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TOPIC 2: FLOOR FRAMING SYSTEMS

1. General
1.1 Purpose:
to provide a safe and functiona working platform

1.2 Factors affecting the selection of a floor system:

1. $cost

2. $cost

3. $cost

4. spacing of supports (walls, columns)
5. saviceahility (ie siffness and vibration)
6. adaptability to future changes of use

2. Types of floor systems
We can dassify floor systemsin different ways:

by material
floor dab — concrete
beams — concrete or sted

by structural action of the slab
oneway spanning dab
two way spanning dab
flat dab

by method of construction
gted beams with cagt-in-Stu dab
stedl beams with precast dab
cast-in-Situ concrete beams with cast-in-Situ dab
precast beams with precast dab

The following notes provide some ‘rules-of-thumb’ for the prdiminary sizing of dabs
and beams. The thickness of the dab, or the depth of the beam, is given as a span-to-
depth ratio, I/d.

note that d is the effective depth — ie you must add cover thickness to the concrete (say
40 mm)

€g,
I/d =30 and dab span = 6 metres u thickness = 200+40 = 240 mm

Department of Civil Engineering, Monash University
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2.1 One way spanning slabs

the dab spansin one direction between beams or walls
one-way dab

wall (or beam)

if the dab is Smply-supported (ie one span only), I/d = 24

if thedab is continuous (ie 2 or more spans), I/d = 28

if the dab has a cantilever span, 1/d = 10

the dab might be cast on meta decking (usudly on steel beams),

steal column

T

metal
decking =
(before ‘;37_'- :
concrete o e
is cast) :

stedl beam

Department of Civil Engineering, Monash University
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a dab may span one-way onto secondary beams, which in turn span onto primary
beams,

if the dab is supported by beams on 4 edges, but the aspect ratio (ie longer
supported length divided by shorter supported length) > 2, treat as a one-way dab
if the beams are at very close centres, the floor system becomes a ribbed dab,

ribbed dabs are require alot of labour to build the formwork for the dab

if wide and shdlow concrete beams support the dab, it is cdled aband beam floor
system

Department of Civil Engineering, Monash University
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band beam systems have smple formwork, and are economical with |abour
precast floor systems can be used with one-way dabs

precast systems are proprietary systems — ie they are products which you buy from a
manufacturer

precast planks is one proprietary system (Hollowcore brand) — rectangular planks of
concrete laid on stedl or precast concrete beams

Department of Civil Engineering, Monash University
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precast T-beamsis another proprietary system

2.2 Two way spanning slabs
When the dab is supported by beams or walls on four sides it is atwo-way dab.
two-way dab

R

wall (or beam)

if the dab is Smply-supported (ie one span only), I/d = 28

if thedab is continuous (ie 2 or more spans), I/d =39

these vaues assume square pands

for agpect ratios between 1:1 and 2:1 interpolate between two-way and one-way
vaues (I isthe length of the shorter span)

Department of Civil Engineering, Monash University
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if the beams (in two directions) are at very close centres, the floor system becomes a
weffledab

waffle dabsrequire alot of labour to build the formwork for the dab

2.3 Beams for one and two way spanning slabs

We now have some ‘rules-of thumb’ for 9zing one-way and two-way dabs, but what
about the size of the beams that support them?

if the beam is smply supported (ie one gpan only, or N0 Moment connection
between spans), I/d = 12

if the beam is continuous (ie 2 or more spang), I/d = 15

if the beam isacantilever, I/d =6

These values can be used for sted or concrete floor beams.

2.4 Flat slabs
What if you do not use beams or wals to support the dab, but instead St it directly on
top of the columns?

These are cdled flat slabs.
because there are no beams, the formwork isvery easy
you must be careful to make sure that there is enough strength at the dal/column
junction, and that the dab does not punch through

Department of Civil Engineering, Monash University
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because there are no beams of walls, flat dabs tend to have large deflections, and for
this reason they are not as popular as they were 10 years ago

Flat dabs comein two main types,
1. flat plate
2. flat dab (yes, ‘fla dab’ isatype of flat dab!)

A flat plate has acompletely flat soffit (thet isthe undersde)
the dab thicknessis usualy determined by the need to avoid punch through at the
dab/column junction, and then this thicknessis used throughout
it iseconomica on formwork (labour), but expensive on materid

A flat slab has athickening at the dab/column junction
the thickening can be in the dab — called a drop panel
the thickening can be at the top of the column — called a column capital

flat plate

Department of Civil Engineering, Monash University
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> U

flat dab (with drop panels)

‘rule-of-thumb’ 1/d = 33 (based on longer span)

3. Prestressed concrete

Prestressing refers to the practice of placing high tensile wires in the concrete, and
stretching them once the concrete has hardened.

Prestressed concrete will not be dedlt with in this subject, but it is commonly used in
floor dabs and beams, and results in thinner dabs and beams and/or longer spans.

4. Choosing an appropriate floor system
Referring to the factors outlined at the beginning,

cost depends upon locd practices, but in devel oped economies easier formwork
leads to lower costs

less materid does not usudly lead to lower costs
flat dabs can give serviceability problems unless carefully designed

prestressed dabs do not adapt well to future changes of use, because of the critical
nature of the prestressing wires

A guide 10 the appropriate span range of the various systemsis.
oneway dabs— up to 6 metres
one way dabs (prestressed) — up to 9 metres

Department of Civil Engineering, Monash University
(File: Name CIV3221 Edition Date: 6:2002) %



Unit CIV3221 : Building structures and technology
Lecture notes

13

oneway dabs (on meta deck) — up to 3 metres
two way dabs— up to 7.5 metres

ribbed dabs— up to 8 metres

band beams — up to 8 metres

band beams (prestressed) up to 10 metres

flat plates— up to 6 metres

flat dabs— up to 8 metres

precast planks— up to 12 metres

precast T-beams — up to 15 metres

And note, many products in the building industry work on amodule of 600 mm (eg
caling systems, brick and blockwork). Where possible try to use floor spans which are
multiplesof 600 mm, eg

6.0 m —auseful shorter gpan

7.2 m—avery common span

8.4 m — quite acommon span

10.2m —along span

But remember, very often other considerations will prevent 2600 mm module being
adopted.

Department of Civil Engineering, Monash University
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TOPIC 3: FACADES

1. What is a fagade?
Thefacade isthe walls of abuilding

control access and security
reduce temperature effects on the occupants
admit daylight

prevent rain penetration

sed againg cold or hot winds
dlow ventilation

reduce noise penetration
minimise energy consumption

be cost effective

be adequately strong and stiff

be durable

eadly congtructed and maintained

2. Classifying facades

Facades can be either load bearing or non load bearing. Non load bearing facades

require a separate structura frame to support the loads.

load bearing non load bearing

\{=

A
WA

econcrete econcrete

*masonry (brick and block) *masonry (brick and block)

etimber *timber
*meta decking
*glass
*GRC and GRP

Department of Civil Engineering, Monash University
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3. A facade tour

Views of arange of facade types will be shown in the lecture.

4. Common issues:

westherproofing
alowing for movement
examples of defects

4.1 Weatherproofing

impermesble facades

0 (glass

0 pladic

0 metd shegting
low permesbility facades

0 thick concrete or masonry
cavity wal condruction

0 sngleledf concrete or masonry

Impermeable facades

do not alow ventilation - can cause condensation problems
require careful detailing & junctions
usudly require an extensve framing system
Glasswdl systems
- Use proprietary components
auminum sections are complex extruded shapes

curtain walls are large assemblies of glass and infill pands supported by agrid
of duminum members

Low permeability facades
when wet, water penetrates into the facade by capillary action
when dry, water evaporates from the faces as vapour
the wall must have sufficient thickness to ensure that the absorbed water can be
gored within the fagade until the wall dries, without reaching the insde face
acceptablein tropica climates
not religble in temperate climates
often found in old (pre 20th century) buildings
Precast concrete waling
- can beload bearing or non load bearing
coatings reduce permeability
can have a cavity sysem in critical applications
sedling of joints between panelsis criticd

Department of Civil Engineering, Monash University
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Cavity wall construction
thewall is congtructed astwo ‘leafs with avertica gap between
water penetrates through the outer leaf of the wal, and drains down the insde of
the outer leaf
‘weepholes’ are provided at the base of the cavity to drain the water avay
the insde leaf remains dry
the wall alows some ventilaion

4.2 Allowing for movement

Facades change dimensions and shape due to:

volumetric change of materids over time

0 concrete and concrete masonry shrinks (300 microstrain)

0 clay masonry expands (500 microgtrain)
thermal expangion and contraction

0 concrete (10 microstrain per °C)

0 sed (12 microstrain per °C)

o auminum (24 microgtrain per °C)

0 clay masonry (6 microgtrain per °C)

0 glass (10 microgtrain per °C)
movements in the supporting structure

o foundation movements

0 deflectionsin supporting beams

5. Examples of defects

Views of arange of facade defects will be shown in the lecture

Department of Civil Engineering, Monash University
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TOPIC 4: LOADING

1. Introduction

It isavery important step in the total design process to determine the design loads for
the structure. Typica loads for a building are dead load, live load, wind load and
earthquake load. Specia consideration is sometimes given to impact and fatigue that
may occur in vehicles, cranes or machinery.

2. Load Combination

We mugt consder combinations of various loads that can be imposed on the structure.
As the number of loads included in the combination incresses, it is cusomary to
introduce a “live load combination factor” (y ), which tekes into account the
improbability of the maximum vaue of each load occurring dmultaneoudy.  Load
combinations are given in Audrdian Standard 1170.1 —1989. Please dso pay attention
to the direction of loads.

Different load factors are used for srength limit State design and for serviceshility limit
date design. Typica examples are given below:

For strength limit state design

1.25G+150Q
or

1.25G + Wy +y Q

or

1.25G + 1.6Feq+y Q

where
G = dead load
Q=liveload
W, = wind load

Feq = earthquake load
For serviceahility limit Sate design

W

or

yQ

or

G+ Ws
or

G+yQ

where
Ws=wind load for serviceshility limit Sate

Department of Civil Engineering, Monash University
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3. Dead Load (G)

Dead load congdis of the weight of the structure itself plus the weight of permanently
ingaled equipment. It includes the weight of the structural members, floors, cellings,
ductworks, exterior walls, permanent partitions and unusua items such as water in
swvimming pools. Dead load can usualy be estimated with reasonable accuracy. Dead
loads are specified in AS1170.1-1989.

4. Live Load (Q)

Live load includes the loads specified by the loading standards for various uses and
occupancies of the building. These specified loads cover the occupants, furniture,
movable equipment, fixtures, books etc, and are the minimum gravity live loads for
which the building can be designed within the jurisdiction of that Sandard. Live loads
are specified in AS1170.1-1989. Live load includes impact and inertialoads. Live load
excludes wind, snow and earthquake loads.

