REFERENCES

ACI Committee 555, 2001, ACI 555R-01, “Removal and Reuse of Hardened
Concrete”, American Concrete Institute, Detroit.

Ajdukiewicz, A. and Kliszczewicz, A., 2002, “Influence of Recycled Aggregates on
Mechanical Properties of HS/HPC”, Cement and Concrete Composites, Vol. 24, No.
2, pp. 269-279.

American Society for Testing and Materials, 2001, “ASTM C 33: Standard

Specification for Concrete Aggregates”, In Annual Book of ASTM Standards, Vol.
04.02, Philadelphia, ASTM, pp. 10-17.

American Society for Testing and Materials, 2001, “ASTM C 39: Standard Test Method
for Compressive Strength of Cylindrical Concrete Specimens”, In Annual Book of
ASTM Standards, Vol. 04.02, Philadelphia, ASTM, pp. 18-22.

American Society for Testing and Materials, 2001, “ASTM C 150: Standard
Specification for Portland Cement”, In Annual Book of ASTM Standards, Vol. 04.01,
Philadelphia, ASTM, pp. 149-155.

American Society for Testing and Materials, 2001, “ASTM C 188: Standard Test
Method for Density of Hydraulic Cement”, In Annual Book of ASTM Standards, Vol.
04.02, Philadelphia, ASTM, pp. 179-180.

American Society for Testing and Materials, 2001, “ASTM C 430: Standard Test
Method for Fineness of Hydraulic Cement by the 45-um (No. 325) Sieve”, In Annual
Book of ASTM Standards, Vol. 04.01, Philadelphia, ASTM, pp. 243-245.

American Society for Testing and Materials, 2001, “ASTM C 469: Standard Test
Method for Static Modulus of Elasticity and Poisson’s Ratio of Concrete in

Compression”, In Annual Book of ASTM Standards, Vol. 04.02, Philadelphia,
ASTM, pp. 248-251.

American Society for Testing and Materials, 2001, “ASTM C 618: Standard
Specification for Coal Fly Ash and Raw or Calcined Natural Pozzolan for Use as a
Mineral Admixture in Concrete”, In Annual Book of ASTM Standards, Vol. 04.02,
Philadelphia, ASTM, pp. 310-317.

American Society for Testing and Materials, 2001, “ASTM C 1152: Standard Test
Method for Acid-Soluble Chloride in Mortar and Concrete”, In Annual Book of ASTM
Standards, Vol. 04.02, Philadelphia, ASTM, pp. 634-636.

American Society for Testing and Materials, 2001, “ASTM C 1218: Standard Test
Method for Water-Soluble Chloride in Mortar and Concrete”, In Annual Book of
ASTM Standards, Vol. 04.02, Philadelphia, ASTM, pp. 652-658.

Ann, K.Y., Moon, H.Y., Kim, Y.B. and Ryou, J., 2008, “Durability of Recycled
Aggregate Concrete Using Pozzolanic Materials”, Waste Management, Vol. 28, No. 6,
pp. 993-999.



38

Barra De Oliveria, M. and Vazquez, E., 1996, “The Influence of Retained Moisture in

Aggregates from Recycling on the Properties of New Hardened Concrete”, Waste
Management, Vol. 16, No. 1-3, pp. 113-117.

B.C.S.J,, 1978, “Study on Recycled Aggregate and Recycled Aggregate Concrete”,
Building Contractors Society of Japan, Committee on Disposal and Reuse of

Concrete Construction Waste, Summary in Concrete Journal, Japan, Vol. 16, No. 7,
pp- 18-31.

Berndt, M.L., 2009, “Properties of Sustainable Concrete Containing Fly Ash, Slag and

Recycled Concrete Aggregate”, Construction and Building Materials, Vol. 23, pp.
2606-2613.

Bonen, D. and Cohen, M.D., 1992, “Magnesium Sulfate Attack on Portland Cement

Paste-I Microstructural Analysis”, Cement and Concrete Reseach, Vol. 22, No. 1, pp.
169-180.

Buck, A.D., 1997, “Recycled Concrete as a Source of Aggregate”, ACI Journal, pp.
212-219.

Calle, F.R., Groot, P.D., Hemstock, S.L. and Woods, J., 2007, The Biomass
Assessment Handbook : Bioenergy for a Sustainable Environment, TJ International
Ltd, Padstow, Cornwall, London, 269 p.

Cao, H.T., Bucea, L., Ray, A. and Yozghatlian, S., 1997, “The Effect of Cement
Composition and pH of Environment on Sulfate Resistance of Portland Cements and
Blended Cements”, Cement and Concrete Composites, Vol. 19, No. 2, pp. 161-171.

Chalee, W., Ausapanit, P. and Jaturapitakkul, C., 2010, “Utilization of Fly Ash

Concrete in Marine Environment for Long Term Design”, Materials and Design, Vol.
31, pp. 1242-1249.

Chan, W.W.J. and Wu, C.M.L., 2000, “Durability of Concrete with High Cement
Replacement”, Cement and Concrete Research, Vol. 30, No. 6, pp. 865-879.

Chantri, P., Chusilp, N., Jaturapitakkul, C. and Pattarawongphaiboon, A., 2007, “A
Study on Properties of Concrete Containing Bagasse Ash with Different W/B Ratios”,
Proceedings of the 12" National Convention on Civil Engineering”, Engineering
Institute of Thailand, Pissanulok, 2-4 May 2007, pp. MAT92 — MAT98.

Chindaprasirt, P., Homwuttiwong, S. and Jaturapitakkul, C., 2007, “Strength and Water
Permeability of Concrete Containing Palm Oil Fuel Ash and Rice Hush-Bark Ash”,
Construction and Building Materials, Vol. 21, No. 7, pp. 1492-1499.

Chindaprasirt, P., Jaturapitakkul, C. and Sinsiri, T., 2005, “Effect of Fly Ash Fineness on
Compressive Strength and Pore Size of Blended Cement Paste”, Cement and Concrete
Composites, Vol. 27, No. 4, pp. 425-428.



54

Chusilp, N., Jaturapitakkul, C. and Kiattikomol, K., 2009a, “Utilization of Bagasse Ash

as a Pozzolanic Material in Concrete”, Construction and Building Materials, Vol. 23,
No. 11, pp. 3352-3358.

Chusilp, N., Jaturapitakkul, C. and Kiattikomol, K., 2009b, “Effects of LOI of Ground
Bagasse Ash on the Compressive Strength and Sulfate Resistance of Mortars”,
Construction and Building Materials, Vol. 23, No. 11, pp. 3523-3531.

Concrete Society, 1987, “Permeability Testing of Site Concrete: A Review of Method
and Experience”, The Concrete Society. Report No.31.

Cordeiro, G.C., Filho, R.D.T., Fairbairn, EM.R., Luis, M.M.T. and Oliveira, C.H.,
2004, “Influence of Mechanical Grind on the Pozzolanic Activity of Residual Sugarcane
Bagasse Ash”, International RILEM Conference on Use of Recycled Materials in
Building and Structures, Barcelona, pp. 731-740.

Cordeiro, G.C., Toledo, F.R.D., Tavares, L.M. and Fairbairn, E.M.R., 2008,
“Pozzolanic Activity and Filler Effect of Sugar Cane Bagasse Ash in Portland Cement
and Lime Mortars”, Cement and Concrete Composites, Vol. 30, No. 5, pp. 410-418.

Crop production, 2011, Food and Agricultural Organization of United Nations:
Economic And Social Department: The Statistical Division [Online], Available :
http://faostat.fao.org. [2011, June 30].

Djuric, M., Ranogajec, J., Omorjan, R. and Miletic, S., 1996, “Sulfate Corrosion of

Portland Cement-Pure and Blended with 30% of Fly Ash”, Cement and Concrete
Research, Vol. 25, No. 6, pp. 757-765.

Duangchan, A. and Sujjavanich, S., 2005, “Bagasse Ash Concrete Block”, Proceedings
of the 10™ National Convention on Civil Engineering”, Engineering Institute of
Thailand, Pattaya, 2-4 May 2005, pp. MAT6 - MAT10.

Etxeberria, M., Vazquez, E., Mari, A. and Barra, M., 2007, “Influence of Amount of
Recycled Coarse Aggregates and Production Process on Properties of Recycled
Aggregate Concrete”, Cement and Concrete Research, Vol. 37, No. 5, pp. 735-742.

Fong, W.F.K., Yeung, J.S.K. and Poon, C.S., 2004, “Hong Kong Experience of Using
Recycled Aggregates from Construction and Demolition Materials in Ready Mix
Concrete”, Proceedings of the International Workshop on Sustainable Development
and Concrete Technology, Beijing, China, 20-21 May 2004, pp. 267-275.

Ganesan, K., Rajagopal, K. and Thangavel, K., 2007, “Evaluation of Bagasse Ash as

Supplementary Cementitious Material”, Cement and Concrete Composites, Vol. 29,
pp. 515-524.

Gomez-Soberon, J.M.V., 2002, “Porosity of Recycled Aggregate Concrete with
Substitution of Recycled Aggregate: An Experimental Study”, Cement and Concrete
Research, Vol. 32, No. 8, pp. 1301-1311.



55

Gonzalez, M.A. and Irassar, E.F., 1997, “Ettringite Formation in Low C3;A Portland
Cement Exposed to Sodium Sulfate Solution”, Cement and Concrete Research,
Vol. 27, No. 7, pp. 1061-1072.

Gonzalez-Fonteboa, B. and Martinez-Abella, F., 2008, “Concrete with Aggregates from
Demolition Waste and Silica Fume: Materials and Mechanical Properties”, Building
and Environment, Vol. 43, No. 4, pp. 429-437.

Hansen, T.C., 1986, “The Second RILEM State of the Art Report on Recycled

Aggregates and Recycled Aggregate Concrete”, Materials and Structures, Vol. 1, No.
111, May-June, pp. 201-246.

Hansen, T.C., 1992, Recycling Demolished Concrete and Masonry, 1st ed., Chapman
& Hall, Great Britain, 316 p.

Hansen, T.C. and Boegh, E., 1985, “Elasticity and Drying Shrinkage of Recycled
Aggregate Concrete”, ACI Materials Journal, Vol. 82, No. 5, pp. 648-652.

Hansen, T.C. and Narud, H., 1983, “Strength of Recycled Concrete Made from Crushed
Concrete Coarse Aggregate”, Concrete International, Vol. 5, No. 1, pp. 79-83.

Hearn, N., Detwiler, R.J. and Sframeli, C., 1993, “Water Permeability and

Microstructure of Three Old Concretes”, Cement and Concrete Research, Vol. 24,
No. 4, pp. 633-640.

Irassar, E.F., Gonzales, M. and Rahhal, V., 2000, “Sulfate Resistance of Type V
Cements with Limestone Filler and Natural Pozzolana”, Cement and Concrete
Composites, Vol. 22, No. 5, pp. 361-368.

Katz, A., 2003, “Properties of Concrete Made with Recycled Aggregate from Partially

Hydrated Old Concrete”, Cement and Concrete Research, Vol. 33, No. 5, pp. 703-
711.

Katz, A., 2004, “Treatments for the Improvement of Recycled Aggregate”, Journal of
Materials in Civil Engineering, Vol. 16, No. 6, pp. 597-603.

Khamklai, S., 2009, “A Study Water Permeability and Expansion of Recycled
Aggregate Concrete Containing Ground Palm Qil Fuel Ash”, Master of Engineering
Thesis, Civil Engineering Program, Faculty of Engineering, King Mongkut’s University
of Technology Thonburi, 129 p.

Khatri, R.P. and Sirivivatnanon, V., 1997, “Methods for the Determination of Water
Permeability of Concrete”, ACI Materials Journal, Vol. 94, No. 3, pp. 257-261.

Kheder, G.F. and Al-Windawi, S.A., 2005, “Variation in Mechanical Properties of
Natural and Recycled Aggregate Concrete as Related to the Strength of Their Binding
Mortar”, Materials and Structures, Vol. 38, pp. 701-709.



56

Kooratanaweich, D., Homwuttiwong, S., Jaturapitakkul, C. and Chindaprasirt, P., 2005,
“Effect of Fly Ash on Permeability of Concrete”, Proceedings of the 10™ National

Convention on Civil Engineering, Engineering Institute of Thailand, Chonburi, 2-4
May 2005, pp. MATS5-MATS59.

Kou, S.C., Poon, K.C. and Chan, D., 2007, “Influence of Fly Ash as Cement
Replacement on the Properties of Recycled Aggregate Concrete”, Journal of Materials
in Civil Engineering, Vol. 19, No. 9, pp. 709-717.

Kulchanaprasit, S. and Sujivorakul, C.H., 2005, “Influence of Bagasse Ash on
Properties of Portland Cement Mortar”, Proceedings of the 10™ National Convention

on Civil Engineering, Engineering Institute of Thailand, Chonburi, 2-4 May 2005, pp.
MAT-67 - MAT-72.

Kurtis, K.E., Monterio, P.J.M. and Madanat, S.M., 1997, “Empirical Models to Predict
Concrete Expansion Caused by Sulfate Attack”, ACI Materials Journal, Vol. 97,
No. 2, pp. 156-161.

Lam, L., Wong, Y.L. and Poon, C.S., 2000, “Degree of Hydration and Gel/Space Ratio
of High-Volume Fly Ash/Cement Systems”, Cement and Concrete Research, Vol. 30,
pp. 747-756.

Lane, R.O. and Best, J.F., 1982, “Properties and Use of Fly Ash in Portland Cement
Concrete”, Concrete International, Vol. 4, No. 7, pp. 81-92.

Lee, S.T., Moon, H.Y., Swamy, R.N., Kim, S.S. and Kim, J.P., 2005, “Sulfate Attack of
Mortars Containing Recycled Aggregates”, ACI Materials Journal, Vol. 102, No. 4,
pp. 224-230.

Leng, F., Feng, N. and Lu, X., 2000, “An Experimental Study on the Properties of
Resistance to Diffusion of Chloride lons of Fly Ash and Blast Furnace Slag Concrete”,
Cement and Concrete Research, Vol. 30, No. 6, pp. 989-992.

Lergpiboon, A., 2008, “Durability of Concrete Containing Ground Bagasse Ash”,
Master of Engineering Thesis, Civil Engineering Program, Faculty of Engineering, King
Mongkut’s University of Technology Thonburi, 123 p.

Levy, S.M. and Helene, P., 2004, “Durability of Recycled Aggregates Concrete a Safe
Way to Sustainable Development”, Cement and Concrete Research, Vol. 34, No. 11,
pp. 1975-1980.

Likhitsripaiboon, N., Chusilp, N., Jaturapitakkul, C., Siripanichgorn, A. and
Kiattikomol, K., 2006, “A Study of Bagasse Ashes with Different Loss on Ignitions on
Compressive Strength of Mortar”, Proceedings of the 11™ National Convention on

Civil Engineering”, Engineering Institute of Thailand, Phuket, 20-22 April 2006, pp.
192.

Limbachiya, M.C., Leelawat, T. and Dhir, R.K., 2000, “Use of Recycled Concrete

Aggregate in High-strength Concrete”, Materials and Structures, Vol. 33, pp. 574-
580.



57

Martirena, H.J.F., Middendrof, B., Gehrke, M. and Budelmann, H., 1998, “Use of
Waste of Sugar Industry as Pozzolana in Lime-pozzolana Binders: Study of the
Reaction”, Cement and Concrete Research, Vol. 28, No. 11, pp. 1525-1536.

Montakarntiwong, K., Siripanichgorn, A., Jaturapitakkul, C. and Kiattikomol, K., 2005,
“Effect of Compressive Strength and Heat of Concrete Mixed with Bagasse Ashes”,
Proceedings of the 1* Annual Concrete Conference, Thai Concrete Association,
Rayong Province, Thailand, pp. CON 53 - 61.

Neville, A.M., 1997, “Aggregate Bond and Modulus of Elasticity of Concrete”, ACI
Materials Journal, Vol. 94, No. 1, pp. 71-74.

Nimityongskul, P. and Sayamipuk, S., 1995, “Mechanical Properties of Concrete Made
from Rubbles”, Proceedings of the 2" National Convention on Civil Engineering,
The Engineering Institute of Thailand, Chiang Mai, 9-11 November 1995, pp. 87-93.

Nixon, P.J., 1978, “Recycled Concrete as an Aggregate for Concrete — a Review”,
RILEM TC-37DRC, Materials and Structures, Vol. 65, pp. 371-378.

Office of Cane and Sugar Board, 2010, Report on Total Cane Crushing and Sugar
Production 2009/2010 [online], Available : http://www.ocsb.go.th [2001, June 30].

Olorunsogo, F.T. and Padayachee, N., 2002, “Performance of Recycled Aggregate
Concrete Monitored by Durability Indexes”, Cement and Concrete Research, Vol. 32,
No. 2, pp. 179-185.

Otsuki, N., Miyazato, S. and Yodsudjai, W., 2003, “Influence of Recycled Aggregate on
Interfacial Transition Zone, Strength Chloride Penetration and Carbonation of
Concrete”, Journal of Materials in Civil Engineering, Vol. 15, No. 5, pp, 443-451.

Otsuki, N., Nagataki, S. and Nakashita, K., 1993, “Evaluation of AgNO3 Solution Spray
Method for Measurement of Chloride Penetration into Hardened Cementitious Matrix
Materials”, Construction and Building Materials, Vol. 7, No. 4, pp. 195-201.

Paya, J., Monzo, J., Borrachero, M.V., Diaz-Pinzon, L. and Ordonez, L.M., 2002,
“Sugar-Cane Bagasse Ash (SCBA): Studies on Its Properties for Reusing in Concrete

Production”, Journal of Chemical Technology & Biotechnology, Vol. 77, No. 3, pp.
321-325.

Poon, C.S., Kou, S.C. and Lam, L., 2002, “Use of Recycled Aggregates in Molded

Concrete Bricks and Blocks”, Construction and Building Materials, Vol. 16, pp. 281-
289.

Poon, C.S., Shui, Z.H. and Lam, L., 2004a, “Effect of Microstructure of ITZ on
Compressive Strength of Concrete Prepared with Recycled Aggregates,” Construction
and Building Materials, Vol. 18, No. 6, pp. 461-468.

Poon, C.S., Shui, Z.H., Lam. L., Fok, H. and Kou, S.C., 2004b, “Influence of Moisture
States of Natural and Recycled Aggregates on The Slump and Compressive Strength of
Concrete”, Cement and Concrete Research, Vol. 34, pp. 31-36.



58

Poosuntipong, S., Buranasing, R. and Jaturapitakkul, C., 2004, “Utilization of Tested
Concrete as Aggregates in Concrete”, Research and Development Journal of
Engineering Institute of Thailand, Vol. 15, No. 3, pp. 22-31.

Rashwan, M.S. and AbouRizk, S., 1997, “The Properties of Recycled Concrete”,
Concrete International, Vol. 19, No. 7, pp. 56-60.

Rattanapat, T., Wongkongkaew, W., Siripanichgorn, A., Jaturapitakkul, C. and
Kiattikomol, K., 2003, “Effect of Fly Ashes from Various Sources on Compressive
Strength of Concrete”, Proceedings of the 1** National Concrete Conference, 14-16
May 2003, Kanchanaburi, Thailand, pp. 109 -116.

Ravindrarajah, R.S. and Tam, T.C., 1985, “Properties of Concrete Made with Crushed

Concrete as Coarse Aggregate”, Magazine of Concrete Research, Vo. 37, No. 130, pp.
29-38.

Ravindrarajah, R.S., Loo, Y.H. and Tam, C.T., 1987, “Recycled Concrete as Fine and

Coarse Aggregates in Concrete”, Magazine of Concrete Research, Vol. 39, No. 141,
pp- 214-220.

Rukzon, S. and Chindaprasirt, P., 2012, “Utilization of Bagasse Ash in High-Strength
Concrete”, Materials and Design, Vol. 34, pp. 45-50.

Sagoe-Crentsil, K.K., Brown, T. and Taylor, A.H., 2001, “Performance of Concrete
Made with Commercially Produced Coarse Recycled Aggregate”, Cement and
Concrete Research, Vol. 31, No. 5, pp. 707-712.

Salem, R.M., Burdette, E.G. and Jackson, N.M., 2003, “Resistance to Freezing and

Thawing of Recycled Aggregate Concrete”, ACI Materials Journal, Vol. 100, No. 3,
pp- 216-230.

Santhanam, M., Cohen, M.D. and Olek, J., 2002, “Mechanism of Sulfate Attack: A
Fresh Look Part 1: Summary of Experimental Results”, Cement and Concrete
Research, Vol. 32, pp. 915-921.

Sata, V. and Jaturapitakkul, C., 2007, “Influence of Pozzolan from Various By-Product
Materials on Mechanical Properties of High-Strength Concrete”, Construction and
Building Materials, Vol. 21, No. 7, pp. 1589-1598.

Shasiprakash, S.G. and Thomas, M.D.A., 2001, “Sulfate Resistance of Mortars
Containing High-Calcium Fly Ashes and Combinations of Highly Reactive Pozzolans
and Fly Ash”, Proceedings of the Seventh CANMET/ACI International Conference
on Fly Ash, Silica Fume, Slag, and Natural Pozzolan in Concrete, American
Concrete Institute, pp. 221-237.

Shayan, A. and Xu, A., 2003, “Performance and Properties of Structural Concrete Made

with Recycled Concrete Aggregate”, ACI Materials Journal, Vol. 100, No. 5, pp. 371-
380.



59

Sideris, K.K. and Savva, A.E., 2001, “Resistance of Fly Ash and Natural Pozzolans
Blended Cement Mortars and Concrete to Carbonation, Sulfate Attack, and Chloride Ion
Penetration”, Proceedings of the Seventh CANMET/ACI International Conference

on Fly Ash, Silica Fume, Slag, and Natural Pozzolan in Concrete, Chennai, India,
pp- 276-293.

Singh, N.B., Singh, V.D. and Rai, S., 2000, “Hydration of Bagasse Ash-Blended
Portland Cement”, Cement and Concrete Research, Vol. 30, No. 9, pp. 1485-1488.

Somna, R., Chalee, W. and Jaturapitakkul, C., 2008, “Effect of Fly Ash from 3 Sources
of Mortar Immersed in Magnesium Sulfate Solution”, Proceedings of the 2"! National

Concrete and Geopolymer, Faculty of Engineering, Khon Kean University, 5
September 2008, pp. 107 - 115.

Somna, R., Eakpanich, C.H., Sata, V., Siripanichgorn, A. and Jaturapitakkul, C., 2004,
“Effect of Fineness of Fly Ashes on Durability of Mortars due to Corrosion Caused by
Sulfuric Acid and Sulfate”, Proceedings of the 9™ National Convention on Civil

Engineering” Engineering Institute of Thailand, Petchburi, 19-21 May 2004, pp. MAT-
137 - MAT-142.

Sujjavanich, S. and Duangchan, A., 2004, “Pozzolanic Index and Water Requirement of
Bagasse Ash”, Proceedings of the 2" National Concrete Conference, 28-29 October
2004, Chiang Mai, Thailand, pp. 118-120.

Tam, V.W.Y, Gao, X.F. and Tam, C.M., 2005, “Micro-Structural Analysis of Recycled

Aggregate Concrete Produced from Two-Stage Mixing Approach”, Cement and
Concrete Research, Vol. 35, No. 6, pp. 1195-1203.

Tam, V.W.Y., Tam, C.M. and Le, K.N., 2007, “Removal of Cement Mortar Remains

from Recycled Aggregate Using Pre-Soaking Approaches”, Resources Conservation
and Recyling, Vol. 50, pp. 82-101.

Tangchirapat, W., Buranasing, R. and Jaturapitakkul, C., 2010, “Use of High Fineness
of Fly Ash to Improve Properties of Recycled Aggregate Concrete”, Journal of
Materials in Civil Engineering, Vol. 22, pp. 565-571.

Tangchirapat, W., Buranasing, R., Jaturapitakkul, C. and Chindaprasirt, P., 2008,
“Influence of Rice Husk-Bark Ash on Mechanical Properties of Concrete Containing

High Amount of Recycled Aggregates,” Construction and Building Materials, Vol.
22, No. 8, pp. 1812-1819.

Tangchirapat, W., Jaturapitakkul, C. and Chindaprasirt, P., 2009, “Use of Palm Oil Fuel
Ash as a Supplementary Cementitious Material for Producing High-Strength Concrete”,
Construction and Building Materials, Vol. 23, pp. 2641-2646.

Tavakoli, M. and Soroushian, P., 1996, “Strength of Recycled Aggregate Concrete
Made Using Field-Demolished Concrete as Aggregate”, ACI Materials Journal, Vol.
93, No. 2, pp. 182-190.



60

The Cement Sustainability Initiative, 2009, Recycling Concrete, 1* ed., World
Business Council for Sustainable Development, North America Office, 40p.

Tippiriyapong, W., Homwuttiwong, S., Jaturapitakkul, C. and Pattrarawongpaibool, A.,
2007, “Effect of Bagasse Ash on Water Permeability of Concrete”, Proceedings of the
12" National Convention on Civil Engineering, Engineering Institute of Thailand, 2-4
May 2007, Phitsanulok, Thailand. pp. MAT48-54. (in CD)

Topcu, I.B. and Sengel, S., 2004, “Properties of Concrete Produced with Waste
Concrete Aggregate”, Cement and Concrete Research, Vol. 34, No. 8, pp. 1307-1312.

Tu, T.Y., Chen, Y.Y. and Hwang, C.L., 2006, “Properties of HPC with Recycled
Aggregates”, Cement and Concrete Research, Vol. 36, pp. 943-950.

Valenciano, M.D.CM. and Freire, W.J., 2004, “Physical and Mechanical

Characteristics of Soil-Cement-Bagasse Ash Mixtures”, Engenharia Agricola.,
Jaboticabal, Vol. 24, No. 3, pp. 484-492.

Xiao, J., Li, J. and Zhang, C.H., 2005, “Mechanical Properties of Recycled Aggregate

Concrete under Uniaxial Loading”, Cement and Concrete Research, Vol.35, pp.1187-
1194.

Zaharieva, R., Buyle-Bodin, F., Skoczylas, F. and Wirquin, E., 2003, “Assessment of
the Surface Permeation Properties of Recycled Aggregate Concrete”, Cement and
Concrete Composites, Vol. 25, pp. 223-232.



