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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

With their extremely long period of use and large size compared with other industrial products,
concrete structures undergo damage and deterioration during this period due to a variety of mechanical
and environmental actions. Maintenance/remedial activities are therefore carried out during this
period of use to maintain their functions and performances. Remedial activities can also be carried out
to enhance their functions and performances to adapt to changes in the social circumstances. These
activities cause environmental impacts, such as input of resources including repair materials and fuels,
greenhouse gas emissions 1nclud1ng COZ, and waste dlsposal 1nclud1ng constructlon wastewater and

1] activities

feater than
sportation

of doncrete, and construction/demolition of the building. Energy consumptiofrfor air copditioning,

lighting, etc., and the concomitant emission of greenhouse gas are particularly, enormous. ’
[SO[13315 series does not directly cover energy efficiency of air conditioning and lighting

it qovers the case where reduction in the environmental impacts,/such as reduction
conpumption, is achieved by utilizing the properties of concrete. Thisiiclude, for instance,
of joom temperature changes by the thermal mass property of cencrete. It also includes

"hough the
bquipment,
of energy
mitigation
the use of

peryious concrete to suppress the heat island phenomenon, which reduces the energy consumption

for pir conditioning, with the concomitant reduction in the emijssion of greenhouse gas. O
hand, hazardous substances can leach or radiate from concrete during the period of use

n the other
bf concrete

stryctures. Therefore, appropriate management of such various environmental influenceq generated

durfing the period of use of concrete structures is also necessary.
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Environmental management for concrete and concrete
structures —

Part 6:
Use of concrete structures

1 (Scope

Thif document provides the principles and procedures of environmental management for mafintenance/
renjedial activities of concrete structures, and environmental management during the operation of
confrete structures.

When the environmental design of a concrete structure is to be carried(out based on ISO 13315-4, this
document provides detailed information on the design for its use stage:

2 |Normative references

The following documents are referred to in the text in such a way that some or all of their content
conktitutes requirements of this document. For dated*teferences, only the edition cited gpplies. For
undated references, the latest edition of the reference@document (including any amendmengs) applies.
ISO|13315-1, Environmental management for concrgte and concrete structures — Part 1: Generdl principles
1SO|13315-2, Environmental management for-concrete and concrete structures — Part 2: System boundary
and|inventory data

1SO|13315-4, Environmental management for concrete and concrete structures — Part 4: Enjironmental
deslgn of concrete structures

[SO|14040, Environmental management — Life cycle assessment — Principles and framework

[SO|14050, Environmentalmanagement — Vocabulary

3 |Terms anddefinitions

For|the purpeses of this document, the terms and definitions given in ISO 13315-1, ISP 13315-2,
[SO[13315:4;,¥SO 14040 and ISO 14050 and the following apply.

[SOfand1EC maintain terminological databases for use in standardization at the following addresses:
— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

31

maintenance

light work carried out to maintain the functions and performances of concrete and concrete structures

Note 1 to entry: Maintenance includes visual inspection on foot or by car and investigations for diagnosis.

© IS0 2019 - All rights reserved
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3.2

remedial activity
construction work carried out to maintain or enhance the functions and performances of concrete and
concrete structures

Note 1 to entry: Remedial activities include repair, rehabilitation, refurbishment, renewal, renovation,
retrofitting, strengthening, and protection against corrosive agents.

3.3

target remedial activity
remedial activity (3.2) for which environmental consideration is given

3.4
reference

convention
(3.3) to be

3.5

target coxlcrete structure

target str
concrete st

3.6

reference
reference
standard (|
structure (
compariso

4 Symb
Symbols u

Ptrem(i)
Pirem (1)

Pirem (1)

Prrem (1)

remedial activity

al standard remedial activity (3.2) having the same purpose as the target remedial activity

used for comparison in environmental management related to remedial activity

cture
ructure for which environmental consideration is given

concrete structure

structure

Concrete) structure having the same structural and durability aspects as a target conc
B.5) or an existing (concrete) structure prior to environmental improvement, to be used
h in environmental management related to operation of concrete structures

ols

ed in this document are as follows:

expected or attained envirenmental performance of the target remedial
activity expressed as.afunction of indicator i;

expected enviroimental performance of the target remedial activity
expressed as afunction of indicator i;

attained é€nvironmental performance of the target remedial activity
expressed as a function of indicator i;

enVironmental performance of the reference remedial activity expressed
as'a function of indicator i;

environmental performance requirement of the remedial activity

Srem(i)

ete
for

Rt?rem (I)