Roof:

Case Q (kPa)

if nontrafficable 0.25

If trafficable 3

Floor: see Table on Pages 411 — 415, SAA HB2.2 -1998

eg.

Case Q (kPa)
Parking including driveways and ramps for houses 3
Bedrooms and private rooms in residential and gpartment buildings 2
Kitchens 5
Corridors, halways, passageways, foyers, lobbies, public spaces, stairs and 4
landings in office buildings, subject to crowd loading only

Dressing roomsin theatres 2

5. Wind Load (W)

Wind loads are stipulated in AS1170.2-1989. For most structures, wind load can be
treated as a satic load and is computed with the aid of reference velocity pressures, gust
factors, exposure factors and shape factors. Tall, dender buildings must be designed
using a dynamic approach to the action of wind gusts or with the ad of experimenta
methods such as wind tunndl tests.

5.1 Wind load depends on
Wind direction

Wind speed
Structure height

Department of Civil Engineering, Monash University
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Structure shape

Structure component (wal or roof)
Region (which city)

Topographic condition

5.2 Design wind load

Ultimate strength limit state design wind load (pg)
Serviceability desgn wind load = py X serviceghility multiplying factor

serviceshility multiplying factor = 0.6 for region A, 0.4 for regions B and C, 0.35 for
region D

Pa=p XB1 XBaXB3x B4

B, to B4 are factors
p' = basc pressure (for wal and roof)

5.3 Factors

B; = regiond factor

Region B1
A =normd 1.0
B= intermediate 15
C=tropica cyclone 2.3
D = savere tropica cyclone 3.3

B, = terrain and height factor, see Table 2.5.2
e.g. for suburban, sheltered condition, H=10m, B, = 0.65

B3 = topographic factor
For flat area, Bs = 1.0

B4 = roof reduction area depending on tributary area, see Table 2.5.4
For wall, B, = 1.0
For flat roof, By = 1.0 istaken for amplicity

5.4 Basic pressure (p’)

Needs to be done separatedly for TWO wind directions

Needs to be done separately for wall and roof

Needs to be done separately for external pressure and internal pressure
Needs to combine external pressure and interna pressure

Terminology:

Dimengonin the direction of the wind

Department of Civil Engineering, Monash University
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Externd pressure

Interna pressure

Windward sections

Leeward sections

Positive pressure and negative pressure

For roof (external pressure) —see Table 2.4.1.2
Where d = the minimum roof plan dimension in the direction of the wind
eg. flat roof (a = 0°), if h/d <0.5, negative external pressure = -0.95 kPa

For wall (external pressure) —see Table 2.4.1.4
e.g. for norma building, windward side, p'=0.75 kPa

For roof and wall (internal pressure) — see Table 2.4.2

eg. for norma building with dominant openings, maximum negative pressure = -0.7
kPa

and maximum positive pressure = 0.75 kPa

Combination of externad pressure and internal pressure
Get the worst case
Depending on design of individual member or the whole frame

6. Earthquake Load

Conventiond earthquake (seismic) design procedures replace the dynamic earthquake
loads with equivaent static loads. The earthquake loads which are stipulated are
recognised to be much less than the maximum loads possible from a very severe
earthquake. However, AS1170.4-1993 attempts to stipulate earthquake loads large
enough to prevent structural damage and minimise other damage in moderate
earthquakes which occasiondly occur, and to avoid collapse or serious damage in
severe earthquakes which seldom occur.

6.1 Earthquake load depends on

Physcd items How to take care of it in adesign code

Structure types Types|, Il and Il (see Appendix A of AS1170.4-
1993)

Location of the Structure Acceleration coefficient (a) in Table 2.3

(which city)

Soil profile Site factor (S) ranging from 0.67 (rock) to 2.0
(soft soil), taken as 1.5 if soil conditionis
unknown

The earthquake design category (A, B, C, D, or E) can be determined using the above
three items— see Table 2.6, AS1170.4-1993.

For category A and B — no andysisis needed
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For category C, D and E — analysisis needed
6.2 Static analysis

Determine the total horizontal earthquake base shear force (V)
Determine the horizontd earthquake force at each level (Fx)

F is certain percentage of V depending on the gravity load and height of each level.

6.3 Total base shear force (V)

Phydcd items How to take care of it in adesign code
Importance of the Importance factor (1), I=1 for type | and 11, 1=1.25 for Type
building 11
Totd gravity load Sum of gravity load Gy for dl levels (= G +y Q)
Location of thestructure | Acceleration coefficient (a) in Table 2.3
(which city)
Soil profile Site factor (S) ranging from 0.67 (rock) to 2.0 (soft soil),
taken as 1.5 if soil condition is unknown
Structurd period T depends on the total height (in metres) of the structure —
see clause 6.2.4 of AS1170.4-1993
Structurad system Rs in Table 6.2.6 (a) of AS1170.4-1993
1254 G xS
= 175 3R
f
Fundamenta period: T= By
pertod: " %6
. _— h
Period for the orthogond direction: T = 5—;3

6.4 Horizontal earthquake force at each level (Fy)

F« depends on the gravity load and height of each leve.

F =C,»
. . ng >hx
If the height of the Structure isless than 23 meters: C, =—
[o]
a G "

Gy = portion of gravity load located at level x
h« = height above the structural base of the structure to level x
Gy = portion of the gravity load located &t level |

Department of Civil Engineering, Monash University
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h = height above the structural base of the structureto leve i
n = number of levelsin Sructure

7 Example

If V =125 kN, find the horizonta force at level 3 with the conditions given below.

Levd (i) Gy h
1 1000 kN 35m
2 500 kN 75m
3 250 kN 125m
G, 250- 125 3125
C.=—% % _ = = 0.301 = 301%
va =g 1000- 35+500- 75+ 250. 125 _ 10375 °
91 Ggi xhi

F3 =CyaxV =30.1%x 125 =37.6 kN

It can dso be found that C,1 = 33.7% and C,» = 36.1%.
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TOPIC 5: LIMIT STATE DESIGN AND METHODS OF ANALYSIS

1. Concept of Limit State Design
1.1 Working Stress Method

There are uncertainties in load, fabrication, materia and theoretica models. Two
different methods are available to take into account the uncertainties, namely the
working stress design method and the limit state design method.

The working stress method can be expressed as.

f S
S £—
SF

where

S = Nomina Stress Capacity

SF= Safety Factor

S* = Dedgn Stress

Stress: Normal or Shear

The disadvantages of working stress method are:

Not consstently reliable
(One safety factor covers too many cases)
Too consarvative (Wastes materid)

1.2 What is Limit State Design?

Limit state design is a design method in which the performance of astructureis checked
againd various limiting conditions at appropriate load levels. The limiting conditionsto
be checked in structurd stedl design are ultimate limit state and serviceshility limit

gate. Ultimate limit states are those states concerning safety, for example, load-carrying
capacity, overturning, diding, and fracture due to fatigue or other causes. Serviceahility
limit sates are those states in which the behavior of the Structure under normal

operaing conditions is unsatisfactory, and these include excessve deflection, excessve
vibration, and excessive permanent deformation.

In essence, the designer attempts to ensure that the maximum strength of a structure (or
elements of agtructure) is gregter than the loads that will be imposed upon it, with a
reasonable margin againd falure. Thisisthe “ultimate limit state” criterion. In addition,
the designer attempts to ensure that the structure will fulfill its function satisfactorily
where subjected to its service loads. Thisisthe “serviceability limit state’ criterion.
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The ultimate limit state criterion can beillugtrated by the Figure shown below. This
figure shows hypotheticad frequency digtribution curves for the effects of loads on a
sructurd ement and the strength, or resstance, of the structurdl element. Where the
two curves overlap, shown by the shaded ares, the effect of the loadsis greater than the
resistance of the dement, and the eement will fail. The structure must be proportioned

S0 that the overlap of the two curvesis smal, and hence the probability of falure

occurring is small enough to be acceptable.

Frequency

Magnitude of Effect of Loads (E)
or Strength of Element (R)

1.3 Limit State Design (Adopted in AS4100)

The basic equation for checking the limit state condition is:

S £F R,
where
Rn = Nomind Capacity
F = Capacity Factor
S* = Design Load (action) Effects

Action: axid force, bending moment, shear force, torques
Advantages.

Conggent Reliability
(different F for different cases, calibrated using religbility andyss,
i.e certain rdiability index and probability of failure)

More Economical
(saves materid)
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2. Methods of Analysis

The following methods are available as shown in the figure below.

a) 1t order Elagtic
b) 2nd order Elastic

c) Pladtic

d) Elagtic Buckling

€) Advanced

| =load factor

D= sway
77777 77777
(a) Rigid jointed sway frame

First order elastic

/ Elastic buckling_—/

Second order elastic

Rigid plastic collapse

Second order
plastic

-
u-.._‘.. .
-

—
[/

o
..
-1.._..‘/

Advanced analysis

oV

(b)

Load deflection responses

2.1 1st order Elastic Analysis

The assumptions made are: geometry of structure remains unchanged and materid
properties remain unchanged.

Principle of superpostion applies.
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2.2 2nd order Elastic Analysis

The assumptions made are: geometry of structure keeps changing and materia
properties remain unchanged.

Principle of superposition does not apply.
2.3 1st Order Plastic Analysis

The assumptions made are: geometry of structure remains unchanged and materia
properties keep changing.

The design action effects shdl be determined using arigid plastic andlyss. It shal be
permissible to assume full strength or partia strength connections, provided the
capacities of these are used in the analysis. The rotation capacity a none of the hinges
in the collapse mechanism must be exceeded.

2.4 Elastic Buckling Analysis

The assumptions made are: only Rd effect is consdered and only dastic buckling load
is obtained.

2.5 Advanced Analysis

The assumptions made are: geometry of structure keeps changing and materid

properties keep changing. The analysisincludes resdua stresses, geometrical

imperfections and erection procedures.

For a frame comprisng members of compact section with full laterd redtraint, an
advanced dructura analyss may be carried out provided the andysis can be shown to
accurately modd the behaviour of tha class of frame The andyss shdl take into
account the rdevant materid properties, resdud dtresses, geometricd  imperfections,
second order effects, erection procedures and interaction with the foundations. For the

drength limit date, it shal be sufficient to satisfy the section capacity requirements for
the members and the requirements for the connections.