APPENDIX A

Properties of Ground Fluidized Bed Fly Ash and
Ground Bagasse Ash



Table A.1 Specific gravity of ground fluidized bed fly ash

Material Identification I Sample 3
The initial temperature of water °@ 27.3 21.5
Volume of kelosine, A ml 04 04
Weight of flask + kelosine, B g| 34192 344.14
Weight of flask + kelosine + ground fly ash, C g| 387.84 391.69
Weight of ground fly ash : C-B gl 4592 47.55
The final temperature of water RC ) 7.8
Volume of kelosine + ground fly ash, D ml 19.5 1.9.9
Volume of kelosine is replaced : D-A ml 19.1 925
Specific gravity of ground fly ash : (C-B)/(D-A) 2.404 2.438
Average specific gravity 2421
Table A.2 Specific gravity of ground bagasse ash
) . . Sample
Material Identification I 3
The initial temperature of water % gl 0.5
Volume of kelosine, A ml 04 0.9
Weight of flask + kelosine, B g| 341.65 344.03
Weight of flask + kelosine + ground bagasse ash, C g| 38587 389.60
Weight of ground bagasse ash : C-B g 44.22 45.57
The final temperature of water 8E 27.5 273
Volume of kelosine + ground bagasse ash, D ml 19.8 21.0
Volume of kelosine is replaced : D-A ml 19.4 20.1
Specific gravity of ground bagasse ash : (C-B)/(D-A) 2.279 2.267
Average specific gravity 2473




APPENDIX B

Properties of Aggregates



Table B.1 Specific gravity and absorption of river sand

64

Material Identification Sample 1 | Sample 2 | Average
Weight of flask + water, B (g) 653.62 658.84

Weight of sand in SSD, S (g) 500.01 500.47

Weight of flask + water + sand, C (g) 963.99 966.77

Weight of sand in oven-dry state, A (g) 495.59 495.89

Bulk specific gravity (Oven-Dry) : A/(B+S-C) 2.61 2.58 2.89
Bulk specific gravity (SSD) : S/(B+S-C) 2.64 2.60 2.62
Apparent specific gravity : A/(A+B-C) 2.68 2.64 2.66
Absorption : (S-A)/Ax100% 0.89 0.92 0.91

Table B.2 Specific gravity and absorption of crushed limestone

Material Identification Sample 1 | Sample 2 | Average
Weight of crushed limestone in SSD, B (g) 3031.33 3015.62

Weight of crushed limestone in water, C (g) 1905.22 1915.27

Weight crushed limestone in Oven-Dry, A (g) 3000.81 3000.92

Bulk specific gravity (Oven-Dry) : A/(B-C) 2l 2:43 2.0
Bulk specific gravity (SSD) : S/(B+S-C) 2ul2 2.74 2.73
Apparent specific gravity : A/(A-C) 2.74 2.76 275
Absorption : (B-A)/Ax100% 0.42 0.49 0.45

Table B.3 Specific gravity and absorption of recycled aggregate

Material Identification Sample 1 | Sample 2 | Average
Weight of recycled aggregate in SSD, B (g) 3048.37 3049.12

Weight of recycled aggregate in water, C (g) 1820.49 1823.30

Weight recycled aggregate in Oven-Dry, A (g) 2707.35 152910.05

Bulk specific gravity (Oven-Dry) : A/(B-C) 237 237 2.37
Bulk specific gravity (SSD) : S/(B+S-C) 2.48 2.49 249
Apparent specific gravity : A/(A-C) 2.67 2.68 2.68
Absorption : (B-A)/Ax100% 4.85 4.78 4.81




Table B.4 Sieve analysis of river sand
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Sieve | Sieve Sieve Sieve Agg. Percent Cum. Percent
No. | Opening | Weight | and Agg. | Retained | Retained | Percent | Passing
Retained
(mm) €3] (2) (8 (%) (%) (%)
#a 4.75 721 2 A7 1 0.00 0.00 0.00 100.00
#8 2.36 47338 | 539.75 66.37 13.27 3.2 86.73
#16 1.18 629.70 | 748.90 119.20 23.83 37.10 62.90
#30 0.60 569.04 | 709.28 140.24 28.04 65.14 34.86
#50 0.30 374.06 | 512.98 138.92 27.78 92.92 7.08
#100 0.15 478.98 | 507.90 28.92 5.78 98.70 1.30
Pan - 299.44 | 305.94 6.50 1.30 - 0.00
Sum 500.15 100.00 307.13 -
Fineness Modulus = 3.07
Table B.S Sieve analysis of crushed limestone
Sieve | Sieve Sieve Sieve Agg. Percent Cum. Percent
No. | Opening | Weight | and Agg. | Retained | Retained | Percent | Passing
Retained
(mm) (g () 9] (%) (%) (%)
3/4" 19.00 | 661.30 | 731.74 70.44 3.2 8.52 96.48
3/8" 9.50 0 92.50 | 2252.50 | 1660.00 82.97 86.49 13.51
#4 4.75 558.30 | 826.10 267.80 13.38 99.87 0.13
#8 2.36 532.50 | 534.30 1.80 0.09 99.96 0.04
Pan - 500.50 | 501.27 0.77 0.04 - 0.00
Sum 2000.81 100.00 289.84 -
Fineness Modulus = 6.89
Table B.6 Sieve analysis of recycled aggregate
Sieve | Sieve Sieve Sieve Agg. Percent Cum. Percent
No. | Opening | Weight | and Agg. | Retained | Retained | Percent | Passing
Retained
(mm) (8 (8 (2 (%) (%) (%)
3/4" 19.00 | 661.30 | 661.30 0.00 0.00 0.00 100
3/8" 9.50 592.50 | 1608.30 | 1016.00 50.77 50.77 49.23
#4 4.75 558.30 | 1478.10 | 919.80 45.96 96.73 3.27
#8 2.36 532.50 | 596.80 64.30 3.21 99.94 0.06
Pan - 500.50 | 501.63 1.13 0.06 - 0.00
Sum 2001.23 100.00 247.44 -
Fineness Modulus = 6.47




Table B.7 Unit weight and void of river sand
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Material Identification Sample 1 | Sample 2 | Average
Weight of measuring cylinder kg 7956 7.52
Weight of measuring cylinder + Water kg 21595 22.03
Temperature of water ® 28 28
Unit weight of water kg/l 0.9965 0.9965
Weight of water kg 14.40 14.51
Volume of measuring cylinder m’ 0.0145 0.0146
Weight of measuring cylinder + Sand kg 32.59 32.57
Weight of sand kg 25.04 25.05
Unit weight of sand, M kg/m’ | 1732.80 | 1720.35 | 1726.58
Water absorption, A % 0.94 0.94
Bulk specific gravity (Oven-Dry), S 2.62 2.62
Unit weight (SSD) : M[1+(A/100)] kg/m’ | 1749.09 | 1736.52
Void content : 100[(SxW)-M]J/( SxW) %o 33.73 34.21 33.9%
Table B.8 Unit weight and void of crushed limestone
Material Identification Sample 1 | Sample 2 | Average
Weight of measuring cylinder kg 7.40 1.34
Weight of measuring cylinder + Water kg 2216 22.03
Temperature of water EC 28 28
Unit weight of water kg/l 0.9965 0.9965
Weight of water kg 14.76 14.72
Volume of measuring cylinder m’ 0.0148 0.0148
Weight of measuring cylinder + Sand kg 32.27 31.33
Weight of crushed limestone kg 24.87 24.02
Unit weight of crushed limestone, M kg/m’ | 1679.06 | 1626.08 | 1652.57
Water absorption, A % 0.46 0.46
Bulk specific gravity (Oven-Dry), S %73 273
Unit weight (SSD) : M[1+(A/100)] kg/m’ | 1686.79 | 1633.56
Void content : 100[(SxW)-MJ/( SxW) % 3887 40.32 39.34




Table B.9 Unit weight and void of recycled aggregate
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Material Identification Sample 1 | Sample 2 | Average
Weight of measuring cylinder kg s 7.64
Weight of measuring cylinder + Water kg 22.03 22.06
Temperature of water o 28 28
Unit weight of water kg/l 0.9965 0.9965
Weight of water kg 14.70 14.42
Volume of measuring cylinder m’ 0.0148 0.0145
Weight of measuring cylinder + Sand kg 29.36 28.87
Weight of RCA kg 22.03 21.23
Unit weight of RCA, M kg/m’ | 149339 | 1467.11 | 1480.25
Water absorption, A % 5.61 5.61
Bulk specific gravity (Oven-Dry), S 249 2.49
Unit weight (SSD) : M[1+(A/100)] kg/m’ | 1577.17 | 1549.41
Void content : 100[(SxW)-M]/( SxW) % 39.90 40.96 40.43
Table B.10 Abrasion loss of crushed limestone
Material Identification Sample 1 | Sample 2
Total weight of aggregate g | 5000.00 5000.00
Weight of container g 2177.20 2177.60
Weight of Agg. retained on No.12+Container g 6006.50 6007.80
Weight of Agg. retained on No.12 g 3829.30 3830.20
Weight of Agg. passing No.12 g 1170.70 1169.80
Abrasion Loss % 23.41 23.40
Average Abrasion Loss % 23.41
Table B.11 Abrasion loss of recycled aggregate
Material Identification Sample 1 | Sample 2
Total weight of aggregate g 5000.00 5000.00
Weight of container g 2177.00 2177.20
Weight of Agg. retained on No.12+Container g 5330.40 5329.80
Weight of Agg. retained on No.12 g 3153.40 3152.60
Weight of Agg. passing No.12 g 1846.60 1847.40
Abrasion Loss % 36.93 36.95
Average Abrasion Loss % 36.94
Table B.12 Material finer than 75 micron of recycled aggregate
Material Identification Sample 1 | Sample 2
Total weight of aggregate g 1000.00 5000.00
Weight of container g 138.48 138.50
Weight of Agg. (Oven-Dry)+Container g 1133.88 1134.65
Material finer than 75 micron % 0.46 0.38
Average Material Finer than 75 Micron % 0.42
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Table C.1 Compressive strength and modulus of elasticity of 45CON concrete

Age |Sample| Dia. |Height|Weight| Density | Load | Comp. Str. | Modulus of
(days) No. |(mm)|(mm)| (kg) | (kg/m’) | (kN) (MPa) |Elasticity (GPa)
1 ]100.20{199.10| 3.796 |2418 266.00 [33.73 -

2 1100.90{202.40| 3.903 {2412 321.10 |40.16 -

! 3 1100.30{201.50| 3.838 |2411 Uy 289.70 [36.67 JTibg - i
4 1100.40{201.60| 3.857 |2417 316.00 {39.91 -

1 1100.00{201.70| 3.846 |2428 355.00 |45.20 39.704
2 1100.20{203.30| 3.876 |2418 318.00 [40.33 38.459
- 3 1100.40{201.20| 3.849 |2416 <= 375.00 (47.37 \ 37.434 ey
4 1101.30{199.80| 3.887 |2414 360.00 [44.67 39.479
1 ]100.00{200.80| 3.824 |2425 392.70 {50.00 40.903
60 2 199.76 {200.00| 3.800 {2431|2427|379.20 |48.51]49.12|41.113 |40.704
3 [100.19|201.10] 3.844 [2425 385.10 |48.85 40.097
1 1100.10{200.00| 3.848 |2445 437.04 |55.53 41.842
90 2 [100.10{200.70] 3.834 [2427]2429| 398.97 {50.70|52.75|40.649 |41.214
3 [100.60|201.60| 3.869 |2414 413.49 |52.02 41.150
1 {100.60]{200.20| 3.878 {2437 420.20 {52.87 -

180 2 199.90 (201.00| 3.818 |2423|2435| 417.60 |53.28{53.06 - -

3 1100.40{200.90| 3.887 |2444 419.90 |53.04 -

Table C.2 Compressive strength and modulus of elasticity of 45RC concrete

Age [Sample| Dia. [Height|Weight| Density | Load | Comp. Str. | Modulus of
(days) No. |(mm)|(mm) | (kg) | (kg/m’) | (kN) (MPa) |Elasticity (GPa)
1 1100.10{201.70| 3.668 |2311 272.80 |34.66 -

2 |101.70{200.70{ 3.772 |2314 278.00 |34.22 -

7 3 [101.40{200.00{ 3.718 |2302 2l 275.00 {34.05 ld - )

4 1101.50{200.20| 3.719 |2296 270.40 |33.42 -

1 [101.20{199.76| 3.714 |2311 315.88 |39.27 29.330
2 1100.20{200.10] 3.653 |2315 326.87 |41.45 29.500
28 3 |101.10{201.90| 3.757 |2318 2 330.00 |41.11 40.95 29.319 29.287
4 1100.50{200.50| 3.674 {2310 333.00 [41.98 29.000
1 1100.30{200.80{ 3.685 |2323 370.40 |46.88 32.267
60 2 [101.20{200.58 3.716 |2303|2319| 372.10 |46.26|46.74 |33.381 | 32.986
3 199.99 {200.98| 3.680 |2332 369.80 {47.09 33.309
1 [100.10{201.00| 3.681 |2327 391.70 {49.77 33675
90 2 1100.30{199.25]| 3.667 |2329|2327| 407.90 {51.63|50.72|34.015|33.699
3 199.98 1199.75| 3.647 |2326 398.48 {50.76 33.407
1 1100.60|201.00| 3.713 {2324 407.70 |51.29 -

180 2 199.90(202.50| 3.761 |2370|2340| 399.10 {50.92|51.31 - -

3 [100.40{201.20] 3.705 |2326 409.50 {51.72 -
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Table C.3 Compressive strength and modulus of elasticity of 4SRCF20 concrete

Age [Sample| Dia. |Height|Weight| Density | Load | Comp. Str. | Modulus of
(days) No. |(mm)|(mm)| (kg) | (kg/m’) | (kN) (MPa) [Elasticity (GPa)
1 [100.40{202.20] 3.664 |2289 268.00 |33.85 -

2 199.90]201.40] 3.631 |2300 283.30 |36.14 -
¢ 3 {100.00{200.10{ 3.608 {2296 G 283.00 {36.03 e i
4 199.40 |201.00{ 3.578 |2294 270.80 {34.90 -

1 ]100.30{201.10] 3.651 |2298 320.00 [40.50 31.662
2 198.70 1202.60| 3.567 |2301 335.00 |43.78 33.102
2 3 1100.10{199.30{ 3.612 |2303 " 347.00 {44.09 e 32.125 AR
4 1100.40{202.80] 3.691 |2299 337.00 [42.57 32.498
1 99.64 (202.60| 3.652 {2312 373.70 |47.93 33.648
60 2 199.34 1202.00{ 3.629 |2318{2312| 373.90 [48.24|48.00|34.160 |33.706
3 199.80(200.80] 3.625 {2308 374.10 |47.82 33.309
1 1100.00{199.55| 3.639 |2322 408.59 |52.02 34.460
90 2 1100.05{200.50] 3.653 |2317|2318| 406.62 {51.72|51.76|34.032|34.198
3 ]100.55{199.30| 3.661 |2313 409.27 |51.54 34.103
1 [100.40{199.80| 3.687 {2331 417.00 |52.67 -

180 2 199.90 (200.00 3.662 |2336(2334| 413.20 |52.72|52.54| - -

3 1100.00{201.00| 3.686 |2335 410.20 |52.23 -

Table C.4 Compressive strength and modulus of elasticity of 4SRCF35 concrete

Age |Sample| Dia. |Height|Weight| Density | Load | Comp. Str. | Modulus of
(days) No. |(mm) | (mm) | (kg) (kg/m?) (kN) (MPa) [Elasticity (GPa)
1 99.80 {200.20{ 3.610 ({2305 267.70 |34.22 -

2 ]100.00{201.28] 3.628 |2295 269.60 [34.33 -

J 3 |101.84/201.28| 3.746 |2285 w2 269.90 [33.13 Sae= )

4 1100.60{201.60| 3.648 |2277 270.60 [34.04 -

1 1100.30{201.10] 3.641 |2291 340.00 {43.03 32.632
2 199.50|201.20] 3.612 |2309 328.14 142.20 31727
28 3 1100.00{200.30] 3.621 |2302 23 32491 [41.37 el 31.758 Aot
4 199.80{200.00| 3.599 {2300 285.96 [36.56 30.050
1 99.99 1200.40| 3.617 {2299 339.00 {43.17 32.833
60 2 1100.00{201.70{ 3.643 |2300]2301| 373.90 [47.61]46.36|32.262 |32.508
3 199.60 [201.80{ 3.622 |2304 376.30 {48.30 32.430
1 99.65 1202 55] 3.632 12299 391.91 {50.25 33.566
90 2 100.50{202.30] 3.701 |2306]2304| 400.55 [50.49{50.36|33.830|33.580
3 1100.00{200.65]| 3.635 |2307 395.34 [50.34 33.345
1 [100.30{202.20| 3.701 |2317 408.30 [51.68 -

180 2 1100.20{199.30{ 3.630 {2310{2310| 394.80 {50.07|50.87| - -

3 199.80 (202.40] 3.645 2302 354.80 | -

B ot included for analysis.
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Table C.5 Compressive strength and modulus of elasticity of 4SRCF50 concrete

Age [Sample| Dia. |Height|Weight| Density | Load | Comp. Str. | Modulus of
(days) No. |(mm) | (mm) | (kg) (kg/m3) (kN) (MPa)  |[Elasticity (GPa)
1 1100.36{200.30| 3.620 |2285 254.30 [32.15 -

2 [100.00{200.30| 3.593 [2284 253.80 [32.31 -

7 3 199.90 [200.74| 3.594 (2284 geio 253. 7003937 T i
4 199.72 {200.70| 3.589 {2290 258.20 [33.06 -

1 99.60 [{203.40] 3.626 (2288 302.83 [38.87 30.120
28 2 1100.10{200.70| 3.630 |2298]2292| 313.92 |39.89|39.26|31.596 | 30.866
3 1100.10/202.20| 3.643 {2289 307.05 {39.02 30.883
1 [101.88/200.80| 3.718 {2271 356.90 [43.78 31.700
60 2 1100.10{200.60| 3.640 [2306|2294| 345.50 |43.90|43.86|31.968 |31.964
3 199.70 [202.00| 3.636 {2306 342.80 {43.91 32.225
1 [101.55[198.80| 3.644 [2263 395.83 [48.87 43503
90 2 199.30 (202.40| 3.599 [2296|2288| 345.80 [44.65|47.37(33.040 |33.025
3 100.00|202.65| 3.666 {2303 381.61 [48.59 32.532
1 99.70 1202.50{ 3.651 {2309 384.40 [49.24 -

180 2 1100.00{202.10| 3.630 [2287|2299| 372.40 [47.42|48.07| - -

3 199.80 |201.60| 3.630 {2302 371.90 [47.54 -

Table C.6 Compressive strength and modulus of elasticity of 45RCB20 concrete

Age |Sample| Dia. |Height|Weight| Density | Load | Comp. Str. | Modulus of
(days) No. |(mm) |(mm) | (kg) | (kg/m’) (kN) (MPa)  |Elasticity (GPa)
1 99.50 |199.00( 3.559 {2300 264.50 |34.02 -

2 199.90 (200.10] 3.592 {2290 258.50 |32.98 -

i 3 199.721200.15| 3.585 {2293 e 275.00 {35.21 el = i
4 1100.30{200.10| 3.633 {2298 283.60 |35.89 -

1 199.90 [199.80] 3.591 {2293 321.96 {41.08 30.820
28 2 1100.20{200.90| 3.644 {2300|2297| 326.38 |41.39|41.18|31.021|30.865
3 [100.50|202.20| 3.684 (2297 325.89 |41.08 30.755
1 [100.00{199.18| 3.618 {2313 348.00 |44.31 32.682
60 2 1100.10{199.22| 3.633 {2317]|2310| 373.30 |47.44|47.12{32.25232.759
3 199.881200.40] 3.612 {2300 388.80 {49.62 33.344
1 [100.00[199.18] 3.628 {2319 408.59 [52.02 34.095
90 2 1100.10{199.22| 3.623 [2311|2314|397.30 |50.48|51.30|33.968 | 33.945
3 199.881200.40| 3.632 (2313 402.55 |51.38 33.771
1 [100.40{201.20| 3.727 {2340 408.60 |51.61 -

180 2 1100.00{201.20| 3.689 {2334|2329| 408.60 |52.02(51.93| - -

3 199.80 (202.00| 3.653 {2312 407.90 |52.14 -
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Table C.7 Compressive strength and modulus of elasticity of 45SRCB35 concrete

Age |Sample| Dia. |Height|Weight| Density | Load | Comp. Str. | Modulus of
(days) No. |[(mm) | (mm) | (kg) (kg/m3) (kN) (MPa)  |[Elasticity (GPa)
1 1100.04|201.50] 3.575 |2257 246.20 {31.32 -

2 4190.974201 .10 875 1982223 244.20 {30.50 -

! 3 [100.00{201.22] 3.598 |2277 axy 274.30 [34.92 e . )

4 [100.36]201.48] 3.636 (2281 255.20 |32.26 -

1 199.80 [200.00| 3.560 |2275 300.68 [38.44 29.480
28 2 199.70 |200.50| 3.558 |2273]2270| 295.97 {37.91|38.62(28.995|29.327
3 1100.70{202.30| 3.643 |2261 314.61 [39.50 29.505
1 99.90 1199.42| 3.537 {2263 322.45 [41.14 31.454
60 2 198.92(199.76| 3.501 |2280(2272| 341.90 [44.49|43.35|31.478 |31.494
3 199.80 |201.08] 3.575 |2273 347.60 [44.44 31.551
1 {100.80(202.00| 3.643 {2260 357.08 [44.75 S8 779
90 2 [100.50{200.60 3.608 [2267|2262| 389.46 {49.10[46.90|32.664 |32.136
3 100.50{199.70] 3.580 |2260 371.80 [46.87 31.964
1 [100.20{201.10| 3.622 2284 375.50 |47.62 -

180 2 1100.20{200.90] 3.595 {2269|2277| 378.00 {47.94 [47.46| - -

3 [100.10{201.20| 3.604 {2276 368.60 |46.84 -

Table C.8 Compressive strength and modulus of elasticity of 4SRCB50 concrete

Age [Sample| Dia. |Height|Weight| Density | Load | Comp. Str. | Modulus of
(days) No. |(mm)|(mm)| (kg) | (kg/m’) | (kN) (MPa) [Elasticity (GPa)
1 199.98 1200.50| 3.500 |2224 227.00 |28.91 -

7 2 1100.02]201.10| 3.508 |2220|2224|229.10 [29.16|29.03| - -

3 {100.12|200.08| 3.511 {2229 228.50 {29.02 -

1 199.90 |198.00{ 3.465 {2233 273.50 |34.89 28.174
28 2 |101.00{201.40{ 3.585 |222212228| 278.00 |34.70|35.14|28.094 | 28.320
3 {100.30{201.00{ 3.540 {2229 283.20 {35.84 28.691
1 199.98 {199.80] 3.522 12245 316.45 [40.31 30.221
60 2 1100.10{201.00{ 3.515 |2222|2241| 262.91 ~40.36 937 30.492
3 199.75{200.05| 3.528 |2257 315.77 [40.41 30.763
1 ]100.64{199.60| 3.547 12234 350.60 |44.07 30.851
90 2 199.86 {201.90| 3.519 |2225|2233| 343.05 |43.80|43.83[30.409|31.159
3 {100.00{200.34| 3.524 |2240 342.56 {43.62 31217
1 [101.40{200.20| 3.624 |2242 356.00 [44.08 -

180 | 2 [100.10{202.30| 3.565 (22392241 350.40 |44.53|44.40| - -

3 [100.00{201.90{ 3.557 |2243 350.10 {44.58 -

B Mot included for analysis.
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Table C.9 Compressive strength and modulus of elasticity of 55CON concrete

Age |Sample| Dia. |Height|Weight| Density | Load | Comp. Str. | Modulus of
(days) No. |(mm)|(mm)| (kg) | (kg/m’) | (kN) (MPa)  [Elasticity (GPa)
1 99.90 1200.80]| 3.784 |2404 221.70 [28.28 -

7 2 100.34{199.88| 3.805 |2407|2407|227.30 [28.74|28.66| - -

3 ]100.88|200.74| 3.866 |2410 231.40 [28.95 -

1 100.30{200.50{ 3.807 {2403 282.10 |35.70 36.616
28 2 [100.00{199.60| 3.773 |2407|2405|293.90 |37.42|36.71|36.818 | 36.703
3 {100.30{201.00| 3.819 |2405 292.30 {36.99 36.676
1 99.99 [199.20{ 3.756 |2401 323.60 |41.21 37.801
60 2 198.56[201.00| 3.708 |2418{2411| 323.40 |42.39|41.69|37.865|37.870
3 1100.10{200.10| 3.800 |2413 326.38 |41.47 37.943
1 [100.76]201.78] 3.874 {2408 356.70 {44.73 31.811
90 2 100.50{201.66| 3.867 [2417|2412| 357.37 |45.05[44.89|38.439|38.418
3 [100.40{202.80| 3.871 |2411 355.37 |44.89 39.005
1 {100.10{201.50| 3.805 |2400 351.20 [44.63 -

180 2 1100.20{202.80| 3.958 [2475|2420| 362.10 {45.92(4497| - -

3 1101.60(199.60| 3.860 {2385 359.70 |44.37 -

Table C.10 Compressive strength and modulus of elasticity of 55RC concrete

Age |Sample| Dia. [Height{Weight| Density | Load | Comp. Str. | Modulus of
(days)) No. |(mm) | (mm) | (kg) (kg/m3 ) | (kN) (MPa) |Elasticity (GPa)
1 99.90 |202.06] 3.633 |2294 191.10 [24.38 -

T 2 1100.00{201.08] 3.630 (2299|2297 | 198.10 |25.22{24.83| - -

3 199.70 [202.52| 3.634 [2298 194.30 {24.89 -

1 99.80 1200.35] 3.623 |2312 247.80 {31.68 28.467
28 2 100.05(201.35|3.672 |2320]2306| 266.50 {33.90/33.31|29.616 | 28.722
3 1100.35{200.90| 3.635 [2288 271.80 {34.37 28.082
1 99.78 1199.98| 3.615 |2312 288.20 [36.86 30.230
60 2 197.98 (202.10( 3.526 (2314|2312 295.94 {39.25(38.13(32.119|31.209
3 1100.10{200.00| 3.635 [2309 301.17 [38.27 31.277
1 1100.14{200.40| 3.651 |2313 322.64 [40.97 32.482
90 2 1100.64(201.00| 3.685 (2316|2315 332.45 [41.79]41.65|32.53432.730
3 1100.40{200.04| 3.669 [2317 333.92 {42.18 33.174
1 99.80 |1201.50] 3.663 |2324 333.70 [42.66 -

180 2 1100.20{201.30| 3.685 (2321|2324 | 331.40 {42.03 |42.45| - -

3 1100.00{200.80| 3.670 (2327 335.20 [42.68 -
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Table C.11 Compressive strength and modulus of elasticity of 55SRCF20 concrete

Age |Sample| Dia. |Height(Weight| Density | Load | Comp. Str. | Modulus of
(days)l No. |(mm) | (mm) | (kg) (kg/m3) (kN) (MPa) |Elasticity (GPa)
1 ]100.70{201.74| 3.655 |2275 191.90 {24.09 -

7 2 1100.78]201.28] 3.659 |2279|2277| 197.10 [24.71|24.42| - -

3 [101.20{201.04| 3.682 |2277 196.60 |24.44 -

1 99.90 [201.10] 3.596 |2281 271.90 {34.69 29,253
28 2 [100.00{200.50 3.585 |2277(2280| 269.60 {34.33|34.75|28.356 | 28.506
3 [100.30{202.00{ 3.643 {2283 278.30 |35.22 27.907
1 99.98 [200.12] 3.605 {2295 316.18 |40.27 32.586
60 2 198.751199.98 3.516 |2296(2293| 310.79 {40.58(39.92{33.012|33.145
3 1100.00{200.50{ 3.605 {2289 305.55 [38.90 33.837
1 1100.14{200.18] 3.627 |2300 345.79 {43.90 34.139
90 2 199.68 [201.18] 3.606 |2297(2298| 339.09 |43.45|43.60|34.323 |34.186
3 [100.40{202.00| 3.672 |2296 343.89 |43.44 34.096
1 ]100.20{203.90]| 3.714 (2310 353.70 {44.85 -

