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A B S T R A C T

1. Introduction

1.1 Advantages



2. Introduction to present study

2.1 Aims

2.2 Novel web opening shapes

Fig. 1

R
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Fig. 1: R

2.3 Specimens for optimisation study

V/M

R

do 0.8h

R

3. Validation of the FE model for Vierendeel failure of perforated beams

3.1 General failure modes of perforated steel beams



Fig. 2

Fig. 2:

3.2 Vierendeel mechanism

Fig. 3(a)

Fig. 3(b)

Fig. 3:



3.3 Behaviour of perforated beams

do
c

3.4 Methodology

do 0.8h h



Mo,Sd Vo,Sd

V/M

3.5 Experimental programme

3.5.1 Test specimen

do, 0.76h

1.3do

3.5.2 Coupon tests

Table 1

Specimen

Represented

Coupon

No.

Yield

Strength,

fy (MPa)

Tensile

Strength,

fult. (MPa)

Average Yield

Strength,

fy (MPa)

Average Tensile

Strength,

fult. (MPa)

Web
1

2

Flange &

Bearing Plate

1

2

Table 1:

3.5.3 Test rig setup

3.5.4 Load deflection relationships



Fig. 4

Fig. 4:

3.6 Validation of the FE model against experimental work

3.6.1 Description of the FE model

o Table 1

fy=318.25MPa

fult.=430.75MPa Fig. 5

E ET
o

E=200GPa v=0.3

fy=355MPa fult.=530MPa ET=2000MPa



Fig. 5: Fig. 6:

fy=355MPa fult.=530MPa

Table 1

3.6.2 Results

do
0.76h 0.8h do 0.76h Fig. 6

fult.=530MPa

Fig. 6



Fig. 7

Fig. 8

Fig. 7: Fig. 8:

4. Parametric FE study to optimise the novel web opening shape

4.1 Method of study

do 0.76h.

Table 2 Fig. 6 Py=176.2kN Pcr.=256kN Pult.=274.4kN Py

Py
Pcr.

Py
Pcr. Pult.

Table 2 Table 3 Table 5 Fig. 9 14



4.2 Results for vertical elliptical novel web openings

Table 3

R

Fig. 9 11

Table 4 do
0.8h

at Py=176kN at Pcr.=256kN at Pult.=274.4kN at FEA Solution Divergence

Max. Von Mises

stress,

Max. Von Mises

stress,

Max. Von Mises

stress,
Load, P

Max. Von Mises

stress,

(mm) (MPa) (mm) (MPa) (mm) (MPa) (kN) (mm) (MPa)
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Table 2:



at Py=176kN at Pcr.=256kN at Pult.=274.4kN at FEA Solution Divergence

Max. Von Mises

stress,

Max. Von Mises

stress,

Max. Von Mises

stress,
Load, P

Max. Von Mises

stress,

R/do (mm) (MPa) (mm) (MPa) (mm) (MPa) (kN) (mm) (MPa)

A
n
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Table 3:

Fig. 9: Py



Fig. 10: Pcr.

Fig. 11: Pult.



Specimen

No.

Novel elliptical web

openings (do=0.8h)
Specimen

No.

Novel elliptical web

openings (do=0.8h)

Ratio of Novel/Circular

web openings, do=0.8h

do=0.76h do=0.8h

Vertical Area (cm2) Inclined Area (cm2)

10&R0.15 10&R0.15

20&R0.15 20&R0.15

10&R0.2 30&R0.15

30&R0.15 40&R0.15

20&R0.2 10&R0.2

30&R0.2 20&R0.2

10&R0.25 30&R0.2

40&R0.15 40&R0.2

20&R0.25 10&R0.25

40&R0.2 20&R0.25

30&R0.25 30&R0.25

10&R0.3 40&R0.25

40&R0.25 10&R0.3

20&R0.3 20&R0.3

30&R0.3 30&R0.3

40&R0.3 40&R0.3

Table 4:
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4.3 Results for inclined elliptical novel web openings

Table 1 Table 5 R

Fig. 12 14

Table 4



at Py=176kN at Pcr.=256kN at Pult.=274.4kN FEA Solution Divergence

Max. Von Mises

stress,

Max. Von Mises

stress,

Max. Von Mises

stress,

Load,

P
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stress,
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Table 5:

R

=40o R

Fig. 12: Py



Fig. 13: Pcr.

Fig. 14: Pult.

4.4 Overview of elliptical web openings

Fig. 15





Fig. 15:

Pcr.

Pult.
Pcr.

do=0.8h

do=0.8h do=0.76h



Py Pcr.

Vertical Elliptical Web Openings

At Py 30&R0.15 20~40&R0.25

10~40&R0.3

At Pcr 10~40&R0.3

Inclined Elliptical Web Openings

At Pcr 10~40&R0.3

40&R0.25

10&R02.5

40&R0.15 40&R0.15

Table 6

R

Angle, , of the

straight lines

Radius of the

semi circles,

R
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Stress

estimates,
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0.15do Pult.

20o
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0.2do Py20o
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0.25do Py30o

40o
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20o

30 o
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Table 6: P

R

R

5. Shear moment (V/M) curves for various novel web opening shapes and sizes

5.1 Web opening shapes

Fig. 15



do 0.8h 0.65h 0.5h

V/M

V/M

5.2 Summary of the FE model

E

ET

5.3 Model of study

5.4 Shear moment (V/M) interaction curves

V/M Fig. 15

Fig. 16

Eq. (1) Eq.

(4) Vo,Sd Eq. (2) Mo,Sd Eq. (5)

Vo,Rd Mo,Rd Eq. (3) Eq. (6)





Fig. 16: V/M

do
c

c

V/M

Fig. 16



V/M

do 0.65h 0.5h

do 0.8h R 0.15do

Table 7 q z k

Fig. 16 Table 7

c

Web Opening Depth, do 0.5h 0.65h 0.8h 0.5h 0.65h 0.8h

c/do Factors q z k q z k q z k Maximum

CIRCULAR

HEXAGONAL

10&R0.15 (vertical)

10&R0.15 (inclined)

40&R0.3 (vertical)

40&R0.3 (inclined)

30&R0.3 (vertical)

10&R0.25 (inclined)

Table 7:

6. Summary

do=0.76h
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V/M

Table 7

do 0.76h
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do=0.8h

do=0.76h

R
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c

do 0.8h do
0.75h
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Notations
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m m=MSd/Mo,Rd

Mo,Rd

Mo,Sd(FEA)

MSd
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v=VSd/Vo,Rd

Vo,Rd
Vo,Sd(FEA)
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