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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 bas 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 ~15 JULY 1969. 

The degree of· safety achieved in a military system is direct­
ly dependent upon management emphasis. 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 ability to trinslate these into func­
tional hardware. 

Recommended corrections, 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 to 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 ·rmplementation. This standard will be used in preparing 
safety requirements for inclusion in contract work statements. 
system safety program plans, and other cont~actual documents. 

1.3.i Each prov;sion 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 necess·ary to define the safety program; 

1.3.2 When the scope and magnitude of a program does not 
v.•arrant the requirement for a comprehensive system safety program, 
.the procuring activity shall specify to the contractor the minimu.m 
acceptable ~afety 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, ea~h 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 Safety. 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 
opera~ional and support equipment, personnel, facilities, and soft­
ware. which are used together as an entity and capable of performing· 
.and/or supporting an operational role. ~ . ' 

3.3 System safety. The optimum degree of safety. within the 
constraints of operational effectiveness, time and cost, attained 
through specific appl~cation 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 requirementsi planning, 
organizing, and controlling those efforts which are directed toward 
·acnieving the safety goals; coordinating with other (system) program 
elements; and analyzing, reviewing; and evaluating the program to 
insure effective and timely realization of the system safety objec-
tives. , 

I 

3.5 System safety engineering. Ah element of systems engineer­
ing involving the application of scientific and engineering princi­
ples for the timely identification of hazards and initiation of · I 
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 engaged 
to provide services o~ products within agreed limits. 

3.7 Prime contractor. One who enters into agreement directly 
with the GOvernment 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 ac~ivities and equipment, 
and for the furnishing of specified support services which are 
common. to two or more ~f the contractors. 

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



MIL-STD-882 

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 cond~tions. 

·· 3.i3 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 terms. .l''or purposes of this standard the following 

hazard levels are defined and established: Conditions such that 
personnel error, environment, design characteristics, procedural 
deficiencies, or subsystem_ or component failure or malfunction: 

(a) Category I - Negligible 

•••. will 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 II.I - Critical 

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

(d) Category IV - Catastrophic 

will 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 planned 
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 hazards 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) whi~h 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 requirements is de­
signed into the system. 

(b) Hazards associated with each system, subsystem, 
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, equipment, and property. 

(d) Minim~ 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 appropr~ate. 

4.2 System safety program activities and sequences. The 
application of tbis 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. rhe safety 
requirements will vary depending on the am9unt 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.l 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 ·adequacy of design concepts to meet the essential 
safety characteristics of t~e Aystem. 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 considerat~on, 

such as system limitations, ri~ks, man-rating requiremen~s. 
(d) Define·areas requiring further safety investigation 

and describe safety tests or data needed from exploratory or 
advanced development activities. 
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4.2.l.l 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: 

(a) 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 Cont.ract 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 riecessary 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 saf.ety requirements, and the identification 
of inherent risks and the required safety decisions. 

(3) Identify and include in the appropriate speci­
fica.tions any resulting qualitative and quanti ta ti ye requirements 
for the system, and subsystems including GQvernment Furnished 
Equipment (GFE), and the proposed test plans to demonstrate their 
achievement. 

(4) Submi~ a preliminary hazard analysis summary 
report which: 

a. Identifies potential hazards and methods 
pl~nned ~o eliminate-or control them. 
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b. Outlines undefined areas ~equiring 
guidance or decisions. 

c. 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 subm.itted to the procuring activity for neces­
sary action.· 

4.2.2.2 Contract Definition Phase (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 
requirements to insure that safety design requirements as identi­
fied in CDP Phase A' are refined, updated and further expanded as 
uecessary. Specifically the ·contractor will: 

_(a} Submit a firm SSPP for the Engineering Development 
Phase. This plan shall update the preliminary SSPP with a detailed 
description of activities, reviews, safety studies, ~nalyses, 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. 

(c) Update safety requirements in the system specifica-
tions and criteri~. · 

(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 is an amplification and the implementation of the 
program defined in the_ previous phases. The action is predominantly 
on the_ part of the contractor with ~he responsible Department of 
Defense organization monitoring the program. System and subsystem 
hazards, and opeTating hazard analyses shall be evaluated in phase 
with program reviews. The contractor's system safety organization 
will insure· effective and timely implementation of the approved SSPP. 
It is during the early phases of engineering design that the system 
safety progra~ 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 in~lude, but no~ 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 progra~ 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 i· ·recommending corrective action. 
(g) Determining, evaluating, and providing safety con­

siderations in tradeoff studies • 
...... {h) Reviewing engineering documentation (drawings and 

specifications) to insure safety coverage. 
{i) Identifying required safety and protective equipment 

and devi.ces. 
(j) Providing safety inputs ~o traini~g 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 production. 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 ch~nge 
procedures shall be initiated to obtain 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 functions: 

(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 Systen safety organization. The contractor's organization 
shall be ~esponsible for managing and performing the overall ~ystem 
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 interna1 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 shall be performed 
concurrently with overall program milestones, such as iequirements 
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 ' l 
in the SSPP and implemented as approved by t~e 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 
activity and intorporated into the contract, becomes the basis for 
contractual compliance. A·sample SSPP outline is provided in · 
Appendix A~ When an integrating contractor is 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 n~t 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 safety requirements during development and 
manufacture including the design concepts to be utilized. 

