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ABSTRACT 

Life cycle cost analysis is currently a valuable tool in the construction industry and will 

become more so as resources become more scarce. Selecting the materials and components 

of structures and pavements based on a life cycle cost analysis can significantly decrease 

the lifetime cost of construction, maintenance and repair.  

 This literature survey gathers life cycle cost information for concrete and competing 

materials from a variety of sources, summarizes the results, and describes the resulting 

searchable database.  The database is a resourceful tool for those who would like to obtain 

additional information on life cycle cost analysis and results.  The searchable life cycle cost 

database with abstracts, in Filemaker Pro® format, is available to Portland Cement 

Association (PCA) member companies, PCA staff, and cement promotion groups. 
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Life Cycle Cost Literature Survey and 
Database for Concrete 

 

Katie Amelio and Martha G. VanGeem* 

INTRODUCTION 

Selecting the materials and components of structures and pavements based on a life cycle 

cost analysis can significantly decrease the lifetime cost of construction, maintenance and 

repair.  Selecting materials and components based on initial costs disregards future costs 

over the intended life of the system such as maintenance, repair, and reconstruction. This 

literature survey gathers life cycle cost information for concrete and competing materials 

from a variety of sources, summarizes the results, and describes the resulting searchable 

database.  The database is a resourceful tool for those who would like to obtain additional 

information on life cycle cost analysis.  The results include reports on bridges, buildings, 

pipe, offshore structures, parking structures, pavements, railroads, general use and other 

parts of the infrastructure.  Report types, such as models or cost comparisons, are also 

indicated. 

LITERATURE SELECTION 

Procedure for Selection 

A broad literature search for articles concerning life cycle costing was undertaken.  A list of 

resources searched may be found in the Appendix A.  Keywords searched include life cycle 

costing, concrete, cost, methodology, asphalt, steel and aluminum.  The relevant articles 

were then compiled into a searchable database and categorized based on structure and 

report type. 

                                                 

*Project Assistant and Principal Engineer, respectively, Construction Technology Laboratories, Inc. (CTL) 
5420 Old Orchard Road, Skokie, IL 60077    Phone:  847-965-7500. 
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Structure Types 

The structure types selected for categories in the database were: asphalt, bridges, buildings, 

concrete pipes, composites, general use, infrastructure, offshore structure, parking structure, 

pavement, and railroads.  The “general use” category encompasses articles for components 

used in more than one type of structure. 

Report Types 

The report types selected for categories in the database were: background, case studies, 

comparisons, computer models and software, cost detail, cost models and methods, and 

research.  Articles grouped as “background” include entries for a variety of structure types, 

however the articles focus on the overall topic of life cycle cost analysis including 

overviews, surveys, criticisms, proceedings, and conferences.  The “case studies” are 

articles that focus on a particular structure or material.  “Comparison” articles compare 

structures made with different materials.  Articles listed under “computer models and 

software” cover various computer programs and software to assess the life cycle cost of a 

construction project.  Many of these articles are structure specific, and most pertain to 

bridges.  “Cost detail” articles contain example cost calculations for a life cycle cost 

analysis.  Articles describing various methodologies and examples of life cycle cost 

analyses are grouped under the category of “cost models and methods.”  “Research” articles 

are entries focused on research concerning how to best model life cycle costs. 

RESULTS 

Table 1 presents the contents of the database in a matrix of structure type versus report 

type.  The numbers within each cell of the matrix correspond to the record number of an 

article in the life cycle cost database. The contents of the database by record number 

without the abstracts is presented in Appendix B.  For example, in Table 1, the “33” under 

“Background” and “Offshore Structures” refers to record number 33 in Appendix B.  The 

full searchable database including abstracts is in FileMaker Pro® format and is available to 

Portland Cement Association (PCA) member companies, PCA staff, and cement promotion 

groups. 
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SUMMARY AND CONCLUSIONS 

Selecting the materials and components of structures and pavements based on a life cycle 

cost analysis can significantly decrease the lifetime cost of construction, maintenance and 

repair.  Selecting materials and components based on initial costs disregards future costs 

over the intended life of the system such as maintenance, repair, and reconstruction. This 

literature survey gathers life cycle cost information for concrete and competing materials 

from a variety of sources, summarizes the results, and describes the resulting searchable 

database.  The results include reports on bridges, buildings, pipe, offshore structures, 

parking structures, pavements, railroads, general use and other parts of the infrastructure.  

