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Connections

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

e transfer load

* subjected to
— tension or compression
— shear
— bending

Steel Bolts & Welding 2 Architectural Structures
Lecture 21 ARCH 331

{a) Framed beant (snear} connection.
g= E-.'L'."J'.‘Hfi‘ffy': M=Txe

P 4T FTENER Pates
[\F RESUIFED)

=t

N\ SLETTED HolBs

(b) Moment connection (rigid framel.
M = Mot due fo beam bending

S2013abn



Bolts

* bolted steel connections

http://courses.civil.ualberta.ca
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Welds

http.//courses.civil.ualberta.ca
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Bolts

_-High-strength bolt

amad

* types
— materials

» high strength %
. A307, A325 A490 =

— location of threads -—E.jjj

. T
¢ InC| Uded = N T = tensile force Q Threaded portion
P ; P

Plate B

u7 = frictional resistan
u = coefficient of fri t on

e excluded - X

uT I I plate B ,
— friction or bearing (SC) B E—
* always tightened Béﬂ

Free body
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Bolted Connection Design

e considerations

— bearing stress
* yielding
— shear stress
* single & double

— member “
° rupture & K p CENTER PLATE

| PBARING STRESS
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Bolts

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

 shear & tension R/
()

— single shear or tension
Rn = |:nAb
R, =F 2A,

075

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

et [ | w [ o [
[ ewwasmnt | ow | o | own | om |
Load-

Fayl€]
ASTM | Thread |
5 Cond.

] o |

1Yy

Nominal Bolt Diameter, d, in.
S T B T B
FunlC
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Table 7-2
Available Tensile
Strength of Bolts, kips

Nominal Bolt Area, in.2 0442 | o601

ASTM Desig.

G?oqp A
Group B
A307

Nominal Bolt Diameter, d, in. 1

45.0 67.5 13.8

FualQ | 0Fn
(ksi) | (ksi) |
ASD | LRFD | ASD | LRFD | ASD | LRFD

7 19.9 9
1174 138 1772

nlQ | o | nmiQ O | rlQ | or

56.5 84.8 17.3 26.0 25.0
225 33.8 6.90 | 10.4 9.94

Nominal Bolt Area, in.2 0.994 “ 1.48 177

ASTM Desig.

Group A
Group B
A307
ASD
Q=200

T m
Fot/Q2 OF,
o Q| or | mIQ | or | mIQ | om | miQ | or

(ksi) | (ksi)

ASD m LRFD | ASD | LRFD | ASD | LRFD
7.5 " |

450 47 | 671 | 552
56.5 56.2 69.3 [104
225 B 276 | 41.4

LRFD

0.75

http.//www.fastenal.com S2013abn



Bolts

* bearing R/ R

— deformation Is concern

R =1.2LtF, <2.4dtF,
— deformation isn’t concern

R =1.5LtF, <3.0dtF,

-075

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

L.— clear length to edge or next hole (ex. 174", 3’)
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Bolts

