lecture
connections
Connectors
* ‘third-elements” =] o
i —
— bolts —L! K;
— nails - r
i 3
—welds E] T?ﬁ

— splice plates .
* transfer load at a E%E
point, line or surface |

— generally more than a point due to stresses
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Connection Design Considerations

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

* types used influenced by:
— member behavior ——e
— member geometry ]

* basic types join by:

=
— lapping @@
|

— deforming and interlocking

— butting ﬁ]ﬁ
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Connector Rigidity

 pinned joints I ‘ ' E
— point type fr 1 JAJ
* rigid jOintS -I;\{n.nedmml Typ\c;;ivnﬂed connection
— line and surface types

— multiple “points” ™ T
separated by | D
distance resist | LT
moment g

p—<=—Cc——K

ﬁ*fkﬁ T— "\

L )

» 1 {d »
M
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Point Connectors

 connected members in tension cause
shear stress

R —

(b} Elevation stowing the bolt in

f) Tevo steel piates bolted wsing one bolt,

- CENTER PLATE
/ fTPEAFING STRBSS

 connected members in
compression cause

bearing stress

®

Bearing stress on plate,
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Double Shear
« seen when 3 members are connected

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

>
Pl
s, (24

{two shear planes)

T
P =
Free-body diagrant of middle section of the bolt in shear.
Figure 5,12 A bolted connection in double shear.

! 2A A 720%
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Single Shear
« seen when 2 members are connected

—— e
=3 & i

tu) Tawo skeel plates bolled isiig one bolt, (b} Elevation showing the belt G shear.

Jo = Average shear stress through bolt cro
section

A = Bolt cross-sectional area

=L

: A

\Y A d 7
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Figure 5,17 A bolted connection—single shear.

Bearing Stress
* compression & contact
* projected area \cenres are

/ - sTeE FROECTED DEARING AREA
/ AR O STRESS
#
)/\\ /vgg%\\
s ~ = 3
-.__ g - -« =1 <
7 N I i

A
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Beam Stresses

Beam Stresses

* shear — horizontal & vertical

T -~ -
o 54
- -
7 >
-
2 ?

F

slice —, -
i -
RORlE = - cut section from foam
beam; slice In nalf, then
-7 reassemble as shown
1="slice
vertical
~ ¥

T 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

P

—nails Y¢

— rivets TR Do

_ bolts Lk
* splices

Vlongitudinal VQ

* V from beam load —

related to Vlongitudinal P

nF > VQconnected area
connector — I

Lecture 17 ARCH 631

F2007abn

» |solate an area with vertical interfaces

VQ
d

connector —
| A
)
]
—_—
|
1
T
I -
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Tension Members Effective Net Area

« members with holes have reduced area * likely path to “ip” across

- increased tension stress P T * bolts divide transferred force too
« A, is effective net area ft = E or K

1
-
A 4 1 I p
’_ _p /
| | | | 2
1 \ r
) qb ) By 3 e
! 1
T-— L Te— S| —T ‘ o
o) ci) ﬁ/ -,—l l :
Sl BRa S
T r T AISC-1.165.1 1% 1
‘ [ c 18 [ T 4
8 Lfa%-—s—-r
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Wood Connectors Wood Connections

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

* mechanical

. M:ﬁ’;—g\ (—mm "
* mechanical el o
- naIIS HEAL AvE \A'Z’SLQ?;DINGJ
NAIL_CONNECTION
— bolts -
— lag bolts or lag screws e (. ”4

— split ring and

LAG BolT

shear plate connectors
Connecﬁs Lj m be r rlvets Applied Architectural Structures F2012abn Connections 16 Applied Architectural Structures . F2012a‘bn
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Nails Bolts

* tension stress (pullout) * bearing stress

« shear stress — parallel to grain sienen N
. . . I <
« nails presumed to share load by — perpendicular to grain = S

distance from centroid of nail pattern * shear stress
* tension stress in member

) } . o PTG e
. W £ Bt . « concerned with e e
NS1DE MEMBER” DrsTance —| - ’ —
-— —~—— MAIN MEMBER —> end Shear ru ptu re i — o ( s
B cose ;J—j—v—Q~A -0—,—0— ) OF LOADING
LATERAL LOAD WITHDRAWAL LOAD e oot

(ORE_BoLTS IN A
70 THE (0AD

s
LINE PARALLEL

PARALLEL TO GRAIN LOADING
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Lag Screws Split Ring Connectors

