REFERENCES

Andrea Bobby, Evan Bentz, M.D.A. Thomas and R.D. Hooton. An overview and
sensitivity study of a multimechanistic chloride transport model. Journal of
Cement and Concrete Research. 29 (1999): 827-837.

ASTM C618. Specification for fly ash and raw or calcined natural pozzolan for use as a
mineral admixture in Portland cement concrete. Designation C618,
Philadelphia: American Society for Testing and Materials.

Bazant, Z. p. Physical model for steel corrosion in concrete sea structures- theory.
Journal of the Structural Division, 105 (1979): 1137-1153.

Bentz, Dake p., Edward J., Garboczi. Simulation studies of the effects of mineral
admixtures on the cement paste - ag regate interracial zone. Journal of
American Concrete Institute Material, 83 819 1): 518-529.

Bijen, J. M. J. M. Maintenance and repair of concrete structure. Journal of Heron. 34
(1989): 1-82.

Bhaskara, M, V., R. K. Maheshwari. A review of the investigation and evaluation of
corrosion in concrete structures. Journal of Indian Highway. 12 (1987): 22-33.

Browne, R. D. Mechanism of corrosion of steel in concrete in relation to design,
inspection, and repair of offshore and coastal structures, performance of
concrete in marine environments. Journal of American Concrete Institute
Material. 65 (1980): 169-204.

Cady, P. D. and R. E. Weyers. Deterioration rates of concrete bridge decks. Journal of
Transportation Engineering. 110 (1984): 34-44,

Cady, Philip D, R. E. Weyers. Chloride penetration and the deterioration of concrete
bridge decks. Journal of Cement. Concrete and Aggregates. 5 (1983): 81-87.

CC Yan%, .. Cho, L. C. Wang. The relationship between pore structure and
chloride diffusivity from ﬁon_dm test in cement hased materials. Journal of
Materials Chemistry and Physics. 2006.

c. C Yarég and L. C. Wang. The diffusion characteristic of concrete with mineral
admixtures between salt ponding test and accelerated chloride migration test.
Journal of Materials Chemistry and Physics 85(2004): 266-272.



80

Frey R, T. Balogh, G. L. Balazs. Kinetic method to analyze chloride diffusion in various
concretes. Journal of Cement and Concrete Research, 24 (1994): 863-873.

Intron, FI)llggszh as addition to concrete. Centre for civil engineering research and codes,

Helmuth, R. A. Fly ash in cement and concrete. Journal of Portland Cement
Association. 1987.

Gemma Rodriguez de Sensale. Strength development of concrete with rice husk ash,
Journal of Cement & Concrete Composites. 28 (2006): 158-160.

Gjorv, O.E., Sakai, K. and Banthia, N. Concrete under Severe Conditions: Environment
and Loadlné;. Proceedings of the CONSEC98 international conference,
Norway 1998.

Gowripalan N., Sirivivatnanon, V. & Lim, C.C. Micro cracking and chloride ion
diffusion of concrete under sustained uniaxial comﬂress_lon. Proceedings 8th
CANMET/ACI International Conference on Fly Ash, Silica Fume, Slag and
Natural Pozzolans in Concrete, .S.A. pp 893-910, 2004

K. D. Stanish, R. D. Hooton and M. D. A. Thomas. Testing the chloride penetration
resistance of concrete: a literature review. FHWA contract DTFH61-97-R-
00022, Prediction of chloride penetration in concrete.

Kliger, Paul, Joseph F., Lamond (Eds.). Significance of test and properties of concrete
and concrete - making material. ASTM STP 169C, 1994,

K. O. Ampadu, K. Torii, M. Kawamura. Beneficial effect of fly ash on chloride
diffusivity of hardened cement paste. Journal of Cement and Concrete Research,
29 (1999): 585-590.

Kyle Stanish & Michael Thomas. The use of bulk diffusion tests to establish time -
dependent concrete chloride diffusion coefficients. Journal of Cement and
Concrete Research. 33 (2003): 55-62.