Report types, such as models or cost comparisons, are also indicated. 

 A report table presents the contents of the database in a matrix of structure type versus 

report type.  The contents of the database by record number without the abstracts are 

presented in Appendix B.  The full searchable database with abstracts is in FileMaker Pro® 

format and is available to PCA member companies, PCA staff, and cement promotion 

groups. 

 Life cycle cost analysis is currently a valuable tool in the construction industry and will 

become more so as resources become more scarce.   
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Table 1 - Matrix of Database Contents by Report and Structure Type*

Background Case Studies Comparisons
Computer           

Models & Software Cost Detail
Cost Models & 

Methods Research
Asphalt 133, 219 - 220, 221 - 72 - -

Bridges

4, 5, 6, 23, 25, 29, 40, 
41, 50, 90, 114, 132, 

137, 141, 142, 171, 176, 
184, 213, 222, 233

81, 131, 150, 
152, 189

61, 96, 103, 153, 
230

15, 18, 27, 115, 229, 
239 7, 202, 203

14, 22, 28, 35, 47, 
49, 108, 182, 236, 

242

1, 10, 79, 97, 
99, 107, 118, 
161, 179, 217

Buildings 8, 30, 58, 65, 93, 105, 
145, 167, 168, 172, 186

57, 95, 104, 
147, 148, 170, 

206

64, 100, 110, 
122, 160, 165, 

185
- 62, 98, 243 86, 87, 92, 124, 

129, 231
37, 59, 63, 82, 

162

Concrete Pipes 17, 94, 146, 169, 197 - 88, 144, 174 - 11, 45 19, 235 -

Composites 151 - 16, 205, 214 - - 177 -

General Use 31, 34, 39, 85, 119, 134, 
173 - 117, 164 - - 24, 116, 232 83, 121

Infrastructure 3, 36, 89, 109, 125, 240 - - - - 192 -

Offshore Structure 33 - 66, 159 - - - -

Parking Structure 120, 157 - 60 - - 46 -

Pavement

26, 32, 38, 42, 51, 52, 
68, 70, 73, 76, 77, 78, 

101, 102, 112, 113, 126, 
127, 128, 130, 138, 139, 
143, 149, 154, 166, 175, 
181, 188, 191, 204, 210, 

216, 241

12, 13, 53, 74, 
91, 178, 183, 

209, 211, 223, 
224, 225, 226, 

227, 238

43, 44, 54, 55, 
56, 69, 71, 80, 
140, 155, 158, 
180, 190, 194, 
196, 198, 199, 
200, 201, 208, 

234

20, 84 -
9, 48, 67, 75, 106, 

111, 136, 156,  
187, 218, 228

2, 21, 135, 
207, 212, 215, 

237

Railroads - - 123, 195 - - 163 -

* Numbers in cells refer to the record numbers in database and Appendix B.

Report Type
Structure Type
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APPENDIX A – RESOURCES 

The electronic databases and Internet search engines used to find relevant articles and 

reports are presented in Table A1.   

 
Table A1 – Listing of Resources Searched 
Name Sponsor 

NERAC Outside search service using multiple 
commercial and government databases 

Compendex Ei Compendex 
TRIS U.S. Department of Transportation 
Worldcat OCLC 
ACI Abstracts American Concrete Institute 
Cnet.com Cnet Inc. 
Proceedings First British Library Association 
World Ceramics Abstracts Cambridge Scientific Abstracts 
METADEX Cambridge Scientific Abstracts 
Dissertation Abstracts ProQuest Digital Dissertations 
Britannica.com Encyclopedia Britannica 
Papers First British Library Association  
Wilson Select Plus OCLC 
ABI Inform OCLC 
TRAN web Northwestern University Transportation Library 
First Search OCLC 
Articles First OCLC 
ASCE Journal Database American Society of Civil Engineers 
Infotrac Infotrac 
Web of Science ISI Database 
Periodical Abstracts OCLC 
U.S. DOT U.S. Department of Transportation 
University of Houston Life Cycle Costing 
Reference List University of Houston 

