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Foreword

The aim of this book is to present a fairly full and systematic description of the construction
details used in concrete structures.

While | paid particular attention to construction details in my previous books, all dealing primar-
ily with structural design and engineering, | was naturally unable to address the issue in depth
in any of them.

| have decided to do so today, acknowledging the importance of detailing and convinced that
it is one of the areas of expertise that professionals must quickly learn to master. Construction
details have a substantial impact not only on the quality of both the design and the building
processes, but on concrete structure maintenance and durability as well.

Forty-five to fifty per cent of the problems arising around concrete structures are widely known
to be attributable to the design stage. That half of those problems are due to errors in, or the
lack of, construction details is a fact much less generally recognised.

Detailing is always the outcome of a synthesis of four areas of knowledge:

e acommand of the theory underlying structural concrete engineering
e on-site professional practice

e experimental information obtained from laboratory trials

e the experience obtained in forensic engineering studies.

The extraordinary complexity resulting from such diversity is deftly reflected in the expression
‘the art of detailing’, which alludes to the mix of technical skill and creativity entailed in good
detailing.

Someone inevitably decides how details are to be built: otherwise construction could not
proceed. But the task is actually incumbent upon the designer. The further ‘downstream’ the
detailing is done, the greater is the risk of malfunction.

This book begins with an introductory chapter that summarises specifications on concrete cov-
er, reinforcing bar placement and spacing, hook bending radii, anchorages and bar welding. It
also briefly discusses questions that have been scantily addressed in most countries’ codes,
such as how bars should be tied or spacers and chairs placed.

The second chapter is a description of the 213 construction details that comprise the book.
Divided into 15 groups, they embrace what | believe to be a sufficient range of issues arising in

reinforced concrete construction.

In this chapter each page on the left shows a drawing of a construction detail. The Notes set out
on the page opposite on the right contains further information, as specified below.

(a) A series of Recommendations that supplement and help to interpret the drawing, in
some cases with concise reference to specific engineering questions.

XV



(b) Reference to Statutory Legislation in the European Union.

(c) Reference to Recommended Alternative Codes to enable the reader to fill in the gaps
where no statutory legislation is in place in the European Union, or in a number of spe-
cific cases, to resort to variations of interest.

(d) Finally, a list of Specific References that deal explicitly and directly with the detail in
question.

Version 2005 AutoCAD software is furnished with the book to enable designers to adapt each
detail to the reinforcing bars used in their designs and print the results on a printer or plotter.

In closing, | owe a word of thanks to the people who collaborated in the preparation of this book.
My gratitude goes to Antonio Machado for coordinating the draughting, Maribel Gonzalez and
Mercedes Julve for the typing; and Antonio Machado, Fernando Marcos and Julio César Lépez
for draughting the details from my sketches, which were not always as carefully drawn as would
have been desired.

Many thanks as well to Margaret Clark and Mc LEHM Language Services for the translation of
my original Spanish manuscript into English.

| am also indebted to Jorge Ley for his assistance in many respects.
Lastly, | wish to express my very special gratitude to Taylor & Francis for the support received
in connection with the publication of this book, and particularly to Tony Moore and Siobhan

Poole for their assistance.

José Calavera
Madrid, March 2011

XVi



The author

José Calavera graduated in civil engineering in 1960 and earned his doctorate in the field in
1967, both from the School of Civil Engineering, Polytechnic University of Madrid. From 1960 to
1967 he headed the Engineering Department at Tetracero, a Spanish producer of ribbed bars
for reinforced concrete.

In 1967 he founded the Technical Institute of Materials and Construction (INTEMAC - Instituto
Técnico de Materiales y Construcciones), an independent quality control organisation that cov-
ers design, materials and workmanship in both building and civil engineering. He is presently
the Institute’s Honorary President.

In 1982 he was appointed Professor of the Building and Precasting Department at the School
of Civil Engineering, Polytechnic University of Madrid, where he is now Emeritus Professor.

He is a Fellow of the American Concrete Institute (ACI), the American Society of Civil Engineers
(ASCE) and the International Association for Bridge and Structural Engineering (IABSE). He
holds the International Federation for Structural Concrete’s (FIB) Medal of Honour, and has
been awarded the Italian Association of the Prefabrication Prize for Outstanding Achievement
in Engineering and the Eduardo Torroja Medal.

He has written 15 books in Spanish, one in Italian and two in English on structural concrete-
related subjects. His most prominent designs include the Fuente Dé Aerial Cableway, the roof
over the Real Madrid Sports Centre and the space frame roofs over the National Livestock
Market at Torrelavega. He is also a renowned specialist in forensic engineering.

Xvii



Author’s curriculum vitae

José Calavera

¢ PhD in Civil Engineering.
e BSc in Civil Engineering.
* Emeritus Professor of Building and Prefabrication at the School of Civil Engineering,

Polytechnic University of Madrid.

* Honorary President of the Technical Institute of Materials and Construction (INTEMAC -

Instituto Técnico de Materiales y Construcciones).

* Member of the Commission on Prefabrication of the International Federation for

Structural Concrete (Fédération Internationale du Béton — FIB).

* Member of the Working Group 2.2 on Design by Testing of the Commission 2 on Safety
and Performance Concepts of the International Federation for Structural Concrete (FIB).
» Editor for Europe of the international Council on Tall Buildings.

Previously, he was:

e Chairman of Commission VII on Reinforcement: Technology and Quality Control
of the Euro-International Concrete Committee (Comité Euro-International du Béton —
CEB).

¢ Chairman of the Joint Committee on Tolerances (CEB — FIB).

e Chairman of the Working Group on Precast Beam-Block Floor Systems of the
International Federation for Structural Concrete (FIB).

e Member of the Administrative Council of CEB.

* Member of the Model Code CEB—-FIB 1990 Drafting Committee.

e Chairman of the Eurocode Drafting Committee for the Design of Concrete
Foundations.

* Chairman of the Working Group on Precast Prestressed Bridges of the International
Federation for Structural Concrete (FIB).

e Chairman of the Working Group on Treatment of Imperfections in Precast Concrete of
the International Federation for Structural Concrete (FIB).

* Chairman of Scientific-Technical Association of Structural Concrete (ACHE)

* Medal of the Spanish Technical Association for Prestressing (ATEP) (1978).
* Honorary Professor of the Civil Construction Faculty, Pontifical Catholic University of

Chile (1980).

* Member of Honour of the Engineering Faculty, Pontifical Catholic University of Chile

(1980).

¢ Elected Fellow of the American Concrete Institute (ACI) (1982).

* Medal of Honour of the Civil Engineering College (1987).

e Eduardo Torroja Medal (1990).

* Medal of the Spanish Road Association (1991).

* Honorary Doctorate of the Polytechnic University of Valencia (1992).

Xix



Institutional Medal of the Lisandro Alvarado’ Central Western University, Venezuela
(1993).

Medal of the International Federation for Structural Concrete (FIB) (1999).

Medal of Honour of the Fundacion Garcia-Cabrerizo (1999).

Award of the Spanish Group of IABSE (2000).

Great Figures of Engineering Award of the ltalian Association of Prefabrication (CTE)
(2000).

Award of the Spanish National Association of Reinforced Bars Manufacturers (ANIFER)
(2001).

Member of Honour of the Spanish Association of Structural Consultants (ACE) (2001).
Honorary Member of the Academy of Sciences and Engineering of Lanzarote (2003).
Member of Honour of the Argentine Structural Engineering Association (2004).

Camino de Santiago Award of Civil Engineering (2004).

Elected Fellow of IABSE (International Association for Bridge and Structural Engineering)
(2006).

Member of the Board of Trustees of the Fundacién Juanelo Turriano (2006).

Member of Honour of the Association of BSc Civil Engineers (2008).

Best Professional Profile in Forensic Construction Engineering Award of the Latino
American Association of Quality Control and Forensics Engineering (ALCONPAT) (2009).
Elected Fellow of ASCE (American Society of Civil Engineers) (2009).

Among his most important projects are the Fuente Dé Aerial Cableway (Cantabria), the
space frame roofs of the Real Madrid Sports Centre and the Mahou Beer Factory (Ma-
drid), the space frame roofs of the National Livestock Market of Torrelavega (Santander)
and numerous industrial buildings, especially for paper manufacturers and the prefabrica-
tion of concrete and steel industry.

He is author of 15 books in Spanish, two in English and one in Italian, three monographs
and 176 publications on matters concerning structural design, reinforced and prestressed
concrete, structural safety, prefabrication, quality control and pathology of structures. He has
been thesis director for 27 doctoral theses.

XX



Acknowledgements

The publishers wish to thank the Instituto Técnico de Materiales y Construcciones (INTEMAC)
for granting permission to reproduce parts of the following books authored by J. Calavera.

Manual de detalles constructivos en obras de hormigon armado, [Manual for detailing
reinforced concrete structures], Madrid, 1993.

Cdlculo de estructuras de cimentacion [Foundation concrete design], 4th edn, Madrid,
2000.

Muros de contencion y muros de sotano [Retaining walls and basement walls], 3rd edn,
Madrid, 2000.

Calculo, construccion, patologia y rehabilitacion de forjados de edificacion [Design,
construction, pathology and strengthening of slabs in buildings], 5th edn, Madrid, 2002.

Proyecto y calculo de estructuras de hormigon [Structural concrete design], 2nd edn,
Madrid, 2008.

XXi



Citations

e Symbols and abbreviations. The conventions adopted in Eurocode 2 (EC2) have been
used as a rule, except in Group 15 (Special construction details for earthquake zones),
where the Eurocode 8 (EC8) conventions were followed.

e For greater clarity and brevity, references are shown as a number in brackets, which match-
es the number under which the publication is listed in the References at the end of the book.

For instance: (3) refers to the third reference, namely EN ISO 3766:2003, Construction
Drawings. Simplified Representation of Concrete Reinforcement.

o References to sections of the book itself are cited directly.

For instance: 1.2 refers to section 1.2, Tying bars, in Chapter 1, General rules for bend-
ing, placing, anchoring and welding reinforcing bars.

o References to other construction details cite the designation shown at the top of each page.

For instance: see CD — 01.02 refers to detail CD — 01.02, Wall footing supporting a brick
wall.

¢ References to recommendations sometimes specify another CD. For instance: R-3in 01.03
refers to Recommendation 3 in CD — 01.03. On occasion, the word ‘recommendation’ is
written out in full, rather than as the abbreviation ‘R’.

¢ References to formulas are placed in square brackets.
For instance: [1.1] is the first formula in Chapter 1, item 1.1.1.
e The figures in Chapter 1 are designated as Figures 1-1 to 1-45.

e When figures are (very occasionally) shown in the Notes, they are designated by letters:
(a), (b) and so on.

e The book is logically subject to EC2 specifications in particular and European Committee
for Standardization (CEN) standards in general. When a given subject is not included in the
CEN system of standards, explicit mention is made of that fact and an alternative standard
is suggested.

e Inevitably, as in any code, the author’s opinion occasionally differs from the criteria set out

in CEN standards. Such recommendations are clearly labelled AR (author’'s recommenda-
tion). In these cases readers are invited to use their own judgement.
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General notes

1.

Chapter 1 summarises the specifications in Eurocode 2 on concrete cover, bar spacing,
bending radii, spacer placement and welding, or alternative codes when no CEN standard
is in place (for spacers and tying bars, for instance).

Many details assume a 2.5 cm or 1 ¢ cover (abbreviated throughout this book as a lower
case r), which is the value for the most usual case, i.e. exposure classes XC2/XC3 in struc-
tural class S4. For other conditions, the cover can be changed as described in 1.1.3.

The cover values in the drawings are the C_ values. A further 10 mm must be added to
accommodate the spacers. (Members cast against the ground are an exception: in such
cases the 7.5 cm specified includes the 10-mm margin.) The minimum cover value was not
simply enlarged by 10 mm, because while this is the EC2 recommended value, countries
are free to set their own value in their National Annexes.

Details on spacers and tying are indicative only. Their number and specific position are
given in Chapter 1. The symbols for spacers and chairs are shown in Figure 1-21.

In some cases, more than one page was required to describe a detail. This is clearly speci-
fied in the heading (‘1 of 2’, for instance). In all such cases, the same Notes apply to both
drawings and are repeated on the page opposite on the right for the reader’s convenience.

In keeping with standard terminology in many English-speaking countries, in this book the
word ‘stirrups’ has been used to designate transverse reinforcement in beams and ‘ties’ to
signify transverse reinforcement in columns. In Eurocode EC2, the word ‘links’ is applied
in both situations.

In most structures these two types of reinforcement serve very different purposes, and
perhaps for that reason, in (US) English, French and Spanish, different terms are used for
each.
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The three golden rules for pouring concrete on site

Construction details have a heavy impact on the actual quality of the concrete in a structure.

RULE No. 1

CONCRETE MUST BE CAST INTO ITS FINAL POSITION ACROSS AN ESSENTIALLY
VERTICAL PATH

Horizontal paths must be avoided. This must be taken into consideration in the design drawings
for reinforcing bar arrangements.

75mm 75mm B 25mm
T 1N
ﬁ Wﬁ
N P
A ><\\
e o o o e o o o
RIGHT WRONG
Figure (a) Figure (b)

Figure (a) depicts the right way to reinforce a beam to ensure that the forms are filled speedily
and satisfactorily. If the bars are arranged as depicted in Figure (b), the coarse aggregate will
not pass readily between them. As a result, the concrete will have to flow horizontally, inducing
segregation and lengthening the time needed to fill the formwork. Moreover, such arrange-
ments leave insufficient space for the vibrator.

Concrete should not be dumped in a pile for subsequent spreading with vibrators. Rather, it
should be poured in each and every spot where it is needed.
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RULE No. 2
THE VIBRATOR MUST BE ABLE TO REACH THE BOTTOM REINFORCEMENT

Figure (c) shows the right way to reinforce a beam. With 65-mm spacing (somewhat smaller on
site due to the height of the ribs), a standard 50-mm vibrator will be able to reach the bottom
reinforcement. The solution depicted in Figure (d) is wrong, for it leaves insufficient room for

the vibrator.

65mm 65mm 41mm 41mm 41mm
i i 1 I ]
| I | T
1
£ £
8 b
3016 45 4 @314 %
€ 1S
e. g6 g e.DJ6 E
3 3
2 216 2016
X\ E w\ E
]
30 my# | 30 mm 30mm_+ ___Orrtm
250 mm 250 mm

RIGHT. The vibrator can be WRONG. The vibrator cannot
readily introduced into the be introduced into the beam or
the joint.

beam and the joint.
Figure (c) Figure (d)

Figures (e) and (f) show two further cases in which the vibrator is able, or unable, to reach the

bottom reinforcement.
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WRONG. The vibrator cannot
reach the bottom layer of
of reinforcement.

Figure (f)

RIGHT. The vibrator reaches the
bottom layer of reinforcement.

Figure (e)
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RULE No. 3

CONCRETE CONSISTENCY MUST BE IN KEEPING WITH THE REINFORCEMENT
ARRANGEMENT. AS A GENERAL RULE THE CONCRETE SLUMP SHOULD BE NO
SMALLER THAN 60 mm

Unless the reinforcement is arranged very openly and spaciously or powerful vibration methods
are used, overly dry concrete is characterised by the following.

The required strength can be reached in test specimens (but not on site) with a lower pro-
portion of cement. The real strength of concrete can be lower.

Since the control specimens can be compacted with no difficulty, the laboratory trials will
furnish good information.

In situ placement and a good surrounding of the reinforcement will be difficult to achieve and
the loose consistency will lower actual on-site strength.
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1 General rules for bending, placing,
anchoring and welding reinforcing bars

1 INTRODUCTION
The present summary, based largely on Eurocode 2 (EC2), covers details of a general nature
whose inclusion in all the relevant chapters of this book would be unnecessarily repetitious.

Nonetheless, certain characteristics specific to each type of structural member are addressed
in the respective chapters.

Eurocode 2 (EC2) is supplemented by a number of other standards, the following in particular:

EN 10080 Steel for the reinforcement of concrete (1)

EN ISO 17760 Permitted welding process for reinforcement (2)

EN ISO 3766:2003  Construction drawings. Simplified representation of concrete rein-
forcement (3)

Eurocode 8 Design of structures for earthquake resistance (4).

Further to EC2 (5), for buildings located in seismic areas, the construction details in this and the
following chapter may be modified as described in Chapter 2, Group 15 below.

1.1 SUMMARY OF CODES AND STANDARDS ON CONSTRUCTION DETAILS
1.1.1 PERMISSIBLE MANDREL DIAMETERS FOR BENT BARS (see EC2, 8.3)

EC2 (5) stipulates that:

¢ the minimum diameter to which a bar may be bent shall be defined as the smallest diameter
at which no bending cracks appear in the bar and which ensures the integrity of the concrete
inside the bend of the bar;

¢ in order to avoid damage to the reinforcement, the diameter to which the bar is bent (man-
drel diameter) should not be less than ¢

m,min*



TABLE T-1.1
MINIMUM MANDREL DIAMETER TO PREVENT DAMAGE

TO REINFORCEMENT (EC2)
(a) for bars and wire
Bar diameter Minimum mandrel diameter for bends, hooks and loops
¢ <16 mm 4¢
¢ >16 mm 7¢

(b) for bent welded reinforcement and wire mesh bent after welding
Minimum mandrel diameter
C or € l/_,_ or .;
|-d_|
5¢ d = 3¢: 5¢
d < 3 ¢ or welding within the curved zone: 20 ¢

Note: The mandrel size for welding within the curved zone may be reduced to 5 ¢ where
welding is performed as specified in EN ISO 17660 Annex B (2).

The mandrel diameter need not be checked to avoid concrete failure if the following conditions
exist:

¢ the length of the bar anchorage beyond the end of the bend is not over 5 ¢;

e the bar is not in an end position (plane of bend close to concrete face) and a cross bar with a
diameter = ¢ is duly anchored inside the bend;

o the mandrel diameter is at least equal to the recommended values given in Table T-1.1.

Otherwise, the mandrel diameter, ¢ must be increased as per Expression [1.1]

m,min’

D min = Fr (1/8,) + 1/(29))/F [1.1]
where:
F., is the tensile force of the ultimate loads in a bar or bundle of bars at the start of
a bend

a, for a given bar (or group of bars in contact) is half of the centre-to-centre dis-
tance between bars (or groups of bars) perpendicular to the plane of the bend.
For a bar or bundle of bars adjacent to the face of the member, a, should be
taken as the cover plus ¢/2.

The value of f  must not be taken to be greater than the value for class C55/67 concrete.



TABLE T-1.2
MANDREL DIAMETERS FOR REINFORCING BARS
IN ACCORDANCE WITH TABLE T-1.1 (B 400 or B 500 steel) (in mm) (EC2)

case (a) case (b)
d

Ln_ or L_ E— or ;

¢ |MANDREL| | ¢ dz30 Within e curved
mm| - mm m MANDREL (mm) MANDREL Z:::)

6 24 6 30 30 120
8 32 8 40 40 160
10 40 10 50 50 200
12 48 12 60 60 240
14 56 14 70 70 280
16 64 16 80 80 320
20 140 20 100 100 400
25 175 25 125 125 500
28 196 28 140 140 560
32 224 32 160 160 640
40 280 40 200 200 800
50 350 50 250 250 1000

The same rules are applicable to ties and stirrups.

AR. In cases routinely found in practice, such as depicted in Figure 1-1, the use of 12-mm ¢ or
larger stirrups leaves the corner unprotected. Consequently, joining two smaller diameter
stirrups is preferable to using 14-mm and especially 16-mm ¢ elements.

50 mm

R =24 mm

25 mm__| ' }j__Q 12
Figure 1-1
1.1.2 STANDARD BENDS, HOOKS AND LOOPS

EC2 specifies the bends, hooks and loops depicted in Figure 1-2 for rebar in general. Ties and
stirrups call for special shapes, as specified in EC2, 8.4 and 8.5, and shown in Figure 1-3.
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Figure 1-2. Anchorage methods other than straight bars

(See EC2, Table 8.21 for side cover specifications)
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Notes:
AR. For (a) usually the hook is at 45°
For (c) and (d) the cover should not be less than either 3 @ or 50 mm. See 1.6 for more detail.

Figure 1-3. Link anchorage

Welding must be performed as specified in EN ISO 17660 (2) and the welding capacity must
be as stipulated in 1.6.

1.1.3 COVER

The EC2 specifications are summarised below.

