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FOREWORD

The Department of Defense System Safety Program's principal
objective is the protection of the public and the individual,
This is closely followed by its concern to conserve the other
national resources. .

To insure that these receive due consideration, this mili-
tary standard has been written and approved by the Department of
Defense and is mandatory for use by all departments and agencies
of the Department of Defense effective 115 JULY 1969,

The degree of safety achieved in a military system is direct-
ly dependent upon management emphbasis. Management emphasis on
safety must be applied by the Government and contractors during
the conception, development, production, and operation of each
military system.

- The results of the system safety effort is dependent upon
the procuring agency clearly stating safety objectives and require-
ments, and the Contractor's ab1lity to translate these into func-
tlonal hardware.

Recommended cofrectlons additions, or deletions should be
addressed to the Air Force Systems Command (SCIZ), Andrews AFB,
Washington, D.C. 20331.
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1. SCOPE

1.1 Purpose. The purpose of this standard is to provide
uniform requirements and criteria for establishing and imple-
menting system safety programs and to provide guidelines for
preparing System Safety Program Plans (SSPP).

1.2 Application. . This standard is applicable %o Department
of Defense procurement of military systems, subsystems, and equip-
ment, such as aeronautical, nautical, vehicular, missile, space,
electronics, weapons and munitions. This standard will be used
during concept formulation, contract definition, engineering de-
velopment, production, and operational phases, '

1.3 "Implementation. This standard will be used in preparing
safety requirements for inclusion in contract work statements.
system safety program plans, and other contractual documents.

1.3.1 Each provision of this standard shall be considered for
the extent of applicability, deviations, or supplementary require-
ments. Where the paragraph or subparagraph of this standard would
require duplication, wholly or in part, of design, analysis, test,
demonstration, or organizational requirements already specified by
the procuring activity, those requirements, functions and efforts
shall be identified and utilized in the plan rather than be dupli-
cated. This standard applies to those activities through which
a contractor manages his system safety effort to the extent speci-
fied in the contract statement of work and approved SSPP. The
SSPP shall be incorporated or referenced in contractual documents
as necessary to define the safety program:

1.3.2 VWhen the scope and magnitude of a program does not
warrant the requirement for a comprehensive system safety program,
the procuring activity shall specify to the contractor the minimum
acceptable safety program requirements.

1.3.3 . The safety life cycle as described herein (see 4.2) is
for a system program which includes all phases: concept formulation,
contract definition, development, production, and operational.

Since all system programs do not follow the phases as distinctly

as stated, eath system safety program plan and activity must be
tailored to the specific requirements and peculiarities of the. sys-
tem or project. The sequence of activities described in the safety
life cycle, however, shall be accomplished at some time during the
life cycle to insure that a balanced, effective system is developed.
Accordingly, when a system program does not require a formal con-
tract definition phase, the essential safety activities for that
phase shall be accomplished early in the development phase.

2. REFERENCED DOCUMENTS

‘None applicable to this standard.
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3. DEFINITIONS. The following definitions apply to this standard.

3.1 Saféty. Freedom from those conditions that can cause
injury or death to personnel, damage to or loss of equipment or
property.

3.2 System. A composite, at any level of complexity, of
operational and support equipment, personnel, facilities, and soft-
ware. which are used together 2s an entity. and capable of performlng'
.and/or supporting an operational role. i

3.3 System safety. The optimum degree of safety within the
constrainis of operational effectiveness, time and cost, attained
through specific application of system safety management and engi-
neering principles throughout all phases of a system's life cycle.

3.4 System safety management. An element of program manage-
ment which insures the accomplishment of the system safety tasks
including identification of the system safety requirements; planning,
organ1zing, and controlling those efforts which are directed toward
‘achieving the safety goals; coordinating with other (system) program
elements; and analyzing, reviewing, and evaluating the program to
insure effectlve and timely realization of the system safety objec-
tives. N

3.5 System safety engineering. An element of systems engineer-
ing involving the application of scientific and engineering princi-
ples for the timely identification of bazards and initiation of
those actions necessary to prevent or control hazards within the
"system. It draws upon professional knowledge and specialized skills
in the mathematical, physical, and related scientific disciplines,
together with the principles and methods of engineering design and
analysis to specify, predict, and evaluate the safety of the system.

3.6 Contractor. An industrial or governmental agency éhgaged
to provide services or products within agreed limits.

3.7 Prime contractor. One who enters into agreement directly
with the Govermment to provide a product or service,

3.8 .Integrating contractor. The contractor assigned respon-
" sibility by the procuring activity for overall scheduling. and
system interface of associate contractor activities and equipment,
and for the furnishing of specified support services which are
common to two or more of the contractors.

3.9 Associate contractor. A prime contractor for the develop-
ment or production oI subsystems, .equipments, or components meeting
specifications furnished or approved by the procuring activity. An
associate contractor can be one member of a group of contractors
developing and producing a complete system.

,
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3.10 Subordinate (sub)contractor. One who enters into
agreement with a prime contractor or other subordinate contractor
to provide a product or a service,

3.11 Crash safety. A manned-system characteristic that allows
the system occupants to survive the impact and evacuate the vehicle
in potentially survivable accidents. Crash safety implies: '

- (a) Crashworthiness
' (b) Provisions for timely evacuation

3.12 Crashworthiness. The capacity of a vehicle to act.as a
protective container and energy absorber during potentially surviv-
able impact conditlons.

3.13 Hazard. Any real or potential condition that can cause
injury or death to personnel, or damage to or loss of equipment or
property.

3.14 Hazard level. A qualitative measure of hazards stated
in relative ferms. For purposes of this standard the following
hazard levels are defined and é€stablished: Conditions such that
personnel error, environment, design characteristics, procedural
deficiencies, or subsystem or component failure or malfunction:

(a) Category I - Negligible

ee+. wWill not result in personnel injury or system
damage. ’

(b) Category II - Marginal

.... can be counteracted or controlled without
injury to personnel or major system damage.

(c) Category III - Critical

«ss. will cause personnel injury or major system
damage, or will require immediate corrective action for personnel
or system survival,

(d) Category 1V - CétastrOphic

«eee« wWill cause death or severe injury to personnel,
or system loss.

4., GENERAL REQUIREMENTS
4.1 System safety program. The contractor shall establish

and maintain an effective system safety program that is plaanned
and integrated into all phases of system development, production,
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and operation. The system safety program shall provide a dis-
ciplined approach to methodically control safety aspects and
evaluate the system's design; identify bazards and prescribe cor-
rective action in a timely, cost effective manner. The system
safety program activities shall be specified in a formal plan

(see 5.2) which must describe an integrated effort within the
total program. The system safety program shall be based upon such
factors as the system objectives, criticality of the safety re-
quirements; the complexity of design, and total cost. The system
safety program objectives are to insure that:

(a) Safety consistent with mission requlrements is de-
signed into the system.

: (b) Hazards assoc1ated with each system, subsysten,
and equipment are identified and evaluated, and eliminated or
controlled to an acceptable level.

(c) Control over hazards that cannot be eliminated is
established to protect personnel equipnent, and property.

(d) Minimufa risk is involved in the acceptance and use
of new materials and new production and testing techniques.

" (e) Retrofit actions required to improve safety are
minimized through the timely inclusion of safety factors during
the acquisition of a system.

(f)  The historical safety data generated by similar
system programs are considered ‘'and used where appropriate.

4.2 System safety program activities and sequences. The
application of this military standard to a specific contract re-
quires a complete review of the standard to determine the degree
of applicability of each paragraph to the contract. The safety
requirements will vary depending on the amount of research, de-
velopment, test, and engineering, and the intended use of the
contract end item. The following paragraphs will give a general
indication of when the requirements of this standard should be
met during the development of a system for the Department of
Defense when the formal DOD development process is applied. (See
Appendix B).

4.2.1 Concept Formulation Phase. A formal SSPP is not re-
quired in the concept formulation phase. As system concepts and
functions are identified,  safety studies shall be performed to
determine the radequacy of design concepts to meet the essential
safety characteristics of the system. These studies also shall:

(a) Evaluate technical approaches to system safety
design features.

(b) Identify possible safety interface problems,

(c¢) Highlight special areas of safety consideration,
such as system limitations, risks, man-rating requirements.

’ (d) Define" areas requ1r1ng further safety investigation

and describe safety tests or data needed from exploratory or
advanced development activities. :
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4.2.1.1 A preliminary hazard analysis (see 5.8.2.1) shall be
performed as an integral part of the system concept studies to
identify inherent hazards,.or risks, associated with each design.

4.2.1.2 The contractor shall submit a summary statement of any
additional safety design analysis, test, and demonstration require-
ments and recommendations resulting from these studies and analyses
which are not already specified by the procuring activity. :

4.2.2 Contract Definition

4.2.2,1 Contract Definition Phase (CDP) (Phase A). In his
response to a Request for Proposal (RFP) for CDP, the contractor:

. (2) Shall submit 'a preliminary SSPP (as a separate entity)
prepared in accordance with the requirements of the RFP. The SSPP
shall describe the proposed integrated effort of how the contractor
plans to conduct his system safety program to meet the requirements
of the RFP, specifically:

(1) A firm proposal on the contractor's efforts
and activities during the Contract Definition Phase (Phase B).

(2) A planning purpose proposal for evaluating the
contractor's program for the Engineering Development Phase.

(b) Shall, in addition to preparing the SSPP:

(1) Perform necessary studies and analyses to
define the system's safety technical specifications, performance
requirements, and its operating safety characteristics. A pre-
liminary hazard analysis (see 5.8.2.1) of the system in its intend-
ed operating environment shall be performed or revised to identify
potential hazards and inherent risks. A system/subsystem/equipment
safety interface study shall be performed to insure that compati-
bility between subsystem-equipment is maintained and safety is not
degraded.

. (2) Make tradeoff studies as necessary to reflect
the impact on system safety requirements, and the identification
of inherent risks and the required safety decisions.

(3) 1Identify and include in the appropriate speci-
fications any resulting qualitative and quantitative requirements
for the system, and subsystems including Government Furnished
Equipnment (GFE), and the proposed test plans to demonstrate their
achievement.

(4) Submit a preliminary bazard analysis summary
report which:

a, JIdentifies potential hazards and methods
planned to eliminate or control them.
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b. Outlines undefined areas requiring
guidance or decisions.

¢. Describes technical risks or problems
in design. The contractor shall delineate the subsystem and com-
ponent safety requirements for subcontractors and suppliers in
order to meet the overall essential system safety requirements.
The safety requirements for GFE and related data will be defined
at this time and be submitted to the procuring actlvity for neces-
sary action.

. 4.2.2.2 Contract Definition Pbase (CDP) (Phase B). The con-
tractor shall implement the SSPP as accepted or approved by the
procuring activity. System’'safety studies shall be performed dur-
ing system engineering, tradeoff studies and formulation of data
requlrements to insure that safety design requirements as identi-
fied in CDP Phase A are refined, updated and further expanded as
necessary., Specifically the‘contractor will:

(a) Submit a firm SSPP for the Engineering Development
Phase. This plan shall update the preliminary SSPP with 2 detailed
description of aotivities, reviews, safety studies, analyses, and
tests to be accomplished during the Engineering Development Phase
Also, the SSPP shall include the projected activities anticipated
during the production and operational phases to accomplish the
objectives of 4.2.4 and 4.2.5.

(b) Update the system safety studies, analyses, and
test plans to define safety design requirements and criteria.
System safety personnel shall participate in system tradeoff
studies to insure that the highest degree of safety is achieved
consistent with performance and system requirements.

(¢) Update safety requirements in the system specifica-
tions and criteria,

(d) Submit a system safety work breakdown statement for
the engineering development program.

4.2.3 Engineering Development Phase. The system safety program
during this phase iIs an amplification and the implementation of the
program defined in the previous phases. The action is predominantly
on the part of the contractor with the responsible Department of
Defense organization monitoring the program. System and subsystem
hazards, and operating hazard analyses shall be evaluated in phase
with program reviews. The contractor's system safety organization
will insure effective and timely inplementation of the approved SSPP.
It is during the early phases of engineeripng design that the system
safety program can be most effective with the least impact on
schedules, and provide the greatest potential on cost saving. To
provide support to the system engineering program, the system safety
engineering activities shall include, but not be limited to the
following:
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(a) Furnishing safety design criteria; establishing
safety objectives; and, reviewing preliminary engineering designs
to identify hazards, methods of detection, and any required safety
changes.

(b) Performing hazard analyses and safety studies to
evaluate the system design.

(c) Establishing test requirements and insure that
safety verification of design and data are included in the engineer-
ing test program.

- (d) Participating in technical design and program reviews.

(e) Reviewing and providing inputs to preliminary system
operator and maintenance publications, emergency procedures, etc.

. (f) Evaluating.results of failure analyses and accident
investigations; recommending correctivé action.

(g) Determining, evaluating, and providing safety con-
51derat10ns in tradeoff studies.

~(n) Reviewing engineering documentation (drawings and
specifications) to insure safety coverage.

(i) Identifying required safety and protective equipment
and dewvices. .

(j) Providing safety inputs to training courses.

4.2.4 Production Phase. The contractor shall identify critical
production techniques, assembly procedures, facilities, testing and
inspection requirements which affect system safety. Adequate procedures
shall be invoked through the planned, controlled, and scheduled system
of quality control and monitoring specified contractually to insure
that safety achieved in design is maintained during productiom. Cor-
rective action shall be taken to eliminate, reduce or control hazards
so identified. These corrections shall include necessary changes to
engineering documentation. An audit shall be performed to-identify
any new system safety hazards which may result from the introduction
of engineering changes. The impact of such changes on safety shall
be evaluated to determine whether the previously established safety
level of the system has been maintained; if not, redesign or chznge
procedures shall be initiated to obta1n the contracted level of

safety.

4.2.5 ’Operational Phase (including disposal). The system safety
program during the, Operational Phase, and subsequent disposal, will
include, but not be limited to the following functioms:

(a) Operational safety review of system to determine if
design, -operating and maintenance procedures, and emergency proce-
dures are adequate, based on user experience.

(b) Evaluation of design changes and modifications to
" operational equipment to insure inherent safety is not degraded.

(c) Continual review of operator and maintenance publica-
tion changes to insure that safety requirements, procedures, and
cautions are adequate.
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(d) Analyze system accidents/incidents or failures
which caused, or could cause, an unsafe condition, and initiate
corrective action.

(e) Data collection and analysis from system deficiency
reports submitted by operating (user) personnel, .

(f) Approval and application of procedures for disposal
of. hazardous material and equipment.

4.3 System safety organization. The contractor's organization
shall be responsible for managing and performing the overall system
safety program. The responsibilities and functions of those directly
associated with system safety policies and implementation of the
program shall be clearly defined. The authority delegated to this
organization and the relationship between line, staff, and inter-
departmental, project, functional, and general management organiza-
tions shall be identified. It is not the intent of this standard
to prescribe or imply organizational structure, management method-
ology, implementation procedures, or internal documentation.

4.4 System safety program milestones. The system safety pro-
gram shall be planned and scheduled to permit the contractor and
the procuring activity to review its status, including the results
achieved, at critical safety program checkpoints. These formal
reviews and assessments of the system safety effort sball be performed
concurrently with overall program milestones, such as requirements
reviews, design reviews, and inspections. Safety milestones will
be identified in a manner permitting evaluation of the effectiveness
of the system safety effort. These milestones shall be presented
in the SSPP and implemented as approved by the procuring activity.

5. DETAILED REQUIREMENTS -

5.1 General. A system safety program is a formal approach
to eliminate hazards through engineering, design, education, manage-
ment policy, and supervisory control of conditions and practices.
It insures the accomplishment of the system safety management and
engineering tasks. '

5.2 System Safety Program Plan (SSPP). The SSPP will be pre-
pared in accordance with this standard and implemented as directed

by the procuring activity. The SSPP, as approved by the procuring Cow TRALT

activity and intorporated into the contract, becomes the basis for
contractual compliance. A sample SSPP outline is provided in-
Appendix A. V¥When an integrating contractor 1is designated he will
be responsible for the overall preparation, integration, and im-
plementation -of the SSPP. The plan shall describe an integrated
effort within the total project, and shall include but not be
limited to: '
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(a) Identification of system activities (i.e. design
analyses, tests, demonstrations) specified elsewhere by the pro-
curing activity and show how they will be used to preclude duplica-
tion.

(b) Providing specific information showing how the con-
tractor will meet the safetly requirements during development and
. manufacture including the design concepts to be utilized. ’

- (¢) The manner of demonstrating quantitative system
safety requirements (if specified).

(d) A detailed listing of specific tasks. .

(e) A current description of each task to be performed.

(f) Identification of the organization unit with the
author1ty and responsibility for executing each .task.

" (g) The method of control to insure execution of each
task. .
(h) The scheduled start and completion dates of each
task. )

(1) Procedures for problem identification and solution.

- () Procedures for recording and reporting status of
actions to resolve problems.

(k) Method of assimilation and dissemination of system
safety requirements to designers and associated personnel to
expedite correction of known deficiencies.

(1) Designation of milestones, definitions or inter-
relationships, and estimation of personnel and man-hours required
for system safety program activities and tasks.

(m) Periodic recording and reporting of predicted and
achieved system and equipment safety.

(n) Delineate the safety data and analyses (including
GFE) required of and to the integrating and associate contractors.

(o) Identification of special safety studies, research

- and test data.

(p) Safety data coordination flow. .
{q) Range, flight, and operational test safety pro"rams.
‘(r) The mathematical methods to be used; e.g. describe
the appropriate models and analytical techniques to be employed.

5.3 Reviews.

5.3.1 Program and Design reviews. Safety shall be an integral
. part of all program and design reviews held for the system, sub-
system, or equipment. System safety program reviews shall be con-
ducted as part of the scheduled overall design and/or program
reviews to assess the status of compliance with the overall safety
program objectives. This review shall identify any deficiencies
of the system with respect to safety and provide guidance for
further development which may be required. The procuring activity
shall be notified prior to each system safety program review, to
permit participation by the safety organization of the procuring
activity. Additional ad hoc safety reviews may be scheduled or
required at the discretion of the contractor or the procuring




MIL-STD-882

" activity. Minutes of these system safety program reviews shall
be recorded, and made available to the procuring activity.

5.4 System safety criteria and considerations,

5.4.1 General. System designs and operational procedures
developed by each contractor should cons1der but not be limited
to, the following. .
STiess
(a) Avoiding, eliminating or reducing significant hazards C°2R2$w.;
identified by analysis, design selection, material selection,.or
substitution. Composition of a propellant, explosive, nxdrau11c
fluid, solvent, lubricant, or other hazardous mater1a1 shall pro-
vide optimum safety characteristics.
(b)" Controlling and minimizing hazards to personmnel,
equipment, and material which cannot be avoided or eliminated.
(c) Isolating hazardous substances, components, and
operations from other activities, areas, personnel, and incompatible
materials.
(d) Incorporating "fail-safe" principles where failures
would disable the system or cause a catastrophe through injury to
personnel, damage to equipment, or inadvertent operation of critical
equipment.
(e) Locatlng equipment components so that access to them
‘by personnel during operation, maintenance, repair, or adjustment
shall not require exposure to hazards such as chemical buras,
electirical shock, electromagnetic radiation, cutting edges, sharp
points, or toxic atmospheres. Huﬁ‘,“ﬁ
(f) Avoiding undue exposure of personnel to physiological
and psychological stresses' which might cause errors leading to mis- F'U&k ‘
haps.

(g) Providing suitable warning and caution notes in
operations, assembly, maintenance, and repair instructions; and
distinctive markings on bazardous components, equipment, or
facilities for personnel protection. These shall be standardized
in accordance with the requirements of the procuring activity.

~(h) Designing to minimize damage by enemy action.

(i) M¥inimizing severe damage or injury to personnel

and equipment in the event of an accident.

5.5 Hazard :levels. The hazard levels, Category I (Negligible);
Category TI (Marginal); Category III (Critical); and Category 1IV.
(Catastrophic) as defined in section 3, shall be used as a quali-
tative measure of a system's hazards. These categories may be
further defined by the procuring activity or by the contractor
in the SSPP.

5.6 System safety precedence. Actions for satisfying safety
requirements 1in order of precedence are specified below:

(a) Design for minimum hazard. The major effort through
out the design phases shall be to select appropriate safety design
. features; e.g. fail safe, redundancy.

10

By
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(b)  Safety devices. Known hazards which cannot be
eliminated through design selection shall be reduced to an
acceptable level through the use of appropriate safety devices.

(c) VWarning devices. Where it is not possible to pre-
clude the existénce or occurrence of an identified bazard, de-
vices shall be employed for the timely detection of the condition
and the generation of an adequate warning signal. Warning signals
and their application shall-be designed to minimize the probability
of incorrect personnel reaction to the signals, and shall be stand-
ardized within like types of systems, in accordance with  the
directives of the procuring activity. , )

(d) Special procedures. Where it is not possible to
reduce the magnitude i an existing or potential hazard through
design:, or “the use of safety and warning devices, the contractor
shall develop special procedures. Precautionary.notations shall
be standardized in accordance with the directives of the procuring
activity.

