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Demand on Green Construction
Green Policies & Eco Labelling Systems i<
Carbon Footprint of OPC-based Materials »‘

Green Alternatives — Alkali Activated Materials (AAM )
Standardisation and Guidelines for AAM

Protection against Chemical Attacks
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Remarks & Ongoing Works
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Demand on Green Construction
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@ Global challenge of limited energy resources
@ Environmental challenge of climatic changes
@ Reduce energy consumption

cic .

— @ Reduce greenhouse gas emissions
@ Better living conditions / environment

e : .

9@ Low embodied carbon raw materials

- .

@ Materials with less harmful chemicals

e o .

~~ @ Highly effective and more durable products
@ Lower operation cost and simple maintenance

MaSTEC 2015
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Hong Kong Target on Carbon Reduction

S IS S S (G O S (S N S A

Environment Bureau, HKSAR Government

ﬁ@éﬁé ﬁzﬁf

e Hong K

Global Warming - | Love GREEN
Greenhouse Gas

Hong Kong’s Climate Change
Strategy and Action Agenda

Target to reduce carbon intensity by 50-60%
by 2020 when compared with 2005
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Buildings Department APP-151
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Practice Note for Authorized Persons,
Buildings Department Registered Structural Engineers and  APP-131
Registered Geotechnical Engineers

Building Design to Foster a Quality and Sustainable Built Environment

There has been rising public concern over the quality and sustainability of
the built environment, including issues regarding building bulk and height, air
ventilation, greening and energy efficiency in buildings. In 2009, the Council for
Sustainable Development (SDC) launched a public engagement process entitled
“Building Design to Foster a Quality and Sustainable Built Environment” in
collaboration with the Government. The exercise has pointed to a need for putting in
place a package of new measures to foster a quality and sustainable built environment.
This practice note sets out a package of measures, covering the following major
elements, to promote a quality and sustainable built environment:

(a) sustainable building design guidelines (SBD Guidelines) on building
separation, building set back and site coverage of greenery,

(c) energy efficiency of buildings.

Projects from 1 April 2011
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Buildings Department APP-151
| S | SN S |G |G (S S |G [ [ |

(b) Submission of the official letter issued by the Hong Kong Green Building ; :
Council (HKGBC) acknowledging the satisfactory completion of project
registration application for BEAM Plus certification; m"

(c) Submission of a letter by the developer or owner undertaking to submit to
the BD the following documents: =
9@
(1) Result of the| Provisional Assessment under the BEAM Plus m_/
certification conferred / issued by the Hong Kong Green Building
Council to be submitted prior to the application for consent to Design Stage
commence the building works shown on the approved plans;
(11) Information on the estimated energy performance / consumption for
the common parts (for domestic developments) or for the entire
building (for non-domestic developments) to be submitted in the
standard form (Appendix B) prior to the application for consent to

Green commence the building works shown on the approved plans;
Building | (iii) Information specified in item (ii) above to be updated and submitted I
at the time of submitting application for occupation permit; and CA)
(1v) Result of the| Final Assessment under the BEAM Plus certification m_/
conferred / issued by the Hong Kong Green Building Council, within Post
6 months of the date of issuance of the occupation permit by the BA; Construction

Stage

UPTIM[X\ Materials Science and Technology in Engineering Conference —_——



PLATINUM GOLD SILVER BRONZE
STANDARD STANDARD STANDARD STANDARD

U 1T T 0T 0T 0T T T T 17T 1T 1
I

Version 1.2 Version 1.2
(2012.07) (2012.07)

Cuc. BEAM fa.... BEAM

R0 R 2 CRE R RN AR R

Voluntary Green Building Certification Scheme

Materials Science and Technology in Engineering Conference
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BEAM Plus - Assessment Categories
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6 Major Categories:

Site Aspects (Sa)

Design
Materials Aspects (Ma) —
Construct ==
Energy Use (Eu) B
Water Use (Wu) Operation , ’

Indoor Environmental Quality (leq)

Innovations and Additions (l1a)

. . . . . MaSTEC 2015
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Eco Labelling System in Hong Kong
11 1 ¢ ¢ & 0 10 1 U0 %
HKGBC Green Building Product Labelling Scheme