(a) General

The concrete cover is the distance between the surface of the reinforcement closest to the
nearest concrete surface (including ties and stirrups and surface reinforcement where rele-
vant) and the nearest concrete surface. For these intents and purposes, groups of reinforcing
bars cannot be replaced by the equivalent circle: rather, the cover refers to the actual bars in
the group.



The nominal cover shall be specified on the drawings ™. Such cover is defined as the minimum
cover, ¢, , plus a design allowance for deviation, Ac_.

Cnom = Cmin + Acdev [12]

(b) Minimum cover, c__

mi

Minimum concrete cover, ¢

min®

shall be provided in order to ensure:

¢ the safe transmission of bond forces
¢ the protection of the steel against corrosion
e adequate fire resistance.

The greatest value of ¢ that meets the requirements for both bond and environmental condi-
tions shall be used.

c . =max{c [1.3]

'min, b’

c ; 10 mm}

'min, dur’

where:

minimum cover stipulated to meet the bond requirement
minimum cover stipulated for the environmental conditions.

min,b

min,dur

(For the use of stainless steel or additional protection, see EC2 4.4.1.2)

The minimum cover, ¢_. ,, needed to transmit bond forces is given in Table T-1.3

in,b’

TABLE T-1.3
MINIMUM COVER, c,, ., BOND-RELATED REQUIREMENTS (EC2)
Bond requirement
Arrangement of bars Minimum cover ¢, **
Discrete Bar diameter
Bundled Equivalent diameter (¢, )

(*™) If the nominal maximum aggregate size is greater than
32 mm, ¢, must be increased by 5 mm.

The minimum cover for reinforcement in normal weight concrete for each exposure and
structural class is given by ¢

min,dur’

Note: The recommended structural class (50-year design service life) is S4 for the indicative
concrete strengths given in EC2, Annex E, while the recommended modifications to the
structural class are given in Table T-1.4. The recommended minimum structural class
is S1.

(*) Given that the EC2 ‘recommends’ Ac,,, = 10 mm, but allows the choice to each Member State of the
European Union to determine another value in its National Annex, in this manual are indicated the
values of ¢, .



The recommended values of ¢

min,dur

are given in Table T-1.5 (reinforcing steel).

TABLE T-1.4
RECOMMENDED STRUCTURAL CLASSIFICATION (EC2)
Structural class
Criterion Exposure class (see EC2, Table 4.1 and notes)
X0 XC1 XC2/XC3 XC4 XD1 XD2/XS1 | XD3/XS2/XS3
Design working | increase | increase | increase | increase | increase | increase |increase class
lite of 100 years |class by 2 | class by 2 |class by 2 | class by 2 |class by 2 | class by 2 by 2
> C30/37 | > C30/37 | > C35/45 | > C40/50 | > C40/50 | > C40/50 > C45/55
Strength class reduce reduce reduce reduce reduce reduce reduce
class by 1| classby 1 |classby 1 |class by 1 | class by 1 | class by 1 class by 1
Member with
slab geometry
g;sfglrc:;::em reduce reduce reduce reduce reduce reduce | reduce class
not affected by classby 1| classby 1 [classby 1 |classby 1 | class by 1 | class by 1 by 1
construction
process)
Special quality
fr?;tc:g:'ng:ete reduce reduce reduce reduce reduce reduce | reduce class
production classby 1 | classby 1 |classby 1 | class by 1 | class by 1 | class by 1 by 1
ensured
TABLE T-1.5

VALUES OF MINIMUM COVER, c,,,, ., REQUIREMENTS WITH REGARD
TO DURABILITY FOR REINFORCEMENT STEEL IN ACCORDANCE

WITH EN 10080 (1) (EC2)*

Environmental requirement forc ., (mm)
Structural class Exposure class (see EC2, Table 4.1)
X0 XC1 | XC2/XC3 | XC4 | XD1/XS1|XD2/XS2 | XD3/XS3
S1 10 10 10 15 20 25 30
S2 10 10 15 20 25 30 35
S3 10 10 20 25 30 35 40
S4 10 15 25 30 35 40 45
S5 15 20 30 35 40 45 50
S6 20 25 35 40 45 50 55

(*) Fire safety may call for higher values.
AR. Except in special cases, covers of under 15 mm should not be used.

Where in situ concrete is placed on other (precast or in situ) concrete elements, the minimum
concrete cover from the reinforcement to the interface may be reduced to a value meeting the
bond requirement only, providing that:

o the concrete strength class is at least C25/30;
¢ the concrete surface is exposed to an outdoor environment for only a short time (< 28 days);
¢ the interface is roughened.



For uneven surfaces (e.g. exposed aggregate) the minimum cover should be increased by at
least 5 mm.

AR. If the surface is roughened mechanically, this value should be 20 mm, for mechanical
treatment generates microcracks in the concrete surface.

(c) Allowance in design for deviation

When calculating the design cover, ¢, , the minimum cover must be increased to allow for de-

viations (Ac,, ) by the absolute value of the tolerance for negative deviation. The recommended
allowance is 10 mm.

For concrete poured onto uneven surfaces, the minimum cover should generally be increased
by allowing larger deviations in design. The increase should compensate for the difference de-
riving from the unevenness, maintaining a minimum cover of 40 mm for concrete poured onto
prepared ground (including blinding) and 75 mm for concrete poured directly onto the soil.*)

The value

¢ om = Cmin + Cdev [1 4]

n

reflects the spacer size.

AR. The 40-mm cover for blinding would appear to be excessive. Where the blinding is
reasonably flat, 25 mm or 1 ¢ would appear to suffice.

1.1.4 BAR SPACING

Bars must be spaced in such a way that the concrete can be poured and compacted for sat-
isfactory bonding and strength development. See the ‘three golden rules of concrete pouring’
that precede Chapter 1.

The clear (horizontal and vertical) distance between individual parallel bars or horizontal
layers of parallel bars should not be less than the larger of (dg + 5 mm), where dg is the
maximum aggregate size, and 20 mm (Figure 1-4).

Where bars are positioned in separate horizontal layers, the bars in each successive layer
should be vertically aligned with the bars in the layer below. Sufficient space must be left
between the resulting columns of bars for vibrator access and good concrete compaction.

Lapped bars may be allowed to touch one another within the lap length.

20 mm

@ (bar diameter or diameter of the
largest bar if bars vary in size)

dg+5mm

20 mm
b b @ (bar diameter or diameter of the
= largest bar if bars vary in size)

a dy+5 mm
Figure 1-4

(*) Under certain circumstances, European standard EN 1536 (24) allows smaller values for bored piles.



AR. The 20-mm limit for a and b is too narrow to ensure satisfactory concrete casting. For
single layers, a 25-mm space is suggested, and 35 mm for two or more: a should be
2.5 times the diameter of the vibrator needle for bars in any other than the bottom layer
in the beam. Note that the longitudinal ribs on bars usually constitute 0.07 to 0.10 of the
diameter and that bar placement inevitably entails deviations.

1.1.5 BUNDLED BARS

(a) Bundled bars versus large diameter bars

The standard series of large diameter (¢ > 32 mm) reinforcing bars includes two diameters in
Europe, 40 mm and 50 mm, and three in the United States, 11 (¢ 35 mm), 14 (¢ 44 mm) and
18 (¢ 57 mm).™ While using these diameters provides for more compact reinforcement, which
is a clear advantage, it also entails two drawbacks. On the one hand, the substantial load trans-
fers generated call for carefully designed anchorage. On the other, since such large diameter
bars cannot be lap spliced, construction is more complex and costly. Indeed, even lap splicing,
if it were allowed, would be extremely expensive because of the extra steel needed for the long
overlap lengths that would be required.

The alternative solution is to use bundled bars, which afford the advantages of compact distri-
bution without the aforementioned drawbacks.

(b) Possibly usable bundles

The EC2 specifications are summarised below.

e Asarule, no more than three bars can be bundled (and their axes must not be in the same plane).

¢ In overlap areas and when using compressed bars in vertically cast members in which no
splicing is needed, four bars are required.

e The equivalent diameter (for the ideal bar whose area is the same as the area of the bundle)
must not be over 55 mm.

(c) Equivalent diameters, areas and mechanical strength

The specifications laid down in Tables T-1.6 and T-1.7 are applicable to bars with an equivalent
diameter ¢, = ¢\/I , Where n, is the number of bars and ¢ is the diameter of each individual
bar (Table T-1.8).

TABLE T-1.6.
MAXIMUM BUNDLES GENERAL SPECIFICATIONS
¢ in mm
n 25 28 32 40
2 YES YES YES NO
3 YES YES YES NO
4 Only in overlaps NO NO NO

(*) Inthe United States and Canada, bars are designated by their diameter expressed in eighths of an inch.



TABLE T-1.7
BUNDLES COMPRESSED BARS IN VERTICALLY CAST MEMBERS
AND OVERLAP AREAS IN GENERAL

¢ inmm
n 25 28 32 40
2 YES YES YES NO
3 YES YES YES NO
4 YES NO NO NO
TABLE T-1.8
BUNDLES EQUIVALENT DIAMETERS in mm
¢ in mm
n 25 28 32 40
2 35 40 45 57
3 43 48 55 69
4 50 56 64 80

(d) Cross-sectional arrangement of bundles

o Distances between bundles or bundles and bars. The provisions of 1.1.4 apply. The mini-
mum distance must be equal to the equivalent diameter, ¢ , whose values are given in
Table T-1.8. Note that the minimum spacing between bundles is the physical space be-
tween two points on the perimeter of the bar closest to the nearest bar in another bundle.
The space between two bundles should always be large enough to accommodate a vibrator
during concrete casting.

e Cover. The cover must be at least equal to the equivalent diameter, ¢ , measured as the
distance to the closest bar.

e For anchorage and overlaps in bundled bars, see item 8.9.3 of EC2.

1.1.6 SURFACE REINFORCEMENT

For bars with a diameter of over 32 mm, the following rules supplement the specifications in
EC2, 8.4 and 8.7.

When such large diameter bars are used, cracking may be controlled either with surface rein-
forcement or by calculating crack widths.

As a general rule, large diameter bars should not be lapped. Exceptions include sections
whose smallest dimension is 1.0 m or where the stress is no greater than 80 per cent of
the design’s ultimate strength. In any event, such bars should be lapped with mechanical
devices.

In addition to shear reinforcement, transverse reinforcement should be placed in anchorage
zones with no transverse compression.



(a) Additional reinforcement

For straight anchorage lengths (see Figure 1-5), such additional reinforcement should be at
least as described below.

(i) In the direction parallel to the stressed surface:

A,=025An,. [1.5]
(i) In the direction perpendicular to the stressed surface:

A, =025An, [1.6]
where:

A, is the cross-sectional area of the anchored bar
n, is the number of layers with bars anchored at the same point in the member

n, is the number of bars anchored in each layer.
The additional transverse reinforcement should be uniformly distributed in the anchorage

area and bars should not be spaced at more than five times the diameter of the longitudinal
reinforcement.

TAZ05Ag  TAg205A

O Anchored bar
e Continuing bar

zAsh2 0~5As1 [ Z"\sh2 0.5A s1

Example: On the left, n,=1, and n,= 2 and on the right,
n,=2n,=2

ADDITIONAL REINFORCEMENT IN AN ANCHORAGE FOR LARGE
DIAMETER BARS WHERE THERE IS NO TRANSVERSE COMPRESSION

Figure 1-5

For surface reinforcement, (i) and (ii) apply, but the area of the surface reinforcement should not
be less than 0.01 A_,, in the direction perpendicular, and 0.02 A, . in the direction parallel, to

the large bars. A, _,, is the area of the tensile concrete external to the stirrups (see Figure 1-6).

(b) Additional surface reinforcement

Surface reinforcement may be needed either to control cracking or to ensure adequate
cover resistance to spalling. EC2 addresses this question in Informative Annex J, summarised
below.
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Surface reinforcement to resist spalling should be used where the main reinforcement com-
prises:

¢ bars with diameters of over 32 mm;
¢ bundled bars with an equivalent diameter of over 32 mm.

The surface reinforcement, which should consist of welded-wire mesh or narrow bars, should
be placed outside the stirrups, as shown in Figure 1-6.

As surf2 0.01Actext

Actext X
1 17
) 1 1dx) =
7 ( <600 mm
As'surf ‘

| S; =150 mm S; =150 mm

x is the depth of the neutral axis at ULS

Figure 1-6. Example of surface reinforcement

The area of the surface reinforcement A__ _ should not be less than 0.01 A_,_, in the directions
parallel and perpendicular to the tension reinforcement in the beam.

Where the reinforcement cover is over 70 mm, similar surface reinforcement should be used,
with an area of 0.005 A, in each direction for enhanced durability.

The longitudinal bars in surface reinforcement may be regarded as constituting reinforcement
to resist any other action effects whatsoever.

AR. If such additional reinforcement is included, concrete with a suitable slump should be used
and poured and compacted with utmost care.

1.2 TYING BARS

This issue is not addressed in the EC2 or in any CEN standard. Three excellent References
((6), (7) and (8)) are available on the subject:

e The Concrete Society, Spacers for reinforced concrete Report CS 101, Concrete Society,
1989.

e Comité Euro-International du Béton (CEB), Spacers, chairs and tying of steel reinforcement,
Lausanne, 1990.

e BS 7973:2001, Spacers and chairs for steel reinforcement and their specifications.
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1.2.1 TYING METHOD

Reinforcing bars are always tied with tempered steel wire, generally 1.6 mm in diameter.

Figure 1-7 Figure 1-8

Standard practice is to use wires fitted with hooks (Figure 1-7) that are marketed in three or
four lengths to adjust to the standard bar diameters. They are tied with the tool depicted in
Figure 1-8, consisting of a worm spindle with which the steel fixer first hooks the two loops in
the wire together (Figure 1-7) and then pulls outward on the tool, joining the bars in just two
or three movements (Figure 1-9). The use of tongs leads to bonds such as that depicted in
Figure 1-10, which often work loose. A valid alternative is mechanical joiners that tie the bars
securely (Figure 1-11).

Figure 1-9 Figure 1-10 Figure 1-11
1.2.2 TIE POINTS

The following recommendations are made.

e Slabs and plates. All the intersections between bars around the perimeter of the reinforce-
ment panel should be tied.

In the rest of the panel, where the bar diameter is 20 mm or less, every second intersection
should be tied. Where the bars are 25 mm or larger, the distance between tied intersections
should not exceed 50 diameters (Figure 1-12) of the thinnest tied bar.

[ a

Figure 1-12
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e Beams. All the corners of the stirrups must be tied to the main reinforcing bars. If welded-wire
fabric reinforcement is used to form the stirrups, the main reinforcing bars at the corners should
be tied at intervals no larger than 50 times the diameter of the main reinforcing bars.

All the bars not located in the corner of the stirrup should be tied at intervals no larger than
50 times the bar diameter.

Multiple stirrups should be tied together (Figure 1-13).

Every 50 @, X X
%
2,
Every 50 @,
Corner bars in all stirrups All other bars Multiple stirrups
() (b) (¢
Figure 1-13

e Columns. All the ties should be tied to the main reinforcement at the intersections. When
welded-wire fabric cages are used, the vertical wires should be tied to the main reinforce-
ment at intervals measuring 50 times the bar diameter.

o Walls. The bars are tied at every second intersection.

For the intents and purposes of tying reinforcing bars, precast walls manufactured with the
mid-plane in a horizontal position are regarded to be slabs.

The rules for slabs and plates are applicable to walls cast in situ (Figure 1-14).

1| Construction
1} joint

Figure 1-14
e Footings. The horizontal part of the starter bars should be secured at each right-angle
intersection between starter bar and foundation reinforcement. All the ties in footings

should be secured to the vertical part of the starter bars.

AR. The footing assembly should have at least two tie bars.
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1.3 SPACERS AND CHAIRS

This subject is not addressed in the EC2 or in any CEN standard. Here also, references (6), (7)
and (8) are excellent sources of information.

Spacers and chairs are elements made of sundry materials used to ensure a suitable concrete
cover or to hold bars in position. The specific definition for each is given below (see (1.3.1a)
and (1.3.1b)).

1.3.1 TYPES OF SPACER AND CHAIR
(a) Spacers

The are plastic or galvanised or stainless steel wire or steel plate or mortar elements designed
to ensure a satisfactory concrete cover for reinforcing bars. Three general types of spacer can
be distinguished.

o Wheel or clip spacers, which are tied with a wire or clipped to bars or act as unsecured sup-
ports (Figure 1-15). Figure 1-16 shows a manual procedure for making this type of spacer
where necessary.

Semi-circular impression Mortar The length of mortar is cut into
made with a round bar separate spacers with a trowel

(@) (b)
Figure 1-16

(*) ‘Home-made’ spacers are not usually permitted.
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e Linear spacers designed to support the bottom beam and slab reinforcement where the
bars must be prevented from toppling (Figure 1-17).

(d 3
Figure 1-17

e End spacers (Figure 1-18), placed at the ends of bars to ensure they remain at a sufficient
distance from the formwork.

Figure 1-18

(b) Chairs

Chairs are usually made of galvanised or stainless steel wire. They may be discrete, to support
bars in a specific position, or continuous, for continuous support (Figure 1-19). Type (c), which,
may be made of welded-wire fabric, is especially suitable for slabs and flooring. Plastic tubes
are required where the slab soffit is tobe exposed.

| Plastic
I} cap

: AN
)
Plastic ﬁ/
'. tube / \ ]B

. S

N

.

)
—/
| Plastic cap Plastic cap

@) (b) (©
Figure 1-19
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In all cases their purpose is to separate the top reinforcement in slabs from the formwork or the
soil, or the various layers of reinforcement in walls or similar.

Linear chairs should in turn rest on suitable spacers to prevent corrosion.
(c) Special chairs

The standard sizes in which chairs are manufactured are limited for reasons of economy.
Nonetheless, similar elements are needed in very deep slabs or very wide walls to secure the
reinforcing bars.

These elements, known as ‘special chairs’, are normally made with the off cuts metal gener-
ated when assembling concrete reinforcement (Figure 1-20 (a)). Their diameter and dimen-
sions should be in keeping with the depth of the member and, in slabs, with the weight of the
top layer of reinforcement.

If they rest on the formwork, they should be supported by spacers (Figure 1-20 (b)). They are
tied to the bottom layer, when present (Figure 1-20 (c)).

Figure 1-20

(d) Price

The price of spacers, chairs and special chairs is usually included in the kilo of reinforcing steel
assembled at the worksite. While the financial impact of these elements is small, their cost
should be estimated where large slabs and plates are involved.

Important note: Spacers, chairs and special chairs must be positioned in such a way that they
ensure that all cover distances are 10 mm greater than called for in the design. The reason is to
provide the necessary tolerance for bar deformation between spacers so that the actual cover
or distance is not less than the minimum values.

1.3.2 GRAPHIC REPRESENTATION

The conventional signs listed in the box below (Figure 1-21) are used in drawings to symbolise
spacers, chairs and special chairs.

16



(@) WHEEL OR CLIP SPACER
A LATERAL VIEW
®m  SUPPORT SIDE VIEW
(b) LINEAR TYPE SPACER
mmm  LATERAL VIEW
m==  PLAN VIEW
(c) END SPACER
c>e  LATERAL VIEW
e PLAN VIEW
(d) DISCRETE CHAIR
A LATERAL VIEW
@ PLANVIEW
(e) CONTINUOUS CHAIR
A SIDE VIEW (PROFILE)
— -0~ — PLAN VIEW
(f) SPECIAL CHAIR

L SIDE VIEW (PROFILE)
} PLANVIEW

1.3.3 PLACEMENT RULES

(a) Slabs and footings

<50 @, but not exceeding
1000 mm and staggered

Figure 1-21

Bottom reinforcement layers should rest on and be attached to spacers positioned at
intervals measuring no more than 50 times the bar diameter and never over 1000 mm

(Figure 1-22).