* tension stress (pullout)  bearing stress
—avoid parallel to grain — parallel to grain
e shear stress — perpendicular to grain

)
.g-ltu\m\\\\\mmw-- i shear stress

DEcdltae ol tension stress in member |
concerned with

P Maintain Edge
. n_—‘.az—- Distance
~=HT end shear rupture ;ﬁ & oA

/ tAc BoLT - LAG BoLT

—| Nwooz (e = N sreec S
si0e R 0 SIDE R Q_ — =
{ . —_ D =
N Wooo MAN WooD  MAIN °
(HoLDING ) MEMBER MEMBER I e 0 S Z

SHEAR TYPE CONNECTIONS A=End Distance
anl - = D= Connector Diameter

Connections 19 Architectural Structures Il F2007abn Connections 20 Architectural Structures Il F2007abn
Lecture 17 ARCH 631 Lecture 17 ARCH 631



Plate Connections Miscellaneous Connectors

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

* rigid
— bolts or nails
— plate

— continuous at
top & bottom

» shear
— metal plate with teeth

SUSPENDED

“BEAM
RN

{ !/r 7o - )
) ﬁ = | —

°
\\-ansfa,.r TiE o
OCATED  NE, o o
HINGE BEARING
SURFACES
— . aEard
COLLMN h - SADDLE  HAMGER

GIRDER

- SUPPORTING
MEMBER
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Steel Connections Bolts

* needed to: s,

— support beams by columns l
— connect truss members LJ
— splice beams or columns

(a) Framed beamt (shear) conmection.

» transfer load () Framed e o
v

1 - 5T FPBNER. P
° SUbJeCted tO lP g ?.TFH-E#uMp#w
— tension or compression T)M

- shear TR P roes
- be n d I n g () Momsent connection (vigul frame).

M = Manient due to beam bending
http://courses.civil.ualberta.ca
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Welds

Architectural Structures Il
Lecture 17 ARCH 631

Connections 25

Bolts

welded steel connections
| ¢

F2007abn

* types

— materials
* high strength

— location of threads
* included
 excluded

— friction or bearing
+ always tightened

Connections 27 Architectural Structures Il
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=~

o=

Plate A High-strength bolt
& o D:pﬁl
; I3
q |
= Plate B

i ¥ -T
ok
= tensile force )
uT - frictional resistance Threaded portion
coefficient of friction
=uT Free body

T plate 8
7 s P
i——
B@

F2007abn

Bolted Connection Design

— bearing stress

* yielding
— shear stress

* single & double
— member

* rupture °

* considerations | N
Q ﬂ}—mmnn
|

;- CENTERE PlaTe
f f\—PEAF-IHﬁr STRESS

F
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Bolted Connection Design

Table 7-1

* Unified steel

Available Shear
Strength of Bolts, kips

Shear. Nominal Bolt Diameter, d, in. kK Y 'n 1

Nominal Boft Are, in 07 [ os0n ors

R mm_.""mf';‘:'_muu.unmmw /| o
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* \Y X {0190 o |osn|ser | an|ssr | s0s |57 | ese|ms

s | aw| 62| ser| 87| &1 12z [ 108 | 159

wo | - (18 [M3 | o | )25 | 1ie | 179 | 62| 24 [ 212 i

o bolt Strengths Nominal Bolt Diameter, . " " n "

Nominal Bot Ares, in® ] 122 a8 54

I asr | Teaa |y | o [ onge [0 | 0 |2 | o0 | | on [ | o
botwpes m’“mtw"umummumnm
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Gow | M #0195 | o |sa7|e0s | eea |96 709 |0 | ess i ||
« A325-SC. A490-SC Ty o e e
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s (3887 |48 | 627 | 503 | 755 | 02| %03

oup | M [HMOUN0 | 5 |ereior |sasfies [wor s i |

. A325_N A490_N b s | 417|626 | 817 | 775 | 62z | 932 | 743 |12

’ X |0 10| b |exs s [ fiss Jize ies |we lem

_ S [ 134|202 | 168 | 250 | 200 | 00 | 28] B8

ecid 135 (%9 | o | 268|404 33249 | 00 | 601 [ars|ms

+ A325-X, A490-X e CIEITRE R

0=200(0=075
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Bolted Connection Design Bolted Connection Design

. —
Table 7-5

[ Unlfled Steel Available Bearing Strength at Bolt Holes L4 Slngle Shear Or tenS|On R < w
- n

