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LESSON 1
WEB BEARING & BUCKLING




The Straits Times, 3 August 2004 -
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Four men working on a tunnel for the new MRT
Circle Line died when a retaining wall collapsed
on April 20 this year, causing a giant cave-in.
This is what happened and what the experts
say are the causes of it.

PART :

Experts were brg
of iy, Fie
Nishimatsu-Luni
Consultants, L

Strut
i 19 the wall cn egposing sides.
1t fll whe the walers Buckied




CONCLUSIONS OF THE COMMITTEE OF INQUIRY
(COI, MAY 2005)

The collapse was rooted in two critical design errors:
1) Under-design of the diaphragm wall

This was associated with the use of the PLAXIS
soil simulation model that over predicted the
undrained shear strength of the clay.

2) Under-design of the strut-waler connection

Over-estimation of capacity based on BS5950
and splays omitted.

CONCLUSIONS OF THE COMMITTEE OF INQUIRY
(COI, MAY 2005)

‘These design errors resulted, in the event, in the
failure of the 9t level strut-waler connections
together with the inability of the overall temporary
retaining wall system to resist the redistributed
loads as the 9t level strutting failed. The
catastrophic collapse then ensued.’




The Steel Strutting System

STEEL STRUTTING SYSTEM

Support

Double struts,

T Kingpost
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Web Bearing & Stiff Bearing Length

Stiff Bearing Length

Web bearing failure is the localised crushing of the
web near the root radius at the junction with the flange
of the section

L

Web crushes
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Web crushing occurs when the yield strength
of the web (p,,,) is reached




Stiff Bearing Length

Introduction

» Web bearing depends on the effective area at the
flange/web junction of the web which is resisting the load

» Defined in BS5950: Part 1: 2000 — Cl 4.5.1.3 as the Stiff
Bearing Length (b,)

« Stiff bearing length is the length of support that cannot
deform appreciably in bending

Stiff Bearing Length

Background

For load bearing on the flange of the beam, stiff bearing length is
not always equal to the width of the supported beam but to be
calculated with reference to BS5950: Part 1: 2000 — Cl 4.5.1.3
(Figure 13)

flange/web
junction

(b, + nk) = total dispersion length




Stiff Bearing Length

DESIGN EXAMPLE - Unstiffened Web Bearing

20mm End Plate

Waler Properties

UC 356x406x287 kg/m
< Grade 355 N/mm?

Waler Strut

Strut Properties
UC 305x305x240 kg/m

Strut Force = 3000 kN

Stiff Bearing Length

DESIGN EXAMPLE - Unstiffened Web Bearing

BS5950: Part 1: 2000 — Cl 4.5.2.1

Stiff Bearing Length Pow (KN)

b, =317.9 mm

4494
(Width of 305x305x240 kg/m)

b, =t+1.6s + 2t
b, =79.0 mm 2631
(Based on Figure 13)




Web Buckling & Effective Length

Web Buckling & Effective Length

Restrained flange

Effective Length of web, L <1.0d




Web Buckling & Effective Length

B

Restrained flange

Swaying &
rotation of the
flange is
prevented by the
supported beam

Effective Length of web, L £1.0d

Web Buckling & Effective Length

— RCWal

Waler

Strut

Unrestrained flange

|

Effective Length of web, L > 1.0d
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Web Buckling & Effective Length

— RCWal

Waler

Strut

Unrestrained flange

Flange free to
sway sideways

Effective Length of web, L > 1.0d

Web Buckling & Effective Length

— RCWal

Waler

Strut

Unrestrained flange

|

Effective Length of web, L > 1.0d
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Web Buckling & Effective Length

«— RCwal Unrestrained flange

Waler

Strut .
Flange rotation

relative to the
web

Effective Length of web, L > 1.0d

Failure Modes

Site Observations Numerical Simulations
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Channel vs. Plate Stiffeners
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The Committee of Inquiry (COI, May 2005)
commented:

The change from the plate stiffeners to the C-channels
was a major contributing factor.

