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Research on the key design technology of Shuang Yu Artificial Island
Jin Hui, Ke Xue
(CCCC Third Harbor Consultants Co., Ltd., Shanghai 200032)

Abstract: The artificial island is constructed artificially instead of forming naturally; the use of
modern artificial island is very extensive, it can be used for the construction of deepwater port,
airport, power plant and other industrial bases such as crude oil, coal and emerging maritime city.
ShuangYu Artificial Island (Commissioned by China Merchants Group Zhangzhou
Economic-Technological Development Area) is the first domestic artificial island which is
approved by the State Council to be fully developed for tourism, living and ecology, it is a
comprehensive coastal maritime project, city developing and constructing project which integrates
city planning and landscape layout, high level protection dyke, the ecological coastline, high-end
yacht base, large artificial swimming pool, vast backfilling reclamation area and extremely soft
ground treatment, navigation gate(sluice), flood control and drainage, inland river seepage
proofing and water exchange. This paper particularly introduces how to consider the connection

between ShuangYu Island’s preceding land reclamation design and later layout and building, and
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intensively researches key technology such as determining the reasonable construction standards,
the structural scheme of the outer revetment, backfilling material selection of land formation, the
overall idea of project development et al ., according to the features that the engineering
geological location is relatively complex and the thickness of silt layer is large, the key technology
of the project is demonstrated to be under control and the objective of optimum overall project

investment has been achieved.

Key words: Artificial island, City planning, Reclamation, Construction standard, Key 5
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Risk analysis of rock fall on Freeway

LI Gang!, ZHOU Jiankun?
(1. Department of Geotechnical Engineering, College of Civil Engineering, Tongji University,
200092 P.R.China)
(2.China academy of railway science, Beijing 100081 P.R.China)

shanghai

Abstract: In the western mountain area rock fall is a very common geological disaster. In recent
years with rapid economic development in western area, a large number of mountain freeway projects
has been completed and put into operation. Because of natural weather, human activity, construction or
management of operation, there are a lot of rock fall disasters during the construction of mountain
expressway. In the paper, basing on the project of Shui Ma expressway of Yunnan province, the
accident statistics will be collected, and the rock fall probability will be got. Basing on the on-site
inspection of Shui Ma project, the risk of potential rock fall will be analyzed. The research work of this
paper has some reference value of measuring off the freeway project and the analysis of the risk.

Keyword: freeway; rock fall; risk assessment
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Table.2 Rank criterion of risk probability
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HAEHRE
7K FREETR XU 0 A
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(1. FFRFELEAR TG FERES TR, L, 200092)

W OE: JEMEERRE WG TR TESCEUR TR, RS IR B AR B BIEEATTRS
TR KRR TT 56, HARBBUARE R, AR BT E SR AL AR i L7 %8, AR SUR IR =
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Risk analysis on arriving shaft of super large diameter shield

machine under water

LI Gang', HUANG Hong-wei!
(Department of Geotechnical Engineering, College of Civil Engineering, Tongji University, shanghai
200092 P.R.China)

Abstract: Shield tunnel is developing towards large diameter which brings more risks during
reception of shield. The reception of shield is very important in tunneling. Based on the engineering
project of Yangtze River Tunnel, the author analyses all kinds of risks we may meet during the

construction and provides corresponding strategies by studying the critical construction steps of the

reception of shield.

key words: Yangtze river tunnel; break through; FAHP; risk assessment
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Tab.3 Membership degree vector of risk factor
%5 PR PR~ 55 ) 1)
1 (0.00,0.39,0.36,0.17,0.08)
2 (0.00,0.24,0.40,0.19,0.11)
3 (0.00,0.29,0.21,0.43,0.07)
4 (0.00,0.21,0.46,0.27,0.06)
5 (0.09,0.27,0.14,0.33,0.17)
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& B oxm gt FAHRFE"Y, Christophe DANO', Pierre-Yves HICHER'
(1. FERFR R TR LARE %50, MEdF 443005 2. RESIARHMANEE S @R TR LR TER, [ 2002405 3. 585 =i LML
WA R AR, Eifg 20003)

O RHAEERRAE (DEM BARRRMA) . NLBURA R (RIEERD FIRIRBRATEL (Hostun ) , i #E M
W= HEAGRI T T ORI LT T R g - AR e S AN FURZS A sgma i . I A KR AR [F INE
WIHESMET (e0=0.574, po'=400kPa) , BHEREIRE Cu (deo/dio) WK, RFETE g - e ST B BT IR B 45,
TE ev —e1 T 2RI b R AR AV I 70 g B AR AN R R o 36 3 AS [R] BB R T 1 = HE KRS, 7E e -pFl ¢ -p P L5y
T AN [F R BC BRI BHER S i 2] T IR FURTSEL, e -p FHIbEE G M RIEFURES LA T Wk, MiE ¢ -p~Fiil b
I TR LABE Cu 1B T 2R

KA PORIRAD; BECRIGHE; SREEAGRLS; IEFUIRES: kRRAR

FESES: TU41I XEAARIRES: A XERS: 1000 - 4548(2014)03 -

1EEBBT: Z2HE984 - ), ¥, MEwmsd, FEMNFEL 2. E-mail: engineer.ligang@gmail.com.

Grading effect on critical state behavior of granular materials

LI Gang'3, LIU Ying-jing'?, YIN Zhen-yu!?, DANO Christophe!, HICHER Pierre-Yves!
(1. Research Institute of Civil and Mechanical Engineering, UMR CNRS, 6183, Ecole Centrale Nantes, Nantes 44300, France; 2.

Department of Civil Engineering, School of Naval Architecture, Ocean & Civil Engineering, Shanghai Jiao Tong University, Shanghai

200240, China; 3. CCCC Third Harbor Consultants Co., Ltd., Shanghai 200032, China)
Abstract: By adopting the idealized granular materials (DEM sphere), artificial materials (glass bead) and natural materials
(Hostun sand), the grading effect on the stress-strain and the critical state behavior of granular materials is investigated through
numerical and conventional drained triaxial tests. The results reveal that for the samples with the same initial loading conditions
(eo=0.574, p'o = 400 kPa), granular materials with a wider particle distribution display more contractive behavior and also
strain hardening upon shearing. Furthermore it is found that the critical state line in the e-p’ plane shifts downward as grading
broadens with an increase of the coefficient of uniformity Cu, whereas the critical state line in the g-p' plane appears to be
independent of the coefficient of uniformity Cu.

Key words: grain size distribution; DEM; triaxial drained test; critical state; granular material
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Fig. 4 Numerical simulation of GSD effect on stress-strain responses
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Fig. 5 Critical state lines of three materials
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Schematic design and performance of retaining structure for waterfront excavation

DING Yong-chun, HANG Jian-zhong, GU Qun, CHENG Ze-kun
(CCCC Third Harbor Consultants Co., Ltd., Shanghai 200032, China)

Abstract: In combination with the schematic design of a large-scale waterfront deep excavation for passenger station adjacent
to the front wharf on piles, a kind of composite steel sheet pile retaining structure scheme for the foundation excavation is
proposed to satisfy the waterfront construction condition of retaining structure and to minimize the design alteration of the front
wharf on piles. The two-dimensional finite element numerical models are established with Plaxis to study the deformation and
mechanical performance of the two feasible waterfront retaining structure schemes, including diaphragm walls and composite
steel sheet piles. The calculated results show that the composite steel sheet piles can be constructed in parallel with the front
wharf on piles in water so as to avoid massive backfill and subsequent excavation. This leads to the decrease of earth pressure
loading on the retaining structure during inside excavating and strutting, which brings positive effects on deformation control
and overall stability of the excavation. The maximum lateral deflection of the composite steel sheet piles is only one third of the
diaphragm walls when the pit is excavated to the bottom, which means the steel sheet piles with two rows and the cast-in-place
concrete can exert the stiffness of the composite load-carrying structure effectively. The proposed composite steel sheet pile
retaining structure scheme can provide a useful reference for the design and construction of similar waterfront excavation
projects.

Key words: waterfront excavation; diaphragm wall; composite steel sheet pile; wharf on piles; slope embankment
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Fig. 1 Layout of excavation and surroundings
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WAtk GEEIETED: WitEAAL 1.59 m (F
W RBUNR 10%), WIHEKA-0.91 m (K] RAAT
£ 90%), WdE/KAr 2.69 m (50 a MR E/KAL), )
S /KAZ-1.61 m (50 a ARAEAR KAL),

®1 EETRIBHFIEG

Table 1 Physical and mechanical parameters of soils
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ref
oed E ur

5 /Nm®) /kPa /°) /MPa /MPa /MPa /MPa

@, 147 23 39 1.46
®, 19.1 279 129 527 264 132 1317
@, 189 175 11.1 520 260 13.0 130.0
@, 175 145 88 369 185 93 923
®, 200 500 256 500
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Fig. 2 Cross section of diaphragm wall scheme
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Table 2 Calculating steps of diaphragm wall scheme
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Fig. 3 Cross section of composite steel sheet pile scheme
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Table 3 Calculating steps of composite steel sheet pile scheme
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Fig. 4 Lateral deflection of retaining wall at different stages
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Fig. 5 Lateral displacement contours of diaphragm wall scheme at

stage No. 6
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Fig. 6 Lateral displacement contours of composite steel sheet pile

scheme at stage No. 6
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Fig. 7 Envelope diagrams of internal forces under different
retaining structures

AR SR ET 108 609 KN/m, H1 R IESER
KBI/IN 963 kN/m. B A7 58 N SCHE RO
7379 912 kN/m, M RELLRG T SRR N
1178 kN/m. RS SEIEGTSCP SR N 1 ih SEas Rk
W1, JEGTRIP SR PTE NIBGBOR, 555 Bk,
EREE=RIPARIBEE 2 DAL NS

4 % 1
MR 35855 % 7 BT S J5 77 T R 55 11

BRRIIOR, RN ARERH A ig 5, T IESSS
PN — 52 S A A AR WS A AR08 B, DL A2
LI S T AL 2. 205 SR A TS
9 RS T T U R BE AT =K e A, DL
AR v T S PR i R AR e, RERE N
T TAERE, SN T T TG

(2) B AANHRE AT 5 0 Sk 45 K [ 25 BEAT /K L it
T, RN Sk 5 R AR R PR S B YU 2 TR
B, i T, RATRERDT & WUIE TAlE
THFIFM . 27 RN T EGOTZH BUEH T3¢
Pk By, AT R R SR Y Ot o
EAE T AR 7Y B A SO i D IB 37 W NE AN S GRS E AR T
BhaEME.

(3) R AN R IE S AR /N T3 R L8,
(B S AN e K A0S RO M TS SR Y 1.42 1, B
RAEFE A B B IR TN IS8 . B HtE
7 GEAMUP SR AT R Bl A R ) S A P AN 3 T 5



SRR TR, XM IPRER TR AE SR
ZAllio

(O TREHELR B S 7K B2 GTHY)
Bl 4 ), R AR T SR AT VF 2 07 T A it — 2D ik 7T
TEAE: BORMEIE AR, WAL SRR
K EANBRHERE T K N REEE B S 0 0E . BERSTE
IEZKNTE « o S 5 RN i £ S8 A It T M A
TR Bk A A it B B AT IR

B AU AR B T SR R Sm A A #
B TR T A AR, R RoR Y

SE k-

[1] Z/NZ%E, Brutfe, SRR, KR K BRI 4% d i
RIS O GFTRTHT]. 55 TREAR, 2006, 28(3Y
FiJ 1): 1560 - 1564. (LI Xiao-jun, CHEN Ying-hua, XUAN
Lu-jun. Creative design of super large dry-dock head
construction by means of deep steel sheet piling excavation in
water area[J]. Chinese Journal of Geotechnical Engineering,
2006, 28(S1): 1560 - 1564. (in Chinese))

[2] ITJ 213—98 HFi#E/KSTHIE[S]. 1998. (JTT 213—98 Code of
hydrology for sea harbour[S]. 1998. (in Chinese))

[3] PMER, FEAR, RARME, & 8RBT Rk _EA
K FIFFZHE THOR ] @5 T, 2008, 30(10): 848 - 850.
(LI Yao-liang, WANG Li-xiang, YU Zhen-dong, et al.
Excavation technology under water and on land for ultra
large foundation pit of harbor basin[J]. Building Construction,
2008, 30(10): 848 - 850 (in Chinese))

[4] GB 50286—98 3B TR 1T HITE[S]. 1998. (GB 50286—98
Code for design of levee project[S]. 1998. (in Chinese))

Asia-Pacific Forum on Urban Construction Practice 2014

[5] SL 435—2008 ¥ TR T FITE[S]. 2008. (SL 435—2008
Code for design of sea dike project[S]. 2008. (in Chinese))

[6] JGJ 120—99 @HFILTTSTH EAMAELS]. 1999. JGI 120—
98 Technical specification for retaining and protection of
building foundation excavations[S]. 1999. (in Chinese))

[7] DING Yong-chun, WANG Jian-hua. Numerical modeling of
ground response during diaphragm wall construction[J].
Journal of Shanghai Jiaotong University (Science), 2008,
13(4): 1 -6.

(8] XIEAM, ETAR. FEHULRETMMI 2 M. dbat: P EER
Tolb i B A, 2009. (LIU Guo-bin, WANG Wei-dong.
Excavation engineering manual[M]. 2nd ed. Beijing: China
Architecture and Building Press, 2009. (in Chinese))

91 THE, Tad%, % R T FLACY RIS
SYERUEI T[] RHEROE R R, 2009, 43(6): 976 -
800. (DING Yong-chun, WANG Jian-hua, XU bin.
Three-dimensional numerical analysis of braced excavation
based on FLAC?"[J]. Journal of Shanghai Jiaotong University,
2009, 43(6): 976 - 800. (in Chinese))

[10] ZERERT. HbBLALFEFAM]. 2 B dbat: drEES Tk
fi #t, 2000. (GONG Xiao-nan. Ground improvement
manual[M]. 2nd ed. Beijing: China Architecture and Building
Press, 2000. (in Chinese))

[11] MANA A I, CLOUGH G W. Prediction of movements for
braced cuts in clay[J]. Journal of Geotechnical Engineering,
ASCE, 1981, 107(6): 759 - 777.

[12] CLOUGH G W, O'ROURKE T D. Construction induced

—

movements of in situ walls[C]// ASCE Conference on Design
and Performance of Earth Retaining Structures, Geotechnical

Special Publication No. 25. New York, 1990: 439 - 470.

)
I
i

575



20143 X W B2 & BB W B

F R ST REEEH-— T ER T A HBARR
B A R E B R RN

T AR
fﬁﬁémﬁzpmm
T A ﬁ S

wE

B MR feB S TR SRR
£ %I RS oo AL R AL R
E.

Bk if G FEE T g e - €y s
EF AL SFADE TS - B 19804 ~19954 » AL

A3 R TR g KT AT AT A FEa 5N AT BB AR 5 5 R R
PEFC B L) P I R s R AT DS FEEE

LG frE FA LR B AT “/‘” -—1996% ~2004& > #7v 5 B
WAE|IE G o B AP KGR 3 S ShE N S 1

“i{(‘” ___2005‘&/\/;_ é\ , |E|‘§,f}‘;ﬁ'ﬁ»—:e

mPR}L F x5 ‘;éj:@i/fl- = %’i{r& g ?T‘

,¢x§]“5’§ N E I A = O T L
P#}Zﬁg’ﬂu—*’djf&lﬂﬂr’ﬁ

Fo A prip il s~ B YL R

FES VN E Ry e N

E ‘3\—&

l. % el > SR F AR P L o iy
f:d»‘;;;[-;):o
AR AL AAESAT S S ’tﬁf?ig :;«_‘4*L\,;&ﬁfgi
TR 7}\2}-47-‘ i@“\‘s \‘1?-— %ﬂ\f‘] . [ / 4 '
B ALK F X A Q{EO,‘iJ }} J!
e A r’g?}il—u vt’EEjj;\z'ﬂa i’ﬁ.’_,&] f

*l"“x

LIS 'I”i‘ﬁ Yo “ja ’ 1/#\

ERARE S LB ]fi:, ‘PL&'])FFM,
ﬂfﬁr_é‘fﬂ 3% > —f’i}‘l,”;}ér—\7
TR EEE S B foil s

2L FHE S S s AR o R 0

}\
Sl w,ran,o ‘;zt &

- B RFviFd I}\ﬁ 537-f’}r7’1
A7 o A A it A FrenaA /‘ K& oImop
CHFERLY O BRRIE —tl ?\< n

EP LIS s SRR - N LI
Sidivs :‘J’E\\i"‘:ﬁvﬁi—i\#mﬁkﬂ
-
2

o

PLED s (2013
2. BX 2030) 3RS 4 k] T

2.1 FFAISA I HN 3 ~ A A eE R Bad B Y9054 A BHmd %

I@ B SEXL LR A T LA 2B
FABEIILEmH A AT BRI &N P T R B AR |
ERLSwEML R G R AP HEME S s SR RAPB A AT BRA
cptHp > LR Wk Rt ee L 0 Ak d Yoo v i Rl oo #5
= S I R N SN L S SRS R 4 HoURFEfOFER SR XE o EL
BLEAG - R Renk £ 510-20 IHEE o ol B RE R Ay
EES PRy o R HEL P ]S Rt £ Ftofeds T LI ME A X
oo AHE BALAE a4 > R iZ A TR IS AT o




L s HE AU o IR AL > B
FeH o AHKIEERE S FEA o

2.2 0 WY AL foT F LR

%&IJ‘&"_&\:‘ —_é-_:\:k fz’\/;-k’—’liali‘frﬂ}:‘j#";
ﬁ,"l]ﬁ’]j{ ,f o
2.2 1. M s HBLE > BB TV E

S PR R e B2 % > 2 3T0D
F BT L RHS 0 At R AT 2
B R RS S
qg\oﬁluﬁf’]ljf%ﬁf’ﬁxyb%%’m/]\%?_ ;‘t&
Tﬁv\,’}"\{_éyrj‘ ) %T}ém /]\%’?fv v NN #&ﬂﬁ—ﬁ»f\/
PosiEA Bl gy B bR RS
AR E I L E R (Rl
%2 ":':s}»,") o
Ea
-
7
1
=
il
1]
i
[l
bSalEi
|
PRI
i
g i
Tle

4 j [ R

B 5253 B3 i (2013-2030)
OB T SR St b5

1

L IE Sl S i IR RV
f‘gﬁ&-—l-i ’
v

BEE QD g Lhid s
A FALA TP R A A TS
AN SR PARLIPAS: (Il E AR 2l = s D
22,2 RP-E Iihd RS 0 H R Y A

&'J = "_;‘:. r‘[’]";ﬂ:}’:”
2370 e r]b%“r‘ BBV RE TN
I I I VIR T e

* ok R iﬁ%m\ﬁﬁﬁﬁ\%g
%$wﬁ%%VD’T$%&&3,#$
B YLIIAYERESL -

R T N 2
FLR A Bt v B 0 AZTAS A
it J}'If‘f\ﬁéuré'l‘ J’E_"}];_*!n /]"J 52 13 /‘)ﬁ‘_{ﬂl
FRPEI] > A R 235 7071 ES RS
Bz - & o

BoRpa oo B4 X\ - B
VEET ARSY RS R o
%J"Qﬁ'izlmﬂfff’(ai/ﬁ.ﬂ*r‘]‘% 7 ~ Bovp
S o EE Y R PR % R
v ,Bﬁd-/.;—k%#,é ‘fl“‘xlf{\—#,f_%% P

R% % 4o

oA ¥ kgm Ly

PR
P B ek \x

T+

NN i

Asia-Pacific Forum on Urban Construction Practice 2014

R BEAFE g B %&lj
i’ﬁﬁﬁ'ﬁ""‘z??ﬁ um‘}\;‘i%
ARG A WAL F R afrﬂgi
RoGAP~2EGERF ES 2D
%ﬁﬁgﬂivm&i;ﬁo@@ﬁ
BV EFALLTE > A MKRLY | B T
i&m%ﬁgéo
bk EE R RHE S
L SIEE I QNS LS RE S 1 5%%35 ’
RN R S S R
I LA S - ’zﬁ”i’csy
AxFMIELE N LAY B
BAREES LRk Ry B m&aﬁuﬁ
R SR O BT RN I
AN s ;’iﬁgmﬁﬁ},@;&
= 4 <§|Jo

b

~—

(0£02—€102) EBFEHEI}

ESNEERECH 90

O e
.m’)%\

=
c o~

fﬂﬂ ¥

%
<4

R~ W\ EE]B' Ko -EJ
I ATER R, T fr

T o 7 A

= e =R

2030) ¢ wiB v
Rip &g TR AR )iﬁi; Y eh
#%5’%T

T

A- o —=R Am AN

. «,‘vﬁ [l

B3 &5 H S g AN (2013

SIS S VA Ll

P "'K‘j];‘l'ﬁc’ ‘%’F %]
BRI fr'”" B
§¢%“¢“%5%$ 7

liﬁ

21
\ F
;}()\

m%
L*::F\

Jul
[
s
y
&
I

S o

T
3—:‘;?‘"} D

B

P 3 ‘;‘;‘a"\‘;a—z
Qo
"
T
Y I LA
13\1 )

P¥

=

1‘_" y/ -
WA N
=k

¢

3. 4vipdEd | AEL o EHF R4
USSR

R Bl I AT LR T
ﬁ‘{rsmAﬁiTP"#&lf—éf—PR
{w\é45g“{ﬁﬂ’imﬁ
FE IR FTA S BR AT fF o A A
B aE B4 AR o

S

lj—l?‘]L\-—*'J' F’r" Vﬂ‘g‘
C’%'ﬁ%—'*i‘fg ’
w?#}’t—i 014}35_!'5’7/7




20145 X\ &8 KRE % @ E

5 ’IljsVﬁxF.,r%ﬁﬁﬂf’a‘;%%J-’%M’i
IVHFELLBaRP -

AR R R AR TR R
A3k AT FauEpaa s
BOZAERERAT Fok Y2 RE
PRARET F RN S SE K E 2
FURES

B &5 &5 "2 eAaE AR (2013
2030) 2= R Y T /u%&l'}]
k| E i 1 :LZ"if LA
mﬁ‘&;}. ad {ITP‘H- SR
RS A SRR - R LAY R E,E'f_i’ﬂcsi J\,"
BHA L Rk T 0
B0 AR ITRIE o b F e A FH o Y T
YT ,—i;])}xy‘b,l.;mvsk, j—\,ﬁ»’éo
AV ALECRST A ] R B S
E’],’?J)g)zyb_g—%__ “‘7’7
LI HE § ‘E‘r?'-’m‘é
R B AT SIRE S o £ 4
: B AFREIRS KT o

