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Technical products are, during their entire life-cycle, subjected to a
multitude of influences from their environment, thus affecting their functional
ability, their durability and their quality and reliability with the aim to
realise missions assigned by the user.

Methods of environmental engineering examine the interactions between object
and its environment. With a view to possible synergisms, system-technological
considerations and comprehensive assessments are indispensable.

It is this field which is covered by the members of the national societies.
These national societies form the Committee of European Environmental Societies
(CEEES).

The Committee of European Environmental Engineering Societies (CEEES) is an
independent organisation which aims to participating in the advancement of
science and technology in the field of environmental engineering and related
branches of science. The exchange of information and experience concerning
environmental engineering and related fields, participating wherever possible
in national symposia and arranging international symposia on environmental
engineering techniques and their application belongs also to its objectives.
Within CEEES currently working groups of interesting items, e.g. on
transportations stresses, reliability and ESS, atmospheric pollution effects on
materials, are in operation. ,

CEEES consists to day of the following members:

AITPA Associazione Italiana Technici Prove Ambiantali, Italy
ASTE Association pour le Dévelopement des Sciences et Techniques de

1/Environnement, France

GUS Gesellschaft fiir Umweltsimulation e.V., Germany

NACEX National Association of Czech Environmental Engineers
SEE Society of Environmental Engineering, United Kingdom
SEEF Finnish Society of Environmental Engineering

SEES ' Swedish Environmental Engineering Society

SSEE Swiss Society of Environmental Engineering

CEEES organisation includes a committee of delegates, a committee chairman, a
sécretariat and technical working groups. A liaison committee maintains the
relation to the EU where CEEES is a registered organisation. The chairmanship
and the secretariat is held for a period of two years by one of the member
societies.

Markus B. Dumelin
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FOREWORD

The transportation environment may be the most severe conditions a piece of
equipment will encounter during its entire lifetime. Failures as a result of
mechanical, climatic, chemical or other stresses are usually costly to rectify and
they affect the company's reputation adversely.

It is therefore often advisable to have the product to be transported tested with
regard to the transportation environment. Such testing will reveal how sensitive the
product itself is to transportation loadings, and how effectively the intended
packaging, shock-absorbing material etc. will prevent damage. One problem here is
to design an adequate test programme.

This is where it is advantageous to utilize the vast experience gathered from the
several measurements, experiments, theoretical considerations and standardization
work which can be found in literature.

This bibliography is intended to assist in the search for relevant references. It
covers measurements and analyses made for several products under different
environmental and geographical conditions, as well as methods for such
measurements, analysis and testing. Damage prevention is one important topic
which is also covered.

The bibliography has been compiled by the joint efforts of the members of the
Working Group for Transportation Stresses, within the Committee of European
Environmental Engineering Societies (CEEES). The editorial work was carried out
at the Swedish National Testing and Research Institute (SP), and the printing
organized by the Swedish Packaging Research Institute (Packforsk). CEEES
wishes to gratefully acknowledge all members having contributed to the
publication.

CEEES welcomes suggestions for additions and improvements for future editions
of this bibliography.

Borés in May 1994

Hakan Torstensson

A BIBLIOGRAPHY ON TRANSPORTATION ENVIRONMENT
© SEES, Swedish Environmental Engineering Society, Stockholm, 1994
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and Science, Vol 1, pp137-155, 1988.

Trost, T.: Mechanical Stresses on Cargo during Ground Operations in Air Transport, Packaging
Technology and Science, Vol 2, pp 85-108, 1988.

Tustin, W.: Shake-Tests for Electronic Assemblies, Machine Design (USA), v 53 n, Jan 22, 1981, pp
93-97.

Tustin, W.: Stress Screening: Its role in Electronics Reliability, Quality Progress, June 1982.

Urbanik, Th. J.: Vibrational Loading Mechanism of Unitized Corrugated Containers with Cushions
and Non-Load Bearings Contents.

Weber, H., T. Plitt, K.-F. Ziegahn and A. Geissler: Experimentelle Untersuchung des dynamischen
Verhaltens von Verpackungsmaterialien und Analyse der Transportbeanspruchung empfindlicher
Giiter. VDI-Bericht Nr. 552, 1985.

(Experimental investigation of the dynamic behavior of packaging materials and analysis of the
transportation stresses on sensitive goods, in German). '

Westin, H.: Wave-Induced Motions and Loads on Container-ship. SSF-report 143, 1977.
Noback, R: Vertical Accelerations of a Large Aircraft during Landing and Taxiing. NLR TR 820010,

1982.

Westfall, J. R., B. Milwitzky, N. S. Silsby and R. C. Dreher: A Summary of Ground-Loads Statistics.
NACA Technical Note 4008, 1957.

Wickens, A. H.: The Dynamics of Railway Vehicles on Straight Track: Fundamental Considerations
of Lateral Stability, Acta Astronautica, vol 4, pp 77-99, 1977.

Wignot, . E. et al: The Development of Dynamic Taxi Design Procedures. Federal Aviation
Administration Report, FAA, DS-68-11, 1968.

Ziegahn, K.-F.: Wirkung und Messung nichtmechanischer Transportbeanspruchungen, VFI 1984,
Heft 2, S. 43. (The effects and the measuring of non-mechanical transport stresses, in German).

Zottman, Kanthak and Steinleger: Transportbeanspruchungen im Eisenbahnverkehr, Deutsche

Bundesbahn, Versuchsanstalt Minden/W., 1976.
(Stresses during rail transport, in German).

1.3 Climatic stresses

Aus der Arbeit der Schiffsraum-Meteorologie. Meteorologische Einfliisse auf die Ladung bei der
Lagerung und wihrend des Transports. Duetscher Seewetterdienst Hamburg, 1977.

Baumbach, S.: Betrachtungen iiber Temperatur-, Feuchte und Beliiftungsmessungen im Laderaum,
Laderaum-Meteorologie, Seewetteramt Hamburg nr 9, 1956.
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(Some aspects on temperature, humidity and ventilation measurements in a ship hold, in German).
Brooks, C. E. P.: Climate in everyday life. Ernst-Benn Lim., London, 1950.

