Rn/omegal
Interaction ratio in bolt shear
[Pb1/Ra]l

Bolt bearing at clip angle check:

Nominal strength in bolt bearing at clip angle (Rn)

ASD factor in bolt shear (omega)

Allowable strength in bolt bearing at clip angle
[Ra=Rn/omegal

Interaction ratio in bolt bearing at clip angle
[Pb1/Ral

Bolt bearing at beam web check:
Nominal strength in bolt bearing at beam web (Rn)
ASD factor in bolt shear (omega)
Allowable strength in bolt bearing at beam web
[Ra=Rn/omegal
Interaction ratio in bolt bearing at beam web
[Pb1/Ral]

Gusset shear yielding check:

Gusset plate shear area

Nominal shear strength of gusset in yielding (Rn)

ASD factor in shear yielding (omega)

Allowable shear strength of gusset in yielding
[Ra=Rn/omegal

Interaction ratio in shear yielding at gusset
[P1/Ra]

Gusset plate block shear check:

Gross area in shear for block shear rupture

Net area in shear for block shear rupture

Net area in tension for block shear rupture

Nominal strength in block shear at gusset (Rn)

ASD factor in block shear (omega)

Allowable strength in block shear at gusset plate
[Ra=Rn/omegal

Interaction ratio in block shear at gusset plate
[P1/Ral

Gusset flexure yielding check:

112

44374.917 N

5546.865 N

69495.000 N

1.500

46330.000 N

0.120

98349.600 N

2.000

49174.800 N

0.113

179955.000 N

2.000

89977.500 N

0.062

4500.000 mm~2

675000.000 N

1.500

450000.000 N

0.099

4379.040 mm~2

4379.040 mm~2

922.800 mm~2

1025976.000 mm~2

2.000

512988.000 N

0.087



Eccentricity of force at connection (e)

Nominal flexure strength of gusset in yielding (Mn)

ASD factor in flexure yielding (omega)

Allowable flexure strength of gusset in yielding
[Ma=Mn/omega]

Interaction ratio in flexure yielding at gusset
[P1*e/Ma]

Clip angle shear yielding check:

Gross area in shear
Nominal shear yielding strength of connecting element (Rn)
ASD factor in shear yielding (omega)
Allowable shear yielding strength of connecting element
[Ra=Rn/omega]
Interaction ratio in shear yielding of element
[P1/Ra]

Clip angle shear rupture check:

Connecting element net area in shear

Nominal shear strength of connecting element in rupture (Rn)

ASD factor in shear rupture (omega)

Allowable shear strength of connecting element in rupture
[Ra=Rn/omegal]

Interaction ratio in shear rupture of connecting element
[P1/Ral

Clip angle block shear check:

Gross area in shear for block shear rupture

Net area in shear for block shear rupture

Net area in tension for block shear rupture

Nominal strength in block shear at shear tab (Rn)

ASD factor in block shear (omega)

Allowable strength in block shear at connecting element
[Ra=Rn/omegal]

Interaction ratio in block shear at connecting element
[P1/Ra]

Weld check:

Maximum stress in weld (£f)

Nominal weld strength (fn)

ASD factor for weld strength (omega)

Allowable weld strength
[fa=fn/omegal

Interaction ratio for weld strength

[f/fa]

Gusset rupture at weld check:

Nominal strength of gusset at weld (Rn)

ASD factor for rupture at weld (omega)

Allowable strength of gusset rupture at weld
[Ra=Rn/omegal

Interaction ratio for gusset rupture at weld
[P1/Ral

113

140.875 mm

187500000.000 N mm

1.670

112275449.102 N mm

0.056

5336.800 mm~2
800520.000 N
1.500
533680.000 N
0.083
3278.320 mm~2
786796.800 N
2.000
393398.400 N
0.113
4669.700 mm~2
2868.530 mm~2
693.784 mm~2
965960.800 N
2.000
482980.400 N
0.092

85.521 N/mm
1226.786 N/mm
2.000

613.393 N/mm
0.139
2880.000 N/mm
2.000

1440.000 N/mm

0.119



Connection 2 Checks
Component of brace force along connection 2
[P2=P*sin(theta)]
Force per bolt in connection 2
[Pb2=P2/n2]

Bolt shear check:
Nominal strength in bolt shear (Rn)
ASD factor in bolt shear (omega)
Allowable strength in bolt shear
[Ra=Rn/omegal
Interaction ratio in bolt shear
[Pb2/Ra]