5.7 Design criteria/specifications. VWhen design criteria
specified by the procuring activitly is proved inadeguate in re- -
gards_to safety, the contractor shall repori the deficienci and
recommend corrective actions with supporting evidence to e
procu activity.

5.8 Apalyses. Analyses are performed to identify hazardous
conditions for the purpose of their elimination or control. Analyses
shall be made to examine the system, subsystems, components and their
interrelationship to include logistic support, training, maintenance,
and operational enviromments. The analyses shall be accomplished
to do the following: L

(a) 1Identify hazards and determine any needed corrective
actions.

(b) Determine and evaluate safety considerations in
tradeoff studies. .

(c) Determine and evaluate appropriate safety design
requirements.

: (d) Determine and evaluate operational, test, and logis-

tic safety requirements.

(e) Determine whether the qualitative objectives or
quantitative numeric requirement established by the procuring
activity have been achieved.

5.8.1 Qualitative or quantitative analysis. Qualitative

" and/or quantitative analyses will be periormed as specified by
the procuring activity. These analyses shall be revised when

changes are made in components, subsystems, or total systems.

The various types of hazard analyses are described below.

5.8.1.1 A qualitative analysis provides a technical assess-
ment of the relative safefy of a system design.
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. 5.8.1.2 A quantitative analysis provides a numerical assess-
ment of the relative safety of a system design. A quantitative
analysis will determine: :

(a) The probability of occurrence of critical or
catastrophic hazards.

(b) The calculated systen, subsystem, or equipment
numeric requirement risk level. .

5.8.2 System hazard analyses.

5.8.2.1 Preliminary hazard analysis. A preliminary hazard
analysis shall be performed as the initial analysis task during
the acquisition of a system. This analysis shall be a comprehen~
sive, qualitative study. Such information shall be used in the
development of safety criteria to be imposed in performance or
design specifications. Areas to be considered shall include, but
are not limited to the following:

(a) 1Isolation of energy sources.

(b) Fuels and propellants: their characteristics,
hazard levels and quantity-distance comstraints, bandling, storage
transportation safety features, and compat1b1lity factors.

(c) System environmental constraints.

(d) Use of explosive devices and their hazard constraints.

(e) - Compatibility of materials. '

(f) Effect of transient current, electrostatic discharges,
electromagnetic radiation, and ionizing radiation to or by the
system. Design of critical controls to prevent inadvertent activa-
tion and employment of electrical interlocks.

(g) Use of pressure vessels and associated plumblng,
fittings, mountings, and hold-down devices.

' (h) Crash safety.

(i) _Safe operation and maintenance of the System.

(j) Training and certification pertaining to safe opera-
tion and maintenance of the system.

(k) Egress, rescue, survival, and salvage.

(1) Life support requirements and their safety implica-
tions in manned systems.

(m) Fire ignition and propagation sources and protection.

(n) Resistance to shock damage.

(o) Envirommental factors such as equipment layout and
lighting requirements and their safety implications in manual
systems.

(p) Fail safe design considerations.

(q) Safety from a vulnerability and survivability
standpoint; e.g., application of various types of personnel armor
(metals, ceramics and glass), fire suppression systems, subsystems
protection, and system redundanoy.

(r) Protective clothing, equipment or devices.
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(s) Lightning and electrostatic protection.
(t) Human error analysis of operator functions, tasks,.
and requirements.

5.8.2.2 Subsystem hazard analysis. This is an expansion of
the preliminary hazard analysis. It shall be performed to determine,
from a safety consideration, the functional relationships of com-
ponents and equipments comprising each subsystem. Such analysis
shall identify all components and equipments whose performance
degradation or functional failure could result in hazardous con-
ditions. The analysis should include a determination of the modes
of failure and the effects on safety when failures occur in sub-
system components.

5.8.2.3 System hazard analysis. The prime or integrating
contractor shall conductf reviews or studies which define the
safety integration and interface requirements of the total system.
Analyses shall be performed of subsystem interfaces to determine
the safety problem areas of the total system. Such analyses shall
include, but not be limited to, review of subsystems interrelations
for: . .

(a) Compliance with safety criteria.

(b) Possible independent, dependent, and simultaneous
failures that could present a bazardous condition.

(c) Insuring that the normal operation of a subsystem
cannot degrade the safety of another subsystem or the total
system. When changes occur within subsystems, the system safety
hazard analysis shall be changed accordingly. 'In the manned systems,
consideration shall be glven to crash safety, escape, egress, rescue,
and survival,

5.8.2.4 Operating hazard analyses. Analyses shall be perform-
ed to determine safely requiremenis for personnel, procedures, and
equipment used in- installation, maintenance, support, testing,
transportation, storage, operations, emergency escape, egress,
rescue, and training during all phases of intended use as specified
in the system requirements. Engineering data, procedures, and
instructions developed from the engineering design and initial
test programs shall be used in support of this effort. Results
of these analyses shall provide the basis for:

. (a) Design changes where feasible to eliminate hazards
or provide safety devices, and safeguards.

(b) The warning, caution, special inspections and
emergency procedures for operating and maimtenance instructions
including emergency action to minimize personnel injury.

(c) 1Identification of a hazardous period time span and
actions required to preclude such hazards from occurring; and

(d) Special procedures for servicing, handling, storage
and transportation,
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5.9 Action on identified hazards. Action shall be taken to
eliminate or minimizé hazardsS revealed by analyses or related engi-
neering efforts. Catastrophic and critical hazards shall be
eliminated or controlled. If these hazards cannot be eliminated,
or controlled to a specified probability of occurrence, the alter-
native controls will be immediately presented to the responsible
procuring activity for resolution. Reporting shall be in accord-
ance with the provisions of the System Safety Program Plan,

5.10 Supplier and subcontractor system safety program. Pro-
cedures shall be established to assure that the supplier and sub-
contractor system safety programs are consistent with overall
system requirements. The contractor shall perform surveillance
of the supplier and subcontractor system safety activities and
insure adequate performance. - Where the contractor and subcontrac-
tor determine that it is needed for satisfactory analyses, the
contractor shall furnish in a timely manner sufficient system
technical information to the subcontractor to enable the latter
to consider system effects in a subsystem safety analysis,

6. DATA

6.1 Data requirements. The selected data requirements in
support of This standard will be reflected in the Contractor Data
Requirements List (DD Form 1423), attached to the .request for
proposal, invitation for bid, or the contract, as appropriate.

6.2 Data acceptance. Contractor-prepared data delivered in
accordance with 6.1 to the procuring activity, shall be 'subject
to review and approval by the procuring activity. In the absence
of notification to the contrary within the time period specified
in the contract, the data will be considered accepted. Non-
delivered data shall be-filed and maintained by the contractor
for the duration of the contract period, but shall -be made avail-
able for review and use by authorized representativesof the pro-
airing activity upon request.

6.3 Acquisition and use of safety data. Safety data provided
by the procuring activify should be used as a design aid to pre-
vent repetitive design deficiencies. The contractor shall main-
tain liaison with other data sources to enable identification and
evaluation of hazard and safety design deficiencies.

7. SAFETY TESTING

Testsshall be proposed in .the SSPP. to validate the satety of
the product, including those tests already specified by .the pro-
curing activity. Safety tests shall be integrated into appropriate
test plans. V¥here complete safety testing costs would be prohibi-
tive, partial design verification of safety characteristics or
procedures may be demonstrated by laboratory test, functional mock-
ups or model simulation, when approved by the procuring activity.
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Safety tests shall be performed on critical devices or components
to determine the degree of hazard or margin of safety of design.
Induced or simulated failures will be considered for demonstrating
the failure mode of critical cowmponents. The detailed test plamns
for all tests shall be reviewed to insure that:

- (a) sSafety is adequately demonstrated.
- (b) The testing will be carried out in a safe manner.
(¢) All additional hazards introduced by testing pro-
cedures, instrumentation, test hardware, etc., are properly
identified and minimized.

8. TRAINING .

8 l Safety Training for Operator and Maintenance Personnel.
Safety information on approved methods and procedures will be in-
cluded in instruction lesson plans and student examinations for
the training of system (operator and maintenance) personnel. Pro-
tective devices and emergency equipment will be identified and
included in training. Safety training aids, exhibits and displays
may be used. . -

9. EFFECTS OF STORAGE, SHELF-LIFE, PACKAGING, . TRANSPORTATION,
HANDLING AND MAINTENANCE

The program shall consider, analyze, identify the effects of
storage, shelf-life, packaging, transportation, handling and
maintenance on the safety of the product. This shall include
items such as:

(a) Identification of major or critical characteristics
of safety significant items which deteriorate with age, environ-
mental conditions, and other factors.

(b) Procedures for perj i inspection or tests
(1nc1ud1ng recall for test) of items to establish continuing
acceptable levels of performance for parameters under test.

(c) Special safety procedures for maintenance or restora-

tion.
10.' INTEGRATION OF ASSOCIATED DISCIPLINES . -

10.1 Relationship to system engineering. Where the system
engineering process is used as the mainsiream engineering analysis
effort, system safety requirements shall interface with the other
engineering disciplines and tradeoff .studies made in the interest
of an optimum total system design.

Custodians: Preparing activity:

Army - AV . ~Air Force - 10
Navy - AS
Reviewer actxvitles- : Project No. MISC-0484

Army - AV, AT, EL, WE, MU, MI
Air Force - 10 .
Navy - AS :
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APPENDIX A
SYSTEM SAFETY PROGRAM PLAN OUTLINE

General 4

1.1 Introduction -
1.2 Scope and purpose '

1.3 Application and implementation

1.4 Applicable documents

Safety organization, responsibilities, and authority

2.1 1Integrating contractor organization and responsibilities
2.2 Associate contractor ‘organization and responsibilities
2.3 Subcontractors responsibilities

2.4 System safety working groups

System safety program milestones

System safety criteria

4.1 Definitiomns’

4.2 Hazard level categories

4.3 System safety precedence

4.4 Special contractual requirements
4.5 Identification and dissemination

ystem safety analyses
1 Identification of analysis techniques
Qualitative and quantitative analyses
Preliminary hazard analysis
Subsystem hazard analysis
System hazard amnalysis

6 Operating hazard analyses

ety activities’
Safety data
6.1.1 Identification of data requirements - deliverable
and non-deliverable data '
6.1.2 Acquisition and use of safety data
6.1.2.1 Hazard data collection
1.2.2 Document tree and data flow
1.2.3 Documentation and files
1.2.4 Format for reports and data submittal
1.2.5 Accident prevention, investigation, and
reporting’
1.2.6 Safety reports
6.2 Training .
6.2.1 Crew qualification, training and certification
6.2.2 Maintenance personnel training and qualification

16 .
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7. Audit program
8. Ground handling, storage, servicing and transportation
9. Facilities and support requirements

10. _Other system safety matters (not otherwise covered)



“CONCEPT FORMULATION
PHASE

-DOD conditional approval to
initiate engineering develop-
ment

A

[e——

RFP issued and definition con-
tractors selected

1. Conduct concept safety
studies.

2. Perform preliminary hazard
analysis. .
3. Define system safety per-

formance envelope and require-
ments (i.e., maximum peace-
time accident rate, etc.)

4. Select system safety effec-
tiveness measures (i.e. esti-
mated number of major accidents
avoided vs cost of a proposed
safety change).

5. Orient exploratory and ad-
vanced developments to enhance
the safety feasibility of con-
ceptual designs.

6. Incorporate safety assess-

ment in the technical develop-
ment plan.

-analys1s (PHA),

Safety efforts in this phase involve
actions by the procuring activity in
preparing for Phase B of contract

definition, and contractor response

to the Request for Proposal (RFP)

1. Procuring activity:

(a) Incorporate safety require-
ments into the statement of work.

(b) Identify safety data to be
provided to the definition con-
tractor; e.g. preliminary hazards
tradeoff studies.

(c) Identlfy safety data to be
required from the contractor, such
as a System Safety Program Plan,
Preliminary Hazard Analysis, con-
cept safety analysis, etec.

2., Contractor:

T{2) Prepare and submit a pro-
posed System Safety Program Plan.

(b) Perform a preliminary hazard
analysis, or revise, update, and
refine the existing PHA provided by
the procuring activity.

(c) Identify system safety re-
quirements in the system specifica-
tions (includes GFE requirements).

(d) Include in tradeoff ‘studies
the impact on system safety require-
ments, and the required safety de-
cisions to be made by the procuring
activity.
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SYSTEM LIFE CYCLE - SAFETY ACTIVITI

CONTRACT DEFINITION PHASE

B

C

Definition contractor's pro-
' posals submitted

Proposals evaluated and develop-
ment contractors selected

[Safety actions in this phase es-

sccomplished.by the definitional
contractor or contractors.

'isentially involve efforts to be
|

‘ definition phase system safety pro-
t gram plan.

2. Update and complete_ the prelim-
inary hazard analysis.

3. Verify or propose modifications
to the ‘RFP safety performance
‘specifications provided in the RFP.
4. Update safety studies, analyses

and test plans to define safety
design requirements criteria, and
the operating safety characteris-
tics of the system.

5. Define and identify system
safety requirements for the CEI
kpecifications, including those

to be developed and produced by
subcontractors, and specify safety
design crlterla objectives, and
goals.

6. Insure h1ghest degree of safety .
consistent with requirements is

maintained during system tradeoffs.-

7. Identify the safety decisions
required to be made prior to pro-
ceeding into the development phase.
8. Submit a firm system safety pro-
gram plan for the engineering
development phase.

9. Submit system safety work break-
down statement for engineering
development program.

1. Implément,the.approved éontract-

- applicable safety management and

In this phase the procuring activ-
ity evaluates the proposals sub-
mitted in response to the defini-
tion contracts, preparatory to

the selection of a contractor for
the development and production
phases. Some typical safety
matters to be evaluated are:

1. The proposed system safety pro-
gram plan for the development
phase and how it satisfies the

system safety engineering require-
ments.

2. Review and evaluate the results
of the hazards analyses, and other
related analyses which define the
safety cdesign features.

3. The safety requirements of the
system specifications.

4. Make the required safety de-
cisions based upon tradeoff pro-
posals.
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ENGINEERING DEVELOPMENT PHASE

PRODUCTION PHASE

DOD approval for initiation of
engineering development

DOD decision to produce operational
guantities

1. Implement the program:
approved in the previous phase.
2. Furnish design criteria;
establlsh safety obgectlves
and review prellmlnary engineer-
ing designs.

3. Evaluate the system design
through hazard analyses and
safety studies.

4. Insure that designs meet
CEI specifications.

5. Establish test require-
ments in test program.

6. Participate in program re-
views.

7. Provide input and review
operating publications.

8. Evaluate analysis and in-
vestigation results; recommend
corrective actions (redesign/
change).

9. Participate in tradeoff
studies. ,
10. Review engineering documen-
tation.
11l. Provide inputs to training
courses and aids.

12, Prepare progress reports.

Assure that safety achieved in de-
sign is maintained during produc-
tion through: quality control,
specified monitoring, identifying
critical techniques, procedures,
facilities, inspections and tests,

and by audits of engineering changes.

Initiate redesign or changes to meet
requirements.

Acceptsa

1. Per
and tec
operat:
and eme¢
2. Eve¢
modific
and pu!
safety
3. An:
failur:
tions;
and pr
these

develo
4. Re
materi




5N PHASE

>duce operational

OPERATIONAL PHASE

Acceptance of first operéting unit

achieved in de-
during produc-
ity control,

ng, identifying
s, procedures, .
tions and tests,

ngineering changes.

or changes to meet

1. Perform operational safety review
and tests to determine if design,
operating and maintenance procedures,
and emergency procedures are adequate.

2. Evaluate updating changes and

modifications to operational equipment
and publications to insure inherent
safety is not degraded.

3. Analyze accidents, incidents, and
failures, to identify unsafe condi-
tions; eliminate these conditioms,

and provide a feedback system to avoid
these conditions in systems under
development and in future systems.

4. Review and approve hazardous
material disposal procedures.




Form Approved Budget
SPECIFICATION ANALYSIS SHEET - Bureau No. 119-RO04

INSTRUCTIONS :

This sheet is to be filled out by personnel either Government or contractor, involved
in the use of the specification in procurement of products for ultimate use by the Depart-
ment of Defense. This sheet is provided for obtaining information on the use of this
specification which will insure that suitable products can be procured with a minimm
zmount of delay and at the least. cost. Comments and the return of tais form will be
appreciated. Fold on lines on reverse side, staple in corner, and send to preparing
activity.

SPECIFICATION )71 STD-882 SYSTEM SAFETY PROGRAM FOR SYSTEMS AND ASSCCIATED suasrsr\rs
~‘ AND FOUTPMENT: REQUIREMENTS FOR
CRGANIZATION : CITY AND STATE

CONTRACT NO. QUANTITY OF ITEMS FROCURED sl?OLI.AR AMOUNT"
MATERIAL PROCURED UNDER A
D Direct Government Contract C_ Subcontract
1. HAS ANY PART OF THE SPECIFICATIQN CREATED PROBLEMS (R REQUIRED INTZRPRETATIQN IN
FROCUREMENT USE?
A. GIVE PARAGRAPH NUMBER AND WORDING.

B. RECOMMENDATIONS FOR CQRRECTING THE DEFICIENCIES.

.~

2. COMMENTS ON ANY SPECIFICATION REQUIREMENT CONSIDERED TOO RIGID.

3. IS THE SPECIFICATION RESIRICTIVE?
—— amm—t7, IF "YES", IN WHAT WAY?

L. REMARKS (Attach any pertinend lata which may be of use in :unprov:.ng this specification.
If there are additional papers, attach to form and place both in an envelope addressed

to preparing activity.)

SUBMITIED BY (Printed or typed nazme and activity) DATE

DD Form 1426



OFFICLIAL BUSINESS

Hq. Air Force Systems Command
(sc1zs)
Andrews Air Force Base

Washington, D. C. 20331
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NATIONAL SECURITY MANAGEMENT

INDUSTRIAL COLLEGE OF THE ARMED FORCES

1. The World in Ferment
2, Thé Environment of National Security
3. National Urban Problems
4. Management: Concepts and Practice
5. The National Security Structure
6. Transportation: The Nation's Lifelines
7. The Industrial Sector
8. Human Resources for National Strength
8. Utilities: Electricity, Gas, Telecommunications
10. Natural and Energy Resources
11. The Industrial Sector
12. Elements of Defense Economics
13. National Aerospace Programs
14. Supply Management
15. Procurement
16. Production for Defense
17. thion;l Urban Problems
18. Utilities: Electric Power, Natural Gas and Telecommunications
19. Defénse Military Manpower
20. Case Studies in'Military Systems Analysis
21. Requirements for National Defense

© 22. Defense Organization and Management
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United States Army Logistics Management Center

Reference Book for Army Maintenance Management Group Study, Part II

Course Number

ALM-43-4060~C(A)

ALM-43-4299-LC

ALM~-43-1737-C(G)
ALM-43-3833-C
ALM-35-3606-LC

ALM-43-1732~C(C)
ALM-43-1732-H

ALM-43-3785-C

ALM-43-430-C(G)
ALM-43-3451-C(A)

ALM-43-34L49-LP

Reference Book for Research

ALM~-63-4162-LC(A)
ALM-35-3230~LC(E)

ALM~-31-2424-WS(D)

ALM-45-2268~LC(E)

Title
M82 QOverhaul (Instructor)

The Army Maintenance
Management Center

Material Readiness Reporting
The Big Jump (Instructor)

Introduction to Reliability (R)
Availability (A) and Maintainability (M)

Tire Retreading

The Components of Problem
Solving~--Tire Retreading

Contractor-Produced (Instructor)
Publications

Buy, Borrow or Overhaul
Maintenance Concepts Analysis
Commercial Airlines (Instructor)

Maintenance Practices

and Development Management Course

" Title

Design to Cost (Instructor)
Introduction to Integrated

Logistics Support and Maintenance
Engineering Analysis

Laboratory Management

Introduction to International

Logistics

-1 -



Reference Book for Research and Development Management Course (Cont'd)

Course Number

ALM-31-2432-LC(A)
ALM-34-2664~-H

ALM-35-3236~C(D)

Title
Research and Development
Procurement

The Technical Data Package
and Competitive Procurement

Chronological History of the
M561 Truck

Reference Book for Defense Advanced Dispoal Management Course

Course Number

ALM-44-689-LC(M)

ALM-44-3906-LC(C)

ALM-44-3895-LC(B)
ALM-44-2610-LC(C)

ALM-44-2610-PE

ALM-44-533-LC(I)

ALM-41-4403-LC

ALM-44-2070-LC(C)
ALM~44-2073-LC(E)
ALM-44-2668-LC(C)
ALM~-44-561-LC(I)

ALM-44-561-PE(A)

Title

Defense Personal Property Disposal
Program

Donations

Lost, Abandoned, or Unclaimed
Privately Owned Personal Property

Processing Property at the Defense
Property Disposal Office

Processing Property at the DPDO

Screening of Excess and Surplus
Property

Defense Inventory Management
and Disposal Operations

Introduction to Marketing
Methods of Sale

Contract Law in Disposal
Sale Terms and Conditions

Thought Provokers



Reference Book for Defense Advanced Disposal Management Course

Course Number

ALM-44-3955-LC(A)
ALM-44-1147-LC(E)
ALM-44-3788-PE(B)
ALM-L44-2482-C(F)
ALM-61-2737-H(B)
ALM-61-2737-H(B)

ALM-44-1861-PE(F)

Title

Demilitarization

Salesmanship

Disposal Management Perplexities
Default Dﬁbitation

Motivation and Productivity

Human Nature and Organizational
Realities

Disposal Mahagement Exercise

Research and Development Management Course

Course Number

ALM-31-3714
ALM-31-398

ALM-61-1002
ALM-31-3191

ALM-63-4230
ALM-63-3149
ALM-63-4162
ALM-35-3230
ALM-31-242Y4
ALM-35-8606

ALM-45-2268

ALM-35-3303
ALM-31-2421

Title

Material-Acquisition Process
Management of Human Resources

Defense Financial Management

Cost Estimating

Economic Analysis

Design to Cost (Instructor)
ILS and MEA .