180 2 199.80 {199.40] 3.587 |2300|2305| 340.70 |43.55|44.05| - -

3 [100.40{203.30| 3.710 |2305 346.20 [43.73 -

Table C.12 Compressive strength and modulus of elasticity of 5SRCF35 concrete

Age (Sample| Dia. |Height|Weight| Density | Load | Comp. Str. | Modulus of
(days)) No. |(mm) | (mm) | (kg) (kg/m3) (kN) (MPa)  |Elasticity (GPa)
1 99.34 {199.60] 3.507 {2267 174.50 |22.51 -

7 2 199.80 |201.04]| 3.564 |2266|2265| 175.50 |22.44|22.22| - -

3 [102.56{197.99| 3.698 |2261 179.40 |21.72 -

1 1100.25[200.45] 3.575 |2259 245.40 {31.09 26.378
28 2 ]100.15]201.40| 3.627 |2286(2270| 247.70 {31.44|30.79|26.944 | 26.407
3 [100.35[199.00{ 3.566 |2266 235.90 |29.83 25.899
1 98.75 |201.10] 3.504 {2275 279.04 {36.43 30.708
60 2 199.98 [200.00{ 3.569 |2273]2273| 286.04 [36.43|36.17{30.749 [30.385
3 1100.00{200.31{ 3.573 |2271 279.97 |35.65 29.697
1 [100.40{199.48| 3.597 |2278 318.60 [40.24 32.899
90 2 1100.50]202.52| 3.656 |2276(2275| 314.79 |39.68|39.81{32.204 |32.609
3 [100.80{201.20{ 3.647 {2271 315.28"139.51 32.724
1 99.90 {202.00] 3.622 |2288 311,70 139,77 -

180 2 199.40 {202.70| 3.588 |2281|2286| 316.80 {40.82|40.31| - -

3 199.90 [201.80 3.620 |2289 316.20 |40.34 -
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Table C.13 Compressive strength and modulus of elasticity of 55RCF50 concrete

Age [Sample| Dia. |Height(Weight| Density | Load | Comp. Str. | Modulus of
(days)) No. |(mm) | (mm) | (kg) | (kg/m’) | (kN) (MPa)  [Elasticity (GPa)
1 1101.10{201.78] 3.644 2250 169.90 |21.16 -

7 2 199.74 |202.64| 3.572 [2256|2253| 170.90 {21.87 [21.46| - -

3 {100.08{200.10| 3.546 (2253 167.80 |21.33 -

1 1100.20{199.80]| 3.555 |2256 231.30 {29.33 25923
28 2 1100.30|202.50| 3.621 |2263]2259| 231.90 |29.35(29.34{26.015 | 26.097
3 199.80 {200.90| 3.547 {2257 229.50 [29.34 28373
1 99.38 |202.70 3.567 (2269 267.70 [34.51 28.373
60 2 199.991203.60| 3.621 [2265]|2267| 260.50 |33.17|33.79|28.168 | 28.402
3 199.50 {201.20{ 3.547 |2267 261.90 [33.68 28.666
1 1100.20{203.30{ 3.632 2266 287.81 {36.50 30.202
90 2 1100.00|200.20| 3.578 |2276|2264| 292.04 {37.18{36.76{30.523 | 30.167
3 [102.08{201.00| 3.703 |2251 299.40 {36.58 29.776
1 99.90 [199.20] 3.531 |2261 292.30 |37.29 -

180 2 1100.00{201.00| 3.606 {2284 |2272| 285.40 |36.34(37.33| - -

3 [100.30{199.90| 3.587 {2271 303.10 |38.36 -

Table C.14 Compressive strength and modulus of elasticity of SSRCB20 concrete

Age |Sample| Dia. |Height|Weight| Density | Load | Comp. Str. | Modulus of
(days) No. |(mm) | (mm) | (kg) (kg/m3) (kN) (MPa)  |[Elasticity (GPa)
1 1100.34{199.30| 3.579 2271 178.70 |22.60 -

7 2 1100.24{198.70| 3.579 |2282(2271| 177.10 |22.44|22.25| - -

3 [100.40{198.60| 3.552 |2259 171.90 {21.71 -

1 99.65 [198.10] 3.517 {2276 252.90 |32.43 20831
28 2 1100.30{200.80| 3.605 |2272]2273| 253.90 {32.13{32.22(27.739 |27.846
3 [100.30{203.20| 3.646 2271 253.70 {32.11 27.968
1 199.78 |201.18] 3.584 (2278 303.80 |38.85 29.147
60 2 199.64 |201.00 3.585 [2287|2281|314.20 [40.29[39.16{29.060 |28.945
3 1100.00|200.20| 3.581 |2277 301.00 {38.32 28.627
1 [100.56{201.68| 3.664 |2287 344.11 [43.33 30.676
90 2 1101.00]201.00| 3.669 |2278|2282| 333.81 [41.6642.70|30.301|30.612
3 [100.08{200.80| 3.604 {2282 339.21 |43.12 30.860
1 1101.10{200.80| 3.684 |2285 338.10 [42.12 -

180 2 1100.40{202.30 3.689 |2303|2294| 348.50 |44.02|43.19| - -

3 [100.20{201.30| 3.641 {2294 342.40 [43.42 -
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Table C.15 Compressive strength and modulus of elasticity of SSRCB35 concrete

Comp.

Age [Sample| Dia. |Height|Weight| Density | Load Strength Modulus of
(days) No. | (mm) | (mm) | (kg) (kg/m3) (kN) (MPa) [Elasticity (GPa)
1 1100.60{203.04| 3.621 {2244 159.50 |20.07 -

7 2 1100.50{199.70] 3.552 |2242|2242| 158.80 |20.02{19.73| - -

3 199.70 {200.80| 3.511 2240 149.20 {19.11 -

1 99.80 |202.60| 3.571 [2253 251.60 {32.16 2T M,

28 2 199.70 |201.60| 3.539 {2249{2251| 240.30 {30.78 {29.00|26.872 | 26.945
3 1101.30{202.40| 3.672 |2251 251.80 [31.24 26.587
1 1100.30{201.20| 3.580 |2252 274.40 {34.73 27.565
60 2 199.60 [201.48| 3.537 |2253]2252|272.70 |35.00|34.72|26.602 | 27.259
3 199.90 200.42] 3.534 {2250 269.90 |34.43 27.609
1 1100.68(201.90| 3.621 |2253 303.70 [38.15 28.544
90 2 1100.60]200.80| 3.604 [2258{2255|304.68 {38.33|38.10{29.000 |28.880
3 1100.80/201.40| 3.625 {2255 301.74 {37.81 29.095
1 ]100.90{200.60| 3.624 |2259 308.30 {38.56 -

180 2 1100.90]200.99] 3.616 |2250|2256| 312.10 |39.03 |38.64| - -

3 1100.00{200.50] 3.556 |2258 301.10 |38.34 -

Table C.16 Compressive strength and modulus of elasticity of 55RCB50 concrete

Age |Sample| Dia. |Height|Weight| Density | Load | Comp. Str. | Modulus of
(days) No. |(mm) | (mm) | (kg) (kg/m3) (kN) (MPa) [Elasticity (GPa)
1 ]100.90(199.84| 3.547 |2220 142.70 |17.85 -

7 2 1100.62|203.50] 3.601 |2225|2222| 147.40 |18.54|18.18| - -

3 1100.00{199.60| 3.480 |2220 142.60 |18.16 -

1 ]101.20{200.00] 3.580 |2225 216.10 [26.87 25.683
28 2 1102.40{198.70| 3.640 |2224|2224| 216.50 [26.29]26.76{24.099 |25.004
3 1100.60{200.00| 3.535 |2224 215.60 [27.12 25.229
1 1100.00{200.60| 3.525 |2237 253:30'132.25 26.025
60 2 1100.50{200.60| 3.542 |2226|2232| 248.70 |31.35|31.63|26.895|26.432
3 [100.30{200.70] 3.540 |2232 247.30 {31.30 26377
1 ]100.72{201.58] 3.588 |2234 276.53 {34.71 27.062
90 2 1100.84|200.70] 3.584 |2236(2236| 280.04 {35.06|34.90{27.145|26.992
3 |101.28{200.00{ 3.605 |2237 281.36 {34.92 26.768
1 ]100.10{201.80]| 3.555 {2239 280.30 [35.62 -

180 2 ]100.00{200.90] 3.535 |2240(2238| 281.90 |35.89|35.45| - -

3 1100.60{201.50] 3.579 |2235 276.90 {34.84 -
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Table C.17 Compressive strength and modulus of elasticity of 65CON concrete

Age [Sample| Dia. |Height|Weight| Density | Load Comp. Str. | Modulus of
(days) No. |(mm)|(mm) | (kg) | (kg/m’) | (kN) (MPa)  [Elasticity (GPa)
1 {100.10{200.66| 3.794 (2403 205.20 {26.07 -

2 1100.00{199.00| 3.773 (2414 203.80 |25.95 -

7 3 1100.44{199.74| 3.790 |2395 e 197.60 [24.94 & 4 n i
4 1100.44{199.72| 3.793 |2397 205.10 |25.89 -

1 {100.30{200.60| 3.806 {2401 238.93 130.24 34.722
28 2 199.601200.40| 3.754 |2404(2404| 237.79 {30.52(30.38(34.740| 35.00
3 1100.00{201.00{ 3.798 (2406 238.54 130.37 35.540
1 1100.26{201.14| 3.823 (2407 300.30 |38.04 36.811
60 2 100.04|202.42| 3.825 |2404|2408|277.10 [35.25|37.19|36.446 | 36.581
3 [100.14{200.24| 3.803 (2411 301.50 {38.28 36.485
1 1102.20{197.80] 3.910 (2410 317.16 |38.66 38.887
90 2 ]100.30{199.10] 3.790 2409|2410 312.94 [39.61|38.76|38.828 | 38.638
3 1100.60{201.20| 3.857 (2412 302.15 |38.01 38.200
1 99.80 [201.90| 3.834 (2428 320.90 [41.02 -

180 2 ]100.30|202.85| 3.871 |2415|2413| 318.50 |40.31|40.67| - -

3 1100.00{201.70| 3.794 |2395 280.30 -

_ Not included for analysis.

Table C.18 Compressive strength and modulus of elasticity of 65RC concrete

Age [Sample| Dia. [HeightWeight| Density | Load | Comp. Str. | Modulus of
(days) No. |(mm)|(mm) | (kg) | (kg/m’) (kN) (MPa)  [Elasticity (GPa)
1 1100.30{201.90| 3.661 [2295 160.40 {20.30 -

2 1100.00{201.30{ 3.624 {2292 152.00 {19.35 -

g 3 [101.18/201.52| 3.693 [2279 2 161.00 {20.02 89— i
4 199.92199.80] 3.597 |2296 152.20 [19.41 -

1 1100.00{200.75| 3.620 {2296 196.39 {25.01 26.288
28 2 [100.70]200.80| 3.663 |2290]2294| 197.67 |24.82{24.80{28.019|27.240
3 [100.10{199.70| 3.609 {2296 193.45 {24.58 27.413
1 99.90 {199.46| 3.594 {2299 241.40 {30.80 27.124
60 2 1100.08/200.92| 3.633 |2299|2296| 243.90 {31.00|31.00{26.793 | 26.708
3 199.88 {201.20{ 3.610 {2290 244.50 [31.21 26.207
1 1100.70]202.30] 3.703 |2298 264.16 [33.17 28.872
90 2 |101.10J201.00| 3.715 |2302|2303| 268.49 |33.45{33.61{29.016 |29.224
3 199.50(201.48| 3.614 {2307 266.12 [34.22 29.785
1 99.70 {199.02| 3.581 {2305 293.00 [37.53 -

180 2 1100.90|200.60| 3.695 {2304|2307| 291.60 |36.47(36.41| - -

3 199.90 [200.00| 3.626 {2313 276.10 [35.22 -
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Table C.19 Compressive strength and modulus of elasticity of 65RCF20 concrete

Age [Sample| Dia. |Height|Weight| Density | Load | Comp. Str. | Modulus of
(days) No. |(mm)|(mm) | (kg) | (kg/m’) | (kKN) (MPa) |Elasticity (GPa)
1 ]100.00{201.80| 3.603 {2273 147.50 |18.78 -

2 199.92 200.94] 3.586 (2276 157.10 |20.03 -

7 3 198.74 1203.30| 3.545 |2277 e 154.40 |20.16 " i
4 199.80 [200.74| 3.578 {2279 162.50 {20.77 -

1 1100.25|201.00{ 3.617 |2280 198.65 |25.17 24.016
28 2 [100.05{199.10| 3.566 [2278|2279| 195.30 [24.84|25.01|25.151|24.666
3 [100.10j201.35| 3.610 (2278 197.02 {25.04 24.832
L 1199196 |204852198.610 (2283 245.30 [31.26 26.559
60 2 1101.36/201.18| 3.716 |2289(2286| 263.20 |32.62(31.66|29.597|27.508
3 199.991199.52| 3.580 |2285 244.30 (31.11 26.367
1 1100.10j200.14| 3.613 |2294 271.14 |34.45 29.530
90 2 1100.70{201.88] 3.684 |2291(2293|273.10 |34.29(34.26|29.463 | 29.347
3 [100.00{200.50] 3.611 (2293 267.32 |34.04 29.049
1 1100.00|200.00{ 3.611 |2299 301.90 [38.44 -

180 | 2 1100.80|201.40| 3.696 |2300(2298| 304.20 |38.12|37.87| - -

3 ]100.00|202.20| 3.644 |2295 291.00 |37.05 -

Table C.20 Compressive strength and modulus of elasticity of 65RCF35 concrete

Age [Sample| Dia. |Height(Weight| Density | Load | Comp. Str. | Modulus of
(days) No. |(mm)|(mm)| (kg) | (kg/m’) | (kKN) (MPa) |Elasticity (GPa)
1 1100.20|200.84| 3.566 |2252 134.20 {17.02 -

2 1100.50|201.10{ 3.602 (2258 132.50 |16.70 -

L 3 [101.00|201.00| 3.642 (2262 - 144.20 |18.00 1737 )

4 1100.40{202.54| 3.614 [2253 140.70 |17.77 -

1 1100.55/202.10{ 3.625 {2259 171.08 |21.54 26.507
28 2 1100.20{201.00| 3.586 [22632260| 172.65 {21.89|21.61(26.491 |26.258
3 [100.05{200.75| 3.564 |2258 168.24 |121.40 25.776
1 [100.50{201.00] 3.604 {2260 223,30 |28.15 27.341
60 2 1100.60{200.96| 3.644 [2281|2268|224.10 |28.19|28.17|27.393|27.418
3 [100.60]200.90| 3.615 (2264 224.00 |28.18 27.521
1 [100.00{199.22] 3.555 {2272 240.23 |30.59 28.358
90 2 [100.34/201.58| 3.613 [2267]2272|243.37 |30.7830.57(28.144 | 28.442
3 [100.42]200.28| 3.612 {2277 240.23 130.33 28.823
1 {100.90(203.10{ 3.673 {2262 271.60 [33.97 -

180 | 2 199.60(200.40| 3.577 {2291|2277| 255.60 |32.81|33.34| - -

3 [100.80]203.00| 3.692 {2279 265.40 33.26 -
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Table C.21 Compressive strength and modulus of elasticity of 65SRCF50 concrete

Age [Sample| Dia. |Height|Weight| Density | Load | Comp. Str. | Modulus of
(days) No. | (mm) | (mm) | (kg) (kg/m3) (kN) (MPa)  |Elasticity (GPa)
1 [100.18{200.30| 3.551 {2249 125.40 [15.91 -

2 1100.14[201.48| 3.567 |2248 125.10 [15.88 -

7 3 [100.60{200.94| 3.597 |2252 2290 127.00 {15.98 il n i
4 1100.04]200.10| 3.540 |2251 123.60 {15.72 -

1 1100.30{200.60| 3.568 |2251 153.15 119.38 25.176
28 2 1100.65]202.20| 3.626 {2254|2254| 155.68 [19.57]19.44|24.917|25.013
3 1100.50/201.70| 3.612 |2257 158.25 19.95 24.945
1 [100.52|199.60| 3.574 {2256 206.01 |25.96 26.617
60 2 199.90 1200.80] 3.550 [2256|2258|203.07 [25.91]26.37|26.960 |26.786
3 [100.22|201.16] 3.590 {2262 214.84 [27.23 26.782
1 [100.00{200.00| 3.550 {2260 212.39 {27.04 28.160
90 2 [100.54{200.40| 3.598 |2261(2261|219.74 |27.68 28.03 28.393128.220
3 [101.24/199.18] 3.627 |2262 236.42 [29.37|" " |28.107
1 99.90 {200.90| 3.550 {2254 235.60 |30.06 -

180 2 199.80 [201.00| 3.596 [2287(2268| 244.60 |31.27|30.52| - -

3 [100.70j201.70| 3.637 |2264 240.70 130.22 -

Table C.22 Compressive strength and modulus of elasticity of 65RCB20 concrete

Age (Sample| Dia. |Height{Weight| Density | Load | Comp. Str. | Modulus of
(days) No. | (mm) | (mm) | (kg) (kg/m3) (kN) (MPa)  |Elasticity (GPa)
1 1100.10{200.10| 3.570 {2267 156.50 [19.89 -

2 1100.76{200.99| 3.606 {2250 155.80 |19.54 -

T 3 1100.30{200.20| 3.558 {2249 . 155.40 [19.67 1949 i
4 1100.00{202.42| 3.604 |2267 148.30 |18.88 -

1 1100.30{201.65| 3.604 (2262 185.41 |123.47 24.471
28 2 1100.10{203.00 3.620 |2266|2263| 200.32 |25.45|24.57(24.731 | 24.496
3 1100.50/202.40| 3.630 |2261 196.69 [24.79 24.287
1 1100.04|200.82| 3.576 |2265 238.76 {30.38 24.862
60 2 1100.14|201.20] 3.586 |2265]|2266| 241.82 {30.70|30.77|25.247 | 25.260
3 [101.30{201.90] 3.689 2267 251.82 |31.25 25.672
1 [100.72{201.94| 3.648 |2267 252.31 [31.67 27.407
90 2 199.92 200.74| 3.571 |2267(2270| 268.08 |34.19|33.51{27.884|27.560
3 1100.54|201.52| 3.637 |2273 275.25 {34.67 27.389
1 1100.00{201.10| 3.609 |2285 287.80 |36.64 -

180 2 199.40 |202.00| 3.589 |2290|2286| 286.70 [36.95|36.24| - -

3 1102.40{199.00| 3.742 |2283 289.40 |35.14 -
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Table C.23 Compressive strength and modulus of elasticity of 65SRCB35 concrete

Age [Sample| Dia. |Height|Weight| Density | Load | Comp. Str. | Modulus of
(days) No. | (mm) | (mm) | (kg) (kg/mB) (kN) (MPa) |Elasticity (GPa)
1 1100.16]200.12] 3.539 |2244 129.80 {16.47 -

2 1100.42{200.24| 3.550 |2238 130.70 [16.50 -

! 3 199.62 (201.62| 3.527 |2244 — 130.60 |16.76 o i
4 199.961200.22|3.513 [2236 104.70 {13.34 -

1 99.65 |1201.65| 3.513 |2234 160.62 |20.59 24.295
28 2 1101.00{200.50] 3.588 |2234]2235| 165.64 |20.67|20.79|24.388|24.221
3 199.90 [202.30| 3.546 |2236 165.33 {21.09 23.981
1 1100.92|202.28] 3.608 |2230 218.96 |27.37 25.103
60 2 1100.20{200.92] 3.568 |2252|2239|204.73 [25.96|26.73|24.970 | 24.933
3 101.02|203.08| 3.640 |2236 215.33 126.87 24.725
1 1100.44(200.70| 3.567 |2243 237.40 {29.96 26.189
90 2 199.84 1199.22] 3.493 |2240|2241| 228.03 [29.13]29.00|26.482 |26.003
3 [100.30{201.78| 3.570 |2239 220.64 [27.92 25.339
1 1100.10{198.70| 3.507 |2243 252.30 {32.06 -

180 2 1100.20{200.50( 3.549 |2245{2247|247.30 |31.36|31.49| - -

31 199:705199.60| 351112253 242.30 {31.04 -

Table C.24 Compressive strength and modulus of elasticity of 65RCB50 concrete

Age [Sample| Dia. |Height|Weight| Density | Load | Comp. Str. | Modulus of
(days) No. | (mm) | (mm) | (kg) (l(g/m3 ) (kN) (MPa) [Elasticity (GPa)
1 199.98 [200.00| 3.485 |2220 117.20 | 1493 |15.05| - -
7 2 1100.10{200.10] 3.498 |2221|2221| 119.50 |15.18 -
3 199.99 [201.00| 3.505 |2221 118.10 | 15.04 -
1 1100.25{201.80| 3.542 |2224 147.70 | 18.71 23.300
28 2 1100.15/199.00{ 3.480 |2220|2222| 146.10 | 18.55|18.64|22.481 |22.581
3 199.90 [198.55]| 3.458 |2222 146.20 | 18.65 21.962
1 [100.10{201.00| 3.527 |2230 192.77 [24.50 23.567
60 2 198.90[199.87|3.421 |2228(2228| 186.67 |24.30 |24.14(24.142 |23.778
3 199.98 (200.10| 3.498 |2227 185.41 |23.62 23.624
1 1100.50{200.00| 3.545 |2234 210.42 |26.53 24.565
90 2 1100.44]202.76| 3.582 |2230|2232| 203.18 |25.64 [25.95|25.284 | 24.608
3 [100.60{201.58| 3.575 |2231 204.05 | 25.67 23.974
1 {100.00{200.40{ 3.524 |2239 215.70 |27.46 -
180 | 2 ]100.40{200.90| 3.538 |2224|2231| 216.40 |27.33 |27.71| - -
3 |100.40{201.20| 3.553 |2231 224.40 [28.34 .
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Water Permeability Calculation

The data in Table D.1 was used as an example to calculate the coefficient of water
permeability of concrete. L and L are the length in meter of concrete samples 1 and 2,
respectively and d; and d, are diameter in meter of samples 1 and 2, respectively.

Li, Ly, di, and d, were obtained by measuring the tested sample. The cumulative time
and cumulative depth of barometer were collected. Relationship between cumulative
volume of passing water and cumulative time was plotted as shown in Fig. D.1 in order

to obtain the flow rate of water (Q) passing through the sample as a slope from the
graph of the relationship.

For Sample I:

From Figure D.1, the flow rate or Q; = 7.328x10™'2 m*/s
And from Eq. 3.1); K =2L89
PA
_ (1000 kg/m’)(4.18/100 m)(9.81 m/5*)(7.328x10™" m’ / 5)

K, -
£(0.1001)*
4

=7.637x10"° m/s
(500000 N'/m*)(

For Sample 2:

From Figure D.1, the flow rate or Q; = 6.423x10"> m*/s
And fromeq. 3.1; K =—'gl—lg
PA

(1000 kg/m*)(4.22/100 m)(9.81 m/s*)(6.423x1072 m’ / )

K -
7(0.1001) )
4

=6.758x10" m/s

(500000 N /m?)(

_ 7.637x107"° +6.758x10™"
2

K

av

= 7.197x107™"° m/s
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Table D.1 Water permeability at 28 days of 45CON concrete

Li = 418cm L= 422cm

d; =10.01 cm d; =10.01 cm
A= 0.00787 m* A, =0.00787 m?
Vol. of tube = 1.5394 cc./cm P =500,000 N/m>
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m’) (cm) (m’)
13,097 0.08 1.232E-07 0.12 1.847E-07
29,986 0.15 2.309E-07 0.24 3.695E-07
105,883 0.65 1.001E-06 0.37 5.696E-07
119,212 0.70 1.078E-06 0.42 6.465E-07
188,893 0.90 1.385E-06 0.64 9.852E-07
276,992 1.25 1.924E-06 0.92 1.416E-06
363,422 1.80 2.771E-06 1.52 2.340E-06
444322 2.20 3.387E-06 1.92 2.956E-06
536,412 2.60 4.002E-06 227 3.494E-06
Q = 7.328x10™"2  m’/s Ki = 7.637x10™"
Q = 6.423x10"%  m’/s Ky = 6.758x10™"
Ko = 7.197x10™"
4.5E-06
4.0E-06 |
& 3.5E-06
E 30e06 | y1=7.328E-12x + 7.468E-08
£ R? = 9.941E-01
3 2.5E-06 | oSample 1
S 2 0E-06 | OSample 2
e 2
g 1.5E-06 - 0
E 1.0E-06 y2 = 6.423E-12x - 4.295E-08
© —r R2 = 9.787E-01
0.0E+00

0 100000 200000 300000 400000 500000 600000

Cumulative Time (s)

Figure D.1 Relationship between cumulative volume of passing water and cumulative
time of 45CON concrete at 28 days
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Table D.2 Water permeability at 90 days of 45CON concrete

L; = 436 cm I, 439 o

d; =10.02 cm d; =10.02 cm
A= 0.00788 m? A, =0.00788 m*
Vol. of tube = 1.5394 cc./cm P =500,000 N/m?
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m’) (cm) (m’)
64,820 0.05 7.697E-08 0.10 1.539E-07
87,430 0.20 3.079E-07 0.20 3.079E-07
168,900 0.35 5.388E-07 0.35 5.388E-07
242,100 0.35 5.388E-07 0.35 5.388E-07
258,500 0.55 8.467E-07 0.55 8.467E-07
408,350 0.55 8.467E-07 0.60 9.236E-07
430,690 0.90 1.385E-06 0.90 1.385E-06
518,565 0.85 1.308E-06 0.90 1.385E-06
608,100 1.10 1.693E-06 1.10 1.693E-06
690,930 1.25 1.924E-06 L 1.924E-06
781,710 1.40 2.155E-06 1.45 2.232E-06
1,039,060 1.85 2.848E-06 1.90 2.925E-06
1,122,050 1.90 2.925E-06 1.95 3.002E-06
1,211,810 2.10 3.233E-06 2.15 3.310E-06
1,370,460 2.20 3.387E-06 2.25 3.464E-06
1,646,280 el 3.925E-06 255 3.925E-06
Q = 2.478x10"?  m’/s Ki = 2.688E-13 m/s
Q = 2.504x10"?  m’/s Ky = 2.691E-13 m/s
K = 2.690E-13 m/s
4.5E-06
4.0E-06 - 5
& y2 = 2.504E-12x + 1.182E-07
£ 3.5E-06 1 R? = 9.844E-01
2 30606 |
§ 2.5E-06 | Ssample 1
2 20806 7 y1 = 2.478E-12x + 9.690E-08 poample2
S 5606 | R? = 9.840E-01
§ 1.0E-06 |
5007 | G
0.0E+00 , ; .
0 500000 1000000 1500000 2000000

Cumulative Time (s)

