SS 674:2021
SS 812310:2014, MOD

(ICS 91.080.40; 91.100.30)

SINGAPORE STANDARD
Fibre concrete — Design of fibre concrete
structures

& Singapore
Standards
Council




SS 674:2021

SS 812310:2014, MOD
(ICS 91.080.40; 91.100.30)

SINGAPORE STANDARD
Fibre concrete — Design of fibre concrete structures

Published by Enterprise Singapore

All rights reserved. Unless otherwise specified, no part of this Singapore Standard may
be reproduced or utilised in any form or by any means, electronic or mechanical, including
photocopying and microfilming, without permission in writing from Enterprise Singapore.
Request for permission can be sent to: standards@enterprisesg.gov.sg.

© SIS 2014
© Enterprise Singapore 2021

ISBN 978-981-5024-04-3



SS 674:2021

The content of this Singapore Standard was approved on 29 June 2021 by the Building and
Construction Standards Committee (BCSC) under the purview of the Singapore Standards Council.

First published, 2021

BCSC consists of the following members:

Chairman

Deputy
Chairman

Secretary

Members

Name

Ar. Chan Kok Way

Er. Clement Tseng
Ms Amy Sim

Mr Bin Chee Kwan
Dr Bertil Brandin

Er. Chan Ewe Jin

Er. Chee Kheng Chye

Assoc Prof Darren Chian Siau
Chen

Mr Herman Ching

Mr Dominic Choy

Assoc Prof Stylianos Dritsas

Er. Paul Fok

Mr Goh Ngan Hong

Mr Desmond Hill

Ar. William Lau

Ar. Benedict Lee

Assoc Prof Leong Eng Choon

Dr Lim Lan Yuan

Dr Andrew Ngo Chun Yong

Ms Kay Pungkothai

Er. Punithan s/o Shanmugam

Er. Yvonne Soh

Assoc Prof Tan Beng Kiang

AC Derek Tan

Prof Tan Kiang Hwee

Mr Sebastian Tan

Er. Tang Pei Luen

Er. Yong Fen Leong

2

Representation

Individual Capacity

Building and Construction Authority

The Institution of Engineers, Singapore —
Standards Development Organisation

National Environment Agency

Agency for Science, Technology and Research

The Institution of Engineers, Singapore
Housing & Development Board
National University of Singapore

PUB, Singapore’s National Water Agency
Singapore Contractors Association Ltd
Singapore University of Technology and Design
Land Transport Authority

Singapore Institute of Surveyors and Valuers
Individual Capacity

Individual Capacity

Singapore Institute of Architects

Nanyang Technological University

Association of Property and Facility Managers
Agency for Science, Technology and Research
National Parks Board

Building and Construction Authority

Singapore Green Building Council

National University of Singapore

Singapore Civil Defence Force

National University of Singapore

Ministry of Manpower

JTC Corporation

Association of Consulting Engineers Singapore

COPYRIGHT



SS 674:2021

BCSC set up the Technical Committee on Building Structures and Substructures to oversee the

preparation of this standard. The Technical Committee consists of the following members:

Name Representation
Chairman Prof Tan Kiang Hwee Individual Capacity
Deputy . - . ,
Chairman Er. Lung Hian Hao Building and Construction Authority
Secretary Ms Jasmine Bai The Institution of Engineers, Singapore —
Standards Development Organisation
Members Er. Chan Ewe Jin The Institution of Engineers, Singapore

Mr David Chew Tuan Dong
Er. Dr Chiew Sing Ping

Er. Dr Richard Liew Jat Yuen
Er. Neo Bian Hong

Dr Ng Yiaw Heong

Mr Sze Thiam Siong

Dr Tam Chat Tim

Prof Tan Kang Hai

Er. Dr Tan Teng Hooi

Er. Tang Pei Luen

LTC Tong Hong Haey

Ms Yee Wai Ean

Singapore Contractors Association Ltd
Singapore Institute of Technology
National University of Singapore
Land Transport Authority
Singapore Structural Steel Society
Singapore Welding Society
Individual Capacity