3. Second Order Effects
3.1 Moment Amplification Factor
a) 1st Order Elastic Andysis® M,

b) 2nd Order Effects

M™ =d, XM,

Department of Civil Engineering, Monash University
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M™ =d M

dp = Amplification Factor for braced member
ds = Amplification Factor for Sway member
3.2 Braced Member

a) dp = 1.0if axid forceis zero or tensle

b) Axid force is compressve

— — Nomb
db— 1 Im—Tforeachmember

C, =06- 04%_£10

b m depends on moment distribution
(see Figure 4.4.2.2 of AS4100)

N* = Axia force (1<t order andyss)

Nomb = Elagtic buckling load

ZXEX
Nomb = p 2
(k. L)

ke = Effective length factor which depends on end restraints:

For idedlised conditions, use Table 4.6.3.2 of AS4100.
For other conditions, use g Method, i.e.
o 1
a ().
_ L
9 5 1
a be(Z)b
The quantity a(1/L). shdl be cdculaed from the sum of the diffness in the plane of

bending of al the compresson members rigidy connected at the end of the member
under consderation, including the member itsdf.

The quantity a(1/L), shdl be cdculaed from the sum of the diffness in the plane of
bending of dl the beams rigidy connected a the end of the member under
congderation. The contributions of any beams pin-connected to the member shdl be
neglected.
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The modifying factor e) which accounts for the conditions at the far ends of the beams
are given in the table below.

Fixity conditions Beamredtraining abraced | Beam redtraining asway
at far end of beam member member

Pinned 15 0.5

Rigidly connected to acolumn 1.0 1.0

Fixed 2.0 0.67

There are two specid cases.

(8) for acompression member whose base is not rigidly connected to afooting, the

g vaue shdl not be taken aslessthan 10.

(b) for acompresson member whose end is rigidly connected to afooting, the g vdue
shal not be taken as less than 0.6.

3.3 Sway Members

o N

a ( 07)1S)
d, = le s :—L* for each storey
L= & ()
l ms L

Noms = p? El / (keL)? for each column

N" = axia forcein each column with tension taken as negative
Summation indudes al columns within a storey

Limitation: d£14

If d>14  a2ndOrder andyssisrequired, corresponding | ms= 3.5

Department of Civil Engineering, Monash University
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TOPIC 6: FRAME ANALYSIS
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TOPIC 7: DESIGN OF REINFORCED CONCRETE FLOOR
SLABS

1. Introduction

one-way dab

wall (or beam)

oneway dabs - smply supported (guess|/d = 24)
- continuous (guess |/d = 28)

two-way dab

R

wall (or beam)

twoway dabs - smply supported (guessl/d = 28)
- continuous (guess1/d = 39)

The important considerations for dab design are:
ultimate limit state — bending
sarviceability limit sate — deflection and cracking

Note that shear capacity isadmost never aproblem (load intengity islower than on
beams, and the shear capacity is higher because the section is thinner)
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(File: Name CIV3221 Edition Date: 6:2002) %



Unit CIV3221 : Building structures and technology 31
Lecture notes

2. One-way spanning reinforced concrete slabs

Think of the dab as a beam with awidth of one metre.

wa

1 metre

Cdculate M* in KN-m per m width
Determine bending reinforcement - use the beam bending equation,

171 0o

Shear isnot usudly a problem (ligatures not required)
Deflection (serviceahility limit state) is often the critica requirement

FM = fAstfsydg[-

If the dab is continuous, design a one metre wide strip as a continuous beam — use
matrix anayds to caculate the bending moment diagram,

m

/N /N
D N B N

Department of Civil Engineering, Monash University
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3. What affects the deflection of slabs?

P v guidance from the loading code

L v

E - non linesr
time dependent
dhrinkage affected

- varieswith the reinforcing and the load

Concreteis not alinear elastic materid, but, we do give avaueto E.

E=r®" 0043/f,,

r = concrete dengty
fem = mean compressive strength

3.1 Shrinkage

When it dries, this concrete,
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and if | restrain one face with sted reinforcing bars, it becomes this concrete:

So how do | minimise the effect of shrinkage?

3.2 Creep
What happensif we maintain aload on the concrete?
CREEP happens.
ultimate strain
— » 25
creep strain
3.3 The value of |
b
MR
gross section 5%*"%#5-: What is|?
},;ﬁ}i_-;‘;-_-,;ﬁ";: D
fis
A

uncracked section What is|?
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cracked section

when we bend the beam, what
] to this concrete?

What is|?

| varies ‘unpredictably’ aong the beam

3.4 Span to depth ratios

To avoid cdculating the non-linear time dependent cracking, creep and shrinkage
effects, we can use deemed to comply span to depth ratios.

For asmple beam,

w KN/m
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5 , wL?
384 EI

D=

— ascaculated must be greater than the actua — of the beam, if the

SERVICEABILITY LIMIT STATE isto be satisfied.
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In AS3600 thisis expressed as,
1
é 0.3
é0.04%5)_9% G
L € Lg U
——e U forbeams(Cl. 8.5.4)
d a kFg g
e o
or
1
é O, L3
éo.05§_9b5 G
L _€ Lo U
—— e U  fordabs(Cl. 9.34, rearranged)
d & KRt |
e 0
| 1
(for an uncracked section, 3 — — 0083)
bd 2
b = width (one metre for adab)
ko = 5/384 for asmple gpan
= 1/185 for anend span
= 1/384 for aninterior span
Foeg&© = load per metre, including alowance for shrinkage and creep
= (L0+kes)g+ (Y st Kesy 1)
where k eZ 1.28——03 08
st a0
u | A
ASt Z
JAN
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4. Two way spanning reinforced concrete slabs

Lx
< >

Ly isthe shorter span

Bending moments
sganning inthex direction, ~ M*, = by w L2
spanning inthey direction,  M*y = by w Ly
notethat it is Ly in both cases

(if Ly/Lx > 2, treat as 1-way spanning, expect M*y = wlL%/8, M*, = 0)

Thevduesof b arefound in AS3600 Table 7.3.2;

edge condition short span coefficients (by) by
values of Ly/Lx for dll
1.0 11 1.2 1.3 14 15 175 |320 | Lyl

al edges continuous 0.024 | 0.028 | 0.032 | 0.035 | 0.037 | 0.040 | 0.044 | 0.048 | 0.024

1 short edge 0.028 | 0.032 | 0.036 | 0.038 | 0.041 | 0.043 | 0.047 | 0.050 | 0.028

discontinuous

1 long edge 0.028 | 0.035 | 0.041 | 0.046 | 0.050 | 0.054 | 0.061 | 0.066 | 0.028

discontinuous

2 short edges 0.034 | 0.038 | 0.040 | 0.043 | 0.045 | 0.047 | 0.050 | 0.053 | 0.034

discontinuous

2 long edges 0.034 | 0.046 | 0.056 | 0.065 | 0.072 | 0.078 | 0.091 | 0.100 | 0.034

discontinuous

2 adjacent edges 0.035 | 0.041 | 0.046 | 0.051 | 0.055 | 0.058 | 0.065 | 0.070 | 0.035

discontinuous

1 long edge 0.043 | 0.049 | 0.053 | 0.057 | 0.061 | 0.064 | 0.069 | 0.074 | 0.043

continuous

1 short edge 0.043 | 0.054 | 0.064 | 0.072 | 0.078 | 0.084 | 0.096 | 0.105 | 0.043

continuous

al edges 0.056 | 0.066 | 0.074 | 0.081 | 0.087 | 0.093 | 0.103 | 0.111 | 0.056

discontinuous

-ve moment over the beams = 1.33 x corresponding +ve moment
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To check the spar/depth ratio for two way dabs, fird rearrange the formula,

1
U 160, ~ 13
éo 05§D"bEu i O g e(é ObE
L € - aé)0530 ce|L g y /
d § KFy o &k, osF “_4eF “
e 2Vdef U g a Mt 0 é "def 0
B B e d 8 o
where,
1
o 2005303
4 — 8 -
k2 a
1
3@05303
If Smply supported, k4 é 1.6
52840
To dlow for two way spanning dabs, the value of k, is adjusted,
edge condition Ky
values of Ly/Ly
1.0 125 |15 2.0
al edges continuous 400 |340 |310 |275
1 short edge discontinuous 375 [325 |3.00 |270
1 long edge discontinuous 375 295 |265 |230
2 short edges discontinuous 355 [315 |290 |265
2 long edges discontinuous 355 [275 |225 |1.80
2 adjacent edges discontinuous 325 [275 |250 |220
1 long edge continuous 300 [255 |240 |215
1 short edge continuous 300 |235 |210 |175
al edges discontinuous 250 (210 |[190 |1.70
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TOPIC 8: FOOTINGS

1. Introduction

load = N*
column
777777777 777777777
footing
pressure = g

footings are reinforced concrete eements
the footing area is determined from the bearing capacity
they can fail in bending or shear

2. Review reinforced concrete theory

2.1 Bending failure
— moment cgpacity of under-reinforced sections (f = 0.8 for bending)

@)
\

"R

'\

T‘L
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Under reinforced means that the stedl yields before the concrete crushes — ie thereis not
too much stedl

bd isthe area of the cross section
Ag isthe area of sted in the cross section
p = (area of sted)/(area of concrete)
= Ag/bd
d isthe depth to the stedl
fsy istheyidd dtress of the stedl (400 MPa)
fe isthe cylinder strength of the concrete (say 32 MPa)
f is the capacity reduction factor = 0.8

The ultimate moment capacity,

M, = fAstfsydgl-

2.2 Shear failure
(f =0.7 for shear)

Shear forces are carried by the concrete and the stedl (ligatures) acting together,

where,
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dog O

b, =1.1§[.6- 0 >3 1.1 is a depth effect
e 1000g

b, =1, unlessaxid tensonislarge

b3 =1 unlesstheload is near to the support

After cdculating Vi,

€) if V¥ <05f Ve
no ligsrequired if D<750 mm
minimum ligs required otherwise
(b) if 0.5Vie <V* < Vymin
no ligsrequired if V* <f V¢ and D <250 mm or B/2
minimum ligs required otherwise
(© if V* > Vymin
ligs must be designed

If ligs must be designed, they must provide a shear strength of f Vs (found from Vs =
Vi—Vi).

_ N dod
fVys=07 gAS,fsy_f ?Bcotqv
where g, varies between 30 and 45 degrees.

3. Apply this to footings?

3.1. Footings can fail in bending as a wide bTm,

ALY

section for

bendi ng SECTION
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-
T

=
(D-d)/2 1

PLAN
M* =force” leveram

ab - do. éad-

_ do
_quﬂézﬁz

o

3.2. Footings can fail in shear as a wide beam,

The critical section for shear isat ‘d’ from the face of the column (as for abeam)
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ey ————
d [(D-d)/2]-d

V* = pressure X area

aD-d

5
2 %}

:qu' B

Choose D so that you do not need to use ligatures.

3.3. Footings can fail in a third way, by punching shear

aconica shape
‘punches out’ of
the footing

freft RNRRI
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The failure cone is gpproximated as a prism with vertical sides, and the Sides are taken
to be at d/2 from the column face, where d is the effective depth of the footing.