Based on Edge Distance
kips/in. thickness

. u
~ bearing: e R=FA ¢=0.75

baadiigs hoseres) hirlys! Py o e wa | o | na n
Lon. 2 o | 3 o | "
« bolts rarely | |l o o o i  double shear
; ; N TEH A B AR
fall by bearlng ssir 2 | % |48 &3 [52 | 83 |88 79 [801 | var |
AR N AL R, =F2A
. . [ " I =
* other part fails first Edwmes 3 F3 Er ik n n
1 2 | e |ass | 731 | 585 | s7s |sen | sa1 |'S24 | 7as O area
. BH F H HIE * bolt
— slip critical MR TE A AR
58 163 45 109 163 544 816 b= | —
. | e | e | a3 | z7a |22 | a3 | G0 sl | — —_ h d I d d
* tightened down R B B threads exclude
H HOEOHE IE :
— holes are 1/16” larger = & & ol& o & s o — threads included
| STO, SSLT, | s a5 653 | 822 783 | 608 94 (a6 |104
. . | SBEY™ e=temr! o f4as | 730 |85 | &8 |83 |12 | 7m0 1y
— effective hole widths oz 5 as ale e o
ST,
” Edge distance | SSUT, 2% | 2
are 1/8” more | e 4
Loz Londin. | 5SLP *251': i ZJ;
2 | ¥
Connections 29 Applied Architectural St fg;ov o Connections 30 Architectural Structures |l Su2011abn
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| L5LP = long-

Bolted Connection Design Tension Members

* bearing at bolt holes - A, =AU
— A, is actual net area

— U is shear lag factor by element type

— deformation is concern
R, =1.2L tF, <2.4dtF,
— deformation isn’t concern T ([oe——ef T

R, =15LtF, <3.00tF, | S

—long slotted holes

R, =1.0LtF, <2.0dtF, S
An = Ag - Aof all holes +12—

L.— clear length to edge or next hole 4g

Connections 31 Architectural Structures Il Su2011abn Connections 32 Architectural Structures |l Su2011abn
Lecture 17 ARCH 631 Lecture 17 ARCH 631



Tension Members Welded Connection Design

limit states for failure R, £ R  considerations

1. yielding $=09 R = FyAg —s.hea.r stress //fm/ /

—yielding
— rupture

2. rupture* ¢ ~0.75 Rn _ FuAe

A e
Lse

A, - gross area
A, - effective net area

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

&) (c}
Connec tions 33 Architectural Structures Il Su201labn Connec tions 34 Architectural Structures 11l F2007abn
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Welded Connection Design Welded Connection Design

- weld terms * shear failure assumed T e
) Vo e LEHETUPINAL
— butt weld T :W * throat » ﬁwm,j,_ﬁﬁ:}
— fillet weld C”&;\\ﬁ — T =0.707 x weld size I
\ \X) \ [ wr*”*”* :EE:faf ;:
- plug Weld ‘“&{fi‘i 2 b area 1“{3?\{’ P Liwcre UEINPL
— throat v

; "&P! TLIEJTIGN

~A=Tx lengthof weld 4]
‘ TABLE J2.4

» weld metal generally
e e 1 stronger than base

« weld materials
— E60XX

Fillet Weld[a] in. {mm)
— E70XX _
. metal (ex. F, = 50 ksi) %
1 .
Feyx = 70 ksi s
EXX — ) walds must ba used o
‘ n TrrenTs 107 2 WBLD 528
Connec tions 35 Architectural Structures Il F2007abn Connections 36 Architectural Structures Ill Su2011abn
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Welded Connection Design

THEAST= 107 % WBLP SIZE

* minimum o
— table

—Tee

. T \L —LEf sr.'.&l
* maximum [ E—
— material thickness ( to 74’)
— 1/16” less
TABLE J2.4

* min. length

Material Thickness of Minimum Size of
Thicker Part Joined, in. (mm) Fillet Weld[a] in. (mm)

‘ Minimum Size of Fillet Welds
— 4 X size min.