Bolt bearing at shear tab check:
Nominal strength in bolt bearing at shear tab (Rn)
ASD factor in bolt shear (omega)
Allowable strength in bolt bearing at shear tab
[Ra=Rn/omegal
Interaction ratio in bolt bearing at shear tab
[Pb2/Ral]

Bolt bearing at gusset check:
Nominal strength in bolt bearing at gusset (Rn)
ASD factor in bolt shear (omega)
Allowable strength in bolt bearing at gusset
[Ra=Rn/omegal
Interaction ratio in bolt bearing at gusset
[Pb2/Ral

Gusset shear yielding check:

Gusset plate shear area

Nominal shear strength of gusset in yielding (Rn)

ASD factor in shear yielding (omega)

Allowable shear strength of gusset in yielding
[Ra=Rn/omegal

Interaction ratio in shear yielding at gusset
[P2/Ra]

Gusset shear rupture check:

Gusset gross area in shear

Gusset net area in shear

Nominal shear strength of gusset in rupture (Rn)

ASD factor in shear rupture (omega)

Allowable shear strength of gusset in rupture
[Rn/omegal

Interaction ratio in shear rupture of gusset
[P2/Ra]

Gusset block shear check:
Gross area in shear for block shear rupture
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95162.318 N

23790.579 N

69495.000 N

1.500

46330.000 N

0.514

123840.000 N

2.000

61920.000 N

0.384

247680.000 N

2.000

123840.000 N

0.192

4500.000 mm~2

675000.000 N

1.500

450000.000 N

0.211

4500.000 mm~2

3204.000 mm~2

768960.000 N

2.000

384480.000 N

0.248

3505.500 mm~2



Net area in shear for block shear rupture 2371.500 mm~2

Net area in tension for block shear rupture 294.000 mm~2
Nominal strength in block shear at gusset (Rn) 643425.000 mm~2
ASD factor in block shear (omega) 2.000

Allowable strength in block shear at gusset plate
[Ra=Rn/omega]
Interaction ratio in block shear at gusset plate

321712.500 N

[P2/Ra] 0.296
Gusset flexure yielding check:
Eccentricity of force at connection (e) 139.920 mm
Nominal flexure strength of gusset in yielding (Mn) 187500000.000 N mm
ASD factor in flexure yielding (omega) 1.670

Allowable flexure strength of gusset in yielding
[Ma=Mn/omega]

Interaction ratio in flexure yielding at gusset
[P1xe/Ma]

112275449.102 N mm
0.119

Shear tab shear yielding check:

Gross area in shear

Nominal shear yielding strength of connecting element (Rn)

ASD factor in shear yielding (omega)

Allowable shear yielding strength of connecting element
[Ra=Rn/omegal

Interaction ratio in shear yielding of element
[P2/Ra]

3360.000 mm~2
504000.000 N
1.500

336000.000 N
0.283

Shear tab shear rupture check:

Connecting element net area in shear

Nominal shear strength of connecting element in rupture (Rn)

ASD factor in shear rupture (omega)

Allowable shear strength of connecting element in rupture
[Ra=Rn/omegal

Interaction ratio in shear rupture of connecting element
[P2/Ral

2064.000 mm~2
495360.000 N
2.000

247680.000 N
0.384
Shear tab block shear check:

Gross area in shear for block shear rupture
Net area in shear for block shear rupture

2940.000 mm~2
1806.000 mm~2

Net area in tension for block shear rupture 438.000 mm~2
Nominal strength in block shear at shear tab (Rn) 608640.000 N
ASD factor in block shear (omega) 2.000

Allowable strength in block shear at connecting element
[Ra=Rn/omegal

Interaction ratio in block shear at connecting element
[P2/Ral

304320.000 N
0.313

Shear tab flexure yeilding check:
Nominal flexure yeilding strength of connecting element (Mn)
ASD factor in flexure (omega)
Allowable strength of connecting element in flexure
[Ma=Mn/omega]
Interaction ratio in flexure yielding of connecting element

58800000.000 N mm
1.670

35209580.838 N mm
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[P2*gs/Ma]

Weld check:
Maximum stress in weld (f)
Nominal weld strength (fn)
ASD factor for weld strength (omega)
Allowable weld strength
[fa=fn/omega]
Interaction ratio for weld strength

[f/fa]

Shear tab rupture at weld check:
Nominal strength of shear tab rupture at weld (Rn)
ASD factor for rupture at weld (omega)
Allowable strength of shear tab rupture at weld
[Ra=Rn/omegal
Interaction ratio for shear tab rupture at weld
[P2/Ra]