Improvement
Needed

Outstanding

MaSTEC 2015
T—y

-

Materials Science and Technology in Engineering Conference



Eco Labelling System in Hong Kong
| S S [ (S

CIC Carbon Labelling Scheme Construction Products

Cartion Labelling Scheme for Construction Products Carbon Labelling Scheme for Gonstruction Products
Rssessment Gulde Assessment Guide
PORTLAND CEMENT Ready-mixed Concrete

Materials Science and Technology in Engineering Conference Mg—‘?—?‘;’#



Eco Labelling System in Hong Kong
U 1T 0 0 0T 0 0 U0 ¥ U1
CIC Carbon Labelling Scheme Construction Products

Carbon Labelling Scheme for Construction Products Carbon Label
Assessment Guide

ICarbnn Rating:

PORTLAND CEMENT Product Category:

Ordinary Portland Cement .

Product: White Portland Cement CEM IEE 3)
Assessment Boundary: Cradle to Site
Country of Origin: Shenzhen, ‘thr:)
Manufacturer- ABC Cement.Co., L«t.d

CO:z Equivalent '[\\ 7
{CO2/tcementy: - 0.90
By life cycle stages (t COme | 1)
RawMatenaIA{:unm 012
Froduction A 074
Transpﬂna’tmn to }qtu; truck) 0.04
= Bulk Por[landcam forcivil engineenng, building
ap plications, ready‘mixed concrete, and concrete
products. F
» ComplieswithBSEM 197-1 GEM| 52, 5M.
» Carbon footprint assessment cumplles with |20IMS
140672013
The d=a ks proveded accordng 10 the Capon

imnamng Schams o 1N COMEIUCEIn Nousty
Councl, Hang Xong. Mars mfymasan of ha et

fEhciling =chame  can  be faomd . A
W och ciC.ong Eng T arnon. 3baiing L
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An Overview of Concrete Today
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The most used construction material in the world:
#*Versatile - can be poured into moulds and formwork
#High compressive strength

#High thermal mass

#Well established supply chain and infrastructure
#Ready-mix and precast components

Problems associated with OPC-based concrete:
#CO, Legacy - High embodied carbon _
#*Limited durability - Low resistance to acids, chlorides |, etc
#High water demand

#High heat of hydration

> OPTIMIX ' Materials Science and Technology in Engineering Conference ‘-rv"wasrgcgéﬁ
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Concrete Usage in Hong Kong

U T 10U 1T 0T 0 U U Uk
pe pespn is 5 times of the world av?r.age

Annual consumpt
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Carbon Footprint of Cement (1Ton = ~0.9Ton CO,)
U 1T 0 0 0T 0 0 U0 ¥ U1

B The cement industry creating 5-8% of worldwide greenhouse
gas CO, emission

B Third man-made producer of CO, Atmospheric (02
after transport and energy
generation
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1955 1960 1945 1970 1975 1980 1985

Concentration of Atmospheric CO, (ppm)
S

B Around one third of the CO, was
produced in China

) o /'B . 0 . . .
- ﬁﬁﬁfﬂﬁﬁfﬁﬁﬁﬁgim Materials Science and Technology in Engineering Conference

MaSTEC 2015
T—y

15



Cement Production in the World
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Global Production of Cementin 2013 Rank Country/Region mil Tonnes
1| [l Pecple's Republic of China 2480
2 | o India 280
= Other |:|:||.m1’_|"il|35_|| 3 | B=S United States 778
29.9%
4 | == Iran 75
5 | W indonesia 71
5} Brazil 70
7 | [Ef Turkey 70
; 8 | gmm Russia 85
Brazil 1,80% _— / * China57,50% 9 | Il VietNam os
* Iran1.90%_ .~ 10 | @ Japan 53
" usa 190% / 11 | gl Saudi Arabia 50
= India?,ﬂﬂﬂL 12 | j@} South Korea 49
13 | == Egypt 46
14 | g+ Mexico 36
B Over half of the cement was 10 == Thatand -
manufactured in China 17 | . Germany ez
18 Pakistan 32
19 | j J ray 29
B Can we reduce the cement usage? 20| B Aoeria =
Others 597
2013 World Production 4000