Nanyang Technological University
Individual Capacity

JTC Corporation

Singapore Civil Defence Force

Housing & Development Board

Er. Yong Fen Leong Association of Consulting Engineers Singapore

The Technical Committee set up the Working Group on Fibre concrete — Design of fibre concrete
structures to prepare this standard. The Working Group consists of the following experts who contribute
in their individual capacity:

Name
Convenor Prof Tan Kiang Hwee
Secretary Ms Siti Norfaein
Members Mr Gan Cheng Chian

Er. Hew Kit San
Er. Dr Richard Liew Jat Yuen
Er. Liow Bee Leng
Assoc Prof Lok Tat Seng
Mr John Poh
Mr Eric Sim Thiam Chye
Dr Sofren Leo Suhaendi
Mr Tan Choon Keat
Mr Tan Hong Kian
Prof Tan Kang Hai
Er. Tan See Chee
3
COPYRIGHT



SS 674:2021

Er. Tang Pei Luen

Er. Dr Tran Chi Trung

Er. Yong Fen Leong

Mr James Yuen Chew Loong
Er. Zhang Bin

The organisations in which the experts of the Working Group are involved are:

Arup Singapore Pte Ltd

Association of Consulting Engineers Singapore
Bekaert MacCafferi Underground Solutions BVBA
Building and Construction Authority
Continental Steel Pte. Ltd.

CPG Consultants Pte Ltd

Housing & Development Board

JTC Corporation

Land Transport Authority

Meinhardt (Singapore) Pte Ltd.

Nanyang Technological University

National University of Singapore

PUB, Singapore’s National Water Agency
SETSCO Services Pte Ltd

Singapore Contractors Association Limited
The Institution of Engineers, Singapore

TUV SUD PSB Pte Ltd

4
COPYRIGHT



SS 674:2021

Contents Page
N E= UL Lo T =V o T =1 o o T 7
Ta Lo To VYo 4o o OO P P PERTPR 9
1 LCT=T o T | PP SPP 10
11 ST oT0] o TP PPPPPTT 10
1.2 NOIMALIVE FEFEIENCES ...uveii e e e e et e e e e eeeaees 10
1.5 DL {1 a1 10} o USRS 11
1.5.2 Additional terms and definitions used in this Standard ................ooooiiiii. 11
1.6 SYMBOIS . 11
2 = LY F R ) e == o | o PN 12
2.3 BASIC VANIADIES ... .ot aeeeeaeea 12
2.3.2 Material and producCt ProPeITIES......ccouiiii i 12
2.3.3 Deformations Of CONCIELE ......uuiii i 13
2.4 Verification by the partial factor method.............cccoooo 13
A S B = 1= T | TRV = |11 1P 13
3 = L= = PSRN 14
3.5 T oL o o] g od =] (- SURPTRPSRI 14
3.5.1 Residual flexural tensile strength ClaSSES ........cocuviiiiiiiiiiiiie e, 14
3.5.2 Design residual tensile strength ... 15
3.5.3 Stress-strain relations for structural analysis and design of cross-sections ................. 16
3.6 T = RPTPPIRI 18
5 SEFUCTUTAL @NAIY SIS oeiiiiiiiiiiiiiiiii ettt ettt et et e e et eeeeeeeeeeeeeesseeeennnnes 18
5.1 LCT=T o [T = | PP PP PP PPPPPPPR 18
5.6 PlastiC @NalYSIS ... civviiiiiiiii e aaaa 18
5.6.2 Plastic analysis for beams, frames and slabs ...........cooovieiiiiiiiiii 18
5.6.3 ROLAION CAPACILY ..cooeeieieeeee e 18
6 Ultimate Limit States (ULS) ..o 19
6.1 Bending with or without axial fOrce..........cccccciiiii 19
6.2 S 1T 20
6.2.1 General verification ProCEAUIE .........coouiiii i eaaans 20
6.2.2 Members not requiring design shear reinforcement ............cccooeeeei 20
6.3 10 ] o o S 20
ST I B =TS T T o] oo = o [ = PP 20
6.4 U [ Tod oY1 0T PP 20
6.4.4 Punching shear resistance of slabs and column bases without shear reinforcement .. 20
6.7 Partially l0aded areas ...........cccccviiiiiiiiii 21
6.8 FaliQUE ... 21
6.8.2 Internal forces and stresses for fatigue verification............cccoooooiiiiii 21
6.8.7 Verification of concrete under compression Or Shear...........cooovviiiiiiiiieieeee 21
7 Serviceability Limit State (SLS) ....cooiiiiiiiii e 21
7.2 SErESS MITATION ...eeeeiie ettt e e e e et e e e e e e eeaaaan s 21
7.3 (O = Tod [ oTo] 011 {0 ] F TSP 21
7.3.1 General CONSIAEIAIONS .......uuuuiiiieiiiieiiiiis e e e e et e e e e e e et e e e e e e e e et e e e e e eeeeennannaeeeees 21
7.3.2 Minimum reinfOrCEMENT @raS........cvvuvieeiiiieeiiiieiee et e e e e e e et e e e e e eeeaaaeeeaeees 22
7.3.3 Control of cracking without direct calculation ... 22
7.3.4 Calculation of Crack WidthS.........ccooiiiiiiiii e 23
7.4 DefleCtion CONTIOL......ooeiii et e e e e e et eeeeeeeees 24
7.4.2 Cases where calculations may be omitted............ccooviiiiiiiiiiiii e 24
7.4.3 Checking deflections by calCulation ... 24
5

