Connection Design Considerations

* joints often critical in design
— can influence choice of structural system

* types used influenced by:

lecture — member behavior ——
— member geometry —
* basic types join by:
— lapping @@
— deforming and interlocking | —
. — butting ﬁf
connections )
Connectors Connector Rigidity
* ‘third-elements” == T  pinned joints
B [T ) — t
— bolts I — point type f{
— nails r * rigid joi
ig] ‘i rlgld JOIntS Pinned joint  Typic \pnncdco nection
—welds ' ﬁ/:_;‘?ﬁ — line and surface types

— splice plates E — multiple “points” ™ s ng
+ transfer load at a %ﬂ separated by | i Ll |
point, line or surface |

: . | =
distance resist | w L \L
. moment R:gld joint Typical rigid connection
— generally more than a point due to stresses

T=C M=Td=Cd
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Point Connectors

 connected members in tension cause
shear stress

(b} Elevation showing the biolt in

{) Teon steel plates bolled iesing one bolt,

fCENTER PlATEe
| PEARING STRESS

« connected members in AN
compression cause 5
bearing stress
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Double Shear
« seen when 3 members are connected

SF=0=-P+2(P/)

P
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Free-body diagran of middle section of the bolt in shear.

Figure 5,12 A bolted connection in double shear.
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Single Shear

* seen when 2 members are connected

fa) Tevo steel plates bolfed wsing one ball, (b} Elevation shotoing the bolt fn shear.

F Average shear stress through bolt cross
3 sectinr
—- ill = A = Bolt cross-sectional area
itV yzg_wzf ? . *\h r e
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fo=—
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Bearing Stress

compression & contact
projected area ,crater AT

| rPBARING STRBSS

R
R =+

projected
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Beam Stresses

Beam Stresses

* shear — horizontal & vertical

T = -]
7 -
- -
- >
s -~

-
slice

-

e -

neriE e L /cut section from foam
< beam; slice In half, then
L/—/‘ reassemble as shown
3 slice
vertical
~ ¥

O ¥ e~

hold with tape
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Connectors Resisting Beam Shear

F2007abn

» shear — horizontal & vertical

front side shows
vertical shear

back side shows
horizontal shear

)
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Vertical Connectors

F2007abn

 plates with

— nails 4
—rivets
— bolts
* splices V
longitudinal V
. \V/ from beam load ongitudina _ Q
related to Vlongitudinal p
nF > VQconnected area )
connector — | p

Lecture 17 ARCH 631
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* [solate an area with vertical interfaces

> VQconnected area

nk .
connector — p
I N
]
]
—_—— |-
1
1
T
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Tension Members

« members with holes have reduced area

* increased tension stress P T

+ A, is effective net area ft = E or E

T
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Wood Connectors

» adhesives
— used in a controlled environment
— can be used with nails

Effective Net Area

* likely path to “*ip” across
* bolts divide transferred force too

Connections 14 Architectural Structures Il F2007abn
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Wood Connections

e
. N b
° h | Pe—m—x1
mechanica o B
_ na”s SHEAR PLANE. A,z&g;‘o;awa)

NAIL _CONNECTION

— bolts
—lag bolts or lag screws
— split ring and

LAG BolT

shear plate connectors
ConnecESLj m be r rlvets Applied Architectural Structures F2012abn
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Nails

* tension stress (pullout)
» shear stress

* nails presumed to share load by
distance from centroid of nail pattern

4 4
: I 5 7 >
“si0e MEMBER”
i ~— MAIN MEMBER —>
LATERAL LOAD WITHDRAWAL LOAD
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Lag Screws

Bolts

* tension stress (pullout)
—avoid parallel to grain
» shear stress

I 11111111

- THREAD

TYP/CAL (AG BOLT

S WOOD MAIN.
(HOLDING ) MEMBER — MEMBER

SHEAR TYPE CONNECTIONS
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* bearing stress

— parallel to grain 26 neur e
. . }
— perpendicular to grain 14;1 50° r
25 ——
251

» shear stress
* tension stress in member
. . SRl r—\1 @'gng;f’”;:&f,‘z";;f;’
concerned with s [
end shear rupture = | -

| [ owecrion
————-T—o— { oF LoADING
eoce 4 - / |
DrsTanceE — / =
a7 S, = s S|
¢

A Row OF BOLTS IS DEFINED
TWO OR MORE BOLTS N A
0 T

LINE PARALLEL TO THE LOAD

SARALLEL TO GRAIN LOADING
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Split Ring Connectors

 bearing stress

— parallel to grain

— perpendicular to grain
shear stress

tension stress in member |

concerned with
end shear rupture { o, 0
¢ Piece

(like bolts) s

A=End Distance
D= Connector Diameter

Maintain Edge
Distance

Connections 20 Architectural Structures Il F2007abn
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Plate Connections Miscellaneous Connectors

* beam hangers
» frame anchors
« seats
 etc...