Laboratory Management (Instructor)
RAM

International Logistics
(RED in Foreign Military Sales)

Configuration Mangement

Laboratory Mangement (Instructor)



Research and Development Mangement Course

Course Number Title
ALM-34-2664 Technical Data Package
ALM-34-3559

ALM~-31-2913 Material Test and Evaluation
AILM-31-0264 :

AILM~35-3236 In-Process Review
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Request for Summary Analysis of Metallurgical Laboratory Analysis,
C5A S/N 68-218 (Your Letter, 19 June 1975) - *

HQ 22 AF/JA
- Travis AFB, CA 94535

In response to paragraph 4, subject letter, the attached material is
presented. The scope of the information was limited to those arecas

specifically requested.A p

FOR THE COMMAMDER
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Metallurgical Analysis Reports
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SUMMARY OF METALLURGICAL ANALYSIS REPORTS
Accomplished by ; .
SAi AITONIO ALC METALLURGICAL LABORATORY

1. Reference Hq Z2AF/JA letter, 19 June 1875, paragﬁéph 4,
SA/ALC Task #1128, Attachment 1, No. 6 Left Side Bellcrank and Pushrod

The bellcrank material was determined to be 7075-T6 aluminum alloy. The
laboratory concluded that the initial failure of this bellcrank was due
to stress-corrosion. In addition, the laboratory corcluded that other
fractures on the assembly failed due to overload (impact) type failures.

SA/ALC Task #1128, Attachment 2, Left Side No. 6 Saddle Fitting

The saddle fitting material was deterwmined to be 7675 aluminum alloy.
Fractographic failure analysis of the crack failure surface resultad
in the conclusion that the failure was a shear overload fa11ure cau,e
by an impact load from a foreign object.

SA/ALC Task #1128, Attachment 3, Ho. 7 Hook Bellcrank Assenibly

The failure of this bellcrank was attributed to stress-cdrfdsion. Other
fractures were found to be overload type failures. NDI 1nspect1on of the
ferronagnetic parts of the assembly revealed no discrepanc1es in these
parts.

SA/ALC Task #1128, Attachment 4, Aft Ramp Section 4-4

Macro and microscopic investigation of the failure surface of this section
of aft ramp resulted in the COhC]Ua]Oﬂ that failure occurred due to tear-
ing or shearing action- propagated by overload. The direction of loading
vas determined to have initiated underneath the left side of the leading
edge of the aft ramp séction and progressed upwards and diagonally across
the ramp section to the right side. A second load was applied on the top
right side of this section. - '

SA/ALC Task #1128, Attachment 5, Richt E. L. 84 Hinge

‘The hinge material was deta2rmined to be 7075-T6 aluminum alloy. Failure
analysis of the fractured surfaces was concluded to have occurred from
tensile tear or shear du; to overload.

SA/ALC Task #1128, Attachment 6, Left B. L. 84 Hince

Visual and microscopic’examinaticn resulted in the conclusion that the
‘fracture was caused by-a cycling tensile shear mode brought about by



overload. The initial load applied was a tensicn pu11, with a secondary
load developing in tensile shear. The cycling application resulted in
extens1ve rubbing on the fracture surfaces.

SA/ALC Task #1128, Attachment 7, Riaght lo. 4 Be]lcrank

Fractographic examination of a crack found in the bellcrank resulted in
the conclusion that the initiating cause was due to stress-corrosion.
towever, this crack was not the primary cause of bellcrank fajlure since
it was away from the major failure zone. Analysis of the major failure
zone revealad a combination of overload failures and “stress-corrosion
iype" separation zones.

‘s

SA/ALC Task #1128, Attachment 8, Richt Ho. 5 Hook, Bellcrank and Pushrod

The major failure zone of this belicrank was attributed to tensile impact
overload. An additional crack was fourd away from the major fracture area.
Fractographic anaiysis of this crack resulted in the'conclusion that its
cause was stress-corrosion. Examirnation of the pushrod fracture surface
resulted in the conclusion that failure was due to a ccmbination of rapid
bgnding and torsional shear. HDI of the hook did not reveal any discrepan-
cies. )

SA/ALC Task #1128, Attachment 9, No. 1 / No. 3 Bellcrank Pushrod

Failure analysis of the fracture surface of the pushrod resu]ted in the con-
clusion that failure occurred due to flexing tensile shear riode of failure
due to overload. Failure analysis of the bellcrank lugs also revealed a
tensile shear mode of failure attributed to overload. There was no indica-
tion of material defects which vwould contribute to the ultinmate fzilure.

- SA/ALC Task #1128, Attachment 10, Left Side #5, HcokﬁBellcrank\Assembl[

The bellcrank material was determined to be 7075 aluminum alloy. The push=-
rod material was found to be 2024 aluminum alloy. Visual and microscopic
examination of the pushrod fracture surfaces resulted in the conclusion that
failure was due to a combination of tensilecand torsional overload condition.
Attachment 12 .analyzed the matching failure surface and confims this con-
clusion. The bellcrank was found to be cracked. Transmission Electron
Microscope (TEi). analysis of this crack resulted in the conclusion that the
cause was due to stress-corrosion. nDI inspection of the hook revealed no

- surface discontinuities, there was sorie impact damage on left side of the
hook.

SA/ALC Task #1128, Attachment 11, Left Sida Hq. 5 Sadd]e Fitting

The fitting material was identified as 7075-T6 aluminum alloy. Visual and
microscopic examinations of the fractured surface resulted in the conclusion
. that the failure was caused by impact.



SA/ALC Task #1128, Attachment 12, Left 4 to 5 Pushrod

Hicroscopic analysis of the fractured surfaces lead to the determination
that the failure moechanism was due to an overload in a bending and
twisting motion. A tensile shear mode of fracture was observed on all
fracture surfaces.

SA/ALC Task #1128, Attachment 13, Ho. 4 Left Side Ho&k and Bellcrank Assembly

NDI inspeétion'of the bellcrank revealed a crack indiéation. Fractographic
analysis of the crack attributed the crack cause to stress-corrosion. HDI
inspection of the ferromagnetic components revealed no discrepancies.

SA/ALC Task #1128, Attachment 14, Mo. 7 Yoke Guide.(ﬁéft) Support Backup
Structure . _

Microscopic investigation of an elongated attachment fastener hole revealed
no evidence of a recent repair or installation of a new fastener, nor any
indication of the hole beirg re-drilled. .

SA/ALC Task #1128, Attachment 15, Ho. 5 Prussure Door Roller Bracket

The bracket material was identified as 7075-T6 aluminum alloy. Metallurgical
and TEM analysis revealed the mode of failure of the bracket was initiated
by stress-corrosion of a crack initiated from both sides of the part. Other
fractures on the bracket were found to be of the overload type (impact)-
failure. : .

SA/ALC Task #1128, Attachment 16, Ho. 7 Right Hook and Bellcrank Assembly

The failed bellcrank was subjected to a microscopic investigation which
revga]ed no discrepancies other than the impact to one side of the hook:

. o

SA/ALC Task #112§&, Attachment 17, Ramp (Right Side) Part 3-8

The fracture surface of this ramp section was subjected to a microscopic
examination to determine mechanism and mode of failure. It was determined
that the failure was attributed to excess{ve shearing and tensile overload.
The direction of failure was determined to.be from right to left.

SA/ALC Task #1128, Attachment 18, Aft Ramp (Parts Labeled 4-6 and 4-5).Sections

Visual and magnified examination of the fracture surfaces of these ramp
sections revealed a tensile and shear cleavage failure mode caused by
overload. The direction of failure was determined to be from left to right.

SA/ALC Task #1128, Attachment 19, Aft Ramp Section (4-3)

Microscopic examination of the fracture surface revealed the mode of failure
-to be tension or tensile shear and/or cup overload, similar to the other
ramp sections. An overall direction of failure pattern was not given.

,
a



SA/ALC Task #1123, Attachment 20, Aft Kemp Section Labeled (4-1)

facro and microscopic investigation of these sections' fracture
surfaces indicatad all fractures modes were due to a tensiun overload.
HMany of the fractures snow cycling, benaing, twisting and vibration
vnile being subjectad to a tension force. The direction of failure
pattern was 1n01cateo to be from right to left.

SA/ALC Task #1128, Attachment 21, Control Cables

Cable mater1a1 was determined to be AISI302 sta1nless steel in the full
hardened condition. The cable lock clad material was determined to be
6061-T6 aluminum alloy. Visual and microexamination-of tie fractured
cables and their lock clad cover was attributed to a-combination of

. tensile and torsional overloading.

SA/ALC Task #1126, Attacnment 22, Hydraulic Lines

Two failed hyurdul1c lines taken from the hayloft area were analyzed.
Tne lines had been dented, torn, kinked and finally falled througn
shear cleavage.

SA/ALC Task #1128, Attachment 23, Ramp Bulkhead

A swall "bullet like" hole was analyzed in the bulkhead.- A chemical
spot test for lead traces proved positive but was inconclusive due to
the primary presence of lead in the bonding medium between skin and
honeycomb. iio evidence of a projectile was found in-the honeyconb
material. The damage was concluded to be a glancing blow (projectile
or optrusion) encountered on impact, rather than by an impacted
projectile. There also was no evidence of intense heat.

‘SAJALC Task #1128, Attachaent 24, dallcrank and Pushtrod

Three pieces of failed pusiircd and a failed section of bellcrank from an
unknown location were analyzed under this task. Examination of the frac-
ture surfaces resulted in the determination that the fractures were caused
by an overloac. condition attributed to bending, twisting, tansion and
impact. ifaterial deficiency or defects were not considered as contri-
buting to the failure.

- SA/ALC Task #1128, Attachment 25, llo. 2 Ricght Side Yoke Assendly

NDI inspectiun along with visual and microscopic examination of the
assembly revealed only minor discrepancies. o evidence of overload
vas found on this assembly.



SA/ALC Task #11£8, Attachment 26, Rarp Floor Fracture Surface

Hicroscopic investigation of the fracture surfaces of the ramp section
recovered from the ocean floor ravealed that the node of failure was a
combination of tensile shear and tensile cup attributed to overload.
This mode of failure was accompanied by shearing, tearing and bending
action. The direction of failure initiated on the riaht side of the
ramp floor with an upward bepding niovement, fo]lowed by a tensile
downward movement in overload.

SH/ALC Task ﬁ1148, Attachment 27, Ho. 3 Right Side kae Assembly

~HDI inspection along with visual and microscopic examination revealed
only minor discrepancies. There was some slight evidence of shear on
the upper and lower yoke pin shafts. However, the amount of shear
present does not indicate an overload conditicn.

SA/ALC Task #1128, Attachment 23, i#lo. 5 Richt Side FJoor Bracket

Visual and microscopic examinaticn of this floor bracket revealed
indications of an extensive loading naving been applied in a stra1ght
up direction. ) .

SKA/ALC Task #1128, Attachment 29, ic. 4 Right Side F]oor Eracket

Visual and microscopic examination of this floor bracket’a1$o revealed
indications of extensive loading having been app11ed in a straight up
direction.

SA/ALC Task #1128, Attachment 30, ilo. 6 Rignht Side Yoke and Floor
Bracket Assembly

~ Visual and microscopic examination of this assambly revealed only
minor discrepancies. The yoke rono-ball bearirg was found to be
cracked. ‘

SA/ALC Task #11z8, Attachment 31, lo. 7 n1Jht Side YoPa a2nd Floor
Bracket hssenbly

Visual and microscopic examination showed extensive shear damage on the
lower eccentric pin snaft. The mono-ball bearing at the bottom of the
yoke was cracked in two places. The upper eccentric shaft on the yoke
had a crack at each end. The upper arm portion of the yoke wes slightly
bent. It was concluded that the assably was subJected to excessive
loading.

SA/ALC Task #1128, Attachment 32, Burned Fragments and Gray Flake

The analysis of the burned fragments yielded a very heterogeneous
mixture of molten metal, unnelted metal scraps, metal foil, straw, etc.
- The water extraction test yielded a neutral colorless solution with a
medium amount of chloride. The gray flake was determined to be calcium
carbonate and of marine origin. '



SA/ALC Task #1128, Attachment 33, Winch’Well Area

The majority of the fractures analyzed in the Winch lkell area failed
by the mode of tensile shear and/or tensile cup. The direction of
impact load was from right to left with a slight aft movement. The
bulkheads failed under a compressive load. :

SA/ALC Task #1128, Attachment 34, Lower Skin"

It was conc]uded that the bottom skin showed no ev1dence of obJect
damage. The failing mode to cause the flexing, buckling, tearlng.
shearing was probably caused by either air or water lnpact.

SA/ALC Task #1128, Attachment 35, Southwest Reseaarch Report, “Fracto-
graphic Exam1nat1on of Failed Bel]crank Fittings"

Five parts of failed bellcranks were analyzed. Fracfographlc examina-
tions indicated the failure mode occurred by stress-corrOSIOn. There
was no evidence of fatigue crack propagation. :

2. Reference Hq 22AF/JA letter. 19 Jun 197:, paragraph 4, a, b, and c.
DISCUSSICH: a -

a. Response to 4a: Visual observation in conJunctlon with the results
from the above 35 metallurgical laboratory analysis reports of the recovered
parts support and confirm that the aft ramp came loose from the right side.
The ramp was then torn right to left across the front of ramp station 33
bulkhead and rotated downward from its normal horizontal position to a near
v?rtlcgl position about the left s1de lock1ng system before departing the
aircraft. :

This 1s supported by observation of the failure pattern of the recovered
left hand side ramp locking hardware (floor brackets and yoke assemblies).
A1l left hand floor brackets and yokes failed in a manner that indicates
they were carrying load and the ramp rotated about a hinge line formed by
these seven locks. Laboratory analysis of the recovered right side ramp
1ock1ng hardware, in lock positions 4, 5 and 7, revealed failure_due to_
excessive-overload in the vertical direct1on.- The hardware from lock-.
positions 2, 3 and 6, were in good condition and the laboratory ana1y51s
of this hardware did not reveal signs of excessive over]oad. The hardware
from lock position 1 was not recovered.

This evidence 1ndicates that some of the right side locks were not carrying
their share of the load. The.direction of failure of the locks that were
carrying load places the ramp in the normal horizontal position at the start
of the sequence. In addition, the ramp rotation is confirmed by visual
evidence found on the exterior skin of the recovered mating ramp to fuselage
sloping longeron section. This evidence was in the form of scratches on

" the fuselage skin that match button head fasteners that are on the ramp
floor. To cause the scratches the ramp would have to rotate approximately
90 degrees about the left side locking system. This also supports the
sequence of initiation occurring in the right side lock system of the ramp.



-

The laboratory analysis of thie fracture surfaces at -rarp station 33

support the direction of ramp tearing from right to lefi. Thae laboratory
.analysis did hav2 some variance in the failure direction indicated, )
however, impact cdarage from the crash occurred to the fracture surfaces - -
that would make the direction determination siwre difficult. The rajority
of the analysis confirmed the direction of failure as risht to left.

b. Response to ab: The evidence frum the Taboratory analysis does
-not lead to factual supportive evidence of the actual initiating cause
within the rigint side locking system. It cGoes, however, point in the
direction of a "“most probable" cause that supports the above failure
progressiun, involving the numbers'l, 2 and 3 right side locking mechanisms.
A sudden dumping of the load from #1, 2 and 3 locks ‘an the bl uvd4 ramp

hinge could cause a simultaneous corpressive failure of the hinge and
failure of the lower beain cap at KS 33. This is supported by the labcratory
analysis of the BL &4 hinge. The rewaining load carrying locks on the
right side (4, 5, 7) failed in overlcad and the ramp was forced Gown from
the right, tearing completely across at the RS 33 bulkhead.

Since the pressure docr is attached to tha ramp its notion was influenced
by the ramp movement. Visual inspacticn of the racovered parts verify a
downward rignt to left rotating of the pressura2 door. It is.assumad that
the pressure door struck the sloping torque deck area of the aircraft
fuselage, causing the empennage flight control cables and hydraulic lines
for systems #1 and #2 to separate. The laboratory failure analysis of these
items does support this type of sequence. lowuever the support is not
conclusive.

c. Response to 4¢: Concerning the aspect of material or part failure,
the laboratory analysis does give evidence that fatique was not a factor
_in. any of the parts that were analyzed. The subject laboratory analysis
does,provide supportive evidence that indicates a stress-corrosion problem
- with the bellcranks. However, through parsonal knowledge ana observation
of the system this conclusion rmust be temperea by the following information.

A situation can exist where the hook tip does not engage the upper yoke
snaft in the proper manner. A mis-rigged lock can result in the hook tip
impinging on’tne bottom side of the yoke shaft during the locking sequence.
Tne hovk tip is now essentially set on a hair trigger unstabla arrangement
where 1t can eitner slip into the lockea or the unlocked position depending
on just wnere the hook tip has ergyaged tne yoke shaft. When the hook tip
does slip into either the locked or the unlocked condition, there is a
dynamic shock release of the binding force teat is transmitted into the
bellcrank. This sudden shock impact force can be of sufficient magnitude
to crack the bellcrank. This situation was verified by the cracking of
three bellcranks curing the accomplishment of TCTO 1768. Iuspection of
these cracked bellcranks revealed that they had cracked in an identical
manner and in the same location as the bellcranks that were analyzed aoove.
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If this situation occurs, and the bellcranks are not- inspected, a
cracked condition in the bellcrank would go unnoticed. In time

‘the surfaces of the crack would then be exposed to corrosion. This
corrosion and resulting discoloration of the cracked surfaces could
easily be niisinterpreted as stress-corrosion. In time, the evidence
of the overlcad failure would be reduced due to the corrosion effects.
There is ericugn other evidence to make the stress-corrosion documenta-
tion inconclusive. The ruling out of fatigue failures is conclusive.

3. In summary the above failure sequence was termed the "most probable”
but there are other sequences that could have occurred. Since all of the

critical component parts were not recovered, the exact initiating cause
of the failure sequence will most likely remain in the hypothesis state.



SUBSCRIBED and SWORN TO before me this _10th day of July, 1979, in

the State and County aforesaid.

NOTARY PUBLIC SQCNE A. CHUP(‘HILL
NOTARY PUBLIC OF HEW JERSEY
My Commission Expises January 27, 1980

My Commission Expires: January 27, 1980
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Oren R. Lewis, Jr.
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Torts Section, Civil Division
U.S. Department of Justice
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Washington, D.C. 20530
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UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF COLUMBIA

T — - —— — —— ———— o — ——— —— ————— ——— o 2} Gu- D = "

IN RE AIR CRASH DISASTER
NEAR SAIGON, SOUTH VIETNAM
ON APRIL 4, 1975

ELEANOR S. DOBSON, Administratrix
of the Estate of JO-AN K. PRAY,
Deceased and on behalf of all. other

similarly situated,

-and-

FRIENDS FOR ALL CHILDREN, INC.,
as Special Administrator of the
Estate of TRAN THI BA and Seventy-

Five other decedents,

Plaintiffs,

-against-

LOCKHEED AIRCRAFT CORPORATION,

A California Corporation,

Defendant/Third-
Party Plaintiff,

~—against-

THE UNITED STATEé OF AMERICA,

Third-Party
Defendant.

