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Connections

* needed fto:
— support beams by columns
— connect truss members
— splice beams or columns

e transfer load
* Subjected to

— tension or compression
— Shear
— bending
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Bolts

* bolted steel connections

http://courses.civil.ualberta.ca
AR |

f-'-"' -"" 4 i
(AISC - Steel Structures of the Everyday)
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Welds

* welded steel connections

http.//courses.civil.ualberta.ca

Su2014abn
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Bolts

e lypes

s UEICHEIS s
* high strength
« A307, A325, A490

— location of threads
 included - N
» excluded - X

— friction or bearing (SC)
 always tightened
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Bolted Connection Design

» considerations
— bearing stress
* yielding
— Shear stress
* single & double

— member S
* rupture 2 T ; - CENTER PLATE

[ BEARIMG STRESS
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Bolts

* rarely fail in bearing
* holes considered 1/8” larger

+ shear & tensi R
Snear ension Ra < é Ru < ¢an

— Single shear or tension 9, =0.75

Rn = FnAb
R =F 24,

— double shear
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Table 7-1 Table 7-2
Available Shear Available Tensile
Strength of Bolts, kips Strength of Bolts, kips

Nominal Boit Diameter, d, in. Nominal Bolt Diameter, d, in. Stg 34 7 1
Nominal Bolt Area, in.2

Nominal Bolt Area, in.2
Fayl € . FalQ | 0Fn - [
ASTM | Thread Load- i ksi) | (ksl) | (/9] ory | Rl Ory ralQ OFy
Cond. n ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LR

Desig.
[ 450 5 | 138

| 56.5
22.5

Nominal Bolt Diameter, d, in.

Nominal Bolt Area, in.2
 [Rua ] oF

Q| o
" . O | rlQ W | o

ASTM Desig. | (ksi) | (ksi)

ASD | LRFD

Group A ) 45.0
56.5

Q=200

=

=

P -'-m
. Load p== =t

""-‘1 oad || 555 =

=
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Bolts

. ' R
bearlng Ra < %2 Ru < ¢Rn

¢ =0.75
— deformation is concern

R = 1.2LctFu < 2.4thu
— deformation isn’t concern
R =1.58LtF <3.0dtF,

— long slotted holes
R =1.0LtF, <2.0dtF,

L.— clear length to edge or next hole (ex. 1747, 3°)
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Bolts

Table 7-5

Available Bearing Strength at Bolt Holes

Based on Edge Distance
| kips/in. thickness
| \ [ Nominal Bolt Diameter, d, in.
Edge [ T ]
Hole Type | !Jislagnce F, ksi i n s !
| Lgin. i | on | RQ O | miQ o | RIQ | o
~ ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | Lrmp
; 1, ‘ 58 | 315 | 473 | 204 | 440 | 272 | 408 | 250 | 378
sto | ' | e5 [ 353 | 530 | 329 | 494 | 305 | 457 ["280 | 429
SSLT & 58 | 435 | 653 | 522 | 783 [ 533 | 799 | 511 | 787
| 65 | 488 | 731 | 585 | 878 | 597 | 896 | 523 | 859
[—m | 58 [ 283 | 424 | 261 392 [ 239 | 359 [ 207 | 310
SsLp “ | 65 | 317 | 475 | 283 | 439 | 268 | 402 | 232 | 347
5 \ 58 | 435 | 653 | 522 | 783 [ 500 | 750 | 468 | 704
‘ 65 48.8 73.1 58.5 87.8 56.1 84.1 52.4 786
| " | 58 [ 204 | 440 | 272 | 408 | 250 | 375 | 218 | 326
e 4 685 | 329 | 494 | 305 | 457 [ 280 | 420 | 244 | 366 |
| 5 58 | 435 | 653 | 522 | 783 | 511 767 | 479 | 718
65 | 488 | 731 | 585 | 878 | 573 | 859 | 536 | 804
| [ 88 [ 168 | 245 [ 109 | 163 | 544 816[— [ —
iiw 65 | 183 | 274 | 122 | 183 | 609 | 914f — =3
| , | 88 |42a | 636 [ 370 | 555 | 315 | 473 ['261 | 392
| | 65 | 475 | 713 | 414 | 622 | 353 | 530 | 203 | 439
| " | 58 | 263 | 304 | 245 | 367 [ 227 | 340 | 208 | 313
i It | g5 | 205 | 442 | 274 | 411 | 254 | 381 | 234 | 350
o | 58 [363 | 544 [ 435 | 653 [ 444 | 666 |26 | 639
= = 65 | 406 | 609 | 488 | 731 | 498 | 746 | 477 | 716
g;fr;sg\g' L>lop| % [ 485 | 653 [s22 | 783 | 608 | 914 | 6e6 | 104
lp | >"™| e |488 | 731 [s85 | o75 | 683 |102 | 780 |17
ST |Lo>Lony| 8 | 383 | 544 | 435 | 653 [ 508 | 761 | 580 87.0
| |7 ™| 85 | 408 | 609 | 488 | 731 | 668 | 853 | 850 | 979
STD, |
Edge distance SSLT, 1575 1154 2l 1 2%16
for full bearing | LSLT |
strength [ovs 136 2 2515 T@
Le= Lo, in. | SSLP 116 2 2518 | 2
[ LsLp 2 27 2ijy [ 3V oiie
STD = standard hole
SSLT = short-slotted hole oriented transverse to the line of force
SSLP = short-slotted hole oriented parallel to the line of force
0VS = oversized hole
LSLP = long-slotted hole oriented parallel to the line of force
1T . lans sladdad hala arnantad teansuisarss ba s s af fasmes