* rigid
— bolts or nails
— plate

— continuous at
top & bottom

\eB (o) Elevation of Connection

\ SUSPENDED SUPPORTING
Figure 6.24—Typical Rigid-Plate Connection Between Prefabricated Glued-Laminated b [ MEMBER
* shear —r w
\ 1 fee] !
{ J L‘
H I
— metal plate with teeth | &7 Ed | p——
°
TENSION TIE
HIMNGE BEARMNG
SURFACES /[ \EE‘M
COLLAN e SADDLE  HANGER
GIRDER
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Steel Connections Bolts

* needed to: o * bolted steel connections =i
— support beams by columns “ '
B
— connect truss members LJT %
— splice beams or columns
(a) Framed beam (shear) connection.

« transfer load e o e
P - 9T FrRNER FLAES

« subjected to | et
— tension or compression - [’)M
— shear R S
— bending o ey o

M = Moment due to beain bending

i g |
http://courses.civil.ualberta.ca 4 ]
>d
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Welds

welded steel connections
| ¢
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Bolts

* types A o
— materials F@ . [_qj]% _z

* high strength =
— location of threads vy @
* included

T‘n

R

u
T
= tensile force .
o7 = frictional resistance Threaded portion
coefficient of friction
=uT Free body

» excluded

=~

o=

— friction or bearing néﬁ
« always tightened

Connections 27 Architectural Structures Ill F2007abn
Lecture 17 ARCH 631

Bolted Connection Design

* considerations

J shear
— bearing stress
* yielding S
|

— shear stress
* single & double
— member
* rupture

fCENTEE FLATE
f K%EAF—IH@’ STRESS

F
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Bolted Connection Design
b Unlfled St86| Avai:;:ll.;ghear

Strength of Bolts, kips
- Shear: Nominal Bolt lameter, ¢, .

n L 'l- 1
Worinal Boh Ares, n® (=4 o [ oms
R R DR [ 7 Y PPy po prey g ey oy ey
Desig. | Cond. ing
n 50 | LA As0 | LAF | ASD | UkF0 | ASD | LAFD | ASD | U0
—_ 5 | 820] 124 [ 119 | 179 | 182 | 243 | 2v2 | ;18
a u — V n Goop M| T8 | o | ee |29 | 290 | 358 | 325 | 4a7 | 2a | s
!2 A S |04 | 157 [ 160 | 225 | 204 | %07 [ 27 | 460
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* \Y ¥ [®01%0 | o [asa |7 | |57 | s0s ) rs7 | ese | s
N s [ aw| 623 o[ 80| 122 [ 108 | 159
A 18123 | o | s29 125 | o f o | 62| s |22 s
. bolt Strengths Nominal Bot Dmeter, 4, n. [ [ [ [
Nominal BoRt Are, In? [ 12 148 5
P oy Lo -4 IR P RO PV R ) R P
— bolt types | )
480 | Uhro AS0 | UAFD | ASD | UAFD | ASD | LhFD | ASD | L0
s 2008 | 403 | 302 | 498 | 400 | W90 | 78 | N7
Gop | M [F0I45 | b | ser|wos | eaa | 906 | 7m0 f120 | e6s s
« A325-SC. A490-SC ol SR AR R IR A L |
3 5 0 |66 1ov |88 izs 1o 151 [120 e
s [3a8 [ 507 | 418|627 | 503 | 755 | e0z | 03
Goup | M [MO190 ) o Jeze i |easfies 1o s |20 |
. A325_N A490_N ] S |47 | 626 | 817|775 | 622 | w2 | 743 |12
H X [®01%0) o |eas s fioa fiss [124 |1 e fees
o 5 134 | 202 | 166 | 250 | 200 | 300 | 239 | B8
o 13513 | o | 268 |04 |32 400 | w00 | 601 [a7a|ms
L] A325_X A490_X ASD | LRFD | For mnd s comections grester Mhan 38 1., see AISC Speciiation Tuble 1.2 footrote b
’
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Bolted Connection Design