Welded Connection Design

To % 8] inclusive T8 (3)

Over 4 (6) to '3 (13) 16 (5)

Over 3 (13) 10 % (19) '4(6)

1/ ) Over?,(18) e (8)

—_ 2 1 A (8] Leg dimension of filst welds. Single pase welds must be used.
[b] See Section J2.25 Ior meximam sizs of filst wekds.
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Framed Beam Connections

. i
° an g IeS conection S
. at web only (polted web
[ (flanges not connection
— bolted
— welded

connected)} to facilitate

H ﬂ
| Is

B [F

|
e

SHEAR CONNECTION HMOMENT CONNECTION
125
<k
| ]
! ‘ Lj n|b3°!'rs
I<-— maximum length | a
| for angles | I |
- 1
T T J (l |25"
e
\\\& k q | (€}
(@) (k)
Connections 38 Architectural Structures Il F2008abn
Lecture 18 ARCH 631

. erectlon only}

» shear Rn
<o R SR,

Ve
| I S I Available Strength of Fillet Welds
per inch of weld (¢5)
Weld Size E60XX E70XX

area (in.) (k/in.) (k/in.)

R, =0.6F,

Ao 239 4.18
Ya 4.77 5.57
He 5.97 6.96
— table for ¢S A me s
W 5.57 9.74
P 8.35 1114
| 4 k| % 11.93 13.02
k4 14.32 16.70
(not considering mcrease in throat with
submerged arc weld process)
Connections 38 Architectural Structures |l Su2011abn
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Framed Beam Connections

* terms
— coping

S— A
s L | S A“f%? .
/ [aaAM Tl T AR
N i Co AT SINGLE SHEAR-
e o jotthe thes F
, | W] vBLE SHEAR
O‘I | iii:::g
Lo | e A
i —_— .
2] N = 1... = S LANAE FILLET
e o BEAM FLANGE
(AISC - Steel Structures of the Everyday)
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i Fy =50 ksi Table 10-1 (continued) 3
f=65ksi|  All-Bolted Double-Angle  “/4-in-
Bolts

* n =# bolts Rt )
 bolt diameter, angle
leg thickness
* bearing on
beam web

F, =36 ksi Connections
Framed Beam Conne §ieu -
4 Rows ot | Thread Hole Angle Thickness, in.
Wbz, 10 [09%| Cond | Tye E],‘-OEE:W v-uw .’vm
» tables for standard T (e (S (S (e
bolt holes & spacings | & |' 2 & eEse e
o " e %L——:%%m )
I . % o e oot sl a1
-y
S0
os
Ssur

Type | ASD | LRFD | uuinted vahoes inch ‘e, rcton o distance, L, 10 dccount for possible

st
5 | 8| 702 o e o e s i s i
Connections 41 Architectural Structul
Lecture 17 ARCH 631 AR enrnoms e o Gtk
Other Connections
b rlg Id fra.l I Ie knees Main Frame Endwall Frame Secondar
1. Colurnn 3. Endwall colurnn S, Wall gi

2. Rafter 4, Rake rafter 6. Roof p
3 7. Eaves

» beam splice
 column splice

Connections 42 Architectural Structures Il F2007abn
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Other Beam Connections

» seated beam
— unstiffened
— stiffened

» continuous
—beam to column
— beam to beam

Stiffeners
fitted to bear =

A (Table VI-A)

http:/iwww.steel-connections.com

——
- \ < -
e
http://courses.civil.ualberta.ca
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Beam Connections

« LRFD provisions
— shear yielding | e
— shear rupture
— block shear rupture Q ﬂ!‘xm
— tension yielding ]
— tension rupture

. » /tensior
— local web buckling
— lateral torsional buckling /
shear

(wrelded connection) J

Connections 43 Architectural Structures 1l F2007abn
Lecture 17 ARCH 631
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Beam Connections

» LRFD design of connected elements
— shear yielding $=100 R = 0.60FyAg

— shear rupture

$=0.75 R, =0.60FA,

— block shear rupture ¢ =0.75 ﬂz\ rrrrr
R, =06FA, +U,F A, <06F A, +UF A,

where Uy is 1 for uniform tensile stress

Connections 45 Architectural Structures Il Su201labn
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Beam Connections

 block shear rupture < tension rupture

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

— tension yielding
$=090 R, =FA
— tension rupture

$=075 R =FA

— flexural yielding 4,=090 M, =FS,

— local web buckling
— lateral torsional buckling

Connections 46 Architectural Structures |l Su2011abn
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Beam Bearing

 design considerations
—web crippling

— base plate
bending

— bearing on
concrete, etc.

+ load distributed ~ F oo ||

N ‘ K ™ Effective langth of web
: 7 for

(d)

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
* plate level
— by shims & grout
— leveling nuts
 considers
— bearing on steel
— bending of plate

Connections 48 Architectural Structures Il
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