Aggregates in Building
Construction
What are we using, Why and What specifications are
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Construction Aggregates

» Defined as:

- Coarse particulate materials used in construction including
sand, gravel, crushed stone and also recycled materials such
as slag and recycled concrete.
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Construction Aggregates

* Aggregate Is typically used
In:

- Concrete

- Asphalt
- Armour stone
- Railway Ballast

- Sub-base
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Sub-base
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FiG. 10.1. Typical flexible pavement construction layers.

From the Geological Society Engineering Geology Special Publication No. 9 — Aggregates:
Sand, gravel and crushed rock for construction purposes (2" Edition), edited by MR Smith
and L Collis
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Sub-base

 The material which has come under the most scrutiny has been
sub-base.

 This iIs because it Is a fairly ubiquitous material

* It has been not only been used beneath roads, but also beneath
floor slabs

* It 1s this material which, when it contains pyrite, leads to the
damage seen in a number of buildings in the greater Dublin area.

- What was called up or specified for use beneath floor slabs?
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What Was Typically Specified?

Hardcore

Crusher Run

70mm Down/4” Down

Granular Material Type B
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Specifications

Hardcore — Crushed Rock Only

Crusher Run — Material which has had one pass through a crusher

70mm Down/4” Down — Grading only

Granular Material Type B/804 — Fulfills the requirements of NRA
Specification for Roadworks Series 800, Clause 804 Specification
for Sub-Base
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Civil Specifications

Series 800 — Sub-base



« Civil
* DoE Specification for
Roadworks — Series 800

* 1979 — First Issued
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DoE Specification For Roadworks — 1979 - 2000
» Originally adapted from UK Guidance

* Known as the DoE Green Book
* Introduces Specification for Clause 804

804

Material Crushed Rock
Fines Non Plastic
CBR N/A
Moisture Content N/A
Ten % Fines 50kN
Within 400mm of road surface (Frost <13mm Heave
Heave)
Within 500mm of Concrete (sulfate 2.5g/1 SO,
attack) 1% SOg4
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Clause 804 in NRA Specification for Roadworks

| 804-2000 804 - 2004 804 - 2013

Liquid Limit 20/21% 20/21% 20/21%
Moisture content OMC to OMC-2% OMC to OMC-2% OMC to OMC-2%
Ten Percent 130kN LAs LAz
Fines/LA Abrasion
(from 2004)
Flakiness Index <35 <35 <35
Magnesium >75 (This is <25 <25

sulfate soundness equivalent to <25
according to

current test
methods)
Water Absorption 2% 2% 2%
If within 500mm of 1.99/I SO,4 AS,, See Clause 808

Concrete
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What happened the Sulfate Requirement?

» Materials within 0.5m of concrete — See Clause 801 — AS, ,

» 2010 revision removed AS, , from Clause 801 and introduced two
new materials

- Clause 808 — Unbound Materials placed adjacent to Cement-
Bound Materials

- Clause 809 — Unbound Materials placed adjacent to Metallic
Structural Elements
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Clause 808 and 809 - 2010
| Clause808 | Clause809

Main Specification 804 804
Acid Soluble sulfate (AS) AS,, -
Water Soluble sulfate (WS) - 300mg/l SO,
Oxidisable sulfides (OS) - 0.06% SO,

 These figures were further amended in 2013
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Clause 808 and 809 - 2013
| Clause808 | Clause809

Main Specification 804 804
Acid Soluble sulfate (AS) - -
Water Soluble sulfate (WS) 1500mg/l SO, 300mg/l SO,
Oxidisable sulfides (OS) 0.3% SO, 0.06% SO,

The NRA Notes for Guidance on the Specification for Roadworks state the
following:

The use of the material may be permitted as structural backfill if it can be
established with the written approval of the Employer’s Representative that:

(i) the material has been used in the past as structural backfill without
leading to problems with sulfur compounds; and

(ii) the reason why the material will not cause a problem is known,
based on an understanding of its chemistry and mineralogy.
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Structural Specification

Homebond - Hardcore



« Structural
- Homebond Specifications
« 1993 — First Issued

S

'HOUSE
BUILDING
MANUAL
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Homebond Specification

* In 1993 the Homebond manual was published.

* Published to provide guidelines to those building both single
houses or housing developments who wished to avail of the
Homebond certification

 Requirement for granular material as fill beneath slabs.
- Referred to as hardcore or crushed rock
» Suppliers would provide products such as 3” Down or 5" Clean.
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Placing of Hardcore

IMEZ Rising Walls
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INTRODUCTION

Hardcore should be placed and
compacted in accordance with the
guidance given on these pages.
Failure to observe this simple
guidance can result in expensive
and disruptive remedial work.
r " ~’;l -

- -

Unacceptable fill matenial.