Beam web rupture at weld check:
Nominal strength of beam web at weld (Rn)
ASD factor for rupture at weld (omega)
Allowable strength of beam web rupture at weld
[Ra=Rn/omegal
Interaction ratio for beam web rupture at weld
[P2/Ra]

3.5 Validation problem 5

Osoconn vi.1
Connection code : HBOO1AM10
Connection ID : HBOO1_5

Connection is 0K
Maximum interaction ratio

Design method
Brace axial force (P)

Beam steel grade
Beam yield strength
Beam tensile strength

Angle steel grade
Angle yield strength
Angle tensile strength

Plate steel grade
Plate yield strength

116

0.135

249.052 N/mm
1226.786 N/mm
2.000
613.393 N/mm
0.406
2880.000 N
2.000
1440.000 N
0.346
1576.800 N
2.000

788.400 N

0.316

ASD
46000.000 N

ASTM A36
250.000 MPa
400.000 MPa

ASTM A36
250.000 MPa
400.000 MPa

ASTM A36
250.000 MPa



Plate tensile strength 400.000 MPa

Number of bolts in gusset to brace connection 3

Number of bolt rows in gusset to brace connection 1

Number of bolts in connection 1 (nl) 4

Number of bolts in connection 2 (n2) 4

Bolt grade ASTM A490
Bolt nominal tensile strength 780.000 MPa
Bolt type Bearing
Bolt thread in shear plane Yes

Bolt diameter 20.000 mm
Bolt gage on brace angle 45.000 mm
Bolt spacing 60.000 mm
Bolt distance to edge on brace in the direction of force 35.000 mm
Weld electrode E70

Weld tensile strength 482.000 MPa

Brace section 2 X L76X76X6.4

Brace angle from beam at connection 1 (theta) 40.000 deg
Orientation of back to back legs Vertical
Outstanding leg type Short Leg
Gusset plate thickness 12.000 mm
Gusset dimension along connection 1 500.000 mm
Gusset dimension along connection 2 500.000 mm
Gusset cutout along connection 1 125.000 mm
Gusset cutout along connection 2 125.000 mm
Connection type at connection 1 Shear Tab

Connection type at connection 2 Bolted to Flange

Thickness of shear tab 10.000 mm
Thickness of shear tab to beam weld 6.000 mm
Bolt gage on shear tab (gs) 50.000 mm
Section property of beam at connection 1 W360X64
Thickness of web 7.750 mm
Thickness of flange 13.500 mm
Width of fange 203.000 mm
Section property of beam at connection 2 W200X100
Thickness of web 14.500 mm
Thickness of flange 23.700 mm
Width of fange 210.000 mm

Bolt shear at brace check:
Nominal strength of bolts in shear (Rn)
ASD factor in bolt shear (omega)
Allowable strength in bolt shear

884158.800 N
2.000
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[Ra=Rn/omegal
Interaction ratio in bolt shear
[P/Ra]

Bolt bearing at brace check:

Shear force per bolt in brace connection (Pb)

Nominal strength in bolt bearing at brace (Rn)

ASD factor in bolt bearing (omega)

Allowable strength in bolt bearing
[Ra=Rn/omega]

Interaction ratio in bolt bearing at brace
[Pb/Ral]

Bolt bearing at gusset check:

Nominal strength in bolt bearing at gusset plate

ASD factor in bolt bearing (omega)

Allowable strength in bolt bearing at gusset
[Ra=Rn/omegal

Interaction ratio in bolt bearing at gusset plate
[Pb/Ra]

Brace tension rupture check:

Gross area of brace

Shear Lag Factor (U)

Net area of brace (An)

Effective area for tensile rupture
[Ae=An*U]

Nominal strength in brace rupture (Pn)

ASD factor in tension rupture (omega)

Allowable strength in brace rupture
[Pa=Pn/omegal

Interaction ratio in brace rupture
[P/Pa]

Brace block shear check:

Gross area in shear

Net area in shear

Net area in tension

Nominal block shear strength at brace (Rn)

ASD factor in block shear (omega)

Allowable block shear strength at brace
[cap= Rn/omegal

Interaction ratio in block shear at brace
[P/Ra]

Gusset tension yielding check:

Lenght of Whitmore section

Gusset plate area in tension yielding

Nominal strength in gusset yielding (Pn)

ASD factor in tension yielding
[omegal

Allowable strength of gusset in tension yielding
[Pa=Pn/omegal
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442079.400 N