COPYRIGHT



SS 674:2021

8 Detailing of reinforcement and pre-stressing tendons — General.......................... 25
8.2 SPACING Of DAIS...ciiiiiiiiiiiiiii 25
9 Detailing of members and particular rules ..........ooociiiiiiiiiiiiiiiiee e 25
9.2 B A ... e 25
9.2.1 Longitudinal reiNfOrCEMENT .........ooiiiiiiiiiiiiiiiiiii e 25
9.3 SOl SIADS ... 26
9.3.1  Flexural reiNfOrCEMENT ........oiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeee ettt 26
11 Lightweight aggregate concrete StrUCIUIES .....ooooeiiiiiiiiii e 26
G T Vo (=T = 1 PRSPPI 26
11.3.3 Creep and ShrinKage..........coovviiiiiiiii 26
11.6  URIMALE lIMIt STALES ....eeeiiiiiii et e e e et e e e e e e e e et e e e e e eeenees 26
11.6.1 Members not requiring design shear reinforcement ..............cccooveviiiiiiiiii e, 26
IO G A o U] T 1 o 26
Annex O (Normative) Calculation of strains and stresses in bending ........ccccceevvuciinnnnn. 27
0.1 Simplified approach for fibre concrete with conventional bar reinforcement ................ 27
0.2 Simplified approach for fibre concrete without bar reinforcement ..................cceevvnnennn. 28
0.3 General approach for fibre concrete with or withoutbar reinforcement........................ 29
Annex P (Normative) Production and conformity control of fibre concrete..................... 31
P.1 (T T=T 7= | PP UPPPPPPPTTRR 31
P.2 Fibre concrete composition and initial teStiNg...........covivviiii i, 31
P.3 Conformity control for designed fibre CONCrete ... 33
P.4 Conformity control for prescribed fibre concrete.........cccccvvvviiiiiiii 33
Annex Q (Normative) Execution control of fibre concrete ..............c 34
Q.1 Execution classes for fibre CONCrete ........oovevviiiiiiii e 34
Q.2 Execution control of filore CONCrete.......ooovv v 34
Annex R (Informative) Expected Coefficient of Variation for beam tests according to

BT = A 0 T 1 30 35
R.1 (T T=T - PP PP PTTRR 35
R.2 Coefficient Of VAIALION .......oooiiiii e 35
R.3 Expected coefficient of variation ... 35
R.4 INFIUENCING FACIOIS .. .cceie e e 35
R.5 Examples of COV with different concrete COmpoSitionS..........cccooevvviiiiiiiiiieccce e, 35
Annex S (Informative) Fibre concrete, statically indeterminate structures, and
MAagNifiCatioN fACTOIS . c.ue e e e e e e e e e e e e et e e e eaaaaaes 36
S.1 BaCKGrOUNG ... 36
S.2 Statically determinate DEAMS ........ooii i 36
S.3 Statically indeterminate DEaMS ........coi i 37
S4 ] =Y o 1 39
S5 Alternative estimation for statically indeterminate StruCtures............cccevvvvvvevevieneennnnnns 41
S.6 CaseS WIth OWET SCALLEI ......eeiviiii i e e e e e e e e e e e eeeeennn s 42
S.7 RECOMMENAEA VAIUES .....vuiii i e e e e e et e e e e e e e e et e e e e e e eeennes 43
210 1o s =1 o] 1 2SR 45

6

COPYRIGHT



SS 674:2021

National Foreword

This Singapore Standard was prepared by the Working Group on Fibre concrete — Design of fibre
concrete structures set up by the Technical Committee on Building Structures and Substructures under
the purview of BCSC.