Engineered Materials Abstracts  Cambridge Scientific Abstracts 
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APPENDIX B – DATABASE CONTENTS BY RECORD NUMBER 

1. National Engineering Technology Corporation (Beal, D.B.) 
Life cycle cost analysis for bridges 
National Cooperative Highway Research Program 
09/01/00 

2. Florida Atlantic University 
A unified approach to concrete mix design for durability in cement and life cycle cost optimization 
Florida Department of Transportation 
09/15/01 

3. Arditi, D.A. and Messiha, H.M. 
Life cycle costing in municipal construction projects 
Journal of Infrastructure Systems, Vol. 1, No. 2, pp. 5-14 
1996 

4. Beidleman, C.R. and Veshosky, D. 
Report on the feasibility of using life cycle cost criteria in evaluation of bridge structural alternatives 
Bethlehem: Lehigh University 
1991 

5. Bettigole, N.H. 
Bridge engineering and life cycle cost 
In A.H.-S. Ang and R. Villaverde, eds. Structural on Natural Hazards, ASCE Convention, Hyatt 
Regency Irvine, Irvine, California, pp. 1047-1053 
1993 

6. Bettigole, N.H. 
Bridge management and life cycle cost 
Proceedings of the 13th Structures Congress (Part 1 of 2), Boston, MA 
1995 

7. Troive, Susanne and Sundquist, Hakan 
Optimisation of LCC of concrete structures 
Proceedings, IABSE Symposium, Kobe, Japan 
9/2/98 

8. Rwelamila, P. D. 
Reducing life cycle costs of concrete structures: from routine testing to total quality management 
International conference; 7th -- 1996 May: Stockholm, Durability of building materials and 
components Vol. 2; Testing, design and standardization pp. 781-792. 
1996 

9. Wilde, William James 
Life cycle cost analysis of portland cement concrete pavements 
VOL. 60-07B 220 page(s) The University of Texas at Austin. 
1998 

10. Lin, Kai-Yung 
Reliability based minimum life cycle cost design of reinforced concrete girder bridges 
Vol. 57-01B 468 page(s), University of Colorado at Boulder. 
199511. Miller, Kent A.; Carnahan, James V. and Segan, Ellen G. 
Effects of leak detection/ location on underground heat distribution system (UHDS), life cycle costs: 
A probabilistic model. 
34 page(s) CORPORATE AUTHOR- CONSTRUCTION ENGINEERING RESEARCH LAB 
(ARMY) CHAMPAIGN IL, REPORT NUMBER(S)- CERL-TR-M-92/02. 
1991 
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12. Suleiman, Turki-Al; Abo-Qudais, Saad A. 
Practice, performance, and life cycle cost analysis of concrete pavement in Jordan 
Indian Concrete Journal v 73 n 11. p 687-692. 
1999 

13. McManus, K.J.; Judge, M.; Snell, M. 
Deterioration models and life cycle costing, for local street concrete pavements, within the city of 
Stonnington 
Transport Proceedings - Conference of the Australian Road Research Board ARRB Transport 
Research Ltd, Vermont, Australia. p 34-48. 
1998 

14. Furuta, H.; Kanamori, A.; Dogari, M 
Optimal maintenance for RC decks of bridge network based upon life cycle cost 
Journal of the Society of Materials Science, Japan, VOL. 47 NO. 12 Dec., PP. 1245-50. 
1998 

15. No Author 
New software could send cost of bridges falling down 
Advanced Materials & Composites News 21, (2) 
1999 

16. Howdyshell, Paul A.; Trovillion, Jonathan C.; GangaRao, Hota V.; and Lopez-Anido, Roberto 
Development and demonstration of advanced design composite structural components 
Army Construction Engineering Research Lab, 1998-07-01. 78page(s) 
1998 