R{rem (I)

Preo(D)

Peo (1)

EXPIesSSed as a fuICtion of imdicator 1

reduction amount of environmental impact of the target remedial activity
in comparison with the reference remedial activity;

reduction rate of environmental impact of the target remedial activity in
comparison with the reference remedial activity;

expected or attained environmental performance of the target (concrete)
structure during operation expressed as a function of indicator i;

expected environmental performance of the target (concrete) structure
during operation expressed as a function of indicator i;
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rved


https://standardsiso.com/api/?name=493ed3d7a5376acf3a7616b43bb97fcc

ISO 13315-6

attained environmental performance of the target (concrete) structure

P (i) during operation expressed as a function of indicator i;
P () environmental performance of the reference (concrete) structure
reo expressed as a function of indicator i;
S () environmental performance requirement of the (concrete) structure
co during operation expressed as a function of indicator i;
reduction amount of environmental impact of the target (concrete)
Ra (IJ structure dnring npprnfinn in r‘nmparicnn wzith the reference (r‘nnr‘rnhﬁ)
teg structure;
. reduction rate of environmental impact of the target (concrete) structiire
Ricd (1) during operation in comparison with the reference (concrete) structure;
. _ reduction rate of environmental impact in consideration of both remedial
Rirdm_teo (1) activity and operation of the structure.
5 [Principles and procedures for environmental management related to

ma

5.1

Thi

NOT

5.2

Sin

manmagement can be simplified by either of the following methods:

a)
b)
NOT

NO1
on f]

5 clause provides the principles and procedures*to appropriately carry out env
mamnagement for maintenance works and various construction works related to remedial acf

intenance/remedial activities of concrete structures

General

E See ISO 16311-1 regarding general principles of maintenance and remedial activities.

Maintenance of concrete structares

e environmental impacts due ;to maintenance works are generally small, env

the subject of environmental management with clear documentation.

E1  Worksthat are repeated on a routine basis include, for instance, regular visual inspection

Dot.

5.3

5.3.

R tatactivitiest

1 General

:2019(E)

ronmental
ivities.

ronmental

for maintenance works that'are repeated on a routine basis, carry out environmental mpnagement
by taking up a typical sevof works and in consideration of the number of times and freqyiency;

for maintenance works that scarcely generate environmental impacts, exclude these works from

by car.

E2 Works that scarcely generate environmental impacts include, for instance, routine looking-around

Environmental management of remedial activities shall be conducted appropriately in accordance with

the
a)
b)
‘)
d)

©IS

following procedure:

client briefing (see 5.3.2);

setting of environmental performance requirements (see 5.3.3);
design (see 5.3.4);

estimation (see 5.3.5);

02019 - All rights reserved
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e) verification (see 5.3.6);

f) execution and related works (see 5.3.7);
g) inspection (see 5.3.8);
h) documentation (see 5.3.9).

Figure 1 shows the flow chart of the procedure.

4 © IS0 2019 - All rights reserved
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Project initiation of remedial activity

v

Client briefing of environmental aspects,
considering economic and social aspects

Third priority

A

Setting of environmental
performance requirements

i Laws and / e Select impact categories

7S H e Set Indicators

 Set environmental performance requirements
for indicators

Seeen(d priority

Environmental performance requirements Syem(i)
Structural and
durability
requirements

Design

A

b
_; (including selection of the methods of ensuring
References environmental performances)

Database

First priority

Estimation y

Estimate each of the expected environmental performances,

Pien(1)

i

Try again

Verification

Does (Ptiem(i) )
satisfy ( Srem(i) ) ?

Decision

Are requirements for Project cancellation
structural performances

and durability satisfied?