Figure D.2 Relationship between cumulative volume of passing water and cumulative
time of 45CON concrete at 90 days



85

Table D.3 Water permeability at 28 days of 45RC concrete

L, = 495m - 13 = & g8

dl =10.03 cm dz =10.01 cm
A= 0.00790 m? A;=0.00787 m*
Vol. of tube = 1.5394 cc./cm P =500,000 N/m’
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m’) (cm) (m’)
75,937 0.80 1.232E-06 3.00 4.618E-06
89,261 0.85 1.308E-06 4.85 7.466E-06
151,496 1.20 1.847E-06 5.20 8.005E-06
169,085 1.55 2.386E-06 5.45 8.390E-06
247,035 1.90 2.925E-06 5.65 8.697E-06
333,405 Vb e 3.925E-06 6.20 9.544E-06
414,345 3.00 4.618E-06 6.45 9.929E-06
506,415 3.55 5.465E-06 6.65 1.024E-05
589,175 3.90 6.004E-06 7.20 1.108E-05
682,185 4.40 6.773E-06 7.60 1.170E-05
Q = 9.308x10"2  m’/s Ki = 9.823E-13  m/s
Qy = 6.811x10"2 m’/s & = 6.843E-13 m/s
K. = 8.333E-13 m/s
1.4E-05
;. tmos| RSIUE T EhEe
£ toeos
g
E 8.0E-06 1 ©Sample 1
é’ 6.0E-06 - OSample 2
£ 4.0E-06 -
o y1 = 9.308E-12x + 6.154E-07
2.0E-06 | R? = 9.938E-01
0.0E+00 : . :
0 200000 400000 600000 800000

Cumulative Time (s)

Figure D.3 Relationship between cumulative volume of passing water and cumulative
time of 45RC concrete at 28 days



Table D.4 Water permeability at 90 days of 45RC concrete

d; =10.016 cm
A; = 0.00790 m?
Vol. of tube = 1.5394 cc./cm

L= 43

cm

d; =10.016 cm
A, =0.00787 m>

P =500,000 N/m>

86

Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m’) (cm) (m*)
64,820 0.15 2.309E-07 0.15 2.309E-07
87,430 0.30 4.618E-07 0.30 4.618E-07
168,900 0.55 8.467E-07 0.55 8.467E-07
242,100 0.60 9.236E-07 0.60 9.236E-07
258,500 0.80 1.232E-06 0.80 1.232E-06
408,350 0.95 1.462E-06 1.00 1.539E-06
430,690 1.35 2.078E-06 1.30 2.001E-06
518,565 1.30 2.001E-06 1.35 2.078E-06
608,100 1.70 2.617E-06 1.70 2.617E-06
690,930 1.90 2.925E-06 1.85 2.848E-06
781,710 2.10 3.233E-06 2.10 3.233E-06
1,039,060 2.70 4.156E-06 2.70 4.156E-06
1,122,050 2.80 4.310E-06 2.80 4.310E-06
1,211,810 3.05 4.695E-06 3.05 4.695E-06
1,370,460 3.20 4.926E-06 3.20 4.926E-06
1,646,280 3.70 5.696E-06 3.70 5.696E-06
Qi 3.390x10"2 m’/s K, 3.680E-13 m/s
Q = 3.444x10"? m’/s K, 3.705E-13 m/s
K = 3.693E-13 m/s
5.0E-06
4.5E-06 |
T | resmmsecs
T  3.5E-06 |
€  30e06 |
©° ©Sample 1
z 2.58-06 1 OSample 2
£ 2.0E-06 &
£ y2= 3.444E-12x + 5.125E-07
Ea - g R? = 9.968E-01
O 10E06| o
5.0E-07 |
0.0E+00 &

0

500000

1000000

Cumulative Time (s)

1500000

Figure D.4 Relationship between cumulative volume of passing water and cumulative

time of 45RC concrete at 90 days
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Table D.5 Water permeability at 28 days of 45SRCF20 concrete

L, = 435em

d; = 997 cm d, = 997cm
Ay = 0.00781 m? A;=0.00781 m*
Vol. of tube = 1.5394 cc./cm P =500,000 N/m?
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m’) (cm) (m’)
77,550 0.15 2.309E-07 0.20 3.079E-07
177,510 0.30 4.618E-07 0.30 4.618E-07
347,940 0.50 7.697E-07 0.57 8.774E-07
440,280 0.55 8.467E-07 0.70 1.078E-06
524,490 0.65 1.001E-06 0.80 1.232E-06
609,990 0.75 1.155E-06 0.90 1.385E-06
941,130 1.10 1.693E-06 1.30 2.001E-06
1,044,420 L25 1.924E-06 1.40 2.155E-06
1,133,790 1.40 2.155E-06 1.50 2.309E-06
Q = 1.820x10"2  m’/s R B 1.990E-13 m/s
Q = 1.786x10™"2  m’/s K, = 1.979E-13 m/s
K,y = 1.985E-13 m/s
2.5E-06
_ y2 = 1.786E-12x + 2.960E-07
% 2.0E-06 R? = 9.994E-01
§  1se06-
E ©Sample 1
d OSample 2
B LOES y1 = 1.820E-12x + 3.816E-08
g Q R? = 9.954E-01
3 50807 | g
S
0.0E+00 . :
0 500000 1000000 1500000

Cumulative Time (s)

Figure D.5 Relationship between cumulative volume of passing water and cumulative
time of 45SRCF20 concrete at 28 days
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Table D.6 Water permeability at 90 days of 4SRCF20 concrete

Lo = 436 om g 15 4.3 %o

d, =10.02 cm d; =10.02 cm
A;= 0.00788 m> A, =0.00788 m?
Vol. of tube = 1.5394 cc./cm P =500,000 N/m>
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m’) (cm) (m’)
87,875 0.10 1.539E-07 0.10 1.539E-07
177,410 0.20 3.079E-07 0.20 3.079E-07
260,240 0.30 4.618E-07 0.25 3.848E-07
351,020 0.35 5.388E-07 0.30 4.618E-07
608,370 0.50 7.697E-07 0.50 7.697E-07
691,360 0.60 9.236E-07 0.55 8.467E-07
781,120 0.65 1.001E-06 0.60 9.236E-07
939,770 0.80 1.232E-06 0.70 1.078E-06
1,198,970 1.00 1.539E-06 0.90 1.385E-06
Q = 1.198x10™"?  m’/s Kb 1.301E-13  m/s
Q = 1.073x10™"2  mY/s R "= 1.154E-13 m/s
K,, = 1.227E-13 m/s
1.8E-06
1.6E-06 |
g 1.4E-06 { y1=1.198E-12x + 9.108E-08
E R? = 9.941E-01
g 1.2E-06
§ 1.0E-06 |
_g 8.0E-07 A OSample 2
L:: 6.0E-07 y2 =1.073E-12x + 9.370E-08
E R? = 9.975E-01
3 4.0E-07 |
2.0E-07
0.0E+00 T r
0 500000 1000000 1500000

Cumulative Time (s)

Figure D.6 Relationship between cumulative volume of passing water and cumulative
time of 45RCF20 concrete at 90 days



Table D.7 Water permeability at 28 days of 45SRCF35 concrete

RN e

L = 426cm

89

L,= 435cm
d = 9.99 cm d,= 9.99cm
A;= 0.00785 m? A, =0.00785 m?
Vol. of tube = 1.5394 cc./cm P =500,000 N/m?
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m*) (cm) (m*)
77,570 0.15 2.309E-07 0.15 2.309E-07
177,530 0.25 3.848E-07 0.25 3.848E-07
347,960 0.47 7.235E-07 0.45 6.927E-07
440,300 0.60 9.236E-07 0.60 9.236E-07
524,495 0.70 1.078E-06 0.67 1.031E-06
610,040 0.75 1.155E-06 0.75 1.155E-06
941,120 1.15 1.770E-06 1.10 1.693E-06
1,044,410 1.25 1.924E-06 1.27 1.955E-06
1,133,840 =T 2.078E-06 1.30 2.001E-06
Q 1.751x10™"%  m’/s K, 1.867E-13  mV/s
Q = 1.712x10"?  m’/s e, = 1.864E-13 m/s
K,y = 1.866E-13 m/s
2.5E-06
2 20E06 | y1=1751E-12x+ 1.103E-07
% R? = 9.980E-01
5 1.5E-06 -
g ©Sample 1
E y2 =1.712E-12x + 1.111E-07
(8] 5.0E-07 R? = 9.965E-01
0.0E+00

500000

1000000

Cumulative Time (s)

1500000

Figure D.7 Relationship between cumulative volume of passing water and cumulative
time of 4SRCF35 concrete at 28 days
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Table D.8 Water permeability at 90 days of 45SRCF35 concrete

L = 436 cm L= 432 cm
d, =10.02 cm d;=10.02 cm
A;= 0.00788 m? A, =0.00788 m?
Vol. of tube = 1.5394 cc./cm P =500,000 N/m?
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m’) (cm) (m’)
87,875 0.10 1.539E-07 0.15 2.309E-07
177,410 0.20 3.079E-07 0.20 3.079E-07
260,240 0.25 3.848E-07 .25 3.848E-07
351,020 0.30 4.618E-07 0.35 5.388E-07
608,370 0.50 7.697E-07 0.50 7.697E-07
Q = 1.140x10"  m%/s Ki = 1.190E-13 mv/s
Q = 1.065x10"%  m*/s K, = 1.080E-13 m/s
K, = 1.135E-13 m/s
9.0E-07
&  BOE07 |
€ 7.0E-07 | y2 = 1.065E-12x + 1.302E-07
= R? = 9.892E-01
g 6.0E-07 |
§ 5.0E-07 - ©Sample 1
S 4.0E-07 0Sample 2
§ B UR y1 = 1.140E-12x + 7.720E-08
3 20807 | R? = 9.917E-01
1.0E-07
0.0E+00 , . :
0 200000 400000 600000 800000

Cumulative Time (s)

Figure D.8 Relationship between cumulative volume of passing water and cumulative
time of 4SRCF35 concrete at 90 days
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Table D.9 Water permeability at 28 days of 4SRCF50 concrete

L, =

d; =10.01 cm
A;= 0.00787 m?
Vol. of tube = 1.5394 cc./cm P =500,000 N/m?
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m’) (cm) (m’)
84,200 0.15 2.309E-07
169,680 0.25 3.848E-07
500,830 0.60 9.236E-07
604,140 0.75 1.155E-06
693,475 0.87 1.339E-06
Q = 1.785x10"2  m¥/s Ki = 1.927E-13  m/s
Q = . m’/s K = . m/s
K,, = 1.927E-13 m/s
1.6E-06
b * 1.4E-06 y1=1.785E-12x + 7.383E-08
S’ R? = 9.969E-01
g 1.2E-06
g 1.0E-06
°
> 8.0E-07
g
&  6.0E-07
g 4.0E-07
(8]
2.0E-07
0.0E+00 : : :
0 200000 400000 600000 800000

Cumulative Time (s)

Figure D.9 Relationship between cumulative volume of passing water and cumulative
time of 45RCF50 concrete at 28 days
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Table D.10 Water permeability at 90 days of 4SRCF50 concrete

T = 435 cm 143 441 %
di = 997 cm d,= 997 cm
A;= 0.00783 m? A, =0.00783 m?
Vol. of tube = 1.5394 cc./cm P =500,000 N/m*
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m’) (cm) ()
22.340 0.05 7.697E-08 0.05 7.697E-08
110,215 0.10 1.539E-07 0.10 1.539E-07
199,750 0.25 3.848E-07 0.25 3.848E-07
282,580 0.30 4.618E-07 0.30 4.618E-07
373,360 0.45 6.927E-07 0.35 5.388E-07
630,710 0.65 1.001E-06 0.60 9.236E-07
713,700 0.75 1.155E-06 0.70 1.078E-06
803,460 0.90 1.385E-06 0.83 1.278E-06
Q = 1.632x10™"?  m’/s K, = 1.784E-13 m/s
Q = 1.489x1072  m’/s Ky = 1.650E-13 m/s
K, = 1.717E-13 m/s
1.6E-06
__ 1.4E-06 | o
£ 1.2E-06 -
> y1 =1.632E-12x + 2.424E-08
5 1.0E-06 R?=9.909E-01 oSampIe1
(=]
i 8.0E-07 OSample 2
>
&  6.0E-07 |
3
§ oo e e
2.0E-07 {
0.0E+00 : . . r
0 200000 400000 600000 800000 1000000

Cumulative Time (s)

Figure D.10 Relationship between cumulative volume of passing water and cumulative
time of 45RCF50 concrete at 90 days
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Table D.11 Water permeability at 28 days of 45SRCB20 concrete

e T
|

|4

4.14 cm L,= 4.26cm

1 =
di = 998 cm d,= 9.98 cm
A; = 0.00784 m? Az =0.00743 m?
Vol. of tube = 1.5394 cc./cm P =500,000 N/m?
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m*) (cm) (m’)
92,370 0.15 2.309E-07 0.10 1.539E-07
176,580 0.30 4.618E-07 0.25 3.848E-07
262,080 0.50 7.697E-07 0.35 5.388E-07
593,190 0.95 1.462E-06 0.70 1.078E-06
696,500 1.10 1.693E-06 0.85 1.308E-06
785,880 1.30 2.001E-06 1.00 1.539E-06
Q = 2.435x10"? m’/s K, = 2.528E-13 m/s
Q = 1.882x1072  m’/s K, = 2.011E-13 m/s
K.y = 2.270E-13 m/s
2.5E-06
o 20E-06 |
E y1 = 2.435E-12x + 4.537E-08
g R? = 9.945E-01
5 1.5E-06 |
o ©Sample 1
>
£ 1.0E-06 -
E
£
@ R0EwF y2 = 1.882E-12x + 1.638E-08
R? = 9.943E-01
0.0E+00 , : : 4
0 200000 400000 600000 800000 1000000

Cumulative Time (s)

Figure D.11 Relationship between cumulative volume of passing water and cumulative
time of 4SRCB20 concrete at 28 days



Table D.12 Water permeability at 90 days of 4SRCB20 concrete

[Ga e

94

Li = 436cm L= 432cm
d; =10.02 cm d; =10.02 cm
A1 = 0.00788 m> Ay =0.00788 m?
Vol. of tube = 1.5394 cc./cm P =500,000 N/m?
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m’) (cm) (m’)
64,820 0.20 3.079E-07 0.25 3.848E-07
87,430 0.20 3.079E-07 0.30 4.618E-07
168,900 0.25 3.848E-07 0.35 5.388E-07
242,100 0.25 3.848E-07 0.40 6.158E-07
258,500 0.35 5.388E-07 0.45 6.927E-07
408,350 0.45 6.927E-07 0.65 1.001E-06
430,690 0.65 1.001E-06 0.65 1.001E-06
518,565 0.65 1.001E-06 0.75 1.155E-06
608,100 0.70 1.078E-06 0.85 1.308E-06
690,930 0.75 1.155E-06 0.95 1.462E-06
781,710 0.85 1.308E-06 1.05 1.616E-06
1,039,060 1% 1.770E-06 1.35 2.078E-06
1,122,050 1.30 2.001E-06 1.45 2.232E-06
1,211,810 135 2.078E-06 1.55 2.386E-06
1,370,460 1.50 2.309E-06 1.65 2.540E-06
1,629,660 1.70 2.617E-06 2.00 3.079E-06
Q = 1.563x10"2  m’/s K, 1.697E-13  m/s
Q = 1.721x10"*  m’/s K, = 1.851E-13 m/s
Kay = 1.774E-13 m/s
3.5E-06
= 3.0E-06
< y2 =1.721E-12x + 2.656E-07
% 2.5E-06 | R? = 9.982E-01
£
§ 2.0E-06 1 ©Sample 1
S 15E-06 - OSample 2
:-f ¢ y1=1.563E-12x + 1.446E-07
g 1.0E-06
O
5.0E-07 | -
0.0E+00 T " r
0 500000 1000000 1500000 2000000

Cumulative Time (s)

Figure D.12 Relationship between cumulative volume of passing water and cumulative
time of 45SRCB20 concrete at 90 days
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Table D.13 Water permeability at 28 days of 45RCB35 concrete

TR ey
i § 4
1<

4. 0em. 13

421 cm
di = 9.99cm d= 9.99cm
A; = 0.00784 m? A, =0.00784 m?
Vol. of tube = 1.5394 cc./cm P =500,000 N/m?
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m’) (cm) (m*)
84,180 0.15 2.309E-07 0.15 2.309E-07
169,590 0.35 5.388E-07 0.40 6.158E-07
500,790 0.80 1.232E-06 0.95 1.462E-06
604,110 1.00 1.539E-06 1.20 1.847E-06
693,450 1.20 1.847E-06 1.40 2.155E-06
Q = 2.506x10™"%  m’/s K, = 2.566E-13 m/s
Q = 3.019x10"* m?/s Ky = 3.181E-13 mV/s
K,y = 2.873E-13 m/s
2.5E-06
®  20E-06 |
E y2 = 3.019E-12x + 2.308E-08
° R? = 9.942E-01
E  15e06 |
3 ©Sample 1
>
g OSample 2
£ 1.0E-06
E y1 = 2.506E-12x + 4.921E-08
O  50E-07 | R? = 9.921E-01
0.0E+00 ; ' .
0 200000 400000 600000 800000

Cumulative Time (s)

Figure D.13 Relationship between cumulative volume of passing water and cumulative
time of 4SRCB35 concrete at 28 days
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Table D.14 Water permeability at 90 days of 45RCB35 concrete

d; =10.02 cm d; =10.02 cm
A1 = 0.00788 m> Ay =0.00788 m?
Vol. of tube = 1.5394 cc./cm P =500,000 N/m?
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m*) (cm) (m’)
64,820 0.05 7.697E-08 0.05 7.697E-08
87,430 0.05 7.697E-08 0.10 1.539E-07
168,900 0.10 1.539E-07 0.15 2.309E-07
242,100 0.20 3.079E-07 0.20 3.079E-07
258,500 0.25 3.848E-07 0.30 4.618E-07
408,350 0.40 6.158E-07 0.50 7.697E-07
430,690 0.40 6.158E-07 0.55 8.467E-07
518,565 0.50 7.697E-07 0.60 9.236E-07
608,100 0.60 9.236E-07 0.70 1.078E-06
690,930 0.70 1.078E-06 0.80 1.232E-06
781,710 0.85 1.308E-06 0.90 1.385E-06
1,039,060 1.10 1.693E-06 1.30 2.001E-06
1,122,050 1.20 1.847E-06 1.30 2.001E-06
1,211,810 1.30 2.001E-06 1.45 2.232E-06
Q = 1.720x107"?  m’/s o= 1.867E-13 m/s
Q = 1.882x10"2  m®/s K, = 2.025E-13 m/s
Ky = 1.946E-13  m/s
2.5E-06
2 20E-06 |
E
[
_S 1.5E-06
g ©Sample 1
:2: T OSample 2
= y1 = 1.720E-12x - 9.089E-08
E R? = 9.976E-01
(&} 5.0E-07
0.0E+00 5 , :
0 500000 1000000 1500000

Cumulative Time (s)

Figure D.14 Relationship between cumulative volume of passing water and cumulative
time of 4SRCB35 concrete at 90 days



Table D.15 Water permeability at 28 days of 4SRCB50 concrete

Ly = 416cm
d] =10.01 cm
A= 0.00787 m?

Vol. of tube = 1.5394 cc./cm

L= 420cm
d2 =10.01 cm

A, =0.00787 m?

P =500,000 N/m?

97

Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m*) (cm) (m’)
7,960 0.15 2.309E-07 0.15 2.309E-07
16,880 0.30 4.618E-07 0.25 3.848E-07
75,680 0.50 7.697E-07 0.50 7.697E-07
88,790 0.65 1.001E-06 0.60 9.236E-07
102,260 0.80 1.232E-06 0.75 1.155E-06
163,880 1.00 1.539E-06 0.95 1.462E-06
172,540 1.10 1.693E-06 1.10 1.693E-06
Qi 8.324x10"? m’/s Ki 8.633E-13 m/s
QG % 8.284x10"2 m’/s K, = 8.674E-13 m/s
K = 8.654E-13 m/s
1.8E-06
1.6E-06 |
= y1 = 8.324E-12x + 2.428E-07
T 14E-06 | R? = 9.733E-01
E 1.2E-06 1 ©Sample 1
§ 1.0E-06 1 OSample 2
S 8.0E07 -
g oo B aator 0t
O 4.0E-07 -
2.0E-07 1
0.0E+00 . . ,
0 50000 100000 150000 200000

Cumulative Time (s)

Figure D.15 Relationship between cumulative volume of passing water and cumulative

time of 4SRCBS50 concrete at 28 days



Table D.16 Water permeability at 90 days of 45RCB50 concrete

98

L,= 4.
d; =10.01 cm d, =10.01 cm
A= 0.00787 m* A, =0.00787 m?
Vol. of tube = 1.5394 cc./cm P =500,000 N/m?
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(5) (cm) (m*) (cm) (m’)
64,820 0.35 5.388E-07 0.00 0.000E+00
87,430 et 6.927E-07 0.35 5.388E-07
168,900 1.30 1.001E-06 045 6.927E-07
242,100 1.75 1.462E-06 0.50 7.697E-07
258,500 1.95 1.770E-06 0.70 1.078E-06
408,350 2.90 1.924E-06 0.85 1.308E-06
430,690 3.35 2.232E-06 1.25 1.924E-06
518,565 3.75 2.694E-06 1.30 2.001E-06
608,100 4.50 2.925E-06 1.65 2.540E-06
690,930 215 3.310E-06 1.95 3.002E-06
781,710 5.75 3.618E-06 2.15 3.310E-06
1,039,060 6.75 4 .849E-06 2.75 4.233E-06
1,122,050 7.75 5.311E-06 2.85 4.387E-06
1,211,810 8.20 5.619E-06 3.00 4.618E-06
1,370,460 9.00 6.234E-06 3.15 4.849E-06
1,629,480 10.35 7.466E-06 358 5.465E-06
1,733,760 10.95 7.928E-06 3.85 5.927E-06
Qi 4372x10"? m’fs K, 4.534E-13 m/s
Q = 2.322x10™"2  m’/s Ky & 2431E-13 m/s
Ka = 3.483E-13 m/s
9.0E-06
= el y = 4.372E-12x + 3.278E-07
<E 7.0E-06 R?=9.981E-01
2 GO @22/ oSample 1
E 5.0E-06 1 OSample 2
S 4.0E-06 |
i S— ﬁﬁ y = 2.322E-12x + 1.776E-06
g o8 R? = 9.818E-01
3 20E-06 | &o
1.0E-06 @Bg =
0.0E+00 H3

0

500000 1000000 1500000

Cumulative Time (s)

2000000

Figure D.16 Relationship between cumulative volume of passing water and cumulative
time of 4SRCBS50 concrete at 90 days
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Table D.17 Water permeability at 28 days of 55CON concrete

Li = 410cm L,= 430cm
d1 =10.01 cm d2= 10.01 cm
A;= 0.00787 m? A =0.00787 m?
Vol. of tube = 1.5394 cc./cm P =500,000 N/m*
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m*) (cm) (m’)
61,508 0.70 1.078E-06 0.80 1.232E-06
80,493 0.90 1.385E-06 1.00 1.539E-06
91,518 1.00 1.539E-06 1.10 1.693E-06
150,408 1.30 2.001E-06 1.40 2.155E-06
163,273 1.30 2.001E-06 1.40 2.155E-06
238,189 1.60 2.463E-06 2.10 3.233E-06
349,025 2.10 3.233E-06 2.60 4.002E-06
419,170 2.50 3.848E-06 3.10 4.772E-06
521,751 3.00 4.618E-06 3.90 6.004E-06
594,248 3.60 5.542E-06 420 6.465E-06
671,518 3.80 5.850E-06 4.50 6.927E-06
685,228 4.10 6.311E-06 4.60 7.081E-06
773,612 4.60 7.081E-06 5.30 8.159E-06
847,383 5.10 7.851E-06 5.70 8.774E-06
952,863 5.60 8.621E-06 6.10 9.390E-06
1,040,219 6.10 9.390E-06 6.60 1.016E-05
Qi 8.347x10™2  m’/s K; 8.532E-13 m/s
Q = 9.194x10"? m’/s K, = 9.856E-13 m/s
Ky = 9.194E-13 m/s
1.2E-05
~ 1.0E-05
fg, y2 = 9.194E-12x + 8.434E-07 [ 4
§ 8.0E-06 1
© ©Sample 1
> 6.0E-06
.g OSample 2
5 4 o0e06 | y1 = 8.347E-12x + 5.648E-07
g R?=9.957E-01
© 20806 | o
0.0E+00 : :
0 500000 1000000 1500000

Cumulative Time (s)

Figure D.17 Relationship between cumulative volume of passing water and cumulative
time of SSCON concrete at 28 days
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Table D.18 Water permeability at 90 days of 55CON concrete

T '= 416 em

L= 413cm
d; =10.01 cm d,=10.01 cm
A;= 0.00787 m® A =0.00787 m®
Vol. of tube = 1.5394 cc./cm P =500,000 N/m>
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m’) (cm) (m’)
27,840 0.40 6.158E-07 1.25 1.924E-06
88,560 0.70 1.078E-06 1.55 2.386E-06
113,795 0.90 1.385E-06 1.70 2.617E-06
257,611 1.40 2.155E-06 2.15 3.310E-06
285,430 1.40 2.155E-06 2.45 3.771E-06
350,195 1.70 2.617E-06 2.65 4.079E-06
376,314 1.80 2.771E-06 2.95 4.541E-06
433,288 1.80 2.771E-06 3.05 4.695E-06
460,485 2.05 3.156E-06 3.35 5.157E-06
519,674 2.10 3.233E-06 3.35 5.157E-06
541,271 2.20 3.387E-06 3.60 5.542E-06
608,480 2.50 3.848E-06 3.70 5.696E-06
694,901 2.80 4.310E-06 3.95 6.081E-06
709,560 2.90 4.464E-06 4.05 6.234E-06
862,890 3.40 5.234E-06 4.35 6.696E-06
881,510 3.50 5.388E-06 4.65 7.158E-06
Q = 5317x10"2  m’/s e == 5.514E-13 m/s
Q = 5.952x10"2  m’/s K, = 6.128E-13 m/s
K,y = 5.821E-13 m/s
8.0E-06
7.0E-06 | y2 = 5.952E-12x + 2.008E-06
& R? = 9.803E-01
E  6.0E-06 |
Y
E  50E-06 t
° oSample 1
> 4.0E-06 -
g OSample 2
S  3.0E-06 1
3
E  20e06 | y1 = 5.317E-12x + 6.387E-07
o R? = 9.935E-01
1.0E-06 -
0.0E+00 , ; : :
0 200000 400000 600000 800000 1000000

Cumulative Time (s)

Figure D.18 Relationship between cumulative volume of passing water and cumulative
time of SSCON concrete at 90 days
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Table D.19 Water permeability at 28 days of 55RC concrete

L, = 425cm

2= 4.00 cm
d; =10.03 cm d; =10.03 cm
A= 0.00790 m? A, =0.00790 m*
Vol. of tube = 1.5394 cc./cm P =500,000 N/m?
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m’) (cm) (m’)
18,985 0.40 6.158E-07 0.30 4.618E-07
30,010 0.70 1.078E-06 0.40 6.158E-07
88,900 1.70 2.617E-06 1.00 1.539E-06
101,765 1.90 2.925E-06 1.20 1.847E-06
176,681 32 4.926E-06 1.80 2.771E-06
287,517 5.10 7.851E-06 2.90 4.464E-06
357,662 6.30 9.698E-06 3.70 5.696E-06
460,243 8.10 1.247E-05 4.70 7.235E-06
532,740 9.30 1.432E-05 5.40 8.313E-06
610,010 10.40 1.601E-05 6.00 9.236E-06
623,720 10.70 1.647E-05 6.30 9.698E-06
712,104 12.00 1.847E-05 7.00 1.078E-05
785,875 12.70 1.955E-05 7.40 1.139E-05
891,355 14.10 2.171E-05 8.30 1.278E-05
978,711 15.30 2.355E-05 9.10 1.401E-05
Q = 2.432x10"2 m’/s Y 1.507E-12 m/s
Q = 1.428x107"?  m’/s Ky = 1.418E-12 m/s
K = 1.463E-12 m/s
3.0E-05
&  2.5E-05 ]
t y1 = 2.432E-11x + 6.926E-07
Y  GOEGE R? = 9.957E-01
§ o Sample 1
E, 1.5E-05 OSample 2
:-g 1.0E-05 -
3 y2 = 1.428E-11x + 3.848E-07
5.0E-06 1 R? = 9.971E-01
0.0E+00 K2 : ;
0 500000 1000000 1500000

Cumulative Time (s)

Figure D.19 Relationship between cumulative volume of passing water and cumulative
time of 55RC concrete at 28 days
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Table D.20 Water permeability at 90 days of 55RC concrete

L; = 410cm L,= 4.10cm
d; =10.04 cm d; =10.04 cm
A1 = 0.00792 m? Az =0.00792 m?
Vol. of tube = 1.5394 cc./cm P =500,000 N/m?
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m’) (cm) (m’)
27,840 3.00 4.618E-06 2.00 3.079E-06
88,560 3.30 5.080E-06 2.50 3.848E-06
113,795 3.40 5.234E-06 2.80 4.310E-06
257,611 4.10 6.311E-06 3.60 5.542E-06
285,430 4.40 6.773E-06 3.70 5.696E-06
350,195 4.80 7.389E-06 4.10 6.311E-06
376,314 5.00 7.697E-06 4.30 6.619E-06
433,288 5.25 8.082E-06 4.55 7.004E-06
460,485 5.40 8.313E-06 4.70 7.235E-06
519,674 5.80 8.928E-06 4.90 7.543E-06
541,271 5.90 9.082E-06 5.10 7.851E-06
608,480 6.20 9.544E-06 5.40 8.313E-06
694,901 6.40 9.852E-06 5.90 9.082E-06
709,560 6.60 1.016E-05 6.00 9.236E-06
862,890 7.50 1.155E-05 6.90 1.062E-05
881,510 7.60 1.170E-05 7.00 1.078E-05
Q = 8.306x10"2 m’/s of == 8 443E-13
Q = 8.623x10"2 m’/s K, = 8.765E-13
K. = 8.604E-13
1.4E-05
& 12E051 1 =8306E-12x + 4.401E-06
iE, . R? = 9.954E-01
£
2 8.0E-06 | @
>
.g 6.0E-06 - OSample 2
= y2 = 8.623E-12x + 3.180E-06
2 40806 R? = 9.964E-01
(8]
2.0E-06 1
0.0E+00 . : : ,
0 200000 400000 600000 800000 1000000

Cumulative Time (s)

Figure D.20 Relationship between cumulative volume of passing water and cumulative
time of 55RC concrete at 90 days



Table D.21 Water permeability at 28 days of SSRCF20 concrete

;' A
L, = 436cm
d; =10.00 cm
A= 0.00785 m?

