
 

 

9 Referências bibliográficas 

ABDULLAH, A.J., 1955, Some Aspects of the Dynamics of Tornadoes. 

Monthly Weather Review, 83, pp. 83-94. 

 

AGARWAL, B.L., DUTTA, P.K., GHOSH, A.K., 1997, A Report on June 2, 

1997 Tornado at Nayagarth, Orissa, India. 

 

AGUILERA, J.R.F., 2007, Estruturas Treliçadas Esbeltas sob Ação do Vento. 

Dissertação de Mestrado, Pontifícia Universidade Católica do Rio de Janeiro, 

PUC-Rio, 119 p. 

 

ALMEIDA, A.A.D., 2002, Análise Probabilística de Segurança Sísmica de 

Sistemas e Componentes Estruturais. Tese de Doutorado, Pontifícia 

Universidade Católica do Rio de Janeiro, PUC-Rio, 147 p. 

 

AMERICAN METEOROLOGICAL SOCIETY, 2000, The Glossary of 

Meteorology. Segunda edição, 850 p. 

 

AMERICAN NATIONAL STANDARDS INSTITUTE, 1982, A58.1: American 

National Standard Building Code Requirements for Minimum Design Loads in 

Buildings and Other Structures. New York. 

 

ASCE, 1990, Guidelines for Electrical Transmission Line Structural Loading. 

Draft Prepared by the Committee on Analysis and Design of Structures, Structural 

Division, American Society of Civil Engineers. 

 

ASNANI, G.C., 1993, Tropical Meteorology. Pune, India: Indian Institute of 

Tropical Meteorology, Vol. 1 e 2, 1202 p. 

DBD
PUC-Rio - Certificação Digital Nº 0611874/CC



170 

 

ASSOCIAÇÃO BRASILEIRA DE NORMAS TÉCNICAS, 1988, NBR 6123: 

Forças Devidas ao Vento em Edificações. Rio de Janeiro. 

 

BATES, F.C., SWANSON, A.E., 1967, Tornado Considerations  for Nuclear 

Power Plants. Transactions of the American Nuclear Society, 10, pp. 712-713. 

 

BINDER, R.C., 1949, Fluid Mechanics. Nova York: 2a ed. Prentice Hall. 

 

BROOKS, H. E., 2006, A Global View of Severe Thunderstorms: Estimating 

the Current Distribution and Possible Future Changes. Severe Local Storms 

Special Symposium, 86th AMS Annual Meeting. 

 

CHANG, C.C., 1966, First Real Man Made Tornado is Generated in 

Laboratory Cage by Space Scientists at the Catholic University of America. 

News Item of PI of CUA. 

 

CHANG, C.C., 1971, Tornado Wind Effects on Buildings and Structures with 

Laboratory Simulation.  Proceedings, 3rd International Conference on Wind 

Effects on Buildings and Structures, pp. 213-240.  

 

CHANG, C.C.*, 1971, What We Learned for the Tornado of Lubbock, Texas, 

U.S.A., May 11, 1970. Proceedings, 3rd International Conference on Wind Effects 

on Buildings and Structures, pp. 471-480.  

 

CHANG, C.C., WAN, C.A., 1972, Measurement of a Velocity Field in 

Simulated Tornado-like Vortex Using a Three Dimensional Velocity Probe. 

Journal of Atmospheric Sciences, 28, pp. 116-127.  

 

COATS, D.W., 1984, Natural Phenomena Hazards Modeling Project: 

Extreme Wind/Tornado Hazard Models for Departament of Energy Sites. 

 

DAVENPORT, A.G., 1961, The Application of Statistical Concepts to the 

Wind Loading on Structures. Proceedings, The Institution of Civil Engineers, 

19, pp. 449-472. 

DBD
PUC-Rio - Certificação Digital Nº 0611874/CC



 

 

171 

DAVIES-JONES, ROBERT, R. J. TRAPP, H. B. BLUESTEIN, 2001, Tornadoes 

and Tornadic Storms. In: C. A. Doswell (Editor), Severe Convective Storms, 

American Meteorological Society, pp. 167-222. 

 

DOAN, P.L., 1970, Tornado Considerations for Nuclear Power Plant 

Structures. Nuclear Safety, 11, pp. 296-308. 

 

DUTTA, P.K., GHOSH, A.K., AGARWAL, B.L., 2002, Dynamic Response of 

Structures Subjected to Tornado Loads by FEM. Journal of Wind Engineering 

and Industrial Aerodynamics, 90, pp. 55-69. 

 

DYER, R., 1991, Considerações sobre a Ocorrência de Tornados no Brasil, 

Paraguai e Argentina. Revista Brasileira de Cartografia, pp. 78-94. 