Bulling, H. J.: Ergebnisse der 2. Laderaum-meteorologischen Forschungsfahrt, Seewetteramt
Hamburg, 1958. (Results of the 2nd cargo-meteorological research voyage, in German).

Griinewald, G.: Temperatur- und Feuchte-Einfliisse auf Giiter in Standard-Containern, Der
Wetterlotse, nr 351-352 1976. (Temperature and moisture influence on goods in standard containers,
in German).

Griinewald, G., R. Zéllner and H. Cuno: Transport von Rohkaffee als Schiittgut in Containern, Hansa
nr 23, 1982. (Transport of raw coffee as bulk load in containers; in German).

Héller: Ergebnisse der 3. Laderaum-meteorologischen Forschungsfahrt, Seewetteramt Hamburg, nr
27, 1960. (Results of the 3rd cargo-meteorological research voyage, in German).

ICHCA. Condensation in containers, TASC-Report nr 49, London, 1974.

Klimatische Beanspruchungen im Uberseeversand. Betriebsblitter fiir Uberseeverpackung; Blatt 97/2,
1974. Rationalisierungsgemeinschaft Verpackung im RKW, Frankfurt.

Mielke, H.: Die Beanspruchungen von Ladegut im Uberseeversand durch die tdglichen Temperatur-
und Feuchteschwankungen, Verpackungs-Rundschau 14 (1963), Heft 10, S. 75.
(Climatic stresses on cargo due to daily fluctuations of temperature and humidity, in German).

Mielke, H.: Uber die klimatischen Beanspruchungen von Lagergut beim Uberseeversand.
Verpackungs-Rundschau 13 (1962), Heft 12, S. 93.

(On climatic stresses on cargo at consignments overseas, in German).

Mielke, H.: Uber die klimatishcen Bedingungen in Containern beim Versand in oder durch die
Tropen, Verpackungs-Rundschau 23 (1972) Heft 1, S. 1.

(On climatic conditions in containers in the tropics, in German).

Puls, K. E.: Ladungsschiden durch Wetter und Klima. K.O. Storck Verlag, Hamburg, 1986.
(Cargo damage by weather and climate, in German).

Puls, K. E. and H. Cuno: Laderaum-Meteorologie. Belastung von Giitern infolge strahlungsbedingter
Hochsttemperaturen an Oberflachen. Geféhrliche Ladung, Sonderdruck aus Nr 1/78.

Scharnow: Laderaummeteorologie, Transpress, Berlin 1970.
(Ship hold meteorology, in German).

Schmidt, E.: Wasser- und Dampfdichtigkeit von Packstiicken. Neue Verpackung 7/75 S. 992-995.
Temperatur- und Feuchteeinfliisse auf Giiter in Standardcontainern. Der Wetterlotse, Marz/April,
1976.

1.4 Studies of damages on goods.

Almlof, G. and T. Johansson: Analys av godsskador. Forskningsrapport nr 86, Tekn Hogskolan i

Linkoping, Ek inst, 1979. (Analysis of cargo damages, in Swedish).
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Almlsf, G., B. Axelsson, M. Lundin and L. Sjostedt: Strukturering och analys av godsskador.
Forskningsrapport nr 77, Tekn Hégskolan i Linkdping, Ek inst, 1977.
(Classification and analysis of cargo damages, in Swedish).

Eriksson, H.: Sickskador vid rangering - och i ndgon mén varfor. Packforsk-meddelande nr 37, 1977,
(Sack damages by shunting and possibly why, in Swedish).

Grundke, G. (ed): Lexikon der Warenschéden, Hiitling, Heidelberg, 1985.
(Goods damage encyclopaedia, in German).

Jacobsen, P.: Damage Analysis in Railway Transport, Emballage & Transportinstituttet, Kobenhavn,
1970.

Ports of the World. A guide to cargo loss control. CIGNA Corporation.

Pohlenz, L.: Schadenfreier Giitertransport auf der Eisenbahn. ETR Eisenbahntechnische Rundschau,
Heft 11, 1970. (Damage free cargo transport by rail, in German).

Skader og manko i norsk varedistribusjon. Den Norske Emballasjeforening, Oslo, Jan 1980 and Nov
1985. (Damage and loss in Norwegian goods distribution, in Norwegian).

Trost, T.: Varutransport och godsskadekostnader. Packforsk-meddelande nr 121, 1988.
(Goods transport and damage costs, 1n Swedish with summary in English).

Trost, T.: Godsskador och betingelser vid sjotransport. Studie av papperstransport over Atlanten.
Packforsk-meddelande nr 84, 1983.

(Cargo damage during sea transport. Study of the shipment of paper across the Atlantic, in Swedish
with summary in English).

Wong, P. J.: Allocating loss and damage to the railroad transport cycle, NTIS Report FRA/ORD-
81/64, Springfield, Va 1981.

1.5 Rules, regulations, standards

ASTM-D-996 00.91 Packaging and distribution environments.

BS 2011 Basic environmental testing procedures.

BS 3G.100 Specification for general requirements for equipment in aircraft.

DIN 30786 Teil 2 Transportbeanspruchungen - Mechanisch-dynamische Beanspruchungen

- StraBentransport. Entwurf Februar 1984,
(Transport stresses - mechanical/dynamical stresses - road transport, in

German)

IEC 77 (1968) Rules for electric traction equipment.

IEC 721-1 (1990) Classification of environmental parameters and their severities.

IEC 721-3-2 (1985) Classification of groups of environmental parameters and their severities
(Transportation).
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IEC 721-3-5 (1985)

IEC 721-3-6 (1987)

MIL-STD-210 C, 1987
MIL-STD-1165

STANAG 2914 AECP 1

TGL 29473, 1982

TGL 32437/01 bis /04:

Classifications of groups of environmental parameters and their
severities (Ground vehicle installations) + Amend. 1:06.91.

Classification of groups of environmental parameters and their severities
(ship-environment).

Klimatiska miljopakanningar-korrosionsindex. Ericsson Koncern
Standard, No. 151 91-011 1968.

(Climatic environmental stresses-corrosion index, in Swedish).
Climatic extremes for military equipment.