Larbi, J. A., and J. Bijen. Evolution of lime and micro structural development of the
R/?Ste _ agFgregate interfacial zone in fly ash Portland cement system.
aterial Research Society, Boston, 1989.

Luca Bertolini, Bernhard Elsenser, Pietro Pedeferri and Rob Polder. Corrosion of steel
in concrete: prevention, diagnosis and repair. Singapore: Wiley, 2003.

Mangat, P.S., and Molloy, B.T. Prediction of long term chloride concentration in
concrete. Journal of Materials and Structures. 27 (1994): 338-346.



61

Mehta, P. K. and Manmohan, D. Effect of admixtures on micro porosity of hardened
cement Paste. The 82nd Annual Meeting of the Amer, Ceram, Soc.,
Cincinnati, 1979,

Mehta P. K. Mineral admixtures. Concrete admixtures handbook, properties science and
technology, Englewood Cliffs, N. J: Prentice Hall, 1984,

Mehta, p. Kumar. Concrete structure, properties and materials. Englewood Cliffs, N. J:
Prentice Hall, 1993.

Mindess, ., and Young, J.F. Concrete. Englewood Cliffs, NJ: Prentice Hall, 1981,

Moringa. Prediction of service lives of reinforced concrete buildings based on rate of
corrosion of reinforcing steel. Special Report of Institute of Technology,
Shimizu Corporation, noT 23, 1988.

Nordtest method NT Build 492. Concrete, mortar and cement-based repair materials:
Chloride migration coefficient from non-steady-state migration experiments.

Page C. L., Short N. R, El Tarras A. Diffusion of chloride ions in hardened cement
pastes. Journal of Cement and Concrete Research, 11 (1981): 395-406.

Palle Thoft & Christensen. Stochastic modeling of the diffusion coefficient for
concrete. IFIP Working Conference, Osaka, Japan, 2002.

Penjan  Rojana-anawat,  Siripom = Pradit, Natinee Sukramongkol &  Somboon
Siriraksophon. Temperature, Salinity, Dissolved Oxygen and Water Masses of
Vietnamese Waters. Southeast Asian Fisheries Development Center, 1999,

p. Kumar Mehta. Durabilitr of concrete in Marine environment - a review. Journal of
American Concrete Institute Material, 65(1980): 1-18.

Sorensen, Birgit; Ernst Maahn. Penetration rate of chloride in marine concrete structures,
Journal of Nordic Concrete Research, 24(1982): 1-24.

Tang Luping and Lars Olof Nilsson. Rapid determination of the chloride diffusivity in
concrete b apglylng an electrical field. Journal of American Concrete Institute
Material. 89 (1992): 49-53.

T. C. Powers. Structure and é)hysic_al properties of hardened Portland cement paste.
Journal of American Ceramic Society. 41 (1985): 1-5.

Tuutti, Kyosti. Corrosion of steel in concrete. Swedish Cement and Concrete  Research
Institute, 1982.



82

Webster, M A. The assessment of corroded-damaged concrete structures. PhD Thesis,
School of Civil Engineering, University of Birmingham, 1999.

Webster, M A. The structural implications of frost damage. The residual life of concrete
structures, workshop for owners of structures, Imperial College, London, 1995.

Youping Liu. Modeling the time-to-corrosion cracking of the cover concrete in chloride
contaminated reinforced concrete structures. PhD Thesis, Department of Civil
Engineering, Virginia Polytechnic Institute and State University, 1996.

Youping Liu, Weyers R. E. Modeling the time to corrosion cracking of the cover
concrete in chloride contaminated reinforced concrete structures. Journal of
American Concrete Institute Material 950998): 675-681.