 

EBERLINE, D.K., WIPF, T.J., GREIMANN, L.F., 1991, Finite Element 

Idealization of Nonlinear Structural Response to Tornado Wind Loads . Finite 

Element in Analysis and Design, 10, pp. 59-74. 

 

ETKIN, B., 1966, Theory of the Response of a Slender Vertical Structure to a 

Turbulent Wind With Shear. Meeting on Ground Wind Load Problems in 

Relation to Launch Vehicles, held at NASA Langley Research Center. 

 

FINLEY, J.P., 1884, Report on Character of Six Hundred Tornadoes. Prof. 

Papers of the Signal Service nº VII. 

 

FLORA, S.D., 1953, Tornadoes in the United States. Oklahoma: University of 

Oklahoma Press, 221 p. 

 

FUJITA, T.T., 1960, A Detailed Analysis of the Fargo Tornadoes. Research 

Paper nº 42, U.S. Department of Commerce, Weather Bureau, Washington D.C. 

 

FUJITA, T.T., 1971, Proposed Characterization of Tornadoes and Hurricanes 

by Area and Intensity. Satellite and Mesometeorology Research Project, 

University of Chicago. 

DBD
PUC-Rio - Certificação Digital Nº 0611874/CC



 

 

172 

FUJITA, T.T., 1976, Recent Concept of Tornado Winds . Proceedings of the 

Second USA-Japan Research Seminar on Wind Effects on Structures, pp. 1-14. 

 

FUNG, Y.C., 1969, An Introduction to the Theory of Aeroelasticity. Dover, 

New York. 

 

GLASSLER, A.H., 1960, An Observational Deduction of the Structure of a 

Tornado Vortex, Tornado Dynamics. Proceedings of the First Conference on 

Cumulus Convection, pp. 157-166. 

 

GOLIGER, A.M., MILFORD, R.V., 1998, A Review of Worldwide Occurrence 

of Tornadoes. Journal of Wind Engineering and Industrial Aerodynamics, 74-76, 

pp. 111-121. 

 

HOECKER, W.H., 1960, Wind Speed and Air Flow Pattern in the Dallas 

Tornado of April, 1957. Monthly Weather Review, 88, nº 5, pp. 167-180. 

 

HOECKER, W.H., 1961, Three Dimensional Pressure Pattern of the Dallas 

Tornado and Some Resultant Implications. Monthly Weather Review, 89, pp. 

533-542. 

 

INTERNATIONAL ELECTROTECHNICAL COMMISSION, 2000, IEC 60826: 

Loading Strength of Overhead Transmission Lines.  

 

JISCHKE, M.C., LIGHT, B.D., 1983, Laboratory Simulation of Tornadic 

Wind Loads of a Rectangular Model Structure. Journal of Wind Engineering 

and Industrial Aerodynamics, 13, pp. 371-382. 

 

KESSLER, E., 1970, Tornadoes. Bulletin of the American Meteorological 

Society, 51, pp. 926-936. 

 

KEULEGAN, G.H., CARPENTER, L.H., 1958, Forces on Cylinders and Plates 

in an Oscillating Fluid. Journal of Research, National Bureau of Standards, 60, 

pp. 423-440. 

DBD
PUC-Rio - Certificação Digital Nº 0611874/CC



 

 

173 

KLEMP, J.B., 1987, Dynamics of tornadic thunderstorms. Annual Reviews 

Fluid Mechanics, 19, pp. 369–402. 

 

KUO, H.L., 1971, Asisymmetric Flows in the Boundary Layer of a 

Maintained Vortex. Journal of Atmospheric Sciences, 28, pp. 20-41.  

 

LABEGALINI, P.R., LABEGALINI, J.A., FUCHS, R.D., ALMEIDA, M.T., 

1992, Projetos Mecânicos das Linhas Aéreas de Transmissão. Editora Edgard 

Blücher Ltda., 528 p. 

 

LEWELLEN, W.S., 1976, Theoretical Models of the Tornado Vortex. 

Proceedings, Symposium on Tornadoes: Assessment of Knowledge and 

Implications for Man, Texas Tech University, pp. 107-143. 

 

LEWELLEN, W.S., 1993, Tornado vortex theory. The Tornado: Its Structure, 

Dynamics, Prediction, and Hazards. Geophys ical Monograph, 79, American 

Geophysical Union, pp. 19–39. 

 

LI, C.Q., 1999, A Stochastic Model of Severe Thunderstorms for 

Transmission Line Design. Probabilistic Engineering Mechanics, 15, pp. 359-

364. 

 

MARKEE, E.H., BECKERLEY, J.G., SANDERS, K.E., 1974, Technical Basis 

for Interim Regional Tornado Criteria. U.S. Atomic Energy Commission, 

Office of Regulation. 