Glossary of environmental terms.

(Draft 1983) Mechanical environmental conditions to which material
intended for use by NATO forces could be exposed.

Transportverpackungen - Mechanische Beanspruchungen bei
Transport-, Umschlag und Lagerungsprozessen - Lastannahmen.
(GDR Standard, Packages for transport - mechanical stress during
transport, loading and storing, in German).

Transportverpackung: Lufttemperatur- und Feuchtebedingungen bei
Transport-, Umschlag- und Lagerungsprozessen.
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2. METHODS OF MEASURING AND TESTING

2.1 General

André, P and M. Veaux: Design of a Test Method to Simulate the Stresses Encountered by Packaging
During Sea Transport, Packaging Technology and Science, Vol 1, pp 211-214, 1988.

Arendt, F. P.: Practical Statistics for Assuring Quality from Testing Procedures, Tappi Journal, Feb k
1986, pp 272-275. !

Bendat and Piersol: Random Data: Analysis and Measurement Procedures, Wiley, 1986.

Cairns, J. A. and G. A. Gordon: Vibration Testing under Adverse Climatic Conditions (PK/MC/59).
Design of a climatic enclosure and test procedure, Feb 1983.

Caruso, H.: Environmental Test Tailoring: Issues and Opportunities, SEECO '85, London, England.

Charles, D.: Derivation of Environment Descriptions and Test Severities from Measured Road
Transportation Data, IES Annual Technical Meeting Proceedings, 1992.

Dumelin, M. B. and F. Kohler: Acceleration Measurements on Special Tracks and on Road/Cross
Country - A Comparison, IES Technical Meeting Proceedings, 1990.

Everett, D.: Sensible Display of Power Spectral Density Information, Proceedings of Institute of
Environmental Sciences '26th Tech. Meeting, May 12-14, 1980.

Forton, C. R.: Cargo Ride Evaluation on a Road Simulator, Griihauf Corp, Detroit.

Gabri, B. S. and J. T. Matthews: Normal Mode Testing Using Multiple Exciters under Digital
Control, Journal of the Society of Environmental Engineers, March 1980, pp 25-29.

Grubisic, V.: Ermittlung von Bemessungskollektiven fiir Nutzfahrzeugbauteile auf der Grundlage von
Beanspruchungsmessungen unter verschiedenen Einsatzbedingungen. Laboratorim fiir
Betriebsfestigkeit, Darmstadt, Bericht Nr. TB-139, 1978.

(Creation of design spectra for commercial vehicle parts based on stresses measured during various
circumstances, in German).

Harris, C. M. (ed): Shock and Vibration Handbook, McGraw-Hill, 3rd ed. 1988.

Harris, F. J.: On the use of Windows for Harmonic Analysis with the discrete Fourier Transform,
Proceedings of the IEEE, Vol 66, No 1, Jan 1978, pp 51-83.

IEC Publication 68-2, Basic Environmental Testing Procedures.
Johansson, A.: Classification of Tyre Pressure using Coefficients of an Adaptive Lattice Filter,
Proceedings of the IASTED International Symposium: "Applied Signal Processing and Digital

Filtering: Adaptive and Non-adaptive, Paris, June 19-21, 1985, pp 348-351.

Johnson, G. E.: A Method of Deriving Damage Equivalent Power Spectra for the Land Transportation
Environments, Cambridge Consultants Ltd Report No. C128A, MOD(PE) No. GR/85/021-01, 1972.

Kjell, G. et al.: Karakterisering av transportmiljo, SP-AR 1989, Boras.
(Characterization of transportation environment, in Swedish).
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MB Electronics: Random Noise Generation and Measurement, Environmental Quarterly.
Mustain, R. W.: Prediction of Random Environments, SAE Paper 748B, Sep 23-27, 1963.

Otnes, R. K. and L. Enochson: Applied Time Series Analysis. Volume 1: Basic Techniques, John
Wiley and Sons, 1978.

Pacifico, R. E.: Errors in Computing Displacement from Transient Acceleration Signals, Journal of
the Society of Environmental Engineers, June 1981, pp 3-16.

Peiser, A. M. and M. Wilkerson: A Method of Analysis of V-G Records from Transport Operations,
National Advisory Committe for Aeronautics, Report No 807, 1945.

Pusey, H. C.: An Information Resource to Support Test Tailoring, TEST, June/July 1988, pp
12-13.

Smith, J. E.: Measurement of the Total Structural Mobility Matrix, The Shoch and Vibration Bulletin,
40, 1969, pp 51-84.

Spann, F. W.: A Procedure for Comparing Dynamic Test Severities Based on Equipment Response
Characteristics, The Journal of Environmental Sciences, Jan/Feb 1988, pp 62-66.

Struck, W.: Die traditionelle Praxis der experimentellen Bauteilpriifung aus der Sicht des
probabilistischen Sicherheitskonzeptes, Die Bautechnik 58 (1981), Nr. 2, S.47.

(The practice of experimental testing of components, considering a probabilistic safety concept, in
German).

Sylwan, O.: Study in Comparing the Severity of Design and Test Load Spectra. Final Report Work
Package 1. Survey of Comparision Methods, ESTEC/Contract No 4627/81/NL/AK(SC), 1981.

Trampe Broch, J.: On the Measurement of Frequency Response Functions, B & K Technical Review,
No 4, 1975, pp 3-41.

Trost, T.: Simulering och registrering av transportpakéanningar, Ur konferenskompendium frén
Svenska Forpackningsforskningsinstitutets rsmoteskonferens 1983. (Simulation and registration of

transport stresses, in Swedish).

Trostiansky, A. and W. Dowling: Laboratory Simulation of Transportation Hazards, 9th IAPRI
Symposiom, St Gallen, May 11-13, 1977.

Tustin, W.: Vibration, Shock and Intense Noise Testing for Reliability, IEEE Trans on Reliability,
Vol R-28, No 2, June 1979.

Tustin, W.: g per Hertz? What's that?, Evaluation Engineering, pp 66-67, Nov 1982.

Unruh, J. F. and D. D. Kana: An Iterative Procedure for the Generation of Consistent Power/Response
Spectrum, Nuclear Engineering and Design 66, 1981, pp 427-435.