N BRREEHR RS TR L A

Nano and Advanced Materials Institute Limited

Materials Science and Technology in Engineering Conference M*OSE—Z%

16



S S (S S A A S R S

The Air Pollutants (PM, 5) Distribution around the World

. . . . . MaSTEC 2015
Materials Science and Technology in Engineering Conference ===y
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Air Quality Index (AQIl) in the Region
EEEEEEEEEEEE

atar
Ynaa aarap

Mongolia

Industrial ‘

POLLUTION

East China Seq Air Pollution

Adl | Level
51-100 Good
101-150 Lightly Polluted
E1 —E | Moderately Polluted
‘I - 201-300 Heavily Polluted
Taiwan
300+ Severely Polluted

Urgent needs to seek eco friendly cementing alternatives in the region
MaSTeC 2015
T—

=
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Binder Systems for Concretes and Mortars
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B Ordinary Portland Cement (OPC)
KX OPC CumpositiunofCu A
» OPC + PFA 25% PFA
<+ OPC + GGBS 65% GGBS
» OPC + PFA + SF
» OPC + GGBS + SF

B Alkali Activated Materials (AAM) Alkali Activator
+ Alkali + PFA 90% PFA (Li, Na, K, Rb, Cs)
o Alkali + GGBS 95% GGBS Silicate, |’|1:ydrox;;:Ie, carbonlate, sulfate
or exampie
« Alkali + Metakaolin Na,SiO,, NaOHI,ONaZSO4
<+ Alkali + PFA + GGBS NaZCO3, KOH, Ncho3
< Alkali + GGBS + Metakaolin (Alternative Cementing Materials)

-»,;_OPT]M [b Materials Science and Technology in Engineering Conference —_
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Green Concrete & Mortar Technology
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1000 —
Business as usual
800 —
n Best practice 2011
2 e.g.
= ol 75%0PC+25%PFA
:]—J —
O
0l
Q 400- _—
& <+— Stretch/Aspirational
] e.g.
* / 35%0PC+65%GGBS
ZDU; AAM-based
-~ . :
binder materials
0 (Zero C;ement Colntent) | | |
0% 20% 40% 60% 80% 100%
) OPC content
OPTIM[X [/ V- ;’;iﬁiﬁﬁf;fﬁﬁﬁfﬁj;im Materials Science and Technology in Engineering Conference —_—
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AAM Structural Use in Queensland

EEEEKEEEEEEE

Suspended floors built from AAM precast sIabs

n - c - ; . MaSTEC 2015
OPTIMIX ﬁ*&ﬁfﬁfﬁi‘%iﬁ;mw Materials Science and Technology in Engineering Conference ===y
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AAM Structural Use in Melbourne

Library built with AAM precast walls

MaSTEC 2015
——w
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AAM Structural Use in Russia
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24-storey building from insitu and precast AAM concrete

MaSTEC 2015
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AAM Structural Use in China
! U U U U U U U U U U L

6-storey building Beam & Columns of workshop

Built with AAM (slag concrete)

QOPTIMIX ) Materials Science and Technology in Engineering Conference ‘-FVMOST€62?F5
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AAM Recent Usage in United Kingdom

EEEEEEEEEEEE

Precast Insitu
Stair = Wall
(No Joint)
- 34m Long
Insitu Insitu
Floor Mass
(No Joint) Pour
1000m?
Materials Science and Technology in Engineering Conference —_——
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AAM Precast Elements and Components
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Precast Pipes Precast Walls

e s
Y 5

) N BFRREEHR R GTRL A - q . . . MaSTEC 2015
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AAM Restoration of Cultural Heritage
i1 U U 0 1T 1 ¢ ¢ U U1

Conservation of terracotta sculptures in Czech Republic

B RL ) . , , , MaSTEC 2015
*-lﬁﬁfﬁfﬁfﬁiﬁiﬁmzmm Materials Science and Technology in Engineering Conference ===y
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AAM Maintenance of Highways Structures

S IS S S (G O S (S N S A

High Early Strength

Rapid Repair for Carriageway and Road

- = ' ) ) . . VaSTEC 2015
A OPTIM[D ’w &ﬁﬁﬁfﬁiﬁiﬁm;mm Materials Science and Technology in Engineering Conference —_—
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AAM Maintenance of Sewerage System

S IS S S (G O S (S N S A

High Chemical Resistance _ o
Renovation of Sewerage Lining

' D AN sxzresnnessnsa : . . . . MaSTEC 2015
( O?TIMI’X  PAREEERHREARLD Materials Science and Technology in Engineering Conference ==y



AAM Maintenance of Sewerage System

U T 1T 0 0T 0 0T 0T 0T U0 U
High Chemical Resistance ManhOIe Repai[ |

MaSTEC 2015
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-
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Standardisation & Guidelines for AAM
EEEEEEEEEEEE

There is a move towards performance-based
standards for industry in Europe, USA, etc.

