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Section8 Members subject to combined actions

8.1 General

A member subject to combined axial and bending actions shall be proportioned so that its design actions
specified in Clause 8.2, in combination with the nominal section and member capacities (see Sections
5, 6 and 7), satisfy Clauses 8.3 and 8.4. For plastic design (see Clause 4.5), only the requirements of
Clause 8.4.3 need to be satisfied.

Eccentrically loaded double-bolted or welded angles in trusses shall be proportioned to satisfy

Clause 8.3, and either Clause 8.4.5 or Clause 8.4.6.

8.2 Design actions

For checking the section capacity at a section, the design axial force (N*), which may be tension or
compression, shall be the force at the section, and the design bending moments (Mj;,M;) shall be the

bending moments at the section about the major x- and minor y-principal axes, respectively.

For checking the member capacity, the design axial force (N*) shall be the maximum axial force in the
member, and the design bending moments (Mj;, M;) shall be the maximum bending moments

in the member.

M:;,M; are the design bending moments resulting from frame action and transverse loading on the

member, and include the second order design bending moments resulting from the design loads acting
on the structure and its members in their displaced and deformed configuration.

The design bending moments (Mj;,M;) shall be determined from one of the following methods

of analysis:

@ First-order linear elastic analysis — By modifying the first-order design bending moments,
by using the appropriate moment amplification factors determined in accordance with
Clause 4.4.2.

(b) Second-order elastic analysis — In which the design bending moments (M*) are obtained either

directly, or by modifying the second-order end moments by using the moment amplification
factors determined in accordance with Appendix E.

(o) First-order plastic analysis — In which the design bending moments (M*) are obtained directly
for frames where the elastic buckling load factor (A¢) satisfies Ac = 5 and the requirements of

Clause 4.5.4 are satisfied.

(d) Second-order plastic analysis — In which the design bending moments (M*) are obtained
directly for frames where the elastic buckling load factor (A.) satisfies A; < 5.

(e) Advanced structural analysis — In which the design bending moments (M, or My) are

obtained directly in accordance with Appendix D, in which case only the section capacity
requirements of Clause 8.3 and the connection requirements of Section 9 need to be satisfied.

8.3 Section capacity

8.3.1 General
The member shall satisfy Clauses 8.3.2, 8.3.3 and 8.3.4, as appropriate:

(@ For bending about the major principal x-axis only, sections at all points along the member
shall have sufficient capacity to satisfy Clause 8.3.2.
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(b) For bending about the minor principal y-axis only, sections at all points along the member
shall have sufficient capacity to satisfy Clause 8.3.3.

(0 For bending about a non-principal axis, or bending about both principal axes, sections at all
points along the member shall have sufficient capacity to satisfy Clause 8.3.4.

In this Section —

Msx, Msy = nominal section moment capacities about the x- and y-axes respectively, determined
in accordance with Clause 5.2

Ng = nominal section axial load capacity determined in accordance with Clause 6.2 for
axial compression, or Clause 7.2 for axial tension (for which N equals Ny).

8.3.2 Uniaxial bending about the major principal x-axis

Where uniaxial bending occurs about the major principal x-axis, the following shall be satisfied:

M; < oM
where
¢ = capacity factor (see Table 3.4)
My = nominal section moment capacity, reduced by axial force (tension or compression)
o[
PN

Alternatively, for doubly symmetric I-sections and rectangular and square hollow sections to
AS/NZS 1163, which are compact as defined in Clause 5.2.3, M;x may be calculated by one of
the following:

(@) For compression members where kris equal to 1.0 and for tension members —
N*
M, =118M_(1-—|<M
X SX ¢NS SX
(b) For compression members where kris less than 1.0 —
* 82 -4
M, =M 1- N 1018 — v <M
N 82 - /lwy

Aw and Ayy are the values of Ae and Aey for the web (see Clause 6.2.3 and Table 6.2.4).
8.3.3 Uniaxial bending about the minor principal y-axis

Where uniaxial bending occurs about the minor principal y-axis, the design bending moment (M;)

about the minor principal y-axis shall satisfy —

<
My _¢Mry

where

0] = capacity factor (see Table 3.4)
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=
<
1

nominal section moment capacity, reduced by the axial tensile or compressive force

N>:<
, {1 . W]