=T EE
Al X ==

578

El%*b’ % "Z R R L] (2013-
Yo E)

] ens A eaAs - STene Y ARes o e

B Y7502 FALE AL (2013-
2030) 45 4 3 % L3

4 TN

(r 24 %3 3 &A% (2013-
2080) % % %) > 7 R 2013, 12,
20 (% Zow A gt (2013
2030) ) > 7 % > 2013.12,
BMALI LT AIIE R R E
2014. 2,

e M A7

TOERRE > B RS ALAIF L ST ALK
LRI SR e SR E RIS TN A R
HENSLEN S EETERCE S SRR £
PP A RN R A
42 Fr-L I o



Asia-Pacific Forum on Urban Construction Practice 2014

JE ¥t AT B2 mMbAR R N 8 T

Lp~EMAFHRS A2 S HIWE P Ak
ALEE A SRR E REE SR

#E

4315 (Steel TieRod) - &% 0% >0 4x  fiF> P ¢ BZ38% 303 A1 p » ¥ EE
R AF Y AR VRFREEE - HE R ER e
ik 4 ol e - Mt A AR A AR H
2P oo HaaEp ZRERSE [- &3]
[# &4243]] 2 [2 &42453])] 223155
ABRENBEC N VAPMIED o Ak AR H

IS0 9001 e

e SIREREARY

WAREE KA PR S A ren messennn e
£ %&;E)%U‘ ’ iii/%»’ %’iﬁ ’ 7}< o ;EE%E%J aman :;,;un:oo;::;osmmooa
AN o F I E A RNE iR i

m
\ et .IIKHKHIAMITI'I "

L4 thiz o ah s 1T 5 kR BT
e s F A B R FE R B
A A &Y BT e R A7
Fk D E AT ¢

1.3
P& &4 A ¥ ki € 4 (Gotetsu Sangyo
%JM)&:ﬁwMﬁ7g(wbéﬁ§%
M1 EREA S RS ERNES FH
2002 7P B R EMBEM R GALE
Ll b B4R R G ) B U
S A ABR 2 HR s 24 s 1 ARPRIFE AR
BooHe w4 g A1t 44k (Steel
Tie Rod) ~ 4 £ 45 cip 2 X G K1 72 ~ it 4h
NS STV ST R R ¢ TR S ER
HEERR fE % 0 1999 & i i 1S09001 3238
(B 2Rt E§madl™ > 27 AR
LI el s faSk o~ B RS - kA1 8
PEFEFTREY EFTEFEHEA - g4
LR KA D AR P T
W g 8§ el epimdits (NHT690G)

|

253

§2-1 4w dts i1 52

AP G- fEE Y 2N A Rz RN
RS @RS RE B R
R R

X

i

579



20145 X\ &8 KRE % @ E

A s B AT L I R IR (g TR AL AN F] NHT690G +#L % i #* F 3t & en2b8 e
98 RIDA TR MR o B 3 T 0 Ta e FA R RLRET R Ht ke
%52 D<DI - B e MR A 1 1S B R BRI T TR A

o fe Rt e 1 {5 F e rsah st g B
r TR R R etk g Rk Ry 0 BT IR ALE R4
_ A 3248 NHT690 54csfk 4e 1 15 » Z i # i

D R R e U L R R G

ez B LT 5T (B4)

MM A TERS

NHTSQOGE—E!B*%J&M?E%EEE r
T B2 DD B . . E
B 34w £ A% AT A R 2 ; @Eaﬂmmmuumja;zﬁma m
| FRNENERRE . S e ot |
F4 4% SS400 0 Pk LA A E Y § AR —  ERNRHEATERES .
NHTEOO#E MBI T ik, EEE A E IR
4 R T I k£ (NHT690G ) » 7  HREMREMAEARE RREREE

m“},m;;,ﬂ, o - = *Ui s pmmre  mEes

BB g ok 4 s oA 4Rid 18 4 A R
LA T R o SR DR S LS
AEMRZRRRT (F1) F* 20 T §2-1 4 £ 4% 2 fie & H =

W B e L EAIL R R PR (C Sk 2 fe i A R G SRR AR
FREERFF L) EER U (B5) - ~2F3* (B6) =~ &egifd i}

FRERH PO AS AR ER S F LR o HE (B7) 2 %A% (B8 $vid-

ez gt (£2)e
§2-1-1 4k 1= 1% % §8 S 4m £ 4% A B0 > 70367

e 4= 2 5 7 b aA)k o R e
SRS
Odiiuigie

EMNELE .. GTRTEAN
EEHEAARORR, TR 6
BRMBRMEM -

P e i | il h

BS. iy




§2-1-2 2 Fif# B 4R MK kR T i
*ohfe i Mg K R ET R A

S U N

OERRE

EERBERRNSS T ERANE
% .. EUERENAZESEX
BRI T A BT R Y EC1F o

B6. e

§2-1-3 # & egifi> ~ 4Rty ~ BB R VIR
R o

O/ AIRRE , TiE , 2

AR ERRERREE
(RRRAEERE) -

B 7.~ & spitix - ity - R

§2-1-4 7)1 DHTARFE R L TIRE ST
A IR 2 feit o - A h s E O AR2

EEIEPE P ARG LR o

Asia-Pacific Forum on Urban Construction Practice 2014

O@EAR

HiMtRIERY LT IRENE TR T LR
fEFMEH - —AEEROERRENET
W Bz HER

48

B 8. &)

§2-2 2 A AR A d A 2 HE Al
- AL ARE 2 S AR
Ae- w3 A SRR SRR =

B LS (B9

B9, 2 Aase® ¥ A2 gwife Al

§2-2-1 = &A1 fh- L fedg o F A
R FA LA B FE RS EE (EH10)-

b
(BB

s

B 10. — & 24k 4% A i

i 3L

i

581



20145 X\ &8 KRE % @ E

§2-2-2 3 &R A Tho X P AREAE - ¢ BT Y
2&%4@&’5%”%ﬁ“ﬂ4@$%i
FHS B i (B -

AP
(RREETIREBAT)

S

B 11, & &8

§2-2-3w S FEEA he LR ¢ -
B EES SREANLRE R LA

A ARG E Y - e B IR AR 2
BRI TR F e A PR
RETE LR A PR S L
B (B12)-

B 12, » &34
§2-2-4 = fEF L PRSI G 2 &
BV Sd APl s B Faga ) sk
AFEALELRED 2N o7 1A
oGPy gd 22t ies 2§
T o EZ 2 RAGL S BRI R
7R (£3)-

T2fniER ) E T OHIER ) MIREIE R )
@ ZinHERL i E-J:
g i —— — -.-—---..—.-_-F-J___i.‘. ey —;
i 1 I Eiﬂ

£3. 261 6§PE2 7 kA

§2-3 4k F it ¢ % A

§2-3-1 & FEehig * = %
. BGPEEEE HfpREE T a1 pEe
ot AR RRS E EA A FEY

ﬁ“*%*%ﬁ%’ﬁwiﬁfﬁﬁg°
2. PN EEEREE LR
G REA R X AR AR
Bl RAT* Bdppfs? wMED & S B
3. REMMEF L THEEA XK
4.L?ﬂﬁW%m?w%%ﬁW%mﬁ%7
MESSENE BT LR

§2-3-2 BB p Ut~ Bk
1.¢ﬁ§%wwa W AT IR R T endf 1 pE
op AR A E S E AT

2. PRI E L RN RELEY -
3. BB EFERRERF B ERT
%’£ﬁ¢%ﬁﬁiﬁﬁﬁkﬁ°

§2-4 Wi 1 £

s AL TR A R B R



oGS BE st A RHHE (F
) (6 F HRIE AT~
AN IFUENE 3-8 S - e B T N A
- FRZAAMEASET RSB ER
B 2% 1 AR (E13)-

B 13. 4w s 1 £

§2-5 4 315 5 R AR r V| 2 fEAF
§2-5-1 4pedtk (4&ig = 3]) 41 (B 14)
A4 1 P GRRB AR T AEBAE
#\}\ga G fr WA ERER LS [1]) A4
SN A 1 o BB oA Bl R
A o d PR TR E T R
TR D TR TR d R AR
PR FMERE T2 HIARE R AL
e it 19 BFEF 2/8p 25 %
#3290 K o

B 14, 4k (d%kd +3]) 41 P2 E R

Asia-Pacific Forum on Urban Construction Practice 2014

§2-52 3 o ¥4 (B 15)

TR NBR41 2 2GR NEPT
IDEYECIRGERT RV SR (I R Y B N S B o - i
PR R R RE oA AT
izaﬁ’»ﬁﬁé‘%k,'im’e’i RN TS ¥ v
BB R VR e T R e D

Al L A WS

HE TR ST

B 15. 2 H& 7 Vil X 41 8 B

§2-6 Mninfe H L B2 R AR R B e
AR

§2-6-1 4 B (v T2

i) (£4)

3 o 4

o

.
LN HI'S =

_________________ e lms-n,mr | 2ot
00 | NEArwabd =1 DorwtlF |2 18BLE] | ElSmmblE | 22HE
a40ki b Bl b | 1980 E
Baol E Tk | 1L
e S A00 NN TE A M HHTESD B
L e

FZ 4. BEA FEN

§2-6-2 B4 wE (VR FAE FEA
W) (£5)
FaRa s
284
| i 4

£5 B4 EA
§2-7 M ffs e 2408 < < > 2 NHT690G

%
NHT690 % & (£6~7)-

X

i

F

583



20143 X B m & =

¥ W B

)

§2-8 AT P AR M fEsE 2 <
§2-8-1 4y ehsk 4 (T) (£8)

T=hpxdksecd

—NHT690G—

T =RER S (kN

= SR L )
| =R M (m)

9 = R YT 0 A N

# 8 aiffrenks (T)

§2-8-2 4245 % & chm 45 B 4T (D1.D2) (%

AT
e g
-‘!Tﬁ T
alzlelzlzlak 55, el R O o i
BEIHE!BEEIBEEIEEE 4
OECCCCCECCRECECCOEND0E £, = TS B B L rmm]

O = REM R WA RO EE (o)

o o= N D BRI B A (M)

o o SRR SRR ER Y 0 B (N )
To = FEERITEFA RS M}

T — TS § ML M SRR O (k)

FrEFMED 1 S R
HO RO, AR R - SR, R
SROOT 1 ST I R .

T LR A T O S e e
TE o D, I L O - LR T
EEEREEN .

AR B L T B DR
TIRENE TR, OIS  . - a

9

%9, ArE e & g4t 2 5 (D1.D2)

§2-9 4% % o ﬁﬁg%; Y3
82-9-1 4wt 45 4 o # f§ %
PHARREGHALEY TR (R
10) ? 2 Bcpfk i mEis2 2R3 H -

£ 7. G g & e R © 4 -NHT690

=T EE
Al X ==

584



& 10, P4 4 5 f §
§2-9-2 P I 2 fEaE ( 1>
§2-9-2-1 AR AR 2 | B4 > BErF ~
HESFLPAIL @ BB AR L0
§2-9-2-2 A R AR 2 2 FEE A 0 (54K S| 2
Fit g2 o 1 F 1 AR d ek iy %‘fiﬁ
a7 o

N EHER BEAT | NLCERRIHER =
m M | mEmm
B A~
" . e | SEWNO.I6 laihiabigge i
| SEERE—R
ARNAEEASR mWoccEe i Loi EWzI0IFRE
 MEWAESMEN SOCRMOITEA (ENE | SOCEME02TEA
panmmeE TR aes e
F | " -] ‘ '?DC“?QI i‘.“ﬂ-“ IW':'HIEC"

E . A g 2 JE%
§2-10 — % 2R <+ (£ 12)

i mn
mmmw | s e | CRCNE s
I L Y o e
M 24 3 1624 | 24000 22om | 20782 | 2a000| 22081 | #0TER ;‘ﬁl

Mazr| a 1624 | 2T000| 25051 | 23752 | 27.000 Eﬁﬂﬁl 23752

M "lp 45 | 1894 | S0000) 27T | AG211 | 0000| 27 IRY | HEa

M o33 | as5| 1894 | 33000 G0.727 (2SN | 33000 807E7 | sea

M 36 4 2165 | 36000 33402 | 31670 | 3E.000| 33402 | 39670
M 3| 4 | 2168 | 38000 36402 | 34670 39.000|36.402 | 34670
M4z ? 2435 | 42000 30077 | AT128| 42000| 30077 | 3T
M 45 j 2436 | A5000| 42077 | 40128 | 4500042077 | 40129
“MT T 2708 | 48,000 4‘4.?5(2 42567 | 48.000|44.762 | 42587
| e sten
M 52| 5 | 2705 | BE2000| 48752 | 4GEET | 52000 |AETFED | 4ELET
M &8 i : 2977 | BEOOD| 52428 | BOOMG | 5E000(52.428 | 50046
M ED S| 2377 | 60003 56423 | S40MG | 60000 | 56,423 | 54.048
M &4 ) B 2248 | B4000) 80100 | ST.H05 | €4.000 600103 | BV.E60S

M g8 | 6 | 9243 | BO00 64103 (81606 | $E000|64.103 | 61,505

M TE ] 3248 | T2000) 66103 | GES0S | 72000) 66103 65\506§

a248 | TOO0G) T2A0G | GES0E | TEO000 TR | 65505

az4a | BOOOG| 76103 | TAKLS | A0.000] PRI | 72808

I 4
Mmbs| E 3243 | BROOO) 81000 | PEEDS | 85000 81,903 | TE50S5 |

3243 | S0 86103 | 3505 | 90000 86103 83.506|

M8 &
M85 B 3248 | BSO00| 91.103 | BBS0S | 95.000) 81,903 | BA.EIS
M0 & a248 (100000| 96103 | O3 ELE mumu! 96103 | 83.805

% 12, - S 4R R < o

§2-11 4p 245 2 % %3 %
§2-11-1 ?f?‘}]%?’é‘ﬁ ¥ e 2

Asia-Pacific Forum on Urban Construction Practice 2014

%ﬁﬁs%@*%%ﬁm®ﬁﬂ®%iﬁi
Rt (- e a) (B16) 4% 5
P R e LT A AL R

Al bz RS 0T A AR

ez [-mgir)] 2 Hmwz [Fr] e
*o A R RERS L 2 R AR
HAL o @ R S 2 B‘f,‘rﬂ*’?ﬁiﬁ%ﬁ
Bl Rl oh RIEhA B2 .

ol [Ty mEm T )
(1) BUTERS IR o N 5 ' '

§2-11-2 3 A+ e 32
RCRE R I G A R
SNCEEEFIONEEENT IS
mAFRE] 22622 (BT © &k
P AR S g
R 2 RE R

A A% 25 R

f‘r /L»AJ

EERET R LLL e
(1) REIP AL g ==
i ;
.{'\ .-'/.
(7} BEE LFRs
(alEEFE A b R L R -
(BTFRIRAN) IRTFRERE)
ey — wiFin
3 'Tlll./, .\.
|
ﬂ| %H, %
1 i J b
A ..\-. ,"’
~*5 i e e
(3) EEL RN - R
I IHmA SR
e N I e P
b R o) A i
£ #E%:ﬂ f _ﬁgﬂﬁ-jfl fopmt S| = i)
L I/ N e | L T N o
LW NS N [ el

B 17. 5 A

§2-12 LA LHN g AT UEF 2y
ip ""i«é_‘?‘_%‘/z
i 1% ??T""L‘f‘:_'f'_%fé (GK*21 ;%) &p

)
I
i

e

585



20145 X m & R EH

w18

AP ALE AL BT AR ERR
oo ERFHESS N2 w32 FLAF
B E B RE T e i
"LEFAETOAFIRFEF R BT HREL
B ABH K o RERL ARRARS L B TARK
AR 0 WL SRR ST R RS
Mg [FheGK1 2] HiE* 2 g
B Btk IpA R LR A K
Fo gy FARE . [E4pE] £3
FRAF LRGSR [R & & ]
T A o M E WA ITH I P
e { /g RIwIAR2ZE 2D F %
1Rt (H18)-

5 G P A S SR 4 6 T
HRRRAEREGKEIEE)

1 B 05 0 R A 0 e T PR R 4R B AR O
. 0 0 o (M R ), PR R A, D T N R
M8 . BTG SRS T " MAARGKMaTE, .

IEER

B R 2

RSB RIENRE ) fri s ]

ERA AR . AR S R R e
TEARA, BNTEESENTRN
S iR,
[T PERSE |
4 TR
e
"REMEEGRER

FF5 A ) R R MR T A

FIETHESRE (1) EIET R (2)

UTieEmas ARy

B 18. w3 Lesz (GK* 13 2)

§2-13 %1 9 6|

A R LIS Y R L A2
e R FR TR (£13) (B 19-25) >
TH A SRR RN B AR R L

=T EE
Al X ==

586

PR UF o S I A
B B H s R

L | BT Aliab & Kitiab H35

2 | & SEERSE () Bk

SEPEARIENE TegucigalpaliEk

3 | 3EEHE Kamanava BifaibkiEiEs T2

FRENPIE RoseanftilfiE

4 | & SO Ak bR

IEE M A F IR AR

5 | EEE WETEETagan: wlSHRIRE

N FRE SIEF TE

o | FIELETIER SvnssRs

BB tigua & Bardali]
Saint Jon' s MEEHEERREEDG

1 | SR Fhoa laFiEeE

SR P 3

8 | 3FhE FREES Universal 0il Temimal

JFEE WEES General Santosif

9 |$£F Bah rfusefSEERAKIER

SEERE RN Bivashih

10 | SEFH Batangas STSRRIRE

ENE/EPSE PajitonBAeEsh

% 13. %1 %

EEI AT

ol (F18)




Asia-Pacific Forum on Urban Construction Practice 2014

SHE

T ANIESE (355

@ﬂ 25. %EFJ. -’? I,}IJ—#L‘ (-,é- i‘ﬁ /J\ ’ﬁ I‘*’ll 6 %}kb]:}. (ll}ii

3. 4

B e B L@ T A AR P T

7
~

EBES

587

E=1113




20143 X W B2 & BB W B

3R R EBZET BER ~EA P E-mail :
/ﬁufi’ A P A S FRIE S EORHE S K lin.luciano@yahoo.es

PG REA#HT 550 P AEHA
FHS AR L T RMB LS R 2 H
Ly s TARPRIFEINE 0 R4 FFFEZ 4
AL 2T EE 2 & F B sk
$ 45 (NHT690G) 3r#cirttf » ‘od %51 9
AR IER F P EE AR (G
Kega1=372), NI Sl R S L
T BESGIEMEEEY 2 { T8
j"k o

4. 3%

(1) dam (4 +3)) 4e1 2 Lt
W Tk R JREEFI40% ;5 B R D R PREE
60%- P ik E1: 6 s [ BT8R % it
i N EES

5. e F @A
1.7 %32 ¢
PASA EIR LA HININE
Pk AR RERRY v
FERMFIPARIRET I TR
31 # » A wAREY B A~ A~ g
EYIR EER B R
PandBiz p AE4A Firi £ ARSI
TRE o f TR AR R D S
i °
E -mail : s. kitazawa@go-sun. co. jp

2k %
GRS R ACE E
CIRARE - BLE L

Universidad Complutense de Madrid ,Espafia
GEFRRL - Epeh TR L

2014 & =33 X GHEH T L

lucianowei@gmail.com



Asia-Pacific Forum on Urban Construction Practice 2014

b B AR &k F R
B REm’; Hae’

R o

Bl 0 R IR,

/—'ﬁ]m § + 7"1‘7'% ﬁ_?_/f’i

NI

EHE

A A AGEPUTA 4 F Rt Y A R
B a4 5 B ¥+ (SIF) » & * Paris’ law &=
TEAREDEEEE LRRLES T DB

BEDIR IR 50 P EFEHA RO E

-p

R K G ARFEIILSTEL - B

J
hishz 2 5 B REY R AR A Ny B
WAEP o LB E AW SHET Y o AP
SR U IO R e U
A dpd n HRE R o T RFTT B R EH S
- B MR T S AfeE R 1 8
TIET 0t HaE 2 (7 B 1R R (FMD) e 1R 33 85
FARE

BaEF )8 GFH R ER F ﬁ@f;’;ﬁ ;
§74 4 & Paris’ law ; ;35 i/

1. A&

2013&11722p » ¢ ML L

anp

%T’a%v"v

- AT BB P R AL R

Froo ERE24 - 136G @AY
3000 = 5k ia @ R 5% - 2001047 20p &
Bl7i 22— 4ed T 5 &R IR 8k T

FARF o o@EFNEITAR = 21TAXG

o

i m A X T 331200031000004 R b o8 i 3
LR R AR RIS 3 ) S R
WE o AEA b A SEF Dy S S T
Porigr o GG e F ALK SRR e
Ho B @ EXTIEHAES
B LG AR AFPOEY T NRHE P D
ﬁﬁ?ﬁ%%’ﬁé@ﬁﬁ%@mmﬁ%’%
FAPE BB AMIL (FARZFERARNE A
R TER TREREERKCSEE AR
B ST o Al AE BB BT o 2 AT W
BB A B g 2
Fek G2 TP R T

VA R

i p
EFEEPEDR OERARFESFRE G LA

£ & ik -

)
<t
i

589



201453 X ™ B KR E K W B

1999 & > Ahn "3 & - 52t b3k B & 6
AN R
Paris’ law {=SIF % 3] ¢k 38 4

% = SIF o\ o B2
RIRE-F T
8 EEY o & o Yoo B Ap 2% 0 B

MEE AR LG

HIEER R e T SR

B SIF et B 28> %

N

8
TSR o @A FPRAN - BiEK 0T
iﬁﬁ?ﬁ%ﬁﬁ@ﬁ%’ﬁﬁﬁﬁi%é%
i?é%ﬁ’A#iﬁﬁﬁ%E*@ﬁﬁlﬁ
RERAPE R AWk 73 B A
o Rk B A - R R FIE Y -
RV E BAPE oh b AR AE E A RFE
PR L A A E R SRR A P

Bib- PR TR LA TEAR ot G A K

d

FRLFATHEARI IR 2T EHRER
WAY B e Kou™ " F A 3n A B R At
BB F R FEY T 5 R R
FoAT e RER R EE Y 0 WA R

PR

/E’rﬂ
)_J i’?/s’v’glﬁ J”f#-

J/f‘gi\.[f’ﬂ"fmﬁ éKE‘lo&_E?_ﬁP

I~

f;é_‘f_# Tl R

i

Lj-\—;?

m-k—’g

EFT O PIREw

\-1-

LR

Eﬂz'\:l ,f%—ﬂﬁu ";] |

CELE-E RO AR R
HpPgdie

T\4

Re G552 % >7 354

® T nfff i SIF (NSIF) » 3 6 ¥ St & -

ERNSIF* 35 F 82 A dr (D)
AliFEk (@) @ & &M ant F(a/T);(2)

FEAEEM®fEE 5 R DS F

R/T); DAL R(OfrEE X E(zR) @
Wk (c/mR)) e ARk T o AR IEY p Pt

B NSIF #7258 2 2 Paris’ law 4 BS7910% ¢
SAPM S ETERIE B pE P IR G AR R

b A R 2 RS S L & A
* k2 ¥ s ket B QR Ltd " e iR
i FAER N EY AR REY -
2. W E k&R ¥ AT

A2 3% Paris’ law( 238 (1) A X H# &

0 SIF $tén F g R BHREFRF 247 - &
Paris’ law ® , A" fv m 2 g A& S HH A ¥ B
BS7T910 » B~E 5>+ & 1 45 % it e SIF, AK,
AR Evugs ia Brse s AK

o]

290N/mm™* 5 FFELA > <0t e i B o

= AT (1
F 1 g% & 47 % #icP~ 522 BST910
\({;eld stress 350N,/m’
b -17
Stage A A 2.10x10
m 5.1
Transition AK 290N/mm’*
A 2.02x10™"
Stage B . 5 67

Toughness Kc 2500, 4250, 8000 N/mm””
d A2 R AR EHEER O HARHELYS

Bhh A oA TSR 2T S B
% > 'T]LL—%

2.1 #ZmH{SEF2H

Z BiEARE - BTRE AT e



Bl 15 pheipt Bde A Rica od 04

HAH BT A RE R R b P

SN P RO 3 I N 3 1 8 S 13

FrRrTRATRP DY o

A

ouier
Surias?