D

x+d

—
X I
y 1y+d

d/2

critical perimeter, u = 2(x+d) + 2(y+d)
shear surface=uxd

shear on the shear surface
V* = (total load) - (load on the areaingde the critica perimeter)

= N* - qu x (x+d)(y+d)

shear capacity

fV,,=07 u" d 034,14
Choose D (and hence d) so that V* <f Vo

(Punching shear is covered in AS3600 Clause 9.2)
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TOPIC 9: COMPOSITE FLOOR SLABS

1. Introduction

Conventiond reinforced concrete dabs like this

Building and removing formwork is expensve.

Cold formed metal sheeting can be used as both
temporary support for the wet concrete
permanent stedl reinforcing for the dab
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In Audrdiathere are 3 manufacturers,

1.Bondek 11 - BHP Building Products

Female Male

LapRib  Flute Embossment Lap Rib
32
/ | 200 < 190 \ |
I
T ' Rib '
24 44 i
54 I<—>|<—>—i
r [T I P i
Cover Width: 590 —>1 |<— 13
| Pan |

[ | 0.75 or 1.00 BMT —
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2. Condeck HP — Stramit Industries

27mm 30mm
e l—i
MmmI __________________VE"J___g ______________________ rISSmm
/T \. /N /N 7\
" T " "
o 300 mm I 300 mm I
TABLE 3 - Condeck HP Panel Properties per Metre Width
Thickness | Mass Cross Yoo Total Section Properties 1 values for Ultimate Uttimate | Ultimate
(Base Sectional calculating deflection moment Shear Internal
metal) Area ’ capacities Capacity | Reaction
1 Zh Z\ [sin Icom Mn Mn i V le
100mm
bearing
mm kg/m? mm? mm 10fmm* [ 10°mm? | 10°mm? 10fmm* | 10°mm* kNm kNm kN kN
0.75 9.89 1211 15.29 0.488 31.89 12.28 0.405 0.340 3.96 5.75 38.93 35.00
0.90 11.80 1456 15.36 0.583 3797 14.72 0.498 0.408 5.1 7.08 65.98 46.60
1.00 13.07 1620 15.41 0.647 41.98 16.35 0.569 0.486 6.72 798 81.78 56.17

3. Comform — Woodroffe Industries

Composite Slab
. . - o

Comform Panels Ve -
2 o 2B K
M iy I
R ) =t RIRE YA
T 300 -
PANEL WIDTH

TABLE1 COMFORM PANEL PROPERTIES PER METRE WIDTH

POSITIVE BENDING NEGATIVE BENDING SAFE END  [SAFE INTERNA
* *
et | mass | cross REACTION REACTION
?\IE?(E:L Yeg Ip Zpt Zpc Mp In Znt Znc Mn MAX MAX
mm | kg/m2 | mm? mm  |x 10émm? |x 103mm3|x 103mm3| kN.m ’x'16‘mm‘x 103mm3|x 103mm3[ kN.m kN kN
079 966 | 1172 | 1409 503 3563 | 1145 378 234 746 813 | 246 4.40 133
1.00 1213 | 1485 | 1409 837 4520 | 1450 | 479 317 1047 | 11.87 345 793 216
CAST INSITU
CONCRETE

SLAB
REINFORCEMENT

s
PROFILED STEEL

SHEAR
SHEETING F

CONNECTORS

STEEL JOIST
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2. Design issues

No Audrdian Standard exists yet.
‘Design of Compodite Slabs for Strength’ — BHP Structural Stedl, 1998 is the best

reference.

ultimate strength of the bare stedl to carry the wet concrete (not considered here)
ultimate strength of the reinforced concrete dab

o Yidding of the sed (flexure)

0 crushing of the concrete (flexure)

0 dip between the sted and the concrete (longituding dip)

serviceability deflection of the composite dab (treat as for anormal rc dab)

Composite dabs are one-way dabs

3. Flexural theory for composite slabs

3.1 Negative bending

Design for negative bending (hogging) as anormd reinforced concrete dab — ieignore
the metal shesting.

3.2 Positive bending

b - 0.85f'¢
compression S
/ NA —» C
Dc
\/ / —L T
tension Ysh
Cross section dran dressat falure

b breadth of the dab

C compressive force in the concrete

Dc  ovedl depth of the composite dab (including sheeting)

Tq  tendleforcein the shegting

Yeh height a which the sheeting tengle force acts above the bottom of the dab

C =0.85f"; x b x (NA depth)
from horizontal equilibrium, C =Ty,

Department of Civil Engineering, Monash University
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0.57:; h
085/.®
057},
085/.0

from top of dab to the line of force C =

lever arm between C and Ty, = Dc - ysh -

therefore, ultimate moment,

e ® 05Ty, §

85/,

wheref =0.8
Assuming the sted hasyielded, v« is tabulated below.

product Ve (Mm)

Condeck HP 12.8

Bondek 11 155

Conform 13.4

Which leaves uswith T4, to find.
Calculation of T,
There are 3 possibilitiesfor Ty, & falure:

1. The sheeting yields (under reinforced — flexurd failure)
Tsh = Ash fsy Sh

where, Ag, = cross section area of sheeting
fsysn = desgnyield stress of sheeting
= 550 MPafor the 3 manufacturers

2. The concrete crushes (over reinforced — flexurd fallure),
T, = 085/4&D, - h,)

where h = height of sheeting ribs

In cases 1 and 2, complete shear connection is achieved a failure. In case 3, the
concrete and the sheeting do not achieve complete shear connection.

3. The sheeting dips along the concrete/sted interface before either 1 or 2 occurs
(longitudind dip failure),

Department of Civil Engineering, Monash University
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Calculation of the interface shear strength

Shear between the sheeting and the concrete has two components:
1. friction

equas verticd reaction a the support (R*, kN) x coefficient of friction (m
2. mechanicd resstance

equals area of sheeting x resistance per unit area of sheeting (H;, kPa)

is due to the geometry of the sheeting cross section

UDL A
|
. |
|
reaction, R* f‘
(per metre width) | X
free body diagram
Hx + nR
R
>
X

interface shear trength=H,x + MR (per metre width)

So if thereis not sufficient distance from the support to the section AA, the cross
section will fall by longituding dip, rether then by flexurd failure

In summary,

T = minimum of

];h ’ fsy sh flexurd failure
or, Z;h 085f (D h )b flexurd failure
o Ty =(H.x+mR*)b longitudinal slip failure

Department of Civil Engineering, Monash University
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product mechanica coefficient
resstance of friction
H: (kPa) m

Condeck HP 210 0.5

Bondek I1 1.00 mm 05

Bondek II 0.75 mm 88\/ f cq: 05
76,/f ¢

Conform 235 0.5

Note that the strength of composite dabs is afunction of the podition in the span, as

wdll asthe properties of the cross section. Thisis not the case for reinforced concrete or

ded beams.

4. Minimum slab thicknesses

It isusud for fire rating and other reasons to maintain a minimum concrete thickness

over theribs of the metd sheeting. Thisleads to the following minimum dab

thicknesses,
product Dc minimum (mm)
Condeck HP 120
Bondek 11 120
Conform 125
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TOPIC 10: COMPOSITE STEEL-CONCRETE BEAMS

1. Introduction

CAST INSITU
CONCRETE

SLAB
REINFORCEMENT

s
PROFILED STEEL

SHEAR
SHEETING F

CONNECTORS

STEEL JOIST
Comprise asted beam and a concrete dab, joined with shear connectors to achieve
composite action between the two eements.

In building congtruction the concrete dab is often (but not aways) a composite dab —ie
cast on metd sheeting
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(File: Name CIV3221 Edition Date: 6:2002)




Unit CIV3221 : Building structures and technology
Lecture notes

53

Department of Civil Engineering, Monash University
(File: Name CIV3221 Edition Date: 6:2002)




Unit CIV3221 : Building structures and technology B4
Lecture notes

=

i
|

0 L]

=

Composite beam comprise a steel beam connected to a concrete dab with shear
connectors, such that the two components act as one beam cross section.

The concrete isin compression and the stedl isin tension — thisis the best gpplication
for each materid.

Composite beams are used in buildings and bridges.

2. References

Audtrdian Standard AS2327.1-1996 Composite structures Part 1. Smply supported
beams

‘Desgn of Smply-Supported Composite Beams for Strength’ — BHP Structura Sted!,
1998
(624.1771 B575 1998)

The draft continuous beam code is still under preparation.

3. Shear connectors

Shear connectors are an essential component of composite beams.

They can be
welded stud shear connectors (maost common)
welded channds
high strength bolts
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complete shear connection - the strength of the beam cross section is not limited by the
strength of the shear connection

partial shear connection - the strength of the shear connection /imits the section
capacity

4. Shear strength of welded stud shear connectors, f,;
isthe lesser of the 2 values below,

If failure occursin the sted stud,

If failure occurs in the surrounding concrete,

— 2 f
i fvs = 031dps /T

s is the stud diameter

fuc isthe characteristic tendle strength of the shear connector materid ([ 500
MPa)

f ¢ isthe characteristic compressive strength of the concrete

Ec isthe elastic modulus of the concrete, E = r150.0434/f£1

5. Design issues

1. ultimate flexurd strength of a cross section - complete shear connection
falureis by yieding of the sted beam in tenson, or crushing the compresson
concrete

2. ultimate flexurd strength of a cross section - partia shear connection
failure occurs in the shear connection

3. longitudind shear failure within the dab
afalure plane develops within the dab

4. ultimate shear strength of a cross section
design for shear as aplain sted beam (ignore the concrete)

Department of Civil Engineering, Monash University
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5. deflection
thisis complex, because of the deflection caused by the wet concrete on the bare
stedl beam. and because of cregp and shrinkage effects

6. vibraion
must be checked for composite beams

Wewill look at 1, 2 and 3only, for smply supported beams.

how do we define the beam cross section?

how so know if we have complete or partia shear connection?
how do we cdculate the ultimate strength of a cross section?
how do we check the longitudina shear strength?

Department of Civil Engineering, Monash University
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6. Effective width of the slab, b
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span
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bsfl +8 Dc

beam width + 8 x dab depth

beam spacing

span/4
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7. Design of the shear connection
There are 2 approaches — oneis used for buildings, and another is used for bridges
1. Eladtic design of the shear connection (for bridges)

Recdling from CIV 2204, the longitudina shear stress on a cross section,

where V isthe shear force
A isthe area of the cross section beyond the shear surface

Y isthe distance to the centroid of the area A

| isthe second moment of area of the cross section
b isthe width of the shear surface

30, the shear force per unit length aong the shear surface,
VAY
tbh = |—

For example, if

tb =200 kN/m

and if,

we use welded shear studs with dys = 19 mm and fc = 410 MPa

f’c =32 MPa, E; = 28,600 MPa

then fys = 93 kN.

We must apply a capacity reduction factor f = 0.85 to the shear stud strength, f,s., which
reducesit to 79 kN per stud.