Execution and related works| Yes

¢ Execute remedial activities
¢ Acquire necessary data on remedial activities
« Cofirm each of the attained environmental performaces, Py (1)

v

Does ( Paem(1))
satisfy (Srem() ) ?

Inspection

No

A 4

Analyze the causes

Documentation

Figure 1 — Procedure for environmental management of remedial activities
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5.3.2 Client briefing

A client brief shall be formulated regarding the environmental aspect required for the target remedial
activities in consideration of the social and economic aspects.

NOTE

See ISO 16311-2 regarding assessment of concrete structure.

5.3.3 Setting of environmental performance requirements

5.3.3.1 Selection of impact categories

Based on the client brief, the impact categories to be considered shall be selected from amophg
following i

global

[ems:

climate change;

naturdl resources use,;

stratogpheric ozone level;

land u

be/habitat alteration;

eutrophication;

acidifi
air pol
water
soil co
polluti
impacf

noise/

NOTE I

ration;

ution;

pollution;

htamination;

lon due to radioactive substances;
s due to waste generation;

yibration;

mental impact improvement.

S0 21929-1,1SO/TS 21929-2, ISO 21931-1 and Annex A serve as references for setting indicators.

5.3.3.3 Setting of environmental performance requirements for indicators

An environmental performance requirement shall be set for each indicator.

the

the
qtor.

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=493ed3d7a5376acf3a7616b43bb97fcc

ISO 13315-6:2019(E)

The environmental performance requirements shall be quantitatively set in the form of upper limits,
lower limits, or ranges, when the indicators are expressible in numerals.

NOTE

The reduction amount of environmental impact of the target remedial activity, Ry, (i), refers to

the difference between the environmental performance of the reference remedial activity and the expected or

attained environmental performance of the target remedial activity. It is defined as Formula (1).

R?rem (i):Prrem (i)_Ptrem (1) (1)
The reduction rate of environmental impact of the target remedial activity, Ry, (i), refef$fo the ratio
of the reduction of the environmental impact, R{., (i), to the environmental performgnce of the
refgrence remedial activity. It is defined as Formula (2).

P i)—P i
R{rem (I) = — ( ) t.rem ( ) (2)
Prrem (I)

5.3/4 Design

Rerpedial activities shall be designed to meet the environmenfalperformance requirements getin 5.3.3.

Methods to ensure the required environmental performancetinclude, for instance, the following:

a) |[selection of products, resources, and formwork/false work with low environmental jmpact (for
example, adopt alternative products/methods, optimize the transportation routes, etc.)

b) |selection of energy sources with low envirefimental impact (for example, adopt renewdble energy
sources);

c) |selection of machinery/equipmentiwith low environmental impact (for example, adppt hybrid
heavy machinery);

d) |appropriate control/disposal of substances discharged on the site;

e) |application of appropriate soundproof/vibration-proof measures (for example, install
soundproof walls).

NOTE See ISO 16311-3 regarding design of remedial activities.

5.3/5 Estimation

Each of the\expected environmental performances of the remedial activity designed in 5.3.4 shall be

estimated:

5.3.6—Verification

Verification shall be made as to whether or not each of the expected environmental performances,
estimated in 5.3.5, meets the performance requirements set in 5.3.3. If any of the expected
environmental performances fails to meet the performance requirements, then re-design shall be
conducted by returning to 5.3.4. If the re-design fails to meet the requirements, the environmental
performance requirements shall be reviewed by returning to 5.3.3. If the re-design fails to meet the
reviewed environmental performance requirements, client briefing shall be carried out again by
returning to 5.3.2.

When it is impossible to formulate and execute environmental design that meets the environmental
performance requirements, the project can be cancelled.

© IS0 2019 - All rights reserved
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5.3.7 Execution and related works

Construction works shall be carried out based on the design of the remedial activity, and necessary
data shall be acquired. Based on the acquired data, each of the attained environmental performances of

the remedi

NOTE

5.3.8

al activity shall be confirmed.

See ISO 16311-4 regarding execution of remedial activities.