Tubd
surfacel
crack

A Ty
WL i 5 2
Fo RPERFFALT OHRDOHARER Ac

foB 2ER Aa¥ht A 5 B B R B o bR

FBRAE * Paris’ law ¥ 4345 238 (2)3 5 7 5] o
H ¢ AKafo AKe A 8] &5 4 B 5% 50F Ao
2@ SIF & v £ 4500 58 % < g
B PTG 3 H NSIF eho 8325 @3] o 4005
- R AKafr AKe B3R 5 2@
da = [, A°(AK,,)™dN = Ab(AKsa)m} -
de = [ AP(AK)™dN = AP (AK )™

AKgy = S‘/EFsa} (3)

AK. = SvmcFq.

HEz2 18 B3 atAa 2 EBhE o ctAc &

s

AR AR

ERETE

Hrdne T E AN o HORDHA N IFER A 0

\nﬁf

”F?lﬁ)%- A LA - ﬁz‘!’ﬂ)}‘ﬂq/;‘&°

B LA R A G g E N B0, 99T Auh ®

Asia-Pacific Forum on Urban Construction Practice 2014

HE B R Ae RF N2 B FAELH & T3

HRR LR A RERMERE L0

o

REBRHERIF AR 2957 B fp ke PR

v, 5 — ;’(;‘g}‘iuciu—r ,gmg?gﬁgaﬁq}g«,@

HERd 2R(DPE@ES - P E B 1130
SEEANEREL AR EASN LG ER

WEISR2THEHR -

de = fol Ab(Aer)mdN = Ab(Aer)m (4)
de = [] A°(AK,)"dN = AP (AK,o)"
AKpe = s\/ﬁFpe} )

AKpc = SVTcFp,.

DR EES SR
2.3 REFEASBEFAH

B mH £

Al

E R BRI ARG o SIF - TR R
WhA B bR BERT R E AN R AR
B i R AcR) 3 ra 0 B

253 (6)fe
(M3 E @5 - ARSFHL s 1 Ry

de = [ AP(AK()™dN = AP(AK )™ (6)

AK. = SVTcFy, (D

2d Ac

Tubel
through
thicknessl
crack

S
x¢
i

591



20143 X W m B2 &R E B W B

URE-F 2
2.4 WA
] %] qigﬁj_f. | B % 41‘?%%&% ) 5%

7w E

TR TR O B A Kk e @ gt R -
RBMEHADHRF €% 5 35U HT7 R
2 (FAD) P 1258 (8))4em 4 kbl o 50
(8)% » Kuw B AT RIRT - #7422 chie
* SIF, Kuifr 0,4 ul L4 H# o i ioh
JRAE R o O et A3 2B o 535 & 4 U1, 37 it
I T 3 8 8 1) 0 SIF(K) e Ko -
K H| U B F IR o 4ok K ]2 Ko RIE
FREAR PP REHER AL 2P FIN
BRI IEAR G RSO R R
BEBH LT WLARFLHE c4pF o R
L E R R 58 A Lt
WER 47 g R T 3 s FAD Mgk
So¥bt i i pat & MFFE R @ BEF 0 3
B FAD sz b R ¢ 3 qad cnET A B -

K = (1 - 0.1412){0.3 + 0.7¢065L%}

Kapp
K = (8)
L. = Zeff

Oy

12
1 ——
FAD |Level 3 F
08
Failure
0.6
Kl
o4 Saf ;
are
0.2 .
O 02 04 06 08 1 12 14 16
Ll
Bl 4 3 5450 B4
. EFAITER

AREN ARG N s

BT AR B AERAE o) IR E L

P i doedz ko™ 1
g
~m A a/T=0.8 ¢/ 7R=0.074 % & > »* A
® i fpParf 100MPa =4 5% T G A
Ry E P PN BEART B D Ao ko
R EEARS FEMRA L= BRI
BAR A TEAR R 2T EHAR B

-k ?\mﬁ‘#pmui?”ffzf}i = o e pF

U N R R
B O EN A T EH R R R LS
A OE TN PEBARER
WEHNRFELZ2FEHR A s B
FEDTRR AL R i SR EUIR o 130

AT RN e B B B ST BT i AR AR



Asia-Pacific Forum on Urban Construction Practice 2014

eﬁ» /E\ll%—}:ﬁp °

=
wn

Initial crack
am=0.8 c/zR=0.074
T=20mm R/T=12.0

S=100M/mm-
Ke=4250N/mm ¥2

=
=

Failure

=
(%)

Critical length

Through thickness crack

Crack length ratio (c/aR, c¢'nR)

0.2 ‘, ]
Surface :Part: Inner crack length(c/nR) ="
crack through
0.1 crac e ]
I Outer crack length ratio(c'/zR)
o flooded per >
0 . N . ooded periogd X .
0 10 20 30 40 _ 50 60 70 80 90 100
SN 10%)

LN RS S
Fre t bz 2P EHAREET 2R REREF RIS i sea B 0 B4

R ORE T H BB ERT LAY K] §RIEAHARE RH A -

, 4+ - s Inner crack
Fx A B 6 B 10 ° Eriag ] R 120
S EE AR R E R SRR LR R/T i —~ 100 K080
Ao F A7 AN T = IR miﬂ o afT—[]-Q[]
. I NS a2 =4 50 ar=0.95
£ MEREE ORI R H4eE %0 .
93 SES H:_: %\\
m%i‘f”& r g;};‘%‘% }ﬁ ﬁ(ﬁ!“l iﬂ fF’Iﬁ/{\? i\‘ ¥ E“ 40 RM=12 —
£ |stoomn?
MR MEREA RS KA RF R B T 20l K =4250Nimm 32
Bip S8 WL R ¥Rl HE 005 007 003 011 013 015
cinR
F hTE ’ > e . , B 6 & Fw"Ug e/ TRt
Foeh ARERT - RS BEVEA /S L %
Bl 73R 10 ¢ &7k o 8§ TRt A
Inner crack Inner crack
140 0.26 150 0.6
\\ 4/nR=0.053
120 IS 0.24 _ L
& \ WU_U'B ?::_ o)
400 — 0.22 2100 — ———{04 £
35] ?r—T;UU-S \\\Jn'tical Iem:‘t‘r;“_-thth o HT=08 lecw %
& 80fo 0.2 g RI=120 ]
2 ““[s=100N/mm = [=20mm 0 10k Es
o Ke=4250M/mm 2 a S=100N/m c/mR=0.106 g
o 60— 0.18 2 50 02%
E ‘_“_:“‘*:—_‘ c/aR=0. 1[]5- L ? TR=0.13 it
T CInR=0.14
40 - ““‘m-___ﬂ\";‘—“ 0.16 =
cIxR=0[12 —. /
20 0.14 0 0
10 15 20 2000 4000 6000 8000 10000
RIT Ke
Bl 7o 5 1R R/T e 1 Bl 8 i % &' UAE Ko ehig it

)
I
i

3

593



% W 1B

2014®m X ™ B R B

x10 Inner crack

Fatigue life, Nfreg
5
Ful
&
=)
=

c/mR=0.10 \
\:wﬁt‘h

%;
0 100 150 o 200
S(N/mm®)
DEPEEBE ML
4. KBl ¥

FMD & # &2
PiHE-
i 2

P A -

0.4

0.2

(wuyo]yiBus| [eann

- BREREIE AR o
B &32eh E%F'EB‘F'E“‘F@’%" FEI
bR R &S B R I it

- 3= NP AR Gy

$0FMD PR SRS IR o -k AUk St

BIpe 2R ANZ R Z B rﬂ;}p#f“&—k&
% er‘l.:,in s /“/\f‘-{%"\ﬁid EQE 3%

Inner crack
200 0.4
alm=0.8
RM=12.0
T=20mm c/nR=0.053 | -
= Ke=#250N/mm 2
= e
= @
30 i )
100 Crtical lepgth 023
= =
s 2
e c/mR=0.106 ”" =
] —
—R=014 |
0 0
100 150 200
S(N/mmé)

W10 & 4 48 24 SN e it

d EQELtd"™ 3 o £ 28015 - 303 B 97
R0/ CRal/ R SN SRR SR/ SR, S SEE (R
4 (9)¢

P F R T 2 R (10035 @

TEPRE B Y TP P AP
{; o
W Ip e R E

Piiot By v IR

‘f-.»;""”‘l‘l‘* 5 I}_‘ILL*!‘[

Bl - E g R o

Wave height(m) 0.0-0.9 1.0-1.9 2.0-2.9 3.0-3.9 4.0-4.9
Number of cycles 5350296 2977386 1204273. 5 485462. 1 200179.9
Wave height(m) 5.0-5.9 6.0-6.9 7.0-7.9 8.0-8.9 9.0-9.9
Number of cycles  85229.8 37390. 2 16977. 8 8002 3922. 8
Wave height(m)  10.0-10.9  11.0-11.9 12.0-12.9 13.0-13.9 14.0-14.9

Number of cycles 2001.1 1059.9 580 325.5 186
Wave height(m)  15.0-15.9  16.0-16.9 17.0-17.9 18.0-18.9 19.0-19.9
Number of cycles 107.3 62.1 36 20.7 11.8
Wave height(m)  20.0-20.9 21.0-21.9 22.0-22.9 23.0-23.9 24.0-24.9
Number of cycles 6.7 3.7 2 1.1 0.6
S =LHl8 Sy  N;p SN
H = wave hei gh} (9) SN 513'1.\1'1
Lisaconstant Sn Nn s%’l.f\in

(10)

Total damage=Y, S?N;



Bl LR AR e 308 )
S S R RN SRR
(ID)-(13) @ 7] o $ 15 B 5] & g pk LW
NREA - BAT R B BB EfL 2

E@drenr SN & n BRI H 1995 2 N (14),

T

¥ O iE

Ve LR & D e R o

=

Design stress = Xo,,
Xoy, = LH}E,

L= :"‘Z (1)
5= ()
Total damage:
= Y S3N,
- ()
= (22) s N, 12)
- i) T

= X3 (- Zx) 3 H54N,

Fromdata ¥ N;H;3 = 6.77 x 10°
Hpox = 25
_ 350N
Y T mm2

Total damage = 8.2 x 10° x X3
(13)

Flooded life in years

. Flooded life in S3N (14)
" Total damage 8.2x109xX3

TBEGAYT O OBREDLELZHE LT o
EH G 2k bR Ao R R Sl A A i
2 o Fl % % & #H ¥ a/T=0.8,R/T=12,

Kc=2500N/mm™”, T=20mm  # * 3% §5 & J&

Asia-Pacific Forum on Urban Construction Practice 2014

100Mpa £ ls4 T F AR ERSE ¥ £
PEHE L 012 s R RER SRS
181mm F > B2 AR s iRED S
3E EEABIL P £ ke d H B RE
B St 2] w8 05 (LBB) e E B Rk 3t 8 T

¢/TRE0.107 ApHBENBHEEFH S HF 2%
5% T=20mm, =Pf2* LBB 3+ & 8 3| 8 B ik

ROt A 2 o A 2 Bt % o

Inner crack
60 1 1 1
Current Analysis
a0 \ LEB ¥
40 T(mm)= RM=12.1
aT=0.8
\\ S=100N{mm?

N
N

Flooded life [ years)
Lad
=

[}
=

T

. —
—

//é//!

-
[=]

\ Ke=2500MN/mm¥2
=

S

flooded|life of 5 years -

0
0.05 0.07 0.09 011 0.13 0.15
c/zR

BB IEHP 2T BB Bt i

B 118 @5 en
W Fr T E IR 8 A Tk
CEERRER L I Tkt sl R ST o S SUEEE )
BRI ~ & % &% 3732 AP L 5 o
Zg e Saa T LA o FMD &R
BFRERFET MRS SELSFRIFRRIE - Ra
ERRAZOE IR AR TERFLE AL
FREpHEAMAT P el 1 E 7 ek
Eea i T S E LR ARPE R R
AR G

FMD H ip) P ¥ 15 S572 o

A e 4 it 8k > M

)
I
i

595



201453 X ™ B KR E K W B

HA R g B iR B L REP YT B

ey @ xpE SIF &£ g2

PR RGET] T 0 R
T LR BT T SR
B SRR~ Y 5§ AT AP
feid i 1 F s T 5k A FND 4 RIPE R T 1R

FTUL3ELEIRPIFITE » 32

R Y l—‘
R ADE SR+

Paris’ law 3+ A FMD +& PP R R I 3 2 M o

TR
[1] Ahn SH, Hidaka A, Anko K. Fatigue crack growth and penetration behaviours in

LER L S SRR

a pipe subjected to bending load. In: Beynon JH, Brown MW, Lindley TC, Smith RA,

Tomkins B, editors. Engineering Against Fatigue. Balkema; 1999. p. T73-82.

[2] Yoo YS, Ando K. Circumferential inner fatigue crack growth and penetration
behavior in pipe subjected to a bending moment. Fatigue Fract Engng Mater Struct

1999; 23:1-8.

[3] Kou, K.P. and Burdekin, F.M. Stress intensity factors for a wide range of
long-deep semi-elliptical surface cracks, partly through-wall cracks and fully
through-wall cracks in tubular members, Engineering Fracture Mechanics, 73, 2006,

pl693-1710.

[4] Kou, K.P. and Burdekin, F.M., The applicability of leak-before-break on flooded
member detection for offshore structures under fatigue, Engineering Fracture

Mechanics, 75, pdl1-40 , 2008.

[5] BS7910, Guide on methods for assessing the acceptability of flaws in fusion

welded structures. BSI, 2005

[6] PD6493, Guidance on methods for assessing the acceptability of flaws in fusion

welded structures. BSI, 1991.




Asia-Pacific Forum on Urban Construction Practice 2014

[7] Frederick Kiwanuka, The ultimate strength of cracked tubes and its effect on

flooded member detection for offshore structures. PhD Thesis, UMIST, 1999

F3

i 3

i

597



20143 X W B2 & BB W B

BUE T CFRP & 4R B T B4 1) 1D RRERAUR HIB 55 k1R

ZIR 1 W2

VHHLRE A, 2 BhER R, RPTRS EARRIERE TAE AR
WFT, i

ME

DAY O s R,

JEE 03 B HR A T R 90 55 ik 4 2 A S A5 A
HA W E R SEGEH Tk
LAz, BAAEY SR S M RMEIR 2 80
i TP Al ek 07 2% T R g T 0 £ S 38843
RASHH LA 3l 45475 vh 2L A0 98 55 5
BEHL R JE J7 58 B R Stress
intensity factor). A3 f B4 T S
AR AR DR T T A B NS, N E R
Ji 7 A A S SR A S ORI E A A S 45 A
VR . RS T = R R B TR
T AT, BEAMABLIEE 1R A AR Y DA
H AR (CFRP) BT AR V) 2 REL4AT.
T It PR G A A A SR B A A SR 1
Bl  DRES A AH [R) R0 AT 42 52 I Rk 2 4H
R 3% B CFRP BALTH] e R 218 D) 1 2 R4
A BRGSO AT I . & TR ES
SAT1S, CFRP B[l o Kb 12 18 sl 4
YRS B RIFSR, |E
ZLALIY) CFRP AW AR B it CFRP M v
JEBORIERE 1% AR A UL

ol A e - e 5 A B T A O D) I
BRABAEI SR S RE REUBHM:; A
BRIT s JEA5REE A T

1.

il

FELRERS A, SRASRIE &l
HPH AR R A A [R] ) SR P 5 B i
B . SRR AR, 28
RERER. MEEBERANESRE. A
TR IR B 459 L oo VL B ) ) 264
W EORAR AR, EEOR AETE Bl L
AW BEPRI AT RE PRSI L = B AT AT
O N o NI o N W
e PR A . S R AR
HEERGE: s, HEK, FHiE
7 (S s i SRR LY, RS
NS A RR A S R
VEsf, VEE AR P ASRERF R S840 M E
®E), BBIE. EIMELE, ANEE s Bk
BB R AG AT R (V0 LA e AT AR
ke WEEL, WEEMH, f
B R . (E B AF LR K2
T fle P 22 AL 4> A 1) S5 A T

E 265 A8 A AR KR A28 1
HH 7S 9 25 B JES i, 3 LB AR A
A FIREE R . 8 Gl S A5 i AT
FRRMEE, MERIAHHET
P I B A A o R R RE 7, Tl o el
J i e n] DU S A 2 AR SR T, fle &S
FEEVEREE, JCH R A i B A i 1R
PR SAGUR 3 S A (1 2 e 12k e



B S Sl A RS B 85 32 EL PR AE S
SRR BRI VL, MERRIFE
FEARRR, T H 2k AE 22, 358 4R A F
% (Duggal 2009).

Sl 45 8 VAR R (R0, PR B Bl
Hb, B IRAE IR IE R BRI 45
TS ARE RS T S5 S RS I 55 I HE . 3
SR TR 55 I R AR AN b A R
AU AE 481 108 e R i 4% T Tk B 2R
AR AR . <5 B A5 RS A Y N AN T 26t 42 1)
TN B S A 5 3R A, F
R A A A, E R
ARSI RE, —BRRHE, SN
o L R P AR AN B T A2
SKIRg R ST Sl A5 RS AT N [ A2 AR,
DAAE R 5l 45 15 1) 5 FH 35 i A1 K i e

S 2 8 ) A 5285 AT
1 VBT SO RS AR R At
TR TS

2. MUBKEREET B SR A
THIES T, AT GaEt T E= AN
FORT G, SCE OISR N 52
JEDL,  BLBA I TAE &

3. IR T &k R R A A T A 5 o
o

4. PHIEZRBUERE.

Bt 2 RS BT I 5% e NWT 9T, IR T ER

P eI 52
FE IR RS 5355 S A A 11 95 5

RIBIE DA N E B EEZ .

AN AR T RS 1T AR A R

B MRLBH L 2 AU e 1242 A il 5

SR TS . I IS WUE > M BL AT

SRS LG, s A G 081 S A RHE

W55 RBUEAE T I KRR, DR

BRI TR

Asia-Pacific Forum on Urban Construction Practice 2014

2. HuEBHENE

2.1 fif

FURT, AR 25 45 A b 7 3 52 4y 3
I 55 48R SRR A AL RAL, IR
BRI, BT B 5 54T TR
. BREORGHIR RIS, EIE AR
PRASAR S 4 982 55 R P I T, K
WHFLER I, BREVAE R b
VRAR R A 95 55 1 B 0 [ By 5 R AR 4
(IR BRIEE T, BEINAR 42 615 1 987 55 1
BVE, SR IR IR, RS
RS EREA BB RIS . BT
SRR T kv B, IR SE AT

E SR A S EWA K Rk

I A4, F AR a4 KL (FRP)
BRI ZLEEI vk, &R T 5T
133 15 A2 R B .

A MR AR DL _E 84 k4
A, AT B A AN e
PEE MR EEMERER, —&
& UL —FE TR B R R AR N T R,
Py H R HoAth A Rl 2 4% BT 15 21 1 T2
. (Taichi Fujii and Masaru Zako 1978 ).
BEAMEI 7 BsEsgon. 8. 4l
i TREEDY K. SR ORIE SR
(1) F BB B A R = P b s AL &
Et. (Strength to weight ratio) FIERLF [
PUJE &l (Corrosion resistance ). @4fE
B ORAE A MR CLASTE JE AR S L2
RZH T, TS MR E SRR
B Jne) . FEE R, 18 MM R E A%
W R . Ban4, BRI R,
BAEMEHESREE 2B N,
75 Ho A ] DL 2 ) JE A R T2

F3




201453 XK H ™ &

2 EB

A =i
= B w1

H,

T A S SR 1) 6l VR g - A A 1
AR 7T, BNk 5 75 2 frHEERE 1)
B8 . % 5 vh 2 HERAG AL A 38 [ 5o
EEM PRI S M iR, &— A
Z ARG E AR RS b
2 RO < VA 7 =< = [ L -
(Cast-in-place) &l fijy VR ¢ 1= 2 A I 5%
BB AR EHEREY, &
) 1 H ] R AT S0 7 VR gt Ly, 9
PR 7 i 244% (Flexural crack). &4
R S (NN PR L Y o S ]
(8 B VR . 1 RS2 Ay R SRR
Ty RET 712kN. — R 53 B8 B A AR
(1)~ IR B DA AR YE . BT DA
TR R AN FA B FH A

£ m AR TTEM AR,
KEE 9B BEHY Sika 2 F] AR EEHY
DRGBAEIE R SRR . B FRARE B
TRT P Rl 7 AR ] P T 5 T
TEM N1 D, H AR T+
Wi ) TR AT DL SE Jls  FEAS il A
WSS I KR AT DLOR R B AN 52 52 2
HE TRERR AL B 3G TT 19500, EL LR
TNERDEFZ . Bt 2003 FER UG, AL
T 135 28 W 2 SEAEAS [R5 A FH AR A
RGN, 1A — 895 BLAE AT B 2
PIZBCEA, 2 LR CFRP fEB M
ST HERFI/ER (Hollaway and Teng
2008) .