A\

a4

Individual bars

(@)

Welded fabric

(b)

\ i» SECTION \ 1 SECTION
B i 1 2 I3 7 i T & z
M0 n__n_n I 1 I
o Pt
; PLAN PLAN
' " 571 ¥ ‘
2, £ 2,
£
1 2 |
— (%, [ % [ # . \
500 mom

SPACERS FOR BOTTOM REINFORCEMENT IN SLABS AND FOOTING

Figure 1-22
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The top reinforcement should rest on:

— continuous chairs set at intervals measuring not over 50 times the bar diameter.
These continuous chairs rest, in turn, on the bottom reinforcement, if any (Figure
1-23 (a)) and where there is none, on linear chairs spaced at no more than 500 mm
(Figure 1-23 (b));

[7/] %]
/[ 1
o o o] Q *.=. [o] o /: Q ]
2\ SECTION .= SECTION
,:i = = =7 VARY PN
— @, — D
E:JT-’: '=L;1 ] —-‘=-‘=—
q:t:::: 1 PLAN ':f::: ————‘. PLAN
d ::': 1 12 o —— ==
[= :|= — :l: £ g \::
i £
E_:i: am—— :ﬁ 8 o :*—__— =
I 1 T © | I I T
o ;*: == ‘ o :t:_ ———
l———-l |550 @, for bars or\
<50 @,, not exceeding ' -
500mm for welded fabric 500mm for welded fabric

(a) (b)
CONTINUOUS CHAIRS FOR TOP REINFORCEMENT IN SLABS AND FOOTINGS
WITH BOTTOM REINFORCEMENT

Figure 1-23

— discrete chairs spaced in both directions at no more than 50 times the diameter of
the supported bar (Figure 1-24);

[
.O [+} / Q Qo Q
A A\ ™ SECTION
— 2,
&8 T
o
5 |4 —  PLAN
c & 4 T
kel
EE | B
52
S 9 ]
&‘.—
o E = ||
® E-—|§ 5 =
Vi o -
o
o o -

-

<50 @, for bars or
500 mm for welded fabric

CHAIRS FOR TOP REINFORCEMENT IN SLABS AND
FOOTINGS WITHOUT BOTTOM REINFORCEMENT

Figure 1-24
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— special chairs spaced at the intervals shown in Figure 1-25.

1200 mm

I 1
=z ] T NI> T [
£ < S
S \% & T
e 2 I
] ]", )

PLAN

==‘_r| IT| lrL

SPECIAL CHAIRS FOR TOP REINFORCEMENT IN SLABS

Figure 1-25

(b) Spacers on slab edges
¢ In the absence of horizontal reinforcement along the slab edges, spacers are placed
on alternate bars, as in Figure 1-26 (a).

-

i ;] ﬁ ilf
o o SECTION Ll { ELEVATION
—_ A A A A

Spacers on |

alternate bars

(a) Without horizontal reinforcement

| TN
{o o Q SECTION I— u—a].t J.l— ELEVATION

‘Spacers at 509 and not ‘
" exceeding 1000mm

(b) With horizontal reinforcement

SPACERS FOR SLAB EDGES
Figure 1-26

e When the slab has horizontal reinforcement on the edges, the spacers should be
placed as in Figure 1-26 (b).
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(c) Spacers for ribbed slabs

Spacing is as shown in Figure 1-27.

=

I r
h/2
4+ h
Rib h’2
2, ib spacer
A
Max. distance 50 @4 not exceeding 1000 mm -~ Max. distance 1000 mm
(a) Without stirrups (b) With stirrups
Figure 1-27

(d) Beams

Spacers should be set in the stirrups at intervals of no more than 1000 mm longitudinally
(Figure 1-28), with a minimum of three planes of spacers per span.

Cross-wise placement must be as shown in Figure 1-28.

All spacers tied to stirrups at not \ 9,

over 1000 mm J
r 1

@)

<250 mm 250 mm - 500 mm
(b) ()
g 69
Q
gl Bk Na
s | g — 2
e £|12
g w9
p ?83 8 Spacersatintervals —
S g2 not exceeding 50 @4 | ™
o
'% a2 | > 500 mm
@ 1 — ' '
8 F
L (g ©

()

Figure 1-28 Spacers in beams

End or ordinary spacers are needed at the ends of beams in contact with the formwork,
depending on the case (Figure 1-29).
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Figure 1-29

(e) Columns

Lengthwise along the member, spacers should be placed in the stirrups at no more than 100
times the minimum diameter of the main reinforcement, with at least three planes of spacers
per member or section (Figure 1-30).

LT

]

¥

SPACER ARRANGEMENT IN COLUMNS

Figure 1-30
Spacers at intervals Spacers at intervals
not exceeding 50 @, ngt exceeding 50 @,
91 - _’ E—
| R
— Qq— Y A 4 A & L A A ()' A 4
o D— /)
a <502, v —‘ 4 vl I
: o o
. e x A A x A y \
b<500, | | Face>500, | Double links
@) (b) ©
One spacer per 50 @ ¢
/ Sptacers aé _inte!%ag Iwofbar‘for each facet
not exceeding . P mn
At least 4 per group1

(;
&

2, NS =
Circular columns Multifaceted columns
(d (e)
MULTIFACETED COLUMNS
Figure 1-31

Crosswise placement should be as shown in Figure 1-31.
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(H Walls

Spacers should be staggered in each layer of reinforcement at intervals measuring the
larger of 500 mm or 50 times the diameter of the reinforcing bars. Spacers for reinforcement
on opposite sides of the member must be placed at the same height. Spacing between the
reinforcement on the two sides must be ensured with continuous chairs set at intervals of
not over 1000 mm. In large retaining walls, special chairs must be used instead of chairs
(Figure 1-32).

In precast concrete walls whose mid plane is in a horizontal position, the spacers must be set
as described for slabs.

Continuous chairs at intervals not
exceeding 1000 mm

| |

— - ML < 1
g T 2 i
2 d L] o
SE ELEVATION I || SECTION
o3 Lo
€2 | |9 — i
GU) 2 : : 4
§§ o 1: a: :u
sg j 2, Lo
ag | |9F — o9
ke) A | 1
] i |

4 — o~

T Ik,){'q
f ! t I ‘Vl

Spacers at intervals not exceeding the
greater of 50 @, or 500 mm
in both directions

L |

I\ T
L i PLAN

lL <1000 mm i

SPACERS AND CONTINUOUS CHAIRS FOR WALLS

Figure 1-32

1.4 WELDING REINFORCING BARS

Bars are commonly welded together, using any of a number of procedures. The following is a
summary of standard ENISO 17660-1, Welding of Reinforcing steel (11).

1.4.1. TYPES OF WELD

Two types of welded joints can be distinguished:

(a) load-bearing
(b) non-load-bearing.
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In addition, such joints can be classified by their position or the welding procedure used.

The welding procedures allowed for reinforcing bars are set out in Table T-1.9 (EC2, Table 3.4)
and weldability requirements are established in EN 10080 (1).

TABLE T-1.9
WELDING PROCESSES PERMITTED
AND EXAMPLES OF APPLICATION

Loading conditions Welding method Tension bars’ ‘ Compression bars'
flash welding butt joints
manual metal arc
welding and metal
arc welding with
filling electrode
metal arc active welding? | splice, lap and cross?joints and joints with

butt joints with ¢ > 20 mm, splice, lap and
cross joints® and joints with other steel
members

Predominantly

static other steel members
- butt joints with ¢ > 20 mm
friction welding butt joints, joints with other steel members
resistance spot welding lap joints*
cross joints?*

flash welding butt joints

, manual metal arc welding - butt joints with ¢ > 14 mm
Not predominantly - - " -

static metal arc active welding? - butt joints with ¢ > 14 mm

resistance spot welding lap joints*

cross joints> 4

Notes:

1. Only bars with approximately the same nominal diameter may be welded.
2. Allowable ratio for mixed diameter bars > 0.57

3. For load-bearing joints with ¢ <16 mm

4. For load-bearing joints with ¢ <28 mm

All reinforcing bars shall be welded as specified in EN ISO 17760 (2).

The welds joining wires along the anchorage length of welded-wire fabric shall be strong
enough to resist the design loads.

The strength of the welds in welded-wire fabric may be assumed to be adequate if each welded
joint can withstand a shearing force equal to at least 25 per cent of the characteristic yield
stress times the nominal cross-sectional area of the thicker of the two wires, if they differ in
size.

AR. In cross joints with hardened concrete around the bars, the strength of the joint is
25 per cent higher than in exposed joints.
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1.4.2. WELDED JOINT DETAILS

(a) Butt joints
In all such joints, the edges are prepared as shown in Figure 1-33.

1 < 7
et R T
y /N Q_L vl

= 60°
Double V butt weld b) Single V butt weld Key
(a) Double V butt wel (b) Single V butt wel x  root gap
y depth of root face

|

2 45°

(c) Double bevel butt weld (d) Single V butt weld with backing

Note: x and y depend on the welding process.
EXAMPLES OF BUTT JOINT PREPARATION
Figure 1-33

(b) Lap joints
These joints call for no preparation. The procedure is as shown in Figures 1-34 and 1-35.

240 220 240

LIPPIIEIILII LIS

? LTHTTTTTTRTTTTTTTNNRNY J/j///}/}///}}//}}):/i‘ w

a20.39@

Key

1 Weld

a Throat thickness

@ Nominal diameter of the thinner of the two welded bars
¢, Overall lap length

w  Weld width

Note: Welding is also possible on both sides with minimum weld length of 2.5 @.
A conservative estimate of the effective throat thickness can be taken as

a=05w.
LAP JOINT

Figure 1-34
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1 Weld

a Throat thickness

@ Nominal diameter of the thinner of the two welded bars
w  Weld width

Note: Welding is also possible on both sides with minimum weld length of 2.5 @.
A conservative estimate of the effective throat thickness can be taken as
a=04w.

STRAP JOINT
Figure 1-35

(c) Cross joints

Cross joints can be resistance-welded (with machines with widely varying characteristics) or
metal-arc-welded (Figures 1-36 and 1-37).

2
ﬁ ki
7

¥ —— -

(a) Double-sided weld Key
1 Longitudinal bar
2 2 Transverse bar
1 F Force to be anchored by transverse bar

X
__tA,#WJ, _/_é;_>

(b) Single-sided weld

CROSS JOINTS WELDED BY RESISTANCE MANUAL ARC WELDING
Figure 1-36

108

|
__?_____a?_ —)—
|

CROSS JOINTS WELDED BY RESISTANCE
SPOT WELDING

Figure 1-37
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(d) Bar-to-steel structure joints
The most common use of and details for these joints are shown in Figures 1-38 and 1-39.

3
T\ S

240 1

[040 st but tmn=4mm|

(a) Side lap joint, single-sided welded Key

1 Weld

PR LR R EROAR R LD I
S meecac BT

TR IIII )

@ Nominal diameter of the welded bars

e Distance between the bars

t  Thickness of the web of a section or of a
plate to be welded

: e2@+2t
HEGLLERS AT RLE SRR L tmin Minimum thickness of the web of a section
s ettt el 14 or of a plate to be welded
1 t

[0.40 <t but tmn=4mm|

(b) Side lap joint, double-sided welded

SIDE LAP JOINT ON STRAIGHT REINFORCING STEEL BARS
Figure 1-38

[04@ <t but tmin=4mm |
(a) Set-through bar

(b) Set-in bar

t

+
Key
a Throat thickness
é 17 b Excess of the bar
N @ Nominal diameter of the welded bars
"o, t  Plate thickness
o tmin Minimum thickness of the web of a section
or of a plate to be welded

(043 <t but tmin=4mm|

In case of a gap, the fillet weld size shall be
increased by the dimension of the gap.

(c) Set-on bar
TRANVERSE END PLATE JOINT

Figure 1-39
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1.5 VERIFICATION OF THE ANCHORAGE LIMIT STATE
The method used is applicable to both flexible (v > 2h) and stiff footings with a ratio of %>1.

The following is a more detailed description of the method than that found in EC2, 9.8.2.2.

75 mm

. a.
. v T NG| Tt
= 1 5 o

T75mr_n_+~#e, B !?l, :]: 50 o R=35g o
J’t S LR J \ e i
HHERHAAM FYFTFTFereFrreaeess,
td 81 td
%4 N

(a) (b)
Figure 1-40

A 6° shear crack is assumed to be possible, as depicted in Figure 1-40 (a). Given the low

bending reinforcement ratios, d may be accepted to be 0.9h and the height of the point where
cracking begins, 0.9d or 0.81h.

For the sake of simplification, the moments used in the calculations below are the moments on
the column face. A 75-mm side cover is also assumed, as in footings poured onto soil.

The reinforcement anchor length should be as required to anchor the bar force from the point
where the reinforcement intersects with the crack onward, i.e. point A. (The reinforcement is
assumed to be constant across the entire width.)

Taking the moments at B
F,.-0.81h=xo, - (v - i]
2
where
x=v-0.81h cot 6
and operating, yields
F,,-0.81h = 32'1 (v2 - 0.66h* cot? 6)

o, (v? -0.66h% cot? O v
FSX = ‘d( )
1.62h

[1.7]

In addition to the equation above and in keeping with the bending moment applied, the following
must hold:

Af

s yd

v2
~0.81h=a,d-?—>Af =2
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from which it follows that:

A v? -0.66h% cot? @ A
Zb.net — st . fb . s.req  _ ( > )fb L sireq [1 8]
Asfyd As.pmv 4 As,plov

(¢, reflects bonding position I, given the position of the bars.)

hY A
Ly not = [1 -0.66 (—) cot? 6] l, - _sreq (x) [4.9]
v As,prov

1.5.1 BOND ANCHORAGE
Given x=v—-0.81h cot 9:

If 2, <X-75=v-0.81h cotd -70 - use straight anchorage [1.10]
If 0.7¢, ., <X-75=v~-0.81h cot& - 70 - use hook anchorage [1.11]
If 0.7¢, ., >X-75=v-0.81h cot6 - 70 - lengthen 7', [1.12]

(See Figure 1-40 (b))

(Dimensions in mm)

Since length /', is in bonding position I:

X—75 _v—0.81hcot0—75+

2"
bret = 0.7 ! 0.7

[1
and consequently:

V- 0.81h cot@ - 75
b,net 07

0 =t [1.13]

where ¢,  is calculated as per [1.9].
Since:

xX=v -0.81h cot 6:

The minimum value of x is found with the maximum value of cot & which, according to
EC2, is equal to cot 6 = 2.5, yielding:

X=v—2.03h= h(% - 2.03)

or

X_

_K_2_03 [1.14]
h h

(*) [1.9]is a more general expression than the formulas set out in EC2, in which critical value x is simpli-
fied to be equal to 0.5h. See the discussion below.
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2 1.97
X
(+)
1
0
1 2 203 3 4
az-aq
2 _ v
h h
Figure 1-41

The graph in Figure 1-41 shows the distance x in terms of h for different values of v,

If % < 2.5, a conservative value for xis 0.5h, as adopted in Eurocode EC2. Direct calcula-

tion is preferable.

1.5.2 WELDED TRANSVERSE BAR ANCHORAGE

In this case, the force to be anchored at the end of the bar, assuming a 75-mm cover, is defined
as shown in Figure 1-42.

75 mm

Figure 1-42

Fo = st _X_75
¢

b

x-70

b

Fo =F, [1 - ] where F_ was deduced from [1.7]

and substituting

£ _ O (v -066h" cot®6) [1_&—75—0.81hcot9}

° 162h 0
| 162nAf,
and given o, = —-V—z—y—
2
F,=Af, (1—0.66(2j cot® eJ {1 _v=rs ‘028"’ cot ‘9] [1.15]
4 b

hence, according to the discussion in section 1.6, with welding strength 0.5 Af , the
number of welded transverse bars required, n, is calculated as:
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v l,

's,prov

2 A _ _
n:%(1—0.66(2j cot%w]eb. =109 {1—" 75-081h C"m] [1.16]

Inasmuch as expression [1.16] is always less than one, anchorage is attained with a
welded transverse bar of the same diameter as the main bars.

1.6 ANCHORAGE RULES FOR WELDED TRANSVERSE BARS

This issue has been researched in a number of countries. The results are summarised below™)
in somewhat greater detail than in EC2. In this method, the strength of the welded joint can be
found assuming that the cross-joined bars are surrounded by concrete.

1.6.1 BARSWHERE 14 < ¢, < 32mm, 14 < ¢, < 32mm

The design value of the anchorage capacity of a welded transverse joint can be found from the
following formula:

Fog =Ly * ¢r01q SFoq [1.17]
where:
F,, = design value of the anchorage capacity of the welded transverse joint
f
L, = 1164 |—<L; [1.18]
Orq4
L. = insingle transverse bars, bar length, or spacing between longitudinal bars, as appropriate
¢, = transverse bar diameter.

(The assumption is that ¢ < ¢, and that the welded joint is at least 50 per cent of the design
mechanical strength of the longitudinal bar).

fioostO
o, =08 7 c3f [1.19]
y
fa00s = design characteristic tensile strength of the concrete surrounding the welded joint. Its

sign is positive

= design compressive strength of the concrete

o, = design compressive stress in the concrete in the direction normal to the axes of the
two bars (positive for compression)
y = 0.015 + 0.14 e-0.18%
x=25 11 [1.20]
¢r
c = cover in the direction perpendicular to the axes of the two bars

.« = Quaranteed design strength for the welded joint (where y_ = 1.15).

(*) The following formulas are based essentially on research conducted by Finnish construction and
reinforcing steel companies. Of particular note are the studies conducted by Statens Tekniska Forsk-
ingscentral and Pekka Nykyri (9), which were included in the Annex to the final version of Eurocode
2, Part 3 (Concrete foundations) (10). (It presently forms parts of Part of EC2 (5)).
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The foregoing is illustrated graphically in Figure 1-43.

Anchored bar 2,

(H)
—} e

or| Transverse lﬂ_l

bar
Cross weld to anchor bar

(@)

QT y
—t A

fHEERRERLEA L4440
(b)
Figure 1-43
If two transverse bars are welded to opposite longitudinal sides, the anchorage strength found

with the aforementioned formula is doubled (Figure 1-44 (a)). By contrast, if two transverse para-
llel bars are welded at the minimum spacing of 3 ¢_, strength is multiplied by 1.4 (Figure 1-44 (b)).

(@) (b)
Figure 1-44

1.6.2 BARS WHERE ¢,.<12mm, ¢, <12mm

The strength of a welded transverse joint in a concrete mass is at least 25 per cent greater than
the strength of the same welded joint found with the standard uncovered joint test.

The design value of the anchorage capacity of a welded transverse joint can be found from the
following formula:

wd —

F., =1.25F, <16A5L'fm,;ﬁ [1.21]
L

where the minimum bar length or spacing between parallel longitudinal bars, as appropriate,
mustbe>7 ¢, :

F., = design guaranteed strength for welded joint
¢, = transverse bar diameter, ¢ <12 mm

¢, = anchored bar diameter, ¢, <12 mm

A_ = area of the transverse bar cross-section.

sL

(The assumption is that ¢ . < ¢, and that the strength of the welded joint is at least 50 per cent
of the design mechanical strength of the longitudinal bar.)
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If two transverse bars (Figure 1-45) are welded at the minimum spacing of 4 ¢, strength is
multiplied by 1.4.

Figure 1-45

1.7 RELATIONSHIP BETWEEN CONSTRUCTION DETAILS AND DURABILITY

The insufficient durability of many concrete structures is one of the most severe problems
encountered in this type of construction today.

Satisfactory construction detailing plays an essential role in concrete structure durability. Such
details affect performance in any number of ways, including the aspects listed below.

(a)

(b)
()
(d)
(e)

They contribute to appropriate cover over reinforcement, preventing corrosion during the
expected design life.

They control shrinkage and thermal contraction cracking.

They control cracking due to reinforcement elongation.

They prevent cracking in anchorage and curved areas.

They prevent cracking due to excessive local compressive stress in the concrete.

Construction detailing in the design not only has an impact on the safety and cost of built struc-
tures, but on their durability as well.

Table E.1N in Annex E of EC2 (reproduced as Table T-1.10 below) recommends the minimum
concrete strength for each exposure class.