 

McDONALD, J.R., 1970, Structural Response of a Twenty Story Building to 

the Lubbock Tornado. Storm Research Report TTU SRR01, Texas Tech 

University. 

 

McDONALD, J.R., MEHTA, K.C., MINOR, J.E., 1974, Tornado Resistant 

Design of Nuclear Power Plant Structures. Journal of Nuclear Safety, 15, pp. 

432-439. 

DBD
PUC-Rio - Certificação Digital Nº 0611874/CC



 

 

174 

McDONALD, J.R., 1983, USNRC, NUREG/CR-3058 – Methodology for 

Tornado Hazard Probability Assessment.  United States Nuclear Regulatory 

Commission, Washington, DC. 

 

MEHTA, K.C., McDONALD, J.R., MINOR, J.E., 1976, Tornadic Loads on 

Structures. Proceedings of the Second USA-Japan Research Seminar on Wind 

Effects on Structures, pp. 15-25. 

 

MEHTA, K.C., McDONALD, J.R., 1986, Structural Dynamic in Hurricanes 

and Tornadoes. Proceedings of the Third ASCE Engg. Mech. Specialty 

Conference on Dynamic Response of Structures, pp. 28-43. 

 

MELARAGNO, M., 1982, Architectural and Environmental Design. Van 

Nostrand Reinhold, New York. 

 

MILFORD, R.V., GOLIGER, A.M., 1997, Tornado Risk Model for 

Transmission Line Design. Journal of Wind Engineering and Industrial 

Aerodynamics, 72, pp. 469-478. 

 

NALIVKIN, D.V., 1983, Hurricanes, Storms and Tornadoes. Rotterdam: A.A. 

Balkema, 597 p. 

 

NASCIMENTO, E. L., 2004, Identifying Severe Thunderstorm Environments 

in Southern Brazil: Analysis of Severe Weather Parameters . In: 22nd 

Conference on Severe Local Storms, American Meteorological Society.  

 

NATIONAL WEATHER SERVICE, 2003, A Guide to F-Scale Damage 

Assessment. National Oceanic and Atmospheric Administration (NOAA), U.S. 

Department of Commerce. 

 

NECHET, D., 2002, Ocorrência de Tornados no Brasil. Boletim da Sociedade 

Brasileira de Meteorologia, 26, nº 2, pp. 29-39. 

 

DBD
PUC-Rio - Certificação Digital Nº 0611874/CC



 

 

175 

OLIVEIRA, I.P.V., 2000, Distribuição Espaço-Temporal e Análise de 

Tornados em Santa Catarina no Período de 1975 a 2000. Trabalho de 

Conclusão de Curso do Departamento de Geociências da Universidade Federal de 

Santa Catarina, SC, Brasil.  

 

PADDLEFORD, D.F., 1969, Characteristics of Tornado Generated Missiles. 

Report nº WCAP- 7897, Westinghouse Electric Corp. 

 

PECIN, T.G., 2006, Avaliação das Ações Mecânicas de Tornados sobre 

Estruturas Aporticadas Flexíveis. Dissertação de Mestrado, Pontifícia 

Universidade Católica do Rio de Janeiro, PUC-Rio, 91 p.  

 

PHAN, L. T., SIMIU, E., 1998, Fujita Tornado Intensity Scale: A Critique 

Based on Observations of the Jarrell Tornado of May 27, 1997. NIST TN 

1426, NTIS Accession nº PB98-175136, 23 p. 

 

Relatório Preliminar do Item 1.1.1.1 – Estudo para Ampliação dos 

Conhecimentos sobre a Ocorrência de Ventos Extremos e Tornados para a 

Região Sudeste no Brasil. Ordem de Execução nº 001/4 da Eletronuclear. Projeto 

de cooperação PUC-Rio/Eletronuclear S.A. 

 

ROTZ, J.V., YEH, G.C.K., BERTWELL, W., 1974, Tornado and Extreme 

Wind Design Criteria for Nuclear Power Plant. Topical Report nº BC-TOP-3A 

Revision 3, Bechtel Power Corporation. 

 

SANTIAGO, N.H., 1983, Linhas Aéreas de Transmissão. Departamento de 

Eletrotécnica, Programa de Engenharia Elétrica da COPPE/UFRJ. Notas de aula, 

299 p. 

 

SAVORY, E., PARKE, G.A.R., ZEINODDINI, M., TOY, N., DISNEY, P., 2001, 

Modelling of Tornado and Microburst-Induced Wind Loading and Failure of 

a Lattice Transmission Tower. Engineering Structures, 23, pp. 365-375. 

 

DBD
PUC-Rio - Certificação Digital Nº 0611874/CC



 

 

176 

SCRUTON, C., ROGERS, E.W.E., 1971, Steady and Unsteady Wind Loadings 

of Buildings and Structures. Philosophical Transactions of the Royal Society, 

269, pp. 353-383. 