ral

Table 7-3 (continued)

Slip-Critical Connections
Available Shear Strength, kips
(Class A Faying Surface, 1 = 0.30) F2280

Group B
Bolts

A490, A490M

A354 Grade BD

Group B Bolts

i Nominal Bolt Diameter, d, in.
l 578 3 s 1 5
Minimum Group B Bolt Pretension, kips '
Hole Type Loading
24 35 49 64
niQ Oy 1 1(9] O RiQ Oy miQ Ofy
| ASD | LRFD ASD LRFD ASD LRFD ASD LRFD
| | s 542 | a1a | 781 [ 119 [ 11 [ 166 [ 145 | 217
STO/SBLT 44 1 o 108 | 163 | 168 | 237 |21 |332 | 289 | 434 |
[
| § 462 | 6.92 6.74 | 101 044 | 141 12.3 184 |
ORREET D 925 | 138 | 135 | 202 [ 189 | 282 | 247 | 369
LSL { 5 380 | 570 5.54 8.3 7.76 M6 101 15.2 |
| D | 760 | 114 | 111 | 166 | 165 | 233 | 208 | 304 |
| i Nominal Bolt Diameter, d, in. [
| i mm—
1/g ‘ L7 134 [ 172
Minimum Group B Bolt Pt;ension‘ kips i
Hole Type Loading
B0 102 121 148
nmiQ Ory m/Q o niQ oy alQ OFp
ASD LRFD ASD LRFD ASD | LRFD ASD LRFD
s 181 | 271 | 231 | 346 | 273 | 410 | 334 | 502
STty D 36.2 54.2 46.1 69.2 547 | 820 66.9 100
E S | “15:4 231 19.6 294 | 233 349 28.5 426
i D I 30.8 46.1 39.3 58.8 46.6 69.7 57.0 85.3
LsL 5 127 19.0 16.2 24.2 ! 19.2 28.7 234 351
D 25.3 380 | 323 484 | 383 57.4 46.9 70.2
1D = standard hole S = single shear
OVS = oversized hole D = double shear
SSLT = short-slotted hole transverse to the line of force
SSLP = short-slotted hole parallel to the line of force
LSL = long-slotted hole transverse or parallel to the line of force
HOlB Type ‘ ASD LRFD | Note: Slip-critical bolt value§ assumé nd rﬁ.me than énérrfi\\ieirg been provided

1 or bolts have been added to distribute loads in the fillers.