17. Heffern, P. M. 
Life cycle cost of culverts and sewers 
Concrete Pipe news, VOL. 38 NO. 3, PP. 3-7 
1986 

18. No Author 
Evaluating FRP bridge costs 
Reinf. Plast, 43, No.2, Feb.1999, p.20 
1999 

19. No Author 
Least cost (Life Cycle) analysis of concrete culvert, storm sewer, and sanitary sewer systems (ASTM 
Standard) 
Jun 95 Copyright, 4 page(s), American Society for Testing and Materials 
1995 

20. Witczak, M. W.; Mirza, M. W. 
Microcomputer analysis for project level PMS life cycle cost studies for rigid pavements 
Mar 92 143 page(s), Maryland Univ., College Park. Dept. of Civil Engineering 
1992 

21. Temple, W. H.; Cumbaa, S. L.; Boleware, D. A. 
Life cycle cost and loading characteristics of AASHO (American Association of State Highway 
Officials) designed rigid and flexible pavements in Louisiana 
Louisiana Transportation Research Center, Baton Rouge, Jun 89 42p page(s) 
1989 

22. Ehlen, Mark 
Life cycle costs of new construction materials 
ASCE Journal of Infrastructure Systems December 1997 Vol. 3 No. 4 
1997 
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23. Troive, Susanne 
Optimisation of LCC of concrete structures 
Proceeedings, Nordic Concrete Research Meeting in Espoo, Finland, August 1996. 
1996 

24. CIA Quality and Client Satisfaction Task Group 
Relating quality to whole life costing 
DoE PiT Project 
1999 

25. Troive, Susanne and Sundquist, Hakan 
Optimisation of design parameters for lowest life-cycle cost of concrete bridges 
Paper presented at the 5th International Conference on Short and Medium Span Bridges (SMSB V) 
in Calgary, Canada, July 13-16, 1998. 
1998 

26. Bentz, D. P.; Clifton, J. R.; Ferraris, C. F.; Garboczi, E. J. 
Transport properties and durability of concrete: literature review and research plan. 
NISTIR 6395; 46 p. September 1999. 
1999 

27. Purvis, Ronald; Babaei, Khossrow; Clear, Kenneth; and Markow, Michael 
Life cycle cost analysis for protection and rehabilitation of concrete bridges relative to reinforcement 
corrosion 
Strategic Highway Partnership Program, NRC, SHRP-S-377 
1994 

28. Frangopol, D.M. and Estes, A.C. 
Life cycle cost analysis for bridges: a lifetime reliability-based approach 
Structural Engineering World Wide, 
1998, p. 308. 
1998 

29. Thoft- Christensen, P. 
Life cycle cost evaluation of concrete highway bridges 
Structural Engineering World Wide, 1998, p. 311. 
1998 

30. Sarma, K.C. and Adeli, H. 
Cost optimization of concrete structures 
Journal of Structural Engineering, ASCE, V. 124, No. 5, May 1998, pp. 570- 578. 
1998 

31. Syal, I.C. and Syal, Rajiv 
New trends in concrete construction with welded wire fabric as 
reinforcement 
Indian Concrete Journal (Bombay), V. 71, No. 7, July 1997, pp. 367-371. 
1997 

32. Venkatesha, M.C. 
New trends in design and construction of concrete roads 
Indian Concrete Journal (Bombay), V. 67, No. 8, Aug. 1993, pp. 377-380. 
1993 
 

33. Hoff, G.C. 
Considerations in the use of concrete for offshore structures 
Evaluation and Design of Concrete Structures and Innovations in Design--Proceedings, ACI 
International Conference, HongKong, 1991, SP-128, American Concrete Institute, Detroit, 1991, 
V. 1, pp. 749-788. 
1991 
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34. Barnard, D.P. 
Permanence in today's world 
New Zealand Concrete Construction (Porirua), V. 38, No. 4, Aug.-Sept. 1994, pp. 17-18 
1994 

35. Frangopol, D.M.; Lin, K.Y.; and Estes, A.C. 
Life cycle cost design for deteriorating structures 
Journal of Structural Engineering, ASCE, V. 123, No. 10, Oct. 1997, pp. 1390-1401. 
1997 