Vol. of tube = 1.8349 cc./cm

L= 439 &t

d, =10.00 cm
A, =0.00785 m>
P =500,000 N/m?
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-

Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m’) (cm) (m’)
62,044 0.10 1.835E-07 2.00 3.670E-06
92,036 0.20 3.670E-07 2.20 4.037E-06
152,109 0.30 5.505E-07 2.30 4.220E-06
238,785 0.40 7.340E-07 2.50 4.587E-06
349,561 0.60 1.101E-06 2.70 4.954E-06
419,406 0.80 1.468E-06 2.80 5.138E-06
521,987 1.00 1.835E-06 2.90 5.321E-06
594,484 1.20 2.202E-06 3.10 5.688E-06
671,754 1.30 2.385E-06 3.20 5.872E-06
685,464 1.40 2.569E-06 3.30 6.055E-06
773,848 1.60 2.936E-06 3.50 6.422E-06
847,619 1.80 3.303E-06 3.70 6.789E-06
953,099 2.00 3.670E-06 3.80 6.973E-06
1,040,455 2.20 4.037E-06 4.00 7.340E-06
Q 3.941x10™"? m?s K, 4292E-13 m/s
Q = 3.555x10"?  m?/s K, = 3.836E-13 m/s
K. = 4.064E-13 m/s
8.0E-06
y2 = 3.555E-12x + 3.625E-06
= 7.0E-06 1 R? = 9.919E-01
£  6.0E-06 -
©
E  5.0E06 |
° ©Sample 1
> 40E-06
3 OSample 2
&  3.0E-06
§ 2.0E-06 1 y1 = 3.941E-12x - 1.309E-07
R? = 9.951E-01
1.0E-06 |
0.0E+00 , ;
0 500000 1000000 1500000

Cumulative Time (s)

Figure D.21 Relationship between cumulative volume of passing water and cumulative

time of 55RCF20 concrete at 28 days
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Table D.22 Water permeability at 90 days of SSRCF20 concrete

T, = 420em

L= 4.00cm
d; =10.04 cm d; =10.04 cm
A; = 0.00792 m? Ay =0.00792 m?
Vol. of tube = 1.5394 cc./cm P =500,000 N/m?
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m*) (cm) (m’)
68,516 3.10 4.772E-06 1.60 2.463E-06
173,135 3.30 5.080E-06 1.90 2.925E-06
258,300 3.50 5.388E-06 2.10 3.233E-06
342,300 3.60 5.542E-06 2.30 3.541E-06
601,193 3.90 6.004E-06 2.60 4.002E-06
685,090 4.10 6.311E-06 2.90 4.464E-06
773,079 430 6.619E-06 3.00 4.618E-06
1,205,976 5.00 7.697E-06 3.60 5.542E-06
Q = 2.503x10"'2  m’/s Ki = 2.606E-13 m/s
Q = 2.653x10"2  m’/s K, = 2.630E-13  m/s
Kay = 2.618E-13 m/s
9.0E-06
8.0E-06 | y1=2.503E-12x + 4.641E-06
~ R?=9.937E-01
<E 7.0E-06 -
g 6.0E-06 -
;g 5.0E-06 1 ©Sample 1
S 4.0E-06 - OSample 2
g 3.0E-06 y3 = 2.653E-12x + 2.486E-06
€ R? = 9.822E-01
3 2.0E-06 -
1.0E-06 -
0.0E+00 : T
0 500000 1000000 1500000

Cumulative Time (s)

Figure D.22 Relationship between cumulative volume of passing water and cumulative
time of 55RCF20 concrete at 90 days



Table D.23 Water permeability at 28 days of SSRCF35 concrete

Ll = 430cm
d; =10.09 cm
A= 0.00800 m*
Vol. of tube = 1.5394 cc./cm

T Ao

L,= 432cm
d>=10.09 cm

A, =0.00800 m?

P =500,000 N/m?
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Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m’) (cm) (L)
61,508 0.60 9.236E-07 0.50 7.697E-07
80,493 0.70 1.078E-06 0.60 9.236E-07
91,518 0.70 1.078E-06 0.70 1.078E-06
150,408 0.90 1.385E-06 0.80 1.232E-06
238,189 0.90 1.385E-06 0.80 1.232E-06
349,025 1.10 1.693E-06 0.95 1.462E-06
419,170 1.20 1.847E-06 1.10 1.693E-06
521,751 1.50 2.309E-06 1.30 2.001E-06
594,248 1.55 2.386E-06 1.40 2.155E-06
671,518 1.55 2.386E-06 1.40 2.155E-06
685,228 1.70 2.617E-06 1.60 2.463E-06
773,612 1.80 2.771E-06 1.70 2.617E-06
847,383 1.70 2.617E-06 1.50 2.309E-06
952,863 1.90 2.925E-06 1.70 2.617E-06
1,040,219 2.10 3.233E-06 1.90 2.925E-06
Q, 2.239x10"'2  m’/s K, 2.362E-13 m/s
Q = 2.053x10"?  m’/s K, = 2.176E-13 m/s
Kay = 2.269E-13 m/s
3.5E-06
§ 2.5E-06 00
§ 2.0E-06 H © Sample 1
.g 1.5E-06 OSample 2
§ y2 = 2.053E-12x + 8.187E-07
E 1.0E-06 - R?=9.585E-01
o
5.0E-07
0.0E+00 + T
0 500000 1000000 1500000

Cumulative Time (s)

Figure D.23 Relationship between cumulative volume of passing water and cumulative

time of 55SRCF35 concrete at 28 days
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Table D.24 Water permeability at 90 days of 55RCF35 concrete

r e e e i T

itz

L — 4&0lem 4= 4.00 om

d; =10.04 cm d; =10.04 cm
A; = 0.00792 m® Az =0.00792 m®
Vol. of tube = 1.5394 cc./cm P =500,000 N/m?
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m*) (cm) (m*)
68,516 1.00 1.539E-06 1.80 2.771E-06
173,135 1.20 1.847E-06 1.90 2.925E-06
258,300 1.30 2.001E-06 2.00 3.079E-06
342,300 1.40 2.155E-06 2.10 3.233E-06
601,193 1.80 2.771E-06 2.50 3.848E-06
685,090 1.90 2.925E-06 2.60 4.002E-06
773,079 2.00 3.079E-06 2.80 4.310E-06
1,205,976 2.60 4.002E-06 3.30 5.080E-06
Q = 2.140x10"?  m’/s K, = 2.174E-13 m/s
Q = 2.111x10™"2 m’/s K, = 2.093E-13 m/s
K, = 2.134E-13 m/s
6.0E-06
y2 =2.111E-12x + 2.572E-06
=y 5.0E-06 R? = 9.952E-01
E
§ 4.0E-06 -
>o el o Sample 1
g OSample 2
3
€ 10E06 |
0.0E+00 : :
0 500000 1000000 1500000

Cumulative Time (s)

Figure D.24 Relationship between cumulative volume of passing water and cumulative
time of 55RCF35 concrete at 90 days



Table D.25 Water permeability at 28 days of SSRCF50 concrete

IT: = 440em
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L,= 420cm
di = 999cm d;= 9.99 cm
A; = 0.00784 m? A, =0.00784 m?
Vol. of tube = 1.8349 cc./cm P =500,000 N/m?
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(sec) (cm) (m’) (cm) (m’)
58,890 1.20 2.202E-06 0.10 1.835E-07
146,671 1.30 2.385E-06 0.20 3.670E-07
257,507 1.40 2.569E-06 0.30 5.505E-07
327,652 1.45 2.661E-06 0.40 7.340E-07
430,233 1.60 2.936E-06 0.50 9.175E-07
502,730 1.70 3.119E-06 0.60 1.101E-06
580,000 1.80 3.303E-06 0.65 1.193E-06
593,710 1.80 3.303E-06 0.70 1.284E-06
682,094 1.90 3.486E-06 0.80 1.468E-06
755,865 2.00 3.670E-06 0.90 1.651E-06
861,345 2.10 3.853E-06 1.00 1.835E-06
948,701 2.10 3.853E-06 1.10 2.018E-06
Q = 2.013x10"2  m’s K, 2217E-13 m/s
Q = 2.079x107'2  m’/s K, = 2.186E-13 m/s
K., = 2.201E-13 m/s
4 5E-06
_ 40E-06 {1 yq4=20130E-12x + 2.0809E-06
SE’ 3.5E-06 1 R?=9.8922E-01
g 3.0E-06 -
% 2.5E-06 ©Sample 1
E 2 0E-06 | ®Sample 2
:g 1.5E-06 A
£
3 1.0E-06 1
y2 =2.079E-12x + 4.369E-08
5.0E-07 A R? = 9.982E-01
0.0E+00 : : : .
0 200000 400000 600000 800000 1000000

Cumulative Time (s)

Figure D.25 Relationship between cumulative volume of passing water and cumulative
time of 55RCF50 concrete at 28 days
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Table D.26 Water permeability at 90 days of SSRCF50 concrete

L, = 406cm a® L,= 4.05

d; =10.03 cm d, =10.03 cm
A; = 0.00790 m? Az =0.00790 m?
Vol. of tube = 1.5394 cc./cm P =500,000 N/m*
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m*) (cm) (m’)
68,516 1.40 2.155E-06 2.10 3.233E-06
173,135 1.50 2.309E-06 2.30 3.541E-06
258,300 1.70 2.617E-06 2.40 3.695E-06
342,300 1.80 2.771E-06 2.60 4.002E-06
601,193 2.10 3.233E-06 2.90 4 .464E-06
685,090 2.20 3.387E-06 3.00 4.618E-06
773,079 2.30 3.541E-06 3.20 4.926E-06
1,205,976 2.90 4 .464E-06 3.70 5.696E-06
Q = 2.004x10"2  m’/s Ki = 2.020E-13 m/s
Q = 2.153x10™"2  m’/s K, = 2.165E-13 m/s
K, = 2.020E-13 m/s
7.0E-06
& O0B06 1 5= 153E-12¢ + 3.166E-06
E R? = 9.932E-01
= 5.0E-06 -
g
©° 4.0E-06 1 ©oSample 1
>
3 3006 | m Sample 2
3 y1 = 2.004E-12x + 2.030E-06
E  20E06 - R? = 9.963E-01
° 1.0E-06 -
0.0E+00 ; :
0 500000 1000000 1500000

Cumulative Time (s)

Figure D.26 Relationship between cumulative volume of passing water and cumulative
time of 55RCF50 concrete at 90 days
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Table D.27 Water permeability at 28 days of 55SRCB20 concrete

Li = 4.10cm 2= 420 cm
d; =10.02 cm d,=10.02 cm
A; = 0.00788 m? A, =0.00788 m®
Vol. of tube = 1.8349 cc./cm P =500,000 N/m*
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m’) (cm) (m’)
62,044 0.80 1.468E-06 0.30 5.505E-07
81,124 0.85 1.560E-06 0.35 6.422E-07
92,036 0.85 1.560E-06 0.40 7.340E-07
152,109 0.90 1.651E-06 0.50 9.175E-07
238,785 1.10 2.018E-06 0.70 1.284E-06
349,561 1.30 2.385E-06 0.90 1.651E-06
419,406 1.40 2.569E-06 1.00 1.835E-06
521,987 1.70 3.119E-06 1.20 2.202E-06
594,484 1.90 3.486E-06 1.40 2.569E-06
671,754 2.00 3.670E-06 1.45 2.661E-06
685,464 2.00 3.670E-06 1.50 2.752E-06
773,848 2.20 4.037E-06 1.70 3.119E-06
847,619 2.30 4.220E-06 1.90 3.486E-06
953,099 2.60 4.771E-06 2.10 3.853E-06
1,040,455 2.80 5.138E-06 2.30 4.220E-06
O = 3.733x107"2  m’/s 'Sl 3.811E-13 m/s
Oy = 3.639x10"2  m’/s K = 3.806E-13 m/s
Kay = 3.809E-13 m/s
6.0E-06
= 5.0E-06 y1=3.733E-12x + 1.159E-06
2 R? = 9.956E-01
2 40806
% o Sample 1
> 3.0E-06 |
g OSample 2
£ 20E-06 |
E y2 = 3.639E-12x + 3.497E-07
3 | 0E06 | R? = 9.973E-01
0.0E+00 . :
0 500000 1000000 1500000

Cumulative Time (s)

Figure D.27 Relationship between cumulative volume of passing water and cumulative
time of 55SRCB20 concrete at 28 days
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Table D.28 Water permeability at 90 days of SSRCB20 concrete

2= O C 3

d; =10.04 cm d, =10.04 cm
A; = 0.00792 m? A, =0.00792 m?
Vol. of tube = 1.5394 cc./cm P =500,000 N/m?
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m’) (cm) (m?)
68,516 2.70 4.156E-06 1.80 2.771E-06
173,135 2.90 4.464E-06 2.00 3.079E-06
258,300 3.00 4.618E-06 2.20 3.387E-06
342,300 3.10 4.772E-06 2.30 3.541E-06
601,193 3.60 5.542E-06 270 4.156E-06
685,090 3.70 5.696E-06 2.80 4.310E-06
773,079 3.90 6.004E-06 3.00 4.618E-06
1,205,976 4.70 7.235E-06 3.80 5.850E-06
Q = 2.690x10™"2  m’/s Ki = 2.693E-13 m/s
Q = 2.624x10" m’/s Bl = 2.621E-13 m/s
K,y = 2.657E-13 m/s
8.0E-06
7.0E-06 { y1=2.690E-12x + 3.930E-06
f)‘ R? = 9.969E-01
é 6.0E-06
S 5.0E-06
o ©Sample 1
2 OSample 2
":‘; 3.0E-06 - y2 = 2.624E-12x + 2.617E-06
S R? = 9.960E-01
E  20E-06 |
(8]
1.0E-06
0.0E+00 r r
0 500000 1000000 1500000

Cumulative Time (s)

Figure D.28 Relationship between cumulative volume of passing water and cumulative
time of 55SRCB20 concrete at 90 days



Table D.29 Water permeability at 28 days of 55SRCB35 concrete

1
di = 995cm

A;= 0.00778 m?

Vol. of tube = 1.5394 cc./cm

L,= 430cm
d,= 9.95cm
A, =0.00778 m?

P =500,000 N/m?

111

Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
) (cm) (m’) (cm) (m’)
62,044 0.60 9.236E-07 0.70 1.078E-06
81,124 0.70 1.078E-06 0.80 1.232E-06
92,036 0.70 1.078E-06 0.80 1.232E-06
152,109 0.80 1.232E-06 0.90 1.385E-06
238,785 0.90 1.385E-06 1.00 1.539E-06
349,561 1.05 1.616E-06 1.10 1.693E-06
419,406 1.20 1.847E-06 1.30 2.001E-06
521,987 1.30 2.001E-06 1.50 2.309E-06
594,484 1.40 2.155E-06 1.60 2.463E-06
671,754 1.50 2.309E-06 1.70 2.617E-06
685,464 1.60 2.463E-06 1.80 2.771E-06
773,848 1.70 2.617E-06 1.90 2.925E-06
847,619 1.85 2.848E-06 2.10 3.233E-06
953,099 2.05 3.156E-06 2.20 3.387E-06
1,040,455 2.20 3.387E-06 2.30 3.541E-06
Qi 2.385x107"2 m’/s K, 2.588E-13 m/s
Q = 2.545x10"2 m’/s K: = 2.761E-13 m/s
Ki = 2.675E-13 m/s
4.0E-06
__ 3.5E-06
E  30E-06
§ 2.5E-06 1
° ©Sample 1
> 2.0E-06
g OSample 2
£ 4 5E.06 y1 = 2.385E-12x + 8.162E-07
= - R? = 9.943E-01
§ 1.0-06 | (¥
5.0E-07 -
0.0E+00

500000

Cumulative Time (s)

1000000

1500000

Figure D.29 Relationship between cumulative volume of passing water and cumulative
time of SSRCB35 concrete at 28 days



Table D.30 Water permeability at 90 days of 55RCB35 concrete

(L, = 410cm

112

L= 4.03cm
d; =10.01 cm d;=10.01 cm
A= 0.00787 m? A =0.00787 m*
Vol. of tube = 1.8349 cc./cm P =500,000 N/m?
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m’) (cm) (m*)
253,697 2.25 4.129E-06 0.20 3.670E-07
340,186 235 4.312E-06 0.30 5.505E-07
601,183 2.75 5.046E-06 0.60 1.101E-06
864,007 3.00 5.505E-06 0.90 1.651E-06
932,523 3.05 5.597E-06 1.00 1.835E-06
1,037,142 3.25 5.964E-06 1.10 2.018E-06
1,122,307 333 6.147E-06 1.30 2.385E-06
1,206,307 3.55 6.514E-06 1.40 2.569E-06
1,465,200 3.75 6.881E-06 1.70 3.119E-06
1,549,097 3.95 7.248E-06 1.90 3.486E-06
1,637,086 4.05 7.431E-06 1.90 3.486E-06
2,069,983 4.55 8.349E-06 2.50 4.587E-06
Qi 2.349x10"2 m’/s K, 2 401E-13  m/s
Q = 2.348x10"? m’/s K 2.359E-13 m/s
K, = 2.380E-13 m/s
9.0E-06
8.0E-06 -
s y1 = 2.349E-12x + 3.534E-06
T 7.0E-06 - R? = 9.960E-01
g 6.0E-06 |
§ 5.0E-06 - ©Sample 1
S 4.0E-06 - OSample 2
é 3.0E-06 |
G 2.0E-06 1 y2 = 2.348E-12x - 2.962E-07
LB R? = 9.966E-01
0.0E+00 : - . :
0 500000 1000000 1500000 2000000 2500000

Cumulative Time (s)

Figure D.30 Relationship between cumulative volume of passing water and cumulative

time of SSRCB35 concrete at 90 days
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Table D.31 Water permeability at 28 days of 55SRCB50 concrete

Ly = 440cm g L= 4.20cm

d; =10.02 cm d; =10.02 cm
A, = 0.00788 m> A, =0.00788 m?
Vol. of tube = 1.5394 cc./cm = 500,000 N/m?
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m’) (cm) (m’)
81,222 1.20 1.847E-06 0.80 1.232E-06
91,864 1.30 2.001E-06 0.90 1.385E-06
152,109 1.40 2.155E-06 1.00 1.539E-06
238,785 1.50 2.309E-06 1.10 1.693E-06
349,561 1.70 2.617E-06 1.30 2.001E-06
419,406 1.80 2.771E-06 1.40 2.155E-06
521,987 2.00 3.079E-06 1.50 2.309E-06
594,484 2.10 3.233E-06 1.60 2.463E-06
671,754 2.20 3.387E-06 1.70 2.617E-06
685,464 2.30 3.541E-06 1.80 2.771E-06
773,848 2.40 3.695E-06 1.90 2.925E-06
847,619 2.50 3.848E-06 2.10 3.233E-06
953,099 2.70 4.156E-06 2.30 3.541E-06
1,040,455 2.90 4.464E-06 2.40 3.695E-06
Q = 2.586x10"2 m’/s Re = 2.831E-13 m/s
Q = 2.456x10"?  m’/s K, = 2.567E-13 m/s
Ka = 2.699E-13 m/s
5.0E-06
4.5E-06 y1=2.586E-12x + 1.708E-06
—_ R? = 9.970E-01
2  4.0E-06 |
£
%  3.5E-06 1
_S 3.0E-06 | ©Sample 1
>° 2.5E-06 OSample 2
‘é 2.0E-06
2 15606 - y2 = 2.456E-12x + 1.095E-06
3 R?=9.916E-01
Q 1.0E-06 -
5.0E-07 A
0.0E+00

0 500000 1000000 1500000

Cumulative Time (s)

Figure D.31 Relationship between cumulative volume of passing water and cumulative
time of SSRCBS50 concrete at 28 days



Table D.32 Water permeability at 90 days of SSRCB50 concrete

L = 4.16cm
d; =10.02cm
A= 0.00788 m’
Vol. of tube = 1.5394 cc./cm

d; =10.02 cm

A, =0.00788 m?
P =500,000 N/m?

TEEV 10

114

Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m*) (cm) (m*)
253,697 1.15 1.770E-06 1.60 2.463E-06
340,186 1.15 1.770E-06 1.80 2.771E-06
601,183 1.65 2.540E-06 2.30 3.541E-06
864,007 2.05 3.156E-06 2.80 4.310E-06
932,523 2,25 3.464E-06 2.90 4.464E-06
1,037,142 2.35 3.618E-06 3.00 4.618E-06
1,122,307 2.55 3.925E-06 3.10 4.772E-06
1,206,307 2.65 4.079E-06 3.40 5.234E-06
1,465,200 3.05 4.695E-06 3.60 5.542E-06
1,549,097 LS 4.849E-06 3.80 5.850E-06
1,637,086 3.35 5.157E-06 4.00 6.158E-06
2,069,983 3.95 6.081E-06 4.80 7.389E-06
Qi 2.457x10"2  m’/s K, 2.543E-13 m/s
Q = 2.607x10™"2 m’/s K= 2.724E-13 m/s
Kav = 2.634E-13 m/s
8.0E-06
o  (OE06 1 52 607E-12x + 1.918E-06
AR R? = 9.936E-01
E 5.0E-06 -
©° ©Sample 1
> 4.0E-06 |
2 OSample 2
&  3.0E-06 |
5 y1 = 2.457E-12x + 1.081E-06
E  20E06 - R? = 9.970E-01
(8]
1.0E-06 |
0.0E+00 : : : :
0 500000 1000000 1500000 2000000 2500000

Cumulative Time (s)

Figure D.32 Relationship between cumulative volume of passing water and cumulative

time of SSRCBS50 concrete at 90 days



Table D.33 Water permeability at 28 days of 65CON concrete

.< -

4.06 cm
di = 999cm
A= 0.00784 m*
Vol. of tube = 1.8349 cc./cm

L2 = 4.03 cm
d,= 9.99 cm
A, =0.00784 m?
P =500,000 N/m?