So the horizontal spacing of the studs aong the beam needs to be,

(200 KN/m) + (79 kN per stud) = 2.53 studs per metre,
ie stud spacing = 395 mm.
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Because the shear force V is changing
congtantly dong a beam with aUDL, the
theoretical spacing of the shear Sudsis

different a every point. Inpractice we _
round off the spacings. shear force diagram

1. Plagtic design of the shear connection (for buildings)

This uses an ultimate strength gpproach. The horizontal force that can be transferred at
any cross section equals the total strength of the shear connection between that cross
section and the free end of the beam.

Concrate slab

Steel beam

Sip ~—~—__ = C=0 Negligible - — "3« -
- h = — 2 : A |_.|r\- Fr ‘-_ - - -

Soif the number of studs between a cross section and the end is n, the horizonta force
that can be transferred at that cross section,

F=n"f " fys K

180
g’%g dlowsfor the fact that the rdiability of
n

wheref =0.85,and K, =118-
the connection increases with increasing number of studs.
Using this method, the studs can be equaly spaced if the beam hasa UDL.

We will use this method from now on.
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8. Ultimate strength of the cross section

We will only consder
Ccross sections with complete shear connection
cases where the neutrd axis of the composite section isin thedab

NA indab \|/ de
[ 7[\ e—Fcc
dy
Fs
Cross section ultimate stress distribution

The concrete below the neutrd axis (in tenson) isignored.

If the neutrd axisin isthe dab, the sted beam isdl yielded, but not dl of the concrete
has crushed.

Fec = Fy
where,
4 =A sfy
Foc = 0.85fgbs ~ d¢
S0 solve for de.

Moment carried by the cross section,

fMp = 09 Fccg%sr . d—zcg

Department of Civil Engineering, Monash University

(File: Name CIV3221 Edition Date: 6:2002) l}%

T

¥



Unit CIV3221 : Building structures and technology 61
Lecture notes

9.Longitudinal shear in the concrete

i

potentia longitudind ——— - (((((((
shear failure surface o

o
e
,,,,,,,

,,,,,,,,,

transverse reinforcing to
prevent longitudinal
shear falure

identify potentid longitudind shear failure planes

caculate the shear force on each shear plane

cdculate the strength of each shear plane

if necessary include additiona sted reinforcing to prevent longituding shear

We will not look at how to do these cdculations in this course.
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TOPIC 11: STEEL BEAMS

1. Section Classification

Threetypica load deflection curves are shown in the figure below. Three types of
sections are used in AS4100 to classify the behaviour, namely the compact section, norn+
compact section and dender section.

Ideal behaviour
Mp TN
My | \
Compact
Non-Compact including
PL plastic
Mo=— design
4
Slender
D

The compact section must not only develop a moment resstance equa to the plagtic
capacity of the member but mantain this resstance through rdativey large indadic
deformations. This will ereble the complete sSructure to redistribute bending moments
and reach the load-carrying capacity anticipated on the basis of a plagtic andyss. The
width-to-thickness ratio below which a certain rotation capacity (R defined in the figure
bdow) can be acheved is cdled the plagicty width-to-thickness limit. The

corresponding plate dendernessis caled the plate platicity dendernesslimit (I ¢p).

Department of Civil Engineering, Monash University
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The width-to-thickness limits for non-compact sections are less redrictive than those for
compact sections. The plates composing the cross-section should be capable of alowing
the member to develop a moment resstance equa to the yield moment (My), and in this
condition the stress in the extreme fibre will be equa to the yield stress f,. In generd the
plate will behave dadicdly a this sage dthough some deterioration due to the large
compressive resdud stresses in the flange tips may be expected.

For dender sections the plates composing the section is not capable to achieve the yield
moment. The width-to-thickness ratio beyond which the yidld moment can not be
achieved is cdled the yidd widthto-thickness limit. The corresponding plate
dendernessis cdled the plate yield dendernesslimit (| ey).

The concept of compact, non-compact and dender sections are adopted in the
Audrdian Standard for Sted Structures AS4100-1998 and the American Inditute of
Sted Condruction LRFD Specification —1993. A smilar approach has been adopted in
Eurocode 3 —1992, British Standard BS5950 Part 1- 1990, Japanese Standard AlJ-1990
and the Canadian Standard CSA-S16.1-M89 where a section can be classfied from
class 1 to class 4, ie. from a plagtic (deformation) section to a dender (buckling) section.
Compact or Class 1 sections can form a plagtic hinge with the rotation capacity required
for plagtic desgn. Sender or Class 4 sections can not reach first yield moment due to
loca buckling effect. Non-compact sections include Class 2 and Class 3. A Class 2
section can devdop the fully plastic moment, but have limited rotation capacity. A
Class 3 section can reach the firg yidd moment, but locd buckling prevents the
development of the fully plastic moment.

The following rules can be usad to determine the section classfication:

Comparel swith| 5y and| &

l's < I Compact section
| 5 > ls Sender section
lg £E1s £ 1y Non-compact section

| & Section Senderness (see ClV2222)
lsy ol o = Section Yield and Plagticity Senderness Limits

2. Section Capacity

Ms=F Zf,
Capacity Factor F =0.90
fy = Yield Stress

Z = Effective Section Modulus

Z, —z+( )>(z 2)

sy

Department of Civil Engineering, Monash University
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where Z. = Min{S, 1.5Z}, Z isthe éagtic section modulus, Sisthe plastic section
modulus.

Zea Compact

A

Non-compact
--— A
Ze ’/

—— Slender

N

|sp |sy |

z

|
S

| sy can be determined by using stub column tests (see Lecture notes on Steel Columns).
| s can be determined by using pure bending tests. Plot rotation capecity (R) versus
denderness | .

Example 1.

A rotation requirement of R = 4 is adopted in developing the b/t limits in AS4100 for

compact sections. Table 1 gives results of a series of tests carried out for C350 SHS

(square hollow sections) under pure bending. Determine the b/t limit for compact
section for C350 SHS based on the test results. What is the plate denderness limit ( )
corresponding to the experimentaly determined bit limit? The yidd dress is teken as
350 MPa.

y

. b
[Hint: plate denderness | = (?) ]

250
Table [Test Results

bt Rotati_on (b/t) limit

capacity

R) 40
29.1 26 ,
24.7 8.5 30 £ :
222 |95 g v Wm
239 |72 <20 ¢ “l_.i
23.4 7.0 re)
19.2 11.0 10
22.7 8.4 0 EIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
218 /8 0 2 4 6 8 10 12 14 16
27.3 3.8

Rotation Capacity (R)

o ) _ b Sy _ 350 _
Solution: for R=4, lower bound (0/t)iimit = 25, | | = (T) imit X\ 250 ~ 25 250 30
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3. Effective Length
See Section 8.3 and Section 8.4 of CIV 2222 Sted Framed Structures Lecture Notes
L, =k, Xk, xk, xL

ki = Twid restraint factor

ki = Load height factor

k.= Laterd rotation restraint factor
see Clause 5.6.3 of AS4100-1998

4. Member Capacity
4.1 Behaviour

It has been assumed so far that the strength of the beam is dependent on the local
buckling of its plate eements. In most cases this assumption is vaid. However, if the
beam islaterdly unsupported the strength may be governed instead by laterd buckling
of the complete member.

A plot of the relationship between the gpplied moment (M) and the resulting mid-span
deflection (D) for amember of length (L) is shown in the figure below. The member,
shown in theinsert of the figure, is subjected to end moments producing a uniform
bending moment ditribution over the length of the span. Latera supports are assumed
to be present at the ends of the member so that the laterdly unbraced length is equa to

the span.

m"_ T
y .
® [ ——
e

D

At low vaues of M, the member will respond dadticdly. However, as the moment is
increased yielding will occur due to the gtrains produced by the applied moment and the
resdua grans in the cross-section. Further increase in the applied moment will result
in generd yielding over the cross-section as the moment approaches M,. The movement
of the cross-section during the loading process can be shown in the figure below. As the
member is loaded the cross-section movers verticdly from its initid podtion. At some
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dtage of loading, however, the cross-section may twist and bend about its wesk axis, ie.
laterd buckling has occurred. Laera buckling may occur a any sage during the
loading history, eg. after the member has reached M as shown by curves A and B
above, between My and M, as shown by curve C and even a moments below M, as
shown by curve D. The latera buckling capacity of the member depends on its unbraced
length and on a variety of cross-sectiona properties.

Position
before

loading

I
L

Position Position
before after
buckling buckling

—

4.2 Capacity

The resstance of the member to laterd bending depends on the wesk axis bending
diffness of the cross-section (Ely). The resistance to a twisting motion can be broken
into two portions. One portion is termed the S Venant resstance and is a function of the
diffness term, GJ where G represents the shear modulus or the modulus of torsond
regidity and J is the St Venant tordona congant for the section. The second portion of
resstance to twisting is the warping resstance that is developed by cross-bending of the
flanges. For rectangular hollow sections the warping of the section may be ignored.

If full laterd restraint (FLR) is provided to a beam the member capacity of the beam is

the same as the section capacity. The length below which the section capacity can be
achievediscaled FLR (Full Laterd Regtraint) length.

The cadculation of FLR length has been described in 84 of CIV 2222 Sted Framed
Structures Lecture Notes. If full laterd restraint is not provided to a beam there is an
interaction of yidding and buckling. To account the interaction in the presence of
resdua stresses and geometric imperfections, ASA100 uses a beam design curve which
combines the beam section moment capacity (Ms) with the dastic buckling moment
(My). The beam design curve is expressed in the form of a dender reduction factor @)

given by

- Ms 2 Ms
a; = 0.6 (M—) +3'(M—)}
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such that the nomina member moment capacity (My,) is given by
Mb: F a.m a.s Ms

where an, is cdled the Moment Modification Factor that accounts for noruniform
moment as given in Table 5.6.1 of AS4100 for segments fully or partidly restraned at
both ends and Table 5.6.2 of AS4100 for segments unrestrained at one end. My, is the
Elastic buckling moment given by

2 2
M, = J a LEfy)(GJ =
where
E = Young's modulus of eadticity
G = shear modulus of eadticity
ly = second moment of area about the cross-section minor principa y-axis
J= torson constant for a cross-section
lw = warping constant for a cross-section

L. = effective length of alaterdly unrestrained member

Different gpproaches were used in determining the beam curves in different codes. Most
of the beam curves were derived from test results of I-sections. A lower bound approach
was adopted in AS4100. A summary of various beam curves are given in the figure

bel ow. Recent research on RHS beams showed that the beam curve in AS4100 is
conservative when gpplied to RHS beams. An RHS under bending test is shown below.
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The proposed beam curve is aso shown in the figure below, with the actua expresson
give by

M,, =(1056- 02781 %) x\,, ~ for 045£1 £140

M, =M frol >140

yz

where | = i
vz

M, =--FI,GJ

vz

The beam length corresponding to | of 045 is cdled the plastic buckling length (Lp)

while the beam length corresponding to | of 140 is cdled the dadtic buckling length
(Le) for RHS beams.