Inspection

Inspection shall be conducted as to whether or not the attained environmental performances meet

the enviro
causes sha

5.3.9 Ddcumentation

All inform
regardless
remedial a

Informatiopn related to the environmental management of remedial activities'should preferably be u

to help the

6 Prin
of concr

6.1 Gen

This claus

client briefing (see 6.2);

imental performance requirements. If the performances fail to meet the requirements,
1 be analysed to contribute to the improvement of remedial activities in the future.

htion related to the environmental management of remedial activities shall be recor
of the results of verification and inspection, and the record shall be stored’by the designg
ctivities and the owner of the concrete structure for the required periad.

planning of similar projects.

iples and procedures for environmental management during operation
te structures
eral

b provides the principles and procedures to appropriately carry out the environme
nt during the operation of concrete struetures.

ntal management during the operation of concrete structures shall appropriately]
in accordance with the following-procedure:

of environmental performance requirements (see 6.3);
(see 6.4);

tion (see 6.5);
ation (see 6.6);

ionand related works (see 6.7);

manageme
Environme
conducted
a)

b) setting
c) design
d) estimd
e) verific
f) execut
g) inspe
h)

s L L0
TIUIr (ST u.oj,

documentation (see 6.9).

Figure 2 shows the flow chart of the procedure.

the

ded
r of

sed

htal

be
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Project initiation |

Client briefing of environmental aspects, ) o
. . . . Third priority
considering economic and social aspects
Setting of environmental
performance requirements \
Laws lanq * Select impact categories
Regulations « Set indicators
« Set environmental performance requirements < 1 priori
TOTTESPOITHIE to EatT iTdicator ot scon(l priority
Environmental performance requirements, S.,(7)
Structural and ¢
durability
requirements
Design < First griority
References
Database Estimation
Estimate each of the expected environmental performances,
Ptgo(i)
£
[
o0
[
I e
Verification =

~_

Decision p

Does ( P&(1) )
satisfy (S.())?

Execution andrelated works

¢ Execute 6peration
¢ Acquire necessary data on concrete structure during operation
« Confirm-each of the retained environmental performances, P:&(i)

Project cancellation

Does ( P3,(1))
satisfy (S.(1) )?

Analyze the causes and
take appropriate measures

Documentation

Figure 2 — Procedure for environmental management during operation of concrete structures

6.2 Client briefing

A client brief shall be formulated regarding the environmental aspect related to the intended functions
of concrete and concrete structures during their operation, in consideration of the social and economic
aspects.

NOTE1 The use of concrete and concrete structure has negative and beneficial environmental impacts during
their operation.

— Negative impacts include, for instance, emission of ammonia, radiation of radioactive radon contained in

aggregate, and leaching of heavy metals from underground concrete structures in an environment with a
constant stream of groundwater.

© IS0 2019 - All rights reserved 9
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— Beneficial impacts include, for instance, reductions in the consumption of fuels for air conditioning and
emission ofgreenhouse gasby utilizing the thermal mass effect of concrete, water purificationand suppression
of the heat island phenomenon by utilizing pervious concrete, and reduction in CO, in the atmosphere due to
concrete carbonation.

NOTE 2 Annex B serves as a reference for methods of environmental consideration for concrete and concrete
structures in operation.

6.3 Setting of environmental performance requirements

6.3.1 Se

Based on
following i

— global
— natura
— stratos

— landu

ectionofimnactcategories
t pactcateg

he client brief, the impact categories to be considered shall be selected from among
fems:

climate change;
I resources use;
pheric ozone level;

be/habitat alteration;

— eutrophication;

— acidifi
— air pol
— water

— soil co

ration;
ution;
pollution;

htamination;

— pollutibn due to radioactive substances;

— impact

— noise/

s due to waste generation;

Vibration;

— enviropmental impact improvement.

NOTE I

6.3.2 Se
Appropriat

The reduct

SO 14040 and ISO 14044 serve as references for selecting impact categories.

[ting of indicators
e indicaters shall be set for each category selected.

ior"amount of environmental impact or the reduction rate of environmental impact off

crete) structure in comparison with the reference (concrete) structure may be used a$

target (con

indicator.

NOTE I

SO 21929-1, ISO/TS 21929-2, IS0 21931-1 and Annex A serve as references for setting indicators.

