Connections

* needed to: 2]
— support beams by columns ][J;

— connect truss members
— splice beams or columns
() Framed beant (shear} connection.

« transfer load o= B - s

 subjected to P e
— tension or compression

steel construction: e )

S "‘i;aw"reu HoLBs

bolts & tension members ~bending i
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Bolts Bolts
* bolted steel connections s * types s o

—materials 0 e “'_\_C:D% L
* high strength =
o A307, A325, A492 F,’,ﬁ,z‘fy [i%

— location of threads L

http:/fcourses.civil.ualberta.ca

7 M
° |nC|Uded T = tensile force A
4T - frictional resistance Threaded portion
1~ coefficient of friction
* excluded : T Fresbody
uT i i

"t — friction or bearing
A | « always tightened Eéﬁ
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Bolted Connection Design
 considerations

) J shear
— bearing stress
* yielding S
!

— shear stress
* single & double
— member
s rupture 7+

THE SHEAR
Pt ut
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Bolts
|

Table 7-1 | Table 7-2
Available Shear Available Tensile
Strength of Bolts, kips Strength of Bolts, kips
‘Nominal Bolt Diemeter, d, in.

T Nominal Bott Ares, In?

R - 1

Ml 1

o N o

| 2 | ]
ASD | LRFD | For md oaded comectone o n 3 e a2 n J
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Bolts
* rarely fail in bearing
 holes considered 1/8” larger

. sh i Rn
shear & tension Ra < %2 Ru S¢an
¢, =0.75

— single shear or tension

Rn = FI’IA)
Rn = FHZAb

— double shear
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Bolts

* bearing (4, R, < R%) R, <R,

¢=0.75
— deformation is concern

R, =12LtF, < 2.4thu
— deformation isn’t concern
R, =15LtF, < 3.Othu

— long slotted holes
R, =1.0L.tF, <2.0dtF,

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

Table 7-5 R
: DTN Table 7-3 (continued) Group B
Available Bearing Strength at Bolt Holes Slip-Critical Connections | gons
Based on Edge Distance Shear kips
gth,
KipsinNHicknaes (Class A Faying Surface, : = 0.30)
‘Nominal Boit Diameter, d,in. i | -
Edge T T | Group B Bolts
Hole Type | nunm Fulst L ] 2 u
Py W | e | Q| o | w2 | on | w0 | o Nomnal 8ok Diameter, 4. 0.
j ASD | LRFD | ASD | LAFD | ASD | RFD | ASD | Lam
| s 58 | 315 | 473 | 204 | a0 |272 | 408 | 250 | s
ST Az 6 | 383 | 530 | 829 | 404 [1305 | 457 [7280 | 420
ssur 2 88 | 435 | 653 | 822 | 783 | 633 | 799 |61 | 7er |
6 [488 | 731 | 585 | 678 | 8a7 | 96 | 873 | sse
{ " 1758 [283 | 424 | 261 | 92 | 239 | 59 | 207 | 310
%l " | es | @7 | 75 | 203 | 30 | 268 | w02 282 | ur
2 | ® |435 [ 653 |'s22 | 783 800 | 750 [4@8 | 7ou
| o |4a8 | 731 | sas | &8 | sen | B4t | s24 | me
| 1" s [294 | 40 ['g72"| a0t | 250 | 75 |18 | 28
o “ | & |30 | w04 | 305 | 457 | 280 | «20 |44 | %8
2 58 435 653 522 783 | 811 %7 479 na
e | 488 | 731 | e85 | ere | 73 | es9 | 836 | s
e | 8 (1881 205 (1087 163 [EM a6l | —
e [183 | 274 | 422 | 183 | 08| sraf— | —
BE 2 | ® |44 | &6 |80 | ss5 [3Ws | &3 11 | 22
& (475 | 713 | 414 | 622 | 383 | s30 | 293 | 419
5 S8 | 263 | %94 | 245 | %7 |227 | 540 |28 | 313
s M | e |25 | 42 | 274 | 411 | 254 | 381 | 234 | 350
3 S | 383 | 544 | 435 | 653 | 4A4 | 666 [426 | 69
o | 406 | o009 |ass | 731 | 498 | 76 | a7 | T8
[ e s [435 | 653 (822 | 723 [e09 | o1e |ms | 100 —
SRS |tezlems| o | 4as | 731 |sas | o75 [ 683 102 |70 |17 s
ki ., | %8 | 983 | 544 | 435 | 653 | 508 | 761 | 880 | &79 s
\Sr |te2lews| o5 [Upg | c09 |48s | 731 |sew | es3 |es0 | 918 .
= 190 |22 27 | s1
Edgedistance | SSUT, | 1% 1150 W | s : R e [N o BN o, BN,
| forfullbearing | LSLT - 1 | BN V4 My %2 |
strength ovs T 2 25 7 | D = standard hole: S = singe shear
Loz Lonwt,In. SSLP s 2 2% 24 S = oversized hoe D = double shear'
R o e mmn e e T
|STD = standard hole i <gimfany 0
| SSLT = short-sitted hote oriented transverse to the line of force [mec SL Mg SUlchels binus ot gl 1o By fe o e |
| SSLP = short-slotted hoke orlented paraliel to the line of force CH 6 oenype a0 LAFD | Mot Sip-crical bof vmues sscume oG more i one Ser has Deen Jrovisd
|0V = oversized hole o e e e S i 1 7w e
LSLP = long-slotted hole oriented parallel ta the line of force WadSSU | Q=150 | =100 | S ASE SprctconSoctone 3.3 3 5 b o shen s