115

Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m’) (cm) (m’)
2,400 0.10 1.835E-07 0.70 1.284E-06
5,400 0.10 1.835E-07 0.80 1.468E-06
10,800 0.20 3.670E-07 0.90 1.651E-06
17,100 0.20 3.670E-07 1.00 1.835E-06
19,800 0.40 7.340E-07 1.10 2.018E-06
25,200 0.50 9.175E-07 1.20 2.202E-06
35,100 0.60 1.101E-06 1.30 2.385E-06
88,200 1.10 2.018E-06 1.70 3.119E-06
93,300 1.10 2.018E-06 1.75 3.211E-06
100,500 1.20 2.202E-06 1.90 3.486E-06
112,500 1.30 2.385E-06 1.90 3.486E-06
175,200 1.80 3.303E-06 2.30 4.220E-06
181,200 1.80 3.303E-06 2.40 4.404E-06
193,200 1.80 3.303E-06 2.55 4.679E-06
260,400 2.30 4.220E-06 3.00 5.505E-06
280,800 2.40 4.404E-06 3.20 5.872E-06
Qi 126110 m'/s Ki 1.283E-12 m/s
Q = 1.375x10"" m’/s Ky = 1.388E-12 m/s
K.y = 1.335E-12 m/s
7.0E-06
. 6.0E-06 |
‘<; y2 = 1.375E-11x + 1.951E-06
S 50606 | R? = 9.929E-01
£
;g 4.0E-06 o Sample 1
S 30E06 | aSample 2
5 O
E 20806 f y1 = 1.261E-11x + 9.360E-07
o R2 = 9.921E-01
1.0E-06 <§><>
0.0E+00

0

100000 200000

300000

Cumulative Time (s)

Figure D.33 Relationship between cumulative volume of passing water and cumulative
time of 65CON concrete at 28 days



Table D.34 Water permeability at 90 days of 65CON concrete

116

Th = &.05%0
d; =10.00 cm d> =10.00 cm
A;= 0.00785 m? A, =0.00785 m?
Vol. of tube = 1.5394 cc./cm P =500,000 N/m*
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m’) (cm) (m’)
25,235 0.55 8.467E-07 0.60 9.236E-07
169,051 1.60 2.463E-06 1.60 2.463E-06
196,870 2.00 3.079E-06 2.10 3.233E-06
261,635 2.30 3.541E-06 2.35 3.618E-06
287,754 2.60 4.002E-06 2.70 4.156E-06
344,728 2.85 4.387E-06 2.85 4.387E-06
371,925 3.20 4.926E-06 3.20 4.926E-06
431,114 3.30 5.080E-06 3.30 5.080E-06
452,711 3.60 5.542E-06 3.60 5.542E-06
519,920 3.80 5.850E-06 3.80 5.850E-06
606,341 4.29 6.604E-06 4.19 6.450E-06
621,000 4.35 6.696E-06 4.25 6.542E-06
774,330 4.90 7.543E-06 4.75 7.312E-06
792,950 525 8.082E-06 5.15 7.928E-06
Qi 8.015x10" m’/s K, 8.109E-13 m/s
Q = 7.419x10"'2 m’/s K, = 7.506E-13 m/s
K, = 7.808E-13 m/s
9.0E-06
8 0E-06 | y1 = 8.015E-12x + 1.663E-06
= R? = 9.875E-01
<  7.0E-06 -
E
2 6.0E-06 |
3 O Sample 1
S  5.0E-06
> OSample 2
®  4.0E-06 -
& y2 = 7.419E-12x + 1.919E-06
S 3.0E-06 1 R? = 9.839E-01
£ @)
3 2.0E-06
1.0E-06 {g3
0.0E+00 : : : -
0 200000 400000 600000 800000 1000000

Cumulative Time (s)

Figure D.34 Relationship between cumulative volume of passing water and cumulative

time of 65CON concrete at 90 days



Table D.35 Water permeability at 28 days of 65RC concrete

117

L,= 4.00 cm
d; =10.01 cm d; =10.01 cm
A= 0.00787 m? A;=0.00787 m*
Vol. of tube = 1.8349 cc./cm P =500,000 N/m*
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m’) (cm) (m’)
2,400 2.90 5.321E-06 0.60 1.101E-06
5,400 3.10 5.688E-06 0.80 1.468E-06
10,800 3.30 6.055E-06 1.10 2.018E-06
17,100 3.80 6.973E-06 1.60 2.936E-06
19,800 4.10 7.523E-06 2.00 3.670E-06
25,200 4.20 7.707E-06 2.30 4.220E-06
35,100 4.50 8.257E-06 2.50 4.587E-06
88,200 5.70 1.046E-05 4.50 8.257E-06
93,300 6.00 1.101E-05 5.50 1.009E-05
100,500 6.70 1.229E-05 5.80 1.064E-05
112,500 7.20 1.321E-05 6.00 1.101E-05
175,200 9.10 1.670E-05 9.50 1.743E-05
181,200 9.70 1.780E-05 10.50 1.927E-05
193,200 10.20 1.872E-05 10.80 1.982E-05
260,400 12.30 2.257E-05 13.50 2.477E-05
280,800 12.70 2.330E-05 15.50 2.844E-05
Qi 6.616x10""  m’/s Ki 6.763E-12 m/s
Q = 9.797x10""  m’/s Ky = 9.770E-12 m/s
K. = 8.266E-12 m/s
3.0E-05
&  2.5E-05 ] y= 9’7317 E_E; e '&8 AET
3
E 2.0E-05 |
2 ©Sample 1
(]
E 18E-08 7 = 6.616E-11x + 5.311E-06 Sl
2 R? = 9.889E-01
E 1.0E-05 - o
©  50E06 ;gg
0.0E+00 : ‘ : ! '
0 50000 100000 150000 200000 250000 300000

Cumulative Time (s)

Figure D.35 Relationship between cumulative volume of passing water and cumulative
time of 65RC concrete at 28 days



Table D.36 Water permeability at 90 days of 65RC concrete

[ ———————

(L, = 40lcm

118

L= 4.0l cm
d; =10.03 cm d; =10.03 cm
A; = 0.00790 m? A, =0.00790 m?
Vol. of tube = 1.8349 cc./cm P =500,000 N/m>
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m*) (cm) (m*)
143,816 2.65 4.863E-06 2.25 4.129E-06
171,635 3.30 6.055E-06 2.85 5.230E-06
236,400 4.20 7.707E-06 3.55 6.514E-06
262,519 4.70 8.624E-06 4.05 7.431E-06
319,493 5.35 9.817E-06 4.60 8.441E-06
346,690 5.95 1.092E-05 5.10 9.358E-06
405,879 6.45 1.184E-05 5.50 1.009E-05
427,476 6.90 1.266E-05 5.85 1.073E-05
494,685 7.55 1.385E-05 6.35 1.165E-05
581,106 8.50 1.560E-05 7.15 1.312E-05
595,765 8.70 1.596E-05 7.35 1.349E-05
749,095 10.20 1.872E-05 8.45 1.551E-05
767,715 10.65 1.954E-05 8.90 1.633E-05
Q 2.247x10""  m’/s K, 2.288E-12 m/s
Q = 1.847x10™""  m?/s K, = 1.880E-12 m/s
Ka = 2.084E-12 m/s
2.5E-05
®  20E05
E y1 = 2.247E-11x + 2.499E-06
E R2? =9.916E-01
S 1.5E-05 |
g ©Sample 1
:?, e~ OSample 2
g
§ 5.0E-06 - y2 = 1.%4175-9%;(;;61237506
0.0E+00 T T - >
0 200000 400000 600000 800000 1000000

Cumulative Time (s)

Figure D.36 Relationship between cumulative volume of passing water and cumulative
time of 65RC concrete at 90 days



Table D.37 Water permeability at 28 days of 65RCF20 concrete

| = 4.1 cm P

119

L,= 401l cm
d; =10.04 cm d; =10.04 cm
A= 0.00792 m? A, =0.00792 m?
Vol. of tube = 1.8349 cc./cm P =500,000 N/m?
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m’) (cm) (m’)
2,400 0.20 3.670E-07 1.10 2.018E-06
5,400 0.20 3.670E-07 1.00 1.835E-06
10,800 0.30 5.505E-07 1.10 2.018E-06
17,100 0.40 7.340E-07 1.20 2.202E-06
19,800 0.40 7.340E-07 1.20 2.202E-06
25,200 0.50 9.175E-07 1.20 2.202E-06
35,100 0.50 9.175E-07 1.30 2.385E-06
88,200 1.10 1.101E-06 1.40 2.569E-06
93,300 1.20 1.284E-06 1.40 2.569E-06
100,500 1.25 1.376E-06 1.50 2.752E-06
112,500 1.30 1.468E-06 1.60 2.936E-06
175,200 %0 1.835E-06 1.70 3.119E-06
181,200 1.60 2.018E-06 1.80 3.303E-06
193,200 1.60 2.018E-06 1.90 3.486E-06
260,400 1.80 2.385E-06 2.00 3.670E-06
280,800 1.90 2.569E-06 2.10 3.853E-06
Qi 6.975x10"2  m?/s K; 7.090E-13  m/s
Q = 6.387x107'2  m’/s K, 6.490E-13 m/s
K.y 6.790E-13 m/s
4.5E-06
= 4.08-06 - y2 = 6.387E-12x + 2.086E-06 -
<E 3.5E-06 - R?=9.536E-01 A
g 3.0E-06 | |
° 2.5E-06 O ©Sample 1
E 2.0E-06 ME#PD OSample 2
2  1.56-06 -
E
3 10E06{ oo Q' y1=6.975E-12x + 6.328E-07
&3 R? = 9.772E-01
5.0E-07 «3»0
0.0E+00 . , - : ;
0 50000 100000 150000 200000 250000 300000

Cumulative Time (s)

Figure D.37 Relationship between cumulative volume of passing water and cumulative

time of 65RCF20 concrete at 28 days
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Table D.38 Water permeability at 90 days of 65RCF20 concrete

A7\ )

L= 4.00cm

Ly = A11cm

d, =10.04 cm d>=10.04 cm
A= 0.00792 m? Ay =0.00792 m?
Vol. of tube = 1.5394 cc./cm P =500,000 N/m?
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m’) (cm) (m’)
85,440 2.70 4.156E-06 0.55 8.467E-07
172,560 2.90 4.464E-06 0.95 1.462E-06
261,395 3.30 5.080E-06 1.25 1.924E-06
348,811 3.70 5.696E-06 1.60 2.463E-06
694,630 5.10 7.851E-06 g 75 4.233E-06
778,895 5.40 8.313E-06 2.95 4.541E-06
867,395 5.80 8.928E-06 3.20 4.926E-06
957,088 6.40 9.852E-06 3.40 5.234E-06
1,210,785 7.50 1.155E-05 4.30 6.619E-06
1,297,274 8.00 1.232E-05 4.50 6.927E-06
Q = 6.732x10"2  m’/s K, = 6.860E-13 m/s
Q = 4.934x10"? m’/s e = 4.801E-13 m/s
Ky = 5.875E-13 m/s
1.4E-05
& 1.2E-05 -
E y = 6.732E-12x + 3.327E-06
E 1.0E-05 - R? = 9.962E-01
;g 8.0E-06 ©Sample 1
2 6.0E-06 | Oiamels 2
g 4.0E-06 -
o
2.06-06 1 et shand
0.0E+00 - :
0 500000 1000000 1500000

Cumulative Time (s)

Figure D.38 Relationship between cumulative volume of passing water and cumulative
time of 65RCF20 concrete at 90 days



Table D.39 Water permeability at 28 days of 65RCF35 concrete

d; =10.01 cm

A;= 0.00787 m>

Vol. of tube = 1.8349 cc./cm

d>=10.01 cm

TLEY

A, =0.00787 m?

P =500,000 N/m?

121

Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
s) (cm) (m’) (cm) (m’)
7,200 0.20 3.670E-07 0.20 3.670E-07
14,400 0.30 5.505E-07 0.20 3.670E-07
79,200 0.50 9.175E-07 0.40 7.340E-07
86,400 0.50 9.175E-07 0.40 7.340E-07
94,200 0.55 1.009E-06 0.50 9.175E-07
246,600 0.90 1.651E-06 0.90 1.651E-06
255,600 0.90 1.651E-06 0.90 1.651E-06
266,400 0.90 1.651E-06 0.90 1.651E-06
331,200 1.00 1.835E-06 1.00 1.835E-06
337,800 1.00 1.835E-06 1.00 1.835E-06
345,600 1.00 1.835E-06 1.00 1.835E-06
364,200 1.10 2.018E-06 1.00 1.835E-06
412,200 1.20 2.202E-06 1.10 2.018E-06
439,200 1.40 2.569E-06 1.30 2.385E-06
Qi 4.264x10"? m’/s K, 4.465E-13 m/s
Q = 4314x10"2 m’/s o s 4.410E-13 m/s
K. = 4.437E-13 m/s
3.0E-06
& 256806 1 y1 = 4.264E-12x + 5.018E-07 @
E R? = 9.741E-01
g 2.0E-06 | >
K R o Sample 1
> 1.5E-06 -
e OSample 2
S y2 = 4.314E-12x + 4.047E-07
E 1.0E-06 1 / R? = 9.729E-01
3 vl
©  50E-07 |4
0.0E+00 . ( : :
0 100000 200000 300000 400000 500000

Cumulative Time (s)

Figure D.39 Relationship between cumulative volume of passing water and cumulative
time of 65RCF35 concrete at 28 days
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Table D.40 Water permeability at 90 days of 65SRCF35 concrete

[T = 4,75 om

L= 4.07cm
d; =10.01 cm d, =10.01 cm
A;= 0.00787 m? A, =0.00787 m®
Vol. of tube = 1.5394 cc./cm P =500,000 N/m?
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m’) (cm) (m’)
87,416 7.15 1.101E-05 9.70 1.493E-05
433,235 7.95 1.224E-05 10.60 1.632E-05
517,500 8.35 1.285E-05 10.70 1.647E-05
606,000 8.35 1.285E-05 11.10 1.709E-05
695,693 8.90 1.370E-05 11.60 1.786E-05
949,390 9.65 1.486E-05 12.10 1.863E-05
1,035,879 10.05 1.547E-05 12.60 1.940E-05
1,296,876 10.65 1.639E-05 13.30 2.047E-05
1,559,700 11.45 1.763E-05 13.80 2.124E-05
1,628,216 11.55 1.778E-05 14.10 2.171E-05
1,732,835 11.75 1.809E-05 14.20 2.186E-05
1,818,000 11.95 1.840E-05 14.40 2.217E-05
1,902,000 12.15 1.870E-05 14.60 2.247E-05
2,160,893 12555 1.932E-05 15.10 2.324E-05
2,244,790 12.95 1.993E-05 15.30 2.355E-05
2,332,779 12.95 1.993E-05 15.60 2.401E-05
2,765,676 13.95 2.147E-05 16.60 2.555E-05
Q = 4.029x10"%  m’/s Ki = 4.148E-13 m/s
Q = 3.989x10"2 m’/s K = 4.048E-13 m/s
Ky = 4.098E-13 m/s
3.0E-05
= 25E-05 { Yy2=3.989E-12x + 1.483E-05
e R? = 9.921E-01
E 2.0E-05 |
% o Sample 1
> 1.5E-05 |
'g OSample 2
2 y1 = 4.029E-12x + 1.087E-05
E 1.0E-05 1 R? = 9.895E-01
°  50E-06 |
0.0E+00 , :
0 1000000 2000000 3000000

Cumulative Time (s)

Figure D.40 Relationship between cumulative volume of passing water and cumulative
time of 65RCF35 concrete at 90 days



Table D.41 Water permeability at 28 days of 65RCF50 concrete

L, = 4,00 cm, P
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L= 40lcm
d; =10.04 cm d, =10.04 cm
A= 0.00787 m? A, =0.00787 m*
Vol. of tube = 1.5394 cc./cm P =500,000 N/m*
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
) (cm) (m’) (cm) (m’)
2,400 0.60 9.236E-07 0.20 3.079E-07
5,400 0.60 9.236E-07 0.20 3.079E-07
10,800 0.65 1.001E-06 0.25 3.848E-07
17,100 0.70 1.078E-06 0.30 4.618E-07
19,800 0.70 1.078E-06 0.30 4.618E-07
25,200 0.80 1.232E-06 0.35 5.388E-07
35,100 0.80 1.232E-06 0.40 6.158E-07
88,200 0.95 1.462E-06 0.50 7.697E-07
93,300 0.95 1.462E-06 0.50 7.697E-07
100,500 1.00 1.539E-06 0.55 8.467E-07
112,500 1.05 1.616E-06 0.55 8.467E-07
175,200 1.20 1.847E-06 0.70 1.078E-06
181,200 1.20 1.847E-06 0.70 1.078E-06
193,200 1.25 1.924E-06 0.70 1.078E-06
260,400 1.45 2.232E-06 0.85 1.308E-06
280,800 1.50 2.309E-06 0.90 1.385E-06
Q 4360x10"2 m’/s K, 4.432E-13 m/s
Q = 3.133x10™"2  m’/s K, = 3.185E-13 m/s
Ka = 3.808E-13 m/s
2.5E-06
y1 = 4.360E-12x + 1.085E-06
©  20E-06 | R? = 9.953E-01
%
S 1.5E-06 ©oSample 1
% OO OSample 2
£ 1.0E-06 -g»o«»
- y2 = 3.133E-12x + 5.006E-07
o r—— [ﬁg:pﬂ R?=9.918E-01
0.0E+00

0

50000 100000 150000 200000 250000 300000

Cumulative Time (s)

Figure D.41 Relationship between cumulative volume of passing water and cumulative
time of 65RCF50 concrete at 28 days
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Table D.42 Water permeability at 90 days of 65RCF50 concrete

MLy = & 10em L L & e

d| =10.02 cm dz =10.02 cm
A= 0.00787 m® A, =0.00787 m?
Vol. of tube = 1.5394 cc./cm P =500,000 N/m?
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m*) (cm) (m’)
345,819 3.70 5.696E-06 1.65 2.540E-06
430,084 4.00 6.158E-06 1.90 2.925E-06
518,584 4.20 6.465E-06 s 3.310E-06
608,277 4.50 6.927E-06 2.35 3.618E-06
861,974 5.20 8.005E-06 2.85 4.387E-06
948,463 5.50 8.467E-06 3.05 4.695E-06
1,209,460 6.00 9.236E-06 3.75 5.773E-06
1,472,284 6.60 1.016E-05 4.15 6.388E-06
1,540,800 6.85 1.054E-05 435 6.696E-06
1,645,419 7.10 1.093E-05 4.75 7.312E-06
1,730,584 7.40 1.139E-05 4.95 7.620E-06
1,814,584 7.60 1.170E-05 5.05 7.774E-06
2,073,477 8.20 1.262E-05 5.35 8.236E-06
2,157,374 8.25 1.270E-05 5.55 8.544E-06
2,245,363 8.40 1.293E-05 5.75 8.851E-06
2,678,260 9.70 1.493E-05 6.65 1.024E-05
Q = 3.855x10"% mY/s Ki = 3.933E-13 m/s
Q = 3.286x10"2 m’/s K, = 3.367E-13 m/s
Ki = 3.650E-13 m/s
1.6E-05
1.4E-05
=y y1 = 3.855E-12x + 4.560E-06
€ 12E-05 R? = 9.974E-01
(V]
5 1.0E-05
o ©oSample 1
> 8.0E-06 -
.g OSample 2
&  6.0E-06 -
2.0E-06 A
0.0E+00 r 1
0 1000000 2000000 3000000

Cumulative Time (s)

Figure D.42 Relationship between cumulative volume of passing water and cumulative
time of 65RCF50 concrete at 90 days



Table D.43 Water permeability at 28 days of 6SRCB20 concrete

Li = 420cm
d; =10.01 cm
Ay = 0.00787 m*

Vol. of tube = 1.5394 cc./cm

L,= 4.10cm
d;=10.01 cm
A;=0.00787 m?

P =500,000 N/m?
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Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
) (cm) (m’) (cm) (m’)
2,400 0.90 1.385E-06 1.40 2.155E-06
5,400 1.00 1.539E-06 1.40 2.155E-06
10,800 1.10 1.693E-06 1.45 2.232E-06
17,100 1.10 1.693E-06 1.45 2.232E-06
19,800 1.10 1.693E-06 1.50 2.309E-06
25,200 1.20 1.847E-06 1.50 2.309E-06
35,100 1.20 1.847E-06 1.60 2.463E-06
88,200 1.40 2.155E-06 1.80 2.771E-06
93,300 1.45 2.232E-06 1.80 2.771E-06
100,500 1.45 2.232E-06 1.90 2.925E-06
112,500 1.60 2.463E-06 1.95 3.002E-06
175,200 1.85 2.848E-06 2.30 3.541E-06
181,200 1.90 2.925E-06 2.30 3.541E-06
193,200 1.90 2.925E-06 250 3.541E-06
260,400 2.20 3.387E-06 2.70 4.156E-06
280,800 2.30 3.541E-06 2.80 4.310E-06
Qi 7.023x10"?  m’/s K; 7.354E-13 m/s
Q = 7.933x10"2  m’/s Ky = 8.109E-13 m/s
K., = 7.731E-13 m/s
5.0E-06
4.5E-06
- y2= 7.933E-12x + 2.086E-06
2; 4.0E-06 1 R? = 9.939E-01
S  3.5E-06 |
E  30e06 |
E o - ©Sample 1
2 om0 HED y1 = 7.023E-12x + 1.586E-06 B
S o0 R? = 9.901E-01
g 15E06 &
3 1.0E-06 |
5.0E-07 |
0.0E+00 , ; : , :
0 50000 100000 150000 200000 250000 300000

Cumulative Time (s)

Figure D.43 Relationship between cumulative volume of passing water and cumulative

time of 65RCB20 concrete at 28 days



Table D.44 Water permeability at 90 days of 6SRCB20 concrete

d; =10.04 cm
Ar = 0.00792 m?
Vol. of tube = 1.5394 cc./cm

L2 = 4.10cm
d;=10.04 cm
A =0.00792 m?

P =500,000 N/m*
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Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
() (cm) (m’) (cm) (m’)
85,440 2.70 4.156E-06 1.00 1.539E-06
172,560 3.00 4.618E-06 1.25 1.924E-06
261,395 3.50 5.388E-06 1.70 2.617E-06
348,811 4.00 6.158E-06 1.95 3.002E-06
694,630 5.60 8.621E-06 2.85 4.387E-06
778,895 5.90 9.082E-06 3.10 4.772E-06
867,395 6.30 9.698E-06 3.50 5.388E-06
957,088 6.70 1.031E-05 3.80 5.850E-06
1,210,785 7.50 1.155E-05 4.45 6.850E-06
1,297,274 8.00 1.232E-05 4.65 7.158E-06
1,558,271 9.00 1.385E-05 5.45 8.390E-06
1,809,380 10.00 1.539E-05 6.25 9.621E-06
Qi 6.539x10"  m’/s K; 6.647E-13 m/s
Q = 4.612x10"2 m’/s K, = 4.688E-13 m/s
Ky = 5.667E-13 m/s
1.8E-05
_ 16E-05 -
:é 1.4E-05 1 y1 = 6.539E-12x + 3.790E-06
E — R? = 9.967E-01
g 10E05 | o Sample 1
$  8.0E-06 - OSample 2
§ 6.0E-06 |
3  40E-06 y2 = 4.612E-12x + 1.265E-06
Ty R? = 9.981E-01
0.0E+00 ; : .
0 500000 1000000 1500000 2000000

Cumulative Time (s)

Figure D.44 Relationship between cumulative volume of passing water and cumulative

time of 65RCB20 concrete at 90 days
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Table D.45 Water permeability at 28 days of 6SRCB35 concrete

.1c

L = 415cm )=

d; =10.03 cm d; =10.03 cm
Ar= 0.00790 m? Az =0.00790 m>
Vol. of tube = 1.5394 cc./cm P =500,000 N/m?
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m’) (cm) (m’)
2,700 0.20 3.079E-07 0.20 3.079E-07
8,100 0.30 4.618E-07 0.30 4.618E-07
18,000 0.30 4.618E-07 0.30 4.618E-07
71,100 0.50 7.697E-07 0.50 7.697E-07
76,200 0.50 7.697E-07 0.50 7.697E-07
83,400 0.50 7.697E-07 0.60 9.236E-07
95,400 0.50 7.697E-07 0.60 9.236E-07
158,100 0.70 1.078E-06 0.80 1.232E-06
164,100 0.70 1.078E-06 0.80 1.232E-06
176,100 0.70 1.078E-06 0.80 1.232E-06
243,300 0.90 1.385E-06 1.00 1.539E-06
263,700 1.00 1.539E-06 1.10 1.693E-06
Q = 3.954x10"2  m’/s iS5 = 4.075E-13 m/s
Q = 4.504x10™"2 m’/s K, = 4.586E-13 m/s
Ka = 4.330E-13 m/s
1.8E-06
1.6E-06
-y y2 = 4.504E-12x + 4.798E-07
<E 1.4E-06 R?=9.836E-01
g 1.2E-06
3 ©Sample 1
E T:0E-R8 OSample 2
2 80E07 |
'é 6.0E-07 1 y1 = 3.954E-12x + 4.413E-07
8 4.0E-07 | (o]} R? = 9.810E-01
2.0E-07 -
0.0E+00

0 50000 100000 150000 200000 250000 300000

Cumulative Time (s)

Figure D.45 Relationship between cumulative volume of passing water and cumulative
time of 65RCB35 concrete at 28 days
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Table D.46 Water permeability at 90 days of 65RCB35 concrete

Li = 410cm L= 4.05cm
d; =10.04 cm d, =10.04 cm
A;= 0.00792 m? Az =0.00792 m?
Vol. of tube = 1.5394 cc./cm P =500,000 N/m*
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m’) (cm) (m’)
85,440 2.60 4.002E-06 1.20 1.847E-06
172,560 3.05 4.695E-06 1.60 2.463E-06
261,395 3.25 5.003E-06 2.00 3.079E-06
348,811 3.50 5.388E-06 2.20 3.387E-06
694,630 4.35 6.696E-06 2.90 4.464E-06
778,895 4.70 7.235E-06 3.10 4.772E-06
867,395 5.05 7.774E-06 3.50 5.388E-06
957,088 5.20 8.005E-06 3.85 5.927E-06
1,210,785 5.80 8.928E-06 4.50 6.927E-06
1,558,271 6.90 1.062E-05 5.25 8.082E-06
Q = 4.345x10"? m’/s KR 4.415E-13 m/s
Gy = 4.146x10"2 m’/s K, = 4.161E-13 m/s
K, = 4.288E-13 m/s
1.2E-05
£
2 8.0E06 |
% o Sample 1
> 6.0E-06
.“2’ 0OSample 2
S y2 = 4.146E-12x + 1.758E-06
5 R?=9.911E-01
© 20606 |
0.0E+00 : . ;
0 500000 1000000 1500000 2000000

Cumulative Time (s)

Figure D.46 Relationship between cumulative volume of passing water and cumulative
time of 65RCB35 concrete at 90 days
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Table D.47 Water permeability at 28 days of 65RCBS50 concrete

=~

Ly = %15 s BTSS0I

d; =10.01 cm d;=10.0lcm
A= 0.00787 m? Az =0.00787 m*
Vol. of tube = 1.5394 cc./cm = 500,000 N/m?
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m’) (cm) (m’)
2,400 0.25 3.848E-07 0.30 4.618E-07
5,400 0.25 3.848E-07 0.30 4.618E-07
10,800 0.25 3.848E-07 0.35 5.388E-07
17,100 0.30 4.618E-07 0.40 6.158E-07
19,800 0.30 4.618E-07 0.40 6.158E-07
25,200 0.30 4.618E-07 0.40 6.158E-07
35,100 0.35 5.388E-07 0.45 6.927E-07
88,200 0.50 7.697E-07 0.60 9.236E-07
93,300 0.50 7.697E-07 0.65 1.001E-06
100,500 0.55 8.467E-07 0.65 1.001E-06
112,500 0.55 8.467E-07 0.70 1.078E-06
175,200 0.80 1.232E-06 0.90 1.385E-06
181,200 0.80 1.232E-06 0.90 1.385E-06
193,200 0.80 1.232E-06 0.95 1.462E-06
280,800 1.20 1.847E-06 1.20 1.847E-06
Q = 5.018x10"2 m’/s Ki = 5.129E-13 m/s
QB = 4.957x10"* m’/s K, = 5.141E-13 m/s
K.y = 5.135E-13 m/s
2.0E-06
— 1.8E-08 1 y2 = 4.957E-12x + 4.960E-07
©  16E-06 R? = 9.949E-01
% 1.4E-06 |
E 12606 |
3 ©Sample 1
> 1.0E-06
% A OSample 2
g  6.0E-07 y1=5.018E-12x + 3.417E-07
3 40e-07 LP® R? = 9.904E-01
2.0E-07 -
0.0E+00 ' , . . .
0 50000 100000 150000 200000 250000 300000