36. Singh, B.K. 
How significant is LCCA? 
Concrete International, V. 18, No. 10, Oct. 1996, pp. 59-62. 
1996 

37. Wight, J.K. and Maxwell, S.E. 
Behavior of exterior reinforced concrete-steel connections subjected to seismic loading 
Structural Engineering World Wide, 1998, p. 905. 
1998 

38. Dennison, A. 
Life cycle costs lead experts to choose CRCP 
Roads and Bridges, V. 25, No. 7, July 1987, pp.41-42. 
1987 

39. Skalny, J.P. 
Concrete durability--An issue of national importance 
Concrete Durability--Katharine and Bryant Mather International Conference, SP-100, American 
Concrete Institute, 1987, pp. 265-280. 
1987 

40. Hawkins, Michael 
Concrete durability in bridges 
Concrete Durability--Katharine and Bryant Mather International Conference, SP-100, American 
Concrete Institute, 1987, pp. 397-422. 
1987 

41. No Author 
Concrete meets the challenge of bridges 
Engineering News-Record, V. 216, No. 20, May 15, 1986, pp. 
CS-46-CS-52. 
1986 

42. No Author 
Concrete paves the way for the next generation 
Engineering News-Record, V. 216, No. 20, May 15, 1986, pp. 
CS-38-CS-42. 
1986 

43. Geob, E 
Pavement cost comparisons 
Concrete Construction, V. 31, No. 5, May 1986, pp. 
463-468. 
1986 
 

44. No Author 
Life cycle costs highlight concrete advantages 
Roads & Bridges, V. 23, No. 7, July 1985, pp. 34-36. 
1985 
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45. Moss, Theodore and Jankiewicz, E.J. 
What type sewer pipe is best? Life-cycle cost analysis yields 
answer 
Civil Engineering--ASCE, 
V. 52, No. 10, Oct. 1982, pp. 75-76. 
1982 

46. No Author 
Building quality concrete parking areas 
Publication No. PA147.01B, Portland Cement Association, Skokie, 1981, 3 pp. 
1981 

47. Gannon, E.J., Weyers, R.E., and Cady, P.D. 
Cost relationships for concrete bridge protection, repair, and rehabilitation 
Transportation Research Record, #1490, pp. 32-42 
1995 

48. Al- Mansour, A.I. and Sinha, K.C. 
Economic analysis of effectiveness of pavement preventive maintenance 
Transportation Research Record, #1442, pp. 31-37 
1995 

49. Tam, C.K. and Steimer, S.F. 
Development of bridge corrosion cost model for coating maintenance 
Journal of Performance of Constructed Facilities, Vol. 10, No. 2, pp. 47-56 
1996 

50. Raina, V.K. 
Economics and quantity--Trends in alternative bridge structure 
schemes 
Bridge and Structural Engineer (New Delhi), V. 16, 
No. 4, Dec. 1986, pp. 6-52. 
1986 

51. No Author 
Progress in paving equipment and construction methods 
Concrete Construction, V. 31, No. 5, May 1986, pp. 439-445. 
1986 

52 . Noel, L.M. 
What do pavements cost? 
Civil Engineering--ASCE, V. 55, No. 11, Nov. 1985, pp. 61-63. 
1985 

53. Noureldin, A.S. and McDaniel, R.S. 
Evaluation of concrete pavement restoration techniques on I-65 
Pavement Management and Rehabilitation, Transportation Research Record 1215, Transportation 
Research Board, Washington, D.C., 1989, pp. 232-245. 
1989 

54. No Author 
Cities take close look at concrete vs. asphalt 
Roads & Bridges, V. 24, No. 7, July 1986, pp. 33-35. 
1986 

55. No Author 
Concrete: Could be the best buy per mile 
Roads (formerly Rural & Urban Roads), V. 22, No. 7, July 1984, 
pp. 31-34. 
1984 
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56. Driscoll, Thomas J. 
Concrete pavement: An answer to the dwindling petroleum supply 
Concrete Construction, V. 26, No. 8, Aug. 1981, pp. 657-658. 
1981 

57. Mahamad, Hamdan, et. al 
The tallest building in the world: the Petronas Twin Towers in Kuala 
Lampur, Malaysia (in Dutch) 
Cement ('s-Hertogenbosch), V. 48, No. 9, Sept. 1996, pp. 8-13. 
1996 