TABLE T-1.10
INDICATIVE STRENGTH CLASSES

Exposure class according to Table 4.1

Corrosion
Carbonation-induced Chloride-induced Chlonde-lr.mduced
corrosion corrosion corresion
from sea water
XC1 XC2 | XC3|XC4| XD1 | XD2| XD3 XS1 XS2 | XS3
Indicative C20/25 | C25/30 | C30/37 C30/37 C35/45 | C30/37 | (C35/45
strength class
Damage to concrete
No risk Freeze/thaw attack Chemical attack
X0 XF1 XF2 XF3 XA1 XA2 XA3
Indicative C12/15 | C30/37 | C25/30 | C30/37 C30/37 C35/45
strength class

32




2 Constructive details

Group 01 Foundations

Group 02 Retaining walls and basement walls
Group 03 Columns and joints

Group 04 Walls subjected to axial loads
Group 05 Beams and lintels

Group 06 Slabs, ribbed slabs and precast slabs with beam and block and hollow core floor
systems

Group 07 Flat slabs

Group 08 Stairs

Group 09 Bearings

Group 10 Brackets and dapped-end beams

Group 11 Ground slabs and galleries

Group 12 Chimneys, towers and cylindrical hollow columns
Group 13 Silos, caissons and rectangular hollow columns
Group 14 Reservoirs, tanks and swimming pools

Group 15 Special construction details for earthguake zones
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CD-01.01 A REINFORCED CONCRETE WALL

r \Vj b Vv
ge P 9 — g
' Offcuts @,=@,/2 nol
_______ P /"~ (Every fifth pair of vertical - |
N bars in the wall) . .
Nominal reinforcement —~
L, 2 __g L -Construction joint S??_@@_‘\c/ @
N > 2 4 &
> [ ) Spacers

Asphalt membrane (if any)
Compacted subgrade é R l
CROSS-SECTION

L]

- -
See(d)
a - / ‘\./I -~
T ———

1. N Ll @

ARRANGEMENT WHEN TWO
STARTER BARS ARE USED PER
MAIN BAR IN THE COLUMN

PLAN
J )
2
- -
L-| I _— Q1
1 FAacar—-—a—a—ir —— 1
T Da Nominal
Off cuts C reinforcement @,
gz . Ld /. L - Ld L L4 Ld Ad Ld L] Ld gs

ELEVATION

36




CD-01.01 NOTES

1. RECOMMENDATIONS

N o o &

10.

11.
12.

13.

14.

15.

The ¢, bars rest directly on the top of the footing, with no hooks needed.
L, is the ¢, bar lap length.

AR. The starter bars are diameter ¢, bars. L, should be > ¢, but length ¢, , is defined in EC2 for the least
favourable case. In this case the side covers for the ¢, bars are very large. See (12), p. 69. A safe value

would be ¢',; = %ébd L, <g ¢,4, often a more suitable solution than increasing the depth of the footing is
to use two starter bars for every ¢, bar in the wall. The sum of the cross-sections of these two bars should

not be less than the ¢, bar cross-section, but their diameter should be such that E fog < L,, where /_, is the

anchorage length. The arrangement detail is as in alternative (d). This rule can be applied wherever the bar
cover is > 10 ¢ but not under 10 cm.

r, = 7.5 cm if the concrete for the footing is poured directly against the soil.
r, = 2.5 cm but not less than ¢,.
See 1.5 to determine when to use anchor type a, b or ¢ at the end of the ¢, reinforcing bar.

Length L, shall suffice to tie the ¢, starter bars securely to two ¢, transverse bars. (It may not be less than
2s, where s is the space between ¢, bars.)

The bars with diameters ¢, and ¢, are supports whose sole purpose is to keep the starter bar assembly
firmly in place while the concrete is cast in the foundations. The starter bar assembly is to be tied at all cross
points. Depending on the case, these ties may be supplemented or replaced by positioning reinforcement ¢,
in lapping length L, before pouring the concrete in the footing.

The top of the footing is smoothed with floats or a power float except in the contact area with the future wall,
where a rough surface such as is generated by the vibrator is needed.

In soft soils, the 25 cm over the level of the future blinding should not be excavated until shortly before pour-
ing the concrete to ensure that the soil is not softened by rainfall immediately before placement.

The foundation subgrade must be compacted before the blinding is poured.

The blinding under the footing is floated or smoothed with a power float. Its standard 10-cm thickness may
be varied to absorb tolerances in foundation subgrade levelling.

Where the footing is to be poured on soils that constitute an aggressive medium, it should be protected by
an asphalt membrane as specified.

Before pouring the concrete to form the wall, the joint surface should be cleaned and pressure hosed. The
concrete should not be cast until the surface dries.

See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

37




CD-01.02

WALL FOOTING SUPPORTING A BRICK WALL
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CD-01.02 NOTES

1. RECOMMENDATIONS

1. r, =7.5cmif the concrete for the footing is poured directly against the soil.
r, =2.5 cm but not less than ¢,.

See 1.5 to determine when to use anchor type a, b or ¢ at the end of the ¢, reinforcing bar.

> 0N

The top is smoothed with floats or a power float. The mortar bed under the wall that interfaces with the foot-
ing shall be 10 mm thick.

5. In soft soils, the 25 cm over the level of the future blinding shouid not be excavated until shortly before pour-
ing the concrete to ensure that the soil is not softened by rainfall immediately before placement.

6. The foundation subgrade should be compacted before the blinding is poured.

7. The blinding under the footing is floated or smoothed with a power float. Its standard 10-cm thickness may
be varied to absorb tolerances in foundation subgrade levelling.

8. Where the footing is to be poured on soils that constitute an aggressive medium, it should be protected by
an asphalt membrane as specified.

9. Before the first bed mortar is laid under the wall, the area of the joint that will interface with it should be
pressure hosed. The mortar should not be placed until the surface of the footing dries.

10. See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

2. STATUTORY LEGISLATION

This type of footing is not addressed in EC2 (5).

The articles in the Code on spread footings are partially applicable.
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CD-01.03 SPREAD FOOTING
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CD -01.03 NOTES

1. RECOMMENDATIONS

R

10.

11.
12.

13.

14.

15.
16.

17.

The ¢, bars rest directly on the top of the footing, with no hooks needed.
L, is the ¢, bar lap length.

AR. The starter bars are diameter ¢, bars. L, should be > ¢, but length ¢, is defined in EC2 for the least
favourable case. In this case the side covers for the ¢, bars are very large. See (12), p. 69. A safe value
would be ¢',; =§ Lo - L, <—§ ¢,4, often a more suitable solution than increasing the depth of the footing is
to use two starter bars for every ¢, bar in the wall. The sum of the cross-sections of these two bars should
not be less than the ¢, bar cross-section, but their diameter should be such that E fog < L, where 7 is the

anchorage length. The arrangement detail is as in alternative (d). This rule can be applied wherever the bar
cover is > 10 ¢ but not under 10 cm.

r, = 7.5 cm if the concrete for the footing is poured directly against the soil.
r, = 2.5 cm but not less than ¢,.
See 1.5 to determine when to use anchor type a, b or ¢ at the end of the ¢, reinforcing bar.

Length L, shall suffice to tie the ¢, starter bars securely to two ¢, transverse bars. (It may not be less than
2s, where s is the space between the ¢, bars.)

The starter bar ties are supports whose sole purpose is to keep the starter bar assembly firmly in place while
the concrete is cast in the foundations. The starter bar assembly is to be tied at all cross points. These are
not the same ties as in the column.

The top of the footing is smoothed with a float or power float except in the contact area with the future col-
umn, where a rough surface such as is generated by the vibrator is needed.

In soft soils, the 25 cm over the level of the futureblind‘i'ng should not be excavated until shortly before pour-
ing the concrete to ensure that the soil is not softened by rainfall immediately before placement.

The foundation subgrade must be compacted before the blinding is poured.

The blinding under the footing is floated or smoothed with a power float. Its standard 10-cm thickness may
be varied to absorb tolerances in foundation subgrade levelling.

Where the footing is to be poured on soils that constitute an aggressive medium, it should be protected by
an asphalt membrane as specified.

Before pouring the column concrete, the joint surface should be cleaned and pressure hosed. The concrete
should not be cast until the surface dries.

See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

Where calculations are very tight, the mid plane in pairs of lapped bars should be perpendicular to the direc-
tion of the greatest bending moment acting on the column springing.

Rectangular footings can be set out in exactly the same way, although the resulting grid is logically not
symmetrical.
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CD -01.04 SPREAD FOOTING WITH VARIABLE DEPTH
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CD-01.04 NOTES

1. RECOMMENDATIONS

N o o &

10.

11.

12.
13.

14.

15.

16.
17.

18.

19.

20.

The ¢, bars rest directly on the top of the footing, with no hooks needed.
L, is the ¢, bar lap length.

AR. The starter bars are diameter ¢, bars. L, should be > ¢_, but length ¢, is defined in EC2 for the least
favourable case. In this case the side covers for the ¢, bars are very large. See (12), p. 69. A safe value

would be 7', =§£bd JfL, <§ £,4, often a more suitable solution than increasing the depth of the footing is

to use two starter bars for every ¢, bar in the wall. The sum of the cross-sections of these two bars should
not be less than the ¢, bar cross-section, but their diameter should be such that %eba <L, where Z_, is the
anchorage length. The arrangement detail is as in alternative (d).

Particular care should be taken with edge or corner columns, because there either L, > L, or the two starter
bars per ¢, bar arrangement should be adopted (detail (d)).

r, = 7.5 cm if the concrete for the footing is poured directly against the soil.
r, = 2.5 cm but not less than ¢,.
See 1.5 to determine when to use anchor type a, b or ¢ at the end of the ¢, reinforcing bar.

The square base with side length L, should be at least 15 cm? to provide for assembly of the column
formwork.

Length L, shall suffice to tie the ¢, starter bars securely to two ¢, transverse bars. (It may not be less than
2s, where s is the space between ¢, bars.) »

The sole purpose of the starter bar ties is to keep the starter bar assembly firmly in place while the concrete
is cast in the foundations. The starter bar assembly is to be tied at all cross points. These are not the same
ties as in the column.

The top of the footing is smoothed with a float or power float except in the contact area with the future col-
umn, where a rough surface such as is generated by the vibrator is needed.

In soft soils, the 25 cm over the level of the future blinding should not be excavated until shortly before pour-
ing the concrete to ensure that the soil is not softened by rainfall immediately before placement.

The foundation subgrade must be compacted before the blinding is poured.

The blinding under the footing is floated or smoothed with a power float. Its standard 10-cm thickness may
be varied to absorb tolerances in foundation subgrade levelling.

Where the footing is to be poured on soils that constitute an aggressive medium, it should be protected by
an asphalt membrane as specified.

Before pouring the column concrete, the joint surface should be cleaned and pressure hosed. The concrete
should not be cast until the surface dries.

See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

Where calculations are very tight, the mid plane in pairs of lapped bars should be perpendicular to the direc-
tion of the greatest bending moment acting on the column springing.

Rectangular spread footings can be set out in exactly the same way, although the resulting grid is logically
not symmetrical.

This type of footing is usually cost-effective for large loads. Even in that case, a < 25° to ensure that the
concrete slope can be maintained during vibration.

In large footings, top surface reinforcement may be advisable to prevent drying shrinkage and thermal con-
traction.
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CD —-01.05 | CIRCULAR FOOTING (CIRCULAR REINFORCEMENT)

NOTE: This footing, out of use for years, has recently made a comeback in windmill
foundations. See also CD-01.06 for a variation of considerable interest.
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CD -01.05 NOTES

1. RECOMMENDATIONS

N o 0 &

10.

11.
12.

13.

14.

15.
16.

17.

18.

The ¢, bars rest directly on the top of the footing, with no hooks needed.
L, is the ¢, bar lap length.

AR. The starter bars are diameter ¢, bars. L, should be > ¢, but length ¢, is defined in EC2 for the least fa-

vourable case. In this case the side covers for the ¢, bars are very large. See (12), p. 69. A safe value would
be ¢' =§L’bd L, <§ ¢,4, often a more suitable solution than increasing the depth of the footing is to use
two starter bars for every ¢, bar in the wall. The sum of the cross-sections of these two bars should not be
less than the ¢, bar cross-section, but their diameter should be such that % fog <L, Where ¢, is the anchor-

Il
age length. The arrangement detail is as in alternative (d). This rule can be applied wherever the bar cover is
> 10 ¢ but not under 10 cm.

r, = 7.5 cm if the concrete for the footing is poured directly against the soil.
r, =2.5 cm but not less than ¢,
The L, wide circular base should measure at least 15 cm to provide a base for the column formwork.

Length L, shall suffice to tie the starter bars securely to the reinforcing bars. (Normally L, = 2s, where s is the
spacing for circular reinforcement.)

The sole purpose of the starter bar ties is to keep the starter bar assembly firmly in place while the concrete
is cast in the foundation. The starter bar assembly is to be tied at all cross points. These are not the same
ties as in the column.

The top of the footing is smoothed with a float or power float except in the contact area with the future col-
umn, where a rough surface such as is generated by the vibrator is needed.

In soft soils, the 25 cm over the level of the future blinding should not be excavated until shortly before pour-
ing the concrete to ensure that the soil is not softened by rainfall immediately before placement.

The foundation subgrade must be compacted before the blinding is poured.

The blinding under the footing is floated or smoothed with a power float. Its standard 10-cm thickness may
be varied to absorb tolerances in foundation subgrade levelling.

Where the footing is to be poured on soils that constitute an aggressive medium, it should be protected by
an asphalt membrane as specified.

Before pouring the column concrete, the joint surface should be cleaned and pressure hosed. The concrete
should not be cast until the surface dries.

See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

Where calculations are very tight, the mid plane in pairs of lapped bars should be perpendicular to the direc-
tion of the greatest bending moment acting on the column springing.

This type of footing is usually cost-effective for large loads. Even in that case, a < 25° to ensure that the
concrete slope can be maintained during vibration.

In large footings, top surface reinforcement may be advisable to prevent drying shrinkage and thermal
contraction.

AR. According to EC2, lapping in circumferential reinforcement should be spaced at L. Any other length is

preferable. (See (13), (14)).

. STATUTORY LEGISLATION

This type of footing is not addressed in EC2 (5).
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CD - 01.06 CIRCULAR FOOTING (REINFORCED WITH
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CD -01.06 NOTES

1. RECOMMENDATIONS

N o o »

10.

11.
12.

13.

14.

15.
16.
17.

18.

The ¢, bars rest directly on the top of the footing, with no hooks needed.
L, is the ¢, bar lap length.

AR. The starter bars are diameter ¢, bars. L, should be 2/, , but length ¢, is defined in EC2 for the least
favourable case. In this case the side covers for the ¢, bars are very large. See (12), p. 69. A safe value

would be ¢', _2 £ - 1f L, <§ £,4, often a more suitable solution than increasing the depth of the footing is
to use two starter bars for every ¢, bar in the wall. The sum of the cross-sections of these two bars should
not be less than the ¢, bar cross-section, but their diameter should be such that %ebd <L, where ¢, is the

anchorage length. The arrangement detail is as in alternative (d). This rule can be applied wherever the bar
cover is > 10 ¢ but not under 10 cm.

r, = 7.5 cm if the concrete for the footing is poured directly against the soil.
r, = 2.5 cm but not less than ¢,.
The L.-wide circular base should measure at least 15 cm to provide a base for the column formwork.

Length L, shall suffice to tie the starter bars securely to the reinforcing bars. (It should not be less than 2s,
where s is the space between bars ¢,).

The sole purpose of the starter bar ties is to keep the starter bar assembly firmly in place while the concrete
is cast in the foundations. The starter bar assembly is to be tied at all cross points. These are not the same
ties as in the column.

The top of the footing is smoothed with a float or power float except in the contact area with the future col-
umn, where a rough surface such as is generated by the vibrator is needed.

In soft soils, the 25 cm over the level of the future blinding should not be excavated until shortly before pour-
ing the concrete to ensure that the soil is not softened by rainfall immediately before placement.

The foundation subgrade must be compacted before the blinding is poured.

The blinding under the footing is floated or smoothed with a power float. Its standard 10-cm thickness may
be varied to absorb tolerances in foundation subgrade levelling.

Where the footing is to be poured on soils that constitute an aggressive medium, it should be protected by
an asphalt membrane as specified.

Before pouring the column concrete, the joint surface should be cleaned and pressure hosed. The concrete
should not be cast until the surface dries.

See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.
See 1.6 for panel welding.

Where calculations are very tight, the mid plane in pairs of lapped bars should be perpendicular to the direc-
tion of the greatest bending moment acting on the column springing.

In large footings, top surface reinforcement may be advisable to prevent drying shrinkage and thermal con-
traction.

SPECIFIC REFERENCES

This solution was first used in northern Europe, together with welded panels (see 1.6). It was included in Part 3
of EC2 in 1998 (10). Part 3 presently forms part of EC2 (see 9.8.2.1). This solution is only cost-effective in small
footings where the circular trenches can be dug mechanically.

The design is given in (12). Further to those calculations, the total longitudinal reinforcement in each panel can
be found as:

A

s,tot,x

F,D

= A = ——
SO 3dt,

where F is the design load on the column.
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CD -01.07

SPREAD FOOTING AND EXPANSION JOINT
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CD-01.07 NOTES

1. RECOMMENDATIONS

N o o &

10.

11.
12.

13.

14.

15.
16.

17.

18.
19.

The ¢, bars rest directly on the top of the footing, with no hooks needed.
L, is the ¢, bar lap length.

AR. The starter bars are diameter ¢, bars. L, should be >¢,, but length £, is defined in EC2 for the least

favourable case. In this case the side covers for the ¢, bars are very large. See (12), p. 69. A safe value would

be /', =g€bd JfL, <E £, , Often a more suitable solution than increasing the depth of the footing is to use
3 3

two starter bars for every ¢, bar in the wall. The sum of the cross-sections of these two bars should not be
less than the ¢, bar cross-section, but their diameter should be such that %é’ba <L,, where ¢, is the anchor-
age length. The arrangement detail is as in alternative (d). This rule can be applied wherever the bar cover is
> 10 ¢ but not under 10 cm.

r, = 7.5 cm if the concrete for the footing is poured directly against the soil.
r, = 2.5 cm but not less than ¢,.
See 1.5 to determine when to use anchor type a, b or ¢ at the end of the ¢, reinforcing bar.

Length L, shall suffice to tie the ¢, starter bars securely to two ¢, transverse bars. (It may not be less than
2s, where s is the space between ¢, bars.)

The sole purpose of the starter bar ties is to keep the starter bar assembly firmly in place while the concrete
is cast in the foundations. The starter bar assembly is to be tied at all cross points.

The top of the footing is smoothed with a float or power float except in the contact area with the future col-
umn, where a rough surface such as is generated by the vibrator is needed.

In soft soils, the 25 cm over the level of the future blinding should not be excavated until shortly before pour-
ing the concrete to ensure that the soil is not softened by rainfall immediately before placement.

The foundation subgrade must be compacted before the blinding is poured.

The blinding under the footing is floated or smoothed with a power float. Its standard 10-cm thickness may
be varied to absorb tolerances in foundation subgrade levelling.

Where the footing is to be poured on soils that constitute an aggressive medium, it should be protected by
an asphalt membrane as specified.

Before pouring the column concrete, the joint surface should be cleaned and pressure hosed. The concrete
should not be cast until the surface dries.

See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

Where calculations are very tight, the mid plane in pairs of lapped bars should be perpendicular to the direc-
tion of the greatest bending moment acting on the column springing.

Rectangular footings can be set out in exactly the same way, although the resulting grid is logically not sym-
metrical.

Unless calculated in the design, the width of the expansion joint should be 20-30 mm.

Reinforcement ¢_ is placed to control possible cracking on the top surface between two columns as the tem-
perature drops in the two frames, which pull in opposite directions.
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CD -01.08 STRAP FOOTING
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CD-01.08 NOTES

1. RECOMMENDATIONS

N o o »

@

10.

11.

12.

13.
14.

15.

16.

17.

The ¢, bars rest directly on the top of the footing, with no hooks needed.
L, is the ¢, lap bar length.

The starter bars are diameter ¢, bars, except where L, < £, .. If L, < £, ,, often a more suitable solution than
increasing the depth of the footing is to use two starter bars for every ¢, bar in the column. The sum of the
cross-sections of these two bars should not be less than the ¢, bar cross-section, but their diameter should
be such that ¢, , their anchorage length, should be < L,.

bd’
r, = 7.5 cm if the concrete for the footing is poured directly against the soil.

r, = 2.5 cm but not less than ¢,.

See 1.5 to determine when to use anchor type a, b or ¢ at the end of the ¢, reinforcing bar.

Length L, must suffice to tie the ¢, starter bars securely to two ¢, transverse bars. (It may not be less than
2s, where s is the space between ¢, bars.)

Length L, is the ¢, bar anchorage length.

If the tops of the beam and footing are flush, the beam should be at least 5 cm less deep to ensure that its
reinforcement does not interfere with the reinforcing bars in the footing.