3 |
Table 7-5
Available Bearing Strength at Bolt Holes
Based on Edge Distance

* Unified steel

kips/in. thickness

— bearing: S
] | 3 w | 1 o
| Hole Type | Distance | F, ksl
Loin. W [ on | w2 o | W | o | wn | e
* bolts rarely \ | e i o o ]
: : o [ | 5 [ = (S0 =2 [ <> 8 | =
s 5, :
fall by bearlng ssur 2 | % |48 &3 [822 | 183 |88 799 |80 %
65 483 73.1 585 878 587 896 573 | sy
ils fi MERE HOHE OB
* other part fails first e
| | & 488 731 585 878 | 861 841 524 | 788
. .. | P 58 | 24 | a0 272 | 408 | 250 | 75 |21 | w26
ovs S, 1] 329 494 305 457 280 420 24 %6
_s||p critical SEE B B B b
6 | 488 | 721 |85 | o758 | §73 | 859 |'836 | a04
P 58 | 163 | 245 | 109 | 163 | S44| 86— | — |
. h d d e | | e |88 | 274 [422 | 183 | 800 o4 P | =
* tightened down MEH HOH B E
i 58 | 23 | 394 | 245 | 367 | 227 | 340 [ s
4 65 | 205 | 442 | 274 | 411 | 254 284 | 30
h I 1/16”, i 58 | 363 | 5. 435 53 | 444 | 655 | 42 39
- O eS are arger | 2 | e |48 |c0s | 488 | 731 | 498 | 746 |47 | 718
|'sTo, sst, | 7 1
. . [sroms |zt 55 |dan | 57 [ 8E | B |Gs [ | |
— effective hole widths |« e o wie o e o e o
& .
7 Edge distance | SSLT, e | 2
are 1/8” more | =
e 7
Loz Lonin. | SSLP o | 2w 4
| on
Connections 29 Applied Architectural St fg;ov g
Lecture 17 ARCH 631 |3%F
| LSLP = long-

Bolted Connection Design

* bearing at bolt holes

— deformation is concern
R, =1.2L tF, <2.4dtF,
— deformation isn’t concern
R, =1.5L tF, <3.0dtF,
— long slotted holes
R, =1.0LtF, <2.0dtF,
L. — clear length to edge or next hole

Connections 31 Architectural Structures |l Su201labn
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Bolted Connection Design

* single shear or tension

n

* double shear
R, =F,2A
* bolt area
— threads excluded
— threads included

u
R,=F.A  $=075

Tension Members
A, =AU
— A, is actual net area
— U is shear lag factor by element type
¢ 9‘:;;?‘?:‘5"@"{% —
S
An = Ag _Aof all holes +12 49

Lecture 17 ARCH 631



Tension Members

limit states for failure

1. yielding $=0.9 R = FyAg

2. rupture* ¢ ~0.75 Rn _ FuAe

P~ P IEARN o7 THe

RU S¢Rn

A, - gross area S B

A, - effective net area

F, = the tensile strength
of the steel (ultimate)

i Architectural Structures IIl
Lecture 17 ARCH 631

Welded Connection Design

Su201labn

Welded Connection Design

« weld terms

— butt weld S
—fillet weld "~ 7
— plug weld &\ﬂf\’/
— throat e

* weld materials

‘ TABLE J2.4

— E60XX

Minimum Size of Fillet Welds
s of

— E70XX ‘

Ta (!

he (5
L (6]

Minimum Size of
Fillet Weld[a] in. {mm)

3
)

a6}
*ve (8)

 considerations
— shear stress
— yielding
— rupture

N

1enson

shear

(welde d connection) J

Fexx = 70 Ksi

Architectural Structures Il
Lecture 17 ARCH 631

F2007abn

(&) (e)
Welded Connection Design
* 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)

Connections 36 Architectural Structures Il
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Welded Connection Design

THEGAT= 101 » WELD SIZEB

e minimum e
— table

P Tee

« maximum L b=
— material thickness ( to ¥4’
— 1/16” less
TABLE J2.4

‘ Minimum Size of Fillet Welds
‘ Waterial Thickness of
|
|

* min. length
— 4 X size min.

Minimum Size of

Thicker Part Joined, In. (mm) Fillet Weid[a] in. {mm)

Welded Connection Design

To % i6) inclusive T4 (3)
Over % (8] to '3 (13) Y16 (5)
Over '3 (13) to 4 {19) "4 (8)
1/ [ Over % (19) 5 (8)
-_ 2 1 /2 | (2] Leg cimension of fil 1 welds. Single pass welds must be ussd
[b] See Section J2.25 Ior mexim.m size of filet welds.
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flanges
L4 an IeS connection connected
at web ohly (bolted web
(flanges not connection
connected) to facilitate