Cumulative Time (s)

Figure D.47 Relationship between cumulative volume of passing water and cumulative
time of 65RCB50 concrete at 28 days



Table D.48 Water permeability at 90 days of 65RCB50 concrete

R X
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L,= 4.13cm
d; =10.03cm d, =10.03 cm
A= 0.00790 m? A, =0.00790 m?
Vol. of tube = 1.5394 cc./cm P =500,000 N/m*
Cum. Sample 1 Sample 2
Time Cum. H Cum. Vol. Cum. H Cum. Vol.
(s) (cm) (m’) (cm) (m’)
85,440 2.50 3.848E-06 1.40 2.155E-06
172,560 2.80 4.310E-06 1.50 2.309E-06
261,395 3.00 4.618E-06 2.00 3.079E-06
348,811 3.50 5.388E-06 2.20 3.387E-06
694,630 4.20 6.465E-06 3.00 4.618E-06
778,895 4.50 6.927E-06 3.50 5.388E-06
865,295 5.00 7.697E-06 3.70 5.696E-06
957,088 5.20 8.005E-06 4.00 6.158E-06
1,210,785 6.00 9.236E-06 5.00 7.697E-06
1,297,274 6.30 9.698E-06 5.20 8.005E-06
1,558,271 7.00 1.078E-05 6.00 9.236E-06
1,809,380 7.50 1.155E-05 6.50 1.001E-05
Qi 4.591x10"2 m’/s m = 4.686E-13 m/s
Q = 4.757x10"  m’/s K: = 4.879E-13 m/s
K. = 4.782E-13 m/s
1.4E-05
& 12B051 i 4591E-12x + 3.5356-06
E R? = 9.947E-01
S 1.0E-05
§
E 8.0E-06 - ©Sample 1
S 6.0E-06 | oSample 2
° 2.0E-06 -
0.0E+00 : : ’
0 500000 1000000 1500000 2000000

Cumulative Time (s)

Figure D.48 Relationship between cumulative volume of passing water and cumulative

time of 65RCBS50 concrete at 90 days



APPENDIX E

Chloride Penetration Depth



Table E.1 Chloride penetration depths of concretes with W/B ratio of 0.45
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Qé Chloride Penetration Depth (mm)
—_ w
2| 2 X - % = & 5
» g @) Q Q @) @) @) Q Q
fE| 2| 2| & | 2| 2| €| €| ¢
é < <t <t <t <t <t < <
B Laiad™ JF R0 | o laslani e L 1 | [N A2 | N 2
LoniB1a [F20°1 19 | 10 48CBIN6NIN S PPl 7 | 7 J%on| 631 7Lh5
1554 15714200019 |9 110 1.8 [ 928 M N7 LA 6. L7106 16
3 141141191810 |11 ]9 | 128 | 715|7]|]7]16|5]6
16 114117 18|11 |10 9 |10[{ 8 | 8|6 |5]|6|5|6]|6
1411418 (17]10]10| 8 9|19 | 8|7 |6]|6|6]|6]|7
14.5 18.5 10.0 8.8 8.0 6.4 6.1 6.0
28 125(30 (30| 15]|15]|10(13]10]|10|14|13|14|11| 7 | 8
23 (122 130 | Bt1 74 17 | 11 (S1Nls/i. Out” Wm0 | 14 [B11 | 7% ¥
6 25125132 (3015|1814 |11 |10 7 |9 ]|10]16]|12| 6 | 6
23120130 (29 (17|17 8 |11 | 7|9 (f11]|12]|14|14| 9 | 7
2212030127118 1141 7 |11 9| 8j12]13]13]|12| 7] 6
23.3 29.5 16.3 10.7 8.6 11.5 10.0 7.0
30 (31 (40 (42|21 |22 )14 15|10 |11[13|12|10]|11| 7 | 7
30[30 )38 )41 (2221141510 |11 |14 |13]10|10| 8 | 7
9 32130139139120(23 |13 |14f{11 ]9 [13]13]9|12]9] 6
31129139142 (192213 ]15]10|10[13|11] 9 |10]| 8 | 6
32({30138|42(19(21 113|141 9|9 [14]12]9 |10 8|6
30.5 40.0 21.0 14.0 10.0 12.8 10.0 T2
30 (35141 14323 (2515|1612 |10{14|12]12|11}| 8 | 7
31 (33143 |45(24 (2616|1612 1212 (12|11 |11]| 8 | 8
12 31 (34144 145 (25 (2517|1610 |11 {1513 |1L|{11| 7|9
30 134142143123 |25 18 [IS|11 |11 |13|15]10][10] 9 | 8
3235143 |44 (23 (2416|1510 |11 {12|14]10|11]| 8 | 8
32.5 43.3 24.3 16.0 11.0 13.2 10.8 8.0
33 135141 1452527119 (17[12 |14 |16 |18 15|14 12]11
3713514545127 12619181213 ]17]19]14{13[10] 11
18 3513648 4626|2518 19|13 |13 ]18[20]14|13]10] 11
3534148 471251261616 12 [ 13{19]{19]14[15]|11]10
35135146 4512512417 [19(13[14]|16]18 |14 |16 11|11
35.0 45.6 25.6 17.8 12.9 18.0 14.2 10.8

Note: The bold characters are average values.



Table E.2 Chloride penetration depths of concretes with W/B ratio of 0.55
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Chloride Penetration Depth (mm)

Q
g
~ % o " o o n o
32| z Sl 2| 2| 8| 8| &
g & ) &) @) O O O Q @)
SE| 2 & & & = & &= &
g v v v wv wv v v v
a L 6 | L2 | T il R il 1 | Onlni 420 | N 2
18120]27]20]10[10[10[10[12[10[12] 7 [ 6|78 |38
18120]25[20 |13 13[11|9[10[9 (11|76 7][8]7
3 (22]1s]3 (16|31 12(10|12{ 9 [13[9 |8 |7 |7 [6
2018 19|18 14 ]12[10[9[10[ 8 |10[ 8|6 756
20/20 1817|1113 [9 11|98 [10[10]10] 8] 6|6
186 | 203 | 120 | 100 | 97 | 9.7 72 | 66
32130[43 462017 [ 12121110 13]14[10][12] 7 | 6
28 1321444720 (1610111010 13 [12[12][11] 7 |7
6 12903143 (as|at[14] 91|99 [14[13|13[11]8 6
30 |28 {42 |41]20 15|15 14|12 9 [11[13[13[12] 9 | 8
30/30[40 39 1813|1411 |11 9 [14]13[10][12]10] 8
300 | 430 | 174 | 119 | 100 | 130 | 116 | 7.6
44 14551 52270251717 [ 1311|1516 15[ 11[10] 8
44 |46 |50 | 53 [25 (2517 |16 |11 |12 |13 |16 15| 12]11] 6
o |43146[49(52|26]24[ 18161211 [15[15][15]12]10] 6
43 14550 |54]25[23 (17 [17 |11 | 10|13 |16 |14[10] 8 | 7
43 146 |50 [54 |26 (24|18 171211 |14 [17[13]11]9 |7
445 | 515 | 250 | 170 | 114 | 150 | 128 | 82
49 | 48 |55 (56|26 [28 [ 15[ 18 [ 1115|1419 14]14] 9 |13
49 149 |54 57|27 2718 |18 |11 [ 1415|1815 15| 8 |12
1 147147159]56 |27 27|16 [19| 1114|1417 [14[15]10] 12
46 | 475556 |27 [26 |16 |19 |12 [ 15|17 |19 [14[16] 9 | 12
48 |48 | 5856272617 [19| 121516 19|15 15| 8 | 12
47.8 | 562 | 268 | 175 | 13.0 | 168 | 147 | 105
5251|6058 3031 (191813152220 [18]20]12]11
53152160 |60[30[29[19|19[14] 14|21 [22]18 181110
g |50152]59161[30]29]|18]18|14[13]23[24[ 1917|1111
5150|6061 ]|29128 16[17]|13[14]23 [ 22|18[17]11 |12
50 5106059283017 [17[14]13[21[22]17[18|11]12
512 | 598 | 294 | 178 | 137 | 220 | 180 | 112

Note: The bold characters are average values.




Table E.3 Chloride penetration depths of concretes with W/B ratio of 0.65
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Immersed Time
(months)

Chloride Penetration Depth (mm)

65CON

65RC

65RCF20

65RCF35

65RCF50

65RCB20

65RCB35

65RCB50

1

2

IF F2

il

= 2

2y

23

35130

204181

12 1112

12 | 13

17 115

11|14

28

21

2080

17116

13112

12 |#l2

13114

13 |13

23

23

35130

20|17

13 | 10

13 | 14

14 | 15

118 1.5

24

23

30 | 30

13 [ 15

10 | 10

12 | 14

14 ] 14

12 115

22

24

30 | 32

14 115

12 | 11

13 |15

15] 14

12 1§15

22:5

317

16.4

11.5

13.0

14.5

13.1

35

30

4343

16 | 18

18 | 13

25116

18 | 17

18 | 17

81

31

45 | 45

194717

16 | 10

10| 10

15 | 15

13 |16

22

32

48 | 44

20 | 18

20 | 12

12% 13

18 | 15

1117

34

3R

47 | 43

18 | 18

15 | &2

12 1 10

18 | 17

10 ] 15

33

30

45 | 45

17 [ 19

18 | 16

20| 13

I'> |1

10 | 14

32.0

44.8

18.0

15.0

14.1

16.5

14.1

49

50

64 | 67

2890

18 | 18

14 | 16

18 | 19

12 | 15

48

50

64 | 68

237,26

18 | 17

14 | 15

18 | 20

15%; 16

47

51

65 | 68

i ok

18 119

16 | 15

19 | 18

14 | 17

47

50

66 | 66

27726

17118

15| 14

20119

1515

48

50

65 | 67

26 | 26

17 | 18

15114

19 | 18

14 ] 14

49.0

66.0

25.8

17.8

14.8

18.8

14.5

12

31

52

70 | 72

30 | 28

17 [ 19

15 |wl6

2071 21

16 | 16

32

53

69 | 71

30130

18 | 19

14 | 15

20 ] 20

16 | 16

51

53

68 [ 70

30 | 31

16 | 18

14 | 16

20 | 21

15116

52

52

68 | 71

29 |30

16 | 19

15116

21 | 20

17117

32

52

70 | 71

29 .29

18 | 20

151 15

20 | 20

18 |17

52.0

70.0

29.6

18.0

15.0

20.3

16.4

18

60

39

76 | 74

34 |33

18 | 20

17116

26 |27

20 | 21

62

58

11 | 75

34|35

20 | 21

s | 17

28 | 27

20 | 20

62

o9

15 | 73

32 | 34

18 | 19

14 | 17

29128

20 | 20

61

39

75 | 74

3232

19 | 19

15118

26 | 26

21119

61

59

76 | 75

32130

20 | 21

15120

25 1 26

22 | 22

60.0

75.0

32.8

19.5

16.4

26.8

20.5

14.0

Note: The bold characters are average values.
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Example for determination of total chloride content at 12 months of
45CON at layer 2 (15 mm from surface of sample)

Molarity of standard NaCl
The 0.0585 grams of NaCl was dissolved in 100 mL of deionize (DI) water.
Molecular mass of NaCl = 58.5 g/mol (Na=23g, Cl=35.5g)

Therefore, [NaCl]= £ x 1000g/L
M, Vof DI water

w

0.0583 ¢ 3 1000g/L
58.5g/ mole 100 g

9.966x10™ or 0.009966 mole / L

Standardization of AgNO;
Average volume of AgNO; = 10.75 mL
Average volume of AgNO; for blank = 0.80 mL

From equation : NaCl + AgNO; — AgCl + NaNO;
n-NaCl 1
n- AgNO,
n-NaCl = n-AgNO,
thus, MV, = MV,

0.009966 mole/L x 10 mL = M, x (10.75-0.80) mL
M; = 0.0100161 mole/ L (Concentration of AgNO3)

Determination of total chloride in solution which was extracted from sample powder
by nitric acid

Weight of sample powder = 10 g

Volume of solution was used for titration = 10 mL (after diluting to 10 times)

Average titration volume of AgNO; = 2.45 mL

From equation : Cl” + AgNO, — AgCl + NO;
n-Cl”  _ 1
n-AgCl
n-Cl~ = n-AgCl
thus, MiVi = MV,

Mi(10mL) = 0.0100161x(2.45-0.80)
M, = 0.00165265 mole/L

%
- Concentration of CI” = (10x0.00165265 mole/L)x35.5 g/mole x e
1000g/L
= 0.058669%
P = Weight of binder / Total weight of mixture = 424/2361 = 17.958%

0
», Concentration of G ‘= 0.058666%x L2007

= 0.3267% (by weight of binder)

Note: Determination of the free chloride content is the same procedure except the solution
used. It was obtained from extracting the same sample powder by distrilled water.
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APPENDIX G

Expansion



Table G.1 Expansion of 65CON concrete immersed in 5% MgSO4 solution

166

Imﬁgzed Length (in) Diff. Length (in) Expansion (%) Average

(months) No.1 No.2 No.1 No.2 No.1 No.2 (%)
0 10.01890 9.99449 0.00000 0.00000 0.00000 0.00000 0.00000
1 10.01925 9.99519 0.00035 0.00070 0.00349 0.00700 0.00525
2 10.01965 Q 00540 0.00075 0.00100 0.00749 0.01001 0.00875
3 10.02015 9.99589 0.00125 0.00140 0.01248 0.01401 0.01324
4 10.02035 9.99594 0.00145 0.00145 0.01447 0.01451 0.01449
5 10.02085 9.99649 0.00195 0.00200 0.01946 0.02001 0.01974
6 10.02165 9.99709 0.00275 0.00260 0.02745 0.02601 0.02673
7 10.02185 9.99719 0.00295 0.00270 0.02944 0.02701 0.02823
8 10.02225 9.99764 0.00335 0.00315 0.03344 0.03152 0.03248
9 10.02235 9.99769 0.00345 0.00320 0.03443 0.03202 0.03323
10 10.02265 9.99819 0.00375 0.00370 0.03743 0.03702 0.03722
11 10.02270 9.99829 0.00380 0.00380 0.03793 0.03802 0.03797
12 10.02305 9.99869 0.00415 0.00420 0.04142 0.04202 0.04172
13 10.02305 9.99879 0.00415 0.00430 0.04142 0.04302 0.04222
14 10.02335 9.99914 0.00445 0.00465 0.04442 0.04653 0.04547
15 10.02405 9.99979 0.00515 0.00530 0.05140 0.05303 0.05222
16 10.02415 9.99989 0.00525 0.00540 0.05240 0.05403 0.05322
17 10.02445 | 10.00029 0.00555 0.00580 0.05540 0.05803 0.05671
18 10.02475 | 10.00074 0.00585 0.00625 0.05839 0.06253 0.06046
19 10.02520 10.00129 0.00630 0.00680 0.06288 0.06804 0.06546
20 10.02505 10.00139 0.00615 0.00690 0.06138 0.06904 0.06521
21 10.02565 | 10.00189 0.00675 0.00740 0.06737 0.07404 0.07071
22 10.02530 10.00164 0.00640 0.00715 0.06388 0.07154 0.06771
23 10.02530 | 10.00224 0.00640 0.00775 0.06388 0.07754 0.07071
24 10.02585 10.00279 0.00695 0.00830 0.06937 0.08305 0.07621

Table G.2 Expansion of 65RC concrete immersed in 5% MgSOj4 solution

lm’?;frzzed Length (in) Diff. Length (in) Expansion (%) Average

(months) No.1 No.2 No.1 No.2 No.1 No.2 (%)
0 9.97953 10.00000 0.00000 0.00000 0.00000 0.00000 0.00000
1 9.98003 10.00040 0.00050 0.00040 0.00501 0.00400 0.00451
2 9.98048 10.00100 0.00095 0.00100 0.00952 0.01000 0.00976
3 9.98093 10.00115 0.00140 0.00115 0.01403 0.01150 0.01276
4 9.98188 10.00065 0.00235 0.00065 0.02355 0.00650 0.01502
5 9.98188 10.00200 0.00235 0.00200 0.02355 0.02000 0.02177
6 9.98233 10.00270 0.00280 0.00270 0.02806 0.02700 0.02753
7 9.98253 10.00320 0.00300 0.00320 0.03006 0.03200 0.03103
8 9.98293 10.00340 0.00340 0.00340 0.03407 0.03400 0.03403
9 9.98303 10.00340 0.00350 0.00340 0.03507 0.03400 0.03454
10 9.98333 10.00370 0.00380 0.00370 0.03808 0.03700 0.03754
11 9.98353 10.00420 0.00400 0.00420 0.04008 0.04200 0.04104
12 9.98393 10.00440 0.00440 0.00440 0.04409 0.04400 0.04405
13 9.98473 10.00525 0.00520 0.00525 0.05211 0.05250 0.05230
14 9.98488 10.00540 0.00535 0.00540 0.05361 0.05400 0.05380
15 9.98628 10.00580 0.00675 0.00580 0.06764 0.05800 0.06282
16 9.98663 10.00650 0.00710 0.00650 0.07115 0.06500 0.06807
17 9.98693 10.00680 0.00740 0.00680 0.07415 0.06800 0.07108
18 9.98773 10.00730 0.00820 0.00730 0.08217 0.07300 0.07758
19 9.98798 10.00770 0.00845 0.00770 0.08467 0.07700 0.08084
20 9.98853 10.00815 0.00900 0.00815 0.09018 0.08150 0.08584
21 9.98878 10.00865 0.00925 0.00865 0.09269 0.08650 0.08959
22 9.98903 10.00830 0.00950 0.00830 0.09519 0.08300 0.08910
23 9.98883 10.00895 0.00930 0.00895 0.09319 0.08950 0.09135
24 9.99013 10.00940 0.01060 0.00940 0.10622 0.09400 0.10011




Table G.3 Expansion of 65RCF20 concrete immersed in 5% MgSO, solution

167

[m”;rilﬁ:zed Length (in) Diff. Length (in) Expansion (%) Average
(months) No.1 No.2 No.1 No.2 No.1 No.2 (%)
0 9.97717 10.03937 0.00000 0.00000 0.00000 0.00000 0.00000
1 9.97822 10.03937 0.00105 0.00000 0.01052 0.00000 0.00526
2 9.97802 10.04027 0.00085 0.00090 0.00852 0.00896 0.00874
3 9.97827 10.04037 0.00110 0.00100 0.01103 0.00996 0.01049
4 9.97852 10.04082 0.00135 0.00145 0.01353 0.01444 0.01399
5} 9.97922 10.04077 0.00205 0.00140 0.02055 0.01395 0.01725
6 9.97952 10.04192 0.00235 0.00255 0.02355 0.02540 0.02448
7 9.97977 10.04227 0.00260 0.00290 0.02606 0.02889 0.02747
8 9.98022 10.04247 0.00305 0.00310 0.03057 0.03088 0.03072
9 9.98042 10.04267 0.00325 0.00330 0.03257 0.03287 0.03272
10 9.98057 10.04252 0.00340 0.00315 0.03408 0.03138 0.03273
11 9.98032 10.04297 0.00315 0.00360 0.03157 0.03586 0.03372
12 9.98102 10.04327 0.00385 0.00390 0.03859 0.03885 0.03872
13 9.98092 10.04337 0.00375 0.00400 0.03759 0.03984 0.03871
14 9.98092 10.04317 0.00375 0.00380 0.03759 0.03785 0.03772
15 9.98102 10.04317 0.00385 0.00380 0.03859 0.03785 0.03822
16 9.98112 10.04322 0.00395 0.00385 0.03959 0.03835 0.03897
17 9.98152 10.04337 0.00435 0.00400 0.04360 0.03984 0.04172
18 9.98142 10.04347 0.00425 0.00410 0.04260 0.04084 0.04172
19 9.98152 10.04337 0.00435 0.00400 0.04360 0.03984 0.04172
20 9.98137 10.04362 0.00420 0.00425 0.04210 0.04233 0.04221
21 9.98152 10.04377 0.00435 0.00440 0.04360 0.04383 0.04371
22 9.98172 10.04397 0.00455 0.00460 0.04560 0.04582 0.04571
23 9.98192 10.04417 0.00475 0.00480 0.04761 0.04781 0.04771
24 9.98222 10.04447 0.00505 0.00510 0.05062 0.05080 0.05071
Table G.4 Expansion of 65RCF35 concrete immersed in 5% MgSQ, solution
Imﬁﬁ:zed Length (in) Diff. Length (in) Expansion (%) Average
(months) No.1 No.2 No.1 No.2 No.1 No.2 (%)
0 10.00157 10.06693 0.00000 0.00000 0.00000 0.00000 0.00000
1 10.00192 10.06743 0.00035 0.00050 0.00350 0.00497 0.00423
2 10.00232 10.06763 0.00075 0.00070 0.00750 0.00695 0.00723
3 10.00252 10.06803 0.00095 0.00110 0.00950 0.01093 0.01021
4 10.00272 10.06818 0.00115 0.00125 0.01150 0.01242 0.01196
5 10.00287 10.06863 0.00130 0.00170 0.01300 0.01689 0.01494
6 10.00357 10.06888 0.00200 0.00195 0.02000 0.01937 0.01968
7 10.00387 10.06923 0.00230 0.00230 0.02300 0.02285 0.02292
8 10.00427 10.06963 0.00270 0.00270 0.02700 0.02682 0.02691
9 10.00452 10.07003 0.00295 0.00310 0.02950 0.03079 0.03014
10 10.00467 10.07003 0.00310 0.00310 0.03100 0.03079 0.03089
11 10.00477 10.07023 0.00320 0.00330 0.03199 0.03278 0.03239
12 10.00492 10.07033 0.00335 0.00340 0.03349 0.03377 0.03363
13 10.00487 10.07043 0.00330 0.00350 0.03299 0.03477 0.03388
14 10.00507 10.07038 0.00350 0.00345 0.03499 0.03427 0.03463
15 10.00507 10.07043 0.00350 0.00350 0.03499 0.03477 0.03488
16 10.00517 10.07058 0.00360 0.00365 0.03599 0.03626 0.03613
17 10.00537 10.07033 0.00380 0.00340 0.03799 0.03377 0.03588
18 10.00527 10.07053 0.00370 0.00360 0.03699 0.03576 0.03638
19 10.00527 10.07053 0.00370 0.00360 0.03699 0.03576 0.03638
20 10.00537 10.07063 0.00380 0.00370 0.03799 0.03675 0.03737
21 10.00527 10.07063 0.00370 0.00370 0.03699 0.03675 0.03687
22 10.00537 10.07123 0.00380 0.00430 0.03799 0.04271 0.04035
23 10.00577 10.07113 0.00420 0.00420 0.04199 0.04172 0.04186
24 10.00587 10.07133 0.00430 0.00440 0.04299 0.04371 0.04335




Table G.5 Expansion of 65RCF50 concrete immersed in 5% MgSQj, solution
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lm}?ersed Length (in) Diff. Length (in) Expansion (%) Average
1me
(months) No.1 No.2 No.1 No.2 No.1 No.2 (%)
0 10.08189 | 10.02047 | 0.00000 0.00000 0.00000 0.00000 0.00000
1 10.08234 | 10.02072 | 0.00045 0.00025 0.00446 0.00249 0.00348
2 10.08249 | 10.02092 | 0.00060 0.00045 0.00595 0.00449 0.00522
3 10.08294 | 10.02122 | 0.00105 0.00075 0.01041 0.00748 0.00895
4 10.08304 | 10.02147 | 0.00115 0.00100 0.01141 0.00998 0.01069
5 10.08324 | 10.02162 | 0.00135 0.00115 0.01339 0.01148 0.01243
6 10.08379 | 10.02222 | 0.00190 0.00175 0.01885 0.01746 0.01815
7 10.08409 | 10.02252 | 0.00220 0.00205 0.02182 0.02046 0.02114
8 10.08429 | 10.02307 | 0.00240 0.00260 0.02381 0.02595 0.02488
9 10.08469 | 10.02312 | 0.00280 0.00265 0.02777 0.02645 0.02711
10 10.08464 | 10.02327 | 0.00275 0.00280 0.02728 0.02794 0.02761
1 10.08479 | 10.02352 | 0.00290 0.00305 0.02876 0.03044 0.02960
12 10.08469 | 10.02357 | 0.00280 0.00310 0.02777 0.03094 0.02935
13 10.08469 | 10.02367 | 0.00280 0.00320 0.02777 0.03193 0.02985
14 10.08479 | 10.02357 | 0.00290 0.00310 0.02876 0.03094 0.02985
15 10.08484 | 10.02382 | 0.00295 0.00335 0.02926 0.03343 0.03135
16 10.08489 | 10.02387 | 0.00300 0.00340 0.02976 0.03393 0.03184
17 10.08504 | 10.02362 | 0.00315 0.00315 0.03124 0.03144 0.03134
18 10.08519 | 10.02367 | 0.00330 0.00320 0.03273 0.03193 0.03233
19 10.08519 | 10.02357 | 0.00330 0.00310 0.03273 0.03094 0.03183
20 10.08524 | 10.02362 | 0.00335 0.00315 0.03323 0.03144 0.03233
21 10.08539 | 10.02377 | 0.00350 0.00330 0.03472 0.03293 0.03382
22 10.08539 | 10.02377 | 0.00350 0.00330 0.03472 0.03293 0.03382
23 10.08554 | 10.02392 | 0.00365 0.00345 0.03620 0.03443 0.03532
24 10.08599 [ 10.02392 | 0.00410 0.00345 0.04067 0.03443 0.03755
Table G.6 Expansion of 65RCB20 concrete immersed in 5% MgSQj4 solution
‘ﬂ{frf;:zcd Length (in) Diff. Length (in) Expansion (%) Average
(months) No.1 No.2 No.1 No.2 No.1 No.2 (%)
0 9.98425 | 10.04567 | 0.00000 0.00000 0.00000 0.00000 0.00000
I 9.98480 | 10.04612 | 0.00055 0.00045 0.00551 0.00448 0.00499
2 9.98495 | 10.04642 | 0.00070 0.00075 0.00701 0.00747 0.00724
3 9.98525 10.04677 | 0.00100 0.00110 0.01002 0.01095 0.01048
4 9.98555 10.04722_ | 0.00130 0.00155 0.01302 0.01543 0.01423
5 9.98615 10.04757 | 0.00190 0.00190 0.01903 0.01891 0.01897
6 9.98680 | 10.04817 | 0.00255 0.00250 0.02554 0.02489 0.02521
7 9.98710 | 10.04847 | 0.00285 0.00280 0.02854 0.02787 0.02821
8 9.98735 10.04857 | 0.00310 0.00290 0.03105 0.02887 0.02996
9 9.98720 | 10.04887 | 0.00295 0.00320 0.02955 0.03185 0.03070
10 9.98735 | 10.04902 | 0.00310 0.00335 0.03105 0.03335 0.03220
11 9.98790 | 10.04937 | 0.00365 0.00370 0.03656 0.03683 0.03669
12 9.98830 | 10.04897 | 0.00405 0.00330 0.04056 0.03285 0.03671
13 9.98865 | 10.04927 | 0.00440 0.00360 0.04407 0.03584 0.03995
14 9.98790 | 10.05027 | 0.00365 0.00460 0.03656 0.04579 0.04117
15 9.98860 | 10.05007 | 0.00435 0.00440 0.04357 0.04380 0.04368
16 9.98865 | 10.05007 | 0.00440 0.00440 0.04407 0.04380 0.04393
17 9.98870 | 10.05017 | 0.00445 0.00450 0.04457 0.04480 0.04468
18 9.98880 | 10.05027 | 0.00455 0.00460 0.04557 0.04579 0.04568
19 9.98870 | 10.05027 | 0.00445 0.00460 0.04457 0.04579 0.04518
20 9.98890 | 10.05107 | 0.00465 0.00540 0.04657 0.05375 0.05016
21 9.98890 | 10.05167 | 0.00465 0.00600 0.04657 0.05973 0.05315
22 9.98910 | 10.05177 | 0.00485 0.00610 0.04858 0.06072 0.05465
23 9.98900 | 10.05177 | 0.00475 0.00610 0.04757 0.06072 0.05415
24 9.98800 | 10.05397 | 0.00375 0.00830 0.03756 0.08262 0.06009