6.3.3 Setting of environmental performance requirements for indicators

An environmental performance requirement shall be set for each indicator.

10

the

the
an
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The environmental performance requirements shall be quantitatively set in the form of upper limits,
lower limits, or ranges, when the indicators are expressible in numerals.

NOTE The reduction amount of environmental impact of the target (concrete) structure during its operation,
R?CO (i), refers to the difference between the environmental performance of the reference (concrete) structure in

operation and the expected or retained environmental performance of the target (concrete) structure in
operation. It is defined as Formula (3).

R?co(i):Prco(i)_Ptco(i) (3)

The reduction rate of environmental impact of the target structure in operation, Ry, ()} F¢fers to the

ratip of the reduction of the environmental impact, R{, (i), to the environmentalperformpnce of the

refdrence (concrete) structure in operation. It is defined as Formula (4).

Prco(i)_Ptco(i)

Preo 1) @

R{co (i)=

6.4 Design

6.4)]1 New concrete structures

Envlironmental design of a new concrete structure’during its operation shall be carijied out in
accprdance with ISO 13315-4 to meet the performange requirements set in 6.3.

When the requirements are set by compariseiiywith a reference (concrete) structure, th¢ design of
the|reference (concrete) structure shall be carried out in accordance with ISO 13315-4 $o that the
conjparison would be appropriate.

6.4)2 Existing concrete structures

When environmental perfornfahce improvement in the operation of an existing concretd structure
is necessary, design shall be'carried out so as to meet the environmental performance requirements
setfn 6.3.

6.5/ Estimation

6.5/]1 New. concrete structures

Each of the:expected environmental performances of a new concrete structure in operation 4s designed
under.6:4'1 shall be estimated.

When the requirements are set by comparison with the reference (concrete) structure in 6.3, each of
the expected environmental performances of the reference (concrete) structure designed under 6.4.1
shall also be estimated.

6.5.2 Existing concrete structures

Each of the expected environmental performances of an existing concrete structure in operation as
designed under 6.4.2 shall be estimated.

When the requirements are set by comparison with the reference (concrete) structure in 6.3, each of
the environmental performances of the reference (concrete) structure shall be confirmed by acquiring
data on the current state of the operation in the existing concrete structure.

© IS0 2019 - All rights reserved 11
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6.6 Verification

Verification shall be made as to whether or not each of the expected environmental performances,
estimated in 6.5, meets the performance requirements set in 6.3. If any of the expected environmental
performances fails to meet the performance requirements, re-design shall be conducted by returning
to 6.4. If the re-design fails to meet the requirements, the environmental performance requirements
shall be reviewed. If the re-design fails to meet the reviewed environmental performance requirements,
client briefing shall be carried out again.

When it is impossible to formulate and execute environmental design that meets the environmental
performance requirements, the project can be cancelled. In the existing concrete structure, it can be

necessary
efficiency 3

6.7 Execution and related works

The concrg
data shal
be confir

6.8 Insp

Inspection
the enviro
causes sha

6.9 Doci

All inform3
the results
the enviro
for the req

L}Le acquired. Based on the data, each of the actual retained environmental performances s

ko consider demolition or abandonment by comprehensively taking account of its econd
nd social value.

te structure shall be put into operation based on the environmental design, and necesg

d.

ection

wimental performance requirements. If the performanges-fail to meet the requirements,
1 be analysed and appropriate measures shall be taken.

1mentation

ition related to the environmental managefient in operation shall be recorded regardles
of verification and inspection, and the record shall be stored by the designer who condu
imental design of operation of concrete’structures and the owner of the concrete struct
1ired period.

mic

ary
hall

shall be conducted as to whether or not the retained environmental performances meet

the

s of
ted
ure
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Annex A
(informative)

Example of indicators for the environmental management

Tables A.1 to A.12 show examples of indicators for respective impact categories.

Table A.1 — Example of indicators on global climate change

Greenhouse gas emission can be set as an indicator.
Greenhouse gas includes, for example:

— carbon dioxide (CO,);

— methane (CHy);

Indjicator — dinitrogen monoxide (N,0);

— hydrofluorocarbons (HFCs);

— perfluorocarbons (PFCs);

— sulphur hexafluoride (SF).