 

SHERMAN, Z., 1973, Residential Buildings Engineered to Resist Tornadoes. 

Journal of the Structural Division, ASCE, 99, pp. 701-714. 

 

SIMIU, E., CORDES, M., 1976, Tornado-Borne Missile Speeds . NBSIR 76-

1050, National Bureau of Standards. 

 

SIMIU, E., CORDES, M., 1980, Probabilistic Assessment of Tornado-Borne 

Missile Speeds. NBSIR 80-2117, National Bureau of Standards. 

 

SIMIU, E., SCANLAN, R.H., 1986, Wind Effects on Structures. Wiley 

Interscience, 589 p. 

 

Southern Building Code , 1965.  Birmingham, Ala. 

 

SPARKS, P.R., HESSIG, M.L., MURDEN, J.A., SILL, B.L, 1988, On the 

Failure of Single Storied Wood Framed Houses in Severe Storms. WEIA, 29, 

pp. 245-252. 

 

THOM, H.C.S., 1963, Tornado Probabilities. Monthly Weather Review, 91, pp. 

730-736. 

 

Uniform Building Code , 1975. International Conference of Building Officials. 

Los Angeles. 

 

VICKERY, B.J., KAO, K.H., 1972, Drag of Along-Wind Response of Slender 

Structures. Journal of the Structural Division, ASCE, 98, pp. 21-36. 

 

WEN, Y.K., 1975, Dynamic Tornadic Wind Loads on Tall Buildings. Journal 

of the Structural Division, pp. 169-185. 

 

DBD
PUC-Rio - Certificação Digital Nº 0611874/CC



 

 

177 

WILHELMSON, R. B., WICKER, L.J., 2001, Severe Storm Modeling. Severe 

Convective Storm, Meteorological Monograph, 28, nº 50, pp. 123-166. 

 

WURMAN, J., 2002, The Multiple-vortex Structure of a Tornado. Wea. 

Forecasting, 17, pp. 473-505. 

 

YING, S.J., CHANG, C.C., 1970, Exploratory Model Study of Tornado-Like 

Vortex Dynamics. Journal of the Atmospheric Sciences, 27, pp. 3-14. 

 

DBD
PUC-Rio - Certificação Digital Nº 0611874/CC



 

 

10  Apêndice 

 

É demonstrado o processo de obtenção da aceleração nas direções x e y, 

adaptado de Wen (1975): 

 

acx = ut + u.ux + v.uy + w.uz                                                                              (10.1) 

acy = vt + u.vx + v.vy + w.vz                                                                              (10.2) 

 

onde u, v e w são dados no texto (eq. 3.5). 

 

ut = -rt.(Tr.senφ + Rr.cosφ) + Tt.(Tcosφ – Rsenφ)                                             (10.3) 

vt = rt.(Tr.cosφ + Rr.senφ) + Tt.(Tsenφ + Rcosφ)                                              (10.4) 

ux = ur.rx + uφ.φx                                                                                                (10.5) 

uy = ur.ry + uφ.φy                                                                                                (10.6) 

vx = vr.rx + vφ.φx                                                                                                (10.7) 

vy = vr.ry + vφ.φy                                                                                                (10.8) 

uz = -Tz.senφ – Rz.cosφ + U0z.senβ                                                                    (10.9) 

vz = Tz.cosφ – Rz.senφ + U0z.senβ                                                                   (10.10) 

uφ = -Tcosφ + Rsenφ                                                                                       (10.11) 

vφ = -Tsenφ – Rcosφ                                                                                       (10.12) 

2 2 1/2
0

max

[(S V.t) D ]
r

r
− +

=                                                                                   (10.13) 

0
t 2

max

S V.t
r V

r.r
−

= −                                                                                               (10.14) 

0
x 2

max

(S V.t)cos Dsen
r

r.r
− β + β

=                                                                           (10.15)

0
y 2

max

(S V.t)sen Dcos
r

r.r
− β − β

=                                                                           (10.16) 
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y
x

r

r

−
φ =                                                                                                          (10.17) 

x
y

r
r

φ =                                                                                                            (10.18) 

t 2
max

VD
(r.r )

θ =                                                                                                    (10.19) 

0

max

sen
(S V.t) cos

Dsen D
r.r

β
− − β

φ =                                                                      (10.20) 

0

max

cos
(S V.t) sen

Dcos D
r.r

β
− + β

φ =                                                                     (10.21) 

ur = -Tr.senφ – Rr.cosφ                                                                                    (10.22) 

vr = -Rr.senφ + Tr.cosφ                                                                                    (10.23) 

 

 Nas expressões acima, T e R são dados no texto (eqs. 3.2 a 3.4); Tr, Rr, Tz 

e Rz são as derivadas espaciais dessas componentes. 
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