Wellstead, P. E.: Reference Signals for Closed-Loop Identification, Int J Control, 1977, vol 26, no 6,
pp 945-962.

Westoby, T. J.: Digital Techniques Applied to Sine Test Control, Journal of the Society of
Environmental Engineers, Sep 1981, pp 9-13.
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Zeigler, B. P.: Theory of Modelling and Simulation, John Wiley and Sons, NY, 1976.

2.2 Mechanical stresses

Avery, H. B. and D. F. Muster: Methods of Mobility (Mechanical Impedance) Measurement, ISA
Transactions, April 1962, pp 139-146.

Bang, B., B. Baruel Petersen and E. Morup: Random Vibration Introduction, ECR-84, Sep 1978
(Elektronikcentralen, Danmark).

Barnoski, R. L., A. G. Piersol, W. F. van der Laan, P. H. White and E. F. Winter: Summary of
Random Vibration Prediction Procedures, NASA Report NASA-CR-1302, 1968.

Baruel Petersen, B.: Applikations of Mechanical Shock Spectra, ECR-106, Jan 1981
(Elektronikcentralen, Denmark).

Baxter, K. R.: An optimized implementation of SRS analysis and control.

Beauchamp, K. G., S. E. Pittem and M. E. Williamson: Analysing Vibration and Shock Data, Part 1:
Data acquisition and pre-processing, Journal of the Society of Environmental Engineers, Sep 1972,
No 54.

Beauchamp, K. G., S. E. Pittem and M. E. Williamson: Analysing Vibration and Shock Data, Part 2:
Processing and presentation of results. Journal of the Society of Environmental Engineers, Sep 1972,
No 55.

Bishop, N. W. M. and F. Sherratt: Fatigue Life Prediction from Power Spectral Density Data, Dept. of
Engineering, University of Warwick.

Brinkley, D. J.: "Vibration Transducer Calibration Techniques, Journal of the Society of
Environmental Engineers, Sep 1980, pp 3-8.

Canton, H.: Survey of the various methods of calibrating acceleration transducers used at Centre
d'Etudes Scientifiques et Techniques d'Aquitaine, Journal of the Society of Environmental Engineers,
June 1981, pp 27-29.

Cronin, D. L.: Response Spectra for Sweeping Sinusoidal Excitations, Shock and Vibration Bulletin
No 38, Part 1, pp 133-139, 1968.

Curtis, A. I., N. G. Tinling and H. T. Abstein Jr: Selection and Performance of Vibration Tests, Shock
and Vibration Monograph Series, Vol. 8, The Shock and Vibration Information Center, United States
Dept of Defense, 1971.

Czechowski, A.: Proposal for an Improved Method of Frequency Sweep Testing, J ournal of the
Society of Environmental Engineers, Sep 1984, pp 10-12.

Dahlberg, T.; Optimization of Randomly Vibrating Discrete Mechanical Systems, Division of Solid
Mechanics, CTH, 1978.

Dixon and Mood: Test method "Up and Down". Journal of the American Statistical Association 1948,
1953.
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Ehlers, E. L. and H. T. Cline: Methodology Investigation Final Report. Improvement of shock and
vibration testing schedules for transport of loose, restrained and secured cargo, US Army Aberdeen
Proving Ground, Maryland, Sep 1981.

Eisenreich, N., H. P. Kugler and W. Liehmann: Optical methods for Measuring Vibration and Local
Displacement, Journal of the Society of Environmental Engineers, Dec 1983, pp 24-27.

Fackler, W. C.: Equivalence Techniques for Vibration Testing, Shock and Vibration Monograph
Series Vol. 8, The Shock and Vibration Information Center, United Stated Dept of Defense, 1972.

Frarey, J. L.: Comparison of Vibration Signature Analysis Techniques, Proc of the 26th Meeting of
the Mechanical Failures Prevention Group, Chicago, May 17-19, 1977.

Gordon, G. A. and R. J. F. Smith: Developing better vibration tests for packages, Journal of the
Society of Environmental Engineers, Dec 1980, pp 29-36.

Gordon, G. A. and D. Twede: Cushioning Materials: Analyzing the Vibration Transmissibility,
Packaging Technology, Dec 1980, pp 19-22.

Greenfield, J. F.: Dealing with the Shock Environment Using the Shock Response Spectrum Analysis,
Journal of the Society of Environmental Engineers, Sep 1977, pp 3-15.

Gustavsson, A. I.: Measurement of Landing Gear Loads of a Commuter Airliner, ICAS-86-5.9.3,
1986.

Hanes, R. S.: Truck Vibration. Technical Report. Boulder, May 17, 1983.

Harvey, V. W. M.: Specifying Vibration Simulation.

Hell, T. A.: Method to Determine Realistic Random Vibration Test Levels Taking Into Account
Mechanical Impedance Data. Part II: Verification Tests, Shock & Vibration Bulletin, 1980, no 50, pp
137-154.

Hieber, G. M. and W. Tustin: Understanding and Measuring the Shock Response Spectrum. Part I
Sound and Vibration, March 1974, pp 42-49, Part II: Sound and Vibration, April 1975, pp 50-54.

Hoshal, G. D. and M. Sharif-Bakhtiar: An accurate and cost-effective technique for shock and
vibration filed data aquisition - a case study, Sensors Expo International, 1989.

Johnson, G. E.: Estimating the Shock Environment Encountered during Transportation over Public
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Johnson, G. E.: An Indirect Approach to the Problem of Specifying Shock and Vibration Tests to
Cover Transportation over Public Roads, Cambridge Consultants Ltd Report No, M202, MOD(PE)
No. GR/85/024-01, 1973.

Johnson, G. E.: A Study of the Transportation Shock Environment and its Simulation, Cambridge
Consultants Ltd Report No. M208, MOD(PE) No. DX101/07-01, July 1976.

Kerr, M. T.: The importance of Package Testing in todays Data Processing Industrie. Proceedings of
Western Regional Forum Packaging Institute. USA, 1981.