This standard is a modified adoption of SS 812310:2014, “Fibre concrete — Design of fibre concrete
structures”, including its Amendment, published by the Swedish Institute for Standards.

In this standard, minor modifications have been made in Tables P.1 and Q.2 due to national
requirements and the particular needs of the local industry. These technical deviations and additional
information have been added directly to the clauses and are marked by a vertical bar on the left margin
of the standard. The modifications are as follows:

a) Modification of requirements for Table P.1 — Properties to be determined during initial testing of
fibre concrete, in addition to the requirements in SS EN 206:

- Test method for residual flexural tensile strength at 28 days in EN 14651, the number of
samples per test occasion was amended from 6 beams to 12 beams;

- Test method for steel fibre distribution in fresh concrete in EN 14721, the number of
samples per test occasion was amended from 1 to 3;

- Test method for polymer fibre distribution in fresh concrete in EN 14488-7, the number of
samples per test occasion was amended from 1 to 3.

b) Modification of requirements for Table Q.2 — Test frequency for the execution control of fibre
concrete:

- Test method for fibre content in SS-EN 14721 (steel fibres) and SS-EN 14488-7 (polymer
fibres):

. Under execution class 2, was amended from 1 per 300 m3 or 1 per pour to 1 per
100 m3 or 3 per pour; and

. Under execution class 3, was amended from 1 per 100 m3 or 1 per pour to 3 per
100 m? or 3 per pour.

- Test method for residual flexural tensile strength in SS-EN 14651, under execution class
3, was amended from 1 per 100 m2 or 1 per pour to 2 per 100 m? or 2 per pour;

- Note 1 — Amended from 6 beams to 12 beams.
The following changes, including some minor edits, were also made within the body of this standard:

- Amended the standards in the normative references and bibliography from SS-EN (Swedish
Standards) to SS EN (Singapore Standards) or BS EN where applicable;

Amended SS 812310 to SS 674.

In Singapore, the following practices are adopted:

The fibre orientation factor ny is taken as 1 for horizontally cast members such as slabs and tunnel
segments. For other cases, nris taken as 0.5.

The magnification factor neet is generally taken as 1.
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- Fibres are used together with bar reinforcement in beams and other structural members
subjected to significant tensile stresses.

NOTE — Where numerical values are expressed as decimals, the comma is read as a full point.
Attention is drawn to the possibility that some of the elements of this Singapore Standard may be the

subject of patent rights. Enterprise Singapore shall not be held responsible for identifying any or all of
such patent rights.

NOTE

1. Singapore Standards (SSs) and Technical References (TRs) are reviewed periodically to keep abreast of technical
changes, technological developments and industry practices. The changes are documented through the issue of
either amendments or revisions. Where SSs are deemed to be stable, i.e. no foreseeable changes in them, they will be
classified as “Mature Standards”. Mature Standards will not be subject to further review, unless there are requests to review
such standards.

2. AnSSor TRis voluntary in nature except when it is made mandatory by a regulatory authority. It can also be cited in contracts
making its application a business necessity. Users are advised to assess and determine whether the SS or TR is suitable for
their intended use or purpose. If required, they should refer to the relevant professionals or experts for advice on the use of
the document. Enterprise Singapore and the Singapore Standards Council shall not be liable for any damages whether
directly or indirectly suffered by anyone or any organisation as a result of the use of any SS or TR. Although care has been
taken to draft this standard, users are also advised to ensure that they apply the information after due diligence.