2.2 [HERGE

FESRAT A, HHESR AN £
(7] —flE APl BlR T SE H S
P23 A 40K it 22U 1 e g 748 11 A A
A HEAR, AR lE P

] —. Y3t

EDVIEBRE T, U) O RIENRGE 5%
LV H R A A A
MERREE, W] RE & A7 B LN A
RAENCE o F 0 B DI AR i 5
P75 A v i SR S, (49 2R A
0 G AE D) 1 B 5 R A P
BEMARKNfEE, WEEMiEe
P 3 B o

& . D) SRR A

Rl fRiE —EME, BT E4
ek, MEERBMER, A3
F A BR 7G5 15 S £ 458 P B A A 1 o4
G KL (CFRP) &4 i ¥ ) 1 2 HEAT
I S5 5R L4, IRET CFRP D1 1142
R R, #FUUR T CFRP B4
DIV E s ik g, I
HE I 5 K BT AP At R 22 1) CRRP A& 4 1)
TR SR B B, CBRREA ST
V5 R YT P R 3



23 B E

TH FH A A3 584 Sk (CFRPD
AT B V) 01 9% 25 AR 5 B 2
Holden et al. 7E 2012 & 5¢ i H(Holden
2012) . A&7 2 WA A5 B AR o0 2
(eccentricity) CEL[H vs.#E[f). 1218
71 (Orientation of repair) A %5
FELl (Effective thickness ratio). 118
75y m = A\ K7 45 FEAERL
FT0 BE. 45 FERT 90 FEZ i1l ARE
FEEL (ETR) EFHE A

E t
ETR = _CFRpLcFrP 1
Ests

HHEcprp Eso7 A& BRAIAEIG 818 &
PORLRIRN 22 s e B, ¢ 2 PR R
FE. i, WS IEREE T ONIRAR
£ W410X 54 ) L7 A AT LIHR
B, R — s,

fit> CFRP CFRP

W% m mw
SHA3103C Fi[H  45° 3 0.132
SHA6103C  Fi[H  45° 9 0. 264
SHL3103C  FIf 0° 3 0.093
SH03103C ﬁﬁ z [l'j—,l 3 0. 106
DHA3103C [  45° 3 0. 264

F—. Bk n B

B, TG il R A S
FH WA [ e A6 B2 20w O U0 10 38y, A
G oy — i — 7 R R FH T S e S A
R a0 RIS — B YT D g . Wi
HRMFFRERIEIR, R EAETHER
WITRZIAL, A0KN F1 200kN 32 5 fiti i £
PO, & A0 W EE] 10mm,
Jiti 7345 1k, BAUGHEAT CFRP 124

Asia-Pacific Forum on Urban Construction Practice 2014

FR AT REUE K CFRP JH Y 2
Sika Wrap Hex 103C (Sika Canada 2012),
R % 300mm, FLJE Ry 150mm. £
F CFRP W, JefllfEhcRimnsIot, &
I+ Sikadur®330 (Sika Canada 2012) Ji&
J& kL. U CLASAE AR R
ARAEAARL, OB AR IR AR R 1R E Bk
b, R R R AR, )Y
i ARk AR AR, 00 B 2t 40 3% e
#, JIM RN AR R S
18R Z Rl

BROCHE, @EEREE, 15
B G IR B A R R A% .
FRAE BT mT 50, ) T G Z AR B i 4
HEXE SR A M ELEAT IR, REUE
JE 7 BB o0 4, CFRP 7R3 1 #5843 JEE /5,
ZLAU i Sl A JE T B ER A, S BUE R
Bz ) PR B IRAS, 1E ek
37U ERAL IR S MR, N T &
1RAR NP AR 52 Aar 77 () 2 P IR B AR 45
RriEn LG — P&, B CFRP
A5 AR AR 3G I 1 10 1% 25 35 4
0] CFRP B18 1% (1) 55 35 A 2 1B 15 Al
M) =A55 . B0 EEHMSIERBER B H g
ST, AT A PR R AR 380 5118 22 8 (i
O, BI85 A ETR) 7EBHME1E AL
R T TH S BRI . AT )
T, AU R E TR TR ESUR )
S AR, P DR RAR

Iﬁ:ﬁj\o

2.4 HIRIHT

A B0 o 3k A R oo R X
ABAQUS B {1 3§ 1) 1 S AN B Al A 4 o
WEMBHETESE. AR b
GRS 10 A ] RS R T o ) = i DY
ANlE TS, R Bl L% A )

i 3L

i

S

601



20143 KR mERE

¥ W B

AR T A A B AR 1

1835mm | 165mm

3670mm ! |
(] 1

g
il =. ZEEAY )RR RS
~— R12mm
- 3
75mm —R12mm
—+—| J
Lot —Ri2mm
T
s — Rismm
S0mm 230mm
280mm
fl Y. D] B A R Bk
|
l |
f
11.1mm
406mm

Tmm —> «—

| |
}-— 176mm 4-’
e T A AR I P R A

AL A S 8 A8 A A RME 1R
IR 255 A PR T AR 28 43 B 2 R T4
2010 4F Holden et al. (Holden 2012)

kB, (HA A B & B RS ORI
BRI E BRI A S, B
T 7 #T. CFRP J& SR (A2 46 77 1) (fH
RFKFD b, Bra B REHUS IE R

R EoR. Horp SHA3103C-JE A 58
i R B SRS P SRR B PR T
WA, AR A5 A R4 R SR A B
A B 4806 R g 38 4% T - 2 A 5 AR AL B3k
Wil N Fras. &G sE CFRP A/ HEAHME
B/, BamER 300mm H
150mm, BL7KF-J7 1% 45°, RISTA ]
S AHY), RRVE R REUE. [# )\

#& CFRP i /K- PAB1E IR, LLH s
B HJ75 BT B BE

[ 7N, R AR A A AR A - 1) A JEE

W \<
~

. fpERE1E

| |
I* 300mm *

100mm |

@)\ K218

TERE MR B PE A, MR8 B A
R, BRGAET ] T SikaWrap® Hex 103C,
Hos MR B Ay 235000MPa, Bl A7)
Sikadur® 300 V& & 18 PRI 1 B 5 2%
1724MPa, W0 5 B AR EE (PRI RE
KRR, =g AN S CFRP [ 5E AR
& Al PR 58 FE 43 )9 Ry 70100MPa
687.8MPa #11 71800MPa. 636.1MPa.
FLES A R} B M 5 5 3R =R,
oo CRRP 1 R B MEAR B AE S A B
712 5> M1 ( Mechanical analysis of

composite material) #1133,



Asia-Pacific Forum on Urban Construction Practice 2014

A 5% >3 CFRP JyW]  CFRPJE#{  ETR HEFE
NH i il il Eilia 40°
SHA3103C-J5 Y B TH] A5°fHRL 3 0.132  31°-35°-49°
SHA3103C F 45 R 3 0.132 38°
SHA6103C ] 45 R 6 0.264 38°
SHL3103C BLTH] 0°7K-F 3 0.132 39°
F L ABRITA BT R B
MR JELJE (mm) PR R
SRR 7.00 E=209.6GPa, v=0.3
Sl 3 4% 11.10 E=204.7GPa, v=0.3
e 0.10 E=2000MPa, v=0.3
—J& CFRP 2.76 E1=70.1GPa, E>=2430MPa,
V12=0.32, G1,=935MPa
75 J& CFRP 5.394 E1=71.8GPa, E;=2456MPa,

V12=0.32, G12=935MPa

F=. BRI, RS RIRD CFRP AR E

£ ABAQUS FEUHE IS H5E CFRP 124
DI, oy REtgE . CFRP i 7 HEAT
W ST AR A ) 53, AT B B AR A ) Oy i
L an ] L ANE s . AR ER F AT R
TERER T Shell S8R\ B B Y35 B
TSN . A%, KEE T A CFRP

\ - CFRPHA
R B A5 5 (R AT R A T A *”tﬁ el
i EBERE

SRR 7 T o
], AR AR T 4
Ak A oy b, ORGE R R RS
RIS IR 4 A2 FRORE 1, S2AE CFRP 12
182 Jg B g 2 [ I e g5 AR 4, B
el B A IR T BRI I . ARIR Z AT

% e TUs AR SRRSO & 75 g A IR 2 i £
) A 2 I B BB
W REURIL av PR b ANERERED ¢ 2 [H
&L MBI R A% ) oy O el 4R 2%
b=a+R, (2)
EBYES

i
F3

603



2014 ¢%s

X HmERXREB @ E

b 3
= ©)

CcC =

JOlR, =2 G oy RIBIRIEN

\E HEERAGE

\\\

)
C_I ///4

e
9 a "_ R,
b A

i .2 A B R T

1% 181 Equation Ay 2 & IE
25 75 F0 CFRP A v AH R 1) 8 B A
RZE 70 A1 CFRP 4l [l I 4 R T
FeJ Mindlin ABa% B = JE ix B H 1T
Mindlin 5 34 SR e 2R AR S B A %
FEARVERY N0 HAB R AR BV .
1996 1 Naboulsi F1 Mall (Naboulsi
and Mall 1996) $& Hi ¥) = & 7 S HE1#7,
1B % A7 72 R AU IE AR . Rl 25 7 Jg R
CFRP J& 1) FE 2 [l MAR AL RS, W0
A MR (E+ !

HEAR B 5 75
te tv
ﬂxa_ﬁxw_(pya7_(pyw7:o 4)
_ _ te tP
e i U ©)
u," =u,? (6)
CFRP i} B 2 7
t¢ te
—C_=a c a —
Uy — Uy — Py ?_(py ?_0 (7)
t¢ t¢
= C_ s a c a —
Uy — Uy — Py ?_(px ?—0 (8)
0,? =0,° 9)
£

v _ REITHIRCFRP
u® //’l B EFEE

——¥ REBITHMIRNE
P T BB EFE

 RETARER
T ERMPETE

i+ = R AL A B R

2.5 HER TP

iHi® ABAQUS version 6.10-1 I
BROTHE AL 3 HT1%, 16 DAT L1532
JE 158 T (SIF) MUBUEAE SR,
@+ = Fron . TR AR R 2R B 4 [
N, 758 R T Re 1A Hh R 2 AT
v (1) JE i B o REUR AR /N
[RIIRE g, AZAH T A RIAZ I SIF S0 AN
K, HEGEE SIF BNEBZ, 5
AU CFRP FITE BB E . B4R
SHA3103C [ SIF {5 5l SHA3103C #& T~ 4%
i, RAE 100mm F| 200mm Z [HH 1R
NI ZE B . SR B A B AR A 1
SHA3103C- Jiil 284 % 5L B L 400 2% 1 35 #f1
JERET SHA3103C 4% B 46 T A H, 2
FEZRAURy 240mm Iy §E7E T RS,
fiE 240mm RE FlE CE-PY) Hap
DLVS AT I 0T, DR 2% f R R, A IR
T TR RECRAE, ET A,
BB SIF {EBRIR SN
fEl -+ 1 /& SHA3103C. SHA6103C
SHL3103C ' CFRP i fi L #E#fE 10mm
REUHF R E S h Bt . 450
ek, HE 173201 CRRP ELARAR H T
N ) 2 F A HAE RABAR HT AR AH ]
PEE R T PAE Y, CFRP Af A RIS
I 7 U0 2] 30y 1) JE 1 S R



IKPAEIE 1 CRRP il T 4r HE 1 JE T LE
TERHMEIE />, SR MERMEAE B3
REUIKPARAE LT, 1775 1 CFRP 46 Fr
SHEIE I =g A %, wil B g B
2 AEIE RUR T . PRI T
55 S AR R

JEE JI58FE R T SIF ANEFRIRPAL
2 iy P 0T SR SO O 5 (P mE R, A A

1 43 v s d N = d
ReRE RS L Ee R, Bl

JEE 756 5 TR -1~ AK TG P A7 — 72 I R
B 1R, HR3E SIF &8 5 AT LTS 31 2440
1 10mm 7 & 31| 240mm )17 B8 B B,
REUE AR B BE 25 Sy (R il iR
BREO s wE SR . AR
TG TS R R A% 1 25 (I Bk S 4E 7 2]
A B9 55 3 Aoy il 45 105830 A IR

218080 J& /. 355920 JH KAl 458640
F. BEERAE R (&) Bz
S TR A IR 0 43 B P i o 1 B B SR L
kI s SR 8 A () S L K

F R B B T 23 A O 46 SR LU AE 2 )
% 0.67(SHL3103C). 0.46 (SHA3103C)
F10.37 (SHA6103C). AR HE L 7 5¢
A EATART FH ) BR B A A 1) 56 365K

DU AT, PPl KR AR B2
H,

g

A A kAR BT K(MPavmm)
g &

E

0 50 100 150 200 250 300

B & (mm)
——NH ——S5HA3103C-J5/&] -+ SHA3103C -=-SHA6103C —+SHL3103C

[+ =. A BRIT 7 A I 7 58 D
AR

Asia-Pacific Forum on Urban Construction Practice 2014

&+ VY. SHA3103C A1 SHA3103C-J5 7Y
HIZLAT Ay 240mm R T S840 75 55 B

200
~ 180
£ 100 a
& 140 -
= 120
£ 100
% %0
60
o a0
£ 20
o
[
o s0 100 150 200
35 CFRP 4 i% i# J 35 & (mm)
——SHA3103C —SHAG103C — SHL3103C

&+ F1.. CFRP 4 Fr ¥E i 10mm 244 a
mm {37 & 1 & 775 ii

300

250 | 126.48 146.99 164.76
n 169.55

g

H 4 £ B (mm)

o 50 200

100 150
o7 #8 HEH(N X 1000)
—+-NH —+-SHL3013C -=-SHA3013 -+ SHA6013C

]+, FERIT T P REUER vs K

55 25 i I A6l 2R

300

105.83 218.08 355.92 458.64

| |4

250

~
5

£
E 150
kS
w100
% /
W 5o
0
0 100 200 300 400 500
A7 4,4 3R $(Nx1000)
~+-NH -m-5HA3103C ~4+-SHAB6103C ~—<SHL3103C

&+, Holden slligH & AR vs i

55 a5 i I A5 2R

X

i

i
F3

605



20143 X W B2 & BB W B

3. &gk

(1) JEiE CFRP [ ffi s AE 1R S 45 %
IO BR800 55 AR B 7T 5 30, &4
1% P RBOE B RIRBAS R T 15 .
18 7% CFRP fli sk 2 1R S A s U 11
PR AR RUFHIRER

(2) #IiEA PRI Hr CFRP B [HIFfi 58
BIRDI N R GaE Rag B35, B8
FEO7 IR 7T, B EARME A ROR B K
SPABHLT AR B T A RLAURE o
BRI E ST, CFRP A F JE B %2
ERIAR SR L, EARIEL.

(3) EmaE R, EH A,
RS FA ML, A ERAE R, B
Ak B P BT R A AN RS
(4) AW T o3 A 4 S B i 4y SR 34
EbA%, DRI SA0R 1R AT 22 52 A R 254
A 3% B CFRP B IHI Al 5EAB AR 1) 1 R 5448
A BR TG/ B2 A 0T AT

2EEH

S. K. Duggal. 2009. “Design of steel
structure.” Tata McGraw-Hill Publishing
Company Limited, Paper No.3.

Taichi Fujii and Masaru Zako. 1978.
“Fracture and mechanics of composite
materials.” Jikkyo Shuppan Co., Ltd.,
Paper No.2-10.

L. C. Hollaway and J. G. Teng. 2008.
“Strengthening and rehabilitation of
fibre
reinforced polymer (FRP) composites.”

Woodhead Publishing Limited, Paper

civil infrastructures  using

No.352.

T. A. Holden. Spring 2012. “Fatigue
rehabilitation of coped steel beams
using carbon fibre reinforced polymers.”

Edmonton, Alberta.

Sika Canada Inc. 2012. “SikaWrap® Hex
103C and Sikadur® 300.” Product Data
Sheet.

Naboulsi. S and Mall. 1996. “Modeling
of a cracked metallic structure with
bonded composite patch using the
three layer technique.” Elsevier Science
Ltd, 295-308, Paper No.35.



Asia-Pacific Forum on Urban Construction Practice 2014

B AT AR R (NSM) @@ w8 (FRP) i BEATH Al Sy i
A& ep% 7+

I HER

AL 4, Cer @i

PR LR ?4 %‘1‘-"& lﬁi,:

BE PR

#FE

MG F BB HCHE S 2 2 47 NSM OFRP
4 BT AR R e T A o G
FAHCE] P i R s R G 0
Fo FRP il 5 FIa7 a8 4 0 K HoHt 40 B~
A5 A R D e PG
PR/ ToFRY MR B -
#Fw R, UK E E e FRP 7 e B
Fpted LA HCAR Y RAER e FA7 A
BRE AT T R o B % B & NSM
FRP 45 4c B ™ £7 80 45 chdnd (2 frat B 1240
FRHEFES L BRAP LR PR AR
AR AR R R e B A2 B

B BAZASEFROAF R AR

YRbde ALY B ALY R -

W47 i 2 17 oA 2y R TRP

\

7R Ay

1. &

p

FPRASHOFELEA, Ra g ¥ st
AR~ LR E R, o
de B g BORE AT T AR R AR Tl R &
Rend s B o &2 n R EF Fg
(fiber-reinforced polymer, @ % FRP) ™

LS G S R AT ]

SR e e R Bl BB L
WA FIAEY T EK, FUHFL AR
# N "& K 4tpbi2” (near surface

mounted, #§F NSM)4e B HLjb, T & i A

i 3L

i

607



201453 X ™ B KR E K W B

be BN ek G B, - FRP 55 & 4F iR~
B RBAR FRP RS RS,
EHRAPEPL D LB RR
AR o F A B R o B YL oG
pt” (externally bonded, # # EB) +r®
Y TUS T CE R T S
R4 REEC i RF LT A S G hip g

D> T 7 G e 1

™
|l
497
-
=

&
®

FRP e # F fode B ; Q2 A ¢ sk
Fgeb > B RE hE A o FRP 4 Flin
PR et bed P~ ERT g
ARRER R o ER PR o iX
BT kw0 BT fod R e
MIEET ol B arg iy A ﬁ‘%’l&,’é
* BB 5k 2 5k FRP S AR#gE 0 £ F 0
Beewm 7 R3E T NSM FRP 4r BlA7 484 > 4
Petersen %™ *pl3% 1 — % 7] NSM FRP 4c %
FRBE AN /PR (B 1) ¥ -2
Boo— R K - FRP % Aok T
# 8 g fhde o e % EB FRP i fdk

B b R R AP e i M

Bt o Ao pw il

R E T S
AR PR H AT 4 AL
* o b e NSMFRP e it 555 o
AP BT 2 AT e A
FrRUgh, 775t NSM FRP 45 4c 7 2748
Hoenm pALT R o A2 HaE 2 g AR
7R PReds i, BSR4 R
MEH L /TR R Dok m
TR e S e f A
AR KR HE R ARTY 4
R C O JEX RS N AR ()=
TREP B REAY G- 5 BT RN T
TR AR AP LT R Y

)"@_?o

GEd

o
TR R

L
¥



Bl 1 NSM FRP 4 B4+ & . 0 Ve B2

2. 7 RAMBE
Petersen % ™'# 91— B F *T A A% 3%
Hicdt NSMFRP 47 4 BT #7884 - 3 "L~ #3
AT BB AL & MR RIE T B R AP
P S-dico AL R B D A B AG &
W/ R MR R A
+7 5048 DIANA 9% 3838 (7 35 B HE3 © #7 4
b E BT LA BTG (enT g )p o
APEE R AN 1T A S o A S 4 A
Lourence™#% 1 eh % & A & B kR
BAE A~y g o ’ﬁfﬁg{'fr’
@Jﬁﬁammﬁaa}t%“’ ﬁ:%i*@ifﬁﬁm
L ESLIS 2938 T TN =1
XA G H A E A A L od *‘v?@ﬁfmm
HALRR SR ABE~GSF - sy
SOAPRAE S M B s B e A
Pl * A &8k - e £33 35 TG
AR ENCE LR 32 R
BO)FR* ;8L -y £33 TG
PG E B ] EW 2T A G
ek b A AN BT TF G Him H AP azbafd
kit * DIANA O ¢ enl J -5 7 - R34k
AL 5 6 T

’fgv. BT ’]rg_;}%—ic "7

TR BB (T R AT

-

Asia-Pacific Forum on Urban Construction Practice 2014

B
o B PERA RS E AR R 5T > )

AR g

sk B (RS R

¢ ded i (W) A2
SR E B A R 6 AR A
R4 g0 BCR R BCED S B A BB
BB 2V BEASRSFET >R AR o FRP
FEHEF 3 BaghasiFE < o NSMFRP 7]
BRI P R AR G Ao AR
2° & oNSM FRP 2@t is i B ~ ¢
1 ¢ * Petersen % Mend 4 p|ik

Sokk - M o BEEE G 5 TRP

2 FRP &rghemidi i@ * i o H ~ {8 i

A¢ FRP R & % f S % 4 Fr )
Z SLCERE B L I

RIS = SEFR B = TR N

i 3L

i

F3

609



20143 X W m B2 &R E B W B

(a)7§® » NSM FRP g 4%

(b)3 "~

FRPEREHFERERTT

~ 43¢ NSM FRP i 4%

Bl 2 NSM FRP a5 cfcsst i om

3. NSM FRP s Bz & /) 45

Rai jmakers™ = Vermeltfoort™ i& 7 7
BB BRT R DA G
990x1000 mm’ > & 18 K Ay e o # ¢ 7§
RR % B R R A A K
P (B 4)- s = 5 210x52x100
LG a0 ®

mm’ £ TR K EE2d

ZEe R PIE e IR LT EL O B 4

N/mm’ 35 5 J6D o 2F7 % 5 FEiRI 4 BR- AL
R4 (T T T i o J6D Ak BR S

* NSMFRP i£:2 7 B 4r H o é_»}; SNl

v Fr R e AT Lourenco FT R
%o FRP if et fl 45 1 2 A >4 Petersen
g e v L %% 0 Bl 5 A 0 J6D e
LEH TR L ORET AR AR o #
35 J6D 45 0 TR S BRI ARG 0 AL i B0 B
3% Mo e P REIR A A R A 2
BT &R Ao $° NSMFRP 4 B4 21 .
S L S G T SR
T 3 0k FRP 5 eneb 38254 - B 6

T RENFE R oot KINHR B

BabenfE oAt e W S (H 6)

2 A S B e A Nd O § T

R o PR A AR B R FE L b



KT R T F N

B s AL kT g (X310 %

K)o A g BB FH e o B B

M A B4 g

—f 4réd X (Petersen et al.