Hardcore material should be
clean graded crushed stone,
free from shale, 100mm
maximum size.

Demolition material, site
rubbish or pit run gravel
must not be used.
Excavated material must not
be placed inside line of
perimeter walls.

Consolidate hardcore in
layers not exceeding 225mm
in thickness

This is essential to avoid
subsequent settiement of
hardcore

Particular attention should
be paid 1o compacting

INTRODUCTION

Hardcore should be placed and
compacted in accordance with the
guidance given on these pages.
Failure to observe this simple
guidance can result in expensive
and disruptive remedial work.

Unacceptable fill material.

Hardcore material
should be clean
graded crushed
stone, free from
shale, 100 mm
maximum size.
Demolition material,
site rubbish or pit run
gravel must not be
used. Excavated
material must not be
placed inside line of
perimeter walls,

Consolidate hardcore
in layers not exceeding
225 mm in thickness.
Minimum depth of
hardcore 150 mm,

This is essential to
avoid subsequent
seltlement of hardcore.
Particular attention

hardcore where depth should be paid to
Failure of fill increases locally e.g compacting hardcore
foundation trenches. where depth increases
locally e.g. foundation
] tranches.
K
- ‘ 900 mm max. dopth Total depth of
Total depth of hardcore 900mm max. depth for hardcore for hardcore should not
- should not exceed 800mm, for hardcore for Qround bearing slabs exceed 900 mm,
except where a suspended ground boating slabs except where a
a floor is being used. | suspended floor is
- being used.
4 L™ |
o Good quality hardcore: clean,
crushed, well graded stone.
-
.
Where site conditions require a Where site conditions require a ‘
2 depth of fill of hardcore in excess depth of fill of hardcore in excess
- of 900mm, a suspended floor of 900 mm, a suspended floor
construction should be used, construction should be used.
- Suspended floors can be of Suspended floors can be of timber,
timber, insitu reinforced concrete in-situ reinforced concrete or l
k. or precast concrete. precast concrete.
Bl
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k&l Rising Walls

2006

INTRODUCTION

Hardcore should be placed and
compacted in accordance with the
guidance given on these pages.
Failure to observe this simple
guidance can result in expensive
and disruptive remedial work.

Unacceptable fill material.

Good quality hardcore: clean,
crushed, well graded stone.

Where site conditions require a
depth of fill of hardcore in excess
of 900 mm, a suspended floor
construction should be used.

Suspended floors can be of timber,

in-situ reinforced concrete or
precast concrete.

USE GOOD QUALITY
HARDCORE

Hardcore material
should be clean,
graded, crushed stone,
free from shale and
100 mm max. size. Site
rubbish or pit run gravel
must not be used and
excavated material
must not be placed
inside the perimeter
walls.

Consolidate hardcore
in layers not exceeding
225 mm in thickness.
Minimum depth of
hardcore 150 mm.

This is essential to
avoid subsequent
settlement of hardcore.
Particular attention
should be paid to
compacting hardcore
where depth increases
locally e.g. foundation
trenches.

900 mm max. depth
for hardoore for
l ground bearing slabs

Total depth of hardcore
should not exceed 900
mm, except where a
suspended floor is
being used.

| Placed

hardcore
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k&l Granular Fill Material For Use Under Concrete Floors
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GRANULAR FILL MATERIAL FOR
USE UNDER CONCRETE FLOORS

All granular fill material for use
under concrete floors and footpaths
should be fit for the purpose for
which it is intended. The

recc dations for such

and its use are as follow:

Annex E

(Informative)
An example format of a preferred specification for aggregate for unbound granular fill for use under concrete floors and
footpaths.

"Irish Standard IS EN 13242: 2002 - Aggregates for unbound
and hydraulically bound materials for use in civil engineering
work and road construction

*Standard Recommendation (SR) 21: 2004 + A1: 2007 -
Guidance on the use of IS EN 13242: 2002 — Aggregates for
unbound and hydraulically bound materials for use in civil
engineering work and road construction (Incorporating
Amendment 1: 2007).

IS EN 13242 and SR 21 are available from the National
Standards Authority of Ireland www.standards.ie.

Annex E from SR 21 is reproduced below.

Table E1 — Example specification for unbound granular fill for use under concrete floors and footpaths

Properties Category to IS EN13242: 2002
Grading (Granular Courso) e e

Grading (Fines material for blinding top surface) 0/6.3 Gf 80 As per Table 4

F to frag i A0 .