Effective Net Area
* likely path to “rip” across
* bolts divide transferred force too

« shear lag A <AU

1
y l o- "
// Rs - Zin. hiek
o AR
N\ in standard holes 7
| o 3 —_— —
A
] 7™
\
mscuies Lo S (
T -
Plate A4
F3e7'-6 Plate §
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Tension Members

steel members can
have holes

reduced area

An Ag Aof all holes +t2

increased stress

g (AISC - Steel Structures of the Everyday)

A ’.__‘; 4
: — |
¢ > 9 Ay
T I &) —T7 T / _i —_—T
\ 0 4
1 c 8 |
8 L‘_" =
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Tension Members

* |imit states

I-J /
<"/ P <gP
for failure é u ¢t n
1. yielding ¢, =09 P, = FyAg
2. rupture* ¢, =0.75 P, =F A

- P
A, - gross area R RS
A, - effective net area N \\I\ ‘
(holes 3/16” + d) £ Fff\:%
- S

AR
F, = the tensile strength K( ;C&

> s,
of the steel (ultimate) TR
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Framed Beam Connections

flanges
° an g I eS cohhection connected
at web only (polted wep
(flanges not connection
connected) to facilitate

— bolted
—welded

t

erection only)

| smEARconnEcTON MOMENT CONNECTION
T [ 125
| ) L ! o “;!" s X
maximum length | o LM
for angles { | o
J | ] es
. @)
(b)
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E Fy=50ksi Table 10-1 (continued) 3
f=6ksi|  All-Bolted Double-Angle  “/4-in.
£, =3 ksl Connections Bofts
Framed Beam Conne &=

4 Rows

W24,21,18, 16

 tables for

standard bolt 7
sizes & spacings

e # bolts [ s

* bolt diameter, [ =
angle leg =

thickness EE]

Fanges

* bearing on =

o T, | 38 i

beam web A [ e———

Sv | Mote:

|| o e
Steel Bolts 16 Elements of Architectural ¢ —
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Framed Beam Connections

* terms
— coping

o el PP 7 S VEAM WER

","/ [ BEAM tg e &L 7 AM 5{145
i

/ | ] i e gy 5 ; -

¥ S T SINGLE SHEAK
| ] “%me DevBLE SHEAR
X é::: &

— FLarGE FILLET

e BEAM FLANGE

(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 o

(welde d conmection) J
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Beam Connections ¢ =0.75 Other Bolted Connections
R =0.6F A +U, F,A <06F A +U,F A, * truss gussets

yitgy
— where U, is 1 for uniform tensile stress e base plates

* splices

)\ flE

7 0 2 - She. da
Figure 2-1. Block Shear Ruptu Daniel Libeskind

(Photo by J.A. Swanson and R. Lvun,.m esv of 9 2
Georgia Instinute of Technology) s on and R. L. (AISC - Steel Structures of the Everyday)

block shear rupture tension rupture
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