1.6 I I T T T T T T T T T T T T T T I
RHS beams (uniform moment)

A Testvalues (maximum)
1.4 @ Testvalues (at )

O Basic FEM model (Pl and Trahair)
_______ Proposed (Pl and Trahair)

1.2 —1_.__. AS4100--1990
Y I (RSP This report _
x 1.0 —T &
a ~L \ﬁl‘ﬁ
= = ‘\\0\\" .
> 0.8 SN Y
x . NBN
o NN 4
N
s - N i
0.6 NS

0.0 L A Y L1 L1 |
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

Non-Dimensional Slenderness |

Example 2

Determine the plagtic buckling length (L) and elastic buckling length (Le) for C350
Cold-Formed RHS 75x25x2.5.

Solution:

Setl ,=0.45,
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| = M
P
M,
_ b
where M = /Ely GJ
P
therefore
;= pw/EIyGJ "2
p M p

y229

when E = 200,000 MPa, ly, = 0.0487 x 10° mn*, G = 80,000 MPa, J= 0.144 x 10° mnf’,

Mpx = Sx fy = 10.1 x 10° mn?® x 350 MPa = 3,535 x 10° Nmm

Lp = 1906 mm
Set| ¢ = 1.40,
=
M.,
_b
where M, =— [EI,GJ
therefore
L p[El,GJ 42
e M e

px

when E = 200,000 MPa, I, = 0.0487 x 10° mnr', G = 80,000 MPa, J= 0.144 x 10° mnrf’,

Mpx = Sx f, = 10.1 x 10° nn® x 350 MPa = 3,535 x 10° Nmm

Lp =18,451 mm

Department of Civil Engineering, Monash University

(File: Name CIV3221 Edition Date: 6:2002) l}%

T

¥



Unit CIV3221 : Building structures and technology
Lecture notes

70

TOPIC 12: STEEL COLUMNS

1. Form Factor

The maximum strength of a sted column depends, to alarge degree, on the member
length. Sted columns can be normdly dassfied as short, intermediate or long
members. Each range has associated with it a characteristic type of behaviour, and
therefore different techniques must be used to assess the maximum strength. The figure

below shows schematically the relationship between the maximum strength of a column
and itslength.

Short, Intermediate Long

Maximum Strength

Significant
inelastic action

Inelastic action

Material yielding not as significant

Length

A short (stub) column may be defined as a member which can resst a load equd to the
section capacity (Ns). The effective cross-sectiond area of a section (Ag) will be less
than the gross cross-section (Ag) for cross-sections with very dender plate dements. In
ASA100, the ratio of the effective area to the gross area of the cross-section is termed

the form factor (ks):

kf = Ae/Ag

In other words when the component plates comprisng a short column are sufficiently
dender, the cross-section srength will never atain the yidd capacity (Ng) due to the
onsst of locd buckling. The effective width (bg) concept is used to approximate the

strength of a plate undergo local buckling (see Section 10.2 of CIV2222 Lecture Notes).

o

e

b, =b(—X)Eb

| &y = Plate Yield Senderness Limit (Table 6.2.4 of AS4100)
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| _E/A
© ¢t \250

b = clear width

The effective area (Ae) used to cdculate the form factor is based on the effective width
of each dement, i.e.

[¢}
A, = aAb,

e
plate_elements

l ey can be determined experimentdly from the results of stub column tests as
demongtrated in Example 1, when plotting the ratio Qm (= Put/Pyied ) Versus modified
plate denderness S;, which is defined as:

b )\/fy 2 X(1- n?)

wheren = 0.3, E = 200,000 MPa, ky, = 4.0.

° ot Exp® xk,
_ b |f, [250x12X1- n®) |
Th =— =5
e term S can be rewritten as. S, t\/250 X\/ Eop’ &, 54
Example 1

Theratio Qm (= Put/Pyiad ) is plotted against the modified plate denderness S for C350
and C450 RHS (rectangular hollow sections) based on test results. Determine the yield
denderness| ey.

Qm — o9 -

ki for RHS

[ ] o 7
L Y
1.0 %—-}.—\ . Wwithb/d=0.6

05 k for SHS N\t _

n Elastic Local Buckling
kb =4.0

oo b1 v L vy Loyl
0.0 0.5 1.0 1.5 2.0
Modified Plate Slenderness (S¢)
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A vdueof & =0.74isobtained for the trangtion, which produces alimit of | ¢, = 40.

2. Section Capacity
The section capecity is defined as

Ns=F ki Anfy
where Capacity Factor F =0.90, kr is the Form Factor, {; is the Yield Stress and A, is
the net area of cross-section. Section 6.2.1. of ASA100 sates that for sections with
penetrations or unfilled holes that reduce the section area by less than 100[1-
fy/(0.85f,)] %, the gross area Ay may be used in lieu of the net area A.

All of the BHP 300PLUS UC sections and the Grade 300 WC sections have been
specidly talored so that the gross area is effective in compresson (i.e k = 1). On the
other hand, the deep web of UB sections means that, for the magority of the BHP-
300PLUS UB <sections and dl the Grade 300 WB sections, the web is not fully effective
and thusk; < 1.0.

3. Member Capacity
3.1 Behaviour

For longer columns, failure is accompanied by arapid increase in the laterd deflection.
If the member is extremely dender, the load a which thisincreased deflection takes
placeis not sufficient to Sgnificantly yied the member. Thus the maximum load is not
afunction of the materia strength but rather depends on the bending stiffness of the
member (El), and itslength (L). The failure of along column may occur a stress levels
below that required to initiate loca buckling of dender plate ements. The load
deflection relationship for along column is schematicaly shown below.

Straight
column

\ Initially crooked
column

0 YLz
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Columnsfdling into the intermediate range are more complex to anayse but dso are
the most common in sted sructures. For intermediate length columns, fallureis dso
characterised by arapid increase in the lateral deflection, but only after some portions of
the column cross-section have yielded and loca buckling of dender plate eements has
occurred. Yidding isinitiated firgt in those portions of the cross-section which have
large compressive resdua stresses. The fallurein this caseis cdled indagtic ingahility
and the maximum strength of the column depends not only on the bending stiffness and
length but also on the yield stress of the stedl, the ditribution of residua stress over the
Cross-section, the cross-section denderness, and the magnitude of theinitia
imperfections in columns and component plates of the cross-section. The load deflection
relationship for an intermediate column is schematically shown below.

N Straight

oo

E(ey- /) (Firstyield)

Imperfect
column

UiLi2)

A column under tegting in compression is shown below.
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3.2 Capacity

Column capacity can be caculated using Perry-Robertson equation:

N, =N, %

(N,/N_, )+1+h 2XN /N ),
: 1% (N,Nom ]

2x(N_/N_.) ) (N IN, )+1+h

where Nom isthe dadtic buckling load of column and h is the “imperfection parameter”.

The above expression does not consider the influence of resdua stresses on the column
strength and behaviour. Since resdud stresses are in effect another kind of

imperfection, asmple way of consdering them isto empiricaly adjust the imperfection
parameter h s0 that the strength prediction shown above is in reasonable agreement with
test results. In principle, thisis the gpproach used in AS4100 since the column strength
equations used therein are based on the Perry- Robertson equation.

ASA100 dso places limitations on the actud permissible initial imperfection for
columns (<L/12000 or 3mm). For very dender members, the maximum load carrying
capacity is not greatly reduced by the presence of initid geometric imperfections and
resdud stresses. However, for columns of intermediate length the Stuation is more
serious as it isin this region where the sengtivity to imperfection is greatest. Snce the
initia strains corresponding to bending are trigger by initid imperfections, the
imperfection of these two variables (resdud strain pattern and magnitude of initid
imperfection) resultsin awide scatter in column strengths for intermediate columns,

The Member Capacity can be calculated according to AS4100 as

Nc= F ac Ns: F ackf An fy
where Capacity Factor F =0.90, k; is the form factor, A, is the net area of cross
section, fy isthe Yield Stress and a ¢ is the member denderness reduction factor.

acdependsonl| , andap, see Table 6.3.3 (3) of AS4100

E 5

Le = Effective Length of Column
r=ry orry (Radiusof Gyrdion)

Member Section Congtant a, are given in Table 6.3.3 of AS4100, some of the values
are summarised below.
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Section Description Compression Member Section
Congtant (ap)
Hot-formed RHS and CHS -1.0

Cold-formed (stress relieved) RHS and CHS

Cold-formed (non-stress relieved) RHS and CHS -0.5

Hot-rolled UB and UC sections (flange thickness 0.0

up to 40 mm)
Hot-rolled channds 0.5
Hot-rolled UB and UC sections (flange thickness 1.0
over 40 mm)

The design provison of AS4100 can be shown in the figure below where the member
compressive drength (N) divided by the section compressve srength  (Ng) is plotted
againg the denderness ratio of the member. It can be seen tha multiple columns are
used corresponding to different values of ap. The provisons depicted in the figure are
based on the assumption that fallure will involve bending about one of the mgor axes of
the cross-section. This will be the axis associated with the larger denderness ratio, i.e.
the larger of (Lex/rx) and (Ley/ty). In sections having only one axis of symmetry, or in
sctions with no axes of symmetry, the posshility dso exids tha falure will be
accompanied by both bending and twigting of the cross-section and may occur a a
reduced load. Buckling of this kind is caled flexura-torsond buckling, and for sections
which may buckle in this manner, the compressve drength should be based on a
congderation of the actud failure modes.