Kerr, M. T.: Random Vibration for Package Testing. IBM Technical Report TR 02.995 May 1982.
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Aerospace Utica, NY.

Lanham, T. E.: Analysis of shock data produced by a drop test
IBM Techanical Disclosure Bulletin 25 (1983) 11A, S.5493-5494

L. A. B. Application bulletin no 1269-2. Utilizing shock machines for product fragility testing and
package design.

Loschau, G. and W. Reise: MeBverfahren fiir Standfestigkeitsuntersuchungen am realen Lagerstapel.
Verpackungs-Rundschau 31 (1980) Heft 9, S. 61.
(Measurement techniques for determination of stability of storage stacks, in German).

Laschau, G.: ModellmiBige Darstellung von Siulenstapeln zur vereinfachten Bestimmung der
kritischen Lagerhohe, Verpackungs-Rundschau, vol 32, 1981.

(Modeling of stacking for a simplified determination of the critical storage height, in German).

MeBtechnik bei Transportbeanspruchungen. Transportkette 35, SGKYV, Frankfurt/Main 1982.
(Measurement techniques for transportation stresses, i German).

Naval Engineering Standard NES 1004: Requirements for the Design and Testing of Equipment to
Meet Environmental Conditions, Issue 1, 1987.

Nisonger; R. L. and R. D. Ervin: Measurement of Ride Vibrations on Semitrailers Incorporating
Different Suspensions, Highway Safety Research Institute, University of Michigan, 1979.

Petersen, B. B.; Vibration Environments, Elektronikcentralen, 1983.
Randall, R. B.: Frequency analysis, Briiel & Kjaer, Danmark, 1987.

Schlue, J. W. and W. D. Phelps: A New Look at Transportation Vibration Statistics. Shock and
Vibration Bulletin No, 37, 1968: VII, pp 19-37.

Schrage, D. P. and R. H. Lutz: Environmental Vibration Testing of Helicopter Stores and Equipment
to the Procedures Outlined in MIL-STD-810C, 34th Annual Forum of the American Helicopter
Society, 1978.

Sharpe, W. N. and T. J. Kusza: Preliminary Measurement and Analysis of the Vibration Environment
of Common Motor Carriers, Michigan State University, Shool of Packaging, Technical Report No.

22.

Silver, W. and E. Szymkowiak: Recommended Shock and Vibration Tests for Loose Cargo
Transported by Trucks and Railroads, Westinghouse Electric Corp.

Tebbs, J. D. and D. O. Smallwood: Extension of Control Techniques of Random Vibration Tests,
Shock & Vibration Bulletin, 45(2), pp 101-109.

Time History Vibration Testing. RAE Tech Memo Aero 1791, March 1979.
Trost, T.: Forpackningsteknisk stot- och vibrationsdampning. Metodik och provning. Packforsk-

meddelande nr 114, 1988.
(Packaging technological shock and vibration damping. Methodology and testing, in Swedish).
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Trost, T.: Shock recorders and impact indicators for transport environment studies. Market survey and
applications, (Swedish Packaging Research Institute, Publication No. 148, 1991, in Swedish with
summary in English).

Underwood, M. A.: Optimal digital filtering applied to shock response spectrum analysis.

Venetos, M. A.: Development of a Velocity Shoch Recorder for Measurement of Shipping
Environments.

Voy, Ch.: Die Simulation vertikaler Fahrzeugschwingungen (The simulation of vertical oscillation in
vehicles).

White, R. G. and M. E. J. Mannering: Techniques for Measuring the Vibration Transmission
Characteristics of the Ground, Journal of the Society of Environmental Engineers, March 1975.

White, T. A.: Shock response spectrum - €in Uberblick (Shock response spectrum - a general view).

Witte and Rodeman: Dual Specifications in Random Vibration Testing, an Application of Mechanical
Impedance, Shock & Vibration Bulletin, Dec 1980, No 41, pp 109-118.

2.3 Other types of stresses

Bach, H. W. and H. A. Feil: Umweltbedingungen - Umweltpriifungen. Klimatische Umwelteinfliisse
und Simulationsverfahren fiir die Erprobung technischer Produkte. Siemens Aktiengesellschaft,
Berlin, Miinchen, 1979. (Climatic environmental influence and simulation techniques for the testing
of technical products, in German)

Liick, W.: Messung der Materialfeuchte, Archiv fiir technisches Messen, 312, 1962.
(Measurement of material moisture, 1n German).

2.4 Rules, regulations, standards

AFNOR 2337 (Draft 1985) Association frangaise de normalisation. Railway rolling
stock, electric and electronic devices, sinusoidal vibration tests. Original:
french.

ASTM D999-75 Standard Methods for Vibration Testing of Shipping Containers.

ASTM-D-333-00.88 Test method for mechanical shock fragility of products, using shock
machines.

ASTM-D-3580-00.90 Method for vibration test of products.

ASTM-D-4169-00.91 Performance testing of shipping containers and systems.

ASTM-D-4332-00.89 Conditioning containers, packages or packing components for testing.

ASTM-D-642-76 00.90 Compression test for shipping containers.
ASTM-D-685-73 00.87 Conditioning paper and paper products for testing.
ASTM-D-775-80 (1986)

rev Drop test for loaded boxes.
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ASTM-D-880 00.86 Incline impact test for shipping containers.

ASTM-D-959-80 (1986)
rev Drop test for filled bags.

ASTM-D-997-80 (1986)

rev Drop test for loaded cylindrical containers.

ASTM-D-999-00.91 Vibrations testing of shipping containers.

ASTM-D-4003-86 Controlled horizontal impact test for shipping containers.

ASTM-D-4577-86 Compression resistance of a container under constant Joad.

BS 6082 P1 1981 Guide to compilation of performance schedules for complete, filled
P2 1981 transport packages.

BS 4826 P1..P4 Complete, filled transport packages.

0.5. 88, 06.88, 07.86,

07.86

BS 6632: 1985 Measurement and Reporting of Shipboard Vibration Data.