—ARAER (M)

—ARAER AN
200

S o (kN)

0 2 4 6 8
W P& EEA ()

2010)

B 3/ - SUM T A S Flfede AP ARG

Asia-Pacific Forum on Urban Construction Practice 2014

hat B G ot B b fR R4 G (2

* 4P > NSM FRP “4c B H et i 4o 77 08 4G

B g & o
P Rﬂiﬁé: mm
A EEEEEEEEEN
70, = C 1 v
— 1 ] T 990
I I I ]
T -
1000 S —— R
I I I \
] ] I I
] I I \
] ] I T
I I I \
] ] I T
I’ I [— —
707, ] |
Sz

(a) J6D

(b) JDAFRP

(c) JD6FRP (d) JDTFRP  (e)

JDIFRP

B 5 A e Fldhfode FIgh B § LR cnm 2 B9 (8950 61=30, B o =4 % NSM FRP 45 4: A)

100
90
80
70
60
50
40
30
20
10

0

B for 4% (kW)

10 15 20
T PR 15 AL (om)

25

X

i

F3

611



20143 X W m B2 &R E B W B

B 6 46 NSM FRP 4¢ B v T 784 chie £ - 4 &

4, RH W
BT @At R &P T4
= O ,ﬁﬁl&—,_‘ﬁf’“”f

:~"‘ ll}‘:’ \?I.L%l”¥

Eobiphd ARFHFIAFRE TP

i EwR (BlTa)e 5 2ig-+ e +5 48
T~ gtk Lk 2 e HRE A RIS B

X BEA 19 L g L ERE S R
RS AR e b REAR ARILRE 2

Al FTiEE B AR ATEDEE 2 6

AR FA B d BEerA 2P iRl Y
7N bR R AR 22 b R
T UARA AR R 22 B B 0 T R
- LR Bk o F A, RS e c

+ dRet R (R Tb) frii "

ARBEUTZAR (B Tc)  Fris i i
b d fﬁﬂl/}i‘]%iﬁ'lfé = 250 ZoF, FrREHL B AR 4

A REIERIE S 66 Tk, B ARIE S
10 % 5F o Flet 03] ¢ @ E ~ s < 5 240 x
56 x 100 [mm’] o H =t > d e # IRA L 4o
Foed ¢ ARG N 2 iE4cFHod WA B
ZH A Jﬁp@mfr% R AT I 4 F]
BT B2 L o Bt AR R ik
Egts HE AR, BTEINGE RN
R Ewimy A Ha ] N/mn' F i o & 2
m g g LA R o R R
#7884 > FRP > fof748 ~ FRP 2 A et 4% -

BAMARRF 22 5L A ATy Ao
Adr e 3 ARk Bl 8a? Bor A B

R BA 0 A& D Y Rie

e
E)

=
o

i

BEHTRALREL B

1*“

b e BL U FEIR G IR IR P

=
i

H(W Td) - ¥ - aEd A N2 B F
fefz FFafs a P AT e gis

i KL A F SATE Y R



ek ZiE T 5 F(H Te) - BRF sg 0B

AR AEF LA s T 820

Rl

1945 & 5 AR ] 22 55 K 40 B ehA 47
FE HEEY AT 0P T iod 0 Bl
At oB8b A - BV (7INSMFRP 4%
e FR T 0 ARIA R 22 Bl B ek
LR RA - 5 gk 4P, & NSM
FRP #=2e BT, % B A~ [ 7 L], 4
PN ATy R
Bl 2P e BAL AT 4 &
REG L AT A4 B 9B T A

E"];I%J‘fr%\z '}];]%, N }E}'@ 4 E—;’q»ﬁ “‘l;u_?%% JL

I T [F1-F2] [F3-F4] —
District Fplan 1@ S T AT E 2255
Patio da Felicidade Rua da Felicidade

(a)#F%® T 5 B

Asia-Pacific Forum on Urban Construction Practice 2014

B9 %3 NSMFRP 4 4c Fgh 1 9B 4 4
BT okt L Lkt R e B R
% P NSMFRP 4 Bl &€ A7 e B B Ag el 4 2

H{ 4ed0g o Ap B TR T Rk

o P A F
Frde Blgh e AR A 0 St fee b B
Bk H e U 5 157 F 2 H R B
Hide 1 3%kt e A o A A R
97 fi vt ey B 1 & NSMFRP 4 T 0 4%
PEREED R o B AP NN
FRP 4v BHiirde * B F s 245 ¢ o 30

PR AT Ao B {20 R -

ksl

AEER TR
Elevation of No.22 Pétio da Felicidade

(b) 54 (c)Efh=o B (22=-2010)

EBYES

613



20145 X\ &8 KRE % @ E

(d) smEER T s E 2 (e) M frk Fif4 7

B 73 A4EEE 22 50

(a)
B 87 "Iaks t ik e pr (CRT =#=50mm) HF 2 BA; (%37 5(=30, B s~ & NSMFRP 47 4¢
) (a) A4 s (DNSM FRP 4 F4

.....

(a) (b)
Bl "I~A%s sk i R ef=50mm) o+ 2 8 (N/m') (a)4 *c B4 (b) NSMFRP 4 A4




Asia-Pacific Forum on Urban Construction Practice 2014

180
160
140
120

v 75 4 (kN)

100
80

40

20

20

B A Bk ©1424% (mm)

—ARAEX (B
—AHRAER (KAwEH)

30 40 50

B 10 & e Ffese BRI Y - B AL

b, &

NSMFRP 4 ¢ F 8- 4 314 ek i i@
Sy BlEAT R, ol A K 2 4 AR
BHE BB EECL 20 FRP Y oh
FriRT o A5 B HcE HEEP 1 NOM
FRP 45 4c B4 3% 3 A7 M4 chdid 1 fois
BIRG ¥ ock o

NSMFRP 4% 4 74 4 & % — B * chgt

$HFH

BT R MR ] R

jﬂ

, MES FURERPMSHEEF L F
Fl4aeFele e ket ire
b ig- PR E - BT - A b

1R ] 5 ed BE P &t NS FRP

P AEAT A R o =
Fg

)
I
i

615



201453 X ™ B KR E K W B

[1]

[2]

[3]

[4]

[5]

(6]

[7]

(8]

Petersen, R. B., Masia, M. J., and Seracino, R., In-plane shear behavior of masonry
panels strengthened with NSM FRP strips. I: Experimental investigation. J. Compos.

Constr. 14(6), 754 - 763, 2010.

Petersen, R. B., Masia M. J, and Seracino. R., In-plane shear behavior of masonry
panels strengthened with NSM FRP strips. II: Finite element model. J. Compos.

Constr. 14(6):764 - 74, 2010.

Y Zhuge., FRP-Retrofitted URM Walls under In-Plane Shear: Review and Assessment

of Available Models. Journal of Composites for Construction, Vol. 14, No. 6, 2010.

Wei, C., Zhou, X., and Ye, L., Experimental study of masonry walls strengthened

with CFRP. Struct. Eng. Mech., 25(6), 675-690, 2007.

De Witte, F. C., DIANA 9 users manual, D. Tno, ed., Delft, The Netherlands, 2005.

Lourenco P B., Computational strategies for masonry structures. PhD thesis, Delft

University of Technology, Stevinweg 1, 2628 CN Delft, The Netherlands, 1996b.

Petersen, R. B., Masia, M. J., and Seracino, R., Bond behavior of NSM FRP strips
bonded to modern clay brick masonry prisms: Influence of strip orientation and

compression perpendicular to the strip. J. Compos. Constr., 13(3), 169-178, 2009.

RAIJMAKERS, T.M.J. and VERMELTFOORT, A.Th. (1992) Deformation controlled tests
in masonry shear walls (in Dutch). Report B-92-1156, TNO-Bouw, Delft, The

Netherlands.




Asia-Pacific Forum on Urban Construction Practice 2014

[9] VERMELTFOORT, A.Th. and RAIIMAKERS, T.M.J, Deformation controlled tests in masonry
shear walls, Part 2 (in Dutch). Report TUE/BK0/93.08, Eindhoven University of

Technology, Eindhoven, The Netherlands, 1993.

[10] Wang, W.J and Cheong C.K., Study of Macao’ s Historical Urban Fabric, Vol.1, pp.

47-51, 2010

F3

i 3

i

617



20143 X W m B2 &R E B W B

Life Cycle Carbon Measurement of Locally Used Building
Materials: Portland Cement and Ready-Mixed Concrete

Jack C. P. Cheng !, Irene M. C. Lo!, Jing L. Zhang ', Shelley W. W. Zhou '**

!Department of Civil and Environmental Engineering,
The Hong Kong University of Science and Technology

Construction Industry Council

3 The Hong Kong Jockey Club

Abstract

Construction activities account for much of the energy consumption and carbon emissions.
According to WWE, the construction sector was the second largest contributor of the Hong
Kong carbon emissions in 2007, and 85% of the carbon emissions from the sector was
external in nature. The carbon footprint embodied in each building material varies
considerably under different conditions. This study develops and illustrates a methodology
framework to calculate embodied carbon footprints of building materials. The framework uses
a “cradle-to-site” life cycle boundary which includes the processes of raw materials extraction,
manufacturing and transport until the building material reaches the construction site. Data
were collected from manufacturers in local and nearby regions. Portland cement and
ready-mixed concrete were selected as examples in this study to demonstrate the calculation
steps. The results indicate that for Portland cement, calcination is the largest contributor to the
total GHG emission over the cement life cycle, followed by coal combustion. For
ready-mixed concrete, the major contributor is the cement manufacturing. The methodology
presented in this paper can be modified and extended to other building materials, thereby
helping lower the carbon footprint of construction activities by providing a benchmark for the
selection of green materials.

Keywords: Building materials, Carbon footprint, Cradle-to-site, GHG emission, Portland

cement, Ready-mixed concrete
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1. Introduction

In recent years, climate change and global warming issues have attracted increasing concern
around the world. The Intergovernmental Panel on Climate Change (IPCC) states that
anthropogenic greenhouse gas (GHG) emission is the major cause of global warming
phenomenon (Pachauri and Reisinger, 2007). In response to demands for sustainable
development, industry has a responsibility to lower energy consumption and GHG emission
over the manufacturing life cycle. Within the industrial sector as a whole, construction
activities account for much of the energy consumption and carbon emissions. According to the
WWEF’s Hong Kong Ecological Footprint Report 2010 (Cornish et al., 2011), in 2007 the
construction sector contributed the second largest carbon footprint in Hong Kong, of which 85%
was embodied in imported goods and services. In addition to direct emissions from the
construction sector, this footprint includes emissions from all upstream material inputs to the
construction activities.

This study aims to investigate the methods for calculating embodied carbon footprint of
building materials. After reviewing various carbon footprint calculation methodologies for
building materials, a modified methodology framework has been developed with
consideration of regional factors, with the intention to develop a carbon inventory of the
building materials commonly used in Hong Kong. The results of this study will help lower the
carbon footprint of the construction industry in Hong Kong by providing a benchmark for the
selection of green materials.

This paper describes our methodology framework and illustrates the steps to be taken in
life cycle carbon measurement of building materials. Portland cement and ready-mixed
concrete were selected as examples in this study in order to demonstrate the methodology
framework, which can serve as a reference for the study of other types of building materials.
Based on the concept of Life Cycle Assessment (LCA) and with reference to the ISO 14040

standard, the system boundary of this study is set as “cradle-to-site”, which evaluates the life
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cycle environmental impact (i.e. carbon footprint) of building materials from the stages of raw
materials extraction, product manufacture, and transport (ISO, 2006; Hammond and Jones,

2008).

2. Methodology Framework

The framework of this study is shown in Figure 1. To develop a region-specific inventory, the
manufacturing processes for cement and concrete in local and nearby areas were studied, the
GHG emission sources over the specified life cycle were identified, and the standard GHG
emission calculation guidelines were reviewed. Based on the information obtained from the
background study above, detailed system boundaries describing the manufacturing processes
from “cradle-to-site” were determined for cement and concrete, respectively. Questionnaires
specific to local and nearby manufacturers were then designed and distributed, with the aim to
collect first-hand data. This data collection stage was the key to the whole study because the
availability, quality and completeness of the data could influence the accuracy and reliability
of the final results. In the data collection work, iterative review and revision of the
questionnaires can be conducted in response to the feedbacks from industry. GHG emissions
of the building materials were then calculated with reference to the relevant guidelines and
standards. Finally, the results were analyzed, compared, and reported, which summarized the

whole study.
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Figure 1. The methodology framework of this study

3. System Boundary

This section presents the “cradle-to-site” life cycle system boundaries for Portland cement and
ready-mixed concrete in this study. As shown in Figure 2, the “cradle” of the system boundary
for Portland cement refers to the extraction and quarrying of the four raw materials —
limestone, clay, sand, and iron ore (Duggal, 1998). The raw materials are transported to
manufacturing plants and then separately ground to fine powder and mixed. Calcination, a
combustion process that consumes fuel is then performed. Due to the chemical reaction of the
carbonates at a high temperature of 1400 °C to 1500 °C, CO; is directly emitted during
calcination and clinker is produced (Duggal, 1998). During the production of clinker,

limestone, which is mainly calcium carbonate (CaCO3), is heated, or calcined, producing lime
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and CO» (Eggleston et al., 2006). The chemical equation is given in Eq. 1.
CaCO3 + heat — CaO + CO» (D)

In some factories, self-manufactured clinker cannot satisfy the demand for cement production,
so clinker may be imported from other manufacturers. The GHG emissions from the
production and transport of imported clinker are included in our system boundary for cement.
After clinker preparation, gypsum is added for strengthening the performance of cement. Then
the final grinding process produces the cement product. The last phase in the system boundary
is the transport of the cement products. As shown in Figure 2, electricity and coal are the

energy inputs during the cement manufacture process and account for GHG emissions.

Gypsum

@ Cement
manufacture

v
_______ | ——=——=-=1 ______I

Construction
site

N . -
i Calcination—{ Clinker —‘Lﬂ‘ Grinding :—> Cement

[N ——

Transport Imported clinker

System Boundary

Transport

Transport

Iron ore

Figure 2. System boundary of Portland cement

All direct and indirect GHG emissions associated with each phase shown in Figure 2 are
covered in this study. They are (1) the GHG emissions generated from each upstream material
extraction process and production, (2) the GHG emissions from the transport of upstream
materials, fuels, imported clinker and products, and (3) the GHG emissions during the cement "
manufacture process at factory (i.e. calcination, fuel combustion, electricity consumption, and
imported clinker). However, the emission from the gypsum production is excluded since
gypsum is a by-product of the desulfurization process in power plants.

Figure 3 shows the “cradle-to-site” life cycle system boundary of ready-mixed concrete.

The raw materials include admixture, aggregates, cement, fly ash, and water (Richard, 2004).

)
I
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After being transported to concrete batching plants, the raw materials are conveyed and
loaded into silos for storage in the plants. The raw materials are then weighed in specific
ratios for mixing. After mixing, the fresh ready-mixed concrete is transferred to construction

sites using mixing trucks. Electricity is the energy input during the batching process.
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Figure 3. System boundary of ready-mixed concrete

System Boundary

The GHG emissions for concrete were calculated using the methods similar to those used
for Portland cement. However, the “cradle” of the system boundary for concrete does not
cover the extraction and production of admixture and water, because the admixture production

and water use have an insignificant impact on the total GHG emission, according to Flower

and Sanjayan (2007).

4. Questionnaire Design and Data Collection

Based on the information obtained from the background study and the literature review, a set
of bilingual questionnaires (in English and Traditional Chinese) for cement and ready-mixed
concrete manufacturers were developed. Following the system boundaries as described above,
the main body of the questionnaires covers three major parts — (1) raw materials extraction

and production, (2) consumption of fuels and electricity, and (3) transport of upstream

materials, fuels and products.
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Table 1. Basic information of the cement manufacturing factory example illustrated in

this study (raw materials, fuel and electricity consumption, production, and transport)

Material Quantity (t/yr) Source location Transport type
. 416,000 Guangdong, China Ship (inland water)
Limestone . . .
624,000 South Japan Ship (international marine)
Sand 130,000 Guangdong, China Ship (inland water)
Clay 104,000 Guangdong, China Ship (inland water)
Iron ore 26,000 South Japan Ship (international marine)
Imported clinker 100,000 Vietnam Ship (international marine)
Energy Quantity Source location Transport type
Coal 237,900 (t/yr) Indonesia Ship (international marine)
. 87 (kWh / t clinker) NA Local grid
Electricity .
135 (kWh/tcement) NA Local grid
Product Quantity (t/yr) Distance Transport type
Clinker 1,300,000 NA NA
100 km Barge
Cement 1,500,000
100 km Truck

To collect first-hand information about the locally used cement and concrete products,
bilingual questionnaires were distributed to the manufacturers in Hong Kong and nearby
regions that supply cement and concrete products to the Hong Kong market. For illustrative
purposes, this paper shows the examples from one of the cement manufacturers and one of the
ready-mixed concrete manufacturers. As requested, the manufacturers’ names and the
information sources are kept anonymous due to confidentiality. Some information and
numbers are also hidden or slightly modified due to confidentiality. The modified raw
material quantities, production data, and transport information for the cement and concrete
illustrative examples are summarized in Table 1 and Table 2.

As shown in Table 1 and Table 2, compared to the concrete production example, the
cement production example involves more materials imported from overseas regions such as
Japan and Vietnam, resulting in longer transport distances. However, the concrete production
example involves more types of transport means. Both transport distances and transport

means types are considered in the GHG emission calculation.
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Table 2. Basic information for the ready-mixed concrete batching plant illustrated in

this study (raw materials, production and transport)

Raw material Quantity (t/yr) Source location Transport type
Cement 530,000 Hong Kong/China Cement tanker
Aggregate 2500,000 Hong Kong/China Truck/Conveyor/Barge
Fly ash 99,000 Hong Kong Tanker/Barge
Admixture 6,486 Hong Kong Truck

Product Quantity (m*/yr) Diesel oil (L/yr) Transport type
Ready-mixed concrete 1,300,000 300000 Truck

5. Calculation of CO:-e for Portland Cement
The results of our GHG emission calculation are expressed in terms of carbon dioxide
equivalent (CO»-e), which refers to the global warming potential (GWP) with respect to one
unit of carbon dioxide. Expressing all GHG emissions in terms of CO»-e allows the different
greenhouse gases to be grouped together (British Columbia Ministry of Environment, 2013).
Usually, the six greenhouse gases identified in Kyoto Protocol are considered when
measuring GHG emissions in terms of CO»-e. They are carbon dioxide (CO2), methane (CH4),
nitrous oxide (N20), hydro-fluorocarbons (HFCs), per-fluorocarbons (PFCs), and sulfur
hexafluoride (SFs). In this study, the three major ones (CO2, CHs and N>O) among the six
were considered in calculation. The COz-e for a gas is derived by multiplying the weight of
the gas by the corresponding GWP value, as expressed in Eq. 2 (USEPA, 2012).
kg CO;-e = (kg of a gas) * (GWP of the gas) (2)

IPCC has updated the GWP values for various greenhouse gases in 2007 and released the
latest GWP values over a 100-year period in the [IPCC Fourth Assessment Report: Climate
Change 2007 (Foster et al., 2007). This study uses the latest GWP values released by IPCC in
2007, as summarized in Table 3. According to 2006 IPCC Guidelines for National Greenhouse
Gas Inventories, biogenic CO> emission is excluded for reporting in the Energy sector due to
its neutral impact on the greenhouse effect (Eggleston et al., 2006). However, according to the

IPCC Fourth Assessment Report in 2007, biogenic CH4 emission should be taken into account
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as sequestration of CO2 with a GWP value of 22.5 (Frischknecht, 2012), as shown in Table 3.

Table 3. The GWP values of CO2, CH4 and N2O

Gas type GWP
Carbon dioxide (CO2) 1
Methane from fossil source (CH4 fossil) 25
Methane from biogenic source (CH4 bio) 22.5
Nitrous oxide (N20O) 298

The GHG emission calculation for Portland cement over its “cradle-to-site” life cycle
consists of three parts: (1) extraction and production of upstream materials (raw materials and
fuel), (2) cement manufacture at factory, and (3) transport of upstream materials and products.

(1) Upstream materials: For each upstream material, the emission factors in terms of
different greenhouse gases are summarized in Table 4. To ensure that the results were
region-specific, local data were selected as much as possible. For some data which could not
be obtained from local sources, average values based on a global range from widely
recognized inventories were adopted. The emission factors in terms of COz-e per kg of
upstream material were calculated based on the GWP values shown in Table 3. As shown in
the last column of Table 4, the COz-e¢ value of coal is almost four times the CO, value,

indicating the significant impact of CH4 emission during coal mining.

Table 4. Emission factors of the upstream materials of Portland cement

Upstream kg CO2/ kg CHa fossil/ kg CH4 bio/ kg N20/ kg CO2-e/
material kg material kg material kg material kg material kg material
. 4.83 x 1073 1.71 x 10 5.59 x 107 6.78 x 107 5.45x103¢
Limestone
NA NA NA NA 4.11 x 103°
Sand 2.29 x 107 2.66 x 106 5.84 x 108 0 2.36 x 1073¢
Clay 2.84 x 107 1.87 x 106 5.21 x 10?7 0 2.89 x 1039
Iron ore 4.29 x 103 4.06 x 106 4.74 x 10°® 0 439 x103¢
Coal 2.56 x 102 3.06 x 107 4.68 x 107 0 1.02 x 107/

*CLCD China, 2009; *JEMAI Japan, 2011; Ecoinvent Swiss, 2010; “Ecoinvent Swiss, 2003; ¢Ecoinvent Global,
2007; 'Ecoinvent Central Planned Asia and China, 2010.

(2) Cement manufacture: As presented in Figure 2, GHG emissions are mainly from
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the chemical reaction in calcination and the associated energy inputs (coal combustion and
electricity consumption). Table 5 shows the emission factors for each process of clinker and
cement production. For calcination, the value was obtained based on the first-hand data
provided by the factory with reference to the IPCC Guideline (Eggleston et al., 2006) and the
Cement Sustainability Initiative (CSI) standard (CSI, 2012). According to the factory, the
consumption of coal is 3.6 x 10 GJ/kg clinker. Emission factors for coal combustion were
obtained from the Energy sector of the IPCC Guideline (Eggleston et al., 2006). Electricity
consumption for clinker and cement are 87 kWh/tonne clinker and 135 kWh/tonne cement,
respectively. The COz-e emission factor for electricity consumption refers to the local power
plant which supplies power to the surveyed cement factory. In cement production, GHG
emissions from imported clinker should be considered. According to the CSI Standard, the
embodied carbon of imported clinker is 0.865 kg COz-e/kg imported clinker (CSI, 2012).
Referring to the annual coal consumption amount and annual production quantities shown in
Table 1, the GHG emissions during the cement manufacture process were calculated as 0.950

kg CO»-e per kg of clinker produced and 0.917 kg CO»-e per kg of cement produced.