In this case the column starter bars need ties of the same diameter and maximum spacing as in the column.
They differ in size.

The top of the footing is smoothed with a float or power float except in the contact area with the future col-
umn, where a rough surface such as is generated by the vibrator is needed.

In soft soils, the 25 cm over the level of the future blinding should not be excavated until shortly before pour-
ing the concrete to ensure that the soil is not softened by rainfall immediately before placement.

The subgrade is compacted before pouring the blinding for the footing and beam.

The blinding is floated or smoothed with a power float. Its standard 10-cm thickness may be varied to absorb
tolerances in foundation subgrade levelling.

Where the footing is to be poured on soils that constitute an aggressive medium, it should be protected by
an asphalt membrane as specified.

Before pouring the column concrete, the joint surface should be cleaned and pressure hosed. The concrete
should not be cast until the surface dries.

See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

STATUTORY LEGISLATION

EC2 (5).
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CD -01.09 NOTES

1. RECOMMENDATIONS

The ¢, bars rest directly on the top of the footing, with no hooks needed.
L, is the lap length in the larger of the reinforcing bars, ¢, or ¢,. L, is the ¢, bar lap length.

The starter bars are diameter ¢, bars, except where L, < L. If L, < L,, often a more suitable solution than
increasing the depth of the footing is to use two starter bars for every ¢, bar in the column. The sum of the
cross-sections of these two bars should not be less than the ¢, bar cross-section, but their diameter should

be such that ¢, ,, their anchorage length, should be <L,.

4. r, =7.5cm if the concrete for the footing is poured directly against the soil.

5. r,=2.5 cm but not less than ¢,.

6. See 1.5 to determine when to use anchor type a, b or ¢ at the end of the ¢, and ¢, reinforcing bars.

7. The ¢, distribution steel has a straight extension at the end.

8. Length L, should suffice to tie ¢, starter bars to ¢, bars; 20 cm is the suggested length.

9. In this case the column starter bars need ties of the same diameter and maximum spacing as in the column.
They differ in size.

10. The top of the footing is smoothed with a float or power float except in the contact area with the future col-
umn, where a rough surface such as is generated by the vibrator is needed.

11. In soft soails, the 25 cm over the level of the future blinding should not be excavated until shortly before pour-
ing the concrete to ensure that the soil is not softened by rainfall immediately before placement.

12. The subgrade is compacted before pouring the blinding for the footing and beam.

13. The blinding is floated or smoothed with a power float. Its standard 10-cm thickness may be varied to absorb
tolerances in foundation subgrade levelling.

14. Where the footing is to be poured on soils that constitute an aggressive medium, it should be protected by
an asphalt membrane as specified.

15. Before pouring the column concrete, the joint surface should be cleaned and pressure hosed. The concrete
should not be cast until the surface dries.

16. See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

2. STATUTORY LEGISLATION
EC2 (5).
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CD-01.10 COMBINED EDGE FOOTING (VARIATION 1)
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CD-01.10 NOTES

1. RECOMMENDATIONS

N o o &

10.

11.

12.

13.
14.

15.

16.

17.

The ¢, and ¢, bars rest directly on the top of the footing, with no hooks needed.
L, is the lap length in the ¢, bar and L is the lap length in the ¢, bar.

AR. The starter bars in the inner column are diameter ¢, bars. L, should be >¢, ,, but length ¢_, is defined in

EC2 for the least favourable case. In this case the side covers for the ¢, bars are very large. See (12), p. 69.
A safe value would be ¢',; =§£bd LfL, <§ 4,4, often a more suitable solution than increasing the depth of
the footing is to use two starter bars for every ¢, bar in the column. The sum of the cross-sections of these

two bars should not be less than the ¢, bar cross-section, but their diameter should be such that 2 fbg < Ly
where ¢, is the anchorage length. The arrangement detail is as in alternative (d). 3

Particular care should be taken with edge and corner columns, because there either L, > L,, or the two starter
bars per ¢, bar arrangement should be adopted (detail (d)).

r, and r, are equal to 7.5 cm if the concrete for the footing is poured directly against the soil.
r, = 2.5 cm but not less than ¢,.
See 1.5 to determine when to use anchor type a, b or ¢ at the end of the ¢, reinforcing bar.

Length L, shall suffice to tie ¢, or ¢, starter bars to two ¢, transverse bars. (It may not be less than 2s, where
s is the space between the ¢, bars.)

In this case the edge ¢, column starter bars need ties of the same diameter and maximum spacing as in the
column. They differ in size. See CD — 01.03 for inner column ties.

Sole stirrups may only be used where a < 65 cm. If a > 65 cm, multiple stirrups are needed, except where
the concrete absorbs the shear stress entirely. The vertical legs must be spaced at no more than 0.75d <
60 cm.

If multiple stirrups are used, the horizontal legs must overlap along a distance of at least L, where L, is the
¢, bar lap length. (This is required for the horizontal leg of the stirrup to act as transverse bending reinforce-
ment.)

The top of the footing is smoothed with a float or power float except in the contact area with the future col-
umn, where a rough surface such as is generated by the vibrator is needed.

In soft soils, the 25 cm over the level of the future blinding should not be excavated until shortly before pour-
ing the concrete to ensure that the soil is not softened by rainfall immediately before placement.

The subgrade is compacted before pouring the blinding for the footing and beam.

The blinding is floated or smoothed with a power float. Its standard 10-cm thickness may be varied to absorb
tolerances in foundation subgrade levelling.

Where the footing is to be poured on soils that constitute an aggressive medium, it should be protected by
an asphalt membrane as specified.

Before pouring the column concrete, the joint surface should be cleaned and pressure hosed. The concrete
should not be cast until the surface dries.

See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

. STATUTORY LEGISLATION

This type of footing is not addressed in EC2.
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CD -01.11 COMBINED EDGE FOOTING (VARIATION 2)
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CD-01.11 NOTES

1. RECOMMENDATIONS

N o 0o &

10.

11.
12.

13.

14.

15.

The ¢, and ¢, bars rest directly on the top of the footing, with no hooks needed.
L, is the lap length in the ¢, bar and L, is the lap length in the ¢, bar.

AR. The starter bars in the inner column are diameter ¢, bars. L, should be >¢, ,, but length £, is defined in
EC2 for the least favourable case. In this case the side cover on the ¢, bars is usually very large. See (12),

p. 69. A safe value would be é'w=g€bd LfL, <E 4.4, often a more suitable solution than increasing the
depth of the footing is to use two starter bars for every ¢, bar in the wall. The sum of the cross-sections of
these two bars should not be less than the ¢, bar cross-section, but their diameter should be such that % log
<L,, where ¢_, is the anchorage length. The arrangement detail is as in alternative (d). (If the side cover on
the web in the ¢, or ¢, bars is less than ten times their diameter, or less than 10 cm, substitute gébd forf,,
in the above formulas.

Particular care should be taken with edge and corner columns, because there either L, > L, or the two starter
bars per ¢, bar arrangement should be adopted (alternative (d)).

r, = 7.5 cm if the concrete for the footing is poured directly against the soil.
r,=25cmz2¢,r,=2.5cmz2¢,
See 1.5 to determine when to use anchor type a, b or ¢ at the end of the ¢, and ¢, reinforcing bars.

Length L, shall suffice to tie ¢, or ¢, starter bars to two ¢, transverse bars. (It may not be less than 2s, where
s is the space between ¢, bars.)

In this case the edge column starter bars need ties of the same diameter and maximum spacing as in the
column. The starter bars on the inner columns need ties of the same diameter and maximum spacing as in
the column if the side cover over the T-section web is less than ten times their diameter, or less than 10 cm.
Otherwise two ties suffice (see CD — 01.03) across depth h, and two along the height of the web.

The top of the footing is smoothed with a float or power float except in the contact area with the future
column, where a rough surface such as is generated by the vibrator is needed. The flange-to-web joint is
treated similarly.

In soft soils, the 25 cm over the level of the future blinding should not be excavated until shortly before pour-
ing the concrete to ensure that the soil is not softened by rainfall immediately before placement.

The subgrade is compacted before pouring the blinding for the footing and beam.

The blinding is floated or smoothed with a power float. Its standard 10-cm thickness may be varied to absorb
tolerances in foundation subgrade levelling.

Where the footing is to be poured on soils that constitute an aggressive medium, it should be protected by
an asphalt membrane as specified.

Before pouring the column concrete, the joint surface should be cleaned and pressure hosed. The concrete
should not be cast until the surface dries. The flange-to-web joint should be treated similarly.

See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

STATUTORY LEGISLATION

This type of footing is not addressed in EC2 (5).
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CD-01.12 STRAP FOOTING AT CORNER (1 of 2)

o

- a | —
@ | | 2 @ |
= ! ] ——1 T

v - ' | ] ! — | }1

L ==l ] e gl
c L | c

a @3+,
2, |V
D L 2, D
\
L, e
;65
PLAN
D3+,
b )
B S ) —
@__ Y ARRANGEMENT WHEN TWO
STARTER BARS ARE USED PER
MAIN BAR IN THE COLUMN.
4

§
17/
]\ _@2.5cm 4 1“

Q/ b (See ®)

4

D5
CROSS-SECTION E-E DETAIL A
CROSS-SECTION F-F

58




CD-01.12 NOTES

1. RECOMMENDATIONS

N o o &

®

10.

11.

12.
13.

14.

15.

16.

The ¢, bars rest directly on the top of the footing, with no hooks needed.
L, is the ¢, bar lap length.

The starter bars are diameter ¢, bars, except where L, < L,. If L, < L,, often a more suitable solution than
increasing the depth of the footing is to use two starter bars for every ¢, bar in the column. The sum of the
cross-sections of these two bars should not be less than the ¢, bar cross-section, but their diameter should
be such that L < L, where L, is the anchorage length. The arrangement detail is as in alternative (e).

r, = 7.5 cm if the concrete for the footing is poured directly against the soil.
r,=25cmzx4¢,.
See 1.5 to determine when to use anchor type a, b or ¢ at the end of the ¢, reinforcing bars.

Length L, must suffice to tie the ¢, starter bars securely to two ¢, transverse bars. (It may not be less than
2s, where s is the space between ¢, bars.)

L, is the ¢, bar anchorage length.

In this case the column starter bars need ties of the same diameter and maximum spacing as in the column.
They differ in size.

The top of the footing is smoothed with a float or power float except in the contact area with the future col-
umn, where a rough surface such as is generated by the vibrator is needed.

In soft soils, the 25 cm over the level of the future blinding should not be excavated until shortly before pour-
ing the concrete to ensure that the soil is not softened by rainfall immediately before placement.

The subgrade is compacted before pouring the blinding for the footing and beam.

The blinding is floated or smoothed with a power float. Its standard 10-cm thickness may be varied to absorb
tolerances in foundation subgrade levelling.

Where the footing is to be poured on soils that constitute an aggressive medium, it should be protected by
an asphalt membrane as specified.

Before pouring the column concrete, the joint surface should be cleaned and pressure hosed. The concrete
should not be cast until the surface dries.

See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

STATUTORY LEGISLATION

This type of footing is not addressed in EC2.
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CD-01.12 STRAP FOOTING AT CORNER (2 of 2)
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CD-01.12 NOTES

1. RECOMMENDATIONS

N o 0 »

o

10.

11.

12.
13.

14.

15.

16.

The ¢, bars rest directly on the top of the footing, with no hooks needed.
L, is the ¢, bar lap length.

The starter bars are diameter ¢, bars, except where L, < L,. If L, < L,, often a more suitable solution than
increasing the depth of the footing is to use two starter bars for every ¢, bar in the column. The sum of the
cross-sections of these two bars should not be less than the ¢, bar cross-section, but their diameter should
be such that L, < L,, where L, is the anchorage length. The arrangement detail is as in alternative (e).

r, = 7.5 cm if the concrete for the footing is poured directly against the soil.
r,=25cmzx4¢,.
See 1.5 to determine when to use anchor type a, b or ¢ at the end of the ¢, reinforcing bars.

Length L, must suffice to tie the ¢, starter bars securely to two ¢, transverse bars. (It may not be less than
2s, where s is the space between ¢, bars.)

L, is the ¢, bar anchorage length.

In this case the column starter bars need ties of the same diameter and maximum spacing as in the column.
They differ in size.

The top of the footing is smoothed with a float or power float except in the contact area with the future col-
umn, where a rough surface such as is generated by the vibrator is needed.

In soft soils, the 25 cm over the level of the future blinding should not be excavated until shortly before pour-
ing the concrete to ensure that the soil is not softened by rainfall immediately before placement.

The subgrade is compacted before pouring the blinding for the footing and beam.

The blinding is floated or smoothed with a power float. Its standard 10-cm thickness may be varied to absorb
tolerances in foundation subgrade levelling.

Where the footing is to be poured on soils that constitute an aggressive medium, it should be protected by
an asphalt membrane as specified.

Before pouring the column concrete, the joint surface should be cleaned and pressure hosed. The concrete
should not be cast until the surface dries.

See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

. STATUTORY LEGISLATION

This type of footing is not addressed in EC2 (5).
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CD-01.13 NOTES

1. RECOMMENDATIONS

N o o >

10.

11.
12.

13.

14.

15.

The ¢, bars rest directly on the top of the footing, with no hooks needed.
L, is the ¢, bar lap length.

The starter bars are diameter ¢, bars, except where L, < L. If L, < L,, often a more suitable solution than
increasing the depth of the footing is to use two starter bars for every ¢, bar in the column. The sum of the
cross-sections of these two bars should not be less than the ¢, (bar cross-section, but their diameter should
be such that L < L,, where L, is the anchorage length. The arrangement detail is as in alternative (e).

r, = 7.5 cm if the concrete for the footing is poured directly against the soil.
r, = 2.5 cm but not less than ¢,.
See 1.5 to determine when to use anchor type a, b or ¢ at the end of the ¢, and ¢, reinforcing bars.

Length L, shall suffice to tie the ¢, starter bars securely to two ¢, transverse bars. (It may not be less than
2s, where s is the space between ¢, bars.)

In this case the column starter bars need ties of the same diameter and maximum spacing as in the column.
They differ in size.

The top of the footing is smoothed with a float or power float except in the contact area with the future col-
umn, where a rough surface such as is generated by the vibrator is needed.

In soft soils, the 25 cm over the level of the future blinding should not be excavated until shortly before pour-
ing the concrete to ensure that the soil is not softened by rainfall immediately before placement.

The subgrade is compacted before pouring the blinding for the footing and beam.

The blinding is floated or smoothed with a float or power float. Its standard 10-cm thickness may be varied
to absorb tolerances in foundation subgrade levelling.

Where the footing is to be poured on soils that constitute an aggressive medium, it should be protected by
an asphalt membrane as specified.

Before pouring the column concrete, the joint surface should be cleaned and pressure hosed. The concrete
should not be cast until the surface dries.

See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

2. STATUTORY LEGISLATION

This type of footing is not addressed in EC2 (5).
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CD-01.14
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CD-01.14 NOTES

1. RECOMMENDATIONS

N o 0o &

10.
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14.
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17.

18.

The ¢, and ¢, bars rest directly on the top of the footing, with no hooks needed.
L, is the lap length in the ¢, bar and L, is the lap length in the ¢, bar.

AR. The starter bars are diameter ¢, bars. L, should be >¢, ,, but length ¢, is defined in EC2 for the least
favourable case. In this case the side covers for the ¢, bars are very large. See (12), p. 69. A safe value
would be ', =§€bd JfL, <§ £,4, Often a more suitable solution than increasing the depth of the footing is
to use two starter bars for every ¢, bar in the column. The sum of the cross-sections of these two bars should
not be less than the ¢, bar cross-section, but their diameter should be such that E fog <L, where ¢ is the
anchorage length. The arrangement detail is as in alternative (d). This rule can be applied wherever the bar

cover is > 10 ¢ but not under 10 cm.

r, and r, are equal to 7.5 cm if the concrete for the footing is poured directly against the soil.
r,=2.5cm.

See 1.5 to determine when to use anchor type a, b or ¢ at the end of the ¢, and ¢, reinforcing bars.

Length L, shall suffice to tie ¢, or ¢, starter bars to two ¢, or ¢, transverse bars. (It may not be less than 2s,
where s is the space between ¢, or ¢, bars.)

L, is the lap length in the larger of the ¢, or ¢, bars, L, is the lap length in the larger of the ¢, or ¢, bars and
L, is the lap length in the larger of the ¢, or ¢, bars.

Sole stirrups may only be used where a < 65 cm. If a > 65 cm, multiple stirrups are needed, except where
the concrete absorbs the shear stress entirely.

If multiple stirrups are used, the horizontal legs should overlap along a length of at least L, where L, is the
anchorage length of the ¢, bars. (This is required for the horizontal leg of the stirrup to act as transverse
bending reinforcement.)

The sole purpose of the starter bar ties is to keep the starter bar assembly firmly in place while the concrete
is cast in the foundations. The starter bar assembly is to be tied at all cross points. These are not the same
ties as in the column.

The top of the footing is smoothed with a float or power float except in the contact area with the future col-
umn, where a rough surface such as is generated by the vibrator is needed.

In soft soils, the 25 cm over the level of the future blinding should not be excavated until shortly before pour-
ing the concrete to ensure that the soil is not softened by rainfall immediately before placement.

The subgrade is compacted before pouring the blinding.

The blinding is floated or smoothed with a float or power float. Its standard 10-cm thickness may be varied
to absorb tolerances in foundation subgrade levelling.

Where the footing is to be poured on soils that constitute an aggressive medium, it should be protected by
an asphalt membrane as specified.

Before pouring the column concrete, the joint surface should be cleaned and pressure hosed. The concrete
should not be cast until the surface dries.

See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

STATUTORY LEGISLATION

This type of footing is not addressed in EC2 (5).
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CD -01.15 COMBINED FOOTING (VARIATION 2)
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CD-01.15 NOTES

1. RECOMMENDATIONS

N o o &

10.

11.

12.
13.

14.

15.

16.

The ¢, and ¢, bars rest directly on the top of the footing, with no hooks needed.

L, is the lap length in the ¢, bar and L is the lap length in the ¢, bar.

The starter bars are diameter ¢, bars, except where L, < % L, If L4<§ L,, often a more suitable solution
than increasing the depth of the footing is to use two starter bars for every ¢, bar in the column. The sum
of the cross-sections of these two bars should not be less than the ¢, bar cross-section, but their diameter
should be such that 2 L, <L, where L_is the anchorage length. The arrangement detail is as in alternative
(d) The foregoing is equally applicable to ¢, bars. (If the side cover on the web in the ¢, or ¢, bars is less than
ten times their diameter, or less than 10 cm, substitute % L, for L, in the above formulas).

r, = 7.5 cm if the concrete for the footing is poured directly against the soil.
r,= 2.5¢cm > ¢8; r,= 2.5¢cm > ¢9.
See 1.5 to determine when to use anchor type a, b or ¢ at the end of the ¢,, ¢, and ¢, reinforcing bars.

Length L, shall suffice to tie ¢, or ¢, starter bars to two ¢, or ¢, transverse bars. (It may not be less than 2s,
where s is the space between ¢, or ¢, bars.)

L, is the lap length in the larger of the ¢, or ¢, bars, L, is the lap length in the larger of the ¢, or ¢, bars and
L, is the lap length in the larger of the ¢ or ¢, bars. (Laps need not be used if the commercial length of the
bars suffices.)

The starter bars on the columns need ties of the same diameter and maximum spacing as in the column if
the side cover over the T-section web is less than ten times their diameter, or less than 10 cm. Otherwise
two ties suffice (see CD — 01.03) across depth h, and two along the height of the web.

The top of the footing is smoothed with a float or power float except in the contact area with the future
column, where a rough surface such as is generated by the vibrator is needed. The flange-to-web joint is
treated similarly.

In soft soils, the 25 cm over the level of the future blinding should not be excavated until shortly before pour-
ing the concrete to ensure that the soil is not softened by rainfall immediately before placement.

The subgrade is compacted before pouring the blinding for the footing and beam.

The blinding is floated or smoothed with a float or power float. Its standard 10-cm thickness may be varied
to absorb tolerances in foundation subgrade levelling.

Where the footing is to be poured on soils that constitute an aggressive medium, it should be protected by
an asphalt membrane as specified.

Before pouring the column concrete, the joint surface should be cleaned and pressure hosed. The concrete
should not be cast until the surface dries. The flange-to-web joint is treated similarly.