Table G.7 Expansion of 65SRCB35 concrete immersed in 5% MgSQy solution
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Im{fi‘:’nrzed Length (in) Diff. Length (in) Expansion (%) Average
(months) No.1 No.2 No.1 No.2 No.1 No.2 (%)
0 10.06299 10.04252 0.00000 0.00000 0.00000 0.00000 0.00000
1 10.06344 10.04297 0.00045 0.00045 0.00447 0.00448 0.00448
2 10.06379 10.04327 0.00080 0.00075 0.00795 0.00747 0.00771
3 10.06399 10.04362 0.00100 0.00110 0.00994 0.01095 0.01045
4 10.06424 10.04387 0.00125 0.00135 0.01242 0.01344 0.01293
5 10.06469 10.04417 0.00170 0.00165 0.01689 0.01643 0.01666
6 10.06524 10.04467 0.00225 0.00215 0.02236 0.02141 0.02188
7 10.06574 10.04522 0.00275 0.00270 0.02733 0.02689 0.02711
8 10.06594 10.04537 0.00295 0.00285 0.02932 0.02838 0.02885
9 10.06599 10.04547 0.00300 0.00295 0.02981 0.02938 0.02959
10 10.06604 10.04562 0.00305 0.00310 0.03031 0.03087 0.03059
11 10.06664 10.04622 0.00365 0.00370 0.03627 0.03684 0.03656
12 10.06669 10.04637 0.00370 0.00385 0.03677 0.03834 0.03755
13 10.06699 10.04612 0.00400 0.00360 0.03975 0.03585 0.03780
14 10.06694 10.04662 0.00395 0.00410 0.03925 0.04083 0.04004
15 10.06709 10.04652 0.00410 0.00400 0.04074 0.03983 0.04029
16 10.06719 10.04662 0.00420 0.00410 0.04174 0.04083 0.04128
17 10.06729 10.04657 0.00430 0.00405 0.04273 0.04033 0.04153
18 10.06739 10.04672 0.00440 0.00420 0.04372 0.04182 0.04277
19 10.06729 10.04672 0.00430 0.00420 0.04273 0.04182 0.04228
20 10.06729 10.04687 0.00430 0.00435 0.04273 0.04332 0.04302
21 10.06734 10.04707 0.00435 0.00455 0.04323 0.04531 0.04427
22 10.06749 10.04722 0.00450 0.00470 0.04472 0.04680 0.04576
23 10.06759 10.04737 0.00460 0.00485 0.04571 0.04829 0.04700
24 10.06789 10.04757 0.00490 0.00505 0.04869 0.05029 0.04949

Table G.8 Expansion of 65RCBS50 concrete immersed in 5% MgSOy solution

Im;fi‘zz"d Length (in) Diff. Length (in) Expansion (%) Average
(months) No.1 No.2 No.1 No.2 No.1 No.2 (%)
0 9.94094 9.97874 0.00000 0.00000 0.00000 0.00000 0.00000
1 9.94119 9.97904 0.00025 0.00030 0.00251 0.00301 0.00276
2 9.94139 | 9.97934 | 0.00045 | nonoea | 0.00453 0.00601 0.00527
3 9.94184 9.97969 0.00090 0.00095 0.00905 0.00952 0.00929
4 9.94204 9.97979 0.00110 0.00105 0.01107 0.01052 0.01079
5 9.94234 9.98014 0.00140 0.00140 0.01408 0.01403 0.01406
6 9.94284 9.98049 0.00190 0.00175 0.01911 0.01754 0.01833
7 9.94359 9.98124 0.00265 0.00250 0.02666 0.02505 0.02586
8 9.94369 9.98154 0.00275 0.00280 0.02766 0.02806 0.02786
9 9.94369 9.98154 0.00275 0.00280 0.02766 0.02806 0.02786
10 9.94399 9.98169 0.00305 0.00295 0.03068 0.02956 0.03012
11 9.94419 9.98194 0.00325 0.00320 0.03269 0.03207 0.03238
12 9.94434 9.98214 0.00340 0.00340 0.03420 0.03407 0.03414
13 9.94429 9.98224 0.00335 0.00350 0.03370 0.03507 0.03439
14 9.94449 9.98234 0.00355 0.00360 0.03571 0.03608 0.03589
15 9.94454 9.98209 0.00360 0.00335 0.03621 0.03357 0.03489
16 9.94469 9.98224 0.00375 0.00350 0.03772 0.03507 0.03640
17 9.94464 9.98219 0.00370 0.00345 0.03722 0.03457 0.03590
18 9.94489 9.98234 0.00395 0.00360 0.03973 0.03608 0.03791
19 9.94474 9.98244 0.00380 0.00370 0.03823 0.03708 0.03765
20 9.94484 9.98244 0.00390 0.00370 0.03923 0.03708 0.03816
21 9.94499 9.98244 0.00405 0.00370 0.04074 0.03708 0.03891
22 9.94509 9.98259 0.00415 0.00385 0.04175 0.03858 0.04016
23 9.94519 9.98264 0.00425 0.00390 0.04275 0.03908 0.04092
24 9.94869 9.98034 0.00775 0.00160 0.07796 0.01603 0.04700




Table G.9 Expansion of 65CON concrete immersed in 5% Na,SO, solution
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Img;f:ed Length (in) Diff. Length (in) Expansion (%) Average
(months) No.1 No.2 No.1 No.2 No.1 No.2 (%)
0 9.99449 9.96614 0.00000 0.00000 0.00000 0.00000 0.00000
1 9.99549 9.96714 0.00100 0.00100 0.01001 0.01003 0.01002
2 9.99639 9.96794 0.00190 0.00180 0.01901 0.01806 0.01854
3 9.99679 9.96834 0.00230 0.00220 0.02301 0.02207 0.02254
4 9.99694 9.96859 0.00245 0.00245 0.02451 0.02458 0.02455
5 9.99759 9.96934 0.00310 0.00320 0.03102 0.03211 0.03156
6 9.99789 9.97034 0.00340 0.00420 0.03402 0.04214 0.03808
7 9.99809 9.97054 0.00360 0.00440 0.03602 0.04415 0.04008
8 9.99839 9.97004 0.00390 0.00390 0.03902 0.03913 0.03908
9 9.99879 9.97044 0.00430 0.00430 0.04302 0.04315 0.04308
10 9.99889 9.97069 0.00440 0.00455 0.04402 0.04565 0.04484
1 9.99929 9.97084 0.00480 0.00470 0.04803 0.04716 0.04759
12 9.99949 9.97104 0.00500 0.00490 0.05003 0.04917 0.04960
13 9.99969 9.97124 0.00520 0.00510 0.05203 0.05117 0.05160
14 9.99999 9.97154 0.00550 0.00540 0.05503 0.05418 0.05461
15 10.00049 | 9.97204 0.00600 0.00590 0.06003 0.05920 0.05962
16 10.00079 | 9.97234 0.00630 0.00620 0.06303 0.06221 0.06262
17 10.00124 | 9.97279 0.00675 0.00665 0.06754 0.06673 0.06713
18 10.00179 | 9.97334 0.00730 0.00720 0.07304 0.07224 0.07264
19 10.00209 | 9.97364 0.00760 0.00750 0.07604 0.07525 0.07565
20 10.00224 | 9.97374 0.00775 0.00760 0.07754 0.07626 0.07690
21 10.00289 | 9.97439 0.00840 0.00825 0.08405 0.08278 0.08341
22 10.00329 | 9.97489 0.00880 0.00875 0.08805 0.08780 0.08792
23 10.00384 | 9.97529 0.00935 0.00915 0.09355 0.09181 0.09268
24 10.00469 | 9.97574 0.01020 0.00960 0.10206 0.09633 0.09919
Table G.10 Expansion of 65RC concrete immersed in 5% Na,SOy solution
Im%'g::c‘d Length (in) Diff. Length (in) Expansion (%) Average
(months) No.1 No.2 No.1 No.2 No.1 No.2 (%)
0 9.99921 10.07008 | 0.00000 0.00000 0.00000 0.00000 0.00000
I 10.00021 | 10.07118 | 0.00100 0.00110 0.01000 0.01092 0.01046
2 10.00121 | 1007228 | 0.00200 0.00220 0.02000 0.02185 0.02092
3 10.00181 | 10.07288 | 0.00260 0.00280 0.02600 0.02781 0.02690
4 10.00236 | 10.07333_| 0.00315 0.00325 0.03150 0.03227 0.03189
5 10.00311 | 10.07398 | 0.00390 0.00390 0.03900 0.03873 0.03887
6 10.00360 | 10.07447 | 0.00439 0.00439 0.04390 0.04359 0.04375
7 10.00381 | 10.07473 | 0.00460 0.00465 0.04600 0.04618 0.04609
8 10.00401 | 10.07498 | 0.00480 0.00490 0.04800 0.04866 | 0.04833
9 10.00441 | 10.07528 | 0.00520 0.00520 0.05200 0.05164 0.05182
10 10.00441 | 10.07538 | 0.00520 0.00530 0.05200 0.05263 0.05232
1 10.00466 | 10.07563 | 0.00545 0.00555 0.05450 0.05511 0.05481
12 10.00501 | 10.07598 | 0.00580 0.00590 0.05800 0.05859 0.05830
13 10.00526 | 10.07618 | 0.00605 0.00610 0.06050 0.06058 0.06054
14 10.00571 | 10.07658 | 0.00650 0.00650 0.06501 0.06455 0.06478
15 10.00621 | 10.07718 | 0.00700 0.00710 0.07001 0.07031 0.07026
16 10.00639 | 10.07726 | 0.00718 0.00718 0.07181 0.07130 | 0.07155
17 10.00711 | 10.07788 | 0.00790 0.00780 0.07901 0.07746 0.07823
18 10.00851 | 10.07698 | 0.00930 0.00690 0.09301 0.06852 0.08076
19 10.00921 | 10.07738 | 0.01000 0.00730 0.10001 0.07249 0.08625
20 10.00961 | 10.07768 | 0.01040 0.00760 0.10401 0.07547 0.08974
21 10.00851 | 10.07948 | 0.00930 0.00940 0.09301 0.09335 0.09318
2 10.00916 | 10.07985 | 0.00995 0.00976 0.09951 0.09697 0.09824
23 10.00951 | 10.08048 | 0.01030 0.01040 0.10301 0.10328 0.10314
24 10.00981 | 10.08078 | 0.01060 0.01070 0.10601 0.10626 0.10613




Table G.11 Expansion of 65RCF20 concrete immersed in 5% Na;SO4 solution
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Imﬁf;:ed Length (in) Diff. Length (in) Expansion (%) Average
(months) No.1 No.2 No.1 No.2 No.1 No.2 (%)
0 9.94094 9.92362 0.00000 0.00000 0.00000 0.00000 0.00000
1 9.94144 9.92422 0.00050 0.00060 0.00503 0.00605 0.00554
2 9.94194 9.92482 0.00100 0.00120 0.01006 0.01209 0.01108
3 9.94239 9.92512 0.00145 0.00150 0.01459 0.01512 0.01485
4 9.94349 9.92567 0.00255 0.00205 0.02565 0.02066 0.02315
5 9.94354 9.92592 0.00260 0.00230 0.02615 0.02318 0.02467
6 9.94424 9.92672 0.00330 0.00310 0.03320 0.03124 0.03222
7 9.94444 9.92702 0.00350 0.00340 0.03521 0.03426 0.03473
8 9.94489 9.92757 0.00395 0.00395 0.03973 0.03980 0.03977
9 9.94489 9.92747 0.00395 0.00385 0.03973 0.03880 0.03927
10 9.94524 9.92792 0.00430 0.00430 0.04326 0.04333 0.04329
1 9.94544 9.92812 0.00450 0.00450 0.04527 0.04535 0.04531
12 9.94539 9.92807 0.00445 0.00445 0.04476 0.04484 0.04480
13 9.94579 9.92837 0.00485 0.00475 0.04879 0.04787 0.04833
14 9.94584 9.92842 0.00490 0.00480 0.04929 0.04837 0.04883
15 9.94574 9.92837 0.00480 0.00475 0.04829 0.04787 0.04808
16 9.94589 9.92857 0.00495 0.00495 0.04979 0.04988 0.04984
17 9.94619 9.92877 0.00525 0.00515 0.05281 0.05190 0.05235
18 9.94604 9.92872 0.00510 0.00510 0.05130 0.05139 0.05135
19 9.94624 9.92897 0.00530 0.00535 0.05331 0.05391 0.05361
20 9.94639 9.92912 0.00545 0.00550 0.05482 0.05542 0.05512
21 9.94674 9.92952 0.00580 0.00590 0.05834 0.05945 0.05890
22 9.94684 9.92962 0.00590 0.00600 0.05935 0.06046 0.05991
23 9.94689 9.92967 0.00595 0.00605 0.05985 0.06097 0.06041
24 9.94714 9.92992 0.00620 0.00630 0.06237 0.06348 0.06293

Table G.12 Expansion of 65RCF35 concrete immersed in 5% Na;SOy4 solution

Im%‘s:zed Length (in) Diff. Length (in) Expansion (%) Average
(months) No.1 No.2 No.1 No.2 No.1 No.2 (%)

0 10.00551 10.02205 0.00000 0.00000 0.00000 0.00000 0.00000

1 10.00601 10.02275 0.00050 0.00070 0.00500 0.00698 0.00599

2 10.00646 10.02305 0.00095 0.00100 0.00949 0.00998 0.00974

3 10.00691 10.02355 0.00140 0.00150 0.01399 0.01497 0.01448

4 10.00726 10.02380 0.00175 0.00175 0.01749 0.01746 0.01748

5 10.00781 10.02445 0.00230 0.00240 0.02299 0.02395 0.02347

6 10.00801 10.02455 0.00250 0.00250 0.02499 0.02494 0.02497

7 10.00861 10.02515 0.00310 0.00310 0.03098 0.03093 0.03096

8 10.00901 10.02555 0.00350 0.00350 0.03498 0.03492 0.03495

9 10.00931 10.02595 0.00380 0.00390 0.03798 0.03891 0.03845

10 10.00961 10.02615 0.00410 0.00410 0.04098 0.04091 0.04094

11 10.00971 10.02625 0.00420 0.00420 0.04198 0.04191 0.04194

12 10.00991 10.02635 0.00440 0.00430 0.04398 0.04291 0.04344

13 10.01011 10.02670 0.00460 0.00465 0.04597 0.04640 0.04619

14 10.01001 10.02655 0.00450 0.00450 0.04498 0.04490 0.04494

15 10.01021 10.02675 0.00470 0.00470 0.04697 0.04690 0.04694

16 10.01001 10.02665 0.00450 0.00460 0.04498 0.04590 0.04544

17 10.01031 10.02685 0.00480 0.00480 0.04797 0.04789 0.04793

18 10.01051 10.02705 0.00500 0.00500 0.04997 0.04989 0.04993

19 10.01061 10.02705 0.00510 0.00500 0.05097 0.04989 0.05043

20 10.01061 10.02715 0.00510 0.00510 0.05097 0.05089 0.05093

21 10.01081 10.02745 0.00530 0.00540 0.05297 0.05388 0.05343

22 10.01091 10.02755 0.00540 0.00550 0.05397 0.05488 0.05442

23 10.01086 10.02750 0.00535 0.00545 0.05347 0.05438 0.05393

24 10.01131 10.02785 0.00580 0.00580 0.05797 0.05787 0.05792




Table G.13 Expansion of 65RCF50 concrete immersed in 5% Na,SO4 solution
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lmﬁﬁied Length (in) Diff. Length (in) Expansion (%) Average
(months) No.1 No.2 No.1 No.2 No.1 No.2 (%)
0 9.95433 9.96614 0.00000 | 0.00000 0.00000 0.00000 0.00000
1 9.95468 9.96654 0.00035 0.00040 0.00352 0.00401 0.00376
2 9.95493 9.96694 0.00060 0.00080 0.00603 0.00803 0.00703
3 9.95533 9.96714 0.00100 | 0.00100 0.01005 0.01003 0.01004
4 9.95548 9.96729 0.00115 0.00115 0.01155 0.01154 0.01155
5 9.95633 9.96834 0.00200 | 0.00220 0.02009 0.02207 0.02108
6 9.95658 9.96859 0.00225 0.00245 0.02260 0.02458 0.02359
7 9.95678 9.96879 0.00245 0.00265 0.02461 0.02659 0.02560
8 9.95738 9.96929 0.00305 0.00315 0.03064 0.03161 0.03112
9 9.95763 9.96944 0.00330 0.00330 0.03315 0.03311 0.03313
10 9.95788 9.96969 0.00355 0.00355 0.03566 0.03562 0.03564
11 9.95793 9.96974 0.00360 | 0.00360 0.03617 0.03612 0.03614
12 9.95813 9.96994 0.00380 0.00380 0.03817 0.03813 0.03815
13 9.95823 9.97004 0.00390 0.00390 0.03918 0.03913 0.03916
14 9.95843 9.97024 0.00410 0.00410 0.04119 0.04114 0.04116
15 9.95843 9.97034 0.00410 | 0.00420 0.04119 0.04214 0.04167
16 9.95858 9.97039 0.00425 0.00425 0.04269 0.04264 0.04267
17 9.95883 9.97054 0.00450 | 0.00440 0.04521 0.04415 0.04468
18 9.95903 9.97084 0.00470 0.00470 0.04722 0.04716 0.04719
19 9.95913 9.97089 0.00480 0.00475 0.04822 0.04766 0.04794
20 9.95923 9.97104 0.00490 0.00490 0.04922 0.04917 0.04920
21 9.95933 9.97114 0.00500 | 0.00500 0.05023 0.05017 0.05020
22 9.95943 9.97119 0.00510 0.00505 0.05123 0.05067 0.05095
23 9.95953 9.97124 0.00520 0.00510 0.05224 0.05117 0.05171
24 9.95973 9.97184 0.00540 | 0.00570 0.05425 0.05719 0.05572

Table G.14 Expansion of 65RCB20 concrete immersed in 5% Na,SO4 solution

'm{f}efsed Length (in) Diff. Length (in) Expansion (%) Average

me

(months) No.1 No.2 No.1 No.2 No.1 No.2 (%)
0 10.11417 | 9.98504 0.00000 0.00000 0.00000 0.00000 0.00000
I 10.11467 | 9.98554 0.00050 0.00050 0.00494 0.00501 0.00498
2 10.11547 | 9.98624 0.00130 0.00120 0.01285 0.01202 0.01244
3 10.11572 | 9.98654 0.00155 0.00150 0.01533 0.01502 0.01517
4 10.11622 | 9.98709 0.00205 0.00205 0.02027 0.02053 0.02040
5 10.11707 | 9.98774 0.00290 0.00270 0.02867 0.02704 0.02786
6 10.11727 | 9.98804 0.00310 0.00300 0.03065 0.03004 0.03035
7 10.11742_ | 9.98829 0.00325 0.00325 0.03213 0.03255 0.03234
8 10.11772 | 9.98854 0.00355 0.00350 0.03510 0.03505 0.03508
9 10.11787 | 9.98864 0.00370 0.00360 0.03658 0.03605 0.03632
10 10.11817 | 9.98894 0.00400 0.00390 0.03955 0.03906 0.03930
1 10.11847 | 9.98924 0.00430 0.00420 0.04251 0.04206 0.04229
12 10.11857 | 9.98934 0.00440 0.00430 0.04350 0.04306 0.04328
13 10.11897 | 9.98974 0.00480 0.00470 0.04746 0.04707 0.04726
14 10.11917 | 9.98989 0.00500 0.00485 0.04944 0.04857 0.04900
15 10.11912_ | 9.98994 0.00495 0.00490 0.04894 0.04907 0.04901
16 10.11932 | 9.99004 0.00515 0.00500 0.05092 0.05007 0.05050
17 10.11947 | 9.99024 0.00530 0.00520 0.05240 0.05208 0.05224
18 10.11967 | 9.99044 0.00550 0.00540 0.05438 0.05408 0.05423
19 10.12012_ | 9.99089 0.00595 0.00585 0.05883 0.05859 0.05871
20 10.12037 | 9.99114 0.00620 0.00610 0.06130 0.06109 0.06120
21 10.12067 | 9.99144 0.00650 0.00640 0.06427 0.06410 0.06418
2 10.12097 | 9.99174 0.00680 0.00670 0.06723 0.06710 0.06717
23 10.12132 | 9.99209 0.00715 0.00705 0.07069 0.07061 0.07065
24 10.12147 | 9.99224 0.00730 0.07218 0.07211 0.07214
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Table G.15 Expansion of 65RCB35 concrete immersed in 5% Na;SOj4 solution

Imggzed Length (in) Diff. Length (in) Expansion (%) Average
(months) No.1 No.2 No.1 No.2 No.1 No.2 (%)
0 10.03307 | 10.03937 | _0.00000 | 0.00000 0.00000 0.00000 | 0.00000
1 10.03387 | 10.04017 | 0.00080 0.00080 0.00797 0.00797 | 0.00797
2 1003417 | 10.04037 | 0.00110 | 0.00100 0.01096 0.00996 0.01046
3 10.03477 | 10.04107 | 0.00170 | 0.00170 0.01694 0.01693 0.01694
4 10.03502 | 10.04142_| 0.00195 0.00205 0.01944 0.02042 0.01993
; 10.03537 | 10.04157 | 0.00230 | 0.00220 0.02292 0.02191 0.02242
6 10.03557 | 10.04187 | 0.00250 0.00250 0.02492 0.02490 | 0.02491
7 10.03607 | 10.04227 | 0.00300 | 0.00290 0.02990 0.02889 | 0.02939
8 1003627 | 10.04257 | 0.00320 0.00320 0.03189 0.03187 | 0.03188
9 10.03662 | 10.04292 | 0.00355 0.00355 0.03538 0.03536 | 0.03537
10 10.03687 | 10.04337 | 0.00380 | 0.00400 0.03787 0.03984 | 0.03886
11 10.03697 | 10.04347 | 0.00390 | 0.00410 0.03887 0.04084 0.03986
12 1003727 | 10.04367 | 0.00420 | 0.00430 0.04186 0.04283 0.04235
13 10.03747 | 10.04387 | 0.00440 | 0.00450 0.04385 0.04482 0.04434
14 1003762 | 10.04407 | 0.00455 0.00470 0.04535 0.04682 | 0.04608
15 10.03757 | 10.04397 | 0.00450 | 0.00460 0.04485 0.04582 0.04534
16 10.03773_| 10.04413 | 0.00465 0.00475 0.04640 0.04736 0.04688
17 10.03787 | 10.04417 | 0.00480 | 0.00480 0.04784 0.04781 0.04783
18 10.03797 | 10.04427 | 0.00490 | 0.00490 0.04884 0.04881 0.04882
19 10.03837 | 10.04467 | 0.00530 | 0.00530 0.05283 0.05279 0.05281
20 10.03852 | 10.04482 | 0.00545 0.00545 0.05432 0.05429 0.05430
21 10.03867 | 10.04497 | 0.00560 | 0.00560 0.05582 0.05578 0.05580
2 10.03887 | 10.04517 | 0.00580 | 0.00580 0.05781 0.05777 0.05779
23 10.03902 | 10.04542 | 0.00595 0.00605 0.05930 0.06026 0.05978
24 10.03937 | 10.04567 | 0.00630 | 0.00630 0.06279 0.06275 0.06277

Table G.16 Expansion of 65RCB50 concrete immersed in 5% Na;SOj4 solution

Im"rrrllerscd Length (in) Diff. Length (in) Expansion (%) Average
ime
(months) No.1 No.2 No.1 No.2 No.1 No.2 (%)
0 10.00866 10.07480 0.00000 0.00000 0.00000 0.00000 0.00000
1 10.00916 10.07530 0.00050 0.00050 0.00500 0.00496 0.00498
2 10.00946 10.07560 0.00080 0.00080 0.00799 0.00794 0.00797
3 10.00976 10.07590 0.00110 0.00110 0.01099 0.01092 0.01095
4 10.01021 10.07635 0.00155 0.00155 0.01549 0.01538 0.01544
5 10.01076 10.07685 0.00210 0.00205 0.02098 0.02035 0.02066
6 10.01086 10.07700 0.00220 0.00220 0.02198 0.02184 0.02191
7 10.01121 10.07745 0.00255 0.00265 0.02548 0.02630 0.02589
8 10.01146 10.07770 0.00280 0.00290 0.02798 0.02878 0.02838
9 10.01176 10.07790 0.00310 0.00310 0.03097 0.03077 0.03087
10 10.01191 10.07805 0.00325 0.00325 0.03247 0.03226 0.03237
11 10.01236 10.07850 0.00370 0.00370 0.03697 0.03673 0.03685
12 10.01251 10.07870 0.00385 0.00390 0.03847 0.03871 0.03859
13 10.01266 10.07890 0.00400 0.00410 0.03997 0.04070 0.04033
14 10.01276 10.07900 0.00410 0.00420 0.04096 0.04169 0.04133
15 10.01296 10.07910 0.00430 0.00430 0.04296 0.04268 0.04282
16 10.01301 10.07915 0.00435 0.00435 0.04346 0.04318 0.04332
17 10.01326 10.07940 0.00460 0.00460 0.04596 0.04566 0.04581
18 10.01336 10.07960 0.00470 0.00480 0.04696 0.04764 0.04730
19 10.01356 10.07970 0.00490 0.00490 0.04896 0.04864 0.04880
20 10.01376 10.08000 0.00510 0.00520 0.05096 0.05161 0.05128
21 10.01406 10.08030 0.00540 0.00550 0.05395 0.05459 0.05427
22 10.01416 10.08040 0.00550 0.00560 0.05495 0.05558 0.05527
23 10.01456 10.08050 0.00590 0.00570 0.05895 0.05658 0.05776
24 10.01466 10.08090 0.00600 0.00610 0.05995 0.06055 0.06025
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