» Russian & Czech Republic (over 60 standards) |

» USA : ASTM C1157 |
{fly @
> Canada . CSA A3004'E1 !u_ll’ CANADIAN STANDARDS Iso

INTERNATIONAL ASSOCIATION

> Australia : AS 3972 P

> Switzerland : SIA 2049 = -
- |

» European Union : EN 206 ___
» Rilem : TC 224-AAM
> United Kingdom : BSI PAS 8820 2016 Ed-PE

MaSTEC 2015
T—
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Standardisation & Guidelines for AAM
! U U U U U U U U U U L

Performance-Based Standard

BS EN 206:2013

Incorporating corrigendum May 2014

! o i . e
\ —T ; ] il
Fily = C — i G
> S — - _— :
s / - 9
- g oy P o
- — B "t = q " \ 4
£ ' e

BSI Standards Publication

Concrete — Specification,
performance, production and
conformity

MaSTeC 2015
TT——
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Standardisation & Guidelines for AAM
U U U U U 0T U 0 U U U L

Rilem TC 224-AAM:2014 BSI : Draft PAS 8820:2016

RILEM State-of-the-Art Reports

PRIVATE CIRCULATION
Draft PAS 8820:2016, 2015-06-09

PAS 8820:2016

PUBLICLY AVAILABLE SPECIFICATION

f Construction materials —
John L. Provis Alkali:actiyated cementitious material —
Jannie S.J. van Deventer Editors Specification

]
THIS IS A WORKING DRAFT AND MUST NOT BE REGARDED OR USED AS A PAS.
No copying is aliowed, in any form, without written permission from BSI except as permitied
under the Copyright. Design and Patent Act 1988 or for circulation within a participating

organization and/or its membership network for briefing purposes. Electronic circulation is
limited to dissemination by email within such an organization and its members

. Please nole that this is a drafl and not a typeset document. Editorial comments are:
welcome, but you are advised not to comment on detailed matters of typography and layout.
Any formatting in this draft is 1o aid readability and does nol reflect the final format of
PAS 5820

Materials

State-of-the-Art Report,
RILEMTC 224-AAM

E @ Springer

1 © The British Standards Institution 2015

MaSTEC 2015
———w
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Potential Applications of AAM
i1 T U T U 0T ¥ U ¥ U U 1

UK BSI : Draft PAS 8820:2016

Draft PAS 8820:2016, 2015-06-09

Table A.1. Potential applications of AACM concretes

Classification Application
Ready mix Foundations
Pathways
Retaining walls
Pavements
Precast Fipes

Marhole covers

Structural or semi-structural elements
Tunnel lining segments

Insulating panels

Tiles

Paving slabs

Railway sleepers

On-site application

Repairfpatch material
Sprayed concrete

MaSTEeC 2015
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Concrete Specifications in Hong Kong

I U U U U U U U U U U 1

Limitations on usage of Cementitious Materials in Concrete Mixes

Concrete ASD CEDD HKHA MTRC
Mlxes (2012 Version) (2013 Version) (2012 Version) (2009 Version)
PFA <35% <35% 25-35% 25-35%
Constraints
GGBS <40% 35-75% N.A. 36-75% | to the Mix
Proportions
CSF <10% N.A. N.A. 5-10%
Min. Cementitious >325kg/m3 >325kg/m3 >325kg/m3 N.A. NotFReady
or
Max, Cementitious <450kg/m3 <450kg/m3 N.A. N.A. AAM
Concrete
Miggrgfgggggi;us >300kg/m?3 >350kg/m?3 >350kg/m?3 >350kg/m?3
Maximum <450kg/m?
Cementitious <550kg/m3 N.A. <550kg/m3 (EELE LY, 3
Content “ehleyin
(Cat B & C)