Water absorption® 1o IS EN 1097-6: 2000, Clause 7 WAo4 2

For WA>2% magnesium dness value MS25

Acid-soluble sulphate content:

Aggregales other than air-cooled blastiurnace slag ASp.2 e
Total sulfur

Agaregates n air-cooled blastfurnace slag S

Note: Speci lues for all other properties described in IS EN 13242: 2002 is not necessary because, as
apedﬁo;in Im 13242: 2002, Clauses 4.1, 5.1, 6.1 and 7.1, they are not iate to the o |

end-use or origin of the aggregate.

“For Granular coarse material only.

D at

Notes:

*

All granular material for use under concrele floors and lootpaths should be fit for the
purpose for which il is intended and recommendalions for material to be used under
concrete floors and footpaths are contained in IS EN 13242; 2002 and SR 21: 2004
+A1:2007. Members should advise when ardering that the material is for use
under floors and footpaths and obiain confirmalion on the delivery dockel that the
granular fill material deliverad to site for use in these areas is in accordance with
these recommendalions.

Granular fill material should be placed and compacted in layers nol exceeding 225
mm in thicknass.

Where site conditions require a depth of granutar fill material in excess of 900 mm, a
suspended floor construction should be used.




 Current NRA Clause 804/808/809
requirements are:

- 804 - 2010 808 - 2013 809 - 2013

Fines/Liquid
Limit

Moisture
content

LA Abrasion

Flakiness
Index

Magnesium
sulfate
soundness

Water
Absorption

Acid Soluble
sulfate (AS)
Water Soluble
sulfate (WS)

Oxidisable
sulfides (OS)

20/21%
OMC to OMC-
2%

LAz

<35

<25

2%

NR

NR

NR

20/21%
OMC to OMC-
2%

I-'6‘30

<35

<25

2%

NR

1500mg/l SO,

0.3% SO,

20/21%
OMC to OMC-
2%

LAz

<35

<25

2%

NR

300mg/l SO,

0.06% SO,
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 Current Homebond requirements
are Annex E from SR21:2004 +

Al:2007:

Granular fill material for use under Concrete floors

Properties
Grading (Granular Course)
Grading (Fines material for
blinding top surface)
Resistance to Fragmentation

Water Absorption

For WA>2% magnesium sulfate
soundness value

Acid Soluble sulfate content:
Aggregates other than air
cooled blast furnace slag

Total sulfur:

Aggregates other than air
cooled blast furnace slag

Category to IS EN 13242:2002

4/40 to Ge 85/15 or Gc 80/20

as per Table 3

0/6.3 Gf 80 As per Table 4

LAso
WA,,2

ASo.2




Standards

Naxional Standards Authority of Ireland
Udacds um Chaiphdedin Niisinta na nrmann

IRISH STANDARD
LS. EN 13242:2002+A1:2007 ICS 91.100.15

Mational Standards
Authonty of ireland
Glasnevin, Dublin 9

Ireland

Tel: +353 1 807 3800

Fax +353 1 507 3838
it I s

* IS EN 13242:2002 - gy (== | |

National Standards Autharity of Iroland

USE IN CIVIL ENGINEERING WORK AND Udards m Chaigheesi Nasiinta a  vreaon
ROAD CONSTRUCTION STANDARD RECOMMENDATION
S.R. 21:2004+A1:2007 ICS 91.100.30
© NSAI 2007
National Standards
) Authority of Ireland
Udaras um Chaighdeain Naisiinta na hE Glasnavin, Dublin 9
GUIDANCE ON THE USE OF I.S. EN o

Tel: +353 1807 3800

Fax: +353 1 807 3838
13242:2002 - AGGREGATES FOR UNBOUND ';w /,m,'v, nsaiie

° S R 2 1 2 OO 4 AND HYDRAULICALLY BOUND MATERIALS . %2

FOR USE IN CIVIL ENGINEERING WORK AND
ROAD CONSTRUCTION e ey

Shndards
(INCORPORATING AMENDMENT 1:2007) o frkpetoed

©® NSAI 2007

Udaras um Chaigl * na
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SR 21:2004

+ “extensively uses the NRA SRW as a basis for comparison of the
requirements of IS EN 13242:2002. This has been done in the absence
of any other guidance on aggregates for unbound or hydraulically
bound materials for use in civil engineering works and road
construction. It is important to highlight that IS EN 13242:2002 is not
solely dedicated to the specification of road construction, however the
majority of usage would be within this general area”.