See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

. STATUTORY LEGISLATION

This type of footing is not addressed in EC2 (5).
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CD-01.16
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CD-01.16 NOTES

1. RECOMMENDATIONS

1. r,=25cmz2=¢, — ¢,

r, = 7.5 cm if the concrete for the footing is poured directly against the soil.

In beams cast in an excavation width b should be at least 40 cm, for mechanised excavation.
L, is the ¢, bar anchorage length.

The top of the beam is floated or smoothed with a power float.

The bottom of the excavation is compacted before pouring the blinding.

N o o » Db

The blinding under the footing is floated or smoothed with a power float. lts standard 10-cm thickness may
be varied to absorb tolerances in foundation subgrade levelling.

8. Where the footing is to be poured on soils that constitute an aggressive medium, it should be protected by
an asphalt membrane as specified.

9. See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.
10. Care should be taken to avoid beam breakage when compacting fill over tie beams.

11. If the footing is cast in forms, footing and tie beams may be cast separately as shown. L, is the ¢, bar anchor-
age length.

2. STATUTORY LEGISLATION

See EC2, 9.8.3 (5).
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CD-01.17

FOUNDATION BEAM (VARIATION 1)
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CD-01.17 NOTES

1. RECOMMENDATIONS

© N o o

10.

11

12.
13.

14.

15.

16.

The ¢,, ¢, and ¢, bars rest directly on the top of the footing, with no hooks needed.
L, is the lap length in the ¢, bar, L, is the lap length in the ¢, bar and L is the lap length in the ¢, bar.

The starter bars are diameter ¢, bars, except where L, < L,. If L, < L,, often a more suitable solution than
increasing the depth of the footing is to use two starter bars for every ¢, bar in the column. The sum of the
cross-sections of these two bars should not be less than the ¢, bar cross-section, but their diameter should
be such that L < L, where L, is the anchorage length. The arrangement detail is as in alternative (d). For the
inner columns, see CD - 01.03.

L, is the lap length in the larger of the ¢, or ¢ bars, L, in the larger of the ¢, or ¢, bars and L, in the larger of
the ¢, or ¢, bars.

r, and r, are equal to 7.5 cm if the concrete for the footing is poured directly against the soil.
r,=2.5cmz2¢,.
See 1.5 to determine when to use anchor type a, b or ¢ as end anchors.

Length L, shall suffice to tie ¢,, ¢, or ¢, starter bars to two ¢, or ¢, transverse bars. (It may not be less than
2s, where s is the space between ¢, or ¢, bars.)

The edge column starter bars need ties of the same diameter and maximum spacing as in the column. For
the inner column starter bars, see CD — 01.03.

The top of the footing is smoothed with a float or power float except in the contact area with the future col-
umn, where a rough surface such as is generated by the vibrator is needed.

. In soft soils, the 25 cm over the level of the future blinding should not be excavated until shortly before pour-

ing the concrete to ensure that the soil is not softened by rainfall immediately before placement.
The subgrade is compacted before pouring the blinding for the footing and beam.

The blinding is floated or smoothed with a power float. Its standard 10-cm thickness may be varied to absorb
tolerances in foundation subgrade levelling.

Where the footing is to be poured on soils that constitute an aggressive medium, it should be protected by
an asphalt membrane as specified.

Before pouring the column concrete, the joint surface should be cleaned and pressure hosed. The concrete
should not be cast until the surface dries.

See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

STATUTORY LEGISLATION

This type of footing is not addressed in EC2 (5).
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CD-01.18

FOUNDATION BEAM (VARIATION 2)
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CD-01.18 NOTES

1. RECOMMENDATIONS

©® N o o

10.

11.

12.
13.

14.

15.

16.

The ¢,, ¢, and ¢, bars rest directly on the top of the footing, with no hooks needed.
L, is the lap length in the ¢, bar, L, is the lap length in the ¢, bar and L, is the lap length in the ¢, bar.

The starter bars are diameter ¢, bars, except where L, < L1. If L, < L,, often a more suitable solution than
increasing the depth of the footing is to use two starter bars for every ¢, bar in the column. The sum of the
cross-sections of these two bars should not be less than the ¢, bar cross-section, but their diameter should
be such that L < L,, where L, is the anchorage length. The arrangement detail is as in alternative (d). For the
inner columns, see CD — 01.03. (If the side cover on the web in the ¢, bars is greater than or equal to ten

times their diameter, or more than 10 cm, the condition is L, >§ L. Ifitis less, L, > L,.) The same applies
to ¢,.

L, is the lap length in the larger of the ¢, or ¢ bars, L is the lap length in the larger of the ¢, or ¢, bars and
L,, is the lap length in the larger of the ¢, or ¢, bars. (Anchorages need not be used if the commercial length
of the bars suffices.)

r, = 7.5 cm if the concrete for the footing is poured directly against the soil.
r, = 2.5 cm but not less than ¢,; r, = 2.5 cm but not less than ¢, .
See 1.5 to determine when to use anchor type a, b or ¢ as end anchors.

Length L, shall suffice to tie ¢,, ¢, or ¢, starter bars to two ¢, or ¢, transverse bars. (It may not be less than
2s, where s is the space between ¢, or ¢, bars.)

The edge column starter bars need ties of the same diameter and maximum spacing as in the column. The
starter bars on the inner columns need ties of the same diameter and maximum spacing as in the column
if the side cover over the T-section web is less than ten times their diameter, or less than 10 cm. Otherwise
two ties suffice (see CD — 01.03) across depth h, and two along the height of the web.

The top of the footing is smoothed with a float or power float except in the contact area with the future
column, where a rough surface such as is generated by the vibrator is needed. The flange-to-web joint is
treated similarly.

In soft soils, the 25 cm over the level of the future blinding should not be excavated until shortly before pour-
ing the concrete to ensure that the soil is not softened by rainfall immediately before placement.

The subgrade is compacted before pouring the blinding.

The blinding is floated or smoothed with a power float. Its standard 10-cm thickness may be varied to absorb
tolerances in foundation subgrade levelling.

Where the footing is to be poured on soils that constitute an aggressive medium, it should be protected by
an asphalt membrane as specified.

Before pouring the column concrete, the joint surface should be cleaned and pressure hosed. The concrete
should not be cast until the surface dries. The flange-to-web joint should be treated similarly.

See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

STATUTORY LEGISLATION

This type of footing is not addressed in EC2 (5).
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CD-01.19

GRID FOUNDATION (VARIATION 1) (1 of 2)
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CD-01.19 NOTES

1. RECOMMENDATIONS

-

o o AN

10.

11.
12.

13.

14.

15.

rr=25cmz2¢,— ¢,

r,=2.5cm.

r,and r, are equal to 7.5 cm if the concrete for the footing is poured directly against the soil.
The ¢,,, ¢,, and ¢, bars lie on the ¢,, ¢, and ¢, bars, respectively.

The ¢,,, ¢,, and ¢,, bars lie on the ¢,, ¢, and ¢, bars, respectively.

If the shear stress cannot be entirely absorbed by the concrete, the stirrups must be arranged in such a way
that their vertical legs are not separated by more than 60 cm or 0.75d. Cross-ties, as shown, or multiple stir-
rups (see CD - 01.17) may be used.

If multiple stirrups are used, the horizontal legs must be lapped along a distance of at least L, where L is the
stirrup anchorage length. (This is required for the horizontal arm of the stirrup to act as transverse bending
reinforcement; see CD — 01.17.)

The corner column starter bars need ties of the same diameter and maximum spacing as in the column. Two
stirrups suffice for the inner column starter bars (see CD — 01.03).

The top of the footing is smoothed with a float or power float except in the contact area with the future col-
umn, where a rough surface such as is generated by the vibrator is needed.

In soft soils, the 25 cm over the level of the future blinding should not be excavated until shortly before pour-
ing the concrete to ensure that the soil is not softened by rainfall immediately before placement.

The subgrade is compacted before pouring the blinding.

The blinding is floated or smoothed with a power float. Its standard 10-cm thickness may be varied to absorb
tolerances in foundation subgrade levelling.

Where the footing is to be poured on soils that constitute an aggressive medium, it should be protected by
an asphalt membrane as specified.

Before pouring the column concrete, the joint surface should be cleaned and pressure hosed. The concrete
should not be cast until the surface dries.

See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

STATUTORY LEGISLATION

This type of footing is not addressed in EC2 (5).
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CD-01.19

GRID FOUNDATION (VARIATION 1) (2 of 2)
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CD-01.19 NOTES

1. RECOMMENDATIONS

© o &M 0N

10.

11.
12.

13.

14.

15.

r,=25cmz2¢, — o,

r,=2.5cm.

r, and r, are equal to 7.5 cm if the concrete for the footing is poured directly against the soil.
The ¢,,, ¢,, and ¢, bars lie on the ¢,, ¢, and ¢, bars, respectively.

The ¢,,, ¢,, and ¢,, bars lie on the ¢,, ¢, and ¢, bars, respectively.

If the shear stress cannot be entirely absorbed by the concrete, the stirrups must be arranged in such a way
that their vertical legs are not separated by more than 60 cm or 0.75d. Cross-ties, as shown, or multiple
stirrups (see CD — 01.17) may be used.

If multiple stirrups are used, the horizontal legs must be lapped along a distance of at least L, where L, is the
stirrup anchorage length. (This is required for the horizontal arm of the stirrup to act as transverse bending
reinforcement; see CD — 01.17.)

The corner column starter bars need ties of the same diameter and maximum spacing as in the column. Two
stirrups suffice for the inner column starter bars (see CD — 01.03).

The top of the footing is smoothed with a float or power float except in the contact area with the future col-
umn, where a rough surface such as is generated by the vibrator is needed.

In soft soils, the 25 cm over the level of the future blinding should not be excavated until shortly before pour-
ing the concrete to ensure that the soil is not softened by rainfall immediately before placement.

The subgrade is compacted before pouring the blinding.

The blinding is floated or smoothed with a power float. Its standard 10-cm thickness may be varied to absorb
tolerances in foundation subgrade levelling.

Where the footing is to be poured on soils that constitute an aggressive medium, it should be protected by
an asphalt membrane as specified.

Before pouring the column concrete, the joint surface should be cleaned and pressure hosed. The concrete
should not be cast until the surface dries.

See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

STATUTORY LEGISLATION

This type of footing is not addressed in EC2 (5).
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CD-01.20

GRID FOUNDATION (VARIATION 2) (1 of 2)
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CD-01.20 NOTES

1. RECOMMENDATIONS

1. r,=25cm.

2. r,=25cm.

3. r,=25cm.

4. r,andr, are equal to 7.5 cm if the concrete for the footing is poured directly against the soil.

5 r,=25cm.

6. The ¢,,, ¢,, and ¢,, bars lie on the ¢,, ¢, and ¢,, bars, respectively.

7. The ¢, ¢,, and ¢,, bars lie on the ¢,, ¢, and ¢,, bars, respectively.

8. The ¢,, ¢,, and ¢,, bars lie on the ¢,, ¢, and ¢, bars, respectively.

9. L,=20cm.

10. The corner and edge column starter bars need ties of the same diameter and maximum spacing as in the
column. The starter bars on the inner columns need ties of the same diameter and maximum spacing as in
the column if the side cover over the T-section web is less than ten times their diameter, or less than 10 cm.
Otherwise two ties suffice (see CD — 01.03) across depth h, and two along the height of the web.

11. The top of the footing is smoothed with a float or power float except in the contact area with the future col-
umn, where a rough surface such as is generated by the vibrator is needed.

12. In soft soils, the 25 cm over the level of the future blinding should not be excavated until shortly before pour-
ing the concrete to ensure that the soil is not softened by rainfall immediately before placement.

13. The subgrade is compacted before pouring the blinding.

14. The blinding is floated or smoothed with a power float. Its standard 10-cm thickness may be varied to absorb
tolerances in foundation subgrade levelling.

15. Where the footing is to be poured on soils that constitute an aggressive medium, it should be protected by
an asphalt membrane as specified.

16. Before pouring the column concrete, the joint surface should be cleaned and pressure hosed. The concrete
should not be cast until the surface dries. The flange-to-web joint should be treated similarly

17. See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

2. STATUTORY LEGISLATION

This type of footing is not addressed in EC2 (5).
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CD-01.20 NOTES

1. RECOMMENDATIONS

—_

© ®» N o 0 > W N

-
o

1.

12.

13.
14.

15.

16.

17.

r,=25cm.

r,=25cm.

r,=2.5cm.

r, and r, are equal to 7.5 cm if the concrete for the footing is poured directly against the soil.
rs=2.5cm.

The ¢,,, ¢,, and ¢,, bars lie on the ¢,, ¢, and ¢,, bars, respectively.

The ¢,,, ¢,, and ¢,, bars lie on the ¢,, ¢, and ¢,, bars, respectively.

The ¢,,, ¢,5and ¢,, bars lie on the ¢,, ¢, and ¢,, bars, respectively.

L,=20cm.

. The corner and edge column starter bars need ties of the same diameter and maximum spacing as in the

column. The starter bars on the inner columns need ties of the same diameter and maximum spacing as in
the column if the side cover over the T-section web is less than ten times their diameter, or less than 10 cm.
Otherwise two ties suffice (see CD — 01.03) across depth h, and two along the height of the web.

The top of the footing is smoothed with a float or power float except in the contact area with the future col-
umn, where a rough surface such as is generated by the vibrator is needed.

In soft soils, the 25 cm over the level of the future blinding should not be excavated until shortly before pour-
ing the concrete to ensure that the soil is not softened by rainfall immediately before placement.

The subgrade is compacted before pouring the blinding.

The blinding is floated or smoothed with a power float. Its standard 10-cm thickness may be varied to absorb
tolerances in foundation subgrade levelling.

Where the footing is to be poured on soils that constitute an aggressive medium, it should be protected by
an asphalt membrane as specified.

Before pouring the column concrete, the joint surface should be cleaned and pressure hosed. The concrete
should not be cast until the surface dries. The flange-to-web joint should be treated similarly.

See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

STATUTORY LEGISLATION

This type of footing is not addressed in EC2 (5).
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CD-01.21 NOTES

1. RECOMMENDATIONS

—

o M 0D

10.

11.

12.
13.

r, =7.5 cm if the concrete for the footing is poured directly against the soil.

r, =2.5 cm. (The cover over the main reinforcement should not be smaller than its diameter.)
L, is the lap length in the larger of the ¢, or ¢,, bars.

L, is the lap length in the larger of the ¢,, or ¢,, bars.

The corner and edge column starter bars need ties of the same diameter and maximum spacing as in the
column. Two stirrups suffice for the inner column starter bars (see CD — 01.03).

The top of the footing is smoothed with a float or power float except in the contact area with the future col-
umn, where a rough surface such as is generated by the vibrator is needed.

In soft soils, the 25 cm over the level of the future blinding should not be excavated until shortly before pour-
ing the concrete to ensure that the soil is not softened by rainfall immediately before placement.

The subgrade is compacted before pouring the blinding.

The blinding is floated or smoothed with a power float. Its standard 10-cm thickness may be varied to absorb
tolerances in foundation subgrade levelling.

Where the footing is to be poured on soils that constitute an aggressive medium, it should be protected by
an asphalt membrane as specified.

Before pouring the column concrete, the joint surface should be cleaned and pressure hosed. The concrete
should not be cast until the surface dries.

See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

Placement of a polyethylene membrane over the blinding may be advisable to prevent thermal contraction
and shrinkage-induced tensile stress generated by the bond between the slab and the blinding concrete.

STATUTORY LEGISLATION

This type of footing is not addressed in EC2 (5).

SPECIFIC REFERENCES

See (18), (20) and (23).
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CD-01.21 NOTES

1. RECOMMENDATIONS

o~ 0D

10.

11.

12.
13.

r, = 7.5 cm if the concrete for the footing is poured directly against the soil.

r, = 2.5 cm. (The cover over the main reinforcement should not be smaller than its diameter.)
L, is the lap length in the larger of the ¢, or ¢,, bars.

L, is the lap length in the larger of the ¢,, or ¢, bars.

The corner and edge column starter bars need ties of the same diameter and maximum spacing as in the
column. Two stirrups suffice for the inner column starter bars (see CD — 01.03).

The top of the footing is smoothed with a float or power float except in the contact area with the future col-
umn, where a rough surface such as is generated by the vibrator is needed.

In soft soils, the 25 cm over the level of the future blinding should not be excavated until shortly before pour-
ing the concrete to ensure that the soil is not softened by rainfall immediately before placement.

The subgrade is compacted before pouring the blinding.

The blinding is floated or smoothed with a power float. Its standard 10-cm thickness may be varied to absorb
tolerances in foundation subgrade levelling.

Where the footing is to be poured on soils that constitute an aggressive medium, it should be protected by
an asphalt membrane as specified.

Before pouring the column concrete, the joint surface should be cleaned and pressure hosed. The concrete
should not be cast until the surface dries.

See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

Placement of a polyethylene membrane over the blinding may be advisable to prevent thermal contraction
and shrinkage-induced tensile stress generated by the bond between the slab and the blinding concrete.

STATUTORY LEGISLATION

This type of footing is not addressed in EC2 (5).

3. SPECIFIC REFERENCES

See (18), (20) and (23).
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CD-01.22 NOTES

1. RECOMMENDATIONS

> w N

10.

11.
12.

The ¢, bars in the column rest directly on the top of the foundation shaft.
L, is the ¢, bar lap length.
L, is the ¢, bar anchorage length.

The starter bar ties are supports whose sole purpose is to keep the starter bar assembly firmly in place while
the concrete is cast in the foundations. These are not the same ties as in the column.

The ¢, diameter starter bars should be positioned as shown in Detail A. Stability should be monitored during
concrete pouring.

In soft soils, the bottom 35 cm should not be excavated until shortly before placing the concrete to ensure
that the soil is not softened by rainfall immediately before pouring the blinding.

The foundation shaft subgrade must be compacted before the blinding is poured.
The top surface of the C 5/6 concrete should not be smoothed. (The last layer should be vibrated.)

The top surface of the foundation is smoothed with a float or power float except in the contact area with the
future column, where a rough surface such as is generated by the vibrator is needed.

Before pouring the column concrete, the joint surface should be cleaned and pressure hosed. The concrete
should not be cast until it dries.

See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

Where calculations are very tight, the mid plane in pairs of lapped bars should be perpendicular to the direc-
tion of the greatest bending moment acting on the column springing.

. STATUTORY LEGISLATION

None, to the author's knowledge.
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CD -01.23 NOTES

1. RECOMMENDATIONS

—

r,=25cm.
r,= 7.5 cm if the concrete for the footing is poured directly against the soil.
r,=2.5cm.

r,=2.5cm.

o M DN

The top of the stem and base are smoothed with a float or power float except at the joint, where a rough
surface such as is generated by the vibrator is needed.

6. In soft sails, the 25 cm over the level of the future blinding should not be excavated until shortly before pour-
ing the concrete to ensure that the soil is not softened by rainfall immediately before placement.

7. The foundation subgrade must be compacted before the blinding is poured.

8. The blinding is floated or smoothed with a power float. Its standard 10-cm thickness may be varied to absorb
tolerances in foundation subgrade levelling.

9. Where the footing is to be poured on soils that constitute an aggressive medium, it should be protected by
an asphalt membrane as specified.

10. Before casting the concrete, the joint surface should be cleaned and pressure hosed. The concrete should
not be cast until the surface dries.

11. See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

2. STATUTORY LEGISLATION

None in place.
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CD-01.24 NOTES

1. RECOMMENDATIONS

1.

Coverr, is taken to be 7.5 cm. Under certain circumstances, European standard EN 1536 (24) allows smaller
values for bored piles.

Transverse reinforcement shall be tied or welded at all intersections with the main reinforcing bars.

The reinforcement should protrude upward from the top of the pile after removal of the concrete above the
cutoff level.

At least six ¢, longitudinal bars should be used. (Five may exceptionally suffice in small diameter piles.)

¢, 2 % o, (¢, > 16 mm). (See EN 1536 ((24)), which allows smaller diameters.)

$<20¢,.
L, is the ¢, bar lap length.
L, is the ¢, bar anchorage length.

The standard 15-cm blinding depth may be changed to absorb levelling tolerances at the bottom of the cap.

. Wheel spacers should be used and attached to the transverse reinforcement with sufficient clearance to

turn.