0.104

7666.667 N

73152.000 N

2.000

36576.000 N

0.210

138240.000 N

2.000

69120.000 N

0.111

1858.000 mm~2

0.823

1578.600 mm~2

1299.714 mm~2

519885.600 N

2.000

259942.800 N

0.177

1968.500 mm~2

1270.000 mm~2

256.540 mm~2

397891.000 N

2.000

198945.500 N

0.231

234.564 mm

1858.000 mm~2

703692.194 N

1.670

421372.571 N



Interaction ratio in gusset plate tension yielding

[P/Pa]

Gusset tension rupture check:

Gusset plate net area in tension

Nominal strength in gusset rupture (Pn)

ASD factor in tension rupture
[omegal

Allowable strength of gusset in temnsion rupture
[Pa=Pn/omegal

Interaction ratio in gusset plate tension rupture
[P/Pa]

Gusset block shear check:

Gross area in shear

Net area in shear

Net area in tension

Nominal strength of gusset in block shear (Rn)

ASD factor in block shear (omega)

Allowable strength og gusset in block shear
[Ra=Rn/omegal

Interaction ratio in block shear at gusset plate
[P/Ra]

Connection 1 Checks
Component of brace force along connection 1
[P1=P*cos(theta)]
Force per bolt in connection 1
[Pb1=P1/n1]

Bolt shear check:
Nominal strength in bolt shear (Rn)
ASD factor in bolt shear (omega)
Allowable strength in bolt shear
[Ra=Rn/omegal
Interaction ratio in bolt shear
[Pb1/Ral

Bolt bearing at shear tab check:
Nominal strength in bolt bearing at shear tab (Rn)
ASD factor in bolt shear (omega)
Allowable strength in bolt bearing at shear tab
[Ra=Rn/omegal
Interaction ratio in bolt bearing at shear tab
[Pb1/Ral

Bolt bearing at gusset check:
Nominal strength in bolt bearing at gusset (Rn)
ASD factor in bolt shear (omega)
Allowable strength in bolt bearing at gusset
[Ra=Rn/omega]
Interaction ratio in bolt bearing at gusset
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0.109

2286.769 mm~2

914707.510 N

2.000

457353.755 N

0.101

3720.000 mm~2

2400.000 mm~2

888.000 mm~2

913200.000 N

2.000

456600.000 N

0.101

35238.044 N

8809.511 N

147359.800 N

2.000

73679.900 N

0.120

115200.000 N

2.000

57600.000 N

0.153

218880.000 N

2.000

109440.000 N



[Pb1/Ral 0.080
Gusset shear yielding check:
Gusset plate shear area
Nominal shear strength of gusset in yielding (Rn)
ASD factor in shear yielding (omega)
Allowable shear strength of gusset in yielding
[Ra=Rn/omega]
Interaction ratio in shear yielding at gusset
[P1/Ral

4500.000 mm~2
675000.000 N
1.500

450000.000 N
0.078

Gusset shear rupture check:
Gusset gross area in shear 4500.000 mm~2

3444.000 mm~2

826560.000 N

2.000

Gusset net area in shear

Nominal shear strength of gusset in rupture (Rn)
ASD factor in shear rupture (omega)

Allowable shear strength of gusset in rupture

[Rn/omegal 413280.000 N
Interaction ratio in shear rupture of gusset
[P1/Ra] 0.085

Gusset plate block shear check:
Gross area in shear for block shear rupture
Net area in shear for block shear rupture
Net area in tension for block shear rupture 324.000 mm~2
Nominal strength in block shear at gusset (Rn) 561600.000 mm~2

I

|

I

|

I

|

|

|

|

I

|

I

|

I

|

I

|

|

|

|

I

|

| 2880.000 mm~2
|
I
|

ASD factor in block shear (omega) | 2.000

|
|
|
|
|
|
I
|
I
|
I
|
|
|
|
|
|
I
|
I
|
I
|
|
|
|

1956.000 mm~2

Allowable strength in block shear at gusset plate
[Ra=Rn/omegal
Interaction ratio in block shear at gusset plate

280800.000 N

[P1/Ra] 0.125
Gusset flexure yielding check:
Eccentricity of force at connection (e) 140.875 mm
Nominal flexure strength of gusset in yielding (Mn) 187500000.000 N mm
ASD factor in flexure yielding (omega) 1.670

Allowable flexure strength of gusset in yielding
[Ma=Mn/omega]

Interaction ratio in flexure yielding at gusset
[P1*e/Ma]

112275449.102 N mm
0.044

Shear tab shear yielding check:
Gross area in shear 2500.000 mm~2
375000.000 N

1.500

Nominal shear yielding strength of connecting element (Rn)
ASD factor in shear yielding (omega)
Allowable shear yielding strength of connecting element
[Ra=Rn/omegal
Interaction ratio in shear yielding of element
[P1/Ra]