3. Compliance with a SS or TR does not exempt users from any legal obligations.
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Introduction

This Standard has been prepared in order to provide National guidelines on how to design fibre concrete
structures in accordance with SS EN 1992-1-1. SS 674 is not a Eurocode but it is complement to SS
EN 1992-1-1. Both documents should be read in conjunction with each other for a full comprehension
of the subject.

This Standard follows the same Section configuration as SS EN 1992-1-1 and provides additional
paragraphs and amended text where necessary to aid fibre concrete design, plus relevant figures,
tables and equations.

Repetition of text from SS EN 1992-1-1 has been avoided as far as possible and is only included when
absolutely necessary for the comprehension of this Standard. Figures, tables and equations are
numbered according to the separate Sections, i.e. the first figure in Section 3 is notated as 3.1, the
second figure 3.2 and so on.

This Standard deals mainly with fundamental requirements concerning general issues, basis of design,
materials, structural analysis, ultimate limit state, and serviceability limit state (Sections 1, 2, 3, 5, 6,
and 7). Durability is treated equally for fibre concrete and conventionally reinforced concrete and is
covered in SS EN 1992-1-1, Section 4. This Standard addresses Section 8.2 Spacing of bars and both
Sections 9.2 Beams and 9.3 Solid slabs with regards to minimum flexural reinforcement. There is no
need for changes to SS EN 1992-1-1 Section 10 Additional rules for precast concrete elements and
structures or Section 12 Plain and lightly reinforced concrete structures. This standard for fibre concrete
covers creep and shrinkage, members not requiring design shear reinforcement, and punching in
Section 11.

This Standard covers fibre concrete structures. The term “fibre concrete” instead of “steel fibre concrete”
or “steel fibre reinforced concrete” has been selected deliberately since the intention is to develop a
standard that is material-independent regarding the fibre material. However, the scientific basis for the
Standard is predicated on numerous test results and literature references primarily devoted to steel
fibre concrete and secondly, but to a much lesser degree, polymer fibre concrete. Despite the fact that
the fibre concrete material properties and equations given are defined or derived from proposed fibre
material-independent tests it is emphasized that the polymer fibres currently available in the market
may either lead to very low values of strength, moment capacity and/or stiffness of the fibre concrete or
mixes needing such high fibre amounts that they will be difficult to cast outside the laboratory.

9
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1 General

1.1 Scope

This Standard applies to the design of buildings and other civil engineering works in concrete with
steel fibres and or polymer fibres according to BS EN 14889-1 and BS EN 14889-2. The Standard does
not cover glass, carbon, basalt or any other type of fibres.

This Standard is intended to be used in conjunction with SS EN 1992-1-1 Eurocode 2: Design of
structures — Part 1-1: General rules and rules for buildings.

NOTE SS 674 is not a Eurocode.

The following subjects are dealt with in this Standard:

Section 1: General

Section 2: Basis of design

Section 3: Materials

Section 5: Structural analysis

Section 6: Ultimate limit states (ULS)

Section 7: Serviceability limit states (SLS)

Section 8: Detailing of reinforcement and prestressing tendons - General

Section 9: Detailing of members and particular rules

Section 10: No section 10 in SS 812310

Section 11: Lightweight aggregate concrete structures

Annex O: Calculation of strains and stresses in bending

Annex P: Production and conformity control of fibre concrete

Annex Q: Execution control of fibre concrete

Annex R: Expected Coefficient of Variation for beam tests according to BS EN 14651
Annex S: Fibre concrete, statically indeterminate structures, and magnification factors

1.2 Normative references

The following normative documents contain provisions which, through references in this text,
constitute provisions of this Standard. For dated references, subsequent amendments to or revisions
of any of these publications do not apply. However, parties to agreements based on this Standard are
encouraged to investigate the possibility of applying the most recent editions of the normative documents
indicated below. For undated references the latest edition of the normative document referred to
applies.