NOTE Global climate change can be characterized as COy equivalentld].

Table A.2 — Example of indicators on natural resource use

The amount of mined'abiotic resources can be set as an indicator.
Abiotic resourcesinclude, for example:

— rock for producing aggregate;

— limestone and silica stone used for producing cement and additiong;

— natural resources (for example, iron ore) used for producing sectign steel and
coal'and limestone as materials for coke;

= natural resources (for example, Tungsten ore) used for producing fare metals
Indlicator (for example, tungsten) contained in the attachments of heavy machinpry.

The amount of water used can be set as an indicator.
Water includes, for example, tap water, industrial water, and groundwater.
The amount of each type of fossil fuel used can be set as an indicator.
Fossil fuel includes, for example, heavy oil, heating oil, light oil, and nafural gas.

The amount of materials made of biotic resources can be set as an indifator.

Bioticresources inchude; forexampte; Taw wood used- for producing ptywood for
formwork.

NOTE Abiotic resources can be characterized as antimony equivalent(2],

© IS0 2019 - All rights reserved 13
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Table A.3 — Example of indicators on stratospheric ozone level

Discharge amount of ozone-depleting substances can be set as an indicator.
Ozone-depleting substances include, for example:

— CFCs (including, for example, CFC-11 and CFC-113);
— halons (including, for example, halon 1301);

— carbon tetrachloride;

Indicator — methyl-chloroform;
— HCFCs (including, for example, HCFC-225);
— HBFC (including, for example, CHFBr,);
— bromo-chloromethane;
— methyl bromide.
NOTE §tratospheric ozone level can be characterized as CFC-11 equivalent(1].

Table A.4 — Example of indicators on land use/habitat alternhation

Amount of land to be altered can be set as indicators. The amount of land include,
for example:

Indicator — land area;

— soil volume;

— soil weight.

Table A.5 — Example of indicaters on eutrophication

For discharged water, concentration of eutrophication contributors and the
amount of discharged water can be set as indicators.

Eutrophication conttibutors include, for example:
— chemical oxygen demand (COD);

— total nitrogen;

— total phosphorus;

Indicator
— ftotal organic carbon (TOC).

Forexhaust gas, concentration of eutrophication contributors and the amount|of
exhaust gas can be set as indicators.

Eutrophication contributors include, for example:
— NOx;

— ammonia.

NOTE wiFanhication con bo clapo ot oiond oo b ool b a ool an[3]
LHtreopricatioicarpe-cRafracterizeaasprosprate-eqtHivarent=-

Table A.6 — Example of indicators on acidification

Amount of acidification contributors can be set as an indicator.
Acidification contributors include, for example:

] — nitrogen oxides (NOx);

Indicator )
— sulphur oxides (SOx);
— ammonia (NH3);

— hydrochloric acid (HCI).

NOTE Acidification can be characterized as SO, equivalentl4] .
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Table A.7 — Example of indicators on air pollution

Amount of air pollutant emission can be set as an indicator.
Air pollutants in urban environment include, for example:
— nitrogen oxides (NOx);
— sulphur oxides (SOx);

Indicator — particulate matter (PM).
Air pollutants in smog include, for example, non-methane volatile or-
ganic compounds (NMVOC).
Air pollutants in indoor environment include, for example, volatilée
organic compounds.

Table A.8 — Example of indicators on water pollution

Amount of water pollution contributors released into nature can b¢ set
as an indicator.
Water pollution contributors include, for example:

Indicator — heavy metals;
— alkaline substances;
— acidic substances;
— toxic chemicals.

Table A.9 — Example of indicators on soil contamination

Amount of soil coditamination contributors discharged into soil car] be
set as an indicator.
Soil contamination contributors include, for example:

Indicator — hgavymetals;
— -alkaline substances;
- acidic substances;
— toxic chemicals.