Alternatively, My may be calculated by one of the following:

@ For doubly symmetric [-sections which are compact, as defined in Clause 5.2.3 —
2
N*
M. =1.19M 1-|— <M
ry sy ON, sy
(b) For rectangular or square hollow sections to AS/NZS 1163 which are compact, as defined in
Clause 5.2.3 —
N*
Mry = 1.18MSy 1- ¢T < MSy

S

8.3.4 Biaxial bending

Where biaxial bending occurs, the design tensile or compressive force (N*) and the design bending
moments (Mi) and (M; ) about the major principal x-axis and minor principal y-axis shall satisfy —

N* M y
x4+ <1
¢Ns ¢Msx ¢Msy

Alternatively, for doubly symmetric I-sections and rectangular and square hollow sections to
AS/NZS 1163, which are compact as defined in Clause 5.2.3, sections at all points along the member
shall satisfy —

* \ *
M
My + Y | <1
oM 5 oM ry

where My and Myy shall be calculated in accordance with Clauses 8.3.2 and 8.3.3 respectively, and

%
y=14+ | N |< 20
ON

S

8.4 Member capacity

8.4.1 General

The member shall satisfy Clauses 8.4.2, 8.4.3 and 8.4.4, as appropriate:

(@ For a member bent about the major principal x-axis only and where there is sufficient
restraint to prevent lateral buckling, or for a member bent about the minor principal y-axis
only, the member shall satisfy the in-plane requirements of Clause 8.4.2 for a frame analysed
elastically, or Clause 8.4.3 for a frame analysed plastically.

(b) For a member bent about the major principal x-axis only and with insufficient restraint
to prevent lateral buckling, the member shall satisfy both the in-plane requirements of
Clause 8.4.2 and out-of-plane requirements of Clause 8.4.4.
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(9 For a member bent about a non-principal axis, or bent about both principal axes, the member
shall satisfy the biaxial bending requirements of Clause 8.4.5.

8.4.2 In-plane capacity — Elastic analysis

8.4.2.1 Application

This Clause applies to a member analysed using an elastic method in accordance with Clause 4.4, or to a
member in a statically determinate structure.

8.4.2.2 Compression members

A member bent about a principal axis shall have sufficient in-plane capacity to satisfy the following:

%
M <¢M,
where
M* = design bending moment about the principal axis
¢ = capacity factor (see Table 3.4)
M; = nominal in-plane member moment capacity
= N*
M [1-—-
M = nominal section moment capacity determined in accordance with Clause 5.2 for bending
about the same principal axis as the design bending moment
N* = design axial compressive force
N¢ = nominal member capacity in axial compression determined in accordance with Clause 6.3

for buckling about the same principal axis, with the effective length factor (k) taken
as 1.0 for both braced and sway members, unless a lower value is calculated for braced
members from Clause 4.6.3.2, 4.6.3.3 or Clause 4.6.3.5, provided Clause 6.1 is satisfied
for N, calculated using I, determined in accordance with Clause 4.6.3

Alternatively, for doubly symmetric I-sections and rectangular and square hollow sections to
AS/NZS 1163, which are compact as defined in Clause 5.2.3, and where the form factor (kf) determined
in accordance with Clause 6.2.2 is unity, Mj may be calculated as follows:

3
1+p *

C

M, = M, 1- 5

<M. or Mry as appropriate

where

Pm = ratio of the smaller to the larger end bending moment, taken as positive when the
member is bent in reverse curvature for members without transverse load, or

= value determined in accordance with Clause 4.4.2.2 for members with transverse
load
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My or Myy = nominal section moment capacity about the appropriate principal axis determined
in accordance with Clause 8.3

8.4.2.3 Tension members

A member subject to a design axial tensile force (N*) and a design bending moment (M*) shall

satisfy Clause 8.3.
8.4.3 In-plane capacity — Plastic analysis

8.4.3.1 Application

This Clause applies only to compact doubly symmetric I-section members. When the distribution of
moments in a frame is determined using a plastic method of analysis in accordance with Clause 4.5,
then the design axial compressive force (N*) in any member of the frame which is assumed to contain
a plastic hinge shall satisfy the member slenderness requirements of Clause 8.4.3.2, and the web
slenderness requirements of Clause 8.4.3.3.