Materials Science and Technology in Engineering Conference —_—



Enhanced Properties of AAM over OPC-based
i1 U U 0 1T 1 ¢ ¢ U U1

Environmental friendly binder

Rapid and controllable strength gain

Resistance to acid & chemical attack

Resistance to high temperature
Good volumetric stability
Low susceptibility to degradation by ASR

Low permeability

AAM Mortar or Surface Treatment

> OPTIMIX ' Materials Science and Technology in Engineering Conference ‘-rv"wasrgcgéﬁ
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Protection Against Chemical Attacks

I U U U U U U U U U U 1

CHEMICAL RESISTANCE

Acid Resistance
for
Concrete Structures

Use of Materials

KOPTIMD?\ Materials Science and Technology in Engineering Conference ==y



Chemical Resistance to Sewerage Components

S IS S S (G O S (S N S A

Sewage / Drainage

» Manhole

» Sewage Pipe

» Culvert

> Sewage Tank

» Pumping Station
» Treatment Work

Sulfuric Acid
Attack
'\E_T_IM[X ' Materials Science and Technology in Engineering Conference ‘-rv"wasrgcgéﬁ



Biogenic Sulfuric Acid Attack

U T T 0T 0T 0T 0 0 U U U
H,S + 20, >(H,SO,| pH2-5

A
v Sewer corrosion (

through H,80, bacteria
and auto-oxidation

“eoe. 0o .0 _”
e © H,S Emission g
from Sewage Level o

Cementitious material Gypsum Biofilm

1
H,S0,

Anaerobic bacteria reducing
Sulphate to Sulfide

SULFUR-OXIDIZING BACTERIA

Hy5+ 20, RIS Hosoy,

Location of H55

Maisture Oxidizing Bacteria

Slime Layer

Settled Solids

MaSTeC 2015
—
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Acid Resistance Test in Germany for AAM Treatment
U 1T 0 0 0T 0 0 U0 ¥ U1

Test Under 2% H,SO, for 28 Days

Concrete Mortar

oPC MM

MaSTEC 2015
—
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Acid Immersion Tests in Japan for AAM Protection

U 1T 0T 0T 0T 0 00 U U U 1

OPC AAM

Weight Loss
31%

Weight Gain
0.5%

5%H,S0,(pH=0.4) 30Days Immersion

. . . . . MaSTEC 2015
Materials Science and Technology in Engineering Conference ===y




Protection Requirements for Sewerage in Tokyo

S IS S S (G O S (S N S A

Performance Requirements for Repair (Tokyo Sewage Department)

Characteristics Standard Requirements Typical AAM
. 3 days 225MPa 30MPa
Compressive
Strength 28 days 245MPa 55MPa
3 days
Flexural >3MPa 5.5MPa
Strength 28 days >7MPa 9MPa
Acid Penetration <3mm 2mm
Linear Shrinkage <0.1% 0.05%
Adhesion Strength 28 days 21.5MPa 2.3MPa
Weight Change +10% 0.5%
Application Thickness 20mm per layer Capable

OPTIMD‘D Materials Science and Technology in Engineering Conference —_——



Acid Resistance for AAM Specimens

r U U U U U U U 0 0 U 1
B Demould within 24 hours

B Submersion in 5% H,SO, solution (pH~0.5)
B Cubic specimens with OPC & AAM

Tests performed by NAMI

B RL ) . , , , MaSTEC 2015
*-lﬁﬁfﬁfﬁfﬁiﬁiﬁmzmm Materials Science and Technology in Engineering Conference ===y
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Acid Resistance of AAM Specimens

S IS S S (G O S (S N S A

Residual properties after 14-day acid (pH~0.5) immersion
Compressive strength : AAM (54 MPa) / OPC (39 MPa)
4