PLAINTIFFS' ANSWERS TO DEFENDANT LOCKHEED'S
SUPPLEMENTAL WRITTEN INTERROGATORIES

Misc. No. 75-0205
All Cases

Civil Action No.
75-0874

Plaintiffs Burke C. Pray and Eleanor S. Dobson hereby submit

answers to the Supplemental "expert witness" interrogatories

propounded by defendant Lockheed Aircraft Corporation (hereinafter

referred to as Lockheed).

tiffs' expert witness is in the processvof his analysis, discovery
is still in progress, important witnesses are yet to be deposed,
and documents are yet to be received and/or analyzed. Plaintiffs
are in the process of deciding whether to retain additional
experts to testify at thé trial (such individuals have not been

retained and/or consulted by plaintiffs on any basis concerning

this lawsuit). Plaintiffs

”
v,

expand, refine, exclude, or otherwise modify the answers

i

At the time of this submittal, plain-

reserve the right to change, alter,

D EXH VV,




provided herein as indicated by further formal and informal
discovery in this proceeding, further analysis, a decision to
retain and call additionai expert witnesses and as otherwise
appropriate. |

INTERROGATORY NO. 80: State the names and addresses of each

person whom plaintiff expects to call as an expert witness at
trial and as te each such person state:
(a) the technical fields' in which plaintiff claims
him to be‘expert'and the training, education'and
experience upon which such claims are made;A
(b) the subject matter upon which each such person
is exgected to testify;
(c) the substance of the facts and opinions to which
each such person.is expected to testify; and
(d) a summary of the grounds for each opinion each
such person is egpected to give.
" ANSWER 80:
A. William Timm, P.E.
William Timm and Associates
12 Laurel Hill Place
Armonk, New Yorkr 10504
(a) Plaintiffs claim William Timm, P.E. to be an expert
in the following fields:
(1) +technical writing
(2) safety engineering

(3) safety and maintenance manuals for armed
service personnel

(4) chemical engineering

(5) design of locks, locking systems and other
safety and securlng mechanisms and other aspect
of mechanlcal engineering

(6) compilation of failure mode and effects analyse

(7) structural testing

(8) metal analysls and selection; corrosion. and
corrosion related problems and testing

(9) adequacy of engineering design criteria
(10) .hydraulic and pneumatic systems .
(11) logistical and maintenance practlces in the
armed services, including the maintaining and

rigging of aircraft

(12) drafting and interpretation of engineering
specifications

(13) accident and damage investigations
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The qualifications.of William vimm, P.E. as an expert

witness are as follows:

1.

10.

Holds a Bachelor and Masters Degree in Chemical
Engineering and completed all courses, except for the
writing of the thesis, for a Doctor of Engineering
Degree. All such degrees and courses were obtained
at New York University. '

Is a licensed Professional Engineer in the states of
New York, New Jersey, Connecticut and the Commonwealt
of Virginia.

Is a member of the National Society and the New York
State Society of Professional Engineers (NSPE and
NYSSPE). Was a director and chairman of the Ethical
Practice Committee of the Westchester Chapter and is
a member of the State Society's Ethical Practice and
Long Range Goal Committee. o

Is a member of the American Society for Testing and
Mater%als (ASTM) and is a member of C-16 (Thermal
Insultations) and E-5 (Fire Standards) Committees.

Is a member of the National Fire Protection Associa-
tion (NFPA) and a member of the Instrument Society
of America (ISsa).

Is a member of the American Institute of Chemical
Engineers (AICHE) and the Association of Consulting
Chemists and Chemical Engineers (ACC&CE).

Holds the rank of Lieutenant Colonel in the Army
Reserves and has completed the following courses
offered by the military:

a) Both the Associated Engineer Company Officers and
the Advanced Engineer Officers Course given by
the Engineer School at Fort Belvoir, VA

b) The Command and General Staff Officers Course
from the United States Army Command and General
staff College at Fort Leavenworth, Kansas

¢) The National Security Management Course given by
the Industrial College of the Armed Forces

d) 1Is currently enrolled in the Logistical Manage-
ment Course and has completed several phases of
that course.

Reserve Assignment included 10 years with a Logisticd
Command during which time he taught and attended
numerous classes on maintenance policies and during
training at Fort Lee attended classes and demonstra-
tions on aircraft loading and rigging.

Has worked in the aircraft industry and was employed
by Curtis Wright Corporation in Woodridge, N.J. Was
also assigned as a technical representative for the
U.S. Air Force while employed with another company.

While in military service he prepared interim
operating and spare parts manuals for gas generating
equipment. Also supervised the military personnel
who took part in the preparation of operating,
maintenance and spare parts manuals for gas generat-
ing equipment. )




11.

12.

13.

14.

15.

l6.

17.

18.
(b)

-

In the course of his civilian englneerlng work he .

. has:

a) prepared several manuals for the operation and
maintenance of special pieces of equipment and
large chemical complexes

b) drafted specifications for numerous different
type projects ranging from buildings to complex
machinery

c) prepared test procedures to verify the safety
of components

d) prepared corrosion test procedures and conducted
studies of corrosion problems, including stress
calculations and the changes in corrosion
resistant properties for various stress condi-
tions:

e) advised on the selection of the proper materials
for high stress points and/or corrosive environ-
ments. -

Has made stress analysis on piping systems,
structural members, equipment and supports. Has
devised tests to determine the structural integrity
of systems which were too complex to calculate
directly.

Has designed hydraulic and pneumatic systems as
well as safety latches and interlocks for special
equipment.

Has made safety inspections to eliminate potential
hazards and to assure compliance with OSHA and
various local rules and regulations.

Throughout his engineering work, he has conducted
safety engineering analyses and has been involved
in safety aspects of engineering.

Through his engineering work, he has performed
mechanical engineering and related tasks.

In the course of his civilian engineering work, he

has conducted and participated in accident and
damage investigations.

Other learhing, education and experience.

At the present time, it is contemplated that William
Tlmm, P E. may testlfy on the following subject
matters:

(l). Maintéhance Manual T.0. 1C-5A-2-12

(2) The lack of verification ﬁfocedure for the
rigging of the aft ramp locking systems

(3) The location of the hydraulic lines and control
cables in the torque deck area

(4) The design of the aft ramp locks and locking
system




(5) The design criteria utilized in the design of
the aft ramp locks and locking system, the aft
pressure door, the aft cargo door complex
generally and the location of the hydraulic
lines and control cables in the torque deck
area. ‘ '

(6) ~ The failure mode and effect analysis as such
pertains to the aft ramp, aft ramp locking
system, aft pressure door, aft cargo complex
generally and the location of the hydraulic
lines and control cables in the torque deck
area.

A (7) The static and fatigue testing (and other
; - structural testing) of the aft ramp locks,
components of said locks and the aft ramp

locking systems '

(8) The selection of certain aluminum alloys for
components of the aft ramp locks

(9) Corrosion testing as such pertains to the aft
ramp locks and locking systems

(10) Corrosion prevention techniques as such per-
tains to the aft ramp locks and locking system

(11) sSafety engineering analysis as such pertains to
the aft ramp locks and locking systems, the
aft pressure door, the aft cargo door complex
generally and the location of the hydraulic

lines and control cables in the torque deck
area

(12) The competancy of the safety assurance depart-
ment

(13) The competancy of the maintenance manual
drafting department

(14) Other subject matters

(c) William Timm, P.E. is expected'toAtestify that
Eockheed's efforts were defective and deficient in
the subject areas identified in 80(b), that Lockheed
committed some or all of the acts and/or omissions
in such subject areas enumerated in 63(a) and that
the consequences of such acts and/or omissions are
indic%ied in 63(b).

(d) wWilliam Timm, P.E; will rely on the depositions
taken in this proceeding, the documents which have
been produced to all parties and his experience,
education and training as grounds for the opinions

he will render at trial.

-
-

B. Plaintiffs may decide to call Air Force personnel who

have already been deposed and/or who are scheduled to be deposed

as expert witnesses.




C. Other expert witnesses yet to be determined.

INTERROGATORY NO. 8l: State the names and addresses of any

and all expert witnesseé with whom plaintiff or his representativ
have consulted in connection with this lawsuit and as to each
such expert state:
(a) the technical field in which plaintiff claims
him to be expert_and the training, education
and experience upon which such claims are made;
(b) the subject matter upon which each such person
is expected to testify;
(¢} the substance of the facts and opinions to which
each such person is expected to testify; and
(d) a summary of the grounds for each opinion each
such person is expectéd to give.
ANSWER 81:
A. See answers to No. 80.
B. Steve Chris
13220 Wye Oak Drive
Gaithersburg, MD 20760

Steve Chris will not testify at trial.

ﬁwﬁ@ g/a/l/

BURKE C. PRAY, Co-2dministrator of
the Estate of JO-AN K. PRAY, Deceased

bl

STATE OF New Jersey

COUNTY OF Burlington , to-wit:

I, Irene A. Churchill , a Notary Public in and
for the State and County aforesaid, do hereby state that the
above BURKE C. PRAY did appear before me this _10th day of

July , 1979, and after being first duly sworn, did depose
and state that the above Plaintiffs' Answers to Defendant
Lockheed's Supplemental Written Interrogatories are true and
correct to the best of his knowledge, information and belief.

SUBSCRIBED and SWORN TO before me this 10th day of
July ’ 1979.

; A 8 Bldlic

Notary Public ‘
. IRENE A. CHURCHILL

-

My commission expires: NOTARY PUBLIC OF NEW JERSEY

re

Jannarv 77. 10680 Yy Commission Expires January 27, 1980



LEWIS, WILSON, LEWIS & JONES, LTD.
2054 North Fourteenth Street
Arlington, Virginia 22201
703/527-8800

Oren R. Lewis, Jr.
Richard H. Jones

John E. Fricker

Michael S. Marcus
Attorneys for Plaintiffs

CERTIFICATE OF SERVICE

I hereby certify that I have caused a true copy of the
foregoing Plaintiffs' Answers to Defendant Lockheed's Supple-
mental Written Interrogatories to be mailed, postage prepaid,
this /¢ +h day of _J » 1979, to the following counsel:

CARROLL E. DUBUC, ESQUIRE
Haight, Gardner, Poor and HaVens
Federal Bar Building

1819 H Street, N. W.

Washington, D. C. 20006

ISAAC N. GRONER, ESQUIRE
Cole and Groner, P.C.
1730 K Street, N. W.
Washington, D. C. 20006

JAMES P. PIPER, ESQUIRE

Trial Attorney, Aviation Unit.
Torts Section, Civil Division
U.S. Department of Justice
550 1lth Street, Room 906
Washington, D. C. 20530

z’»/(y/n,////4/u.\,,

~ Michael 8. Marcus
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WILLIAM TIMM, PE, Consulting Engineer
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10.
11.
12.

13.

14.

List of Articles & Publications

Section 3, 11, C. Hydraulic Performance High Temperature Water
by Paul L. Geiringer

Fire Susceptibility Test of UFC Foam "Type K" Insulation -
furnished U. F. Chemical Corp. April .1969

Education Law in New York Professional Engineer March 1975

Paese Versus Tarrytown Round 3 Begins in New York ProfeSSLOnal
Engineer March 1977 .

Engineers - Public Servants - Political Pawns in New York
Professional Engineer March 1977

Advice to Engineers in Private Practice & Government in New
York Professional Engineer July/August 1977

The Real Issues in the North Tarrytown Paving & Drainage Work
in New York Professional Engineer July/August 1977

Energy Conservation in presentation at seminar in White Plains,
New York on April 2, 1976

"Comparison of Insulation Materials for Buildings" presented
to Westchester Chapter NYSSPE May 17, 1976

Westchester County Dilemma, The Westchester Engineer September
1978

Cause and Effects of Shrinkage in Urea Based Foam in ASTM STP
to be Published Fall 1979

Operator's Manual for Hydrogen and Carbon Dioxide Generator
(Methanol - Water Type) published by Engineer School 1953

Operator's Manual - Valdosta, Georgia - Rosin Treating Facility

Operator Manual CAP Camphor Plant

12 Laurel Hill Pl, Armonk, NY 10504
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Education Law in New York Professional Engineer March 1975

Paese Versus Tarrytown Round 3 Begins in New York Professional
Engineer March 1977
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Professional Engineer March 1977

Advice to Engineers in Private Practice § Government in New
York Professional Engineer July/August 1977

The Real Issues in the North Tarrytown Paving & Drainage Work
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to Westchester Chapter NYSSPE May 17, 1876.

Jo- WESTLHESTER CouNTY mz.amnﬁ; Tug WHBSTCNESTTA ENG(WELL

SERPT 478

1- opvSE AND CFFECTS of SHRWWAGE (N UREA BASED FoArn

(0 AT STP To BE puBLisyep FALL 1979

|2~ DPERATORS A AL For HDRBCEN AnD CARFDN P10/ PE

1.
Ilc— O PENLKTON AR VAL CAP O M PHOR PLMUT_

e T e e e s g T

CENRRETOR (erTHALGL~ WHTEL TYPE) poBLsHEd BY

INRAR SceHeel® (4853  Go'd R CLITT
oigac’nm ANV M= uauos-/a,; pos/w TRENTING EN




WILLIAM TIMM, PE, Consulting Engineenr 12 Laurel Hill Pl, Armonk, NY 10504

List of Articles & Publications

1. Section 3, 11, C. Hydraulic PerformancejHigh Temperature Water
by Paul L. Geiringer

2. Fire Susceptibility Test of UFC Foam "Type K" Insulation -
furnished U. F. Chemical Corp. April 1969

3. Education Law in New York Professional Engineer March 1975

4., Paese Versus Tarrytown Round 3 Begins in New York Professional
Engineer March 1977

5. Engineers- Public Servants - Political Pawns in New York
Professional Engineer March 1877 .

6. Advice to Engineers in Private Practice § Government in New
York Professional Engineer July/August 1977

7. The Real Issues in the North Tarrytown Paving & Drainage Work
in New York Professional Engineer July/August 1977

8. Energy Conservation in presentation at seminar in White Plains,
New York on April 2, 1976.

8. "Comparison of Insulation Materials for Buildings" presented
to Westchester Chapter NYSSPE May 17, 1976.



List of Court

Testimony

Mark Ruff

Anaconda Copper

International Smelting §&
Refining Company

Paul Mucci

Donald Wall
David Michales
Fuchsberg & Fuchsberg

Lombardi & DeCarlo
PowER « FARDKVER ~

Incinerator Accident

Air Pollution Case

Structural Damage for Explosives

Pile Driving Damage
Well Contamination
Drug Case (Criminal)
Draino Case

Personal Injury Case
- ENPLeSIow OF Sologw?

(L TZnEQ



List of Court Testimony

Mark Ruff

Anaconda Copper

International Smelting €
Refining Company

Paul Mucci

Donald wWall
David Michales
Fuchsberg & Fuchsberg

Lombardi & DeCarlo

Incinerator Accident

Air Poilution Case

Structural Damage for Explosives
Pile Driving Damage

Well Contamination

Drug Case (Cfiminal)

Draino Case

Persénal Injury Case



| o | e

NI
’/’/, Metallurgical croup  oave._14 February 1969

PREPARED BY: O& Q’% " CHESKED BY: % ( \ ?\LOQA\-V&\A
J. L/ Cox, T2-14 g;;u;;y ,,.uwtgzjrw P. Whiton, 72-14
APPROVALS:A%,Op LgZpes

W/, Jensen, 72-14 A F. Cotton, 72-14 SSR 72A168-7207
ReEQUESTED By: Component Fatigue Test Group, 12-43% LAB REF. No._ ISR 7221-116B-67

|

TITLE: MODEL C-5A. RAMP LATCH FATIGUE TEST INVESTIGATION OF FAILED YOKE.(STEEL-4340)

- INTRODUCTION: ’

One yoke, P/N 4F53671-101A, which fractured prematurely during a ramp latch fatigue
test, was received in the Metallurgical Group, 72-14, with a request for an investi--
gation. The fracture had occurred through a bushing hole.

OBJECT:

To determine the cause of failure., '

SUIMLIARY OF RESULTS:

It was concluded from this investigation that fatigue cracks began at opposite
sides of the I.D. of the bushing hole wall and progressed outward. The rough
surface and machining tears contributed to the fatigue crack initiation. The
corrosion found could have contributed to the crack initiation; however, this
condition appeared to be less serious than the machining tears.

TEST PROCEDURE AND RESULTS:

Figure 1 shows the yoke, the two fractures and part of the inside surface of the
hole through which the fracture passed.

Visual examination of the yoke showed no surface anomalies except in the bushing
hole. Two detrimental surface conditions were discovered on the hole wall,
Figures 2 and 3. First, the hole surface appeared to be unusually rough with
deep grooves and machining tears present. The second condition was light surface
corrosion.

Mac:oscopic examination of the fracture surfaces, Figures 4 and 5, shows one had
several origins, while the opposite fracture surface had two obvious origins.

Electron fractographic studies of these origins all showed striations which are
indicative of a fatigue mode of cracking.

A metallographic examination of the fracture origin showed what appeared to be
a transgranular fracture. The fracture appeared normal for a 4340 steel in the
quenched and tempered condition.




TEST PROCEDURE AND RESULTS: (CONTINUED)

A chemical analysis and hardness measurements made on the part showed it to be 4340
steel with an average hardness of 45 "Rockwell C. Engineering Drawing 4F53671

" specifies the material as 4340 steel, heat treated to 200-220 ksi. A "Rockwell C"
hardness of 45 corresponds to 211 k51 :

DISCUSSION:

The yoke fractured by means of a fatigue mode. It is felt that the machining tears
acted as stress raisers and subsequent poirits for crack initiation. From the nature
of the failure, it was concluded that the corrosion, although potentially dangerous,
was not a major factor in the failure.

RECOMMENDATIONS:

Due to the surface condition of this bushing hole, it is felt that two steps should
be taken. The first, check the required design surface condition and determine if
it is adequate. Second, some method for inspection before installation should be
employed.

It is further recommended that more adequate corrosion protection be applied to the
bushing hole I.D.

REFERENCES ¢

1. Shop Service Request No. 72A168-7207, "Ramp Latch Fatigue Test Investigation
of Failed Yoke", dated 23 October 1968.

2. Laboratory Data Record Sheets;
Metallurgical Group, 72-14,
Sheet Nos. A283026 through A283030, by J. A. Cox, dated 14 December 1968
through 2 January 1969.
Sheet No. A283431, by R. A. Runyan, dated 25 November 1968.

Chemical Group, 72-14,
Sheet No. A285187, by J. Hunter, dated 19 December 1968.

DISTRIBUTION:

H. H. Davis/P. J. Petrecca, 72-43, Z.407
Metallurgical Group, 72-14, Z.317
TLIC, 72-14, 2.317

|



Approximately 2/3)(.
FIGURE 1 - PHOTOGRAPH OF THE BROKEN YOXE, P/N 4F53671-101A.

The two fractures are identified as fractures'A'and'B\
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Approximately 10X.

FIGURE 3 - PHOTOMACROGRAPH OF THE WALL OF THE BEARING HOLE
ADJACENT TO FRACTURE"B"AND ITS ORIGINS (ARR@YS)

Note the rough surface and the presence of machining
tears. Corrosion on the surface is also noted.
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Approximately 10X.

FIGURE 2 - PHOTOMACROGRAPH OF THE BEARING HOLE WALL ADJACENT TO FRACTURE
mAYAND ITS TWO ORIGINS (ARROYS).
*  The rough surface and machining tears are visible.
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Approximately 8X.
FIGURE 4 - PHOTOMACROGRAPH OF THE FRACTURE SURFACE OF FRACTURE'A!

“ipéfoximately 8X.
FIGURE 5 - PHOTOMACROGRAPH OF THE FRACTURE SURFACE OF FRACTURE'B.
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f\/let Orphans C5 Crash Trlal Starts

o1 ot By Kenneth R. Walker -

- Washington Star Staff Writer

- The fll'St trial resultmg from the 1975 crash in
_.Saigon of a C-5A ai j)lane carrying Vietnamese or-

phans to the United States in the waning days of
the war began in federal.court here yesterday.

Lockheed Aircraft Corp., the builder of the C-SA :

has settled some suits resulting from the cras
which 155 persons were killed. But the trial before

US. District Judge Louis F. Oberdorfer rs the fxrst

. airing of the case in open court.

The trial will weigh the claims of three Vlet-
‘namese orphans who survived and were adopted
by American families. Suits filed by a group repre-
senting those killed in the crash as well as claims

filed by S0 other survivors are pendmg in federal

courts here and in New York.
President Ford ordered the evacuanon of the
orphans. : :

The-C-5A is the largest aircraft ever ‘bmlt and

was desrgned to serve as a military cargo and .-

troop carrier. It has been the subject of controver-
sies inyolving safety and cost overruns. .

tors have concluded was caused by a faulty ramp
lockmg mechamsm. '

“The six-member jury chosen yesterday wxll con-
sider only whether the crash was responsible for
injuries claimed by the three surviving orphans

'

and what damages Lockheed should pay. . )

The jury, which will hear each of the three
claims separately, began yesterday considering
evidence in the case of 6-year-old Michael Moses
Schneider, who was a 19-month-old orphan named

. Nguyen Phx Khanh at the time of the crash.