The design plastic moment capacity reduced by axial force (tension or compression) for compact doubly
symmetric [-sections shall be as specified in Clause 8.4.3.4.

8.4.3.2 Member slenderness

The design axial compressive force (N*) in every member assumed to contain a plastic hinge shall
satisfy the following:

2
N* 0.60 + 0.4083 *
N < o when NT <0.15,
N \/(Ns / Ny ) N
and
* 1+ —.[N./N *
N < = ( > 01) when N > 0.15,
Ny 14 B (N Ny) oN
where
Pm = ratio of the smaller to the larger end bending moment, taken as positive when the
member is bent in reverse curvature
Ng = nominal section capacity in axial compression determined in accordance with Clause 6.2
Not = z2g
12
I = second moment of area for a the axis about which the design moment acts
1 = actual length of the member

A member for which —

*
N > 0.15, and
N

N
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N* >1+ﬁm_ (NS/NOI)
ON, 1+B + (NS/Nol)

shall not contain plastic hinges, although it shall be permissible to design the member as an elastic
member in a plastically analysed structure to satisfy the requirements of Clause 8.4.2.

8.4.3.3 Web slenderness

The design axial compressive force (N*) in every member assumed to contain a plastic hinge shall
satisfy the following:

d | £y
(@ For webs where 45 < — || —/— |<82 —
t 250
* f. /250
N <0.60— d_l L
N, t 137
d | f,
(b) For webs where 25 < L || =L [< 45 —
t 250
* d, (f, /250)
ELUPET TR b U e Al PP
N, t 27.4
dy fy
(0 For webs where 0 < — || —=— |< 25—
t 250
*
N <10

S
Members which have webs for which (dl/t)\/(fy/ZSO) exceeds 82 shall not contain plastic hinges,
although it shall be permissible to design such a member as an elastic member in a plastically analysed
structure to satisfy the requirements of Clause 8.4.2.

8.4.3.4 Plastic moment capacity

The design plastic moment capacity (¢pMpy) reduced for axial force (tension or compression) shall be
calculated as follows:

(@ For members bent about the major principal x-axis —
N*
oM =1189M_ |1 - — |< oM
prx SX SX
PN
(b) For members bent about the minor principal y-axis —
2
N*
q)Mpry = 1.19(;)MSy 1 _[M J < ¢Msy

where Mgy and Mgy are the nominal section moment capacities determined in accordance with
Clauses 5.2.1 and 5.2.3.
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8.4.4 Out-of-plane capacity

8.4.4.1 Compression members

A member subject to a design axial compressive force (N*) and a design bending moment [M;:) about its
major principal x-axis, and which may buckle laterally, shall satisfy Clause 8.4.2 and also the following:

%
M, <oM_,
where
¢ = capacity factor (see Table 3.4)
Mox = nominal out-of-plane member moment capacity
N*
= M |1-
Mpx = the nominal member moment capacity of the member without full lateral restraint and
bent about the major principal x-axis, determined in accordance with Clause 5.6 using
a moment modification factor (ap,) appropriate to the distribution of design bending
moment along the member
Ney = the nominal member capacity in axial compression, determined in accordance with

Clause 6.3 for buckling about the minor principal y-axis

Alternatively, for members without transverse loads which are of compact doubly symmetric I-section
(see Clause 5.2.3), are fully or partially restrained at both ends, and have a form factor (kf) of unity
determined in accordance with Clause 6.2.2, My may be calculated as follows:

N N
MOX = abCMbXO 1 - ¢N 1 - ¢N S MI'X
cy 0z
where
1-8. (1+8. ) +
1 - N
= =+ = 1104-023—
o 2 2 oy
Mpxo =  nominal member moment capacity without full lateral restraint and with a
uniform distribution of design bending moment so that ap, is unity, determined
in accordance with Clause 5.6
Ncy = nominal member capacity in axial compression, determined in accordance
with Clause 6.3 for buckling about the minor principal y-axis
Pm =  ratio of the smaller to the larger end bending moment, taken as positive
when the member is bent in reverse curvature
Noz = nominal elastic torsional buckling capacity of the member, calculated as
follows:
NOZ

6 +(=2e1,, /1)

(r,+1,)/ 4
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E G

110

= elastic moduli

A, Ly, Iy, Iyand ] =  section constants

I

=  distance between partial or full torsional restraints

NOTE Values of E and G, and expressions for I,y and J are given in Appendix H.