Table 5. Emission factors for the Portland cement manufacture

Clinker kg COz/unit kg CH4/unit kg N2O/unit kg CO2-e /unit
Calcination 0.551 0 0 0.551 kg/kg clinker
Coal 96 kg/GJ 0.01 kg/GJ 0.0015 kg/GJ  96.70 kg/GJ
Electricity NA NA NA 0.59 kg/kWh
CO2-e/kg clinker 0.950

Cement kg CO2/unit kg CH4/unit kg N2O/unit kg COz-e /unit
Calcination 0.478 0 0 0.478 kg/kg cement
Coal 96 kg/GJ 0.01 kg/GJ 0.0015 kg/GJ  96.70 kg/GJ
Electricity NA NA NA 0.59 kg/kWh

) 0.865 kg/kg
Imported clinker 0.865 0 0

imported clinker
CO2-e/kg cement 0.917

(3) Transport of upstream materials and products: As shown in Table 1, inland
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water shipping and international marine shipping are the two major transport types for raw
materials in the illustrative example. The inland water shipping distance from Guangdong
Province of mainland China to the factory was estimated, and the international marine
shipping distances from Southern Japan, Vietnam, and Indonesia to the factory were extracted
from a Japanese database which provides the travel distances among major ports in the world
(JEMAL 2012). The emission factor for inland water shipping in China was obtained from a
Chinese LCI database (CLCD, 2010), while the emission factor for international marine
shipping was obtained from World Resources Institute (WRI) (WRIL, 2011). After unit
conversion, Table 6 presents the transport emission factors in SI units.

The factory delivers cement products by barge and by truck with an estimated travel
distance of 100 km. The emission factors of barge delivery were obtained from WRI (WRI,
2011). The emission factors of diesel oil truck delivery were obtained from the Hong Kong
Environmental Protection Department (HKEPD) (HKEPD, 2010) and the Electrical and

Mechanical Services Department (EMSD) (EMSD, 2012).

Table 6. Emission factors for the transport of upstream materials and cement products

Materials Distance (km) kg CO2/t.km kg CH4/t.km kg N20/t.km kg COz-e/t.km
. 250 1.25 x 102 597 x 107 6.16 x 107 1.42x 102
Limstone
3202 ¢ 3.29 x 102 2.81 x 10° 9.60 x 107 3.33 x 10%°¢
Sand 250 1.25 x 102 5.97 x 10 6.16 x 107 1.42x102°
Clay 250 1.25 x 1072 5.97 x 10 6.16 x 107 1.42x102°
Iron ore 3202 ¢ 3.29 x 102 2.81 x10° 9.60 x 107 3.33 x 10%°¢
Imported 5 p ; 5
. 1764 ¢ 3.29 x 10 2.81 x 10 9.60 x 10 3.33 x10=¢
clinker
Coal 3555 ¢ 3.29 x 102 2.81 x 10 9.60 x 107 3.33 x102¢
Product Distance (km) kg CO2/tkm kg CH4/tkm kg N20/t.km kg CO2-e/t.km
100 (Barge) 3.29 x 102 2.81 x 10 9.60 x 107 3.33 x 102°
Cement 100 (Truck, 2.614 kg 1.45 x 10 720 x 10°  2.64kg
diesel oil) CO./L kg CH4/L kg NoO/L COsz-e/L¢

JEMAI Japan, 2012; *\CLCD, 2010; WRI, 2011, ‘HKEPD, 2010.

Table 7. Results comparison of CO:z-e for each part of Portland cement life cycle
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(1) Upstream material

kg CO2-e/kg clinker

kg CO2-e/kg cement

Limestone 3.718 x 107 3.222 x 1073
Sand 2.358 x 10 2.043 x 104
Clay 2.309 x 10 2.002 x 104
Iron ore 8.785 x 10°° 7.614 x 107
Coal 1.868 x 107 1.619 x 107
Total CO2-e in part (1) 2.295 x 102 1.989 x 102

(2) Cement manufacture

kg CO2-e/kg clinker

kg CO2-e/kg cement

Calcination 0.551 0.478

Coal combustion 0.348 0.302
Electricity consumption 0.051 0.080
Imported clinker NA 0.058

Total COz-e in part (2) 0.950 0.917

(3) Transport kg CO:z-e/kg clinker kg CO:z-e/kg cement
Limestone 5.225 x 10 4.528 x 10
Sand 3.544 x 104 3.071 x 104
Clay 2.835 x 10 2.457 x 10
Iron ore 2.130 x 107 1.846 x 107
Imported clinker 4.474 x 107 3.877 x 107
Coal 2.163 x 1072 1.875 x 1072
Cement 3.770 x 1073 3.267 x 1073
Total COz-¢ in part (3) 8.489 x 102 7.357 x 1072
Overall total CO2-¢ emission  1.058 1.010

After determination of the emission factors for each part, the CO»-e calculation per unit
of clinker and cement could be calculated. By multiplying the quantities shown in Table 1 by
the CO»-e emission factors for each material or each process, the total CO>-e emissions were
calculated. The per unit GHG emissions were then calculated by dividing the total CO;-e
emissions by the clinker production quantity and the cement production quantity. Table 7 and
Figure 4 present the final results and percentage distribution of each part, which clearly
indicate that the cement manufacture part accounts for most of the GHG emissions over the

“cradle-to-site” life cycle of Portland cement. The bar chart in Figure 4 shows that in the
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cement manufacture part, calcination is the largest contributor, followed by coal combustion.

/\\\\\\Q % (1) Upstream material

0.478 (47%) \Q ¥ (2) Cement manufacture

\

7.36E-02
7%

»¥ Calcination

=1 Coal combustion

= Electricity consumption
# Imported clinker

# (3) Transport

Figure 4. GHG emission distribution of each part for Portland cement (kg CO»-e/kg cement)

6. Calculation of CO:-e for Ready-Mixed Concrete

Similar to the study and calculation for Portland cement, this section presents the calculation
of GHG emissions in terms of CO»-e for ready-mixed concrete. The calculation consists of
three parts: (1) extraction and production of upstream materials, (2) concrete batching at
plants, and (3) transport of upstream materials and products.

(1) Upstream materials: As discussed above in Section 3, only three types of raw
materials for ready-mixed concrete are included in the system boundary in this study.
Emission factor for cement manufacture (0.917 kg CO»-e/kg cement) referred to the previous
calculation for Portland cement, as shown in Table 7. Emission factor of aggregate (3.07 X
10 kg COz-e/kg aggregate) was extracted from a report provided by the surveyed concrete
batching plants. As for fly ash, since no local data was available, the emission factor (4.00 x
107 kg COs-e/kg fly ash) was obtained from a report published by Mineral Products
Association in 2011 (Mineral Products Association, 2011).

(2) Concrete batching: The concrete batching process only consumes electricity as the

)
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energy input and is relatively simple compared to the cement manufacture process. According
to the surveyed plants, electricity at the plants is provided by two suppliers. One supplier
accounts for 98% of the electricity supply with a total annual consumption of 3,300,000 kWh,
whereas the other supplier accounts for the remaining 2%. The emission factors of the first
and the second electricity suppliers are 0.59 kg CO»-¢/kWh and 0.81 kg CO;-e¢/kWh,
respectively.

(3) Transport: Raw materials are transported to the concrete batching plants using road
transport (trucks and tankers). The emission factor of concrete product road transport is the
same as that of cement product road transport (HKEPD, 2010; EMSD, 2012), as shown in
Table 6. Cement and fly ash are transported to the plants close to the raw material suppliers by
pipeline and transported to other plants by truck. The emission factor of pipeline transport is
0.005 kg COs-e/t.km, as suggested by McKinnon and Piecyk (2010). Aggregates are
transported by conveyor for the batching plants near the quarry site. In this case, GHG
emissions due to conveyor transport are included in the electricity consumption. Barge
delivery is needed when the supplier or batching plant is located on an island. The emission
factor of barge delivery is 0.033 kg CO»-e/t.km.

Applying the emission factors determined in the above three parts, the total GHG
emission was calculated. To obtain the CO»-e value per unit weight of concrete, the density of
the ready-mixed concrete was assumed as 2400 kg/m’® concrete (Richard, 2004). Table 8
summarizes the final calculation results for each part in terms of kg CO2-e/m’ concrete and kg
COz-e/kg concrete. As indicated in Table 8, the part of upstream material extraction and
processing contributes the majority of the total GHG emission, because cement as raw

material has a rather high embodied carbon value.
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Table 8. Results comparison of CO:z-e for each part of ready-mixed concrete life cycle

(1)Upstream material kg CO:z-¢/m? concrete kg CO2-e/kg concrete
Cement 373.86 0.1558

Aggregate 5.90 0.0025

Fly ash 0.30 0.0001

Total COz-e in part (1) 380.06 0.1584

(2) Concrete batching kg CO2-e¢/m? concrete kg CO2-e/kg concrete
Electricity supplier 1 1.47 6.1156 x 10
Electricity supplier 2 0.04 1.7135 x 1074

Total COz-e in part (2) 1.51 0.0006

(3) Transport kg CO:z-¢/m? concrete kg CO2-e/kg concrete
Raw materials transport 1.42 0.0006

Products transport 0.61 0.0002

Total COz-e in part (3) 2.03 0.0008

Total CO2-e emission 383.60 0.1598

@ Figures may not add up to total due to rounding off.

The results of this study were compared with the values provided by Inventory of Carbon &
Energy (ICE), a widely used UK-based carbon inventory database of building materials
developed by University of Bath (Hammond and Jones, 2008). The system boundary of ICE is
“cradle-to-gate”. In other words, our “cradle-to-site” system boundary in this study has a
broader coverage than ICE and includes the GHG emissions from transport of products which
ICE excludes. In order to make a fair comparison, the results of this study were converted to
“cradle-to-gate” values by deducting the emissions of product transport from the previous
“cradle-to-site” calculation. Table 9 shows the details of the comparison. The ICE value for
cement was selected from the type “CEM I Portland cement” in ICE, which is the type of
cement studied in this paper. For concrete, the average cement content of the concrete studied
in this paper is 407.7 kg/m® concrete, calculated based on the annual cement consumption
quantity and annual concrete production volume. Therefore, the ICE value for concrete was
selected from the specific type of concrete in ICE that contains 400 kg cement in one cubic

meter of concrete (“400 kg CEM I/m? concrete™). As shown in Table 9, the result for cement
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presented in this study is larger than the ICE value. In addition, the result for concrete
presented in this study is smaller than the ICE value, probably because the concrete plants
surveyed in this study add fly ash as cement replacement in the batching process, reducing the
amount of cement necessary for each unit volume of concrete. However, the concrete type

“400 kg CEM I/m? concrete” in ICE does not include the addition of fly ash.

Table 9. Results comparison of CO:z-e between ICE and this study

Database kg COz-¢/kg cement kg CO2 —e/m? concrete System boundary
ICE 0.950 0.1810 Cradle-to-gate
This study 1.007 0.1596 Cradle-to-gate
This study 1.010 0.1598 Cradle-to-site

7. Conclusion and Future Work

This paper presents and illustrates the methodology framework developed for measuring the
life cycle carbon emissions of locally used building materials in Hong Kong. A “cradle-to-site”
life cycle system boundary was used in this study. To illustrate the steps of GHG emission
calculation, Portland cement and ready-mixed concrete were selected as examples in this
paper. The results show that calcination and coal combustion are the major sources of GHG
emissions for cement over its “cradle-to-site” life cycle, whereas the high embodied carbon
emission in cement manufacture is the largest contributor to GHG emission for ready-mixed
concrete over its “cradle-to-site” life cycle The results were then compared with the values
provided in the ICE database developed by University of Bath.

As the values of embodied carbon are region-specific, this study aims to collect
first-hand data in Hong Kong and nearby regions, wherever possible, for accuracy and
reliability of the final results. However, when the information from the manufacturers was
limited, the second-hand information from existing databases or literature would be used. In
addition, some assumptions were made for the manufacturing and transport calculation due to

the limited information. The methodology framework presented in this paper can be applied to
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building materials other than cement and concrete. In the near future, the scope of this study
will be extended to more building materials and a building materials carbon inventory
database will be developed for the Hong Kong market. Such a database could help build a low
carbon built environment in Hong Kong by providing a benchmark for selection of green
construction materials and a basis for prediction of carbon emission in building

infrastructures.
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ABSTRACT:

This paper will present a trail that
demonstrates the process of the plan-
ning, design and construction of the
foundation and basement 1in a very
difficult ground with cavernous karst
in Tin Shui Wai, Hong Kong SAR with
thorough considerations of technical
1ssues and alternative solutions. In
this project, an appraisal was car-
ried out to determine the effect of
geological constraints on the founda-
tion design and to assess the suita-
bility of different types of founda-
tion systems for the project with a
basement of 7m depth.
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Career Prospects Si il &

Following appropriate training (n the placements, graduates could become professional utility specialists progressively. The
eontinuing growth of Heng Kang' infrastructure offers opportunities for graduates to take up positions with urility or eonstrue-
tien companies. Graduates with relevant education level may further their siudies by applying for Higher Diploma or Associate

Degree from local or overseas universities.
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Promotion Path for Utility Professions
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Green Buildings of The Hongkong Electric Co, Ltd.

Ir IP Tat Yan,
The Hongkong Electric Co.,
Ltd., Hong Kong

Abstract

The Hongkong Electric Co., Ltd. (HEC) has
been adopting environmentally-friendly
building design and green features to its
premises. This paper aims to introduce the
green features of newly built Lamma Power
Station Extension (LMX) Maintenance Building
and Lamma (LMA) East Store Building and
share experience in green building
development and how these initiatives add

value to the company.

LMX Maintenance Building obtains provisional
Platinum rating under BEAM Plus standard,
while LMA East Store Building is awarded
BEAM 4/04 Platinum Certification.
Application of renewable energy by installation
of PV panels is estimated to contribute to
43.5% and 78% of their annual energy
consumption respectively. Another example is
the application of “DIG Solar Wireless
Irrigation System” at LMA East Store Building,
which helps save annual water consumption by
more than 35% as compared with the
traditional irrigation method. Along with other
environmentally-friendly features, the buildings
help reduce resources consumption and

achieve sustainable building design.

1. Introduction

Ir HO Hing Yu,
The Hongkong Electric Co.,
Ltd., Hong Kong

Ms WONG Yee Yi,
The Hongkong Electric Co.,
Ltd., Hong Kong

Green building is the practice that uses
environmentally responsible processes
throughout the life cycle of a building, from
siting, design, construction and then operation,
maintenance, renovation and demolition. The
objectives are to minimise impacts to the
natural environment and human health.
Generally, these are met by using resources
efficiently, reducing waste and pollution to the
environment, and adopting measures to protect
the health of the building users.

Established in 1889, The Hongkong Electric
Co., Ltd. (HEC) generates and supplies
electricity for over half a million of commercial
and domestic customers in Hong Kong. As one
of the major public utilities in Hong Kong,
HEC realises it is influential in the way of life
of Hong Kong citizens. Over the years, HEC
takes environmentally-friendly initiatives in
multiple aspects. For instance, its Lamma
Winds and various education programmes are
well-known in the community. Besides these
well-established environmentally-responsible
activities, HEC also applies green initiatives in
the daily operations. Its newest operation
buildings — LMX Maintenance Building and
LMA East Store Building — adopt sustainable
concepts in their life-cycle, which in the end
can reduce their impacts to the environment in

a more thorough and effective way.
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2. Initiatives Taken by HEC

Dated back to 2008, HEC constructed its Marsh
Road Station Building with the concept of
promoting sustainable development. Ash
produced from coal burning at our Lamma
Power Station was used as construction
materials for the building. In addition, the
building features a number of green elements
including a rooftop garden to lower indoor
temperatures of the building, thereby reducing
the demand for air ventilation. One micro wind
turbine of 2.5kW capacity and 30 solar
photovoltaic panels totaling 6.15kWp were also
installed to generate green electricity for the
premises. To conserve water resources, a water
collection tank was built to collect rain water

for plants irrigation in the garden.

Besides, noise abatement measures were taken
to reduce nuisance to the nearby community.
Acoustic lining for transformer, and silencer
for ventilation fans and generator were

employed.

2.1 LMX Maintenance Building

LMX Maintenance Building is the newest
building developed by HEC at its Lamma
Power Station. It obtains Platinum rating under
Provisional Assessment of BEAM Plus
Assessment for New Buildings. BEAM
(Building Environmental Assessment Method),
launched in 1996, is a voluntary green building
assessment scheme in Hong Kong. It measures,
improves and certifies the building of its
environmental sustainability across its life-
cycle, in terms of site, materials, energy use,

water use, indoor environment quality and

innovations. BEAM Plus is the most updated
standard of BEAM for assessing environmental
performance of new and existing buildings.

The assessed buildings are labelled as Platinum,
Gold, Silver, Bronze or Unclassified

accordingly.

Since siting and design of the building,
environmental considerations are taken care of
in development of LMX Maintenance Building.
Site planning and building designs of the LMX
Maintenance Building have taken visual
impacts and other environmental aspects into
account for integration with the immediate site
surroundings and neighbourhood according to
the Urban Design Guidelines in the Hong Kong

Planning Standards and Guidelines.

About 65% of hard landscaped areas are paved
with eco paving materials. As water is allowed
to filtrate into the ground, the surface and
surrounding area temperatures of LMX
Maintenance Building will be cooler than a
hard impervious surface. Also, pervious
pavement absorbs less heat from solar radiation
as the relatively open pore structure stores less
heat, therefore, reducing the heat reflected back
into the environment and helping to lower heat
island effects. High emissivity roofing material
is used such that remaining heat absorbed from
the sun can be released and roof temperature of
LMX Maintenance Building can be reduced.
All exterior surfacing works including paths
and surfaces will adopt environmentally
friendly pave and permeable which contain
high recycled content. Approximately 70% of
outside surface works and structures are made
from recycled materials. FSC (Forest

Stewardship Council) certified timber or reused



wood is used for temporary work during
construction. No ozone-depleting
chlorofluorocarbon (CFC)-based refrigerants
are used which is destructive to the

environment.

The design of the LM X Maintenance Building
also takes into account of environmental
considerations. Spatial flexibility is provided
in the premises for different uses and allows for
expansion to permit additional spatial
requirements to be accommodated. Flexible
design of services that can adapt to changes of
layout and use is available. Building design
also provides flexibility through the choice of
building structural system that allows for
change in future use, and which is coordinated

with interior planning modules.

Appropriate monitoring and auditing has been
implemented during its construction stage.
Mitigation measures for dust and air emissions,
noise and water pollution during the
construction were taken. Obtrusive light from
exterior lighting meets the specified
performance. Waste management plan was
implemented and waste recycling has been

taken place.

On energy aspect, PV panels are installed at
LMX Maintenance Building and power
generated from which achieves about 44% of
total building energy consumption.
Instruments are installed to monitor the
electricity consumptions. Motion sensors are
installed to control artificial lighting and hence

achieve energy saving.

Asia-Pacific Forum on Urban Construction Practice 2014

Regarding water use, harvesting of rainwater is
estimated to contribute to about 20% of annual

water saving. Overall, it is estimated that about
41% of annual water saving and 26% of flush

water saving is achieved.

To maintain satisfactory indoor environment,
adoption of sun light is integrated in building
design. Suitable daylight glare will be
maintained with the assistance of venetian
blind. Ventilation system is installed at the
areas with significant indoor pollution sources

generated.

2.2 LMA East Store Building

LMA East Store Building is another BEAM
certified building of HEC. It obtained BEAM
4/04 Platinum Certification in 2012. By
implementation of environment management
during its construction phase, incorporating
green features in building design, and adoption
of energy and water saving measures, impacts

to the environment are reduced.

Environment management was implemented
during construction stage of LMA East Store
Building. Mitigation measures were
implemented to reduce air, noise and water
pollution during construction. Wastes
generated during its construction stage were
reduced by reuse and recycling of materials.
More than 97% by weight of construction
waste are recycled. All unitised transportable
metal hoardings left after the construction are
reused for other construction projects in
Lamma Power Station. Moreover, surplus
excavated soil after foundation completion is

used for ground filling purpose within Lamma
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Power Station without dumping to public
Landfills.

In respect of material used, paving surrounding
the LMA East Store Building was paved with
recycled aggregate paving blocks. These
paving blocks were made of not less than 50%
recycled aggregates to replace virgin

aggregates.

Renewable energy is harnessed to provide
electricity for this building. About 78% of the
annual energy consumption of the building is
provided by a grid-connected solar PV power
system with total installed capacity of 173.8kW

on the rooftop. The system comprises 1,224

pieces tandem junction thin film photovoltaic
(TFPV) modules each rated at 142W peak
output.

Fig. 1a TFPV Solar Panels on the roof of LMA
East Store Building (top view)

Fig. 2b TFPV Solar Panels on the roof of LMA
East Store Building (side view)

The use of natural lighting is maximised in the

daytime by a thin strip of skylight added at

regular intervals corresponding to the aisle
location of each store. For artificial lighting,
the following energy-efficient devices are
installed to achieve energy saving:

1) Energy-efficient highbay floodlights with
induction lamp are provided for high
headroom stores.

2) TS5 fluorescent luminaries are provided for
the building services equipment rooms and
Store Control Room.

3) All lighting system is controlled by
individual motion sensors located in the
respective room.

4) Perimeter lightings with SON lamps are
provided around the building perimeter and
are controlled by photocell.

Therefore, electricity consumption for lighting

is largely reduced. About 54% energy saving

in lighting energy consumption is achieved as

compared with the BEAM baseline option.

Fig. 2 thin strip of skylight added at regular
intervals corresponding to the aisle location of
each store



Water consumption of the LM A East Store
Building is reduced by the application of “DIG
Solar Wireless Irrigation System”. Itis a
wireless irrigation control system powered by
photovoltaic technology and ambient light
energy collection system. It is also a weather
based system that has incorporated the use of
evapotranspiration (ET) data. Site information
is combined with the weather station data to
calculate the daily local microclimate ET and
automatically adjust the daily irrigation
schedule. Drip pipelines are provided to the
plant boxes to minimise the loss of water by
evaporation or spraying everywhere. The
estimated annual water saving is more than
35% as compared with the traditional irrigation
method.

Fig. 3 DIG Solar Wireless Irrigation System at
LMA East Store Building

Indoor environment is enhanced by adoption of
natural ventilation effectively. LMA East Store
Building is oriented with its long fagade facing
the prevailing wind direction. Natural
ventilation is also facilitated by means of low
level louvers on one fagade and high level

louvers on the opposite one.

3. Conclusion

Asia-Pacific Forum on Urban Construction Practice 2014

HEC is committed to protecting the
environment and supporting sustainable
development by conducting our business in an
environmentally responsible manner. From
expanding our generation portfolio to cleaner
energy and renewable energy, to promoting
energy efficiency and conservation to our
community, HEC is always aware of the

impacts of our operations to the society.