STATUTORY LEGISLATION

EC2 (5), EN 1536 (24).
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CD-01.25 NOTES

1. RECOMMENDATIONS

In the following notes, caps are always assumed to be cast into forms.

2. The reinforcement panel rests on the pile surface at the cutoff level.

3. r,=25cm.

4. Length L, shall suffice to tie the ¢, starter bars securely to two ¢, transverse bars. (It may not be less than
2s, where s is the space between ¢, bars.)

5. The starter bar ties are supports whose sole purpose is to keep the starter bar assembly firmly in place while
the concrete is cast in the cap. The starter bar assembly is to be tied at all cross points. These are not the
same ties as in the column.

6. The top of the cap is smoothed with a float or power float except in the contact area with the future column,
where a rough surface such as is generated by the vibrator is needed.

7. In soft soils, the 25 cm over the level of the future blinding should not be excavated until shortly before pour-
ing the concrete to ensure that the soil is not softened by rainfall immediately before placement.

8. The cap subgrade must be compacted before the blinding is poured.

9. The blinding is floated or smoothed with a power float. Its standard 15-cm thickness may be varied to absorb
tolerances in foundation subgrade levelling.

10. Before casting the concrete, the joint surface should be cleaned and pressure hosed. The concrete should
not be cast until the surface dries.

11. See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

2. STATUTORY LEGISLATION

EC2 (5), EN 1536 (24).
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CD -01.26 NOTES

1. RECOMMENDATIONS

10.

11.
12.

In the following notes, caps are always assumed to be cast into forms.
The reinforcement lattice rests on the pile surface at the cutoff level.

AR. The starter bars are diameter ¢, bars. L, should be >¢, ,, but length ¢, is defined in EC2 for the least
favourable case. In this case the side covers for the ¢, bars are very large. See (12), p. 69. A safe value
would be ¢ =—1¢,,. If L, <g ¢, often a more suitable solution than increasing the depth of the cap is to
use two starter bars for every ¢, bar in the wall. The sum of the cross-sections of these two bars should
not be less than the ¢, bar cross-section, but their diameter should be such that %gbd <L, where ¢ is the
anchorage length. The arrangement detail is as in alternative (d). This rule can be applied wherever the bar
cover is > 10 ¢ but not under 10 cm.

Length L, shall suffice to tie the ¢, starter bars securely to two ¢, transverse bars. (It may not be less than
2s, where s is the space between ¢, bars.)

The starter bar ties are supports whose sole purpose is to keep the starter bar assembly firmly in place while
the concrete is cast in the cap. The starter bar assembly is to be tied at all cross points. These are not the
same ties as in the column.

The top of the cap is smoothed with a float or power float except in the contact area with the future column,
where a rough surface such as is generated by the vibrator is needed.

In soft soils, the 25 cm over the level of the future blinding should not be excavated until shortly before pour-
ing the concrete to ensure that the soil is not softened by rainfall immediately before placement.

The cap subgrade must be compacted before the blinding is poured.

The blinding is floated or smoothed with a power float. Its standard 15-cm thickness may be varied to absorb
tolerances in foundation subgrade levelling.

Before casting the concrete, the joint surface should be cleaned and pressure hosed. The concrete should
not be cast until the surface dries.

See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

AR. In large caps, top and side reinforcing grids may be advisable to prevent shrinkage and thermal contrac-
tion cracking.

STATUTORY LEGISLATION

See EC2 (5), EN 1536 (24).
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CD-01.27
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CD -01.27 NOTES

1. RECOMMENDATIONS

—

p 0D

10.

11.

12.
13.

In the following notes, caps are always assumed to be cast into forms.
The reinforcement panels rest on the pile surface at the cutoff level.
r,=25cm.

AR. The starter bars are diameter ¢, bars. L, should be >/, , but length ¢, is defined in EC-2 for the least
favourable case. In this case the side covers for the ¢, bars are very large. See (12), p. 69. A safe value

would be ¢', =E€bd. IfL, <g 2,4, Often a more suitable solution than increasing the depth of the footing is
to use two starter bars for every ¢, bar in the wall. The sum of the cross-sections of these two bars should
not be less than the ¢, bar cross-section, but their diameter should be such that %ébd <L, where 7, is the
anchorage length. The arrangement detail is as in alternative (d). This rule can be applied wherever the bar
cover is > 10 ¢ but not under 10 cm.

The L, length on the starter bars should suffice to tie them to two ¢, reinforcing bars. (It may not be less than
2s, where s is the space between ¢, bars.)

The starter bar ties are supports whose sole purpose is to keep the starter bar assembly firmly in place while
the concrete is cast in the cap. The starter bar assembly is to be tied at all cross points. These are not the
same ties as in the column.

The top of the cap is smoothed with a float or power float except in the contact area with the future column,
where a rough surface such as is generated by the vibrator is needed.

In soft soils, the 25 cm over the level of the future blinding should not be excavated until shortly before pour-
ing the concrete to ensure that the soil is not softened by rainfall immediately before placement.

The cap subgrade must be compacted before the blinding is poured.

The blinding is floated or smoothed with a power float. Its standard 15-cm thickness may be varied to absorb
tolerances in foundation subgrade levelling.

Before casting the concrete, the joint surface should be cleaned and pressure hosed. The concrete should
not be cast until the surface dries.

See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

AR. In large caps, top and side reinforcing grids may be advisable to prevent shrinkage and thermal contrac-
tion cracking.

STATUTORY LEGISLATION

See EC2 (5), EN 1536 (24).
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CD-01.28 NOTES

1. RECOMMENDATIONS

> 0N

10.

11.

12.
13.

In the following notes, caps are always assumed to be cast into forms.
The reinforcement grid rests on the pile surface at the cutoff level.
r,=2.5cm.

AR. The starter bars are diameter ¢, bars. L, should be >/, ,, but length ¢, is defined in EC-2 for the least
favourable case. In this case the side covers for the ¢, bars are very large. See (12), p. 69. A safe value

would be ¢',, :Eébd. IfL, <E {,4, Often a more suitable solution than increasing the depth of the footing is
to use two starter bars for e\?ery ¢, bar in the wall. The sum of the cross-sections of these two bars should
not be less than the ¢, bar cross-section, but their diameter should be such that E foe <L, where £ is the
anchorage length. The arrangement detail is as in alternative (d). This rule can be applied wherever the bar
cover is > 10 ¢ but not under 10 cm.

The L, length on the starter bars should suffice to tie them to two ¢, reinforcing bars. (It may not be less than
2s, where s is the space between ¢, bars.)

The starter bar ties are supports whose sole purpose is to keep the starter bar assembly firmly in place while
the concrete is cast in the cap. The starter bar assembly is to be tied at all cross points. These are not the
same ties as in the column.

The top of the cap is smoothed with a float or power float except in the contact area with the future column,
where a rough surface such as is generated by the vibrator is needed.

In soft soils, the 25 cm over the level of the future blinding should not be excavated until shortly before pour-
ing the concrete to ensure that the soil is not softened by rainfall immediately before placement.

The cap subgrade must be compacted before the blinding is poured.

The blinding is floated or smoothed with a power float. Its standard 15-cm thickness may be varied to absorb
tolerances in foundation subgrade levelling.

Before casting the concrete, the joint surface should be cleaned and pressure hosed. The concrete should
not be cast until the surface dries.

See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

AR. In large caps, top and side reinforcing may be advisable to prevent shrinkage and thermal contraction
cracking.

STATUTORY LEGISLATION

See EC2 (5), EN 1536 (24).
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CD-01.29

GROUP PILE CAP (N > 4)
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CD-01.29 NOTES

1. RECOMMENDATIONS

-t

> »® N

10.

11.

12.
13.

In the following notes, caps are always assumed to be cast into forms.
The reinforcement grid rests on the pile surface at the cutoff level.
r,=2.5cm,

AR. The starter bars are diameter ¢, bars. L, should be > /_, but length £, is defined in EC-2 for the least
favourable case. In this case the side covers for the ¢, bars are very large. See (12), p. 69. A safe value
would be ¢',, _2 lq- f L, <E ¢,4, Often a more suitable solution than increasing the depth of the footing is
to use two starter bars for every ¢, bar in the wall. The sum of the cross-sections of these two bars should
not be less than the ¢, bar cross-section, but their diameter should be such that %ebd <L, where /_, is the
anchorage length. The arrangement detail is as in alternative (d). This rule can be applied wherever the bar

cover is > 10 ¢ but not under 10 cm.

The L, length on the starter bars should suffice to tie them to two ¢, reinforcing bars. (It may not be less than
2s, where s is the space between ¢, bars.)

The starter bar ties are supports whose sole purpose is to keep the starter bar assembly firmly in place while
the concrete is cast in the cap. The starter bar assembly is to be tied at all cross points. These are not the
same ties as in the column.

The top of the cap is smoothed with a float or power float except in the contact area with the future column,
where a rough surface such as is generated by the vibrator is needed.

In soft soils, the 25 cm over the level of the future blinding should not be excavated until shortly before pour-
ing the concrete to ensure that the soil is not softened by rainfall immediately before placement.

The cap subgrade must be compacted before the blinding is poured.

The blinding is floated or smoothed with a power float. Its standard 15-cm thickness may be varied to absorb
tolerances in foundation subgrade levelling.

Before casting the concrete, the joint surface should be cleaned and pressure hosed. The concrete should
not be cast until the surface dries.

See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

In large caps, top and side reinforcing grids may be advisable to prevent shrinkage and thermal contraction
cracking.

. STATUTORY LEGISLATION

This type of pile is not addressed in EC2 (5).
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CD-01.30

CENTRING BEAM FOR ONE- OR TWO-PILE CAPS
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CD -01.30 NOTES

1. RECOMMENDATIONS

-

© N o a0 &> 0N

The beam is assumed to be cast in formwork.

r,=2.5cm.

r,=2.5cm.

r,=2.5cm.

L, is the ¢, bar anchorage length.

The bottom of the excavation is compacted before pouring the blinding.
The top of the beam is smoothed with a float or power float.

The blinding is floated or smoothed with a power float. Its standard 10-cm thickness may be varied to absorb
tolerances in foundation subgrade levelling.

Where the footing is to be poured on soils that constitute an aggressive medium, it should be protected by
an asphalt membrane as specified.

10. See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

11. Care should be taken to avoid beam breakage when compacting fill over centring beams.

12. This beam is built to resist the action effects induced by accidental eccentricity. See CD — 01.25.

. STATUTORY LEGISLATION

None in place.

. RECOMMENDED ALTERNATIVE CODES

See (7).

. SPECIFIC REFERENCES

See Section 12 in EC2 (5).
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CD -02.01

CANTILEVER RETAINING WALLS.

NOMENCLATURE
- Stem
« /
Exposed face /
Earth face
T[] e
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/_
]

Toe

Key
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CD -02.01 NOTES

1. RECOMMENDATIONS

None.

2. LEGISLATION

EC2 makes no reference to this member.

It is mentioned in EC7 (26), but essentially in connection with geotechnical aspects.

3. SPECIFIC REFERENCES

See (23) and (27).
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CANTILEVER RETAINING WALLS.
CD - 02.02

FOOTING
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CD -02.02 NOTES

1. RECOMMENDATIONS

N o 0 &

10.

11.
12.

13.

14.

See 1.5 to determine when to use anchorage type a, b or ¢ on the ¢, reinforcing bars.

The use of anchor type d, e, f or g in ¢, bars should be determined on the grounds of the anchorage calcula-
tions. See 1.5.

Lower values can be obtained applying table 8.3 F EC-2. Length L, is 2.0 times the ¢, bar lap length
(see EC2, 8.7.3).

L, is the ¢, bar lap length.
r, = 7.5 cm if the concrete is poured directly against the soil.
r, = 2.5 cm but not smaller than ¢,.

If the ¢, bar diameter is not large and cantilever V is not overly long, the bars may be tied to the ¢, and ¢, bars
to hold them in place, in which case the bar spacing must be coordinated accordingly. Otherwise, special
chairs must be used or solution (g) must be implemented.

To keep the ¢, starter bars in place during concrete pouring, they should be tied to the ¢, bars. Similarly, the
¢, bars should be tied to the ¢, bars and, advisably, to the ¢, bars to ensure stiffness while the foundations
are poured.

The top of the foundations is smoothed with a float or power float except in the contact area with the future
vertical member (construction joint), where a rough surface such as is generated by the vibrator is needed.
Before casting the concrete to form the vertical member, the foundation surface should be cleaned and
moistened. The new concrete should not be cast until the surface of the existing concrete dries.

In soft soils, the top 25 cm underneath the blinding concrete should not be excavated until shortly before
pouring the concrete to ensure that the soil is not softened by rainfall immediately before casting.

The subgrade should be compacted before pouring the blinding.

This blinding is floated or smoothed with a power float. Its 10-cm depth can be varied to absorb the levelling
tolerances at the bottom of the foundations.

In humid soils that constitute an aggressive medium, an asphalt membrane should be used as specified to
protect the concrete.

See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

SPECIFIC REFERENCES

See Chapter 5 in (23) and (27).
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CD — 02.03 CANTILEVER RETAINING WALLS.
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CD -02.03 NOTES

1. RECOMMENDATIONS

—_

Length L, is 1.5 times the ¢, bar lap length (see EC2, 8.7.3).
L, is the ¢, bar lap length.

r, (cover of ¢) is 2.5 cm but not smaller than ¢,.

> w0 DN

r, (cover of ¢,) is 2.5 cm but may not smaller than ¢, if formwork is placed against the soil. r, = 7.5 cm if the
concrete is poured directly against the soil.

5. In the upper part of the wall, the two grids can be separated with chairs. In high or very high walls, special
chairs must be used.

6. See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

7. The ¢, reinforcing bars are used to control drying shrinkage and thermal contraction at the top of the wall.

2. SPECIFIC REFERENCES

See Chapter 5, (23) and (27).
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CANTILEVER RETAINING WALLS.
CD - 02.04

VARIATIONS
See wall crown See wall crown
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CD - 02.04 NOTES

. RECOMMENDATIONS

1. The Recommendations set out in CD — 02.02 and CD — 02.03 are applicable to these variations.

2. For toeless walls, the total length of the ¢, bar that is embedded in the foundations must be greater than or
equal to its anchorage length.

. STATUTORY LEGISLATION

None in place. EC7 (26) is applicable for calculating thrust only.

. SPECIFIC REFERENCES

See Chapter 5 in (23) and (27).
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CANTILEVER RETAINING WALLS.
CD - 02.05 e
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CD -02.05 NOTES

1. RECOMMENDATIONS

1. L, is the ¢, bar lap length.
Cover r, should be 2.5 cm but not smaller than ¢,.

Cover r, should be 7.5 cm.

»> 0N

In soft soils, the top 25 cm underneath the blinding concrete should not be excavated until shortly before
pouring the concrete to ensure that the soil is not softened by rainfall immediately before casting.

o

The subgrade should be compacted before pouring the blinding.

6. The blinding is floated or smoothed with a power float. Its 10 cm depth can be varied to absorb the levelling
tolerances at the bottom of the foundations.

7. A rough surface such as is generated by vibration is needed at construction joint AB, which should not
be smoothed. Before casting the concrete to form the vertical member, the foundation surface should be
carefully cleaned and moistened. The new concrete should not be cast until the surface of the existing con-
crete dries.

8. See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

2. STATUTORY LEGISLATION

None in place. EC7 (26) is applicable for calculating thrust only.

3. SPECIFIC REFERENCES

See Chapter 5 in (23) and (27).
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CANTILEVER RETAINING WALLS.

CD - 02.06 CONSTRUCTION JOINTS IN FOOTINGS
nd
L max. . L max. I L max.
| |
07\ @\
A-A
A
MAXIMUM DISTANCE
Lmax. BY SEASON
CLIMATE
WARM COLD
HUMID 16 m 22m

NOTE: The joint may adopt the natural slope of the vibrated concrete
(a = 25°) or be formed with welded-wire mesh.
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CD - 02.06 NOTES

. RECOMMENDATIONS

1. With the use of galvanised welded-wire mesh as ‘formwork’, the resulting joint can be positioned vertically.

2. In this case, the welded-wire mesh should be tied to the reinforcement perimeter and stiffened with pieces
of off cuts steel. (See CD - 02.10.)

. STATUTORY LEGISLATION

None in place.

. RECOMMENDED ALTERNATIVE CODES

None in place.

SPECIFIC REFERENCES

See Chapter 14 in (23) and (27).
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CD — 02.07 CANTILEVER RETAINING WALLS.
e VERTICAL CONTRACTION JOINTS IN THE STEM
RECOMMENDED DISTANCE BETWEEN
WALL HEIGHT

VERTICAL CONTRACTION JOINTS

H=<24m 3H
240<H=<36m 2H
H>3.6m H ()

(*) AR. The maximum distance should not exceed 7.5m
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CD -02.07 NOTES

1. RECOMMENDATIONS

1. See CD - 02.09 for details.

2. The distances specified entail observance of the minimum shrinkage reinforcement ratios and curing rules.

2. STATUTORY LEGISLATION

EC2 makes no reference to this subject.

3. RECOMMENDED ALTERNATIVE CODES

See ACI (29).

4. SPECIFIC REFERENCES

See (23) and Chapter 14 in (27).
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CANTILEVER RETAINING WALLS.

CD —-02.08 HORIZONTAL CONSTRUCTION JOINTS IN
ARCHITECTURAL CONCRETE
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CD -02.08 NOTES

. RECOMMENDATIONS

1. The holes in the plastic tube may be:
(a) plugged with plastic stoppers;
(b) filled with mortar, except the 3 or 4 cm closest to the exposed surfaces, to be able to identify the holes;
(c) filled flush with mortar.

2. If solution 1 (c) is adopted, a tentative mortar should be prepared by mixing around two parts of the cement
used in the works with about one part of white cement for a perfect long-term blend with the wall colour.
(The proportions should be adjusted as needed by trial and error.)

. STATUTORY LEGISLATION

None in place.

. RECOMMENDED ALTERNATIVE CODES

See ACI (29).

. SPECIFIC REFERENCES

See Chapter 14 in (27).
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CD - 02.09 CANTILEVER RETAINING WALLS.
T VERTICAL CONTRACTION JOINTS
Induced
crack
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Waterstop during concrete pouring

Induced
crack

o

40 mm

(d-2) \ Wire (threaded through the
waterstop) for securing the (e)
waterstop to the reinforcement
during concrete pouring
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CD -02.09 NOTES

1. RECOMMENDATIONS

1.

o 0D

Joints (a) and (b) can transmit stress. Joint (c) can only transmit horizontal bending stress. Joints (a) and (b)
may require corrosion protection in the area around the reinforcing bar that crosses the crack if significant
amounts of water seep in through the outer side of the member.

Joints (a), (b) and (c) are scantly waterproof.
Joints (d) and (e) are fully waterproof.
Vigorous vibration must be conducted with extreme care around waterstops.

The waterstop should penetrate at least 30 cm into the wall foundation. Welding must be performed very
meticulously in long splices.

The bevelled and sunken edges in joints (a), (b) and (e) must reduce the wall section by at least 25 per cent
to ensure that the crack will form.

STATUTORY LEGISLATION

See ACI (29).

SPECIFIC REFERENCES

See Chapter 14in (27).
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CD-02.10

CANTILEVER RETAINING WALLS.
EXPANSION JOINTS

EXPANSION JOINTS ARE IMPERATIVE IN ALL SOIL TYPE OR
FOUNDATION SUPPORT LEVEL CHANGES.
MAXIMUM INTER-JOINT SPACING, <25 m.

THEY ARE ALSO NECESSARY IN CHANGES OF DIRECTION,
WHERE THE FILL IS IN THE CONCAVE AREA (CASES (a) AND

(b)) @.
- @
s
................. ¥
®) Jl |
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| AV—_
(a)
Expanded
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|
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Wire (threaded through the
waterstop) for securing the
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(e)
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Seal /
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B -

Wire (threaded through the
waterstop) for securing the
waterstop to the reinforcement
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(f)
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CD-02.10 NOTES

1. RECOMMENDATIONS

1.

o > w0 DN

The failure to make J-J joints in (a) and (b) places horizontal tensile stress in the stems and may induce tor-
sion in the footings. In this case, the members affected should be designed accordingly.

Expanded polystyrene may be replaced by any readily compressed material.
The seal for joint (d) should rest on the polystyrene.
Vigorous vibration must be conducted with extreme care around waterstops.