58. Tanaka, S. and Suga, Y. 
Cost study of building structures (in Japanese) 
Journal of Architecture, Planning and Environmental Engineering, AIJ, (Tokyo), No. 464, Oct. 1994, 
pp. 143-149. 
1994 

59. Tanaka, S. and Suga, Y. 
Cost study of building structures: Part 1--Comparison of the structural 
cost between reinforced concrete structure, composite structure and steel structure (in Japanese) 
Journal of Architectural Planning and Environmental Engineering (Tokyo), No. 454, Dec. 1993, 
pp. 155-163. 
1993 

60. Trumble, R. and Santizo L. 
Advantages of using lightweight concrete in a medium rise building and 
adjoining post-tensioned parking garage 
Structural Lightweight Aggregate Concrete Performance, SP-136, American Concrete Institute, 
Detroit, 1992, pp. 247-254. 
1992 

61. Roberts, James E. 
Lightweight concrete bridges for California highway system 
Structural Lightweight Aggregate Concrete Performance, SP-136, American Concrete Institute, 
Detroit, 1992, pp. 255-272. 
1992 

62. Grogan, Tim 
Construction costs reach top floor 
ENR, V. 222, No. 12, Mar. 23, 1989, p. 35. 
1989 

63. Smith, G.J. and Rad, F.N. 
Economic advantages of high-strength concretes in columns 
Concrete International: Design & Construction, V. 11, No. 4, Apr. 1989, pp. 37-43. 
1989 

64. Brigginshaw, G.F. 
A new era for structural frames 
Concrete (London), V. 21, No. 10, Oct. 1987, pp. 6-9. 
1987 

65. Kasi, Muthiah 
Cost of reinforced concrete high-rise columns 
Forming Economical Concrete Buildings--Proceedings of the Second International Conference, SP-
90, American Concrete Institute, 1986, pp. 219-238. 
1986 
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66. Iorns, M.E. 
Cost comparison: Ferrocement and concrete versus steel 
Concrete International: Design & Construction, V. 5, No. 11, Nov. 1983, pp. 45-50. 
1983 

67. Goldbaum, Jay 
Life cycle cost analysis: state-of-the-practice 
Colorado Department of Transportation, Report # CDOT-R1-R-00-3 
03/00 

68. Illinois Department of Transportation 
Determination of cost effectiveness of CRCP reinforcement placement methods 
None 
1998 

69. University of Wisconsin, Platteville 
Effect of thick subbases on pavement design, construction, performance, and life cycle cost 
WISCONSIN DEPARTMENT OF TRANSPORTATION 
2000 

70. Strategic Highway Research Program 
Cost effective preventative pavement performance 
Federal Highway Administration 
1995 

71. Smith, Robert L Spradlin, Warren E Alderman, Delton R Jr Cesa, Ed 
Perceptions of wood in the highway infrastructure market 
Forest Products Journal. v50n6. Jun 2000. p. 23-31, 9 pages. 
2000 

72. Grogan, Tim Daniels, Stephen H 
Asphalt: supply-demand squeeze lives 
ENR. v244n12. March 27, 2000. p. 104 
2000 

73. Kuennen, Tom 
High performance concrete moves into pavements 
Construction Equipment. v97n2. Feb 1998. p. 42-48, 5 pages. 
1998 

74. Lloyd, Paul R. 
Asphalt or concrete: which costs less? 
Better Roads Magazine, March 1999 
1999 

75. Fwa, Tien F. and Sinha, Kumares C. 
Pavement performance and life cycle cost analysis 
Journal of Transportation Engineering, Vol. 117, No. 1, 1991, pp. 33-46 
1991 

76. Kraft, David C. (Archer Technology Group) 
Municipal perspective on the use of portland cement concrete pavements including life cycle costs 
16th Annual MO/KS PC Concrete Paving Workshop, Overland Park, Kansas, Feb 27-29, 1996 
1996 

77. No Author 
Life cycle costing proves concrete's economy 
Better Roads, Jan. 1997, pp. 21-23 
1997 
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78. Packard, Robert G. 
Pavement costs and quality 
Concrete International, Aug. 1994 
1994 