BS 6633: 1985 Measurement and Reporting of Local Vibration Data of Ship Structures

and Equipment.
BS 6634: 1985 Overall Evaluation of Vibration in Merchant Ships.
DEFE-STAN 07-55 (Part 2) Section 1/1

Environmental testing of materials

A 1 Vibration sinusoidal

A 2 Vibration random

A 3 Shock

A 4 Drop & topple

A5 Bump

A 8 Bounce (Wheel Vehicle Transport)
A 9 Free Fall

A 11 Impact

DIN 1311: 1974 Teil 1: Schwingungslehre. Kinematische Begriffe.
DIN 1313: 1978 Physikalische Grossen und Gleichungen, Begriffe, Schreibweisen.
DIN 1319: 1983 Teil 3: Grundbegriffe der Messtechnik.

DIN ISO 4178: E 1991 Verpackung; versandfertige Packstiicke, Probeversand-aufzuzeichnende
Angaben.

DIN ISO 4180: E 1991 Teil 1: Versandverpackung, versandfertige Packstiicke, allgemeine
Grundsitze.
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DIN ISO 4180: E 1991

DIN ISO 8474: E 1991
DIN 10050 T3..Tg 72/73
DIN 15145: 1987

DIN 30781: 1989

DIN 30781

DIN 40046 10 Teile
DIN 43321: 1979

DIN 50010 T1 1977
T2 1981

DIN 55405
DIN 70010: 1990

FED-STD-101C

GAM-EG-13
IEC 68

[EC 68-2-6 (1982)

IEC 68-2-7 (1983)
IEC 68-2-27 (1987)
IEC 68-2-29 (1987)

IEC 68-2-31 (1969)

IEC 68-2-32 (1975)

IEC 68-2-34 (1973)

[EC 68-2-35 (1973)

Teil 2: Versandfertige Packstiicke, Allgemeine Regeln fiir die Erstellung
von Priifplanen.

Verpackung, versandfertige Packstiicke, Tauchpriifung.
Verpackungspriifung.

Transportkette; Paletten; Systematik und Begriffe.

Teil 1: Transportkette; Grundbegriffe.

Teil 2: Transportkette; Systematik der Transportmittel und
Transportwege.

Umweltpriifung fiir die Elektrontechnik.
Regeln fiir elektronische Einrichtungen auf Schienenfahrzeugen.

Klimate und ihre technische Anwendung.

Teil 1-7: Begriffe fiir das Verpackungswesen.
Systematik der Strassenfahrzeuge.

Method 5020, Vibration sinusoidal motion test-vibration encountered
during shipment by common carrier.

Methods for environmental testing.

Basic environmental testing procedures.

Test Fc and guidance: Vibration (sinusoidal).
Amendement No. 1 (1983)

Amendement No. 2 (1985)

Test Ga and guidance: Acceleration, steady state.
Test Ea and guidance: Shock.

Test Eb and guidance: Bump.

Test Ec: Drop and topple, primarily for equipment-type specimens.
Amendement No. 1 (1982).

Test Ed: Freefall. Amendement No, 1 (1982).

Test Fd: Random vibration wideband-general requirements.
Amendement No. 1 (1983). Amendement No. 2 (1990).

Test Fda: Random vibration wideband-Reproducibility high.
Amendement No. 1 (1983).
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IEC 68-2-36 (1973)

IEC 68-1-37 (1973)

IEC 68-2-47 (1982)

IEC 68-2-48 (1982)

IEC 68-2-50 (1983)

IEC 68-2-51 (1983)

IEC 68-2-53 (1984)

IEC 68-2-55 (1987)
IEC 68-2-57 (1989)
IEC 68-2-62 (1991)
IEC 68-2-63 (1991)
IEC 68-2-64

IEC 75 (CO) 63
IEC 75 (CO) 63
ISO 554: 1976

ISO 830: 1981

ISO 4677-1: 1985
-2: 1985

ISO 8002: 07.90

ISO 4865

ISO 2206: 1987
ISO 2233: 1986

ISO 2234: 1985

Test Fdb: Random vibration wideband-Reproducibility medium.
Amendement No. 1 (1983).

Test Fdc: Random vibration wideband-Reproducibility low.
Amendement No. 1 (1983).

Mounting of components, equipment and other articles for dynamic tests
including shock (Ea), bump (Eb), vibration (Fc and Fd) and steady-state-

acceleration (Ga) and guidance.

Guidance on the application of the tests of IEC. Publications 68 to
simulate the effects of storage.

Test Z/A Fe: Combined cold/vibration (sinusoidal) tests for both heat-
dissipating and non-heat-dissipating specimens.

Test Z/B Fc: Combined dry heat/vibration (sinusoidal) tests for both
heat-dissipating specimens.

Guidance to tests Z/A Fc and Z/B Fc: Combined temperature (cold and
dry heat) and vibration (sinusoidal) tests.

Test Ee and guidance: Bounce.

Test Ff: Vibration-Time-history method.

Test Ef: Impact, pendulum hammer.

Test Eg: Impact, spring hammer.

Draft-Test Fh: New title (due Feb. 93).

Draft-Amendment of Fig. 1, Model shock response.
Draft-Amendment, Model shock response spectrum.

Standard atmospheres for conditioning and/or testing-specifications.
Freight containers-terminology.

Atmospheres for conditioning and testing.
Determination of relative humidity.

Mechanical vibrations-/and vehicles-, method for reporting measured
data.

(Draft 1986). Vibration and shock methods for analysis and presentation
of data.

Complete, filled transport packages - Identification of parts when testing.
Complete, filled transport packages - Conditioning for testing

Complete, filled transport packages - Stacking tests using static load.
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ISO 2244: 1985

ISO 2247: 1985

ISO 2248: 1985

ISO 2872: 1985

ISO 2873: 1985

ISO 2874: 1985

ISO 2041: 1990

ISO 2875: 1985

ISO 2876: 1985

ISO 3534: 1977

ISO 4180:1980

ISO 8318:1986

ISO 8474:1986

ISO 8768:1987

MIL-STD-202 F

MIL-STD-331 B, 1989

MIL-STD-781 D

MIL-HDBK-781

MIL-STD-810 E

Notice-1 1990

MIL-STD-810 E

MIL-STD-810 E

MIL-STD-883 G

RTCA/DO-160 B 12.89
EUROCAE/ED 14B

Complete, filled transport packages - Horizontal impact tests.