AWIAINTalunIIng1ae
CHuLALONGKORN UNIVERSITY



APPENDIX A
Chloride penetration depth tested with simulated solution
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Fi%ure A.| Chloride penetration depth of sgecimen with
100% ordinary Portland cement and w/b = 0.4 (case D1)

4 N AL w Ko, S
RN TS L s M5 AN MR T o, S NG,

Fié)oure A2 Chloride penetration depth of sg)ecimen with
100% ordinary Portland cement and w/b = 0.5 (case D12)

Figure A.3 Chloride penetration depth of specimen with
100% ordinary Portland cement and w/b = 0.6 (case D23)
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Figure A4 Chloride penetration depth of specimen with
replacement by 15% fly ash and w/b = 0.4 (case D5)

Figure A5 Chloride penetration depth of specimen with
replacement by 25% fly ash and w/b = 0.4 (case D6)

Figure A.6 Chloride penetration depth of specimen with
replacement by 35% fly ash and w/b = 0.4 (case D7)
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FI ure A7 Chloride }Jenetratlon depth of specimen with
replacement by 159

fly ash and w/b = 0.5 (case D16)

Flgure A8 Chloride penetration depth of specimen with
replacement by 25% fly ash and w/b = 0.5 (case D17)

Figure A.9 Chloride penetration depth of specimen with
replacement by 35% fly ash and w/b = 0.5 (case D18)
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Figure A.10 Chloride penetration depth of specimen with
replacement by 15% fly ash and wib = 0.6 (case D2/)

Figure A. I Chloride penetration depth of specimen with
replacement by 25% fly ash and wfb = 0.6 (case D28

Figure A.10 Chloride penetration depth of specimen with
replacement by 35% fly ash and w/b = 0.6 (case D29
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Figure A.13 Chloride penetration depth of sBecimen with
replacement by 5% rice husk ash and w/b = 0.4 (case D2

Figure A.14 Chloride penetration depth of specimen wit
repqacement by 1 /oricpe husk ash ang wib :%.4 (case D’Pb

Figure A.15 Chloride penetration depth of specimen with
replacement by 15% rice husk ash and w/b = 0.4 (case D4)
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Figure A.16 Chloride penetration depth of specimen with

repEiacement by 5% rice husk ash and'w/b = 0.5 (case D13)

FiPure A.17 Chloride penetration depth of sBecimen with
rep 5 (case D14)

Figure A.18 Chloride penetration depth of specimen with
replacement by 15% rice husk ash and w/b = 0.5 (case D15)
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Fiqure A.19 Chloride penetration depth of specimen with
replacement by 5% rice husk ash and w/b = 0.6 (case D24)
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Fi?ure A.20 Chloride penetration depth of sgecimen with
replacement by 10% rice husk ash and w/b = 0.6 (case D25)

Figure A.21 Chloride penetration depth of specimen with
replacement by 15% rice husk ash and w/b = 0.6 (case D26)
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Fi(%ure A.23 Chloride pentration deﬁth of specimen with
replacement by 15% fly ash and 10% rice husk ash and w/b = 0.4 (case D9)

Figure A.24 Chloride penetration depth of specimen with
replacement by 25% fly ash and 5% rice husk ash and w/b = 0.4 (case D10)
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Figure A.25 Chloride penetration depth of specimen with
replacement by 25% fly ash and 10% rice husk ash and w/b = 0.4 (case D I1)
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Fi(‘;ure A.26 Chloride [Fenetr_ation depth of specimen with
replacement by 15% fly ash and 5% rice husk ash and w/b = 0.5 (case D19)
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Figure A.27 Chloride penetration depth of specimen with
replacement by 15% fly ash and 10% rice husk ash and w/b = 0.5 (case D20)
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Figure A.28 Chloride é)enetr_ation depth of specimen with
replacement by 25% fly ash and 5% rice husk ash and w/b = 0.5 (case D21)
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Figure A.29 Chloride penetration depth of specimen with
replacementhy 25% fly ash and 10% rice husk ash and w/b = 0.5 (case D22)

Figure A.30 Chloride penetration depth of specimen with
replacement by 15% fly ash and 5% rice husk ash and w/b = 0.6 (case D30)
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Figure A3 Chloride penetration depth of specimen with
replacement by 15% fly ash and 10% rice husk ash and w/b = 0.6 (case D31)

Fi%ure A.32 Chloride (Penetr_ation depth of specimen with
replacement by 25% fly ash and 5% rice husk ash and w/b = 0.6 (case D32)