‘If only the plate stiffeners had been used throughout,
the failure would probably have been localised and
slower’
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Three(3) Rules for Good Practice in Structural
Engineering
* Rule No.1
Ductility can be forgiving of one’s mistake
* Rule No.2
Connection detailing is everything
* Rule No.3

Redundancies are our best defense against
unexpected failure

LESSON 2
EFFECTIVE BUCKLING LENGTH
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Cantilever Roof Truss

Cantilever Roof Truss
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Effective Length of
Compressive Bottom Chords

Purlins placed along the top
chord provide out-of-plane
lateral restraints to the top
chord under compression

Effective
=== length is the
purlin spacing

Cross
bracings to
provide
restraints to
the purlins

There are no purlins to Effective length is
provide lateral restraint to =P petween points of
the bottom chord. contraflexure

Question: what is the effective length of the
compressive top chord member?
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Effective Length
; Lateral
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Suction wind making back chord
'S in compression. What & its effective length |

Buckled Shape of 3 Bow-Shaped Truss




Pipe Strut vs. Laced Strut

+ —— i e - o m——— —

Pipe Strut Laced Strut

LESSON 3
SHEAR BUCKLING
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Shear Buckling of Thin Web

Tension field action causes the web to act

as the diagonals of an N girder truss
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Shear Buckling of Thin Web

Plastic hinge locations
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Comparison of (1990) with (2000) version for
shear buckling strength of thin web

L Yield stress in shear (0.6P, )
N 0.6x275 = 165 /

qb (1990) TFA
qw (2000) TFA

g (1990 & 2000)
No TFA

78
61

| |stiffener spacing ratio, a/d = 1.0
20 [ |steel Grade S275 (P, = 275 N/mm?)
1

28

Shear strength, g (N/m
(0]
o

0 50 100 150 200 250 300
Web depth-to-thickness ratio, d/t
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LESSON 4
HOLLOW SECTION JOINTS

Why the fuss about Hollow Section Joint Design?

ollow Section Joints can be very flexible!

esigning un-stiffened joints is a skilled task and
must be done at the member design stage

21



Potential Failure Modes for Welded Hollow Section Joints

Mode B: Punching shear
failure of the chord face

Mode A: Plastic failure of
the chord face

. . Mode D: Local buckling of
Mode C: Tension failure of the web member
the web member

Potential Failure Modes for Welded Hollow Section Joints

failure|of the chord

Mode T: Overall shear

Mode F: Local buckling of
the chord walls

Mode G: Local buckling of
the chord face
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Some Golden Rules to Avoid Tubular Joint Problems

#Make b4/,
b1 as high —
as possible

as low

o as possible

¢ Gap connections
~- 1 are cheaper

General Tips for Designers

Welding of Rectangular Hollow Sections

Try to fillet weld to the "flat"
of the main Rectangular
Hollow Section member

ly Corner radius > 21, , for cold-formed
hollow sections

- Flat < (Total width - 4{))
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Some Golden Rules to Avoid Tubular Joint Problems

General tips for designers Width Ratios

@ Make by /by —
n b,  as high L vee
as possible widt
1 L, i,._-_.Gﬂ’._-_-¥* | Chord
0 width

Web width > 35% chord width

@ Make #,/t,
S as low _Web
1 as possible width
% Gap

| connections __Iﬁ,__%— Chord
o arecheaper A_____ | width

Web width > 25% chord width

Some Golden Rules to Avoid Tubular Joint Problems

Wall Slenderness Web Angles
[ 1
b1\< " Class1or2 L >b2
)\0 for b,lt, <>/‘\
bylt, < 35
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Gapped vs. Overlapped Truss Joints

Design tips to optimize welded HSS joint design
+ Select relatively stocky chord
+ Select relatively thin branch
« Consider virtues of gapped K-connections

Overlapped
R

7

Higher static and fatigue
strength, generally

* Produces stiffer truss (reduces
truss deflections)

Easier and cheaper to fabricate

Source: The Straits Times (2 April 2014)
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