250000.000 N
0.141
Shear tab shear rupture check:

Connecting element net area in shear
Nominal shear strength of connecting element in rupture (Rn)

1620.000 mm~2
388800.000 N
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ASD factor in shear rupture (omega)

Allowable shear strength of connecting element in rupture
[Ra=Rn/omegal

Interaction ratio in shear rupture of connecting element
[P1/Ral

Shear tab block shear check:

Gross area in shear for block shear rupture

Net area in shear for block shear rupture

Net area in tension for block shear rupture

Nominal strength in block shear at shear tab (Rn)

ASD factor in block shear (omega)

Allowable strength in block shear at connecting element
[Ra=Rn/omega]

Interaction ratio in block shear at connecting element
[P1/Ra]

Shear tab flexure yeilding check:
Nominal flexure yeilding strength of connecting element (Mn)
ASD factor in flexure (omega)
Allowable strength of connecting element in flexure
[Ma=Mn/omegal
Interaction ratio in flexure yielding of connecting element
[P1xgs/Mal

Weld check:
Maximum stress in weld (f)
Nominal weld strength (£fn)
ASD factor for weld strength (omega)
Allowable weld strength
[fa=fn/omegal
Interaction ratio for weld strength

[f/fa]

Shear tab rupture at weld check:
Nominal strength of shear tab rupture at weld (Rn)
ASD factor for rupture at weld (omega)
Allowable strength of shear tab rupture at weld
[Ra=Rn/omega]
Interaction ratio for shear tab rupture at weld
[P1/Ral

Beam web rupture at weld check:
Nominal strength of beam web at weld (Rn)
ASD factor for rupture at weld (omega)
Allowable strength of beam web rupture at weld
[Ra=Rn/omegal
Interaction ratio for beam web rupture at weld
[P1/Ra]

Connection 2 Checks

Component of brace force along connection 2
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2.000

194400.000 N

0.181

2150.000 mm~2
1380.000 mm~2

390.000 mm~2
478500.000 N
2.000

239250.000 N

0.147

39062500.000 N mm

1.670

23390718.563 N mm

0.075

110.087 N/mm

1226.786 N/mm

2.000

613.393 N/mm

0.179

2400.000 N/mm

2.000

1200.000 N/mm

0.183

1860.000 N/mm

2.000

930.000 N/mm

0.118



[P2=P*sin(theta)]
Force per bolt in connection 2
[Pb2=P2/n2]

Bolt shear check:
Nominal strength in bolt shear (Rn)
ASD factor in bolt shear (omega)
Allowable strength in bolt shear
[Ra=Rn/omegal
Interaction ratio in bolt shear
[Pb2/Ra]

Bolt bearing at gusset check:
Nominal strength in bolt bearing at gusset (Rn)
ASD factor in bolt shear (omega)
Allowable strength in bolt bearing at gusset
[Ra=Rn/omega]
Interaction ratio in bolt bearing at gusset
[Pb2/Ral

Bolt bearing at beam flange check:

Nominal strength in bolt bearing at beam flange (Rn)

ASD factor in bolt shear (omega)

Allowable strength in bolt bearing at beam flange

[Ra=Rn/omegal
Interaction ratio in bolt bearing at beam flange
[Pb2/Ral

Gusset shear yielding check:
Gusset plate shear area

Nominal shear strength of gusset in yielding (Rn)

ASD factor in shear yielding (omega)

Allowable shear strength of gusset in yielding
[Ra=Rn/omegal]

Interaction ratio in shear yielding at gusset
[P2/Ral

Gusset shear rupture check:

Gusset gross area in shear

Gusset net area in shear

Nominal shear strength of gusset in rupture (Rn)

ASD factor in shear rupture (omega)

Allowable shear strength of gusset in rupture
[Rn/omegal

Interaction ratio in shear rupture of gusset
[P2/Ral

Gusset block shear check:
Gross area in shear for block shear rupture
Net area in shear for block shear rupture
Net area in tension for block shear rupture
Nominal strength in block shear at gusset (Rn)
ASD factor in block shear (omega)
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29568.230 N

7392.0568 N

147359.800 N

2.000

73679.900 N

0.100

218880.000 N

2.000

109440.000 N

0.068

432288.000 N

2.000

216144.000 N

0.034

4500.000 mm~2

675000.000 N

1.500

450000.000 N

0.066

4500.000 mm~2

3444 .000 mm~2

826560.000 N

2.000

413280.000 N

0.072

3769.500 mm~2

2845.500 mm~2

768.000 mm~2

872625.000 mm~2
2.000



Allowable strength in block shear at gusset plate
[Ra=Rn/omegal
Interaction ratio in block shear at gusset plate