Oren Lewis Jr., Schneider’s attorney, told the

Jury in his opemng statement that there were not .

enough seats in th C-SA plane to carry all 226 or-
phans. -

“Some were strapped to the floor of the cargo
hold,” he said. “That plane was crammed full of
babies when it left Saigon in good weather. When _
it reached an altitude of about 24,000 feet, where
the air is 27 degrees below zero. . . fhe whole back

-end of the plane blew off.

'Because the cargo door struck the controls

‘when it blew off,” Lewis said, “the pian couldn't.
- do make".a quick dive gnd “It took that plane 15

minutes to descend to-a level where the air was

‘'safe to breat_he " It plane broke mto pxeces ina

rice paddy.
Lewis claimed Schnexder suffered a head mjury

-~ 'which resulted in an epileptic condition. .
The aircraft company agreed not'to contest its.” Dcp

liability for the crash, which Air Force investiga.

Carroll Dubuc, the attorney for Lockheed, told .
the jury he would try to prove that any disabilities
the youth has were the result of “his abandon.
ment at such an garly age, Vietnamese life, the dis-
eases and parasites that flourished in that coun-
try, and thé ulnmate relocanon 10 a new: culmre
in thiscounrty.” -~ = . o
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Decompression. Slgnafled-‘:’i'ragady

SAIGON,
{AP) — The pages of a Donald
wind.

A baby's bottle, ‘a flight man-
ual,

grass.

Headless bodies were burxed

in the mud. :
1t was the crash siteof a U. S

Air Force C5A Galaxy trans-

port that was to have carried
243 Vietnamese orphans to the
United States.

It crashed on takeoff from_'

Saigon today. -

The sudden whoosh of air out - .+

*South Vletnam .

Duck comic baok fhpped inthe - : _'
.'J‘f’
cushions, clothing, and - .. & . .
molten pieces of metal were " -,
scattered arcung in Lhe burning

-

" the back of the plane, youcould

. “You could see |t ” he saidat .
_ Seventh Day Adventist Hospi- - A

- tal, where he had been brought, .
- muddied but unhurt aftet the

. crash. -

*You could see the hole m

. see the sunlight streaming in.

““Things started flying i

. around. ' Eyeglasses. - Pens.
- Pieces of insulation tore off the

/.. ceiling. The pillows exploded. ™'

of the cabin of the plane, the . -

largest in the world, was the

first sign of the .imminent - i":

tragedy.: - .o
Air Force Sgt Jim Hadley,

Sacramento, Calif., medical ~

technician topping his two

weeks of reserve training with "
what he thought would be just -
a weekend flight to Saigon, - - "~

knew right away the plane was

in a decompression condition.” "~ -

. then you go out.” -, :* . 2

.They were plastic lined. - .

"“That went off for a little *
"while until the air stopped. By
- then the oxygen masks had
d.ropped down. *

“There weren't enough oxy-
gen masks. We had to. keep
moving them from kid to kid.
We kept on our own. because
otherwise you get drowsy and

An mjured Tlight nurse sald

- from a litter in the hospital cor- --
‘" ridor, “I think the kids were

. quiet because they were getting
* dopey from an ahsence oi oxy-,
gen.

1 don't know how long we-

+ were in the air. We were losmg

 altitude. But we had plenty of,

,: .
L . time.: Wehadtodu:uswha!
. 3 we were going todo. - * -l
““We talked about what doors %,
. ‘we were going ofit of when we’ 5
,' impacted. We didn’t stand by !

. the doors. We were feedmg azs. % x
4 . ygen to the kids.”
“““The kids were wonderful A a
she added, . asking that her '!
name not be used. '™
.My folks didn’t know" 1 was *

.~ . o_n this flight,” she said. =~ - = -

- ">':" “The children were beautiful. "/
' They were noisy when we took 3
“off. They were scared, and they 4
didn't like the straps holding i
*<them dowm. -+ f- - 3
1% °7 “They were su'.tmg two to a ¥
% - !seat,’six seats across, 12toa R
) OW' T REC

A pe

..','Once the decompreswn p

.. condition hit, the kids didn't”™
_say a word. They qmeted down L.
right away.”, . Lot ,

! ;:Hadley and the ﬂxght ‘nurses

- were on the second level of tl'ea

*. huge plane, ' sandwiched  bev

~-tween the top deck and the car-{ -

.. g0 hold 65 feet below. All levels™

LR held orphans and their mainly ;
. American women escorts. 3

. .‘.-ﬂ'.
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Exploswes dropped from plane are lost

SYRACUSE (AP) —
Somewhere under a blan-

ket of snow covering the

Syracuse area, say U.S. Air
_ officials, is 25
pounds of explosives. But

just where remains a mys-

tery.

‘The explosnves were

"dropped near this city of

180,000 on Jan. 18 when a
civilian cargo plane lost a
door as the result of a
“violent decompression”

while flying at 22,000-feet.

tary explosives

Along with the explo-
sives, two Teletype ma-
chines and the plane’s 8-
by-10 foot cargo dogr blew

off the craft. No injuries .,
~when the explosives -fell
- we’'ve . had
" since,”
Capt. Mil Gutridge. “We've -
-had *to suspend our aerial

searches because of it :
Even a little snow makes

were reported in the acci-
dent. . . . o

" Since then, Air Force

officials have found no tra-

ce of the debris’ which -

could give them a clue to
where the “Class B” mili-
landed.
The explosives will ignite

only if exposed to an elec- :

trical charge or an open
flame.

“We didn't get snow for
so long here, and then

snow ever
said Air  Force

seemg pro;ectlles mpossn-
ble.”
Gutridge says the six to

N

eight inches of accumu-
lated snow could make the

- explosives less potent if

. the threé foot by six inch

box the explosives were

packaged in -‘was damaged
in its fall.
" After the: cargo doar

gine,

an émergency landing at
“Hancock International Air-

blew out of the four-en--
~ Lockheed-Electra
turboprop, the plane made

port. It was en route to
Dayton, Ohio, from Ports-

~mouth, N.H., when the ac-
.cident occurred. .

“We have been able to
narrow our search down to
an area of about 10 miles
to the north and northeast
of the airport,”. Gutridge
said. “We are tracking
down the last lead we
have, but right now there
isn’t much we can do.”

l I, ‘ T]lev Ca_tjs/\m,pt)w.‘ =2 |




"patrol is',part of program by.dep‘artment to get more cops on street. . -

EM D¢ 70 Iee@rmg,
but who's to blame:

Chicago (AP)—Two weeks of pub
lic hearings to try to determine the
cause of the crash of an American
Airlines DC-10 ended without a clear
indication of who was to blame for
this country’s worst air disaster.

" After the National Transportation
Safety Board hearings concluded Fri-
day, federal investigators said it will
be another three months before they
can determine the "probable cause”
for the May 25 crash in Chicago that
snuffed out 273 lives. )

The hearings, at which 42 persons
testified, generated piles of evidence indi-
cating several factors may have been
involved in the tragedy, but did not affix
the blame.

“1 don't think we learned too much we
didn’t already know,” said NTSB inves-
tigator Rudy Kapustin. “We got some-
details we didn’t have before — precise

_ details about some of the procedureg,”" -

A member of the Air Line Pilots.
Association who did not want to be
identified expressed skeptimism about
what,if any positive mdustry changes
may result.

-]
- “You hear a lot about reports-
N

“Don’t think that all these reports and
= studies mean anything,” he said. “You
@ hear a lot about reports and studies new,
= but you never know what happens to the
(4] reports »
<: Elwood T. Driver, the vice chairman of

~-the NTSB who conducted the hearings,
: said, “That whole stack of data will have
A to be thoroughly analyzed. -

g “This investigation will remain open .

& to receive at any time new and pertinent

- mformatxon "

, Much of the discussion among those

& involved — McDonnell Douglas ‘Corp.,

Z American Airlines and the Federal Avia-

> tion Administration — was designed to

3 show who should have done what and

< why they didn't do it.

R " And many of the questions asked at
the hearing seemed to. be laymg the
groundwork for lawsuits.

But the hearings indicated a variety of
factors — not just one — may have been
responsible for the dlsaster

Among them:

—American maintenance procedures

- nated engineering representatives who

- -the FAA — but are paid and can be fired

) mspect and approve their own work.

o

>

that apparently produced a crack in tfe.
support of the plane’s pylon that caused
the port pylon and engine to fall off upon
takeoff.

—The design of the DC-10 pylbn that
allegedly made maintenance difficult to
perform regardless of how the engine
and pylon were removed. :

—Testing of the DC-10 that did not
consider the possibility that more than
one major problem would occur at one
time on the plane. Officials of Douglas
Aireratt Co., a subsidiary of McDonnell
Douglas, acknowledged that pre-produc-
tion tests.never considered the long shot
that electrical, hydraulic and engine prob-
lems would occur at the same time.

—Flight manual instructions that told
the pilot to lower airspeed when an/!
engine is out. Flight 191 Capt. Walter Lux
followed the manual instructions when
the left engine dropped on takeoff, but
lowering the speed contributed to a devel-
oping stall on the left side of the aircraft.
The flight manual instructnons have since
been changed.

—The presence of a wafer-thin metal
filler in the pylon attachment that Ameri-
can officials claim reduced clearance
between the support bolt and metal fas-
teners below it. The filler was installed
by the manufacturer to fill a tiny gap in
the pylon, but American says it made the
pylon support more vulnerable to deep
~ cracking.

lnspections under fire )

Meanwhile, the certification and in-
spection procedures of the FAA also
have come under fire. )

The hearings also focused on a long-
standing complaint about the use of desig-

work for manufacturers but are certified
as FAA agents to review and approve
design plans. Critics say the engineers
serve two masters — their company and

by their employers. Sometimes, they even

A final report on the mvestngatnon is
due in about three months. Then the
five-member. NTSB will vote on the prob-
able cause, and, offxcmllymnd one.of thec
most intensive ;nr disaster inqi'ries, ;
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_NEW YORK, NY. 10019

Don SE keSKY




JOHN SEKELSKY / CROTON DAM RD, CROTON ON HUDSON, N. Y. * CRoton 1-3834



JOHN SEKFLSKY / 316 Grand St., Croton — On- Hudson, N.Y. 10520
914 CRoton 1-3834

-

T0 Peabod Rivlin, CLIENT

Lambert, and Meyer. - DATE _6/23/80
ORDER NO.
JOB NO.

1150 Conneccticut Ave. N.W.
Washlngton, D.C. 20036 ‘ -

Vletnam Orphan thlgatlon
AD Liten Special Account

This is a statement of a blll sent to Lewis, Wilson, and Jones Ltd.
2054 North 14th Street
Arlington, Virginia

~ An interest charge of 12% will be added to the previous total.

PREVIOUS BILLI‘........'......I........'..'.‘....“1379 49
+°12% interest charge.............................; 165.54

TOTAL 1545.03

o ik
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JOHN SEKELSKY / 16 Grand SU., Crotcn - On= Hudsen, XN. Y. Loszae

7c_Lewis, Wilson, Lewis & Jonggi__j;L_ CLLIENT
OATE _2/27/8Q
GRDER NO.

JOB NC.

2054 North l4th Strect

Arlirgton, Virginia 22216

Illustrations of artist ccxcepglon of sequence series of Lockheed
C-5 Carygyc Jet crash in Vietnam in 1375, on 30 x 30 board.

Five technical illustrations shcwing locks and ramp and pressure-
door unlt. Show five steps showing failure of units to
firal explosion of aft units of n;ane.................‘.S 500. CG

Four illastraticns of air view showing sequence of crash
from start to finish..e.e e enieneerennennn. ceeaen e $ 650,00

Two charts showing altitude in feet and minutes in the air

$ 125.00
Chart showing G-Forces times minutes.
ArXt SUPPli@S..cccveceosceccerncereanccsnsnaccnseenssa-a.9 70.50
Shipping and handling.....c.ceceetseenocsncoanans ceereess$ 51,99
| TOTAL $1379.49

st char e of 12% will be added...eceeecnceaasa...165.54
An intere g REVISED TOTAL 1545.03
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rmmmm.._§¢f -~4 Code Of Ethics s

“ T
of . . . ~
. . . ) o L L E A‘SO_C'A"ON OF CONSULTING CHEMISTS AND CHEMICAL ENGINEERS, INC
ASSOCIATION OF CONSULTING CHEMISTS AND CHEMICAL ENGINEERS, INC. - B I . ) ‘ .s
) ’ . - ( :i' The Auoclation sxpects that the foliowing Code of Ethics shall guide the achs of lis member
The Assoclation expects that the follewing Code of Ethics shall guide the achs of ik membirs: ) "2 " Section 1. In his relations with the public, a member should oo
i Section ). In his relations with the public; &' member should . ) ’ (a) Ald and support it worthwhile efforts to increase knowledge and technology in chemistr * _
(a) Aid and support all warthwhile efforts to incredse knowledge and technology in chemistry L and chemical engineering. '
ond chemical engineering. ) . (b} Expose and oppose oll quackery and frauds. R
{b} Expose and appose all quackery and frauds. i ' {c) Refuse to permit his name to bg usad to support misleading statements In advertisamen -~
{c) Refuse to permit his name to be used to support misteading statemenks in ad. e tsamneats : or reports, or in support of questionable enterprises. -
or reports, or in support of questioneble anterpri.es. : x {d) Refuse to be connected with or to perform any illagal work. a2
{d) Rafuse to be connected with or to pe.form any ‘llejal work. i (@) Refrain from assoclating with any enterprise of questionable character. o
{a) Refrain from asiociating with any anterprise of question .ble hyatte 1 (1) 8 ditigent in exposing and epposing such errors apd frauds as bis special knowledg ’_
(f) Be diligent in exposirg and opposing such errors and f-a.d: as his sz-" ! krowledge : .. enables him fo recognize. )
enabla. him %o recogn’ze {9) Refrain from gdv,rﬁsing‘ in a self-faudatory manner and avaid any prachce fikely to ¢
(@) Refrain f5m advetiv-3 .a & selltaudatary msr~e and a0%5'1 2, P’ haly to do ' . fnjury 1o the dignity of his p >lession.
injury to the dignity of his profession .
Section 2. (n his ralations with his clients, a mambe: should
Section 2 In his re'at’ans with his clients, a membaer i~ M4 ’ (a) Protect his client's interest.in every legitimate way.
a) Prote:! his clent's inlerest in every legitmate woy. (b} Refuse work for which he knows he is not qualified and, before accepting work he baliev i
(a) : futile, 50 advise his client and mak in that Ris' cii i T
{b) Refuse work for hich he knaws he is nob qual™fied a~d, bafs-s accszting work Ne belisvas p"l,:..';? visa his client and make certain that his client nevertheless wishes him '
futile, 30 advise his client and make certain thet his clieat neveriraleis wishes him fo o . -
procaed. - {c) Inform his client of other connectons which might affect his ralation to his client. o
{c) Inform Mbis client of other conneztions which miht aact his relat’on ta his client. : T oAd) Ac:ovf n? :ommluion on anything purchased by’his client without the client's knowled ¢~ = -
N . and permission. . -
A t e thi hesad by hig client w'thout the clie:*s kaowledge - . -
@ a:;.:cr::u?::m fion on anyflind purchaind By MG client whont The b Haemided ' - (o) Give bonest advice even if it is unpalatable. R
(e) Give honest advice sven if it is unpalatable. ( N {f) Demand Just compensation for his sarvices. -
{f) Demand just compen.ation for his servizas.

© {g) See that his feas include overhaad and all proper charges for laboratory and other j;cillfi w7

. - used, whetber he has fo
(9) See that his faes include ova-head and all proper chary-. f5- 1abo abory and other fecilitias

s pay for such facilities or not. In setting fees, it is proper to coi-
sider: . TN
L f N faziliti [ N ] thiag feas, it i to con- "
"':;:, whether he has to pay foc such facilities or nol. I satting feas, it is proper to c ) 1. The hm; :nﬂ labor involved, the novelty and difficulty of the matter -and the expe i-
. ence an nec . : =
1. The time and labor involved, the noveity and diificulty of the mattar and the experi- w sssary. . . . . ..
once and skill necessafy. ° . . 2. Whether the employment preciudes other employmant in simits. lines or" will in-
. | . . volve the loss of other business while engaging in the pacticu'ar wor
2. Whather the employment pracludes other employma.t in sim'tar lines or will In- .
volve the low of other buiiness while engagirg in the po teuler work . . 3. Cuitomary charges of othars for similar work . -
). Customary charges of others far similar wirk i 4. The magnituds of the mattsr in.olved and the benafits resulting to the :lieal from the
! services. e,
i . Deaafity ranlttin i th : : |
‘ ;':r.vk".':thd. of the matte: imvolved and the Berafits rain'ticg o the client from the s. 'I':;o .cluuchr of the smployment, whether casual or for an established and constent ™~
) -~ client,
3 blish :
s Zl';:nv‘.h“.c“' of the ommpio"r;‘?yn. whother casual o for an established and constant ) Raslst offorts to scale down bills after the rate of compensation has been agreed fo. _
{I) Resist efforts to scale dom‘v-, bills aler the rate of compsasation has beea agraed fo. ) (") Refuse to lower fees originally set because of a compatitive figure from another consultant. "_
iqi i . ftant. ) When undartaking work for a client a member should entér Into an agresment. In “he #3=
(M) Refuse to lowar fees originally set because of & competitive figure from anothar cunsultan ' { vance of s wiittes agresment, the following Brinciples apply: RS
() When undertaking work for a clisnt 2 member '!m""d 'M'". into an agreemant. I the ab. oLl it b If he uses Informalicn obtained from the client, any results In the form of designs, - -
sance of & wrilten ‘9'"""""5"" '°""""'9 "'""'lp o8 4pPYY: \ the form ‘of dati ) . v plans, invenfions, processes, efc., shall be regarded as the proparty of the client.
1. i he uses information obtained from the clieat, an; rasults in the form of detigns, : ‘ A ) . . —
. u ? - 2. If ba usa. his own know'edga, then the resulls remain his property and the client Iy’
¢ plans, iaventions, p':‘“;:; "";“ lh.::l be "'qwhd * h'h. propo:p :' ::. ‘:;M:Zl : . - entitled fo their use dnly in the casa for which the member was retalned. - - 1
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b Typical Physical Properties— Concluded
3b CASTING ALLOYS
Modulus of Elasticity, . Electrical
i Coeffi Co
Weight, Kips per Sq In. e | Pertarel" | congemat
Alloy L Expansion International at 25°C,
pet Cu In. Tension and pecrapeg?iezr ' Aélon caled {f GS
pression Shear g Stm?(f::d nits
333-FO® 0100 [ ...... | ..... 0.0000115 26 0.25
333-T5® 0.100 | ...... | ..... 0.0000114 29 0.29
333-T6® 0100 | ...... | ..... 0.0000115 29 0.28
333-T70 0100 | ...t | aenn 0.0000115 35 0.34
355-TS1 0.098 | 10,200 3,800 | 0.0000124 43 0.40
355-T6 0.098 10,200 3,800 0.0000124 36 0.34
355-T6D 0.098 10,200 3,800 | 0.0000124 39 0.36
355-T61 0.098 10,200 3,800 0.0000124 37 0.34
355-T7 0.098 10,200 3,800 0.0000124 42 0.39
C355-Té61 0.098 10,200 3,800 | 0.0000124 37 0.34
356-TS1 0.097 10, 500 3,950 0.0000119 43 0.40
356-T6 0.097 10, 500 3,950 0.0000119 39 0.36
356-T6® 0.097 10, 500 3,950 0.0000119 41 0.38
356-T7 0.097 10, 500 3,950 0.0000119 40 0.37
A356~T61 0.097 10,500 3,950 0.0000119 41 0.38
360-F® 0.095 10,300 3,850 0.0000116 28 0.27
380-F® 0.098 10,300 3,850 0.0000116 23 0.23
384-F 0.098 10,300 3,850 0.0000113 23 0.23
A612-F 0.102 9,700 3,650 | 0.0000134 35 0.33
C612-Fd 0.103 | ...... | ..... 0.0000131 40 0.38
750-F® 0.104 10,300 3,850 0.0000130 46 0.43
A750-T5 0.103 10,300 3,850 0.0000126 43 0.40
B750-TS 0.104 10,300 3,850 0.0000129 45 0.42

@\':ﬁuts of coefficient of thermal expansion for “'F'' and *T" tempers may vary slightly from one casting to an-

other.

@/While castings are not commonly annealed, similar effects on conductivities may result from the slower rate of
cooling of thick sections as compared with thir ones and other variables in foundry practices. Comparison ofithe
values for as-cast and annealed specimens will show the extent to which varjations may be expected, depen@ing
vy éifferences in thermal conditions in the production of different types of castings.

@ Chill cast samples; all other samples cast in green sand molds.
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EXPLANATION OF TABLE 4
Units

All strength values in Table 4 are expressed in kips per square inch. One
kip is equal to one thousand pounds.