79. Broomfield, J.P. 
The determination of rates of highway bridge deterioration and life cycle costing under the strategic 
highway research program 
3rd Intl. Region Management Committee (IRMC) Symposium titled "Life Prediction of Corrodible 
Structures" (held September 23-26, 1991, in Cambridge, UK, and November 5-8, 1991, in Kauai, 
Hawaii, USA), Volume I, pp. 632-643. Avail from NACE. 
1991 

80. Knapton, J; Cook, ID 
Whole life costs of flexible bedded clay pavements 
Masonry (7). Proc.4th International Masonry Conf. London, 23-25 October 1995, p.183-187. Vol.1 
1995 

81. Swiatecki, S 
Building better bridges with CFRP 
Reinforced Plastics (UK), vol. 42, no. 3, pp. 44-45, 47, Mar. 1998 
1998 

82. Gustafsson, S.I. and Karlsson, B.G. 
Minimization of the life cycle cost when retrofitting buildings 
ICBEM - 87, volume II, pp 163 - 170, 1987, Pressef Polytechnique Romandes, Lausanne, 
Switzerland 
1997 

83. No Author 
The concrete research group 
None 
1998 

84. Ehlen, Mark A., Office of Applied Economics 
Economics of high performance concrete 
NIST BFRL Research Report 
1998 

85. Veefkind, Menno 
Life cycle costing for green product development 
Delft University of Technology, faculty of Industrial Design Engineering 
1998 

86. Fuller, Sieglinde K., Office of Applied Economics 
Life cycle costing methodology 
National Institute of Standards and Technology, U.S. Department of Energy, and Federal Energy 
Management Program sponsored reports 
19?? 

87. Cheng, Franklin Y.; Ang, A. H-S.; Lee, J. H. and Li, D. 
Generic algorithm for multi-objective optimization and life-cycle cost 
Structural Engineering in the 21st Century, Proceedings of the 1999 Structures Congress, pp. 484-
489, April 18-19, 1999 
1999 

88. Carnahan, James V. and Marsh, Charles 
Comparative life-cycle cost analysis of underground heat distribution systems 
Journal of Transportation Engineering, Vol. 124, No. 6, November/December 1998, pp. 594-605 
1998 
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89. Ang, A. H-S.; Lee, J-C. and Pires, J. A. 
Cost-effectiveness evaluation of design criteria 
Optimal Performance of Civil Infrastructure Systems, Proceedings of the International Workshops on 
Optimal Performance of Civil Infrastructure Systems held in Conjunction with the ASCE Technical 
Committee on Optimal Structural Design Meeting at the Structural Congress XV, Portland, OR, 
April 12, 1997, p. 1-16 
1997 

90. Frangopol, Dan M.; Estes, Allen C.; Augusti, Giuliano; and Ciampoli, Marcello 
Optimal bridge management based on lifetime reliability and life cycle cost 
Optimal Performance of Civil Infrastructure Systems Proceedings of the International Workshops on 
Optimal Performance of Civil Infrastructure Systems held in Conjunction with the ASCE Technical 
Committee on Optimal Structural Design Meeting at the Structural Congress XV, Portland, OR, 
April 12, 1997, pp. 98-115 
1997 

91. None 
White topping joints stretch out on I-20 
Civil EngineeringASCE, Vol. 68, No. 6, June 1998, pp. 24-25. 
1998 

92. Koskisto, O. J. and Ellingwood, B. R. 
Reliability based optimization of plant precast concrete structures 
Journal of Structural Engineering, Vol. 123, No. 3, March 1997, pp. 298-304. 
1997 

93. Frangopol, Dan M. and Lin, Kai-Yung 
Reliability based optimum design for minimum life-cycle cost 
Advances in Structural Optimization, Proceedings of the First US-Japan Joint Seminar on Structural 
Optimization held in conjunction with the Structures Congress XIV held in Chicago, Illinois, 
April 13, 1996, pp. 67-78. 
1996 

94. Batta, Jamal, Harris, John, and Giandoni, Mark 
The successful design of a large diameter gravity sewer 
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