I
TN
N

0.4 - w

P

o

o

50 100 150 200 250 300

Dimensionless nominal axial force capacity N./ Ny

Modified Slenderness | , = (L/r)\/(fy /250)

Example 2
Member capacity
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Compare the member capacities of columns with length of 3m, pin - ended, cold -
formed (stress - relieved ) tubes:

C350 (350 MPa) SHS 100x100x3
C350 (450 MPa) SHS 100x100x3
C350 (350 MPa) SHS 100x100x6
C350 (350 MPa) SHS 100x100x6
Solutions.
1. SHS 100x100x3 350MPa (= 0.350 kN/mmZ)
(b/t)imit = 33.8
pr=B872 _10-23_ 523 338
t 3
\ kf=1.0
Ns=Asy = 1140x0.350= 399 kN
/ S 3000 |350
| = (=) |k Yy = =
" (ry)V 742500 " 394 U 250
From Table 6.3.3(3),ap,=-1.0
a.=0.737
Ne=a. Ng=0.737 x 399 = 294kN
2. 100x100x3 SHS 450MPa
(b/t)nmit =29.8
B-2 100- 2°
pre=B720_10-23_4 3298
t 3
S
|, = b ISy _yp
250
7, | e
k4.0, b,=b—2L= 94(—) = 895 mm

e
I e

_Abt+ 4% 1110
T A+ 42 1164

Ns=kiAsy = 0.95x1140x0.450 = 487 kN

/ sooo 450
[k, [0.95 -99.8
( ) /250 ~ 393" 250
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Comparison

Ns
ac
Nc

From Table6.3.3(3), ap=-0.5
a.=0.60

N¢=ac Ns=0.60 x 487 = 292 kN

100 x 100 x 6 SHS, 350MPa

amilarly, ki = 1.0, Ns = 746 KN, N¢ = 522 kN

100 x 100 x 6SHS, 450 MPa

amilaly, ki = 1.0, Ns = 959 kN, N¢ = 584 kN

100x 100x3 (350MPa) 100X 100 x 3 (450MPa)

399kN 487kN
0.737 0.60
294kN 292kN

100x 100X 6 (350MPa) 100X 100 X 6 (450MPa)

746kN 959N
0.70 0.609
522kN 584kN

Differencein N¢ is smdl especidly for thin sections.

N450

N350

22% difference

-0.7% difference
N450
N350

29% difference

12% difference
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TOPIC 13: STEEL BEAM-COLUMNS

1. Combined Actions
The following loading and behaviour scenarios are possible for beam-columns

a) The member is subjected to axial compresson N* and uniaxid bending My* about
the mgor principad x-axis of the cross-section, as shown in the figure @ below. If the
member is prevented from deflecting laterdly, its behaviour is confined to the plane of
bending; the drength of the member may be limited by a locd cross-sectiona strength
criterion or an ovedl in-plane member drength criterion relating to mgor-axis failure.
The latter falure mode is reaed to the in-plane bending of beams and flexurd buckling
of compresson members about the mgor axis. If the member is not completdy
resrained from deflecting lateraly (i.e it does not have full laterd redraint), then it
may buckle prematurdly out of the plane of bending by deflecting lateradly and twidting;
this action is relaed to the lateral and laterd-torsond buckling of beams discussed in
Section 7. The beam-column grength may thus be governed by an out-of-plane member
drength criterion.

b) The member is subjected to axid compresson N* and uniaxid bending My* about
the minor principd y-axis of the cross-section, as shown in the figure b) beow. In this
case, there is no posshility that the member will fal in an out-of-plane mode because it
is dready deflecting in its week plane. The drength of the member may be limited by a
local cross-sectiond drength criterion or an overdl in-plane member drength criterion
involving bending and flexura buckling about the minor-axis.

€) The member is subjected to axia compresson N* and biaxid My* and M,* about
both principa axes of the cross-section, as shown in the figure ¢) below. The member
bends and deflects in both planes and may dso twis. The member drength may be
governed by a cross-section Srength criterion, an in-plane member strength criterion, or
an out-of-plane member strength criterion.
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(a) Axial force and major
axis bending

(b) Axial force and minor
axis bending

(c) Axial force and biaxial
bending

2. Section Capacity
a) Symbols Used

Actions:

N" = Axid force

My, M"y = Bending moment about X, y axes
Capacities.

Ns= Column section capacity

Msx, Mg, = Beam section capacity about X, y axes
Reduced capacities

Mix , My = Reduced beam section capacity

b) Format

The design rulesin AS4100 for members subjected to combined bending moments and
axid forces have atwo tier gpproach. For section capacity rules, smple linear
interaction formulae are specified. However, for doubly symmetric compact |-sections
and cold-formed square hollow sections, more advanced interaction rules are specified
as higher tiersin AS4100.

(i) Compression (N*) and M’

Gengd formula

Department of Civil Engineering, Monash University
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*

M« £F Mix =F M, (1- —

FN)

s

For specid |-sections and compact RHS

x N*
M x EF M =F1.18M  (1- N)

N

(if) Compression (N*) and My

Generd formula

* N
MyEFMy=FMgy (1- W)

N

For specid |1-sections
M’y £ FM; =F 119 Mg [1- (—) ]

For compact RHS

*

. N
My £ F My =F 118My (1 —)

(i) N* and My and M’y

Gengd formula

N M, M,
+ X+ —£1
FN, FM, FM,

For specid 1-sections and compact RHS
* *y .

) ") Bl

where

®eN” o
g=l4+<;,N +£20

efN;g

Example 1

1. Determinethe design maor (X) axis section moment capacity of a 200UC52.2 of
Grade 250 sted which has adesign axid compression force of N* = 112 kN.

2. Determinethe desgn minor (y) axis section moment capacity of a 200UC52.2 of
Grade 250 stedl which has adesign axiad compression force of N* = 112 kN

Given:

fy = 250 MPa, capacity factor f = O 9, form factor ks =
cross-sectlon area A, = 6640 mm?, platic section modulus S, = 568,000 mm?, S, =

261,000 mm®

1.0, compact section
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Solution:
1 about mgor (X) axis
usng generd formula
Ms = S fy = 568,000 x 250 = 142 x 10° Nmm = 142 kNm

Ns = k¢ An fy = 1.0 x 6640 x 250 = 1660 x 10° N = 1660 kN

f My = F M, (1- ——) =0.9x 142 x [1 — 112/(0.9x1660)] = 118 kNm

FN

usng formulafor specid I-section
Mg = 142 kNm
Ns= 1660 kN

f My =1.18 x 118 = 139 KNm

2. about minor (y) axis
usng generd formula
Mg, = S, f, = 261,000 x 250 = 65.3 x x 10° Nmm = 65.3 kNm

Ns= 1660 kN

*

f My = F Mg, (L- FN—N) ~0.9 x 65.3 X [1— 112/(0.9x1660)] = 54.4 kNm

usng formulafor specid 1-section
Mg = 65.3 kNm

Ns=1660 kN

f Myy=F 1.19 Mg/ [1- (%)2] =0.9 x 1.19 X 65.3 x [1-(112/(0.9x1660))% ]=69.5kNm
f Myy =f Mg, = 0.9 x 65.3 = 58.8 KNm

3. Member Capacity
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a) Symbols Used

Actions.
N’ = Axidl force
M x , My = Bending moment about X, y axes

Capacities:

Mpx = Beam member capacity about X axis

Mpxo = M Witha,m, = 1.0

Nx = Column member capacity about principa (X) axiswith ke = 1.0
Ncy = Column member capacity about y axis

Reduced capacities:
M; = Reduced in-plane member moment capacity
M x = Reduced out- of-plane member moment capacity

b = Ratio of end moments
Assume x-axisisthe principd axis

b) Formulae for beams

Formulae are given for the following three cases: beams with FLR, beams without FLR
and beams under biaxial bending.

(i) With FLR

Gengd formula

*

M EFM,=FM_(1- FN—)

cxX

For specia |-sections and compact RHS

) 1+b, ., \ 1+b, ., N’
MxEFMi=FM_{[1- ( > )°]1(1- N ) +118( > ) l_W}
(i) Without FLR
Generd formula
. g N 0O
M,EFM, =FM, §1- i
X ox X chyﬂ

For specid |1-sections

M. EFM_=F M 1 N 1 N
X ox — P Ay, (-chy)( -fN )

0z
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GJ+p?El, | L? , : . .
A et T Eladtic torsona buckling capaci
oz ([X +[},)/A g ty

- m+(1+ ")2(04 - 023——
- fN,,

where

E, G = the dastic moduli
A, lw, Iy, Iy and J= the section constant
L, = the distance between partid or full torsond restraints

(i) Biaxial Bending
( M; )l4+( My )14 £1

FM,. FM,,

where

MCX = Mln{M|x f Mox}

Miy = Mi about y axis

Example 2

Check the in-plane member capacity of the 200UC52.2 beam-column of Grade 250
ged, which is subjected to a combined moment M,* of 105 kNm and a compression
force of 112 kN. Assume FLR is provided.

Given:

fy =250 MPa, capacity factor f = 0.9, form factor k; = 1.0, compact section.

Column length L = 5000 mm, effective length factor k = 1.0, radius of gyration , = 89
mm,ap=0

Solution:

using generd formula

10>5000 250
2= ) X0 /— =56
250 250

a,= 084 [from Table 6.3.3(3)]

kL

I'n

Ns= 1660 kN [from Example 1]
f Nc =0.9x 0.84 x 1660 = 1255 kN

Mg = 142 KNm [from Example 1]
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FM;, =FM, (1-

N = 09142 X1 112 =116 KNm
N )=0. M 158~

using formulafor pecid I-section

| n =56

ac= 084
Ns= 1660 kN
f N¢ = 1255 kN
Mg = 142 kNm

[from Table 6.3.3(3)]

[from Example 1]

[from Example 1]

bm = 1.0 (double curvature bending)

M= FM{[1- (o

—09>{I.42|0+118>< 1-

1 N +1181+bm31 N
Y- ) U8 )

12 ¢

g =144 KNm, f M; £f Mx = 139 kNm (from Example 1).
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TOPIC 14: STEEL CONNECTIONS

1. Type of Connections

AA100 dlows three forms of construction which relates to the bahaviour of the
connections. It then requires that the design of the connections be such that the Structure
is cgpable of resisting dl design actions, calculated by assuming that the connections are
gppropriate to the form of construction of the structure or structura part. The design of
the connections is to be consstent with the form of construction assumed. The three
forms of congtruction are:

(1) Rigid congtruction— For rigid construction, the connections are assumed to have
aufficient rigidity to hold the origind angles between the members unchanged. The joint
deformations must be such that they have no significant influence on the distribution of
the action effects nor on the overdl deformation of the frame.

(2) Semi-rigid congtruction — For semi-rigid construction, the connections may not have
sufficient rigidity to hold the origind angles between the members unchanged, but are
required to have the capacity to furnish dependable and known degree of flexura
restraint. The relationship between the degree of flexurd restraint and the level of the
load effectsis required to be established by methods based on test results. Thisis
outside the scope of CIV3221.

(3) Smple congtruction — For smple congtruction, the connections at the ends of
members are assumed not to develop bending moments. Connections between members
in smple construction must be capable of deforming to provide the required rotation at
the connection. The connections are required to not develop alevel of restraining
bending moment which adversaly affects any part of the Structure. The rotation capacity
of the connection must be provided by the detailing of the connection and must have
been demondtrated experimentaly. The connection is then required to be consdered as
subject to reaction shear forces acting at an eccentricity appropriate to the connection
Jetailing.

