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Steel Buildings and Vibration

ASteel building designs generally meet criteria without
modification

AEven strictest criteria can be met with careful design

AAlways important to assess vibration performance as
remedial costs can be substantial
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Introduction

AResponse of steel floors to floor vibrations

- RFCS HIVOSS project (Human Induced Vibration of Steel Structure
- SCI P354 Design of Floors for Vibrations (updated)

ATwo issues to be addressed for HSS floors:

- lack of availability of analysis tools
- perception that HSS is worse than S355 floors in vibration response

ASTROBE

- A new analysis tool for floor vibration (FEM based)
- Study response of HSS floors (vs. S355 floors)
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Traditional Practice

AServiceability criteria

APrimary & Secondary beams checked independently
for minimum frequency of 3 Hz

AAnalysis typically assumes seffight and 10% of
Imposed load
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Design of floors for Vibration

ASCI P354 (2009)

www.steelconstruction.info i

corus

AKey publication for a0
vibration design of floors in
the UK

AContains guidance for FE
modelling, and a simple
method S

Design of Floors for Vibration:
A New Approach

AArcelor Mittalc Design
Guide for Floor Vibrations
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https://constructalia.arcelormittal.com/files/Vibration_EN--6106e7a7bd18ced6a7f471752d104089.pdf

Human Induced Vibration
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Vibration Response

ASplit into 2 parts: steadgtate & transient

4l

f <10Hz f> 10 Hz

Acceleration
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Vibration ResponseResonant

ALower frequency floors
AContinual force leads to response build

ALargest response when excitation frequency matches
floor frequencies

Response

Frequency (Hz)
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Response Factor

AVibration is an issues of perceptiogsaries from
person to person

ADepends on:
ADirection of vibration relative to body
AFrequency of vibration
AActivity

predicted acceleration Sumpor

base valuec wmy 005 m/s2for z-axis
vibrations — BS 6472
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Acceptance criteria

ATypical limiting values for response factors

Office

Shopping mall

Dealing floor

Stairs 1 Light use (e.g. offices)

Stairs T Heavy use (e.g. public buildings, stadia)

32
24
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Simple method

ASimple method, C Fundamental frequency
allows calculation C Mode shape amplitude
using a spreadsheet C Modal mass

AWidely used; not

every engineer has
access to FE softwar:

APerception that it is
extremely
conservative for
some designs

(a) Secondary beam mode (b) Primary beam model
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Finite element method

ARigid connections

Aln vibration analysis, strains are not
large enough to overcome friction

A Columns pinned at inflexion poir:=——— ANSYS

R16.1

AlLocated at mieheight between i
floors for multistorey constructiol

AVertically restrained edge beams

ACladding provides full vertical
restraints, so the edge of clad
buildings should be modelled as
free in rotation but restrained in | ° .. =

translation SClI office floor (Transient
Response Factor)
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www.steelconstruction.infd=loor response calculatc

Input
Damping Ratio (%):
Bay Arrangement, ny x ny:

Imposed floor load (kN/m?):

—reaseseec. Quitput

oo

LR

Secondary beams: — Pease Seeed
Summary:
Span of Primary Beam, L, (m): — Pease Seed  gteady State Response Factor 34
Transient Response Factor 9.2
Span of Secondary Beam, Ly (m): — Pease Seed £ pmental Frequency (H2) 10.1
The response factor for this design is greater than the recommended limit of 8 for offices
Profile: — Pease
Ehb Dt o = Inputs:
Damping Ratio (%) 3.0%
*Rezponse F3C10r ExCO0Es TG valua 0f 2.
Imposed floor load (kN/m?) 25+08
Primary Beam: Secondary beams Third Points
Span of Primary Beam, L, (m) 7.2
Secondary Beam: Span of Secondary Beam, Ly (m) 6
Profile Comflor51+
s | Porfile thickness (mm) 0.9
ﬂ Bay Arrangement, n. x ny 2x4
Slab Depth (mm) 130"
Primary Beam UKBA406x140x46
Secondary Beam UKB254x102x22

http://bcsatools.steelsci.org/FloorResponse/Default
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Comparison of methods

Model Natural Steady State  Transient
Frequency Response Response
(Hz) Factor Factor
Manual method 9.3 9.5
Floor Response 10.1 3.4 9.2
Calculator
FE analysis 11.06 1.67 6.9

AFrequency results close

AFloor response calculator & FE both show transient
response Is critical and values are close
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Floor vibration analysis (FVA) tool

AUser defines
rectilinear floor
system

AFE methods used
to calculate the
frequency and
mode shapes

ASCI P354 used to
calculate the
response factors

W

CalculixX

(an opensource FE
package)

Calculation engine
Pre & post¢ processing

Online Beam Design
Tool (DLL)

Floor response analysi
P354 (Python libraries)

Floor Vibration Analysij
(FVA) tool

User interface




STROBE Floor vibration analysis (FVA) tool - The Steel Construction Institute UK

INPUT Reset | OUTPUT Read Results Clear Results
I V A I Job ID ISTROBE Steady State Response Factor  1.78
No. of Bays, nx IZ Transient Response Factor 5.5

No. of Bays, ny |4 Fundemental Frequency (Hz) 10.3

Span of Primary Beam, Lx (m) l7.2

Span of Secondary Beam, Ly (m) |9.0 Steady State Plot

Height of Storey, H (m) [3.9
Secondary beams Mid-span — I 1
1
Dead load (kN/m?) 0.8 -
1
Imposed load (kN/m?) IZ.S :
1
No. of modes, N [0 :
9.34e-001
Damping ratio, { |0.03 8.490-001
7 .64e-001
6.79e-001
Floor slab section 5.9%0-001
5.10e-001
 Standard (" Custom Dbk
2.55e-001 .
Comflor 51+ =i | 130 = s &
0.000+000
STROBE_SSRF .fbl
0'9 —'] ISTROBE |Steady State Response F:aclov-l}'un:avenl.:i Freguency (Mz) » 10.31

Primary beam section

(" Standard (¢ Auto-select (" Custom Transient Plot

UB457x 191x 74 460 — | Run |

Secondary beam section

(" Standard ' Auto-select (" Custom

UB 533 x 165 x 66 355 —ll Run |

Column section

+ Standard

UC305x 305x 283 -—ll

.000+000

STROBE_TRRF .fbl1
ISTROBE | Transtent Response Factor|Fundamental Fregquency (Mz) » 10.3]
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Generate Input File |

Calculate

| Beta Version 0.1 | 10 Jan 2020 |
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Validation

Steady state response factor

A28 test cases

ACompared against SCI
floor response calculator

Transient state response factor
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