AAM +1.5%
2 -
'{-}E O T— T T T T T T
b7 Q 14
o
ki -2 7
-~
20
al
= -4 -
OPC-7%
-6 A
-8 -
Time (days)
QPTIM[X\, '--1ﬁﬁiﬁfﬁfﬁiﬁi’fﬁimm Materials Science and Technology in Engineering Conference =
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Acid Resistance (Long Term Test) for AAM Coated Specimens

r T T T 0 0 0 0 0 U U0

Long Term Test:1/2/3/6/12 Month - Surface No Damage

Materials Science and Technology in Engineering Conference M@%




Basic Considerations on Test Specimens for Acid Resistance Test

I U U U U U U U U U U 1

Smooth Edge vs Shape Edge

Mortar Cubes of Smooth Edges & Sharp Edges to be Co  ated

&
e -
e

~ SmoothEdges =~ Sharp Edges

OPTIMIX )¢ Materials Science and Technology in Engineering Conference ==y



Basic Considerations on Test Specimens for Acid Resistance Test

1 T T 0T 0T 7T 0 0 0 0T U 1

HFHEMIEW R A .
HONG KONG TESTING CO. LTD. T8 MW R oA
Boom 206, HF. Fui Shing Commercial 28 0 Lok Wiors Strest, Dn Lok Tessn. Famiing, WCT. Hong Mong HONG KONG TESTING CO. LTD.
Tol: (b} 260G 2171 P [B52) 2081 4274 Emal: eathk @ netvigator. com Psee 308, 2F. Bk Shing Commesial H.‘-IJT“.:I. 200 Lok s Streed, On Lok Taisn, Fanleg 0T, taong mang
AENHEETMHEREMTEO A AR T 8 e i SR G 2 a0 Tol (BT PRI 2ITT  Faoo (350 2631 4478 Emst teaink @ nedvigatoncom
BeRAREEN

RS e AN O R

B bl 2 2iT BN (E5F) 280 487

Fig. 10 Photo taken on 13 August 2000 (Day 7) for cube A

Fig. 12 Phato taken on 13 August 2010 (Day 7) for Cube C

" Fig. 11 Photo taken on 13 August 2010 (Day 7) for cube B

Fig 13 Photo taken on 13 August 2010 (Dwy 7) for Cube C

) . . . . STEC 20
Materials Science and Technology in Engineering Conference w



Basic Considerations on Test Specimens for Acid Resistance Test

1 T T 0T 0T 7T 0 0 0 0T U 1

Coated Test Specimens of Smooth Edges & Sharp Edges

Smootl-1 nge§. Sharp Edges

No Damage Damage at Edges

_.'.‘!_e_!‘z
'QOPT[M]X)_ : Materials Science and Technology in Engineering Conference ‘JMOSTE?2015



Basic Considerations on Test Specimens for Acid Resistance Test
i1 U U 0 1T 1 ¢ ¢ U U1

When Applying Protective Coating to Corners

50mm fillets

eliminate
weak points
=] : )
. . s e Tl 7 B :
‘ e : i = i 4 G b
: . F. . = : i . 4 " : =t s
4 !_a : e ; - AT a4
- | 1 i . i &

Chamfers or Fillets should be applied to Corners

—== 2.

\, i
. O_ TIM_IVX Materials Science and Technology in Engineering Conference MM



Remarks

crrrterriaeg

> Alkali activation is a green materials technology contributing
to the sustainable development with low carbon footprint

> Alkali activated material (AAM) is a prominent alternative
cementing material for replacing commonly used OPC-based

> Initial usage of AAM can be considered for those repair areas
requiring rapid strength development and chemical
resistance such as highways and sewerage structures

> Next possible application may be precast concrete
components due to high early strength and they can be
produced under factory controlled conditions .

® Green

Technology
inside

AR LT _ ) , , , MaSTEC 2015
Y, Mﬁﬁfﬁfﬁfﬁiﬁi’f&zﬁmm Materials Science and Technology in Engineering Conference ===y
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Ongoing Works

Toss HEs

| Love Hong Kong

E E I: E E E E E f: I: | Love GREEN

> In order to allow the full use of AAM in buildings and

structures, the current concrete specifications may need to
be adjusted or upgraded in line with the world’s trend on
performance-based standards or approach

Future standards in the area of concreting materials should
be based on performance criteria and open the potential to
integrate or incorporate new technologies

Studies and trial comparisons of the performance between
traditional OPC concrete and AAM concrete are urged to be
established by public and private stakeholders

The world looks for greener construction materials, it may
be a starting point for engineers in Hong Kong considering
the AAM technology as alternative green materials

: . . . . MQaSTEC 2015
Materials Science and Technology in Engineering Conference ===y
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