Dimensions

In many cases in Table 4 it is necessary to show thickness ranges or other
dimensional classifications, since the minimum properties of the products
vary with these factors. The dimensional ranges shown do not necessarily
mean that items outside these ranges are not available. The nearest Alcoa
sales office should be consulted for information on limiting sizes of products.-

Minimum Values

"

Most of the tensile properties listed in Table 4 are gudranteed minimum
values. The rest of the tensile properties, and also the other quantities in the
table, are corresponding minimum expected values but are not guaranteed.
Tables of minimum mechanical properties guaranteed by Alcoa are available
in another publication, the Alcoa Aluminum Handbook.

In all cases the values in Table 4 are for metal at room temperature but
may be considered applicable to temperatures from 0° to 150° F. For effects
of temperature on properties, see Tables 8a, 8b and 8c, pages 76 to 82.

Wrought Products

Guaranteed minimum tensile properties of wrought products are based on
test specimens taken from a specified location and direction in the part and
do not necessarily represent the absolute minimum values that could be
found anywhere in the part. However, for most design purposes, the
guaranteed minimum tensile properties and the other corresponding mini-
mum properties in Table 4 are satisfactory for use as over-all minimum values.

For all wrought products, the minimum tensile properties in Tablg 4 apply
to the direction in which specificd mechanical properties are determined.
This is the principal direction of working (longitudinal direction) for all
products except hcat-treated sheet and plate. For heat-treated sheet and
plate, specifications require that tensile properties be measured in the trans-
verse direction, since these values arc generally lower than the longitudinal
propertics. ‘

Compressive yicld strength values in Table 4 apply to the principal direc-
tion of working for all wrought products since compressive yield strength is

generally lowest in this direction. .

Die Forgings .

It is customary to conduct quality control tensile tests for die forgings on
separately forged coupons. Except for elongations, the properties so deter-
mined are applicable not only to the separately forged coupons but also to
specimens that might be cut from the forgings themselves in a direction

ALCOA STRUCTURAL HANDBOOK 39
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Minimum Mechanical Properties and Buckling Formula Constants—Concluded
SHEET AND PLATE

Scee page 39 for explanation of “*minimum®’
US=ultimate strength in kips per sq in., YS=yield strength in kips per sq in., El=clongution in per cent in 2 2 in. or 4 dia.
See pages 39 to 41 for definitions, methods of determination and notes.

[)rnl w

rtics.

Minimum Mechanical Properties Buckling 1"ul’l:\£ (lonstants -
[ J—
Alloy and Temper Thickness, In. Tension "f:_‘_i“;‘_'m Shear Bearing Comipression -Sheas
us | vs | m | vs |us [ vs |us[vys]| B p | ¢ | o [o
5456~-0 0.051-2.000 42 19 10 19 20 11 84 S8 ]2tofl 0120100 |13 0]0.056{ 143
5456-H24 0.051-0.249 51 39 9 38 30 22 97 2 145 4] U368 127210170 ] 1w
5456-H321 0.1206-0.249 40 33 12 31 27 19 54 3B1365]10.2051 831219]0.123] 112
5456-H321 0.250-1.230 40 33 12 32 27 19 81 30{37.7]0.2781 80]220]0.129} 11
5456-H321 1.251-2.000 E3) 31 12 30 20 18 s0] 3335 2] 0.251 121 1{0.116] 113
5456-H323 or H32 0.126-0.249 48 30 8 34 28 21 9l 31403103081 8324 210.143 ) 107
5456-H343 or H34 0.051-0.249 53 41 * 39 31 24 101 06 | 6.7 ] 0. 354 Ik _ih 010178 T
6061-0 0.010-3.000 160 [} * [} 11 3.5 33 151 6.5310.019 183 3.9]0.009} 2o
6061-T4 0.010-3.000 30 16 d 16 20 9 63 26 118.010.092[128]10.80.0421 132
6061-T6 0.010-3.000 42 35 . 35 27 20 88 585139.9] 0.203 | 63]12391}10.122 53
Alclad 6061-0 0.010-0.500 16 [ * 0 11 3.5 33 15 0310019185 3910009 216
Alclad 6061-T4 0.010-3.000 27 14 * 14 18 - 57 D71 0.004]1125F 9410034 102
Alclad 6061-T6 0.010-3.000 38 32 * 32 24 14 80§ 51{30.3]0.228 7l ﬁ 310106 v2
7075-0 0.015-2 000 29 12 * 1 13 19 .7 01 201 14.53]1 0.000 | 135] 87]0.030} 105
7075-T6 0.008-0.011 74 03 5 03 EN) 30 Ho| 13 ] 77 4] 0.711 49140 4 10.330] o3
7075-T6 0.012-0.039 76 05 7 o7 40 37 144 [ 100 {800} 0747 | 48148 010.347 nl
7075-T6 0.040-0.249 77 00 8 ] 40 33 461107 ] 81 3{ 0.765 1 48145 810.356] o2
7075-T6 0.250-0.499 77 060 ) 0Y 40 33 139 /100 ] 82061 0784 ] 471490 [0.365] ol,
7075-T6 0.500-1.000 77 00 [ oY 47 38 H21 104 [ 82 6f 0784 471 49 (»' 0.365] o1
7075-T6 1.001-2.000 77 060 4 (& 406 38 1401102181 3] 0763 48[ 48 8 10.356{ 2
7075-T6 2.001-2.500 13 62 3 05 44 30 131 93177.41 0.711 914 4103301 o3
7075-T6 2.501-3.000 70 o0 3 03 42 35 (<1261 9O 749] 0.077| 5014910314
7075-T6 3.001-3.500 08 58 3 02 41 33 1221 8717301 0.039] 501 44.210.307| 63
7075-T6 3.501-4.000 00 50 2 o) 40 32 lll)J 54 71 g} 0.0 51142610290} oo
-y
Miuimum Mechanical Properties Bud kling, l ur il Constants
Alloy and Temper Thickness, In. Tension pﬁ‘::,x: o Shear Beuring Cumpression Shear
us | vs | B | ysjus|]ys us|ys| s | b o] m "
Alclad 7075-0 0.008-0.0062 27 11 * 12 18 0.5 57} 201133710038 12] so0]o0027] s
Alclad 7075-0 0.063-1.000 28 12 10 13 18 7 591 29114.5{0.006 135 ».710.0301 105
Alclad 7075-T6 0.008-0.011 08 58 5 00 41 34 129 1 95171.010.624| 31 ]420710.290| 06
Alclad 7075-T6 0.012-0.039 70 o0 7 02 42 35 1331 98 173.010.039 50|44.210.307 03
Alclad 7075-T6 0.040-0.002 72 62 -8 3} 43 30 137101 761 O3 | 49| 45.710.322 od
Alclad 7075-T6 0.003-0.187 73 03 8 05 14 30 139 {102 1 77.410.711 914403301 03
Alclad 7075-T6 0.188-0.249 75 ot 8 006 45 37 42 104178710729 49147210338 03
Alclad 7075-T6 0.250~0.499 75 o4 8 60 45 37 1351 981787107291 49147.2]10.338]| 03
Alclad 7075-T6 0.500~-1.000 75 o4 0 00 40 37 139 99178.710.729) 49147210338 03
Alclad 7075-T6 1.001-2.000 75 o4 4 60 45 37 1137 W ]|78.710.729) 9] 47210338} 03
Alclad 7075-T6 2.001-2.500 71 o0 3 62 42 35 12861 90173.610.639 ] 0{+H.2]0.307 03
Alclad 7075-T6 2.501-3.000 o8 58 3 ol 40 33 122 87} 72.310.042 S1]45.410.298] 63
Alclad 7075-T6 3.001-3.500 00 50 3 o0 39 32 119 84 ]171.0]0.0624 31142610290 0o
Alclad 7075-T6 3.501~4.000 o4 54 2 58 38 31 115 81 }08.5(0.592 32| 41.1]0.275] 07
7178-T6 0.015-0.044 83 72 7 73 50 41 158 | 117 t87.810859] 40152.710.3991 359
7178-T6 0.045-0.249 84 73 ) 74 50 42 160 118 ]89.110.878] 46]5:.5|0408] 359
7178-T6 0.250-0.499 84 73 8 74 50 +2 150 111 }8v.1 {0878 40]33.5]0.408] 39
7178-T6 0.500-1.500 84 73 * 74 50 42 150 11121891 |O.878 ) 46] 555104081 39
7178~T6 1.501-2.000 80 70 3 71 48 40 144 {100 | 85.2]0.821 47 1351.1]0.381 ol
Alclad 7178-T6 0.015-0.044 76 66 . 7 o7 46 38 144 {107 180.010.747 ] 4814500347} 62
Alclad 7178-T6 0.045-0.249 78 - 68 8 0Y 47 39 148 1110 | 82,0 1 0.784 | 47| 490 0.305] ol
Alclad 7178-T6 0.250-0.499 78 68 8 o9 17 39 HO 14 1 82.610.7341 473149 610.365( 61
Alclad 7178-T6 0.500-1.500 78 68 * 69 47 39 MO {105 §{82.6{0.784 ) 47{149.6]0.365] ol
Alclad 7178-T6 1.501-2.000 .75 65 3 60 45 37 1351 99178.710.729 49| 47.210.338| 03
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O TamE Minimym Mechanical Properties and Buckling Formula Constants'
4b EXTRUDED ROD, BAR AND SHAPES

i See page 39 for explanation of ‘*minimum’’ properties.
US=ultimate strength in kips per sq in., YS=yiecld strength in kips per sq in., El=elongation in per cent in 2 in. or 4 dia.
See pages 39 to 41 for definitions, methods of determination and notes.
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g Minimum Mechanical Properties Buckling Forniula Constants
i Alloy and Temper Thickness, In. Tension Coin- Shear Beari Compressi § Shear
; us YS El YS uUs " YS Us | YS B D C B, D [
> 20140 Al ua | ol 2| 95| s|sol 2t} o9loo0sr|i]| 59007207
z 2014-T4 All 50 35 12 30 31 20 9| 55135.210.251 8 |21.1]0.116 ] 113
m 2014~-T6 Up thru 0.499 60 53 7 55 35 31 j114 | 85f61.4 10.410| 50]36.8]|0.190 o
o 2014-T6 0.500-0.749 64 58 7 60 37 33 J122| 93]167.3 10.471{ 48 |40.4]0.219| o2
> 2014-T6 0.750 and over
Area 25 sq in. max. | 68 00 7 62 39 35 |109] 84]69.7 [0.490] 47 |41.8]0.230¢ ol
Area25to32sqin.| 68 58 6 60 39 33 109 | 81]67.310.471 | 48[40.4(0.219| o2
2024-0 All 25 9 | 12 9 | 15 s | s2] 21] 990037 (1w ]| 590017 [207
2024-T4 Up thru 0.249 57 42 12 38 30 24 1108 | 67 J43.6 [0.300| 65]126.2]0.140 | &4
2024-T4 0.250-0.749 60 44 12 39 32 25 108 69 §144.8 10313 064}26.9]0.146{ 83
2024-T4 0.750-1.499 65 46 10 4 34 27 (1081 711509 {0.379| 60§30.5({0.176 | 78
2024-T4 1.500-2.999 : , 3
Area 25 sq in. max. | 70 52 10 50 38 30 108 | 73]158.4]0.466| 56)350(0.216} 73
2024-T4 3.000 and over ' i
Area 25 sq in. max. | 70 52 10 S0 37 30 108 73 |58.4 0460 56]350(0.216] 73
2024-T4 1.500 and over
Area 25 thru32sqin.j 68 48 8 46 36 28 J108 | 72 153.4 {0.407} 59 132.0]0.189 | 76
3003-O0 All 14 5 25 5 10 3 30| 121 54 10.015 2221 3.270.006 )24t
3003-H112 All 14 5 .. 5 10 3 301 121 5.4 {0015 {222} 3.210.0006 (241
5083-0 All 38 16 16 .. .. .. AU IO (PO I AU PO R
5083-H112 All 40 24 12 .. .. .. .. I R AUURN R R
5086~-0 All 35 14 14 .. .. .. N R IR IR I
5086-H112 All 35 18 12 .. .. .. A IR FUURE IR R
-w —_
Minimum Mechanical Propertics ’ Buckhn¢ l‘unnuh Cuastants
Alloy and Temper Thickness, In. Tension prC;snilc:n Shear Bearing Compression Shear
us YS El YS us YS us YS B D C By D C. B
5154-0 All 30 1 1 4] .. S RO RN RO U SRR R
5154-H112 . All 30 | 11|12 f o RN O P N
5454-0 Up to 5.000 31 12 14 12 . 13310058 {142 8.0{0.027 | 151
5454-H111 All 34 21 12 .. P B A T
5454-H112 Up to 5.000 31 12 12 12 1133100581421 B8.010.027 ) 181
5454-H311 Up to 5.000 33 20 12 18 19 11 59 3412040 111|121 2.2 ] 0.051 | 4
5456-0 Up to 5.0009 42 19 10 19 .. 21,0 {0120 [ 111 1 13.0 ] 0.050 | 43
5456~-H111 Up to 5.000W 44 20 12 .. .. MYy 44F....0..... .. P R
5456-H112 Up to 5.000@ 42 19 12 19 .. c 20010120 | 111 f 13 0] 0.056 § 143
5456-H311 Up to 5.000® 42 25 12 22 26 14 91 42125310153 {106 15.2[0.071 ] 134
6061-0 All 14 S 16 5 10 3 30| 12| 541001512221 3.210.0001{ 241
6061-T4 All 26 16 16 14 16 9 55 261 15.7 {0.074 [ 128 ] 9.4 [ 0.03¢ | 102
6061-T6 All 33 35 10 35 24 20 801 50)38.3(10.202 03[23.010.094]} &2
6061-T62 All 35 26 10 26 22 15 741 42128.110.127 | 74116.910.059 ] 95
> 6062-0 All 14 5 16 5 10 3 301 12| S.410.015 12221 3.210.006 241
" 6062~-T4 All 26 16 16 14 16 9 551 20]15.710.074 |128] 9.4 10.034 {162
o 6062-T6 All 38 35 10 35 24 20 80| 56§38.3[0.202] 63]:3.0]0.094| 82
> 6062-T62 All 35 26 10 26 22 15 74 42128.1{0.127 ] 74116.910.059 | 95
@ 6063-T42 Up thru 0.500 17 10 12 10 11 6 36 16]11.0]0.043 149 ] 0.0]0.020 | 193
o 6063-T5 Up thru 0.500 22 16 8 16 13 9 46 | 25| 17.510.076 {103} 10.510.030 | 134
g 6063-T6 Up thru0.124 30 25 8 25 19 14 03] 403128.0{0.155| 81 ]116.5]0.072 | 105
Q  6063-T6 0.125-0. 500 30 | 25 | 10 { 25 | 19 | 14 | 3| 40[280]0.155 | 31 ]16.5[0.072 | 105
S 7075-0 All 20 1 Jw]12]19 6.3 ot | 20153 ]ouss | 142 s.0]0.027 18
> 7075~T6 Up thru0.249 78 70 1 70 43 40 [125] 98179.3{0.002] 44147.010.280} 57
7075-T6 0.250-0.499 81 73 7 73 45 42 130 {102} 87.8]0.859 ] 40152.710.399] Sv
;: 7075=-T6 0.500-1.499 82 73 7 73 45 42 131 {1021 87.310.839 40}322.710.399) 59
z 7075-T6 1.500-2.999 81 72 7 72 45 42 130|101 81710029 43)49.010.292| 5,
2 7075-T6 3.000-4 4990 81 71 7 1 45 41 1801 99852108 471511 10.381 G
o 7075-T6 3.0004.4‘)9@ 7% 70 0 70 43 40 125 98§ 79.310 002 Hl147.6{0.280] 57
o 7075-T6 4.500-5.000® 78 08 [} 08 43 3y 125 ] 951 76.910.5751 45 6 130 207 5=
= 7178-T6 Upthruo.249 | 84 | 70 54 700 45| 44 [1s4{100f 805 0ese| 2]:1.9[0319] 5)
7178-T6 0.250-2.9999 | s0 | 78 51 78 | 0 | 45 | 138} _l_g)J_zgs vlond| 42[:33[{0332] 5
S (DArea up thru 20 5q. in. (@Area 20 thru 32 54. in, WArca up thre 32 5. in.
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ROLLED AND COLD-FINISHED ROD AND BAR

L

»
Sce page 39 for explanation of “minimum’’ properties.
US=ultimate strength in kips per sq in., YS=yield strength in kips per sq in., El=elongation in per cent in 2 in. or 4 dia

See pages 39 to 41 for definitions, methods of determination and notes.

Minimum Mechanical Properties and Buckling Formula Constants— Coicluded

.
Minimum Mechanical Properties Buckling Faiinul.. Coanstants
Diameter Co b
Alloy and Temper Thic or o, Tension o - Shear Bearing Cumpression L Shear .
us YS E} YS us YS Us | YS B 3] C sy D G
2024-0 Up thru 8.000 25 9 16 9 17 521 211 9910.0371 1,0} 5.910.017 ] 207
2024-T4 Up thru 6.500 02 40 14 40 37 23 | 118 | 64| 48.010.400| 77} 25.8]0.186 | 100
3003-0 All 14 5 25 S 10 3 300 121 54]10.015)222F 5.210.006} 241
3003-H12 Up thru 0.374 17 12 10 11 11 7 33) 19(12.210.0651 {148 7.310.023 {17
3003-H14 Up thru 0.313 20 17 10 15 13 10 351 281108100820 124]10.110.038 157
3003-H16 Up thru 0.250 24 21 .. 20 14 12 40 33]22.810.131{112315.7]0.061 | 144
3003-H18 Up thru 0.204 27 25 23 15 14 431 38120510.104 103159 (0.076 {131
T o —
5052-0 All 25 9.5 25 10 16 5.4 53} 20111.0/0.043|149] .6 ]0.020 | 193
5052-F 0.375 and over 26 11 ... 1 17 | . 6.8 S35} 22)112.210.050 J148} 7.3 [0.023 {179
6061-0 Up thru 8.000 16 5 18 5 11 3 331 12] S.410.015 2221 3.210.006 {41
6061-T4 Up thru 8.000 30 16 18 16 20 9 63] 26115010.002 1128 11G.8,10.042 | 152-
6061-T6 Up thru 8.000 42 35 10 35 25 20 88 56 |135.3§0.202 | 63 123.0]0.094 | 82
7075-0 Up thru 8.000 28 11 10 11 18 6.5% 59| 2011221005t 148} 7.3}10.023 |179
7075-T6 Up thru 4.000 77 66 7 66 46 38 11231 92178.710.729 1 49 147.2 10.338 | @3
-y
TARLE Minimum Mechanical Properties and Buckling Formula Constants
48 ’ PIPE '
Sce page 39 for explanation of “‘minimum’’ properties.
US=ultimate strength in kips per sq in., YS=yield strength in kips per sq in., El=e¢longution in per cent in 2 in. or 4 dia.
See pages 39 to 41 for dcﬁn‘iytions, methods of determination and notes.
Minimum Mechanical Properties Buckling Ful’lx:;l- Constants
Alloy and Temper ﬂucsi::x:.sr In. Tension pf:""-" Shear Bearing Conipression Shear
us YS El YS Us YS . US| YS n D (o4 _-Bn Dy ?
3003-0 All 14 5 5 10 3 301 121 5410.015]222] 32}10.0006{ 241
3003-H112 1 in. and over 14.8 6 6 10 3.8 31| 14} 6.5{0.019{185] 3.910.009 | 246
3003-H18 Under 1 in. size 27 24 23 15 14 43 38]20.5{0.104 1103} 159]0.076 | 131
3003-F 1 in. and over 14 ) 5 10 |. 3 30| 12 5.410.0151222] 3.210.006 | 241
6061-T6 Under 1 in. size 42 35 12 35 27 20 88 | 56 138.3[0.202] 031230(0.094| &2
6061-T6 1 in. and over 38 35 10 35 24 20 801 56 %8.3 0.202 | 03[23.0|0.094( %2
21 —_—
o
6063-T5 All 22 16 10 16 i3 9 461 25}117.510.076 | 103} 10.510.036 | 134
6063-T6 All 30 25 8 25 19 14 03] 10{25010.135] 81]16.8]0.072 | )5
6063-T832 All 38 35 5 35 23 20 80 SO_J 33.310.202 ] 03(230)0.094] %2
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Minimym Mechanical Properties and Buckling Formula Constants

EXTRUDED TUBE

«

See page 39 for explanation of “‘minimum’’ properties.
US=ultimate strength in kips per sq in., YS=yicld strength in kips per sq in., El=elungation in per ceut in 2 in. or 4 dia.
See pages 39 to 41 for definitions, methods of determination und notes.