— bolted
— welded

‘Im

k- SHEAR CONNECTION HMOMENT CONNECTION
T 125
<k
| ] bolts
| | n Dol
L | "
I<-— maximum length 1 at 3
for angles |
| forena [ I
| "
_J | 125
e
\\E—k g | (€}
(a) (b)
Connections 38 Architectural Structures Il F2008abn

Lecture 18 ARCH 631

erectiohn only)

» shear Ra < R%) qu <¢Rn

=0.75
I I S I Available Strength of Fillel Welds
per inch of weld (¢5)
Weld Size E60XX E70XX

Rn = O-6|:Exx

area (in.) (k/in.) (k/in.)
He 239 4.18
Y 4.77 5.57
He 5.97 6.96
— table for ¢S Ao e s
e 5.57 9.74
V2 8.35 1114
F M % 1193 13.02
Ed 1432 16.70
(not considering increase m throat with
submerged arc weld process)
Connections 38 Architectural Structures |Il Su201labn
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Framed Beam Connections

* terms
— coping

T BEAM W

T_E i LT ANGLE

L s sieae

i
|
|c =D .
| T DovpLE SHEAR
0‘[ i@’\::; 3
-0 | e | | X
ol + — FLaMGE FILLET
[ A
o e BEAM FLANGE
(AISC - Steel Structures of the Everyday)
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Framed Beam Conne §i=s

(e

Table 10-1 (continued) 3
All-Bolted Double-Angle  “/4-in.
Connections Bolts

- tables for standard T T EET
bolt holes & spacings |:f | =&

* N = # bolts e m%é

- bolt diameter, angle " ==ioi

leg thickness

* bearing on
beam web

Connections 41
Lecture 17

Architectural Structur

Coped at Top

LE

Flange Only 265 |

256

285 |

29

o

Coped at Both | 23 |

0

2%

2 |

[ Uncoped | 351 |
Support Available

Strength per

ASD | LRFD |« Tanuates vaues include -, cton i ond Gstance, L, 1 account o ossbe

Note:
oen added 1o distrbute kads in e fikers.

ARCH 631

Other Connections

AMERICAN INSTITUTE 0F STEEL CONSTRUCTION

* rigid frame knees

» beam splice
» column splice

Connections 42
Lecture 17

Architectural Structures IIl
ARCH 631

Main Frame Endwall Frarme Secondar
1. Colurnn 3. Endwall column S. Wall gi
2. Rafter 4, Rake rafter 6, Roaof p

: 7. Eaves

F2007abn

Other Beam Connections

» seated beam
— unstiffened
— stiffened
» continuous
— beam to column
— beam to beam

o
|
Y L
F—Y2" nominall
setback

P‘ Preferred
748

Stiffeners
fitted to bear +

A (Table Vil-A)

http://www.steel-connections.com

——
- \ - =
T
http:/fcourses.civil.ualberta.ca
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Beam Connections

« LRFD provisions
— shear yielding | .
— shear rupture
— block shear rupture u]km
— tension yielding |
— tension rupture rrsior
— local web buckling i /
— lateral torsional buckling IW/

(aelded conmection) J

Connections 43 Architectural Structures 1l F2007abn
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Beam Connections

* LRFD design of connected elements

— shear yielding $=100 R = O.60FyAg

— shear rupture

$=075 R, =0.60FA,

— block shear rupture ¢ =0.75 ﬂ}¥ ‘‘‘‘‘

R, =0.6F,A, +UF A, <0.6F A, +UF A,

where Uy is 1 for uniform tensile stress
Connections 45
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Beam Connections

* block shear rupture < tension rupture

Figure 2-14. Tenston Fracture Limit Sate
(Photo by JA. Swanson and R. Leon,
conrtesy of Georgia Institute of Technology)

Connections 46 Architectural Structures Il F2007abn
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Beam Connections
— tension yielding

$=090 R =FA
— tension rupture
$=075 R =FA
— flexural yieldin
YR 4, =090 My =FyZ(,
— local web buckling
— lateral torsional buckling

Connections 46 Architectural Structures Ill Su2011abn
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Beam Bearing

 design considerations
— web crippling

— base plate
bending

— bearing on

concrete, etc. ' o
. . l% L"r:<=:~>{ | |
* load distributed e W aaandl TN
N ‘ \ K N A FNe;vo\ r'-,g"h T: \\k
[/1) for resistance to t '

Figure 8.10 Considerations for bearing in beams with thin webs, as related to
web crippling (buckling of the thin web in compression)
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Column Base Plates

 attached by anchor bolts
—usually 4
— 2 if no moment NS
* plate level R iotmeabatace
— by shims & grout
— leveling nuts
 considers
— bearing on steel
— bending of plate

http://www.steel-connections.com
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