Figure A.33 Chloride penetration depth of specimen with
replacement by 25% fly ash and 10% rice husk ash and w/b = 0.6 (case D33)
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APPENDIX B
Chloricle penetration depth tested with real sea water
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Figure B.| Chloride penetration depth of specimen with
100% Portland cement and w/b = 0.5 (case 01)
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Figure B.2 Chloride penetration depth of sgecimen with replacement by
25% fly ash and w/b = 0.5 (case FI)
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Figure B.3 Chloride penetration depth of specimen with replacement by
10% rice husk ash and w/b = 0.5 (case R1)



Figure B.4 Chloride penetration depth of specimen with replacement by
25% fly ash and 10% rice husk ash and w/b = 0.5 (case TI)

Figure B.5 Chloride penetration depth of specimen with
100% Portland cement and w/b = 0.5 (case 02)

Figure B.6 Chloride penetration depth of specimen with replacement by
25% fly ash and w/b = 0.5 (case F2)
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Figure B.7 Chloride penetration depth of specimen with replacement by
10% rice husk ash and w/b -0.5 (case R2)
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Figure B.8 Chloride penetration depth of specimen with replacement by
25% fly ash and 10% rice husk ash and w/b = 0.5 (case T2)
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APPENDIX c
Properties of cement and pozzolana

Table C.| Chemical properties of ordinary Portland cement type 1(as provided by Siam
city concrete Company LTD)

SJOI A!;Oa F%"03 5303 MOgO 3CaC3.SiO> 2Ca(2.SiO? . I.,(t),ss o(f)/ In%olubl(g Al(t<ali COaO
Bofh % m % S TTRY <tRY B

Table C.2 Physical proP_erties of fly ash and rice husk ash (tested by Research and
Development Office of Electricity Generating Authority of Thailand)

Type Specific Gravity  Specific surface area (cm2gm.
Fl?:y gsh P 2.23 y P 11,450 ( ’ )
Rice husk ash 251 2,363

Table C.3 Chemical comPosition of fly ash and rice husk ash (tested by Research and
Development Office of Electricity Generating Authority of Thailand)

Tvoe Chemical composition (%)
yp Sio2 AXB  FeD3 Ca0 TiD2 Mg0  Nad  k
FIK ash 3303 1856 1774 2017 045 246 15 %

76
Rice huskash 8774 079 303 18 009 040 034 66 000 084 227

D pd5 B LOL
023 269 034
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APPENDIX D

Table D.| Sea water composition (tested by Chulalongkom University, Thailand and Ho
Chi Minh University of Technology, Vietnam)

Content (mg/1)

Composition ChacAn (Thafnd Guf) CaNa (Vietnam)
NaCl 4,926 27 44
MgCl2 2481 3118
M504 2467 2412
Cas04 875 674

Table D.2 Chloride diffusion coefficient from the experiment of Yang and Wang 2003

wh Eement Water Fine 35 Coarse D|ff\(sion coeﬁgmen

d aggregate
Ky/m3 g Im3 ik 00m2s
03% 6% 8g 8%134 35 20.39
045 50 243 724 K .13
0 4 243 807 K 4.7
065 34 243 865 134 0343
Table D.3 Some values of chloride diffusion coefficient from Yang and Wang 2003 for
fly ash case

Coarse  Diffysion

" 1 o R W TR o

0.35 234 5% 134 39

045 417 234 104 124 134 2.9l
050 43 2% 8 807 14 197
066 201 2% 13 605 134 1.26
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APPENDIX E

Surface chloride concentration

Table E.| Average composition of sea water in Vietnam

Salt Content (mg/1)

NaCl 21,444

MgCI2 3,118

MgS04 2,412

CasS04 674

Z 33,824

For sea water in Vietnam, quantities of particular salts are:

Salt Quantity (% Density (Kg/dm3)
NaCl 81.1 8( : g :
MgCI2 9.218 2. 316

And assume these salts completely fill the volume of capillary pores VC(dm3) in
1 m3concrete, their quantities are:

M*cl-Vcx0.81138xpN0=\x0.81138*2.165-Mcl+M, 1=MQ+ * M @ (Kg/m])

MM -V/tx0.09228xp, ICD-V, *0.09218x2.316-2MC+M, S2MC+ - A M. (Kg/m')

VAr _Vcx0.81138x2.165 1 Vcx0.09218x2.316 =\/CX1.2249

NUGE 1068+ 240686 (Kgim3
Table E.2 Average composition of sea water in Thailand
Salt Content (mg/1)
NaCl 24,926
MgCI2 2,481
MgS04 2,467
CaS04 875
/A 30,749
For sea water in Gulf of Thailand, quantities of particular salts are:
Salt Quantity (% Density (Kg/dm3)
NaCl 81.0%/2( ) 2y 165 :

MgCI2 8.068 2.316
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And assume these salts completely fill the volume of capillary pores VCdm3) in
1 m3concrete, their quantities are:

MNC=Vx0.81062xpNCEVex0.81062x2.165=McMNEMct 1— Ml (Kg/m3)

MMC2=Vcx0.08068xpMC2=Vex0.08068x2.316=2Mc,+MMF2Mc,+1* - Mcl(Kg/im3)

Vrx0.81062x2.165 , ,, Vrx0.08068x2.316
MrE s =VCX1.2040 (Kgim3)
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APPENDIX F
Matlab source code for predicting service life

00 = 1ovvvvessssssss s s s SRR SRR SRR e e
%The purpose of this source code is to predict service life of
Y%certain concrete structure
%Input data
cl- mputé Chloride concentration of sea water:'
A=input(‘Percent of replacement by fly ash (%):
RHA= mput%Percent of replacement by rice hus
Ct=input(‘Threshold chloride concentration:);
wh=input('Water binder ratio: g
X= |nput§ over thickness (mm):’);
d=input('Rebar dimension (mm): )
%Main process
%%Frist phase
% e% ee of hydration

gsh (%))

<0.42)
h wb 0. 42
else
h=I:
Co=(wh- 0382*h& ch*l%o

'fg 25, 28 1, 38*wb+172 5*(Wh/A):

ts5=t 1*365*24*60*60;
C=Co*(L-erf(x/(2*(((D* le-12)*ts)AL12))));
while (C < Ct

ts=t1*365*24*60*60;
éE:Co*( Lerf(x/(2*(((D* le-12)*ts)Al/2))));
en

D= (25.28-7L.98*Wh+m.5*(WhA2))* (- 3.02*FA + 5.53*(FAR) - 3.24*(FAM));

ts=t 1*365*24*60*60;
C=Co*(L-erf(x/(2*(((D* Le-12)*ts)AlI2))));
while (C < Ct

ts=t 1*365*24*60*60;
é: =Co*(l-erf(x /(2*(((D*Ie 12)*ts)Al2))));
en
end
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D= (25.28-71.98%wb+172.5%(wbA2))*(- 20.1*RHA + 100.88*(RHAA?)
127.54*(RHAA3));

ts=t 1*365*24*60*60;
C=Co*(L-erf(x/(2*(((D* le-12)*ts)AL2))));
while (C < Ct

ts=tl *365*24*60*60;
C=Co*(l-erf(x/(2*(((D* le-12)*ts)AlI2))));

end

D= (125"28-71.98*wb+l72.5* whA2))* (- 3.02*FA + 5.53*(FAA2) - 3.24*(FAR))
*E(; 20.1*RHA  + 100.88*(RHA 3 - 127.54*(RHAA3))*(93.7*FA*RHA-
255.8*FAA*RHA-550.6*FA*RHAA2+1091.9*FAAR*RHAAY);

ts=t 1*365*24*60*60;
C=Co*(L-erf(x/(2*(((D* le-12)*ts)AL/2))));
while (C < Ct

ts=tI*365+24*60*60:
((13:0.65*(I-erf(x/(2*(((D*Ie-lZ)*ts)AI/Z))));
en

end
fprintf("The initial time (year):");
1%/100( beer):)
%Second phase
q=(-0.51 - 7.6*Ct +44.97*éwa2)+67.95*Ct*(waZ))*(d/(xAZ))*SGS;
£2=(0.602*d*((1+2*x/d)A0.85)/q);
{grmtf(’The time of propagation phase (year):");
Ytotal service life
tl-t1/2000;
t=t|+t2; o
{prmtf('The total service life (year):");