[P2

Gusset fl
Eccent

Nominal flexure strength of gusset in yielding (Mn)

/Ra]

exure yielding check:
ricity of force at connection (e)

ASD factor in flexure yielding (omega)

Allowable flexure strength of gusset in yielding
[Ma=Mn/omegal

Interaction ratio in flexure yielding at gusset

[P1

*e/Mal

3.6 Validation problem 6

Osoconn v
Connectio
Connectio

Connec
Maximu

Design
Brace

Beam s
Beam y
Beam t

Angle
Angle
Angle

Plate
Plate
Plate

Number
Number
Number
Number

Bolt g
Bolt n
Bolt t
Bolt t
Bolt d
Bolt g

1.1
n code : HBOO1AM10
n ID : HBOO1_6

tion is OK
m interaction ratio

method
axial force (P)

teel grade
ield strength
ensile strength

steel grade
yield strength
tensile strength

steel grade
yield strength
tensile strength

of bolts in gusset to brace connection

of bolt rows in gusset to brace connection
of bolts in connection 1 (nl)

of bolts in connection 2 (n2)

rade

ominal tensile strength
ype

hread in shear plane
iameter

age on brace angle
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436312.500 N

0.068

100.000 mm

187500000.000 N mm

1.670

112275449.102 N mm

0.026

ASD
190000.000 N

ASTM A992
345.000 MPa
450.000 MPa

ASTM A36
250.000 MPa
400.000 MPa

ASTM A36
250.000 MPa
400.000 MPa

g w NN W

ASTM A325
620.000 MPa
Friction
Yes

22.000 mm
50.000 mm



Bolt spacing 70.000 mm

Bolt distance to edge on brace in the direction of force 30.000 mm
Weld electrode E70
Weld tensile strength 482.000 MPa

Brace section 2 X L152X89X12.7

Brace angle from beam at connection 1 (theta) 60.000 deg
Orientation of back to back legs Horizontal
Outstanding leg type Short Leg
Gusset plate thickness 16.000 mm
Gusset dimension along connection 1 500.000 mm
Gusset dimension along connection 2 500.000 mm
Gusset cutout along connection 1 150.000 mm
Gusset cutout along connection 2 150.000 mm
Connection type at connection 1 Clip Angle

Connection type at connection 2 Bolted to Flange

Clip angles at connection to beam 2 X L89X89X9.5

Thickness of clip to gusset weld 6.000 mm
Bolt gage on clip angle 45.000 mm
Section property of beam at connection 1 W460X74
Thickness of web 9.020 mm
Thickness of flange 14.500 mm
Width of fange 191.000 mm
Section property of beam at connection 2 W250X67
Thickness of web 8.890 mm
Thickness of flange 15.700 mm
Width of fange 204.000 mm

Bolt shear at brace check:
Nominal strength of bolts in shear (Rn)
ASD factor in bolt shear (omega)
Allowable strength in bolt shear
[Ra=Rn/omega]
Interaction ratio in bolt shear

715968.000 N
1.500

477312.000 N

[P/Ra] 0.398
Bolt bearing at brace check:

Shear force per bolt in brace connection (Pb) 31666.667 N
Nominal strength in bolt bearing at brace (Rn) 109728.000 N
ASD factor in bolt bearing (omega) 2.000
Allowable strength in bolt bearing

[Ra=Rn/omega] 54864.000 N
Interaction ratio in bolt bearing at brace

[Pb/ (2%Ra)] 0.289
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Bolt bearing at gusset check:
Nominal strength in bolt bearing at gusset plate
ASD factor in bolt bearing (omega)
Allowable strength in bolt bearing at gusset
[Ra=Rn/omegal
Interaction ratio in bolt bearing at gusset plate
[Pb/Ra]

Brace tension rupture check:

Gross area of brace

Shear Lag Factor (U)

Net area of brace (An)

Effective area for tensile rupture
[Ae=An*U]

Nominal strength in brace rupture (Pn)

ASD factor in tension rupture (omega)

Allowable strength in brace rupture
[Pa=Pn/omegal

Interaction ratio in brace rupture
[P/Pa]

Brace block shear check:

Gross area in shear

Net area in shear

Net area in tension

Nominal block shear strength at brace (Rn)

ASD factor in block shear (omega)