Table A.10:=~"Example of indicators on pollution due to radioactive substances
Indficator Radioactivity can be set as an indicator.
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Table A.11 — Example of indicators on impacts due to waste generation

Waste generation can be set as an indicator.
Waste includes, for example:

— rubble (for example, concrete rubble, crushed brick, and pottery
waste);

— waste plastic;
— rubber;

— sludge;

Indi¢ator — wood chips;

— fibres waste;

— paper waste;

— waste oil;

— incineration residue;
— asbestos;

— waste acid/waste alkali.

NOTE aste generation can be characterized as final disposal volumel2l

Table A.12 — Example of indicators on sound'and vibration

Sound/vibration level can be set gs an indicator.
Sound/vibration levels include,for example:

— sound level (dB);

— vibration level (dB),

Indig¢ator
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Annex B
(informative)

Examples of environmental consideration during operation

See Tables B.1 and B.2.

Table B.1 — Methods of environmental improvement during operation
Purpose Methods Commentary
Air-conditioning energy consumptien can be jeduced by
Utilization of heat-storage effect |utilizing heat storage effect of concrete to confrol
of concrete emission of global warming substances (See Ajnnexes C
Mitfigation of and D).
global climate Water spray on the roof made of Al_r-.cgndltlonlng energy.consumption can be jeduced by
change . utilizing latent heat of water evaporation fronj concrete
water retention concrete o X
to control emissiomof global warming substar]ces.
Absorptlgn of CO, by CO, can be stored by carbonation of concrete.
carbonation of concrete
E;;Z?éiluzf Filtration of hazardous Water¢pollution can be reduced by filtering pofluted
substances by pervious concrete |wateg through pervious concrete.
substances
Table B.2 — Methods of reducing environmental impacts during operation
Purpose Typical methods Commentary
Sugpression of Selection of aggregate aith no Residents’ exposure to radiation can be reducqd by
emi]ssion, leaching [radon selecting aggregate containing no radioactive $ubstances.
and radiation of ] ] ] ] ] ]
hagardous Concrete mix-design with low Leaching of heavy metals from concrete in corjtact with
suHstances water-to-cement-ratio (W/C) groundwater can be reduced by using low W/ concrete.
© IS0 2019 - All rights reserved 17
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C.1 Assumption

This example assumes the following:

Annex C
(informative)

Example of environmental design of concrete structures during

operation (Use of void slabs)

the taijget concrete structure is a new structure.

the reference concrete structure is a reinforced concrete structure having thé'same structural pnd

durabillity aspects without void slabs.

the gr
energy
the en
the da
the sp¢
only C

the str
perfor

ss floor area is 5 000 m2 in which void slabs total 4 000 m2.

consumption of the building during its operation is limited-to cooling.

brgy source for the cooling loads totally depends on external electric supply.
ly cooling time is 8 hours. The annual cooling peried is 100 days.

pcific CO, emission per electric power consumption is 0,6 kg-CO,/kWh.

D, is considered as a greenhouse gas.

uctural and durability performancesiof‘both cases with and without void slabs satisfies|the
mance requirements. Time-related\pérformance changes are not taken into consideratioh.

the ampnual electric power consumption of the reference concrete structure amounty to

2600

NOTE ]
software.

C.2 C(Clie

Client brief

C.3 Setting of environmental performance requirements

D00 kWh.

'he energy consumption of-concrete buildings can be estimated using energy consumption calculdtion

nt briefing

ing is catried out.

C.3.1 Selection of impact categories

Global climate change is selected as the impact category based on the briefing.

C.3.2 Setting of indicators

The reduction of CO, emissions due to the energy consumption of the target concrete structure during
operation in comparison to that of the reference concrete structure is set as the indicator.

18
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C.3.3 Setting of requirements for indicators

The CO, emissions due to energy consumption of the target concrete structure during operation are
required to be reduced by 50 tons per year of use in comparison with that of the reference concrete
structure.

In other words, Formula (C.1) or equivalent Formula (C.2) is required:

Prco(ECOZ )_Ptco(ECOZ )>50 (C.1)
R?CO (ECOZ )>50 (C.2)
where

E refers to CO, emission;
co

2

P (Eco. ) is the environmental performance of the reference (concrete) structuge during

rco L=CO operation and expressed as the CO, emission dite’to energy consumptjon of the

reference (concrete) structure during operation. (ton-CO,/year);

P (Eco. ) is the environmental performance of thetarget (concrete) structure during
tco L =C02 operation and expressed as the CO, emisSion due to energy consumptjon of the
target (concrete) structure during @peration. (ton-CO,/year).