8.4.4.2 Tension members

A member subject to a design axial tensile force (N*) and a design bending moment (M;) about its

major principal x-axis, and which may buckle laterally, shall satisfy the following:

M < oM

where

¢
Mox

Mpx
Nt

MI‘X

capacity factor (see Table 3.4)

nominal out-of-plane member moment capacity

N*
1+ — M
19:¢

t

be

nominal member moment capacity defined in Clause 8.4.4.1
nominal section capacity in axial tension determined in accordance with Clause 7.2

nominal section moment capacity reduced by axial force determined in accordance
with Clause 8.3.2

8.4.5 Biaxial bending capacity

8.4.5.1 Compression members

A member subject to a design axial compressive force (N*) and design bending moments (M;:) and

(M; ) about the major x- and minor y- principal axes respectively shall satisfy the following:

where

¢

© Standards Australia Limite

capacity factor (see Table 3.4)

lesser of the nominal in-plane member moment capacity (Mix) and the nominal out-
of-plane member moment capacity (Myx) for bending about the major principal x-axis,
determined in accordance with Clauses 8.4.2 and 8.4.4 respectively

nominal in-plane member moment capacity, determined in accordance with Clause 8.4.2,
for bending about the minor principal y-axis
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8.4.5.2 Tension members

A member subject to a design axial tensile force (N*) and design bending moments (M:;) and (M;;)

about the major x- and minor y- principal axes respectively shall satisfy the following:

. \L4 v 1.4
M
X + Y <1
<chx ¢Miy
where
0] = capacity factor (see Table 3.4)
My = lesser of the nominal section moment capacity (Myx) reduced by axial tension and the
nominal out-of-plane member moment capacity (Myx) determined in accordance with
Clauses 8.3.2 and 8.4.4.2 respectively
My, = nominal section moment capacity reduced by axial tension, determined in accordance

with Clause 8.3.3
8.4.6 Eccentrically loaded double bolted or welded single angles in trusses

A member subject to a design axial tensile force (N*) and design bending moments (M:;) and (M;;)

about the major x- and minor y-principal axes respectively shall satisfy the following:

L \L4 v 1.4
Yk
X + Y <1
<bMtx ¢Mry
where

N* = design axial compression force in the member

M;: = design bending moment acting about the rectangular h-axis parallel to the loaded leg

¢ = capacity factor (see Table 3.4)

Nen = nominal member capacity in axial compression, determined in accordance with Clause 6.3,
of a single angle compression member buckling with I, equals I about the rectangular
h-axis parallel to the loaded leg

Mpx = nominal member capacity, determined in accordance with Clause 5.6, for an angle
without full lateral support, bent about the major principal x-axis using a factor ap,
appropriate to the distribution of design bending moment along the member

a = angle between x- and h-axes

For equal leg angles, where I/t < (210 + 1750,)(250/fy), Mpx may be taken as Msy,

where
Mgy = nominal section moment capacity about the x-principal axis, determined in accordance
with Clause 5.2
| = member length
t = thickness of the angle
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For other equal leg angles, Mpx may be determined by using Clause 5.6.1.1 with —

M, - (5215tj 250 |,
fy

The design end bending moment (Mf;) shall be calculated from a rational elastic analysis of the truss,

or shall be taken as not less than N*e, resulting from the out-of-plane eccentricity (e) of the design axial
force (N*) in the member,

where

t .
e = (Ch ) for angles on the same side of the truss chord

= (ec + e ) , for angles on opposite sides of the truss chord
(see Figure 8.4.6).
~t— —f+—

t
X
Tension Compression
a angle ———= a
angle c h c 5
€ lc

A
X -

\ A - n ? Cor |

- I = e 1=

| Compression \ | Lt ¢ & | \y |

angle y 2 C
Tension
angle —= [AY
t \J
€=Ch-35 e=e,+e,
(a) Angles on same side (b) Angles on opposite sides

Figure 8.4.6 — Single angles loaded through one leg

© Standards Australia Limite

This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/AS/114774648/AS-4100?src=spdf

	AS 4100:2020 Steel structures 
	Preface