Allowable block shear strength at brace
[cap= Rn/omegal

Interaction ratio in block shear at brace
[P/Ral

Gusset tension yielding check:

Lenght of Whitmore section

Gusset plate area in tension yielding

Nominal strength in gusset yielding (Pn)

ASD factor in tension yielding
[omega]

Allowable strength of gusset in tension yielding
[Pa=Pn/omegal

Interaction ratio in gusset plate tension yielding

[P/Pa]

Gusset tension rupture check:

Gusset plate net area in tension

Nominal strength in gusset rupture (Pn)

ASD factor in tension rupture
[omegal

Allowable strength of gusset in tension rupture
[Pa=Pn/omega]

Interaction ratio in gusset plate tension rupture
[P/Pa]
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138240.000 N
2.000

69120.000 N

0.458

5800.000 mm~2

0.849

4580.800 mm~2

3890.408 mm~2

15566163.200 N

2.000

778081.600 N

0.244

4318.000 mm~2

2794.000 mm~2

1676.400 mm~2

1318260.000 N

2.000

659130.000 N

0.288

231.658 mm

5800.000 mm~2

926632.301 N

1.670

554869.642 N

0.342

2938.529 mm~2

1175411.682 N

2.000

587705.841 N

0.323



Gusset block shear check:

Gross area in shear

Net area in shear

Net area in tension

Nominal strength of gusset in block shear (Rn)

ASD factor in block shear (omega)

Allowable strength og gusset in block shear
[Ra=Rn/omega]

Interaction ratio in block shear at gusset plate
[P/Ra]

Connection 1 Checks
Component of brace force along connection 1
[P1=P*cos(theta)]
Force per bolt in connection 1
[Pb1=P1/n1]

Bolt shear check:
Nominal strength in bolt shear (Rn)
ASD factor in bolt shear (omega)
Allowable strength in bolt shear
[Ra=Rn/omegal]
Interaction ratio in bolt shear
[Pbl/Ral]

Bolt bearing at clip angle check:

Nominal strength in bolt bearing at clip angle (Rn)

ASD factor in bolt shear (omega)

Allowable strength in bolt bearing at clip angle
[Ra=Rn/omegal

Interaction ratio in bolt bearing at clip angle
[Pb1/Ral

Bolt bearing at beam web check:
Nominal strength in bolt bearing at beam web (Rn)
ASD factor in bolt shear (omega)
Allowable strength in bolt bearing at beam web
[Ra=Rn/omega]
Interaction ratio in bolt bearing at beam web
[Pbl/Ral

Gusset shear yielding check:

Gusset plate shear area

Nominal shear strength of gusset in yielding (Rn)

ASD factor in shear yielding (omega)

Allowable shear strength of gusset in yielding
[Ra=Rn/omegal

Interaction ratio in shear yielding at gusset
[P1/Ra]

Gusset plate block shear check:
Gross area in shear for block shear rupture
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5440.000 mm~2
3520.000 mm~2
736.000 mm~2
1110400.000 N
2.000
555200.000 N

0.342

95000.000 N

16833.333 N

59664 .000 N

1.500

39776.000 N

0.398

105211.200 N

2.000

52605.600 N

0.301

214315.200 N

2.000

107157.600 N

0.148

5600.000 mm~2

840000.000 N

1.500

560000.000 N

0.170

4400.000 mm~2



4400.000 mm~2
1230.400 mm~2
1152160.000 mm~2
2.000

Net area in shear for block shear rupture

Net area in tension for block shear rupture

Nominal strength in block shear at gusset (Rn)

ASD factor in block shear (omega)

Allowable strength in block shear at gusset plate
[Ra=Rn/omega]

Interaction ratio in block shear at gusset plate

576080.000 N

[P1/Ra] 0.165
Gusset flexure yielding check:
Eccentricity of force at connection (e) 166.510 mm
Nominal flexure strength of gusset in yielding (Mn) 250000000.000 N mm
ASD factor in flexure yielding (omega) 1.670

Allowable flexure strength of gusset in yielding
[Ma=Mn/omega]

Interaction ratio in flexure yielding at gusset
[P1xe/Ma]

149700598.802 N mm
0.106

Clip angle shear yielding check:

Gross area in shear

Nominal shear yielding strength of connecting element (Rn)

ASD factor in shear yielding (omega)

Allowable shear yielding strength of connecting element
[Ra=Rn/omegal

Interaction ratio in shear yielding of element
[P1/Ra]

4002.600 mm~2
600390.000 N
1.500

400260.000 N
0.237

Clip angle shear rupture check:

Connecting element net area in shear

Nominal shear strength of connecting element in rupture (Rn)

ASD factor in shear rupture (omega)

Allowable shear strength of connecting element in rupture
[Ra=Rn/omegal

Interaction ratio in shear rupture of connecting element
[P1/Ral

2630.280 mm~2
631267.200 N
2.000

315633.600 N
0.301
Clip angle block shear check:

Gross area in shear for block shear rupture
Net area in shear for block shear rupture

3335.500 mm~2
2191.900 mm~2

Net area in tension for block shear rupture 760.494 mm~2
Nominal strength in block shear at shear tab (Rn) 804522.600 N
ASD factor in block shear (omega) 2.000

Allowable strength in block shear at connecting element
[Ra=Rn/omegal
Interaction ratio in block shear at connecting element

402261.300 N

[P1/Ral 0.236
Weld check:
Maximum stress in weld (f) 248.909 N/mm
Nominal weld strength (fn) 1226.786 N/mm
ASD factor for weld strength (omega) 2.000
Allowable weld strength
[fa=fn/omegal 613.393 N/mm
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Interaction ratio for weld strength

[£/fa]

Gusset rupture at weld check:
Nominal strength of gusset at weld (Rn)
ASD factor for rupture at weld (omega)
Allowable strength of gusset rupture at weld
[Ra=Rn/omega]
Interaction ratio for gusset rupture at weld
[P1/Ral

Connection 2 Checks
Component of brace force along connection 2
[P2=P*sin(theta)]
Force per bolt in connection 2
[Pb2=P2/n2]

Bolt shear check:
Nominal strength in bolt shear (Rn)
ASD factor in bolt shear (omega)
Allowable strength in bolt shear
[Ra=Rn/omegal]
Interaction ratio in bolt shear
[Pb2/Ral]

Bolt bearing at gusset check:
Nominal strength in bolt bearing at gusset (Rn)
ASD factor in bolt shear (omega)
Allowable strength in bolt bearing at gusset
[Ra=Rn/omegal
Interaction ratio in bolt bearing at gusset
[Pb2/Ra]

Bolt bearing at beam flange check:
Nominal strength in bolt bearing at beam flange (Rn)
ASD factor in bolt shear (omega)
Allowable strength in bolt bearing at beam flange
[Ra=Rn/omega]
Interaction ratio in bolt bearing at beam flange
[Pb2/Ral

Gusset shear yielding check:

Gusset plate shear area

Nominal shear strength of gusset in yielding (Rn)

ASD factor in shear yielding (omega)

Allowable shear strength of gusset in yielding
[Ra=Rn/omegal

Interaction ratio in shear yielding at gusset
[P2/Ra]

Gusset shear rupture check:
Gusset gross area in shear
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0.406

3840.000 N/mm

2.000

1920.000 N/mm

0.259

164544 .827 N

32908.965 N

59664 .000 N

1.500

39776.000 N

0.827

188236.800 N

2.000

94118.400 N

0.350

373032.000 N

2.000

186516.000 N

0.176

5600.000 mm~2

840000.000 N

1.500

560000.000 N

0.294

5600.000 mm~2



3680.000 mm~2
883200.000 N
2.000

Gusset net area in shear

Nominal shear strength of gusset in rupture (Rn)
ASD factor in shear rupture (omega)

Allowable shear strength of gusset in rupture

[Rn/omegal 441600.000 N
Interaction ratio in shear rupture of gusset
[P2/Ra] 0.373

Gusset block shear check:
Gross area in shear for block shear rupture
Net area in shear for block shear rupture
Net area in tension for block shear rupture 1008.000 mm~2
Nominal strength in block shear at gusset (Rn) 1162824.000 mm~2

|

|

|

|

|

|

|

|

|

| 5064.160 mm~2
|
|
|

ASD factor in block shear (omega) | 2.000

|
|
|
|
|
|
|
|
|
|
|
|
|

3336.160 mm~2

Allowable strength in block shear at gusset plate
[Ra=Rn/omegal
Interaction ratio in block shear at gusset plate

581412.000 N

[P2/Ra] 0.283
Gusset flexure yielding check:
Eccentricity of force at connection (e) 125.000 mm
Nominal flexure strength of gusset in yielding (Mn) 250000000.000 N mm
ASD factor in flexure yielding (omega) 1.670

Allowable flexure strength of gusset in yielding
[Ma=Mn/omegal

Interaction ratio in flexure yielding at gusset
[P1xe/Mal

149700598.802 N mm

0.137
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