Minimum Mechanical Properties Blrkli;'l"urmul:a.usunu
Alloy and Temper Thiclx?:l;ls, In. Tension WC;;TJ" Shear Bearing Compressiun Shear
Us [vys | B | ys | us | vs |us|vs| B b jc|B | o |c
2014-0 All 24 9 12 9 15 5 500 211 9910037 160) 5.9]0.017 | 207
2014-T4 0.125-0.499 50 30 12 26 31 17 90| 47 §30.210.200 (100 18.1]0.092 | 121
2014-T4 0.500 and over 55 35 12 30 34 20 991 55135.210.251 89121.110.116 | 113
2014-T6 0.125-0.499 60 53 7 55 35 31 114 8 |o1.4[0.410] 50].36.8 (0.190 | 6}
2014-T6 0.500-0.749 04 58 7 00 37 33 122 | 93167.310.471 48 140.4 1 0.219 | 02
2014-T6 0.750 and over—
Area 25 sq in. max.| 08 60 7 62 39 35 1141 84{069.710.490 | 47 |41.8[0.230] o6t
Area25t032sqin.| 68 58 [} 60 39 33 114 | 81 [67.310.471| 48 }40.4 | 0.219| 62
2024-0 All 25 9 12 9 15 5 521 21] 9910037 {100} 5.9|0.017 | 207
2024-T4 0.499 and less 60 40 10 36 32 23 | 108 21 41.110.275 | 07 ]24.710.128 ¢ 87
2024-T4 0.500-1.499 65 40 10 44 34 27 108 71150910379 60(30.5}10.176 | 75
2024-T4 1.500 and over—
Area 25 sq in. max.| 70 48 10 46 37 28 | 108 72153.4(0.407} 59}52.010.189 | 7o
Area 25to32sqin.| 68 40 6 44 36 27 108§ 71150.9[0.379 | 60[30.5[0.176| 75
3003-0 All 14 5 25 5 10 3 301 12| S 41001512221 3.2]10.000} 241
3003-F All 14 5 e 5 10 3 30| 12 54100151222 3.2]10.006] 241
-y
Minimuam Mechanical Properties o _]j-mkli;;g-l"uru;;nl,.a:xInls
Alloy and Temper Thicl::’lill. In. Tension pf:.‘;';i:" Shear Bearing Cumpression Shear
' Us | vs | & | vs | us | vs |[us[vs| B D jc|wm /| o, a
5154-0 All 30 11 14 11 19 6.3 03] 2112270051 1181 7.3 00231179
6061-0 All 14 5 1o 5 10 3 30 12 S.410.015 (222 5.210.006 | 241
6061-T4 All 20 16 10 14 10 9 SE] 25015.710.074 128§ 2.4 ,0.034] 102
6061-T6 All 38 33 10 35 24 20 801 50]138.310.202] 6312300094} 82
6062-0 All 14 5 10 5 10 3 301 12 5410015} 222 3.21 0000 | 241
6062-T4 All 20 16 16 14 16 9 54 253157100741 128] v.4]0 0341062
6062-T6 All 38 35 10 35 24 20 0] 5001383102021 03125010004 82
6063-T42 Up to 0.500 17 10 12 10 1 6 36 10}11.0 0.3 | 149 | 0.6]0.020 | 193
6063-T5 Ug to 0.500 22 10 10 16 13 9 401 25117.510.076 | 103 { 10.5 | 0.030 l3v_l
6063-T6 Up to 0.500 30 25 8" 25 19 14 03] 40128.010.153| 81 {10.810.072 1105
7075-0 All 29 11 10 12 19 6.5) o1 20 13.3[0.058 | 142 ] 3.010.027 li_f!
7075-T6 Up to 0.249 78 70 7 70 43 40 1251 98 179.310.602 44 [ 47.6 | 0.280 5
7075-T6 0.250-2.999 80 72 7 72 44 42 128 | 101 | 817 | 0.029 43 [49.010.292 | 50
7178-T6 Upto0.249 84 70 5 76 45 44 1341106 805100801 42 §l 910319 .’_H
7178-T6 0.250-2.99 30 78 N 78 40 45 1381098890714} B2 3. 3104321 3
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Minimum Mechanical Properties and Buckling Formula Constants

DIE FORGINGS

See page 39 for explanation of *‘minimum’

*

propertics.

US=ultimate strength in kips per sq in., YS=yicld strength in kips per sq in., El=clongation in per cent .n 2 in. or 4 dia.
Sce pages 39 to 41 for definitions, methods of determination and notes.

Minimum Mechanical Properties E;&;\: lu x;l—ul.. anatanu ~—
Alloy and Temper Thickness, In. Tensivn Q“"-‘_:“ Shear Beuring Compression " Shear
us | vs | &t | vys | us | vs Jus]vys| b el > |G
1100-F Up to 4 in. 11 4 25 + 8 2. 4.3 10.010 [ 221 2.0 0003 517
2014-T4 Up to4in. 55 30 11 30 34 17 105 481352 10.251 80211101161 113
2014-T6 Upto4in. [N 55 7 55 39 32 1171 88161410410 50136.810.190] 64
2018-T61 Up to 4 in. 55 40 7 40 35 23 105 ot ] 48.0 | 0.400 77125.8]10.186 | 100
2218-T61 Up to 4 in. 55 40 7 40 35 23 105] 64 45.0 10,400 77125.8]0.186} 1w
2218-T72 DUp to 4 in. 38 29 [ 29 24 17 721 46]133.910.237] 91 ]203}0.110] 118
3003-0 All 14 5 25 5 10 30 12 540015222 5. 2100061 24t
3003-F All 14 5 .. S 10 30 12 S.4{0.015] 222 3210006121
4032-T6 Up to 4 in. 52 42 3 42 36 24 50.6 [0.433 | 73130.410.202 | 100
6061-T6 Up to 4 in. 38 35 7 35 25 20 80 56038310202 wil2:0]0-094] 82
6151-T6 Up to 4 in. 44 37 10 37 28 21 92 59140.610.2201 ol j24.4(0.103] 79
7075-T6 Up to 3 in. 75 65 7 65 45 37 120 97173.3(0.535] 40 {4+.0(0.249] 39
7079-T6 Up to 6 in. 74 ot 7 o4 43 3 191 Y6¢§72.1 103520 40145 310.243 59
—_——t . —_—
.y
TARLE Minimum Mechanical Properties and Buckling Formula Constants
4| SAND CASTINGS
See page 39 for explanation of “minimum’ properties.
US=ultimate strength in kips per sq in., YS=yield strength in kips per sq in., El=clongation in per cent in 2 in. or 4 dia.
See pages 39 to 41 for definitions, methods of determination and notes.
Miniinum Mechanical Properties Buckling Fur-um Constants
Alloy and Temper Thickness, In. Tension _2?:‘;“‘ Shear Bearing Compression Shear
Us | vys | Et | vs | us | vs |us|vYs]| & p ||| b |G
43-F 17 7 3 7 12 7.6]0.025118% ] 40]0.0117] 212
122-T61 30 28 + 30 22 35.210.251 ) 8w |21.110.116 | 113
142-T21 23 14 + 14 17 15710074 [ 123 94| 0.034 102
142-T571 29 26 -+ 30 23 35.210.251 89121 110.116 | 113
142-T77 The valuestothe | 5y ¢ 45 | 4 | 16 |.16 18.0{0.092 | 12510 8 [0.042 | 152
right are based on
tests of standard _— ] _
195-T4 s t‘“d" 29 | 13| 6 4 | 2 61 261157]0.074[128) 940.034] 12
195-T6 Sea i ‘31“15 . 321 2|3 21} 2 671 40 [24.0]0.141 {107 | 14 4] 0.065 | i34
195-T62 ¢ page 4l. 36 | 28 | + | 29| 28 7| s6|439 0237 vi{203]0.110] 118
195-T7 29 16 3 17 21 61} 32 i,r‘).2 0301 120 11 S{0.047 ] 103
214-F 22 9 (] 10 17 10003 19 ] 066]0.020] 193
B214-F 17 10 + 11 13 12.2 1 0.051 | 143 73100231179
F214-F 17 9 + 10 13 11.0 0083|149 660.020} 193
. .

Coitinued on next .agc

——



-

~ECRNARD D. ATWOOD
JAMES M.ESTABROOK
£0WARD H. MAHLA
JOHN C.MOORE
Mac DONALD DEMING
GORDON W, PAULSEN
M. E. DEORCHIS
witliAM P, KAIN, JR.
DAVID P. H. WATSON
RICHARD G.ASHWORTH
EOWARD L. JOHNSON
RICHARD B.BARNETT
MAURICE L.NOYER
SANFORD C.MILLER
FRANCIS X.BYRN
THOMAS R. H. HOWARTH
STEPHEN K.CARR
WALTER E. RUTHERFORD
R.GLENN BAVER
THEOOORE M. SYSOL
CARROLL E.DUBUC *
THOMAS F, MOLANPHY
LENNARD K RAMBUSCH
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Oren R.

Lewis, Jr.,

et e enimn 2 et § Do e e e e n s

HAIGHT, GARDNER, POOR & HAVENS
FEDERAL BAR BUILDING
1819 H STREET, N. W.
WASHINGTON, D.C. 20006

CABLE: MOTOR WASHINGTON
WU TELEX 892598

TELEPHONE (202) 737-7847

April

Esq.

Lewis, Wilson, Lewis & Jones

2054 North 14th Street

Arlington, Virginia 22216

FFAC v. Lockheed RAircraft Corporation
Our file 2041-1278-28

Zimmerly v. Lockheed Aircraft Corporation
Our file 2041-1278-5B |

Dear Oren: -

Pursuant to plaintiffs' Notice to Produce Physical
Evidence at Trial and subpoena thasreon and defendant's Motion
to Quash that subpoena and notice, we appeared before the Court

on Tuesday, April 15,

1980 to move to quash that subpoena.

B % R
<. WAHD O'NEILL

WILL(AM J. JUNRERMA
CUUNSEL

NEw FORR QFFICE
ONE STAT.. STREET PLAZA
NEW YOI KA, N, Y. 1000
YIL.i212) 344-68600
CABLE.MCTOR NEW YORK
RCA TE.EX. 222974
wus TELEX 620362
“ ITT TELEX: 424674
wad TELEX: 127683

HE OENT PARTNER

* CAK1OLL E, DUBUC *

] —_—
i
. OF COUNSEL
i

1 RALPH E.CASEY *
i -

- . JOMN W.MCONNELL.JR.*

® ACMITTLD TO D.C.BAR

The

judge extended the subpoena through the end of this week and
asked that a report be given by Friday of this week on the

documents requested in the Notice to Produce.

With respect to those categories,

the judge has already

ruled in the negative denying requests as to categories (6) and

48).
production:

(1)

As to the following categories we make the following

We hereby provide seven black-and-white slides not

pertaining to the crash scene and therefore they are not within
your request for production in the surviving orphans cases.
These slides appear, to have to do with the ramp portion and
ramp locking system of the aircraft and do not appear to be

taken at the scene of the crash.

Nevertheless, we are making

them available to you for your review in Court so that if you



Oren R. Lewis, Jr., Esq. -2~ ‘ April 18, 1980 g

wish copies made of them you should advise us and we will do
so.

-

(2) Lockheed has no such documents pertaining to
autopsies, death certificates, etc. except those produced by
the government.

(3) The Collateral Investigation was conducted solely by
the Air Force '‘and Lockheed has no documents relating thereto
except the Collateral Report itself, which has previously been’
produced to plaintiffs' counsel.

(4) Except for the document prepared by Lockeed with
respect to G-forces which has previously been listed as within
attorney work product and except as to G-forces information
contained in MADAR data already produced or produced today and
John Edwards' formula for G-forces as to which Mr. Edwards wac
prepared to testify at trial but was not requested to do so,
defendant knows of no other documents relating to G-forces
generated on or in C-5A 68-218.

(5) Defendant is making available to plaintiff a magnetic
tape copy of the MADAR tape from AF 68-218; a total "dumpout"
in octal form prepared at the request of trial counsel last
week in light of plaintiffs' inquiries concerning MADAR data;
and eight pages of computation made by Lockheed from MADAR data
on AF 68-218 on April 4, 1275 which we may have already given
to you. All other documentation in defendant's possession with
respect to MADAR on the April 4, 1975 AF 68-218 flight in issue
herein has been produced to defendant's knowledge.

(7) Defendant is making available for inspection at our
offices or use in Court only a model of the C-5A aircraft and
the model of the C-5A used in the wind-tunnel test conducted by
Professor Harper as previously agreed in Court on April 15,
1980.

(9) Other than documents aiready produced, defendant
knows of no documents pertaining to

(a) the manner in which C-5A 68-218 broke apart
after the second impact on April 4, 1975 near Saigon, South
Vietnam; _

(b) the nature of the forces and the expenditure of
energy associated with such break-up of C-5A 68-218;



Oren R. Lewis, Jr., Esq. -3- . april 18, 1980 ¥

(c) the manner in which a C-5A would break up upon a
crash landing; and -

(d) the nature of the forces in the expenditure of
energy associatad with the break-up of a C-5A upon a crash
landing.

As to categories (c¢) and (4) defendant knows of no
Lockheed documents pertaining to same but is continuing its
inquiry.

Sincerely yours,

/cZ// 7

et 2R e S

Carroll E. Dubuc

Enclosures

cc: Honorable Louis F. Oberdorfer
James P. Piper, Esq.
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Oren R. Lewis, Jr., Esq.

Lewis, Wilson, Lewis & Jones

2054 North 14th Street

Arlington, Virginia 22216

FFAC v. Lockheed Rircraft Corporation
Our file 2041-1278-2S

Zimmerly v. Lockheed Aircraft Corporation
Our file 2041-1278-5B

Dear Oren:

Pursuant to plaintiffs' Notice to Produce Physical
Evidence at Trial and subpoena thereon and defendant's Motion
to Quash that subpoena and notice, we appeared before the Court
on Tuesday, April 15, 1980 to move to quash that subpoena. The
judge extended the subpoena through the end of this week and
asked that a report be given by Friday of this week on the
documents requested in the Notice to Produce.

With respect to those categories, the judge has already
ruled in the negative denying requests as to categories (6) and
{8). As to the following categories we make the following
production:

(1) We hereby provide seven black-and-white slides not
pertaining to the crash scene and therefore they are not within
your request for production in the surviving orphans cases.
These slides appear to have to do with the ramp portion and
ramp locking system of the aircraft and do not appear to be
taken at the scene of the crash. Nevertheless, we;are making
them available to you for your review in Court so +that if you



wish copies made of them you should advise us and we will do
So.

I

(
(2) Lockheed has no such documents pertaining to
autopsies, death certificates, etc. except those produced by
the government.

(3) The Collateral Investigation was conducted solely by .
the Air Force and Lockheed has no documents relating thereto
except the Collateral Report itself, which has previously been’
produced to plaintiffs' counsel.

(4) Except for the document prepared by Lockeed with
respect to G-forces which has previously been listed as within
attorney work product and except as to G-forces information
contained in MADAR data already produced or produced today and
John Edwards' formula for G-forces as to which Mr. Edwards was
prepared to testify at trial but was not requested to do so,
defendant knows of no other documents relating to G-forces
generated on or in C-5A 68-218,

(5) Defendant is making available to plaintiff a magnetic
tape copy of the MADAR tape from AF 68-218; a total "dumpout"
in octal form prepared at the request of trial counsel last
week in light of plaintiffs' inquiries concerning MADAR data;
and eight pages of computation made by Lockheed from MADAR data
on AF 68-218 on April 4, 1975 which we may have already given
to you. All other documentation in defendant's possession with
respect to MADAR on the April 4, 1975 AF 68-218 flight in issue
herein has been produced to defendant's knowledge.

(7) . Defendant is making available for inspection at our
offices or use in Court only a model of the C-5A aircraft and
the model of the C-5A used in the wind-tunnel test conducted by
Professor Harper as previously agreed in Court on April 15,
1980.

(9) Other than documents already produced, defendant
knows of no documents$ pertaining to

(a) the manner in which C-5A 68-218 broke apart
after the second impact on April 4, 1975 near Saigon, South
Vietnam; _

(b) the nature of the forces and the expenditure of
energy associated with such break-up of C-5A 68-218;



Oren R. Lewis, Jr., Esq. -3-  april 18, 1980

(c) the manner in which a C-5A would break up upon a

crash landing; and ;

(d) the nature of the forces in the expenditure of

energy associataed with the break -up of a C-5A upon a crash
landing.

As to categories (c¢) and (d) defendant knows of no
Lockheed documents pertaining to same but is continuing its
inquiry. _

Sincerely yours,

Carroll E. Dubuc

Enclosures

cc: Honorable Louis F. Oberdorfer
James P. Piper, Esq.
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WILLIAM TIMM & ASSOCIATES

C’oruu[tlng gngtnau
12 LAUREL HILL PLACE
ARMONK, N. Y. 10504

Peabody, Rivlin, Lambert & Meyer
1150 Connecticut Avenue, N. W.
Washington, D. C. 20036

ATTENTION: MR. CHARLES R. WORK
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LAW OFFICES

LEwIs, WILSON, LEWIS AND JONES, LTD.

OREN R. LEWIS, JR."

2054 NORTH FOURTEENTH STREET DISTRICT OF COLUMBIA OFFiCE
ALEXANDER L. WILSON (1926-1977) SUITE S20
ROBERT W. LEWIS POST OFFICE BOX 827 1629 K STREET, N. W,
RICHARD H. JONES® ARLINGTON, VIRGINIA 22216

WASHINGTON, D. C. 20006
JOHN E. FRICKER®

»
MICHAEL S. MARCUS
DAVID L. FRAZIER* (703) 527-6800 CABLE: JETLAW AGTN
MICHAEL J. MCMANUS® TELEX: 899142
STEPHEN A. HORVATH

MICHAEL A. MCENRUE® TELECOPIER: 527-2807

June 27, 1980

*MEMBER OF D.C. BAR

William Timm, P.E.
12 Laurel Hill Place
Armonk, New York 10504

Dear Mr. Timm:

In accordance with your telephone conversation with John Fricker earlier
today, enclosed herewith you will find our Interrogatories to the United States
(identical Interrogatories were served on Lockheed) together with their Answer
and AF Message 231936Z, which is referenced in Answer No. 2.

Sincerely,

Elle

Ellen Mintz
Paralegal

EM/jan
Enclosures



LAW OFFICES

OREN R. LEWIS, JR.* 2054 NORTH FOURTEENTH STREET
ALEXANDER L. WILSON (1926-1977; ,

ROBERT W. LEWIS . POST OFFICE BOX 827
RICHARD H. JONES® ARLINGTON, VIRGINIA 22216
JOHN E. FRICKER®
MICHAEL S. MARCUS®
DAVID L. FRAZIER®
MICHAEL J. MCMANUS®
STEPHEN A. HORVATH
MICHAEL A. MCENRUE*

(703) 527-8800

*MEMBER OF D.C. BAR

August 4, 1980

William E. Timm

William Timm & Associates
12 Laurel Hill Place
Armonk, New Jersey 10504

Dear Bill:

LEWIS, WILSON, LEWIS(AND JONES,

LTD.

DISTRICT OF COLUMBIA OFFICE
SUITE 520
1629 K STREET, N. W.
WASHINGTON, D. C. 20006

CABLE: JETLAW AGTN
TELEX: 899142

TELECOPIER: 327-2807

Enclosed please find your personal copy of "Mach Number Functions
and Altitude Tables" which you were kind enough to provide the
Court. Thank you for your cooperation though be advised it is
possible we may request its return for use in the upcoming

appeals process or future trials.

Sincerely,

arfsha Hoover
Enclosure

MMH/kgl



Law OFFiceESs

Lewis, WiLsoN, LEwis AND JONES, LTD.

OREN R. LEWIS, JR.* 2054 NORTH FOURTEENTH STREET
ALEXANDER L. WILSON (1926-1977)
ROBERT W. LEWIS

RICHARD H. JONES® : ARLINGTON, VIRGINIA 22216
GARY R. SHEEHAN
JOHN E. FRICKER®
MICHAEL S. MARCUS®
DAVID L. FRAZIER®
MICHAEL J, McMANUS
MARGARET J. FLICKER®
SAMUEL S. JACKSON, JR.
DONALD G. SMITH®

PosT OFFICE Box 827

{703) S27-8800

SMEMBEIR OF O.C. BAR

July 11, 1980

William Timm, P.E.

12 Laurel Hill Place
Armonk, New York 10504

Dear Bill:

DISTRICT OF COLUMBIA OFFICE
SUITE 408
1Ol I7TH STREET, N.W.
WASHINGTON, D. C. 20036

CABLE: JETLAW

TELEX: 899142

In accordance with our telephone conversation, enclosed
herewith you will find Lockheed's Response to our G~Force
Interrogatories, together with documents referenced there-

in provided by Lockheed.

Other documents whiéh are referenced but not attached are:

1. Telex 23 19362 APR 75, which I sent to you together
with the United States' Response to these Interro-

gatories;

2. Tab T Summary to the Aircraft Accident Report, which
you should already have. It is Liability Deposition

Exhibit No. 1l; and

3. CEI Spec. CP 40002-2B, which I spoke to you about on

the phone.

As I indicated to you, these are original documents and we
have no other copies, so we would appreciate having you
return them as soon as you have completed your review.