* “Producers and specifiers should be aware that the recommended
category S, ... may not completely exclude the risk of swelling due to
the presence of a reactive form of pyrite. Where it is envisaged that
material from a quarry may be used ... It is advised that a suitably
experienced petrographer carry out a detailed mineralogical
examination...”

« However, SR21 is currently undergoing revision. Watch this space!

. Aggregates in Building Construction




Other Relevant documents

* Best practice 1n the UK as opposed to EN’s:

- BRE Special Digest 1 — Concrete in Aggressive Ground
- TRL 447 — Sulfate Specification for Structural Backfills
- BRE DG 522 —Hardcore for Supporting Ground Floors of Buildings

BRE Special Digest 1:2005

Concretein
aggressive

ground

Sulfate specification for structural
backfills

Prepared for Quality Services, Highways Agency

JM Reid (TRL Limited), M A Czerewko and J C Cripps (University of
Sheffield)

TRL Report TRLA4T (Updated)
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lan Longworth, BRe Associate

This Digest provides guidance to engineers
Mwlm n sdecting and phdng material
for use a5 herdos n budding comstruction. it

fakes ot of cent standans b peciyng. |

aggregate matwials for use 35 hardaore, ensuring
ot the matera & both gy cally stable and
chemically inert

In Part 1 candidate materishs aro reviewed.

Part 2 deals with placing and compacting
hardore motenal. & abo reviews same unsuitable
materials thet were wsed for hardeore before the
mid-1970s, both as a cautionary note for curment
spedfiers and s 2 guide for desing

DG 522 part 1

218 2 1 demz proce memimrane end iredstion

Same of the muteriah 0d placig procecias wied
10 B it have 50t et e feguirseents and theee

with 8 legacy o mmkn-u poblems
exis ing buidi

The Dogest eplacs Digest 276, which s now
withdrawn.

has 1 buidings. The principal
ccurmonces have been chemical azack by mm:m
matosds

comtent and'er chemical insabisty mmanu

Clanee 4712, the requisement for 3 Wwell-compacied
‘hardcoee Bed, 1o greater than 600 men deep, of clean,
Beoken brick of simar inert enserial, free from material:

Incuding n
Gamage the concrete”. The sigfcance of these \arous

sch, the harcicore must provide  #rm, ry kevel base, at an
appropriate heght. Materiak for hasdoore shoud be granuar
and o well

Inert and ot atected by waner They houks a0 be wel




Chemical Limits

« These documents provide suggestions to assess the generation of
potential sulfate through the oxidation of sulfides!

- Total Potential sulfates (TPS) = Total sulfur (TS)* 3

- Oxidisable sulfates (OS)= TPS — Acid soluble sulfates (AS)

» These provide an indication of the potential pyrite present in a
sample

* TRL 447 includes recommended limits in relation to avoiding
Sulfate attack on concrete

- BRE DG 522 presents a sample specification for crushed
rock/hardcore
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Chemical Limits

| TRL4 BRE DG 522

Water Soluble sulfate (WS) 1500mg/l SO, 1500mg/l SO,

Oxidisable sulfides (OS) 0.3% SO, 0.8% SO,

* TRL 447 States: - BRE DG 522 states:

- If the material is classified as  * In practice, this limit could
unacceptable because of OS be raised further for
or TPS values but has been particular materials if it can
used satisfactorily as be established (eg by
structural backfill in the past, petrographic study) that
seek expert advice, consider pyrite is predominantly
history of material and carry present in a non-reactive
out detailed testing form.
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Summary

- Specifications commonly used in Ireland contained sulfate limits
to prevent sulfate attack on concrete

- BRE SD1 and TRL 447 deal with sulfate attack on concrete
and/or metallic elements. They also look at the potential for the
generation of sulfate from the oxidation of sulfides

* BRE DG 522 also looks at the likelihood of sulfate attack but also
considers expansion problems associated with pyrite. The limits
proposed within are also conservative and may be relaxed if the
mineralogy of the rock is assessed and understood.

« However, there is no single test that assesses a material for pyrite.
A combination of chemical and petrographic tests as well as the
standard aggregate tests are required to fully understand the
behaviour of an aggregate
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Summary - Continued

* Therefore a series of tests are used to examine the material and
determine If 1t 1s suitable for use.

« Two main specifications currently being called up.
- Clause 808 material coming from the NRA SRW
- Annex E from SR21:2004 + A1:2007.

« SR21 is undergoing review and the updated version shall be
Issued soon.
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Thank you, questions...

_

Eoin Wyse e-mail: eoin.wyse@arup.com

ARUP