Table 7- . i
. i able 7-5 Table 7-3 (continued) Group B
Available Bearing Strength at Bolt Holes Slip-Critical Connections Bolts
: \
Based on Edge Distance Available Shear Strength, kips ‘
kips/in. thi . |
ps/in. thickness (Class A Faying Surface, 1 = 0.30) |
] 1, \
Nominal Bolt Diameter, d, in.
Edge EEr e
Hole Type Dislagnce | Fiksi i % | ! | b
Lo, in. mlQ o nlQ on nlQ O mlQ o Nominal Bolt Diameter, d, in.
ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | (rrp ‘ 5/g ¥4 g 1 ‘
11 l 58 315 47.3 294 44.0 27.2 40.8 25.0 ' 375 Minimum Group B Bolt Pretension, kips |
s | JL | 65 353 | 530 [ 329 | 494 | 305 457 | 280 420 Hole Type Loading 2 p 29 64
SSLT 4 58 | 435 | 653 | 522 | 783 | 533 | 799 | 811 | 767 |
i 65 48.8 731 58.5 87.8 59.7 89.6 57.3 85.9 niQ o niQ ory niQ Oy nRiQ om |
58 28.3 424 26.1 39.2 239 359 20.7 310 ‘
1 1 LRFD LRFD LRFD LRFD
sl e | 65 | 317 | 475 | 293 | 439 | 268 | 402 | 232 | 347 ] e uad e o
2 58 43.5 65.3 52.2 78.3 50.0 75.0 46.8 701 STD/SSLT S 5.42 8.14 791 1.9 11.1 16.6 14.5 217
65 48.8 73.1 58.5 87.8 56.1 84.1 52.4 786 D 10.8 16.3 15.8 23.7 221 33.2 28.9 434
11 58 29.4 44.0 27.2 40.8 25.0 37.5 21.8 3286 0VS/SSLP S 462 6.92 6.74 [ 10.1 9.44 141 123 184 |
s /s 65 | 329 | 404 | 305 | 457 | 280 | 420 | 244 | 368 ‘ D 925 | 138 | 135 | 202 | 189 | 282 | 247 | 369 |
, | 98 | 435 | 653 | 522 | 783 | 511 | 767 | 479 | 718 5 ‘ s | 380 | 570 | 554 | 831 | 776 | 116 | 101 | 152 |
‘ | 65 48.8 73.1 58.5 87.8 57.3 85.9 53.6 80.4 LSt D | 760 [ 1.4 111 | 166 155 233 | 203 30.4
| | 58 [163 | 245 [ 108 | 163 | 5441 816 — | — Nominal Bolt Diameter, d, in.
LSLP 65 18.3 27.4 12.2 18.3 6.09 914 | — —
| o | 58 |44 | 636 | 370 | 555 [ 815 | 473 | 261 | 3092 1" \ 1"s ¥ | 12
| ‘ 65 47.5 713 4214 62.2 353 53.0 293 439 Minimum Group B Bolt Pretension, kips
‘ 1 | 58 26.3 394 | 245 36.7 | 227 340 | 208 31.3 Hole Type Loading T
8] /s | g5 | 205 | 442 | 274 | 411 | 254 | 381 | 234 | 350 80 102 121 5 148
2 | 58 [ 363 | 544 [ 435 | 653 [ 444 66.6 | 426 | 639 niQ A niQ | on niQ o miQ o
B R 00 B o1 R T N T ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD
el VR ) 58 | 435 | 653 [ 522 | 783 [ 609 | 914 | 696 | 104 5 s s s T
0 Y e = ke full 117 a . = X A | J i U,
LSLP | s o Maee 0 My o Bhome J‘__,‘ STRI D %2 | 542 | 461 | 692 | 547 | 820 | 669 |100
> 58 [ 363 | 544 | 435 | 653 [ 508 | 761 ["580 | 870 ' s 154 | 231 | 196 | 204 | 238 | 349 | 285 | 426
| 80 |L>lew) 65 |40 | 09 | 488 | 731 | 569 | 853 |50 | 975 Ovs/sstp D 308 | 461 | 393 |88 | 466 | 697 | 570 | 853
STD
y . S 127 19.0 16.2 24.2 19.2 28.7 234 35.1
e ctance l o L 11%he 2 . il S D 253 | 380 | 323 | 484 | 388 | 574 [469 | 702
for full bearing LSLT | - | 32 ;
strength ovs Mg | 2 2515 [ 2% STD = standard hole S = single shear
Lo = Lo i, in. SSLP 1M 2 2516 ‘ 216 28 “\{S = oversized hole D = double shear
| LsLP 2y | 27 ‘ 27, | 314 SSLT = short-slotted hole transverse to the line of force
STD = standard hole . 16 - 8 8 L ———==| ral S >SLP = short-slotted hole parallel to the line of force
SSLT = short-slotted hole oriented transverse to the line of force ,DL = long-slotted hole transverse or parallel o the line of force 541
SSLP = short-slotted hole oriented parallel to the line of force H3 Hole Type ASD | LRFD | Note: Slip-critical bolt values assume no more than one filler has been provided
0VS = oversized hole - { or bolts have been added to distribute loads in the fillers.
LSLP = long-slotted hole oriented parallel to the line of force STD and SSLT | Q@ =1.50 | ¢ =1.00 | see AISC Specification Sections J3.8 and J5 for provisions when fillers
11T - Llans asladtad hala arnantad tvancuarea tn tha Baa nf farna = 1 1 are nrecent