The concept of green building is becoming
more popular in Hong Kong. Impacts to the
environment and human health are reduced
through detailed planning for the life cycle of a
building. HEC understands the expectation of
our stakeholders on environmental protection is
increasing. Thus, we look into every detail in
our operations and invest a lot to reduce our
impacts to our community, no matter directly
or indirectly. Our green buildings contribute to
a more sustainable society and they fully
represent our commitment of protecting

environment.
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Design and Construction of Hong Kong Railway Project -
Challenges and Importance of Cut and Cover Method in Urban Area
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MTR Corporation

Hong Kong
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Abstract

Railways as the backbone of Hong
Kong’s major public transport, Its
services are enhanced by MIR Corpo-
ration with the expansion of railway
network and improvement of its feed-
er system. Hong Kong is a highly
populated area and condensed with
buildings and infrastructures. Un-
derground railway stations con-
structed by cut and cover method is
commonly adopted by the Corporation
In urban areas. Cut and cover method
Is using open excavation to dig up
the ground, carry out the necessary
construction work, and then backfill
the ground. MIR Corporation has ex-
tensive experience for construction
In urban areas. This paper will fo-
cus on the excavation lateral sup-

678

port (ELS) systems adopted by the
Corporation’ s for open excavation
to facilitate the construction of
underground stations. Design and
construction approaches will also be
briefly discussed in this paper.

1. Introduction

Due to the lack of land area and high
costs of land in Hong Kong, under-
ground stations are constructed so as
to offer additional space for future
development. The underground station
are generally located as shallow as
possible to cater the major factors
such as architectural elements, pro-
vision of access and egress for pas-
sengers, and the anticipated signifi-
cant amount of underground
obstructions in urban areas (Figure
1). The underground railway stations
in Hong Kong are normally constructed
by open excavation method in view of
the above mentioned factors. The
scope of this paper is to outline the
excavation lateral support system
adopted by MTR Corporation for the
construction of underground stations
& associated facilities in urban area
and to discuss the challenges encoun-
tered during the execution of the
work.



il

Figure 1 -‘Open Exéavatfah ét Urbaﬁ
Area

2. Challenges

Underground construction projects in
cities are necessary for continued
and sustainable urban life, but they
present distinct challenges. When the
open excavation method is adopted in
an urban area for construction of un-
derground structures, there is need
to minimize the adverse effects on
the surrounding environment. Using
this method in Hong Kong is especial-
ly difficult, as the extremely effi-
cient use city space makes it diffi-
cult to find space to work, and
noise, vibration, air pollution and
traffic problems caused by construc-
tion need to be addressed. Also,
conservation of underground water is
an important issue, therefore select-
ing a construction method that miti-
gate the adverse effects on surround-
ing community 1s the key to success
in urban construction project. Under-
ground structures have to be con-
structed with minimal disruption to
infrastructure and economic activity
in the area. During construction of
excavation support system, additional

Asia-Pacific Forum on Urban Construction Practice 2014

precautions are to be taken for adja-
cent structures and facilities.

3. Types of retaining wall for
underground construction

Variety of construction techniques
and walling systems for open excava-
tion have been adopted by the con-
struction industry in Hong Kong. As
different types of walling systems
have differences in quality such as
verticality, strength and permeabil-
1ty of the walls, consideration on
underground and environmental condi-
tions, allowable construction period,
cost, programme and construction
plants are taken into account when
choosing the appropriate walling sys-
tem to facilitate the underground
construction works. In general, dia-
phragm wall and pipe pile wall are
commonly adopted by the Corporation
for the construction of stations.

3.1 Sample project adopting
diaphragm wall for construction of
underground station

A 300m long and 20m wide underground
station 1s being constructed under-
neath an existing carriageway 1n ur-—
ban area, which is in close proximity
to the densely populated residential
building area (Figure 2 & 3). In
response to the tight physical con-
straints along the street, the sta-
tion has a stacked platform to suit
the street configuration. The base
slab of the station box is being con-
structed at more than 30m below the
existing ground level.

)
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3 S P =
Figure 2 - Site Photo
Tty Q5NN

Figure 3 - Placing Steel Reinforce-

ment Cage of Diaphragm Wall Panel

The station 1s being constructed by
using cut and cover method in top-
down construction sequence. Diaphragm
wall with 1.2m thick is used as the
temporary and permanent lateral re-
taining structure, which will be lat-
erally supported by the permanent
slabs at the permanent stage plus a
total of seven layers of steel shor-
ing and concrete cross wall at the
temporary stage. Typical shoring
layout is shown in Figure 4.

Jk

Figdre 47- Typical Shof{ﬁg Lafrut

The diaphragm wall toe is founded on
Grade IV/III or better rocks. Cross
walls with 0.8m thick at spacing 6m
are constructed to act as  “pre-
installed” props and provide addi-
tional lateral support against soil
and water pressure in order to mini-
mize the 1impact to the adjacent
buildings due to ground movement.
They are constructed using the same
technique of diaphragm walling, with
plain concrete for the ease of remov-
al during excavation. Shear pins
will be installed down to the speci-
fied level to maintain the toe sta-
bility. Toe grouting is proposed as
a water cut-off system to control the
water drawdown due to dewatering ac-
tivities throughout the excavation.

Another challenge of the station con-
struction is attributed to the exist-
ing traffic. It has to maintain the
existing traffic along the street
such that the station i1s being con-
structed in 3 stages.

3.1.1 Diaphragm wall

Diaphragm wall provides robust struc-
tural support and water tightness. It
1s a classical technique for many
deep excavation projects, large civil
engineering works and underground
structures. Diaphragm walling is a
technique of constructing a continu-
ous underground reinforced concrete
wall from the ground level. Typical
wall thickness varies between 0.8m to
1.5m. The wall is constructed panel
by panel in full depth. Panel width
varies generally from 2.5m to 6m.



Typical details of diaphragm wall
panel are shown in Figure 5.

P e e O ‘\ g ¥

Ha

Figure 5 - Typical Details of Dia-
phragm Wall

Diaphragm wall offers one of the most
favorable solutions for deep excava-
tion for stations with depth more
than 25m. The reasons are mainly the
following:

1. The shape of the diaphragm wall
panels suits the shape of the
final structural element (under-
ground station wall)

2. The construction period 1is
shorter due to excavation of
panels longer than the pile

3. The total number of joints is
significantly reduced and there-
fore this system is more likely
to be watertight

4. With the reinforced concrete
wall construction, 1t can pro-
vide good water cut-off. There-
fore, no dewatering 1s required
for the construction

h. Maximum use of the site; a dia-
phragm wall can be constructed a
the extreme site perimeter

6. Construction to great depth pos-
sible due to stiff rigid wall

7. Safe construction method
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8. Inclination of the panel is con-
trolled during excavation in or-
der to ensure a continuous wall

3.2 Sample project adopting pipe
pile wall for the construction of
underground station

A station located in well developed,
densely populated streets with exten-
sive residential towers situated on
both side of the carriageways (Figure
6). Pipe pile wall is adopted as ELS
for this station since the excavation
depth is relatively shallow. This
station comprises two concourses
which are joined by a 100m long plat-
form tunnel and the associated over-
run tunnel to be constructed within
this area. Whilst majority of the
works i1s mainly beneath the carriage-
way, one of the concourse is being
constructed using cut-and-cover meth-
od within a cofferdam where maximum
dimension of the concourse is in the
order of 100m x 20m x 24m deep.
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i
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Figure 6 - Site Photo of pipe pile
wall construction

The cofferdam 1s mainly formed by
pipe pile with 610mm outer diameter
around the future station box. Exca-
vation inside the cofferdam is pre-
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dominantly in soil while rock excava-
tion is expected towards the base of
the station box. Strut system to lat-
erally support the cofferdam walls
has been provided as the excavation
inside the cofferdam is taken down-
wards. King posts have also been
provided inside the cofferdam to min-
imize the buckling effect on steel
strut during excavation. In order to
maintain the live traffic within the
main traffic zone, over the excava-
tion, temporary traffic decking 1is
proposed which 1s supported by both
the perimeter pipe pile walls and
king posts.

Ground treatment, particularly, cur-
tain grouting 1s proposed behind the
cofferdam pipe pile walls to cut off
groundwater inflow into the excava-
tions and hence reduce the extent of
groundwater drawdown. Wider permea-
tion grouting 1is also proposed to
strengthen the ground between the
cofferdam and some of the residential
buildings after detailed assessment
of underground conditions.

3.2.1 Pipe Pile Wall

Pipe pile walls are very popular in
Hong Kong due to their availability
of construction plant and practica-
bility of operation. Pipe pile walls
are rows of steel circular hollow
section 1installed by boring method
(Figure 7). In order to produce a
continuous wall, lagging by steel
plate or grouting 1s necessary be-
tween the piles. They avoid pre-
excavation of trench for diaphragm
wall construction, and the boring
method for installation of steel pipe

pile can overcome underground ob-
struction such as core stones or
boulder. By control the water inflow,
1t 1s more economical compared to di-
aphragm wall in small to medium scale
excavation due to cost of site opera-
tion and bentonite plant. For under-
ground station excavation down to ap-
proximate 2bm, this type of wall can
be executed without major difficul-
ties. Typical details of pipe pile
wall, strut and waling are shown in
Figure 8.

Figure 7 - Pipe Pile Installation by
boring Method

D] et HPAEME

TYPICAL ARRANGEMENT OF P[PE PILE WALL
TR

Figure 8 - Typical Dé{éils of Pipe
Pile Wall, Strut and Waling



4. Precautionary Measure and Con-
trols of Works

All underground structures shall be
designed so that they can be con-
structed in a practical manner. The
generated vibration and settlements
which may have effects on adjacent
buildings and structures should be
minimized to an acceptable level. In
order to demonstrate that this is the
case, ground movements shall be esti-
mated using methods which have been
approved in principle by the Corpora-
tion and government authorities. A
settlement contour plan will be pre-
sented according to the estimated
ground movements which can define the
influence zone to the Existing Build-
ings and Structures (EBS) in vicinity
(Figure 9).

Figure 9 - Settlement Contour and
EBS within Influence Zone

4.1 Pre-condition Survey

The Corporation will arrange a de-
tailed condition survey to be carried
out for EBS adjacent to the work
sites. Generally, EBS within the in-
fluence zone bound by the contour of
at least 10mm ground movement or peak
particle velocity of 13mm/s will be
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surveyed, but exceptional buildings
and structures outside such zone of
influence should be considered on
their merits. The pre-construction
condition survey with a full set of
photographic record of the external,
common areas and individual flats of
the EBS within the influence zone
will be carried out by an independent
surveyor. Review by the designer of
these surveys shall be carried out
and advice be given on the implica-
tions/considerations, 1if any, with
respect to the proposed construction
options and designs, if different to
those contained within the detailed
evaluations carried out previously.

4.2 Instrumentation and Monitoring

The designer will also determine the
locations of all monitoring check
points. The monitoring instruments
shall be installed for the purpose of
monitoring ground and structure move-
ments, groundwater and structural be-
havior prior to construction, during
construction and following completion
of construction 1in certain cases.
(Figure 10)
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Figure 10 - Instrumentation and Mon-
1toring Plan
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Readings of all monitoring check
points at regular intervals are re-
quired to be taken and submitted to
the Corporation promptly throughout
the duration of the construction
works.

4.3 Three Triggering Levels (AAA
Levels)

The monitoring requirements for the
EBS, slopes and utilities, arising
from the proposed construction works
should 1include a system of three
triggering levels, namely the alert,
alarm and action levels respectively.
Movement control levels for the moni-
tored elements shall be defined in
accordance with the following crite-
ria.

(i) Alert Level - It shall ini-
tially be set as 0.5 times the
serviceability limit movement
for the monitored elements.
Upon reaching "Alert Level"
movement at any location, the
Contractor shall review the
movements and assess the effect
of movements on the monitored
element and then submit pro-
posals for remedial measures to
limit further movement for the
approval of the Engineer.

(ii) Alarm Level - It shall ini-
tially be set as 0.7 times the
serviceability limit movement
for the monitored elements.
Upon reaching "Alarm Level"
movement at any location, the
Contractor shall immediately
instigate the approved remedi-
al measures agreed at the

"Alert Level" status. The
Contractor is required to sub-
mit an updated report to re-
view the movements and assess
the effect of the movement on
the monitored elements. In
addition, revised "Alert Lev-
el" and "Alarm Level" values
which take into account the
implemented remedial  works
shall be submitted and ap-
proved by the Engineer before
work may continue.

(iii)Action Level - It shall ini-
tially be set at the servicea-
bility limit movement for the
monitored element. Upon reach-
ing the “Action level” at
any location the corresponding
site works have to be suspend-
ed. The Contractor is re-
quired to provide a report de-
tailing the full history of
movements and remedial
measures adopted in relation
to the actual construction se-
quence. The report shall con-
tain a review and interpreta-
tion of the events and give
recommendations for enabling
the work to proceed. Work may
only resume upon the written
instruction of the Engineer.

Provided that there are no particu-
larly sensitive adjacent buildings,
structures and services, the follow-
ing may be taken as the AAA trigger
for reference purpose.



Instrument Criterion Alert Alarm Action
Ground setflement | Total settlement mm | 18mm 25mm
Services settlement | Total settlement & | 12mm or | 18mm or 1:430 | 25mm or 1:300
marker Anoular distortion | 1:600

Building tilting Angular distertion | 1:1000 | 1:750 1:300

marker

Table A - AAA trigger values gener-
ally adopted in Hong Kong

5. Conclusion

Through careful planning and with due
consideration in all aspects in the
design and construction of wunder-
ground structures and the monitoring
system to surround features, safety
of the public and adjoining struc-
tures are safeguarded. Movements of
the monitored elements are within the
specified control limits with the im-
plementation of monitoring system
which provide sufficient information
to enable the excavation works to be
kept under control.
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Summary

The objectives of this paper are to review the key drivers and issues behind the greener building
movement, identify the most appropriate green building standards in Hong Kong, understand the
issues, discuss measures organizations could take to turn a building green, and share CLP'’s

experience on green building management.

Green building is not only an energy efficient building, it is an environmentally-friendly and
resource-efficient building. However, it should be noted that some well- designed buildings do not

necessarily translate to green performance due to a variety of reasons.

Therefore it is important for organisations to assess and establish the environmental aspects of a
building prior to determining approaches to transforming their building. The results will pave the
way for identifying and adopting a recognised building performance standard and benchmark
performance. This paper identifies critical factors and proposes a framework for a green building.
These include integrating key issues of a building into the ISO 14001 environmental management
system, conducting regular carbon and energy audit, implementing high energy efficiency building

installations, and setting up performance indicators for continuous monitoring.

This paper also shares WBCSD’s Manifesto for Energy Efficiency in Buildings and how CLP

promotes energy efficiency and efforts to achieve green buildings.
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Introduction

Much of our lives is spent inside buildings, yet most of us tend to pay little attention to the energy
consumed by buildings, the amount of waste generated on a daily basis, the efficiency of the air
conditioning system, and the impacts of buildings to the surrounding and global environment.
Needless to say, the benefits delivered in terms of energy efficiency attributable to a good building
design are often overlooked. Thanks to concerns over climate change, recent air quality issues and
increase of environmental awareness as well as enforcement of more regulatory control, this situation

is changing.

In some countries, moving towards a green building has progressed surprisingly fast as evidenced by
the rapid releasing of more new or revised polices and regulations related to energy efficiency and
performance of green buildings. For example, the compulsory requirement for large building to
display energy certificate under the Energy Performance of Building Directive since 2008 and

implementation of green deal scheme in 2013 in UK.

The objectives of this paper are to review the key drivers behind the greener building movement,
identify the most appropriate green building standards; understand the issues, discuss methods to turn

a building green, and share CLP’s experience on green building management.

In this paper, a green building is simply defined as low carbon (or energy efficiency) building and
performing in an environmental responsible and resource efficient manner. At the same time it also
meets the needs and expectations of the occupants and relevant stakeholders.

What is a green building?
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The meaning of a green building and a sustainable building is best described and defined by the
Building Environmental Assessment Method (BEAM)!. it also quotes from ASTM? which states that
a “green building” is defined as “a building that provides the specified building performance
requirements while minimising disturbance to and improving the functioning of local, regional, and
global ecosystems both during and after its construction and specified service life. Furthermore, “a
green building optimises efficiencies in resource management and operational performance; and,

minimise risks to human and the environment”.

In addition to the above definition, BEAM defines a sustainable buildings by including social and
economic aspects BEAM considers that in the context of Hong Kong’ sub-tropical climate and dense
high-rise development, a sustainable building should meet the aspects of, in the priority order, safe,
healthy, comfortable, functional and efficient. These definitions align with the definition and

objectives of this paper except that the social and economic aspects are not included.

&

1 BEAM is a Hong Kong standard that defines building quality and is owned and operated by BEAM society Limited.
http://www.beamsociety.org.hk

2 ASTM International E 2114-01. Standard Terminology for Sustainaibility Relative to the Performance of Buildings.
2001
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Why do we need a green building?

According to the UK Committee on Climate Change, greenhouse gas (GHG) emissions from
buildings contributed 35% of the UK’s total in 2011. Its latest progress report on meeting UK’s
carbon targets reveals that 66% of GHG emissions from buildings are from residential ones, while
commercial and public sector emissions accounts for 25% and 90% respectively®. In Hong Kong,
the situation is even more critical. Over 60% of GHG emissions come from electricity, in which

90% of electricity is consumed by buildings®.

Therefore, as Hong Kong strives to do its part in the Mainland’s carbon intensity reduction goals, it
is important to focus on GHG reductions from buildings. In addition to new and revised polices and
regulatory requirements in relation to energy consumption, there are a number of factors and drivers,
which will vary according to the needs and development of various countries, behind the green
buildings movement In brief, key drivers to make such change are summarised in below table.

Table 1 : Key drivers to change a building green

Driver Past ‘ Present Future
Regulatory Requirements & L L) LX X 1)
Policies (government & private) L S Sddd
Green group’s agenda ? L LX)
People’s awareness L b S
Money saving L b Sddd
Stakeholder expectations (Feeling ? L 1) Sdhddd

green, company initiative)

& intensity of the driver, e.g. more regulatory requirements and policies in future than in the past. ?
means not aware of.

3 Paul Suff, Makeover SOS, the Environmentalist, October 2012.
4 Page 2-3. CCBF, Carbon-Smart Building. Tackling Energy Efficiency in HK’s Commercial Buildings
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Regardless of whether it is regulatory compliance or environmental stewardship, there will be some

changes for the design, construction, operation and maintenance of buildings.

Furthermore, driving forces from developers, occupants and relevant stakeholders should not be
overlooked. With the increasing environmental awareness and appreciation for the concept of
sustainable development among the public, expectations for an environmentally friendly and quality

working and living environment within a building are higher today.

How long has this change been started? It is difficult to have an exact answer. However, it is likely
to have started in early to mid 2000s when the film “The Day after tomorrow” was broadcasted and
Al Gore launched his global warming and climate change programme as well as his book & film
“Inconvenient Truth”. People started to realise the importance to protect our environment and that
contribution from each of us as an individual is crucial. These changes gradually lead to concept of a

green building and protect the global environment.

How green is green?

There have already been many national and international standards to specify the design,
construction, operation and maintenance of a building. To make a building green, it is necessary to

identify and adopt an appropriate standard and then benchmark performance.

In Hong Kong, the Electrical and Mechanical Services Department has already launched the Energy
Efficiency Registration Scheme for Buildings since 1998 and also its fifth code - Performance-based
Building Energy Code in 2003. Under this Scheme, there are five sets of code covering lighting, air
conditioning, electrical and lift & escalator installation and the minimum energy performance

standards of these installations.
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These Codes form the basis of energy efficiency for a building if it is designed, retro-fitted and
operated according to the requirements. If a wider set of environmental aspects is considered, more

consideration, measures and initiatives are needed.

Adopting a recognised building performance standard
Every country and city has its unique climate, culture and development. Factors like temperature,

rainfall, humidity, rain storm, geographical location, etc. highly affect the performance of a building.

There are some recognised international standards (e.g. LEED®) and local standards (e.g. BEAM)
that can be adopted for a green building. If Hong Kong’s sub-tropical climate and dense high-rise
environment is considered, the latest version of BEAM Standard, the BEAM Plus Version 1.2, seems
to be more appropriate. BEAM embraces a wide range of sustainability issues, environmental issues
(including climate change and global warming in the latest version) and covers the whole-life
performance of buildings. The standard is applied to assessing new buildings upon completion; and
certifies actual performance. Furthermore, it embraces management, operation and maintenance

practices to ensure high level of building performance.

Under BEAM, a comprehensive set of performance standards are provided and can be pursued by
developers and owners. These standards are separated into 5 key aspects, namely:

e site aspects;

e materials aspects;

e energy use;

e water use; and

> Leadership in Energy and Environmental Design developed by the US Green Building Council
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e indoor environmental quality.
Each category has a different rating. Depending on how a building is to follow these standards and
its final performance, a building joining this scheme will be assessed and an overall grade will be
determined by the percentage of the applicable credits gained under each performance category and
its weighting factor. The best performer will be awarded a Platinum grade if the overall percentage

is 75% or above while a Bronze is given to an above average performer with an overall percentage of

40.

In principle, this kind of building performance standard can provide the basic requirement to turn a
building (new or existing) green and provide guidance for a building to perform in a responsible and

environmentally friendly manner throughout the building’s life cycle.

A well-designed building does not necessarily translate to green performance

“Few buildings perform as efficiently and effectively as they are designed to. And not just by an
inconsequential margin but by a factor of two or three when it comes to energy use” mentioned in an
article written by Richenda Wilson®. It also quoted a comment from the Building Services Research
and Information Association (BSRIA) that “the greenest buildings on paper tend to be the biggest
disappointment.” This article further mentions that many new buildings disappoint, not only in
energy use but also have higher than expected running cost and disappointment levels of occupant

satisfaction.

It is not difficult to recognise these facts when the tenants move in to a new building. The
differences in energy use are likely because of the method of energy consumption estimation. If a

building, during its design and construction stage, is to estimate based on fixed building installations

6 Richenda Wilson, Buildings on the best laid plans, the Environmentalist, Oct 2012, IEMA
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such as air conditioning, ventilation, lift and escalator, lighting, etc, it will not account for the
appliances/ equipment plugged into the sockets, from the IT equipment and more unpredictably the
behaviour of the occupants. If a building has a data centre, many display rooms / restaurants, storage
of items (e.g. food and beverage) in low temperature environment, the overall electricity bill can be

high.

Energy efficiency is only one key aspect of a green building. If other aspects are considered such as
solid waste and water management, the operation and maintenance of a green building can be made
more difficult and complicated. As such it is not only a design issue but also an implementation and

sometimes cultural issue.