Sincerely,
EWn 7N
Ellen Mintz
Enclosures ]

EM/kgl
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DESCRIPTION OF EVENTS LEADING UP TO THE CRASH OF THE C-5 AIRCRAFT
NEAR STAGON ON APRIL 4, 1975

GENERAL
The C-5 aircraft is the largest aircraft ever built and has a wingspan

of one football field in length. This a;ﬁzraft was built to carry
troops in the upper troop compartment and cargo in the lower compartment.
(Use illustration of cutaway of aircraft) The lower troop compartment
was also>bui1t to carry personnel in cases of emergancy. When

personnel were to be & carried in the cargo compartment, palletized
seats with portable oxygen equipment were to. fastewed to the floor

of the cargo compartment. The aircraft that was utilized to transport
the orphans out of Saigon on this ill-fated mission were not equiped

with palletized seatse in the cargo compartments.

HEXRK HISTORY QOF EVENTS OCCURRING ON AIRCRAFT 68-218 PRIOCR TO LANDING
AT SAIGON
The U.S. Air force had a policy in 1975 that all operational aircraft

must be flown at least once every 30 days. During this period they
were also having a logistical problem of obtaining sufficient spare
parts to sufficiently maintain the C-5 aircraft. The policy of
cannabalization was instituted to dieveate the spare part problem and

enable the Air Force to continue to fly their aircraft every 30 days.

Aircraft 68-218 was in a cannabalized status from March ,3 1975 until

April 1, 1975. Parts of the aft ramp » locking assembly had been

cannabalized to provide spare parts for other aircraft. On March
aukd

24, 1975 these cannabalized tie rods were reinstated in this aircraft,

and the rigging on this aircraft was verified on March 29, 1975.

Aircraft C-5A, Serial number 68-218 departed Travis Air Force Base

0647 Zulu April 1, 1975,to unlocad 105mm HowiBers at Warner-Robin

Air Force base Georgia. The flight then continued to Travis Air Force



'* e
BASE |

base and then to Hickham Field Air Eemee, Anderson Base, and finally

cLoek

Quz Air Base the Phil}ipenés. Because of the high priority of this

J
mission, this aircraft departed Hickham Field without fixing the
co-pilot's windshield but took the part along to have it fixed at
%tgfﬁir base; this action avoided incurring anothker day of maintainence
which would have delayed the departure of this aircraft. En route

to Clark Air Base number =m two engine was shut down because it

exceeded the vibration p@rameters on the MADAgjthis maintainenge work
was performed at Clark and delayed the deparfure for the completion

of this work. Number two engine was completely inspected and found

that there was no sign of wear, therefore it was supposed that the

MADAR was not reading correctly.

While thislcrew was at Clark Air basqgh"President Ford made a
televised announcement that the U.S. would begin an immediate air
1ift of orphans out of Saigon and named the C-5 aircraft as one

of the carriers that would accomplish this mission. Following this
announcement General Carltoﬁ had directed the next available C-5
aircraft to take the orphans out of Saigon. Aircraft number 68-218
was adviséd by the 22nd Air Force that they were to take out as many
orphans and attendants as were ready to goa and to floor load them

as necessary. Necessary supplies and medical gear such as blankets,
pillows,& 500 milks, 500 juices, box lunches, baby bottles, etc. were
collected and placed aboard the aircraft. Five members from the
combined 9 and 10th Aggomedical Ebacuatﬁmiénnup joined this aircraft

for the flight to Saigon, Tan Son Nhut Rir Base.



The aircraft departed Clark Air Force Base on April 4, 1975

at 0214 Zulu or 10:13 local time and arrived at Saigon on the
same day at 0450 Zulu or 12:51 local time. At Saigon they were
taxied to a parking spot on the diagonaly taxi way heading north

just in front of the tower.

STARTING OPERATION BABY LIFT
The crew members provxed the security for the aircraft while it was

ruEmaxon the ground during the off-and on-loading process. The

105 mm howiters and recoilfess rifles were off-loaded which took about
an hour and then the orphans and their éscorts, who ®were waiting on
buses and cars near the aircrafg were started to load the aircraft.
Initially the orphans were carried two by two by the escorts completely
up the ladder near the aft loading ramp and placed in seats in the
troop compartment. It was soon realized that this loading procedure
was ineffective and the escorts made a gﬁlggg to pass the babies up

the ladder from one person to another. Most of the small children

were loaded aboard the aircraft in the troop compartment.

To make maximum utilization of the space available, the AE‘,; ﬁg
between the seats were removed and two babies were placed in each

seat; the babies were then held in the seat by placing blankets

and plllows over them and strapping them with the seatbelts. (Try to
find photographs showing the loading of orphans on the aircraft)

Most of the small children were accom#dated in the troop compartment
and where an older child was available, they were placed next to

a young baby to help take care of the infant. One of the fﬁgght Q;;gg;

I\FROM THE DrL(wae. cREW
and two of the medics were assigned to the troop compartment In

{
addition,members of another Medi Vac Feam that arrived on a C-141

/

that was not going to fly out orphans, had requeéted and were assigned
L]



®

the C-5 aircraft to help with operation“baby lift:l The location and
distribution of this Medi Vac team is not known but it is assumed fhat
two medics and one flight nurse were also assigned the troop
compartment and one flight nurse and medic were assigned the cargo

compartment.

Some of the escorts that were being stationed in the cargo compartment
were requested to assist in the caring of the babies in the troop
compartment. All the available seats were used to strap infants in
the seats, and there were no seats available for the medical team,

the escorts, or the crew members.

All the escorts and orphans that could not be accomedated in the

troop compartment, were placed on the floor of the cargo compartment.
Two layers of blankets were spread on the floor of the cargp
compartment near the forward portion of the aircraft. The children
were placed on the blankets and strapped éﬂﬁg with cargo straps.
Escorts were placed next to the smaller infants to help care for
them. - Some of the larger children and some of the escorts sat on
benches on the sides of the cargo compartment. They were‘also strapped
into these benches by straps that held groups of them together on the

bench.

It was quite hot on the ground in Saigon during the loading process

and many of the children were frightened and crying. The escorts and
med@cal personnel were attempting to give the babies orange juice and
water in an attempt to gk quiet them. This tgme was quite confusing

and no reliable head count wz=x¥® was made in the aircraft. Also there

~this no mang@fest or 1ist of orphans that were placed aborad this aircraft.



As best as can be determined there were 145 orphans on board in the
troop compartment of this aircraft along with 7 attendents; of this
number 143 orphans survived the crash and 6 attendants survived the
crash that were located in the troop compartmest. It is estimated
that 102 orphans were located in the cargo compartment along with
47 other people; 96 orphans are estimated to have perished in the

cargo compartment along with 45 other people.

These numbers are based on the casualty report submitted by Ch@éf
Wannaa;fﬁégiégéﬂw XXH Scott, and are the most reliable numbers that
can be ascertained from this unfortunate incident. Exact numbers
cannot be given because,there was no manifest of orphans, there was
conflicting testimony of crew and other people in several categories,
civilian attendants were moving around the aircraft while head counts
was being done and may have been counted twice or not at all, several
American children were on board and it could not be ascertained whether
they were counted as orphans or civilian attendami¥&. After the crash
the exact number of survivors could not be counted becamse they

were immediately takén. to a number of hospitals and orphanages
thvouéhout Saigon, the counts of attenda®#s in the troop compartment
was confused because some of the attendamts were going to from é;d
cargo compartment. Ehe exact number of remains of children were
estimated at 93 but it was possible that there were more and if was

difficult to determine at the time (18 April) beclMtse of the status

of the remains.

At the arrival at Tan Son Nhut Air Base the cargo. door was openned
for the first time for off~loading since it was openned for the on

eishk
loading at Warren-Robins Air Force Base. The takeoff'uéu,OOOlbs.

and fuelg weight of%6,200 1bs. was computed at Tan Son Nhut Air Base



@
At the last minute ne&%en arrived on the scene and Lft Col. Mitchell
asked if it was possible to take some pictures. One of the crew
members escorted each camera crew and one at a time they proceeded up
through the left troop door and through the cargo compartment and out
the crew door. Fhere are records of the television news film showinir

the start of this operation which was shown on American television

just in time of the crash. &

The aircraft took off from Saigon at 0501 Zulu & 16:03 local time

on 4 april 1975. Everything proceeded in an orderly manner and the
climqﬂ'procedﬁed with all engines operating within limits. The
aircraft climbed at 200 KIAS until approximately 16,000 feet and then
began a slow acceleration to 270 knots indicated air speed. The air
crew discussed the possibility of flying at 37,000 feet xm due to

bad weather off the coast of Saigon, bﬁt because oﬁf the oxygen
requirement in the case of rapid decompression it was planned to
proceed to Clark Air Force Base at 33,000 feg#t. It is noted that there
was no oxygen available for the personnel traveling in the cargo
compartment. The aircraft proceeded on conrse to Vung Tau radio
beacon and approximately three mxmkux® minutes past Veng Tau at

0513 Zulu the aircarft was traveling a .610 Mach at an altitude of

23,424 feet. At this point a rapid decompressuion mf occurred.

RAPID DECOMPRESSION
The causes and complete sequence of the rapid decompression will be

discribed without attempting to define the exact tause and sequence
which intiated thdas failure. Experts reports claim it occurred in
the locking system of the aft ramp. Whether it was a failure of

locks one and two @€¥ any other pairs of locks is unimportamft at this

time. The f&alure of the locking system caused the ramp to lower



0

slightly which then caused the pressure door to become disconnected
from the ramp. The pressure within the cargo compartment forced the
pressure door to rotate about its upper hinge position and crash into

worquk ) ) ) )
the taddummg deck with a violent impact which ruptured the hydraulic

. . oM& TWy
systems lines in systems @& #nd e=mmae and ruptured the control &ables

which control both the e¥evators and rudders of thés aircraft.

Apﬁroximately 65,800 cubic feet of air flew out of the rear capggo
compartment doorway at sonic velocity in a matter of a few seconds.
Normal atmospheric pressure at sea level is 29.92 inches of mercury
if the cabins were pressurézed to an equavlent altitude of 6,000 feet,
the interior atmoshheric pressure would have been reduced to 23.98
inches of mercury. This pressure suddenly dropped to 11.88 inches

of mercury; The effects of this decompression of quite dramatic

and observed in the crews and other witness’ testimony of a fog existing
in the cabin immediatXey upon decompressiom. They alsoc d@scribed

the floating particles which appearred to be like exploding diapers
in the atmosphere. Thgs description can be quite accurate because

any material which could entrap and hold air and was not completely
permeable would tend to expand rapidly and possibly expb@de upon the

sudden reduction in pressure. Matieﬁéls like cellular insulation,

which contains closed cells whuld explode on this rapid decompression.

The sequence would start with what would appear to be an explosion or
a loud bang or report at the point of time which fke pressure doof
was fofced from its hingems connecting the aft ramp and forced back
into the‘2:E¥¢Aeck. It is possible that there cﬁald have been a
hissing simi&;r to a hole in a tire which is reflating rapidedly, just

prior to the actuél decompression. This hissing sound would initially

occur from the leakage of air from around the seals of the aft panm
’ . P



as it tends to deform and break away from the aircraft because of the
lcoking mechanism failure. Personnel in the aircraft during sudden
decompression could experience extremely painful} ears because of

the unequalization of pressure exertéﬁg.from the inside of the body
out. An experience similar to this but in reverse is the pain

that some individuals can experience when a aircraft descends rapidly
during an approach for a landing. Dnring this sudden decompression
there would be no opportunity to equalize the pressure inside the ear

drums with the pressure that was being lowered to in the environment.

When the rapid decompression occurred there was a complete loss of
oxygen idthe cabin and if personnel were not supplied with oxygen
promptly, they would slowly pass out in time periods as short as

20 seconds. Upon loss of cabin pressure the oxygen masks were
deployed out of the cabinets in the troop compartments, unfortunately
there was no oxygen supply for the personnel in the cargo compartment.
So it is obvious that all these individuals would lose concesness
during the subsequent decent of the aircraft. The discription of
what occurred, from one of the surviving witnesses in the cargo
compartment. Sgt. Phiiip R. Wise, it is apparant that personnel in
the cargo compartment did not regain conscesness during the decent

of this aircraft. They were all suffering Hypoxia and Sgt. Wise's
testimony did not'recall any impact or anything further after he

hit the deck and grabbed on to a cargo tie down strap.

It should be remdbered that the large volume of air which was flowing
out the openning the aircraft would carry ang papticéi or personnel
within the vincinty out the obenning. It is reported that Donald
Dionne was thrown from.the aircraft at the rapid compopression from

his location in the cargo compartment. Most of the luggage, which -4
. b as



U,
stored on the off-ramp also blew out of tha aircraft at the decompressior
It is not known whether any of the orphans were lost at this time.
Because of the lack of an exact count of the number of orphans or
personnel, besides the crew, on this aricraft, it is impossible to
ascertain if any of the passangers where lost during decompression.

Sgt. Howard Perkins, load master was on the air ramp ladder leading to
the troop compartment at the time of decompression. The lower portion

of this ladder was torn wway and Sgt. Perkins was only saved by crew

members holding on to him and pulling him up into the troop compartment.

All the personnel in the cargo compartment would slowly become

U\'\Q.OV\S(‘.:(OUS .
from hypoxia. Personnel in the $}OOP would also

become-ééﬁééiﬁiééﬁé from hypoxia unless they donned oxygen masKes.

It should be remembered that there were twice as many orphans sitting
in the seats as there were oxygen maskas. Each groﬁpt of eeats had
only three oxygen maskes and there were 6 orphans sitting in the
seats. The oxygen méskgs would not fit on the infants and the infants
would tend to push the mask off their face. The escorts and crew

had to do@n some of these oxygen masks so that they would remaih
conci&us and would be able to assist the infants. The oxygen masks
the crew and escorts used further reduced the oxygen masks to the
infants strapped in the seats. It is reported that the oxygen masks
did not reach the level of the infants strappqvg in the seats, and it
was necessary for the medical crew and escorts to 1lift the babies up
to the oxygen masks to give them oxygen. It was not possible to provide
the infants with oxygen during this period of decompression and many
of the escorts &nd mddigal personnel stated thatjxhey just gave

oxygen to the infants that appeared to need it most. It is noted that

all the infants became very quiet during this panic period which is

contrary to what would be expected. The only reasoning fop this 1
) 1s lack



of crying and general commotion would be that the infants were
. ) . OACOMSCI0VS We 88
suffering from hypoxia and drifting off into uwrcerseeiousness-

The testimony of all the crew members thatwere in the troop compartment,

stated that the infants were quiet even after impact.

The aircraft had to descend from 23,434 feet to 10,000 before oxygen

would no longer be required.

CONTROL OF THE ATIRCRAFT AFTER DECOMPRESSION
Upon the rapld decompression the pilot turned left and made a slow

descending left turn back to Saigon. Immediately after the turn the
pilot realized that he had lost control of the elevators and rudders

of the aireraft, the enginmer had immefdht2ly reported the loss of
number two hydraulic pressure after the rapid decompression and the

loss of number one hydraulic system while he was trying to pressurize
from the other systems. The loss of number two and number one hydraulic
systems caused the lose offall trim controls that provide power for

the elevator and rudders and also losing power to the_left aileron

and half the pwer of the right aileron and flight Eﬁiiiﬁgi on each

wing and one of the two systems that pwwers the flaps and slats. The
aircraft had lost all control to control its attitude and rate of
des®nt. His only control was the control surfaces of the right aigleron
and the left spoiler. The pilot was descending rapidly and had to

apply power to reduce the rate of descent. And the aircraft was
controlled by controlkng the throttle to the enginesj as well as

using the right aileron and left spoiler to maintain the aircraft

level. The prime source @f hydruflic power to the landing gears

were alge lost and the emergaﬁcy extension of the landing gears was

necessary. The landing gears were initially attempted to be lower

when the aircraft was at 10,000 feet and was only completed a few



(™
seconds before impact. In the tern to the final 7 or 8 miles from
the end of the runway, the nose pitched down rapidly and the addition
of maximum throttle would not bring the nose back up. The pilot then
decided to take the aircraft straigth ahead towards an open area and
was expecting to recover from the nose low attitude as he had done
before. The aircraft initially impacted on the east side of the
Saigon river and strue a péth of debris approximately 400 yards long.
The aircraft then became airborne and traveled approximatley 1,100 yards
Prom the point of the first touchdown over the bank and onto the west
side of the Saigon river. Upon the second impact the aircraft started
to break up and sections of the aircraft were covered over another
1,000 yards area. The cargo section floor stuck in the mud approximately
1,400 yards from the point of initial impact. The troop compartment
traveled a distance of 750 yards from the point initial impact and
the fiiéht deck traveled approximately 800 yards from the point of
initial impact. The section that traveled the furthest was the wing
section and that section started to burn. These distances are shown

on the pictorial sketch showing the crash diagram.

It should be remebered that the personnel in the cargo section were
URleuseiows

probably cemeemsssud from hypoxia and never knew the plane impacted

at all. Most of the deaths occunéd from personnel located in the

cargo compartment. The troop compartment separated from the cargo

compartment and traveled an additional 350 yards. Some of the infants

were thrown free from the seats in which they were bound and some seats

were overturned. There were injuries to personel who were not properly

braced for the impact but the number of casualtles in this section

were minimum. From the d@scription of the crew members and sscorts

-

most of the babies appeared to come through the impact withamrx only

minor injuries. This assumption can also be based on the fact that man



of the infants may also still been unconscious from hypoxia because
oxygen masks could not be lowered down to them during the period of
lack of oxygen after the rapid decompression. The medical experts

will describe the individuals injuries of the orphans and relate the

actual causes of these injuries.
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»
MICHAEL A. MCENRUE August 27 ' 1980

*MEMBER OF D.C. BAR

Mr. William Timm, P.E.
12 Laurel Hill Place
Armonk, New York 10504

Dear Mr. Timm:

2054 NORTH FOURTEENTH STREET

DISTRICT OF COLUMBIA OFFICE
SUITE 520
1629 K STREET, N. W.
WASHINGTON, D. C. 20008

CABLE: JETLAW AGTN
TELEX: 899142

TELECOPIER: 527-2807

The C5A litigation is still moving along and there have been
some recent developments about which we feel you should be informed.
There has been a sum of three trials which have been completed as
of this date: Schneider, Zimmerly and Marchetti. The Schneider
The Zimmerly case was dgranted
a retrial when the judge granted our motion for a new trial on
July 8. This was a tremendous achievement in light of the fact

and Marchetti cases are on appeal.

of the zero verdict in the case.

The importance of this new trial

is underscored by the fact that the verdict in the original trial
was so grossly out of line with what we believe should be a fair
resolution of James Zimmerly's claim.

Because we have another chance to go to bat for James, it is
imperative that his case be retried with an effort no less than

that of the original C5A trials.

Accordingly, we must ask for

your assistance in this cause. The purpose of this letter is
two-fold: firstly, we request that you testify on James' behalf;
secondly, we hope to give you as much prior notice as possible,
in order to ease the burden upon you in terms of your personal

schedule.

The retrial is tentatively scheduled for September 22nd. If
this date remains true, then jury selection will begin on that
date. If past is prologue, there will be change in this schedule.
Nevertheless, we feel an obligation to give you as much information
as we have available to us as soon as we become informed.

In order to assist me in ensuring that witnesses will be
handled as effectively and courteously as possible, I have the
aid of two assistants. Lena Natale, my medical assistant, and

Peter Butt, my legal associate on this case,

are both assigned to



Mr. William Timm, P.E.
Page Two
August 27, 1980

help us work together to complete our task of achieving a positive
result in this case. Please feel free to contact Ms. Natale, Mr.
Butt or myself should you have any questions.
Looking forward to seeing you in September, I remain,
Very truly yours,

Michael Cohen, M.D., Ph.D.
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1. DIMENSION SHOWN FOR
AIRPLANE AT MAXIMUM
GROSS WEIGHT.

2\ HORIZONTAL STABILIZER IN
NEUTRAL POSITION.

61 FT 11 IN.

b oy

3\ MAXIMUM (WITHOUT FUEL) 13 FT 1 IN.
MINIMUM (WITH FUEL) 12 FT. 5 IN.

A\ MAXIMUM (WITHOUT FUEL) 15 FT 4 IN.
MINIMUM (WITH FUEL) 15 FT 2 IN.

/5\ MAXIMUM (WITHOUT FUEL) 15 FT 10 IN. :
MINIMUM (WITH FUEL) 13 FT 3 IN. :

1
i

f—————85FT 10 IN.———"‘

SEPARPIRD
L.

SEPPRATI0w " =

)
I 0
30FT
7 IN, O F
‘ 0 i | [OIONEEOION '
X 230FT 7 IN, !
247 FT 10- IN.
STATIC GROUND LINE
TAX[ POSITION 222 FT 9 IN.
STATIC
GROUND
LINE TAXI
POSITION
R
—] |.__':l 7 FT 9 IN, (NOSE)
—"l 35 FT 11 'N. (MAIN) C5A-R-6-00|
Figure 1-1. Airplane Dimensions
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