Welded Connection Design

e considerations
— shear stress
—yielding
— rupture
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Welded Connection Design

> By
* weld terms A exiaili
————FIABT WELP ) 7 D”g’*\ﬁf’ .

— bUtt Weld [ —fLg WeLp i y e

—sLeT WELP

— fillet weld
— plug weld
— throat

* field welding
* shop welding

b) sINgLE VEE
GROOVE JOINT

(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

e weld materials
— E6O0XX

— E70XX

500pum
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Welded Connection Design

WELb

» shear failure assumed -

e throat
— T =0.707 x weld size

e area
— A=T x length of weld
« weld metal generally

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

THREAT= 1771 = WELD SIZE

°* minimum e
— table T
* maximum e
— material thickness ( to }4”)
— 1/16” less
TABLE J2 .4

° m|n ] |ength Minimum Size of Fillet Welds |

Materlal Thickness of Minimum Size of

Thicker Part Joingd, in. (mm) Fillet Weld[a] in. {(mm)

— 4 X size min. T e
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Welded Connection Design

» shear R < R, -

R, = 0.6F,,T1 =S|

rea

Q

— table for ¢S

{not considering increase i thre
submerged arc weld process)
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Framed Beam Connections
- angles

at web only .
{flahges not conhection

A -onnecte to facil
— bolted B connacted) [ erectionomy
— welded

MOMENT CONNECTION

te— maximum length
for angles
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Framed Beam Connections

* terms
— coping

Z9_—BEAM WER
o L F ANGLE

e SINGLE SHEAR-

“FLANGE FILLET

- BEAM FLANGE

o8
S S

(AISC - Steel Structures of the Everyday)
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Table 10-1 (continued)

All-Bolted Double-Angle 3/4-in.
Connections Bolts

Framed Beam Conndiie o s

. tables for standard "
bolt sizes & spacings

e # bolts

 bolt diameter, angle
eg thickness

-
°® Flange Only 1519 174 | 261 | 182 | 273 | 1
181 272 189 | 284 | 1
209 | 313 1
1

Hole Type

'/4 156 234 156 | 234

63 245 257 |11

71 | 256 268 | 178

90 285 297 198 296
1

5

1%/ 161 241 161 241

181 | 272 171 256 | 176
201 | 301 285 | 198

mmmmmm

Suppon Available Notes:
Strength per STD = Standard holes N = Threads included
Inch Thickness 0VS = Oversized holes X = Threads excluded
o SSLT = Short-slotted holes transverse SC = Slip critical
kips/in. to direction of load

171
219 146 219
227 227 161 241 161 241
0 e al I I We 12 249 249 234 234 249 249
5/3 171 256 171 256 161 241 161 241 171 256 171 256
185 | 278 263 | 178 | 267 | 185 | 278
209 | 313 297 | 198 | 296 309

* Tabulated values include '/+-in. reduction in end distance, Lgs, 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.
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Framed Beam Connections

» welded example (shear)

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

« welded 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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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
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Beam Connections § =015
R, =06F A, +U F A <O06FA +U FA,

— where U, Is 1 for uniform tensile stress

Figure 2-
Photo by J

block shear rupture tension rupture
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Other Connections

 seated beam

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

* splices

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

* rigid frame knees
* gussets & joints

(AISC - Steel Structures of the Everyday)
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Other Connections

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

http.//courses.civil.ualberta.ca
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