The waterstop should penetrate at least 30 cm into the wall foundation. Welding must be performed very
meticulously in long splices.

STATUTORY LEGISLATION

None in place.

RECOMMENDED ALTERNATIVE CODES

See ACI (29).

. SPECIFIC REFERENCES

See Chapter 14 in (27).
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CANTILEVER RETAINING WALLS.
CD -02.11 FILL AND DRAINAGE
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CD-02.11

NOTES

1. RECOMMENDATIONS

1. Angle 6 must be calculated.

2. Granular fill should be used to ensure effective drainage. Otherwise, the thrust cannot be assessed using the

usual Rankine and Coulomb theories on earth pressure.

3. For water proofing the wall there are two systems, (b), (c). In solution (b), waterproofing consists of a mere

coat of asphalt paint. In (c), a waterproofing membrane is used.

4. Alternative (c) is the solution of choice when watertightness must be guaranteed.

None in place.

See (27).

. STATUTORY LEGISLATION

SPECIFIC REFERENCES
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CD-02.12

BUTTRESS WALLS.
BUTTRESS NOMENCLATURE AND DISTRIBUTION

Stem

Footing

Buttress

t,t

L Il

[ N L
[

L

L Itl ~0.82L itJ L t, L

L t ~0.82L41ti

1

- ~0.41L
—

~0.41L

(d)
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CD-02.12 NOTES

. RECOMMENDATIONS

1. Solution (a) is the standard solution.

2. While distributing the buttress as in (c) means duplication along the expansion joint, the advantage to this
approach is that the formwork is the same for all the cells. Solution (d) calls for different formwork for the cells
alongside joints.

. STATUTORY LEGISLATION

None in place.

. RECOMMENDED ALTERNATIVE CODES

None in place.

. SPECIFIC REFERENCES

See Chapter 8 in (27).
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BUTTRESS WALLS.

CD -02.13 FOOTING

Construction joint
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CD -02.13 NOTES

1. RECOMMENDATIONS

14.
15.

16.

17.

18.

L, is 1.5 times the ¢, bar lap length.
L, is the ¢, bar lap length.

L, is the ¢, bar lap length. The length that the ¢, bars are embedded in the foundations should not be smaller
than their anchorage length.

L, is 1.5 times the ¢, bar lap length.

Lengths L. and L, should not be under 2 s, where s is the space between the ¢, bars, to ensure that the ¢,
and ¢, starter bars are tied securely to the grid at the bottom of the foundations. Analogously, the preceding
arrangements are applicable to the ¢, starter bars and the minimum value of L.

L, is the ¢, bar lap length.
Cover r, should be 7.5 cm if the concrete is poured directly against the soil.
Cover r, should be 2.5 cm but not smaller than ¢,.

r,=25cmz2¢,.

.ry=2.5cm 2 ¢,
. To keep the ¢,, ¢, and ¢, starter bars in place during concreting, they should be tied to the ¢, or ¢, bars.
. See 1.5 to determine when to use anchor type a, b or ¢ on the ¢, reinforcing bars.

. In soft soils, the top 25 cm underneath the blinding concrete should not be excavated until shortly before

pouring the concrete to ensure that the soil is not softened by rainfall immediately before casting.
The subgrade should be compacted before pouring the blinding.

The blinding is floated or smoothed with a power float. Its 10-cm depth can be varied to absorb the levelling
tolerances at the bottom of the foundations.

The top of the foundations is smoothed with a float or power float except in the contact area with the future
vertical member (construction joint), where a rough surface such as is generated by the vibrator is needed.
Before casting the concrete to form the vertical member, the foundation surface should be cleaned and
moistened. The new concrete should not be cast until the surface of the existing concrete dries.

Where the footing is to be poured against soils that constitute an aggressive medium, it should be protected
by an asphalt membrane as specified.

See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

2. STATUTORY LEGISLATION

None in place.

3. SPECIFIC REFERENCES

See Chapter 8 in (27).
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BUTTRESS WALLS.

CD - 02.14 ey
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CD-02.14

NOTES

1. RECOMMENDATIONS

—

L, is the ¢, bar lap length.
L, is the ¢, bar lap length.
L,, is the ¢,, bar lap length.
r,=25cm = ¢,

ry=25cm = ¢,.

© ©® N o 0 A~ w N

2. STATUTORY LEGISLATION

None in place.

3. SPECIFIC REFERENCES

See Chapter 8 in (27).

See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

A.R. L, is 2.0 times the ¢, bar lap length, L,. Lower values can be obtained applying table 8.3 of EC2.

In exposed concrete walls, the solution for horizontal construction joints is as specified in CD — 02.08.

Vertical contraction joints are to be made further to CD — 02.07, types (a) or (b) in CD — 02.09, or CD —02.21.
They will, in any case, be positioned midway between buttresses.
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BUTTRESS WALLS.
CD-02.15 INSIDE BUTTRESS
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CD -02.15 NOTES

1. RECOMMENDATIONS

5
6
7.
8
9

10.
11.
12.

13.
14.

L, is the ¢, bar lap length.
L, is the ¢,, bar lap length.

L,, is deduced from the ¢,, stirrup anchorage. See variations in arrangement. The ¢,, anchorage length is
counted from its point of entry in the wall.

L, is 1.5 times the ¢, bar lap length. (Note that the lap length may be conditioned by the use of paired or
bundled bars.)

The ¢, bars rest directly on the top of the foundations.

In thick stirrups, the bend radius must not be overly sharp.
L,, is the ¢, bar lap length.

L,, is the ¢, bar lap length.

r,=25cmz2¢,.

r,=2.5cmz2¢,.

r,=25cmzx¢,.

r,=25cmz2 ¢, - 6, where ¢, is the equivalent diameter for bundled bars, if used. (¢, = ¢, if no paired or
bundled bars are used.)

In exposed concrete walls, the solution for horizontal construction joints is as specified in CD — 02.08.

See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

2. STATUTORY LEGISLATION

None in place.

3. SPECIFIC REFERENCES

See Chapter 8 in (27).
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BUTTRESS WALLS.
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CD-02.16 NOTES

1. RECOMMENDATIONS

All the Recommendations in CD — 02.15 are applicable, in addition to the following.

1. L,,is deduced from the ¢, anchorage length.

2. L, is deduced from the ¢,, anchorage length.

3. In exposed concrete walls, the solution for horizontal construction joints is as specified in CD — 02.08.

2. STATUTORY LEGISLATION

None in place.

3. SPECIFIC REFERENCES

See Chapter 8 in (27).
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CD -02.17 TRAY WALLS
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CD -02.17

NOTES

1. RECOMMENDATIONS

None.

2. STATUTORY LEGISLATION

None in place.

3. SPECIFIC REFERENCES

See Chapter 9 in (27).
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TRAY WALLS.
CD -02.18 TRAY DETAILS

——————————% r
1 A A I
L4 [ ]QR L L ™ Eng spacer

P o r1
M |
b ; \— Chair on linear spacers

(@)

| N '1 Q‘] g N g3
i 11, 2 2 My L
/- ,[. - Tﬁ‘/—End spacer 4 {10 om

: 4 '/ S _ / _ _ _ - 617 r2 gz
R Y |
Ls]: r ] l\? E[LS Ly —n' L';JF la

— = MR
Laf @-*4 2 . — =t
- s A ] 3 1
i Le D Qs | 12 cm{+2
M .4 g5 Q5

L 20 20, .
_— 'I"A ¢ ) 4 min. 20@, + 12 cm

SECTION A-A

140




CD -02.18 NOTES

1. RECOMMENDATIONS

1. r,=25cmz=>¢,.
2. r,=2,5¢cm.
3. r,=r,=25cm.
4. L, is deduced from the ¢, bar anchorage length.
5. L, is deduced from the ¢, bar anchorage length.
6. L, should be s, where s is the spacing between the outer side horizontal bars, to ensure its attachment to
these bars. This should also be the minimum value for L.
7. L,is deduced from the ¢, bar anchorage conditions. (See Recommendation 6 in CD —01.10.)
8. L,isthe ¢, bar lap length.
9. Atits narrowest, the corbel must be wide enough to support the trays and absorb any tolerances.
10. In solution (a), the trays may be cast in situ in formwork or over the corbels, in turn poured against the fill on
the outer side of the wall.
11. Solution (b) calls for cast-in-place corbels and precast trays.
2. STATUTORY LEGISLATION
None in place.
3. SPECIFIC REFERENCES

See Chapter 9 in (27).
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BASEMENT WALLS.
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CD-02.19 NOTES

1. RECOMMENDATIONS

NOTE: In the remarks below, the same designations have sometimes been used for bars and covers whether

13.
14.

15.
16.

17.

18.

19.

20.

one or two basements are involved. In each case, they should be interpreted as required for the wall
to which they refer.

r, = 7.5 cm if the concrete for the footing is poured directly against the soil.

r =25cm > ¢, and = ¢, (one basement) r,=25cm = ¢,

’ = ¢, and = ¢, (two basements)

r.=25cm > 6 (one basement) - r, (one basement)
’ ¢, (two basements) 7 r, (two basements)

r,=2.5cm = ¢, (one and two basements) { r, (one basement)

r, (two basements)
r,=2.5cm = ¢, (two basements)

The horizontal part of the starter bar anchorage area should be tied to hold these bars in place during con-
crete pouring. A diagonal made of off cuts may be required in addition to the chairs to stiffen the assembly.
ForL,,, see CD — 01.03, recommendation 3.

See 1.5 to determine when to use anchor type a, b or ¢ for bars ¢,, ¢,, ¢, and ¢,.

L, is the lap length of the thicker of the ¢, or ¢, bars, or of the thicker of the ¢, or ¢, bars.
L, is the ¢, bar lap length.

L, is the ¢, bar lap length.

L, is the lap length of the thicker of the ¢, or ¢, bars.

L, is the ¢, bar lap length.

L, is the ¢, bar lap length.

. Note that, according to the calculations for a wall in a single basement, the foundations may either be rein-

forced only with ¢, bars or also require ¢, bars, in which case no ¢, starter bars are used.

. L,, is the ¢, bar lap length (detail B).
. L,, should be at least 2 s long, where s is the spacing between the transverse bars to which the respective

bar is tied.
In detail B, if the two walls in the two basements differ in thickness, they should be tied with bar cutting off cuts.

In soft soils, the top 25 cm underneath the blinding concrete should not be excavated until shortly before
pouring the concrete to ensure that the soil is not softened by rainfall immediately before casting.

The subgrade should be compacted before pouring the blinding.

The blinding is floated or smoothed with a power float. Its 10-cm depth can be varied to absorb the levelling
tolerances at the bottom of the foundations.

The top of the foundations is smoothed with a float or power float except in the contact area with the future
vertical member (construction joint), where a rough surface such as is generated by the vibrator is needed.
Before casting the concrete to form the vertical member, the foundation surface should be cleaned and
moistened. The new concrete should not be cast until the surface of the existing concrete dries.

Where the concrete is to be poured against soils that constitute an aggressive medium, it should be protected
by an asphalt membrane as specified.

In walls enclosing two basements, a rough surface such as is generated by vibration is needed for the horizontal
joints. Before pouring the new concrete, the joints should be cleaned and moistened and the surface allowed to
dry before proceeding.

See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

. STATUTORY LEGISLATION

None in place.

SPECIFIC REFERENCES

See Chapter 10 in (27).
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BASEMENT WALL.
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CD -02.20 NOTES

1. RECOMMENDATIONS

1. r,=7.5 cmif the concrete for the footing is poured directly against the soil.

> ¢,, (one basement) r,=25cm > ¢,

r,=2.5cm
=250 = ¢, (two basements)

¢, (one basement) r, (one basement)

r,.=25cm =

-

8 ¢, (two basements) 7 r, (two basements)
r,=2.5cm = ¢, (one and two basements) - r, (one basement)
8~ r, (two basements)

r,=2.5cm > ¢, (two basements)

2. The horizontal part of the starter bar anchorage area should be tied to hold these bars in place during con-
crete pouring. A diagonal made of off cuts may also be required to stiffen the assembly, in addition to chairs.

For L,,, see CD — 01.03, recommendation 3.

See 1.5 to determine when to use anchor type a, b or ¢ in ¢, or ¢,, reinforcing bars.

L, is the ¢, bar lap length.

L, is the ¢, bar lap length.

3

4

5

6. L,isthe ¢, bar lap length.

7. L,is the lap length of the thicker of the ¢, or ¢, bars.
8. L, isthe ¢, bar lap length.

9. L,isthe ¢, barlap length.

10. L,, is the ¢, bar lap length (detail B).

11. L, should be at least 2 s long, where s is the spacing between the transverse bars to which the respective
bar is tied.

12. In detail B, if the two walls in the two basements differ in thickness, they should be tied with bar cutting off
cuts.

13. L, is the length of in the wall of two basements bars anchorage length.

14. In soft soils, the top 25 cm underneath the blinding concrete should not be excavated until shortly before
pouring the concrete to ensure that the soil is not softened by rainfall immediately before casting.

15. The subgrade should be compacted before pouring the blinding.

16. The blinding is floated or smoothed with a power float. Its 10-cm depth can be varied to absorb the levelling
tolerances at the bottom of the foundations.

17. The top of the foundations is smoothed with a float or power float except in the contact area with the future
vertical member (construction joint), where a rough surface such as is generated by the vibrator is needed.
Before pouring the concrete to form the vertical member, the foundation surface should be cleaned and
moistened. The new concrete should not be cast until the surface of the existing concrete dries.

18. Where the concrete is to be poured against soils that constitute an aggressive medium, it should be protected
by an asphalt membrane as specified.

19. In walls enclosing two basements, a rough surface such as is generated by vibration is needed at the horizontal
joints. Before pouring the new concrete, the joints should be cleaned and moistened and the surface allowed to
dry before proceeding.

20. See 1.2 and 1.3 for descriptions of how to tie bars and place spacers.

. STATUTORY LEGISLATION

None in place.

. SPECIFIC REFERENCES

See Chapter 10 in (27).
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BASEMENT WALL.

CD-02.21 VERTICAL CONTRACTION JOINT

(a) VERTICAL CONTRACTION JOINT

Wire (threaded through the

waterstop) for securingthe
Angle shaped with formwork waterstop to the reinforcement
(See CD-02.08) | during concrete pouring

Wire mesh (20x20 mm)
Waterstop or expanded metal
(a-1)
Expanded metal Waterstop

\\ Lo | r Spacer

= -+~ <
U 2 B x O
Wire mesh (20x20 mm) / Wire (threaded through the
or expanded metal | waterstop)for securingthe
| waterstop to the reinforcement
(a—2) during concrete pouring

(b) EXPANSION JOINT (See CD-02.10). The specifications for

expansion joints in basement walls are the same as in retaining
walls
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CD -02.21 NOTES

1. RECOMMENDATIONS

1.

The solution depicted refers to basement walls that are also foundations, i.e. subjected to vertical bending
stress. In any other case, the solutions set out in CD — 02.09 are simpler and easier.

L, is the ¢, bar lap length.

Galvanised expanded metal or small-mesh welded-wire ‘formwork’ must be tied to the grids and stiffened with
off cuts from ¢, bars, tied to the ¢, bars. Off cuts 12 mm in diameter and spaced at 50 cm suffice and may be
withdrawn before the concrete is poured.

Vigorous vibration around waterstops must be conducted with extreme care.

The joint must be left open for two days in winter and three in summer in cold, humid environments; and three
days in winter and five in summer in warm, dry climates.

STATUTORY LEGISLATION

None in place.

SPECIFIC REFERENCES

See Chapter 10 in (27).
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CD-02.22

BASEMENT WALLS.
SPECIAL DETAILS (1 of 2)
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CD -02.22 NOTES

1. RECOMMENDATIONS

If the column width is the same or narrower than the wall width, the bond is as shown in detail A. Variation 1
affords a straightforward solution. Variation 2 is an alternative, in which the column is set back by a certain
length from the outer side of the wall (3/4 cm generally suffices) to accommodate the starter bars. (Solutions
involving starter bar deviation may also be adopted. See CD —03.04, for instance.) (The horizontal reinforce-
ment may have to be strengthened due to the concentration of loads in the column.)

The ¢, starter bars are tied to two straight pieces of off cuts. Care must be taken to ensure that the tips are
covered.

The starter bars must have stirrups of the same diameter and spacing as in the column unless the side cover
of concrete over all the bars is ten times their diameter, in which case two assembly stirrups suffice.

L, is the ¢, bar lap length.

If the column protrudes from the wall, its reinforcing bars and respective stirrups must reach into the founda-
tions (see detail G). L, must be at least 2 s, where s is the spacing between distribution bars in the founda-
tions.

See 1.5 to determine when to use anchor type a, b or ¢ in the ¢, reinforcing bars.
The reinforcement is arranged at wall corners as shown in details E and F. L, is the ¢, bar lap length.

Further to calculations, L, which is initially the ¢, bar lap length, may need to be lengthened to withstand
horizontal bending.

See CD - 02.11 for recommendations on fillers, waterproofing and drainage.

2. STATUTORY LEGISLATION

None in place.

3. SPECIFIC REFERENCES

See Chapter 10 in (27).
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BASEMENT WALLS.

CD -02.22 SPECIAL DETAILS (2 of 2)
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CD -02.22 NOTES

1. RECOMMENDATIONS

If the column width is the same or narrower than the wall width, the bond is as shown in detail A. Variation
1 affords a straightforward solution. Variation 2 is an alternative, in which the column is set back by a
certain length from the outer side of the wall (3/4 cm generally suffices) to accommodate the starter bars.
(Solutions involving starter bar deviation may also be adopted. See CD - 03.04, for instance.) (The horizontal
reinforcement may have to be strengthened due to the concentration of loads in the column.)

The ¢, starter bars are tied to two straight pieces of off cuts. Care must be taken to ensure that the tips are
covered.

The starter bars must have stirrups of the same diameter and spacing as in the column unless the side cover
of concrete over all the bars is ten times their diameter, in which case two assembly stirrups suffice.

L, is the ¢, bar lap length.

If the column protrudes from the wall, its reinforcing bars and respective stirrups must reach into the founda-
tions (see detail G). L, must be at least 2 s, where s is the spacing between distribution bars in the founda-
tions.

See 1.5 to determine when to use anchor type a, b or ¢ in the ¢, reinforcing bars.
The reinforcement is arranged at wall corners as shown in details E and F. L is the ¢, bar lap length.

Further to calculations, L, which is initially the ¢, bar lap length, may need to be lengthened to withstand
horizontal bending.

See CD - 02.11 for Recommendations on fillers, waterproofing and drainage.

2. STATUTORY LEGISLATION

None in place.

3. SPECIFIC REFERENCES

See Chapter 10in (27).
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DIAPHRAGM WALLS.
CD -02.23 GENERAL REINFORCEMENT
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CD -02.23

NOTES

1. RECOMMENDATIONS

-

r,=75cm.

r,=7.5cm.

L, is the ¢, bar lap length.

The length of L, can be greater for constructional reasons.

A rough surface such.as is generated by vibration is needed at the top.
All'reinforcement ties should be welded.

The special chairs should be welded to the ¢, bars.

© ® N o o0 ~ 0D

See 1.4 for welding details.

2. STATUTORY LEGISLATION

None in place.

3. SPECIFIC REFERENCES

See Chapter 11 in (27).

Use revolving wheel spacers, positioned on the horizontal reinforcement.
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CD -02.24

DIAPHRAGM WALLS.
CROWN BEAM

r,=2.5cm

Construction joint
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~_Special chair
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CD-02.24 NOTES

1. RECOMMENDATIONS

1. For the diaphragm wall, see CD — 02.23.

2. The construction joint surface is cleaned and moistened before pouring the concrete for the beam. The beam
is cast when the surface of the joint dries.

3. The top of the beam is smoothed with a float or power float.

4. If b > 65 cm, use multiple stirrups.

2. STATUTORY LEGISLATION

None in place.

3. SPECIFIC REFERENCES

See Chapter 11 in (27).
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CD -02.25

DIAPHRAGM WALL-BEAM BOND

(VARIATION 1

)

o

25- D, w%

ELEVATION '
Butt weld
DETAIL A
B
. @
P 9 3 4
o ] 2 I :t:
:::rn::::n'E:—;; fmbe | e rfbendls | | wefberepereunn r5
/1 IR
9;- 3, weld ol I _JL___{L____R _-_.iip _____ D5 spaced at s
e EI St | SEE R [<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>