2023 Student Steel Bridge Competition
9.4 CONNECTION SAFETY EXAMPLES

This document identifies examples of prohibited and allowed connections in order to
provide assistance in understanding the Connection Safety Rules in Sub-Section 9.4 of
the 2023 Student Steel Bridge Competition (SSBC) Rules. The examples and
connections shown do not represent the entirety of possible allowed or prohibited
connections for the 2023 SSBC. Note that there are no restrictions placed on
connections during construction provided that safe construction practices are
maintained. The connection requirements in Sub-Section 9.4 will only be checked
during the inspection period after termination of timed construction.

9.4.1 All locations where one member touches another member require a connection.
Multiple members may be connected at the same location. If two or more members
touch at multiple locations where the points of contact are not associated with a
continuous surface or occur at different locations along the member, then a connection
shall be required at each location.

9.4.2 Each connection shall contain at least one and at most two faying surfaces
associated with each member being connected.

9.4.2.1 Faying surfaces are the only locations where members are in contact with
each other.

9.4.2.2 Faying surfaces that are a gradual curves shall not have inflection points.
Contact surfaces on either side of a corner or bend, as opposed to a gradual
curve, shall be treated as separate faying surfaces.

9.4.2.3 Every faying surface shall be penetrated by at least one loose bolt
secured by a loose nut such that the members cannot be separated without first
unscrewing and removing the loose bolt(s) that connects them. A loose bolt
may connect more than two members.

9.4.2.4 Minor, unintentional gaps between the faying surfaces of members due
to member fabrication imperfections shall be allowed and treated as continuous
faying surfaces provided the resulting waves or protrusions in the faying surfaces
are not large enough to resist moment without the presence of a bolt.

9.4.2.5 Cam locks, dovetails, tube-in-tube/sleeved and other
mechanical/interlocking connections that are designed to resist movement
without the presence of a bolt are prohibited regardless of whether a bolt
penetrates the faying surfaces.
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9.4.3 Each individual hole in a member for a loose bolt shall be completely surrounded
by the member. Furthermore, such holes in the outer plies of a connection shall be
small enough that the nut or bolt head cannot pass through.

9.4.4 Each individual nut shall at least fully engage the threads of the matching bolt.
That is, the terminal threads of the bolt shall extend beyond or be flush with the outer
face of the nut. The threads of the nut shall match the bolt so that installation and
removal require relative rotation.

Example 1: Case where three members touch at different locations and the

requirements of 9.4.1 are met. This connection also meets the requirements of 9.4.2,
9.4.3,and 9.4.4.

4o e

Connection 1 where : Connection 2 wher
Member 1 and 2 touch s Member 2 and 3 touch

Faying Surface 1
(Connection 3)

Faying Surface 2
(Connection 3)

Connection 3 where
Member 1 and 2 touch
Loose Bolt Secured with Loose Nut

Penetrating Faying Surfaces 1 and 2

(Connection 3)
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Example 2: A prohibited connection that does not meet the requirement that there
can be at most two faying surfaces associated with each member being connected
(9.4.2).

Faying Surface 1 Faying Surface 2
(Member 1 & 2) . (Member 1 & 2)

Bolt Penetrating All
Faying Surfaces

Example 3: A legal connection that involves more than two members that meets the
requirements of 9.4.1. This connection also meets the requirements of 9.4.2, 9.4.3 and
9.4.4. There are at most two faying surfaces associated with each member being
connected since there are three members involved in the connection.

Bolt PenetratingAll

Faying Surfaces
w\fiew of Connection
Faying Surface 1

(Member 2 & 3)

Z Member 2
Member 3

Faying Surface 2
(Member1 & 2)
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Example 4(a) and 4(b): Prohibited connections where all contact points are not
treated as faying surfaces as specified in 9.4.2.1. Since any point of contact between
members creates a faying surface, these points of contact need to be penetrated by at
least one loose bolt secured by a loose nut. There are also more than 2 faying surfaces
associated with each member being connected (9.4.2).

ARROWS POINT TO FAYING i .
SURFACES THAT DO NOT HAVE _, Faying Faying
THE REQUIRED BOLT €

Surface1  Surface 2

TUBES MAY NOT TOUCH AT
THESE JOINTS, OR THEY
WOULD ALSO BE .i

CONSIDERED FAYING
SURFACES T

_ /7 'Faying
Faying Surface 3
Surface 4

Faying
Surface 5

Example 5: A legal connection provided that the ends of the tubes do not meet
resulting in the formation of a faying surface at the contact point (9.4.2.1).

e

THIS IS LEGAL PROVIDED TI'-'E‘

ENDS OF THE TUBES DO NOT
TOUCH

aying Surface 1
(Member1 & 2)

face 2
1&2)

Fayin
(Me

E

Penetrating All
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Example 6(a) and 6(b): Connections with prohibited curved faying surfaces (9.4.2.2).