SS EN 206:2014, Concrete — Specification, performance, production and conformity
BS EN 14488-7, Testing sprayed concrete — Part 7: Fibre content of fibre reinforced concrete

BS EN 14651, Test method for metallic fibre concrete — Measuring the flexural tensile strength (limit
or proportionality (LOP), residual)

BS EN 14721, Test method for metallic fibre concrete — Measuring the fibre content in fresh and
hardened concrete

BS EN 14889-1, Fibres for concrete — Part 1: Steel fibres — Definitions, specifications and conformity

BS EN 14889-2, Fibres for concrete — Part 2: Polymer fibres — Definitions, specifications and
conformity
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SS EN 1992-1-1:2008, Eurocode 2: Design of concrete structures — Part 1-1: General rules and rules
for buildings

1.5 Definitions

1.5.2 Additional terms and definitions used in this Standard

1.5.25 Fibre concrete

Structural or non-structural concrete members in which the concrete matrix provides compressive
strength and protection of the fibres, whereas the fibres provide tensile strength and ductility after cracking.
For structural members the fibre has to fulfil the requirements in BS EN 14889-1 (steel fibres) and
BS EN 14889-2 (polymer fibres).

1.5.2.6  Steel fibre

Straight or deformed pieces of cold-drawn steel wire, straight or deformed cut sheet fibres, melt
extracted fibres, shaved cold drawn wire fibres and fibres milled from steel blocks which are suitable to be
homogeneously mixed into concrete or mortar.

[BS EN 14889-1 Section 3.1]

1.5.2.7 Polymer fibre

Straight or deformed pieces of extruded, oriented and cut material which are suitable to be
homogeneously mixed into concrete or mortar.

[BS EN 14889-2 Section 3.2]

1.5.2.8 Designed concrete

Concrete for which the required properties and additional characteristics if any are specified to the
producer who is responsible for providing a concrete conforming to the required properties and additional
characteristics.

[BS EN 206 Section 3.1.1.4]

1.5.2.9 Prescribed concrete

Concrete for which the composition of the concrete and the constituent materials to be used are
specified to the producer who is responsible for providing a concrete with the specified composition.

[SS EN 206 Section 3.1.1.10]
1.6 Symbols
For the purposes of this standard, the following symbols apply.
NOTE All other relevant symbols for comprehension of this standard can be found in SS-EN 1992-1-1.
Latin upper case letters
Ci Residual strength factor

Rax Factor defining the degree of external axial restraint provided by elements attached
to the element considered or by friction with the soll

11
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Latin lower case letters

f f

ct,L

fr1
fr,3
fr4
fr1

fr3i

fr,1m
fr,3m
fetk,0.05

frt,R1
fft,R3
ffta,R1
ffta,R3
Kn

ks

les
Wu

Limit of proportionality as obtained from beam testing in accordance with BS EN

14651

Characteristic residual flexural tensile strength of a fibre concrete of class R1
Characteristic residual flexural tensile strength of a fibre concrete of class Rs
Characteristic residual flexural tensile strength of a fibre concrete of class R4
Individual test results for residual flexural tensile strength of a fibre concrete of class
R1

Individual test results for residual flexural tensile strength of a fibre concrete of class
Rs

Mean residual flexural tensile strength of a fibre concrete of class R1

Mean residual flexural tensile strength of a fibre concrete of class Rs

Characteristic value of the tensile strength for the concrete matrix in accordance to
the current codes

Characteristic residual tensile strength of a fibre concrete of class R:

Characteristic residual tensile strength of a fibre concrete of class Rs

Design residual tensile strength of a fibre concrete of class R1

Design residual tensile strength of a fibre concrete of class Rs

Statistical factor

Factor to consider the ratio between the residual tensile strength and the tensile
strength

Characteristic length

Ultimate crack opening

Greek lower case letters

n
Nt
Ndet

&ct
Eftu

O

Partial factor for fibre concrete

Fibre orientation factor

Factor considering the degree of indeterminacy

Tensile cracking strain

Ultimate tensile strain in fibre concrete

Modified reinforcement bar size for fibre reinforced concrete

2 Basis of design

2.3 Basic variables

2.3.2 Material and product properties

2.3.2.1 General

(3) Provisions for fibre concrete are given in Section 3.

(4) Structural components designed with this Standard shall have structural system stability (system
equilibrium) in ultimate limit state after a fully developed crack system. This requires that one of the
following conditions is fulfilled:

— stress redistribution is possible in a statically indeterminate system

— conventional steel bar reinforcement or pre-tensioned steel reinforcement in combination with
fibre concrete is used

— external normal forces maintain equilibrium.
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