Typica types of connections for smple construction (also called flexible connections)
are:

Angle seat
Bearing pad
Fexible end plate
Angle deat

Web sde plate
Stiff seat

Bracing clest

Typica types of connections for rigid congtruction (also called rigid connections) are:

moment connection (welded)

Department of Civil Engineering, Monash University
(File: Name CIV3221 Edition Date: 6:2002) %



Unit CIV3221 : Building structures and technology 87
Lecture notes

moment connection (bolted end plate)

This section will only ded with flexible end plate connection (shear connection) and
moment connection (bolted end plate)

2. Shear Connections (Flexible End Plate)

2.1 Connection Details

Typica flexible end plate shear connections are shown in the figure below. Fabrication
of thistype of connection requires close control in cutting the beam to length and
adequate consderation must be given to squaring the beam ends such that both end
plates are pardld and the effect of beam camber does not result in out-of- square end
plates that makes erection and fied fit-up difficult. Shims may be required on runs of
beamsin alinein order to compensate for mill and shop tolerance. The use of this
connection for two sided beam-to-beam connections should be considered carefully.
Ingtdlation of boltsin the end plates can cause difficulties in this case. When unequd
szed beams are used, specid coping of the bottom flange of the smaller beam may be
required to prevent it fouling the bolts. Since the end plate isintended to behave
flexibly, damage of the end plate during transport is not normaly of concern and may
be rectified on site. For coped beams, the top of the end plate and the bottom of the cope
cut should coincide. Curvature of the end plate due to welding can usudly be pulled out
when ingdling the bolts. Check end plate component width to ensure thet it will fit
between fillets of column section when connecting to column web.

\ Cope length L ¢

(if present)
dei

— | |-——
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uncoped and single web coped beams (end plate located towards top of beam)
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double web coped beams

2.2 Possible failure modes

The acting force in the connection is shear force V*. Possble failure modesinclude
weld fallure dong the web, bolt falure in shear, end plate component falure in shear,
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beam web falure in shear a end plate, coped section failure in shear near connection
and coped section failure in bending near connection.

2.3 Design capacities

Desgn is based on determining Vges, the design capacity of the connection, which is the
minimum of the desgn capacity {Va, Vb, Ve, Va, Ve Vi}. The desgn reguirement is
then Vges 3 V*. Each of the design capacity is given below.

(& Weld toweb Va=T1 vy 2d;

The design capacity of the weld of the end plate to the beam web (V) is based on the
assumption of vertica shear only on thefillet weld.

(b) Boltsinendplate  Vp=n, (f V)
wheren, = 2n, , Ny isthe number of boltsinaline e pitch s, and f V¢ isthe design
capacity of asgngle bolt in shear.

The desgn capacity of the bolts in the end plate (Vy) is based on the assumption of
verticd shear acting a the bolt group centroid. Possible falure modes of bolt shear,
locd bearing falure and end plate tearout are considered. For economy, ether 4.6/S or
8.8/S bolting category is preferred. 8.8/TB category is uneconomic since it has the same
design capacity as 8.8/S and requires tensoning. The use of 8.8/TF bolting category in
this connection is not recommended since 8.8/TF is desgned on a "no-dip" bass. While
this may be desrable in certain redricted instances in order to mantain beam levels it
dso rdricts the horizonta dipping of the end plate, which is an inherent part of the
connection's "flexible’ behaviour. This may reault in the devdopment of high leves of
restraint moment at the support.

(c) End plate component in shear Vce=1 (051t 2d)
wheref =0.9

The design capacity of the end plate in shear (V) assumes that falure, if it occurs, takes
place on each side of the weld/web interface and that it occurs by shear yielding.

(d) Beamwebinshear atendplate  Vg=f (0.6 fyw twn di)
wheref =0.9

The expresson for the shear capacity of the web at the end plate/web interface (V) has
been derived by assuming that a near uniform stress digtribution gpplies a the interface
and that therefore, the nomind capecity is given by Clauses 511.2 and 5114 of
AA100.

(e) Coped section in shear near connection  Ve=1fV,
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(f) Coped section in bending near connection Vi =f Mde,

The expresson for Ve and Vi ded with the drength of the section remaning after
coping of the supported member.

The following additional design congderations are worth noting. Hexible end plae
connections will exhibit a wide range of connection flexibility depending on the
connection parameters such as plate thickness, plate depth, bolt category, web thickness.
Rotationd flexibility in the connection is required if the connection is to meet the
requirements of ASA100 for smple condruction. This is provided by the use of a
rlatively thin end plate which deforms out of plane under applied rotation, the use of
swug-tightened bolts which dlows the end plate to dip horizontdly and detaling a wide
gauge between lines of balts.

Example 1

See section 4.3.3 of AISC DSC/04-1994 Hogan, T.J. and Thomas, |.R. (1994), Design
of Structura Connections, 4th Edition, Audrdian Inditute of Sted Congruction,

Sydney, page 58 to page 59

3. Moment Connections (Bolted End Plate)

3.1 Connection Details

Typicd bolted end plate moment connections are shown in the figure below.
Fabrication of this type of connection reguires close control in cutting the beam to
length and adequate consideration must be given to squaring the beam ends such that
end plates at each end are pardld and the effect of any beam camber does not result in
out-of-square end plates which make erection and field fit-up difficult. Shims may be
required to compensate for mill and shop tolerances. 8.8/T (fully tensoned) bolt
category can be used. Holes are 2mm larger than the nomind bolt diameter.

1

end plate at right angle to column
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end plate & Knee joint with or without haunch inrigid portd frame
-incoming member indined to column

Thistype of connection may be used in the following variations as a beam-to-column
connection (see the figure below):

(i) one sded beam-to-column flange

(i) two sided beam-to-column flange

(i) two way, two sided beam-to-column flange plus one sided beam-to-column web
(iv) four ways, two sided beam-to-column flange plus two sided beam-to- column web
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or cruciform +

24

=44

=

—
-_‘|

0] (i) (iii)

3.2 Actions and possible failure modes

(iv)

This types of connection is considered to be arigid connection wherein the origind
angles between the members remain unchanged during loading and the connection

would be used in aframe where rigid congtruction was the assumed form of
construction.

The design action effects a the connection could be determined from either afirst order
eladgtic anayss with moment amplification or a second order dadtic andyss. Applied
actions at a connection are assumed to be bending moment M*, shear force V* and axid

force N* as shown in the figure below.

y
\\\
LR
t _ #tfb
v ?
Vi iHN; JARN
V4,
== Y
B N%tm
BN q=0°
f=90°
TypeA
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TypeC

The following assumptions are made in determining actions in various components:

(i) The flanges tranamit design flange forces due to moment M*, these comprising Nim*
(tendon flange) and Nc¢n* (compresson flange). For the design of the flange and web
welds, the assumption is made tha the proportion of the bending moment transmitted
by the web is kny while the proportion of the bending moment transmitted by the flange
iS (1-Kmw). The proportion of the bending moment transmitted by the web is given by

/

— w

mw lw +lf

However for the assessment of the loads on the bolts, and on the end plate and for the
assessment of the necessity for stiffeners and the design of the stiffeners, itis
conventiona practice to assume that dl the force above and below the neutra axisis

Department of Civil Engineering, Monash University
(File: Name CIV3221 Edition Date: 6:2002) %



Unit CIV3221 : Building structures and technology A
Lecture notes

concentrated & the flanges which is equivaent to assuming thet al the bending moment
is trangmitted through the flange area.

(i) The web transmits the design shear force V*.

(iit) For the design of welds, it is assumed that the flanges and web tranamit a share of
the axia force N*, the proportion taken by each being proportiond to their contribution
to the total section area.

For the design of bolts and the end plate, it is assumed that the flanges tranamitted al of
the design axia force N*, the proportion taken by each being proportiond to their
contribution to the total section area. This assumption is made because the bolts, which
must tranamit the axid force into the column, are concentrated at the flanges.

The design actions can be summarized as follows:

For the flange welds connecting the beam to the end plate:

*

M ~oed, O
N*fy = (—) 1- k., )+ N ¢+
fw df' tﬂ, ( mw) gAﬂ

\I:Vmaerze ,proporti on of the bending moment transmitted by the web (see attached)
A: = area of tenson flange, A = tota area of the section

For the web welds connecting the beam to the end plate:

Axid force component w* = kw N*

Moment component Mw* = Kmw M*

Shear forcecomponent  V,* =V*

Where,
kw = (area of the web)/(total cross-sectiond ared), ki as defined above.

For the bolts, end plate and stiffeners.

Totdl design forcein tension flange: v, = —2—_+ 2
dy-tp) 2
. . . . M’ N’
Total design forcein compressionflange: v, = -—
oldy-ty) 2

Tota design shear force at end plate/column interface: V. o* = V*

Clause 9.1.4 of ASA100 requires that this type of connection be designed for the
following minimum design actions
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bending moment = 0.5 times the member moment capacity

No minimum requirement is placed on the smultaneoudy applied shear force or axid
force. It is suggested that the following requirement is placed on the smultaneoudy
applied shear force or axid force. It is suggested that the following minimum vaues
might be used smultaneously with the above minimum design bending moment:

Shear force = 40 kN
Axid force=0

Theintention of the AS4100 provison is that connections have a guaranteed minimum
design capacity with some inherent robustness.

Possible fallure modes include flange welds failure, web welds failure, bolts falure, end
plate falure and siffenersfalure.
3.3 Design capacities
Design capacities are given for each possble failure mode in the connection.
Fange welds

Check Niw* <f Nw =T fty brp trp for full penetration butt welds
wheref = 0.9 for SP (structural purpose) weld, fry = yield stress of beam flange, by =
width of beam flange, ti, = beam flange thickness.

Check Niw* <f Ny =2 Ly (f w) for fillet welds
where L, =wed length across flange, usudly bx and (f w,) = design capacity of fillet
weld per unit length of weld

Web welds

Check [V +Vv)? £fv,

wherev is strength per unit length, L, = weld length dong web = dy, — 2tsp,

Bolts
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N
Check EfN,
nt
Vie
Check Y £fV, orfV,

where n isthe number of boltsin tenson, n is the number of boltsin shear, Nif, Vix and
Vi, are capacities for asngle bolt.

Check bolt group
12xN; /n, Ni./n
+
( fN, ) (foxorfon) £l
End plate

Flexure

R PR o
Check N, £ ———

af

e

where fy; = yield stress of end plate, by = width of end plate, t; = end plate thickness, &,
= distance between the bolt center and the top flange of the beam.

Shear

Check V,, £2x 055, »d, ¢,
ad N, £25 05X, %, ¢,
and N £2x 055, b, %,
where d; = depth of end plate

Siffeners

Check necessity of column gtiffeners

N;t db'tfb : .
If P a— > > , Siffeners are required.

where f, = yield stress of column, t,c = thickness of column web, d, = depth of beam,
trp = thickness of beam flange.
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Example 2

See section 4.8.4 of AISC DSC/04-1994 Hogan, T.J. and Thomeas, |.R. (1994), Design
of Structura Connections, 4™ Editi on, Audtrdian Inditute of Sted Construction,

Sydney, page 115 to page 118
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