Complete, filled transport packages - Vibration test at fixed low
frequency.

Complete, filled transport packages - Vertical impact test by dropping.
Complete, filled transport packages - Compression test.
Complete, filled transport packages - Low pressure test

Complete, filled transport packages - Stacking test using compression
tester

Vibrations and shock - Vocabulary.

Complete, filled transport packages - Water spray test
Complete, filled transport packages - Rolling test
Statistics; Vocabulary and symbols.

Complete, filled transport packages, General rules for compilation of
performance test schedules.

Complete, filled transport packages - Vibration test using a sinusoidal
variable frequency

. Complete, filled transport packages - Water immersion test

Complete, filled transport packages - Toppling test
Test methods for electronic and electrical component part.
Environmental and performance tests for fuze and fuze components.

Reliability testing for engineering development, qualification and
production.

Reliability test methods, plans, and environment for engineering,
development, qualification and production.

Environmental test methods and engineering guidelines.
Method 514.4 Vibration.

Method 516.4 Shock.

Test methods and procedures for microelectronics.

Environmental conditions and test procedures for airborne equipment.
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VTL 8100-005 (1967) Vorlidufige Technische Lieferbedingungen des BWB. Priifverfahren fiir
Packstiicke (Versandpackung).




3. PREVENTION OF DAMAGE ON GOODS

3.1 General

Bartels, P.: Aufgaben der Verpackungstechnik GL 20 (1975), Heft 5. (The task of packaging
technology, in German).

Braune, H.-J.: Anforderungen an die Verpackung im Eisenbahntransport. Die Verpackung, Leipzig,
23 (1982) 183, H.5. (Demands on packaging for railway transport, in German)

Bruchuntersuchungen und Schadensklarung, Allianz, Miinchen 1976. (Fracture analys and damage
investigations; in German).

Busch, L.: Kompromifs zwischen Kosten und Schutz. Fordermittel-Journal 14 (1982), Heft 7/8, S.50.
(Optimization between cost & protection, in German)

Caruso, H. and W. Silver: Advances in Shipping Damage Prevention.

Damzog: Verpackungen fiir Gefahrgut, Tagung: Entwicklungstendenzen beim Gefahrgut-Transport,
K&ln, 1982 Verlag TUV Rheinland, Kéln. (Packagings for dangerous goods, in German).

Schadensanalyse, VDI-Richtlinien 3822, Beuth, Berlin.
(Damage analysis; in German).

Eschke, K.R.: Methoden des Korrosionsschutzes, Hamburger Hafen-Nachrichten nr 37, 1982
(Methods of corrosion protection, in German).

Failure Analysis and Prevention, Metals Handbook vol 10, ASM 1975.

Five steps to more cost effective Packaging and Product design. MTS Systems Corp Minneapolis,
Minnesota.

Freie Fahrt fiir Sicherheit, Interview von pack report mit R. Freudenthal, BZA Minden, Pack Report
1981, H. 10, S. 54 f. (Free speed for safety, in German).

Grundke, G.: Katalog der Warenschiden als Hilfsmittel fiir den Verpackungseinsatz (III). Die
Verpackung 24 (1983) 110, H.3. (Register on damage of goods as an aid to correct packaging, in

German).

Hancock, A. P.: Packaging for the Transport of Dangerous Goods. Journal of Environmental
Engineering, June 1990.

Heinrich, Ch.: Priifung von Transportverpackungen (1). Die Verpackung 23 (1982) 170 (H.5).
(Testing of packagings for transport, in German).

Heiss, R.: Verpackung feuchtigkeitsempfindlicher Giiter, Springer-Verlag, Berlin 1956. (Packing of
moisture-sensitive goods, in German).

Hemeyer, K.-H.: Verpackungen fiir den Transport gefahrlicher Giiter, Verpackungs-Rundschau 35
(1984) Nr. 5, S .856. (Packagings for the transport of dangerous goods, in German)

Hermann, P.: Trockenmittel als Korrosionsschutz fiir Packgiiter, RGV-Handbuch Verpackung, Erich
Schmidt Verlag Berlin.
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Hohmann, H. J., J. Penzkofer and R. Heiss: Untersuchungen iiber dir Wirkungsweise von
Polsterstoffen. 2. Mitteilung: Uber die Bewertung der stoBddmmenden Eigenschaften von
Polsterstoffen fiir die Verpackung kompakter und schwingfahiger Giiter. Verpackungs Rundschau
4/1965.

Hoppe, W.: Mechanische Beanspruchungen der Verpackung durch Transport und Lagerung RKW-
Handbuch. Erich Schmidt-Verlag, Berlin 1981. (Mechanical stresses on the packages during
transport and storage, in German)

Kramer, E.: Transportgerecht verpacken - verpackungsgerecht transportieren, Neue Verpackung 36
(1982), 941 (H. 8).

Kiihne, H. and W. Kerner-Gang.: Besténdigkeit von Werkstoffen gegeniiber tierischen Schédlingen
und Mikroorganismen, Teil I+ II. Amts- und Mitteilungsblatt der Bundesanstalt fiir Materialpriifung
(BAM) 10 (1980) Nr. 2, S. 72. (Resistance of materials against noxious animals and micro organisms,
part I + I, in German).

Lange, G. (ed): Systematische Beurteilung technischer Schadensfille, Deutsche Gesellschaft flir
Metallkunde, Oberursel 1983. (Systematic assessment of technical failure cases; in German).

Lohr, J.: Was erwartet die Lackindustrie von der Verpackungsindustrie, Farbe & Lack 87 (1981) 411
(H.5). (What does the lacquer manufacturer expect from the packaging industry, in German).

Mai, G.: Exportgiiter zweckmaBig verpacken. Die Verpackung, Leipzig, 23 (1982) 173, H.5.
(Appropriate packaging of goods for export, in German).

Mechanical Environmental Conditions to Which Material Intended for Use by NATO Forces Could
be Exposed, AECP-1.