C.4{ Design

Environmental design of the target concrete structure during operation is carried out so af to satisfy
the|requirements of C.3 based on ISO 13315-4. “Void slab” is adopted as a method of envjronmental
impgrovement.

C.5 Estimation

Accprding to The Concrete Céntrel®l, a reduction in the power consumption of 40 W per m2 pf the floor
is expected by the adoptionef void slabs. As this building is cooled for 8 hours per day and 100 days per
yeal as given in the assumptions (see C.1), the reduction in the CO, emissions due to the adoption of
void slabs is calculated with Formula (C.3):

R? (E =4000x40x8x100x0,6=76,8 C.3
o,

tco

C.6 Verification

The reduction of CO, emissions due to the use of void slabs, R} _(Ecg. ), of 76,8 tons of CO, per year
2
satisfies the requirement set in C.3, of Ri‘co [ECO2 ) greater than 50 tons of CO, per year.

C.7 Execution and related works

The building is operated based on the environmental design. By summing up the data offered from the
electric power company, the electric power consumption of the building over a year from the beginning
of operation is found to total 2 510 000 kWh/year.
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The CO, emissions of the target concrete structure due to the cooling load is calculated with

Formula (C.4):
2510000x0,6=1506 (C4)

From the assumptions of C.1, the CO, emissions of the reference concrete structure due to the cooling
load is calculated with Formula (C.5):

2600000x0,6=1560 (C.5)

Therefore,|R, (Eco, )=1560-1506=54.

tco

C.8 Inspection

a

The resultg in C.7 satisfies the requirement setin C.3, of R}

(ECO2 ) greater than 50 tons of CO, per yjear.

C.9 Documentation

The entire procedure mentioned above is documented and recorded.
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Annex D
(informative)

Example of environmental retrofitting using concrete masonry unit

D. T—Assumpticn

Thif example presents a case where Clauses 5 and 6 are simultaneously applied.

Thif example involves retrofitting for external heat insulation of a house and(its operption after

retrofitting. The following conditions are assumed:

— |the existing house is regarded as the reference structure;

— |concrete masonry units with exterior insulation (CMU) is adopted-as.a method of retrofjtting;

— |the house after the retrofitting is regarded as the target structure;

— [the house is located in ASHRAE Zone 3C[Z];

— |the gross floor area of the house is 200 m2, and the external wall area is 260 m?;

— |the existing house is made of wood-framed walls;

— |the existing house annually consumes an electric energy of 5 000 kWh;

— |energy consumption of the house during its operation is limited to cooling loads. the endrgy source
for cooling loads totally depends on external electric supply. the cooling equipment is ndt renewed;

— |the structural and durability performances satisfy the performance requirements gnd remain
unchanged after retrofitting. Time-related performance changes are not taken into corsideration.
The service life of the building is not extended by the retrofitting;

— |the period to be considergd is 20 years;

— |only CO, is considered as a greenhouse gas;

— |the specific CO3emission per electric consumption is 0,6 kg-CO,/kWh;

— |the specifi¢’€0, emission due to retrofitting work per external wall area is 31 kg-CO,/m;

— |the waste generated due to retrofitting work is limited to gypsum and wood;

— |the specific gypsum waste generation due to retrofitting work per external wall area is 0,01 m3/m?;

— the specific wood waste generation due to retrofitting work per external wall area is 0,02 m3/m?;

— wood waste can be combusted for waste reduction. Volume is reduced into 10 % after the combustion.
CO, emission due to the combustion is ignored;

— waste due to operation of the house is ignored.

NOTE The specific CO, emission due to retrofitting work is set in reference to the inventory data of reinforced

concrete building construction works in Japan. Wood volume reduction is set from wood biomass inventory data.

D.2 Client briefing

Client briefing is carried out.

© IS0 2019 - All rights reserved
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