How about buildings not following a recognised building performance standard?

Furthermore, the majority of buildings, at least in Hong Kong, do not follow a recognised building
performance standard (e.g. BEAM or LEED) in particular existing buildings (both commercial and
residential) or buildings occupied by small and medium enterprise. Then are there any green
building framework or standards that these buildings / companies can follow and implement? For a
long run this will definitely help reduce the GHG emissions and resource depletion and finally

contribute to the national GHG target.

To answer these questions and understand the issue, it should be started from reviewing the

environmental aspects of a building before looking into solutions for a green building.

Understanding the issue
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To identify and evaluate significant environmental aspects, the most widely adopted and recognised
method is to follow Section 4.3.1 of ISO 14001 and 14004 Environmental Management System

(EMS) standard.

Considering the life cycle of a building, it can be broadly separated into 3 phases, i.e.
e Design and construction
e Operation and Maintenance
e Decommissioning

For simplicity, this paper only focuses on the operation and maintenance phase of a building.

Environmental Aspect of a Building
Based on professional judgement, desktop review, site visit and previous experience, environmental
aspects of a building during the operational and maintenance stage are established and summarised in
Table 2 below. It is noted that the proposed aspect list :

e isnota comprehensive list

e only identifies key issues

e is applicable to a typical commercial and residential building rather than mixed-type

buildings with industrial processes.

Below is only a summary of key activities of a building that interact with the environment and the b
associated environmental aspects. Details of their impacts, operational control and monitoring are

listed in Appendix 1.

Table 2 : Key activities & the associated environmental aspect of a typical building

Activities Environmental Considerations
1 | Operation and Maintenance of a. Consumption of energy
Ventilation and air conditioning b. Use of refrigerants
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Activities

Environmental Considerations
c. Handling and disposal of chemical
waste

Operation and Maintenance of Lift
and escalator

a. Consumption of electricity

c. Handling and disposal of chemical
waste

Lighting

a. Consumption of electricity

c¢. Handling and disposal of chemical
waste

Solid waste management

d. Solid waste Storage and disposal

e. Waste segregation, reuse and recycling

f. Food waste collection or composting

Effluent generated from sewage, car
washing, cleaning, etc.

g. Wastewater treatment and recycling

Water conservation

h. Water re-use and harvest

Managing a comfort and healthy
indoor air quality

1. Indoor air quality performance indicator

Greening the building environment

J. A more diverse and natural environment

Operation and maintenance of
electrical appliance, Office & IT
equipment

a. Consumption of electricity

c¢. Handling and disposal of chemical
waste

10

Practising green behaviour

k. Performing in an environmentally
responsible manner, e.g energy saving,
waste recycling, etc.

11

Selection and use of environmentally
friendly appliances and products

1. Green procurement

12

Operation and maintenance of backup
diesel generator

m. Fuel consumption and emissions

Evaluation of significant environmental aspects

Selection of criteria is based on :
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e Scale and severity of environmental impacts, i.e. high energy and natural resources
consumption
e Whether the aspect is subject to regulatory control or internal policy, e.g. Chemical Waste
Regulation; internal Energy Policy;
e Measures that have beneficial impacts, e.g. saving natural resources and reducing the amount
for disposal
e Factors that affect the health and quality of a working and living environment
From an energy consumption context, all building fix installations are significant aspects as they
consumed most of the energy. Waste management and effluent discharge are also key aspects as
they have regulatory control, at least for the part of collection and disposal. As a green building,
more consideration and initiatives are needed to go beyond compliance. Therefore most of the
existing environmental initiatives and practices on recycling in such as paper recycling, metal reuse,
etc. should be included. The next important aspect is Indoor Air Quality (IAQ) as it will affect the
health and efficiency of the occupants. For others, it depends on the expectations of the

occupants/building owner and how green they would like to go.

Finally it also depends on whether the building owner or property management will establish and
implement an Environmental Policy (and / or an Energy Policy) and an Environmental Management
System (and / or an Energy Management System). It also depends whether there are any incentive /

green deals offered by the government.
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How to turn a building green (or build a green building)
There are many ways to turn a building green. It may start from the design and construction stage or

retrofitting the existing building. Below sections propose a framework to turn a building green.

Adopting an appropriate and local building performance standard

As mentioned earlier, to adopt directly the BEAM Plus grading system for instance, is one of the
best ways to attain the basic requirement of a green building and benchmark performance. This is
applicable to both new and existing buildings. The advantage of this approach is that a recognised
building performance standard has already provided a comprehensive and fair assessment of the
overall performance of a building in most of the environmental aspects as well as sustainability areas.

It also recognises best practices and demonstrates performance qualities to end users.

Its method of quantifying overall performance can provide an easy to understand energy saving and

environmental protection efforts. It also identifies areas for continual improvement.

Retrofitting existing buildings

According to the Intergovernmental Panel on Climate Change, retrofitting existing buildings has the
largest potential of all measures to reduce GHG emissions by 2030. Therefore, retrofitting of
existing building by addressing part of the significant environmental issues defined above can make
a big different and reduce lots of its carbon footprint. For example, if all incandescent lamps are
replaced by TS5 florescence tube or LED lamp, the reduction of energy consumed could reach over
80%. If a glass recycle bin can be provided, hundreds of empty glass bottles can be reused for other
materials, such as bricks that are used to pave pedestrian sidewalks. If water can be harvested, both

the carbon footprint and water consumption can be reduced. .
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Below two tables provide a brief account on energy saving and environmental control measures for a
green building. Key information is based on the Energy Management in Buildings’, BEAM Plus and

CCBF®.

Building services installation / equipment :

Table 3 : Standard of Key Building Services Installation

Building Installations | Recommended Others initiatives / standards

/ Equipment Standards

Air Conditioning and | Building Energy Codes; | Chilller dynamic control; ultra-efficiency
Mechanical energy label air conditioning, e.g. water-cooled chillers
Ventilation with oil-free magnetic bearing

compressors or with a control variable
speed systesm

Lighting Building Energy Codes; | No incandescence lamps; TS5 and LED

energy label Integrated controls for occupancy, smart
energy metering systems

Office Equipment & Green Label; Energy Integrated controls for occupancy, smart

IT equipment Label energy metering systems

Life & escalator Building Energy Codes

Renewal Energy & Use of solar energy; heat pump, etc.

energy efficiency Facade treatment with solar film

equipment

Material use Use environmentally friendly refrigerants

Use of rapidly renewal materials or
sustainable forest product

DO not use prohibited substances such as
asbestos, ozone depleting substances, etc.

Environmentally friendly measures : beyond compliance

Table 4 : Key Environmental Measures for a Green Building

Environmental measures = Recommended Others initiatives / standards
Standards

Water conservation and NA Water conservation plan, water saving

wastewater treatment devices, water audit, etc.

Solid Waste Management NA Waste management plan;

demonstrating reduction in waste
disposal and increased recycling;
providing facilities for collection,

7 Best Practice Series, Vol 4 2003, IEMA : Energy Management in Buildings
8 CCBF, Carbon-Smart Buildings — Tackling Energy Efficiency in HK’s Commercial Buildings
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sorting, etc.
Noise barrier Hong Kong Planning
Standards and
Guideline
Indoor Air Quality EPD’s IAQ scheme. Suggest at least good class for existing
building and excellent class for new or
retro-fitted buildings

How to sustain a green building

To sustain a green building, a consistent and systematic process to manage the key environmental
aspects as well as influencing stakeholders is needed in addition to adopting energy efficiency
building services installations descripted above. It is proposed that a recognised environmental

management system with setting up of key building performance indicator should be adopted.

Adopting the ISO 14001
For most of the buildings that do not (or cannot) follow a recognised building performance standard
and its grading system, the most straightforward approach is to adopt and ISO 14001 EMS and

conduct regular carbon / energy audit.

Does a green building need ISO 50001?

With the introduction of a specific system - ISO 50001 - for energy management, building owner or
occupant can further explore the opportunity to follow this standard and review its applicability to a
green building. However, it is considered that ISO 14001, with an appropriate policy, and
identification of a set of performance indicator are the basic system / platform to manage the key

environmental aspects, including energy consumption, for a green building.

Setting up performance indicators and ISO 14064

The weakness of ISO 14001 EMS in the context of green building is that:
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e it does not have a mandatory process to capture and monitor building performance indicators
(e.g. energy consumption and greenhouse gas emissions)
e it is not detailed enough to provide a systematic framework and processes for data capture,
compilation and calculation
Therefore, it is highly recommended that the process is supported by ISO 14064° (preferably cum

energy audit) to quantify the carbon footprint, at least for scope 1 and scope 2 greenhouse gases.

Quantifying GHG emissions is not a complicated process and there are many useful guidelines and
templates to assist a company or a premise to evaluate its own carbon footprint. For example, the
guideline to account for and report on GHG issued by the Hong Kong Government'® is a good

reference for this purpose.

Based on the significant environmental aspects defined in Table 2, key performance indicators can
be determined for continuous monitoring, for example, energy consumption, solid waste (both
hazardous and non-hazardous waste) recycling, disposal, water consumption / reuse, wastewater

discharge, etc. These indicators are summarised in below table.

Table 5 : Suggested key performance indicators for a green building

Environmental Aspect Key Performance Indicators

a | Consumption of energy Electricity consumption monitoring

b | Use of refrigerants Consumption of HFC

¢ | Handling and disposal of chemical | Chemical waste disposal quantities
waste

d | Solid waste Storage and disposal Construction waste and other solid waste

91S0 14064 is an ISO standard for quantification and reporting of Greenhouse Gas Emissions and Removals
10 EMSD & EPD. Guidelines to Account for and Report on Greenhouse Gas Emissions and Removals for Buildings
(Commercial, Residential or Institutional Purposes) in Hong Kong.
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Environmental Aspect Key Performance Indicators

disposal quantities

e | Waste segregation, reuse and Solid waste reuse/recycle quantities, e.g.
recycling WEEE, plastics, paper, metals,

Recycling & Reuse to disposal ratio

f | Food waste collection or Food waste disposal or composting records
composting
g | Wastewater treatment and recycling | Effluent discharge quantities

h | Water re-use and harvest Water recycling and reuse quantities

i | Indoor air quality performance Regular monitoring and follow-up action
indicator

j | A more diverse and natural No. of tree planted.
environment

k | Perform in an environmentally Training hours

responsible manner

1 | Green procurement % of products with green labels and % of
contractor/supplier with ISO 14001

Conducting Energy Audit

Whether a building is new or existing, building performance evaluation is necessary to evaluate
energy consumption and identify problems and energy saving opportunities. It can be conducted
through regular walkthrough or site inspection; occupant satisfaction survey and finally energy and
environmental audit. If an ISO 14001 EMS is implemented, this process can be integrated into

existing practices.

The recent enforcement of energy audit for commercial building in Hong Kong is a big step to

monitor energy efficiency and towards a green building.

Other Green Initiatives
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Other areas of importance for successfully implementation of a green building include :
e The Indoor Air Quality Certification
e (Green procurement
e Green IT

e Performance contracting

WBCSD — Manifesto for Energy Efficiency in Building

In addition to above initiatives, there are also some voluntary programmes that promote building
energy efficiency in a strategic manner, for example, the World Business Council for Sustainable
Development (WBCSD)!!. It initiated a Manifesto for Energy Efficiency in Buildings and aims to
guide WBCSD member companies to improve the energy performance of their commercial buildings.
This manifesto is to be signed by the CEO of a company; thus reflecting commitment from top

management.

This kind of programme allows member companies, based on their own business nature and
environment, set out and report the energy reduction target. Its five proposed actions are good
reference to set medium to long term targets for any company. Key actions include:
e C(reate a baseline of the company’s building and set time based energy/and CO2 reduction
targets;
e Publish the company policy for minimum energy performance levels; b
e Define and carry out the company’s audit program and implementation strategy to meet
energy targets for its commercial buildings;
e Publish annually, building energy use, CO2 emissions and progress against reduction targets,

in the company’s respective CSR or other report;

11 The WBCSD brings together some 200 international companies in a shared commitment to sustainable development
through economic growth, ecological balance and social progress. www.wbcsd.org
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e Further promote building energy efficiency among suppliers, employees, and other

stakeholders through advocacy, marketing activity, R&D, education and training.

There are also some key points to note :

e There is a commitment to publish the annual energy or CO2 emissions results, usually
through its CSR or Sustainability Report. As such, public disclosure reflects the company’s
commitment to the target and commitment to transparency

e Minimum energy performance level is also required to be set and published. Therefore
benchmarking of performance and adopting reasonable and recognised standards such as
Building Energy Code is needed.

Actions proposed in this programme are worth reviewing and highly recommended to all large

corporation and utility companies.

Involvement of Local Government : Incentive & Green Deal
To motivate all occupants and building owners to adopt energy efficiency measures (e.g. converting
incandescence lamp to compact fluorescence lamp / TS tube, etc.), effective governmental policies

and incentive (or punishment) are sometimes needed.

It is noted that the first green deal in UK will be signed in 2013'2!3. The scheme allows the cost of
installing energy-efficiency measures to be financed through a charge attached to a property’s
electricity meter. This kind of deal provides a solution for those occupants and business unwilling to

invest in energy efficiency because of initial cost.

Best Practice and Information Sharing

12 page 3, Deal or no deal?, the Environmentalist, Oct 2012
13 paul Stuff, The Great Deal — Makeover SOS, the Environmentalist, Oct 2012
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To encourage best practices and information sharing among building services professional, platforms
like Usable Building Trust [usablebuildings.co.uk] and Carbon Buzz [cabronbuzz.org], etc. should be

set up and promoted locally.

Conclusion - Critical factors for a green building

Based on the above discussion, it is a trend that buildings will become more energy efficient and
environmentally friendly in future. This not only meets the expectations of stakeholders but also
meets the upcoming carbon reduction target and more stringent building management regulatory
requirements. Therefore it is time to act now and critically review how to reduce the carbon

footprint and turn a building green.

Recognising that some buildings or companies may not opt to fully adopt and implement building
performance standards such as BEAM Plus, there are still a number of measures that organisations
could apply to enhance the environmental performances of their buildings:

e Adopt and implement the ISO 14001 Environmental Management System to manage the
significant environmental aspect of a building and preferably supported by an ISO 14064 to
quantify the carbon footprint;

e Set out minimum energy performance standard based on the Building Energy Codes

e Through building performance evaluation, identifying energy saving opportunities and
improvement areas for environmental aspects

e Setting up building performance indicator and monitor the performance on a regular basis

e With reference to or following the proposed actions and strategy of WBCSD Manifesto

o Below diagram illustrate the management framework for a green building
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Case Study : CLP Green Buildings

In 2007, CLP issued its Climate Vision 2050, which sets out the company’s commitment to reduce
the carbon intensity of generating portfolio from 0.84 kg CO2/kWh in 2007 to 0.2 CO2/kWh by
2050. To achieve this goal, CLP has been increasing its investment in both the production and use of
cleaner fuels such as renewable energy, natural gas; nuclear power and lower-calorific (You know

the proper term) coal.

In Hong Kong, CLP Power published its Energy Vision, a roadmap for clean energy generation,
which involves the strengthening of infrastructure integration with South China; adopting a cleaner

fuel mix for cleaner air; and, promoting energy efficiency.

Energy savings is one of the most direct methods to help reduce CO2 emissions. As such CLP
supports initiatives that maximise energy efficiency in buildings. Below are key measures and

initiatives :

Adoption of Building Energy Codes
CLP Group or Power Hong Kong adopted the Building Energy Codes in accordance to local
regulations whenever possible within its own buildings. As of end 2010, 29 registration for 11 CLP

buildings have already been completed under the Energy Efficiency Registration Scheme.

Improving Overall Thermal Transfer Value (OTTV) Standards and Promoting Wider
Adoption of Green Roofing

CLP Power has incorporated key design features which can improve the OTTV value in our
electricity substation building such as green roof, vertical greening and less window glazing. Green

roof/ wall features are being incorporated into new and existing substations
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Expanding Use of District Cooling or Water-cooled Air Conditioning
Water-cooled chiller is at least 30% more energy-efficient than older air-cooled equivalents. In
Hong Kong, CLP has helped our commercial and industrial customers to convert air-cooled chillers

to the more efficient water-cooled chiller.

Improving energy efficiency in commercial buildings
CLP Power assists our commercial and industrial customers to conduct energy audit and identify
energy saving opportunities. It is estimated about 30GWh of electricity can be saved (equivalent to

about 16 kT CO2) each year.

The GreenPLUS programme, launched in August 2010 aims to help small-to-medium enterprises
and non-governmental organization (NGOs) to implement Energy Efficiency & Conservation
measures. Through implementing the recommended improvement, about 5% to 20% of energy can
be saved. Internally CLP has introduced an internal “Go Green” campaign to promote a green
culture since 2005. Up to now, CLP offices have already reduced about 10% electricity consumption,
cut about half dry cell consumption, recycled tonnes of paper, etc.
Towards the concept of green building
In addition, there are many other initiatives, measures and programme implemented in CLP towards
the concept of a green building. These include :
Implementation of an ISO 14001 EMS

e [SO 14001 is implemented in all power stations under CLP’s operational control and key

business units

e [SO 14064 is implemented for all buildings and carbon footprint is quantified annually
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e Indoor Air Quality : Corporate guideline has been issued to set out Indoor Air Quality
standards and requirements. Selected buildings are certified to the government’s IAQ
scheme

e Solid wastes are re-used, reduced, recycled, replaced through the Go Green Programme or

other environmental programmes.

Committing to the WBCSD Manifesto

CLP also commits to the WBCSD Manifesto. Energy audits are being conducted in the CLP
Group’s commercial buildings to collect baseline data on energy consumption, identify saving
opportunities, set targets and prepare for external reporting. Under this programme, about 50

premises will be measured for baseline and tracked in future years on their electricity consumptions.

With the implementation of all these initiatives and programmes, CLP is making sound progress

towards green building.
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Appendix 1
Activities Env. Aspect Env. Impact / Regulation® Control &
Benefit Monitoring
Operation and | a. Consumption | Fossil fuel NA Electricity
Maintenance of | of energy consumption consumption
Ventilation and leading to monitoring
air conditioning emission of air
pollutants
b. Use of Global warming | Montreal Use of HFC
refrigerants & ozone Protocol and
depleting Ozone Layer
Protection
Ordinance
c. Handling and | Health hazards, Chemical Waste | Control
disposal of land Regulation procedure and
chemical waste | contamination, monitoring of
etc. disposal
quantities
Operation and | a. Consumption | Similar to NA Electricity
Maintenance of | of electricity Ventilation and consumption
Lift and air conditioning monitoring
escalator
c. Handling and | Health hazards, Chemical Waste | Control
disposal of land Regulation procedure and
chemical waste | contamination, monitoring of
etc. disposal
quantities
Lighting a. Consumption | Fossil fuel NA Electricity
of electricity consumption consumption
leading to monitoring
emission of air
pollutants
c. Handling and | Health hazards, Chemical Waste | Control
disposal of land Regulation procedure and
chemical waste | contamination, monitoring of
etc. disposal
quantities
Solid waste d. Solid waste Waste disposal to | Waste Disposal | Control

management Storage and landfill Ordinance, etc. | procedure and

disposal monitoring of
waste records

e. Waste Resource NA except WEEE, plastics,
segregation, conservation and | chemical waste | paper, metals,
reuse and saving landfill (not applicable
recycling space to residential)
f. Food waste Waste of natural | Waste Disposal | Control

&
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Activities

Env. Aspect

Env. Impact /
Benefit

Regulation®
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Control &
Monitoring

collection or resources and end | Ordinance procedure and
composting up in landfill site monitoring of
waste records
Food waste
composting
5 | Effluent g. Wastewater Water pollution Water Pollution | Discharge limits
generated from | treatment and Control and control
sewage, car recycling Ordinance procedure
washing,
cleaning, etc.
6 | Water h. Water re-use | Water saving NA Water recycling
conservation and harvest and reuse
7 | Managing a 1. Indoor air Deteriorating Relevant indoor | Regular
comfort and quality indoor air quality | air quality monitoring and
healthy indoor | performance standard. follow-up action
air quality indicator
8 | Greening the j. A more Enhance NA Environmental
building diverse and biodiversity Management
environment natural Programme
environment
9 | Operation and | a. Consumption | Similar to NA Electricity
maintenance of | of electricity Ventilation and consumption
electrical air conditioning monitoring
appliance, c. Handling and | Health hazards, Chemical Waste | Control
Office & IT disposal of land Regulation procedure and
equipment chemical waste | contamination, monitoring of
etc. disposal
quantities
10 | Practising green | k. Perform in an | Less energy NA Training;
behaviour environmentally | consumption and Awareness
responsible natural resources Programme.
manner depletion
11 | Selecting more | 1. Green Less energy NA Green
environmentally | procurement consumption and procurement
friendly natural resources guideline and
appliances depletion training
12 | Operation and | m. Fuel Air pollution Air Pollution Fuel
maintenance of | consumption Control consumption;
backup diesel and emissions Ordinance GHG estimation
generator

* With reference to Hong Kong regulatory requirements
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Appendix 2

Table 5 : Suggested key performance indicators for a green building

Env. Aspect Env. Impact / Regulation® Key Performance
Benefit Indicators
Consumption of | Fossil fuel NA Electricity consumption
energy consumption monitoring
leading to
emission of air
pollutants
Use of Global warming & | Montreal Protocol Consumption of HFC
refrigerants ozone depleting and Ozone Layer
Protection
Ordinance
Handling and Health hazards, Chemical Waste Chemical waste disposal
disposal of land Regulation quantities
chemical waste contamination, etc.
Solid waste Waste disposal to | Waste Disposal Construction waste and

Storage and

landfill

Ordinance, etc.

other solid waste disposal

disposal quantities

Waste Resource NA except chemical | Solid waste reuse/recycle

segregation, reuse | conservation and waste (not quantities, e.g. WEEE,

and recycling saving landfill applicable to plastics, paper, metals,
space residential) Recycling & Reuse to

disposal ratio

Food waste Waste of natural Waste Disposal Food waste disposal or

collection or resources and end | Ordinance composting records

composting up in landfill site

Wastewater Water pollution Water Pollution Effluent discharge

treatment and Control Ordinance quantities

recycling

Water re-use and
harvest

Water saving

NA

Water recycling and reuse
quantities

Indoor air quality | Deteriorating Relevant indoor air | Regular monitoring and
performance indoor air quality | quality standard. follow-up action
indicator
A more diverse Enhance NA No. of tree planted.
and natural biodiversity
environment
Perform in an Less energy NA Training hours
environmentally consumption and
responsible natural resources
manner depletion
Green Less energy NA % of products with green
procurement consumption and labels.

natural resources

depletion
&
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