Mechanische Versand- und Priifbeanspruchungen im Uberseeversand, Rationalisierungs-
Gemeinschaft Verpackung im RKW, RKW 3102, 1979 Brausdruck, Heidelberg. (Mechanical stresses
on oversea consignments, in German).

Meiners, D.: Giitegesicherte Verpackungen aus Stahlblech Packung & Transport 1983, Nr. 7/8, 20.
(Quality assured packagings of steel, in German).

Methodik der Schadensuntersuchung, VDI-Bericht, 243, VDI, Diisseldorf 1975 (Methodology of
damage investigations; in German).

Morrow, D. et al.: Lading Damage Parameters, Rutges Univ, Piscataway, NIJ.

Miiller-Rossow, K.: Verpackung, Lagerung, Transport in: Masig, W. (Hrsg.): Handbuch der
Qualitétssicherung Carl Hanser-Verlag, Miinchen, 1980. (Packaging, storage, transportation, in
German).

Package Cushioning Design. MIL-HDBK-304 B. US Dept of Defense. 1978. Military Standardization
Handbook.

Penzkofer, J.: Untersuchungen iiber die Wirkungsweise von Polsterstoffen, 1. Mitteilung:

Uberlegungen tiber die fiir die StoBddmmung mafigebenden Eigenschaften und Methoden zu ihrer
Messung. Verpackungs Rundschau 8/1960.
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Penzkofer, J., G. Reif and R. Heiss: Untersuchungen iiber die Wirkungsweise von Polsterstoffen. 3.
Mitteilung: Verfahren zur Bemessung von Polsterstoffen fiir den Versand starrer Packgiiter und
Bemessungsbeispiele fiir einige Polsterstoffe. Verpackungs Rundschau 1/1971.

Penzkofer, J., G. Reif and R. Heiss: Untersuchungen Uiber die Wirkungsweise von Polsterstoffen. 4.
Mitteilung: Bemessung stofdammender Einbauten fiir den Versand von Packgiitern mit
schwingfihigen Bauteilen. Verpackungs Rundschau 2/1975.

Proksch, A.: Bestimmung des Stauchwiderstandes in der Blattebene an Papier und Pappe. Aligemeine
Papier-Rundschau No. 18, 1983, S.18.
(Determination of compression resistance in the sheet plane of paper and fiberboard, in German)

Reinhardt, H. and H. Béttger: Packungsmittel aus Plast zum Transport gefdhrlicher Giiter. Die
Verpackung 24 (1983) 103 (H.3). (Plastic materials for the transportation of dangerous goods, in
German). '

Rockstroh, O.: Mechanische Beanspruchungen (und ihre Abwehr durch Einsatz elastischer
Packmitte]) RKW-Handbuch, Erich Schmidt-Verlag, Berlin, 1981. (Mechanical stresses (and how to
avoid them using elastical means of packaging), in German)

Rockstroh, O.: Handbuch der industriellen Verpackung, Verlag moderne Industrie, Miinchen, 1972.
(Handbook of Industrial Packaging, in German).

Rudolph, G.: Verpackungsdisposition in der Praxis unter besonderen Beriicksichtigung des
Anlagenbaus. Vortrige zur 12. Verkehrstechnischen Tagung, ZVEI - VDMA, Berlin 18. 10-19. 10.
1977 (1977) Okt., S. 122-129. (Packaging planning in practice, with particular consideration to plant
construction, in German)

Schmidt, E.: Untersuchung von Packmittelwénden zur Verringerung des Materialeinsatzes, Neue
Verpackung 30 (1977) 64, H.1. (Investigation of container walls to reduce the demand on material, in
German)

Smith, A. T.: Information Relating to Load Restraint Requirements for Surface Transport, EPS
Logistic Technology Report No CP/8/34-114, March 1989.

Verpackung und Container im Uberseeversand. Betriebsblitter fiir Uberseeverpackung RGV/BFSV
RKW, Eschborn 1984. (Packagings and containers in overseas transportation, in German).

Verpackungs-Handbuch 1981/82. Verlag fiir chemische Industrie H. Ziolkowsky KG, Augsburg.
(Handbook of packaging)

Vollmer, W.: Wellpappe-Versandfaltkisten, Verpackungsmagazin, Central-Druck P. Keppler,
Frankfurt, 2. Ausg. 1957

Wagner, G.: Die Zuverléssigkeit von Verpackungen im Prozef des Umschlags, der Lagerung und des
Transports. Proceedings EOQC-Kongref 1978, Vortrag S. 21. (The reliability of packages during

handling, storage and transport, in German).

Wilde, C.: Verhiitung von vermeidbaren Transportschdden - Belastungen der Packstiicke. ZFL 1982,
551,H.7. (Prevention of avoidable transport damages, in German).

Wilde, C.: Verpackungsvorschriften GL 27 (1982) 156 (Heft 4) (Packing requirements, in German).

Wilde, C.: Transportbehilter GL 26 (1981) 357 (H. 9) (Transport containers, in German).
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3.2 Rules, regulations, standards

ASTM-D-1083 00.91

BS 4672 P1 1971
P2 1971

DIN 55439 Teil 1, 1981.

Large shipping cases and crates.

Guide to hazards in the transport and storage of packages.

Priifprogramme fiir Packstiicke.
(German Standard, Test programs for packages, in German).
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4. MISCELLANEOUS

ADR, European Agreement on the Transport of Dangerous Goods, ECE; Geneva 1988/90/92.

Aldridge, D. S.: Environmental Engineering within the Automotive Component Development
Process. Journal of the IES Jan/Febr 1993.

General American Transportation Corp NTIS-Report PB 204442, Springfield, Va 1971.
Inspector's Manual, Association of American Railroads, Chicago II.

Lundgren, J.: Ships with large hatch openings (Stiftelsen Svensk Skeppsforskning) SSF No 111
(1975) och SSF No 116 (1976).

Pietrulla, W. K. E.: Kriterien fiir giftige Stoffe, Gefdhrliche Ladung 28 (1983) 280 (Nr. 7). (Criteria
for toxic materials, in German)

Surveyor's Handbook, Lloyd's , London.

Weir, E.: The heartaches of transportation. Computing Devices Ltd. Packaging 1991.
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