%End of source code
%
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APPENDIX G
Matlab source code for designing water binder ratio

% : : -
%The purpose of this source code is to design the water binder ratio based
%on the desire service life

%Input data _
gclzmput(('ChIorlde concentration of sea water:'é;

A=input('Percent of replacement by fly ash (%):");
RH_A:mputgPercent of replacement by rice husk ash (%):");
Ct=input(‘Threshold chloride concentration:");
x=input('Cover thickness (mm):");
d=input('Rebar dimension (mm):");
t=input('Design service life (year?:'); .
t3=input('Assume service life value for trial f(year):');
wh=input(‘Assume water binder ratio value for trial ');
%Main process
Y%Frist phase
while (t3<%

wh=wh-0.01; _
%Degree of hydration
if (Wh<0.42)
h = wbh/0.42:
else

h=1:

Cox(ub-0382°4)*0cl10
if (FA = 0)&5 HA= 0)
=25.28-71.98*Wh+172 5% (Wb AY);

ts=tl *365*24*60*60;
C=Co* 1-erfo/(2 *(((D* 1e-12)*ts)AL12))));
while (C < Ct

ts=tl *365%24*60*60:
OIc=co*(| -erf(x/(2%(((D* le-12)*ts)AL2)))):
en
end

D= (25.28-T1.98*wh+m 5*(whA2))* (- 3.02%FA + 5.53%(FAR) - 3.24*(FAM))
ts=t1*365*24*60%60;

v(\:lﬁlcl:eo’z 1-<erCftSX/(2 *(((D* 1e-12)*ts)AL12)));
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APPENDIX H
Matlab source code for designing cover thickness

%The purpose of this source code is to design the cover thickness based
%on the desire service life
%Input data _
Sclz_mput(‘ChIorlde concentration of sea water:");
A=input('Percent of replacement by fly ash (%):");
RH_A:mputgPercent of replacement by rice husk ash (%):");
Ct=input(‘Threshold chloride concentration:");
wb_:lnputé{'Water_blnder ratio.");
d=input('Rebar dimension (mm):");
t=input('Design service life (yearR:'); _
t3=input(*Assume service ife value for trial (year).’),
x:m?ut( Assume cover thickness value for trial (mm):");
x=x/100;
%Main process
Y%Frist phase
while (t3<t&
x=x+0.001; _

%Degree of hydration

if (wb<0.42)

h = wbh/0.42:

else
h=I:

Co=(whb-0.382*n)*Qcl*100;

|fﬁ)F ==0) & (RHA= 0)
l:235.28-71.98*Wb+172.5*(wa2);
tl=13;
ts=t| *365*24*60*60;
C=Co*(1-erf(x/(2*(((D* le-12)*ts)ALI2))));
while (C < Ct

ts=t| *365*24*60*60:
g:Co*(I-erf(x/(Z*(((D* le-12)*ts)AL2)))):
en

f(EA> D& (RHA== 0
= (25.28-11.98%wb+172.5*(WhAQ))* (- 3.02*FA + 553*(FARD) - 3.24*(FA):

ts=t| *365*24*60*60;
C=Co*(L-erf(x/(2*(((D* le-12)*ts)AL2))));
while (C < Ct
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ts=t1*365*24*60*60;
((j::Co*(I-erf(x/(2*(((D*Ie-lZ)*ts)AI/Z))));
en

if (FA == )Z&ERHA>0%
= (25.28-TL9B*WhHLT25* (WhA))* (- 20.1*RHA  +  100.88*(RHAAR)
127 54%(RHAA));

ts=t1*365*24*60*60;
C=Co*(L-erf(x/(2*(((D* le-12)*ts)AL2))));
while (C < Ct)

ts=t1*365*24*60*60:
dc:c:o*( 1-erf(x/(2%(((D* Le-12)*ts)AL2));
en

:(25.28-7L98*wb+1725*£v2vbAzf% 302*FA+553*&FAA2&| 3.24*(FAAS))
201 *RHA + 100.88*(RHA) - 127.54*(RHAAR))*(93.7*FA*RHA-255, SEANIRHA
550, tSt’l‘Fé*RHAA2+1091 SFARNRHAA)

ts=/*365*24*60*60:

C=Coxfla x/ 2*(((D*le-12)*ts)AlI2)))):

tI tﬁ+0 1;

ts=tl *365*24*60*60;

((j;:0_65*(I-erf(x/(2*(((D*Ie-lZ)*ts)AI/Z))));
en

end
%Second phase
q2 %051 1.6*Ct +44, 97*§ bA2)+67.95*Ct*(whA2))* (d/(xA2))*365;
02%d*( ‘I+2*x d)A0.85)/q);
%total service life
tl=t1/1000;
t3=tl+12;
end
fprintf(*Cover thickness (mm):");
X

%End of source code
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APENDIXI
Matlab source code for designing rebar dimension

%The purpose of this source code is to design the rebar dimension based
%on the desire service life

%Input data
Scl mput 'Chloride concentration of sea water:'

A=input( Percent of replacement by fly ash (% 7
RHA= mputgPercentofreplacement by rice husk ash (%):);
Ct=input("Threshold chloride concentratlon Y
wh=input(*Water binder ratio:"
X= mputé over thickness (mm): )
t=input(‘Design service life (year) A
d=input(‘Assume rebar dimension value for trial (mm):");
%Main process
YoFrist phase

% e% ee of hydration

<0.42)
h Wb042
else
h=1:

Co=(wb- 0382*h Qo100
T(EA: 0)
52 W 98*wb+172 5*(WhAY):

ts=tl*365*24*60*60;
C=Co*(L-erf(x/(2*(((D*le-12)* ts)AL2)))):
while (C < Ct

ts=tl *365*24*60*60;
dC:Co*(l-erf(X/(Z*(((D*Ie-lZ)*ts)AI/Z))));
en

D= (25.28-71.98*Wh+F72.5*(WhA2))* (- 3.02*FA + 5.53%(FAA) - 3.24*(FAM));

ts=t|*365*24*60*60;
C=Co*(L-erf(x/(2*(((D* 1e-12)*ts)AL2)));
while (C < Ct

ts=t1*365*24*60*60;
C=Co*(L-erf(x/(2*(((D* le-12)*ts)AL2))));
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end

D= (2528-71.98*wh+ 72.5%(WhA2))*(- 20.1*RHA + 100.88*(RHAA)
127 54 RHAA)):

ts=t 1*365*24*60*60;
C=Co*(L-erf(x/(2*((( * le-12)*ts)AL2))));
while (C < Ct

ts=t| *365*24*60*60:
é::Co*( 1-erf(x/(2*(((D* 1e-12)*ts)AL2)));
en

&25 28-7L98*wb+172 5* whA2))* 302*FA + 5.53%(FAR) - 3.24*(FAR3)) *(-
201 RHA+ 100. 88*gRH 121,54 RHAA’% (93.7*FA*RHA-255 8*FAA*RHA-
550.6*FA*RHAA2+1091 9*FAA2*RHA

ts=t1*365*24*60*60;
C=Co*(l-erf(x/(2*(((D*le-12)*ts)AlI2))));
while (C < Ct

ts=tl *365*24*60*60:
é:=0.65*(I-erf(x/(2*(((D*Ie-lZ)*ts)AI/Z))));
en
end
ototal service life
t1-1/1000;
t2=t-tl:
0/3oS|econd phase
whlle t3<t2)
-0.51 - 7.6*Ct +44.97*§wa2)+67.95*Ct*(wa2))*(d/(xA2))*365;
é3=d( |.602*d*((l+2*x/d)A0. 5)lg);

end
g)rintf('Rebar dimension (mm):";

%End of source code
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