Connection is interlocking if the curved faying surface extends beyond a
semi-circular or semi-spherical arc.

Faying Surface
(Member1 & 2)

Member 2

Faying surfaces that are curves with an inflection point are illegal.

Welded
Nuts are
Prohibited

Faying Surface
(Member1 & 2)
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Example 7(a), 7(b), and 7(c): Connections with legal curved faying surfaces (9.4.2.2).

Connection with a faying surface that is a gradual curve that makes
an arc less than 180°

Member 2

Faying Surface
(Member1 & 2)

/

Bolt Penetrating All
Faying Surfaces

Connections with faying surfaces on either side of a corner

Faying Surface 1
(Member 1 & 2) Faying Surface 2

E i (Member 1 & 2)
Bolt /

Penetrating
Faying Surface

Corner Between Penetrating
Faying Surfaces Faying Surface

Connections with faying surfaces on either side of a bend

Faying Surface 2

Faying Surface 1
(Member1 & 2)
Bolt Penetrating

Faying Surface
Bend Between

Faying Surfaces

Bolt Penetrating
Faying Surface
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Example 8: A prohibited connection because all faying surfaces are not penetrated by
at least one loose bolt secured by a loose nut (9.4.2.3).

Faying Surface
with No Bolt
(Member1 & 2)

Faying Surface
with No Bolt
(Member 1 & 2)

Faying Surface
with No Bolt
(Member1 & 2)

Example 9: A prohibited connection because all faying surfaces are not penetrated by
at least one loose bolt secured by a loose nut (9.4.2.3). The connection also violates
the restriction on interlocking connections (9.4.2.5). The connection would be legal if it
did not have the saddle plate.

Faying Surface 1
(Member 1 & 2)

Faying Surface 2
(Member 1 & 2)

Faying Surface 3
with No Bolt
(Member1 & 2)

Bolt Only Penetrates
Faying Surfaces 1 & 2
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Example 10(a) and 10(b): Prohibited connections because all faying surfaces are not
penetrated by at least one loose bolt secured by a loose nut (9.4.2.3).

Tube End-to-End Connection

Split Tube on Plate Caonnection (No End Plates)

FAYING SURFACES END TO END (Q9.24)

/— TUBES MAY NOT TOUCH
WITH NO BOLT _______________7/_____________

Example 11(a), 11(b), and 11(c): Legal connections because all faying surfaces are
penetrated by at least one loose bolt secured by a loose nut (9.4.2.3) and all
requirements of 9.4 are met.

Faying Surface
! (Member1 & 2

Faying Surface # S
(Member1 & 2)

Bolt Penetrates

Bolt Penetrates Faying Surface

Faying Surface

Faying Surface 1
(Member1 & 2)

Bolt Penetrates
Faying Surfaces
1&2

- Faying Surface 2
® (Member1 & 2)
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Example 12: Connection with a minor, unintentional gap between faying surfaces of
members due to member and fabrication imperfections that is allowed and would be

treated as a continuous faying surface since it is not large enough to resist movement
without the presence of a bolt (9.4.2.4).

Unintentional

gap infaying
surface

Example 13(a), 13(b), 13(c), and 13(d): Prohibited interlocking connections (9.4.2.5)
where there also are more than 2 faying surfaces associated with each member being
connected (9.4.2). The faying surfaces are numbered.

--------- e — R —— 4 S ——
() 2 (b) 3!
3 5
7 s 7
- ——— — ——— 1 S — _—————— T
© ) (@
(=
A
S— 5] [ S — ————] I

aisc.org/ssbc



http://aisc.org/ssbc

Example 14(a), 14(b), 14(c), 14(d), and 14(e): Prohibited interlocking connections
(9.4.2.5) where there also are more than 2 faying surfaces associated with each member

being connected (9.4.2). For all cases shown, the bolt does not penetrate all faying
surfaces (9.4.2.3).

IN ADDITION TO BEING
PROHIBITED DUE TO ITS
INTERLOCKING NATURE, IT
ALSO HAS FAYING
SURFACES NOT
PENETRATED BY A
FASTENER
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Example 15(a), 15(b), and 15(c): Prohibited tube-in-tube/sleeved connections

(9.4.2.5).

—— —— -

—_—— —— e

aisc.org/ssbc

1M1


http://aisc.org/ssbc

Examples 16(a), 16(b), 16(c), 16(d), and 16(e): Legal connections.
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