STDand SSLT | =150 | ¢=1.00 |S5ee AISC Specification Sections J3.8 and J5 for provisions when fillers

1 are nrecent




Welded Connection Design

* considerations
— Shear stress
— yielding
— rupture
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Welded Connection Design

-

-

¢ Wel d t e rm S I-"f poSo 2 FLIET

————FILLET WELD Pl | 7 DsT_
: Vg T

- bUtt Weld . / ] —Pg el ' Fﬁ@%ﬁ |

—cLeT WELP

— fillet weld
— plug weld
— throat
* field welding

* shop welding

b) SINgLE VEE
:51'?-6-%“\/"5- JZ2INT

(AISC - Steel Structures of the Everyday)
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Welded Connection Design

* weld process
— melting of material
— melted filler - electrode
— Shielding gas / flux
— potential defects

 weld materials
o =1610).0.4

— E70XX
Fryy = 70 Ksi

500 um
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Welded Connection Design

* shear failure assumed e TRANSVERSE

o throat 5
— T =0.707 x weld size

* area
— A =T x length of weld
* weld metal generally

stronger than base
metal (ex. F, = 50 ksi)

THRGAT= 10T » WELD 5128

Steel Bolts & Welding 14 Architectural Structures Su2014abn
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Welded Connection Design

THReAT= 107 » WELD S|ZE

* minimum _
— table —
s maximum % o
— material thickness (to 74”)
— 1/16” less

.  TABLE J24
¢ mln length Minimum Size of Fillet Welds
Material Thickness of | Minimum Size of '
" " B _Mln {mm) FII.Iet Weld[a] in. {mm)
— 4 X size min.

"4(6)

> 1,7 | w®
- = 2 | JI See ile el mrt be used.
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Welded Connection Design

. shear R SR%) R <gR
b =075

R, =0.6F, Tl =S

area

— table for ¢S

11.93 13.92

Ya 14 32 16.70

(not considering mcrease m throat with
submerged arc weld process)
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Framed Beam Connections
- angles e

at web only .
{flahges not conhection

i bolted ; | connected) . : E?;fﬁgiﬁﬁﬁg;
— welded

MOMENT CONNECTION

te— maximum length
for angles

Steel Bolts & Welding 17 Architectural Structures Su2014abn
Lecture 18 ARCH 331



Framed Beam Connections

e ferms
— coping

Z9_—BEAM WER
o L F ANGLE

e SINGLE SHEAR-

“FLANGE FILLET

- BEAM FLANGE

e

(AISC - Steel Structures of the Everyday)
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Framed Beam Conne

 tables for standard
bolt sizes & spacings

o # bolts

* bolt diameter, angle

leg thickness

* bearing on
beam web

Steel Bolts & Welding 19
Lecture 18

Hole Type

Coped at Top
Flange Only

Support Available
Strength per
Inch Thickness,

Architectural Struct
ARCH 331

1
18
12
1
2
3

Table 10-1 (continued)

All-Bolted Double-Angle
Connections

181 | 272
201 | 301

156
161

56 | 234
161 | 241

256 | 1M
178 | 267 | 185 | 278
198 | 29 9

N = Threads included
X = Threads excluded
SSLT = Short-slotted holes transverse SC = Slip critical

to direction of load

* Tabulated values include "+-in. reduction in end distance, Lgp, to account for possible
underrun in beam length,

Note: Slip-critical bolt values assume no more than one filler has been provided or bolts have

been added to distribute loads in the fillers.

AMERICAN INSTITUTE OF STEEL CONSTRUCTION



Framed Beam Connections

* welded example (shear)

(AISC - Steel Structures of the Everyday)
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Framed Beam Connections

* welded moment example

i

(AISC - Steel Structures of the Everyday)
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Framed Beam Connections

» welded/bolted moment example

(AISC - Steel Structures of the Everyday)
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Framed Beam Connections

» welded/bolted moment example

(AISC - Steel Structures of the Everyday)
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Beam Connections

* LRFD provisions
— Shear yielding
— Shear rupture
— block shear rupture
— tension yielding
— tension rupture
— local web buckling
— lateral torsional buckling

Steel Bolts & Welding 24 Architectural Structures Su2014abn
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Beam Connections $=0.75
R =06FA +U, FA <06F A +U,F A4

nt — y gy
— where U, is 1 for uniform tensile stress

block shear rupture tension rupture
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Other Connections

e seated beam

e continuous
— beam to column
— beam to beam
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Other Connections

The Royal Ontario Museum Toronto . Canada
Daniel Libeskind
(AISC - Steel Structures of the Everyday)

http://courses.civil.ualberta.ca
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Other Connections

* nigid frame knees e S e T
* gussets & joints

(AISC - Steel Structures of the Everyday)
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Other Connections

* base plates
— anchor bolts
— bearing on steel
— bending of plate

http.//courses.civil.ualberta.ca
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