(c) 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 
authority and responsibility for executing each .task. 

•· (g) The method of control to insure execution of each 
task. 

task. 
(h) The ~cheduled start and completion dates of each 

(i) Procedures for problem identificat{on and solution. 
(j) Procedures for recording and reporting status of 

actions to resolve problems. 
(k) Method of assimilation and diss·emination of system 

safety requirements to designers and associated personnel to 
expedite correction of known deficiencies. 

(l) 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 integrat~ng 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. 

s·. 3 Reviews • 

5.3.l Program and Design reviews. Safety shall be an integral 
. part of a·ll 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 
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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.l General. System designs and operational procedures 
developed by each contractor should consider, but not be limited 
to; the following: 

(a) Avoiding, eliminating or reducing significant hazards 
identified by analysis, design selection, 1!!_aterial selection,.or 
substitution. Composition of a propellant, explosive, hydraulic 
fluid, solvent, lubricant, or other hazardous material shall· pro-
vide optimum safety charact~ristics. · · 

(b)• Con~rolling and minimizing hazards to personnel, 
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 opera·tion of critical 
equipment. 

(e) Locating equipment components so that access to them 
'by personnel during operation, maintenance, repair, or adjustment 
shall not require exposure to hazards such as chemical burns, 
electrical shock, electromagnetic radiation, cutting edges, sharp 
points, or toxic atmospheres. 

(f) Avoiding undue exposure of personnel to physiological 
and psychological stresses· which might cause errors leading to mis-
haps. ~ 

(g) Providing suitable warning and caution notes in 
operations, assembly, maintenance, and repair instructions; and 
distinctive markings on hazardous 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) Minimizing severe damage or injury to personnel 

and equipme.nt in the event of an accident. 

5.5 Hazard ~evels. The hazard levels, Category I (Negligible); 
Category II (Marginal); Category III (Critical); and Category IV­
(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 in 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 desigD 
features; e.g. fail safe, redundancy. 

10 
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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) Warning devices. Where it is not possible to pre­
clude the existence or occurrence of an identified hazard, 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 grobability 
of l!icorrect 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) Sp~cial procedures. Where it is not possible to 
reduce the magnitude of 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. When design criteria 
specified by the procuring activity is proved inadequate in re­
gards to safett,, the contractor shall report the deficie.ncfj and 
recommend corrective actions with supporting evidence to t e 
procuring activity. 

5.8 Analyses. 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 environments. The analyses shall be accomplished 
to do the following: 

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

(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.l Qualitative or quantitative analysis. Qualitative 
·and/or quantitative analyses will be performed 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 haz~rd analyses are described below. 

5.8.1.l A qualitative analysis provides a technical assess­
ment of the relative safety of a system design. 
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. 5. 8.1.2 A quantitative analys_is 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 c~lculated system, subsystem, or equipment 
numeric requi_rement risk level. 

5.8.2 System hazard analyses. 

5.8.2.1 Preliminary hazard analysis. A preliminary hazard 
analysi~ 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) Isolation of energy sources. 
(b) Fuels and propellants: their characteristics, 

hazard levels and quantity-distance constraints, handling, storage, 
transportation safety features, and compatibility· 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 plumbing, 
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) Environmental factors such as equipment layout and 

lighting requirements and their. safety implicati~ns 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 redundancy. 

(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. identif~ all components and equipments whose performance 
degradation or functional failure could result in hazardous con­
ditions. The analysis should include a determination o·f the modes 
of failure and the effects on safety when failures occur in sub­
~ystem components. 

5.8.2.3 System hazard analysis. The prime or integrating 
contractor shall conduct 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 
incl.ude, 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 hazardous condition. 
(c) Insurin·g 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 given to crash safety, escape, egress, rescue, 
and survival. ~ 

5.8.2.4 Operating hazard analyses. Analyses shall be perform­
ed to determine safety requirements 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 maiiftenance instructions 
including emergency action to minimize personnel injury. 

(c) Identification 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 minimize hazards revealed by analyses or related engi­
neer~ng efforts. Catastrophic and critic~l hazards shall be 
eliminated or controlled. If these hazards cannot be ·~liminated, 
or controlled to a specified probability·of occurrence, t~e 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. Pr.o­
cedures shall be established to assure that the supplier and sub­
contractor system safety programs are·consistent with overall 
system requirements. The con.tractor 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 consid.ered accepted. Non­
delivered data shall be·£iled and maintained by the contractor 
for the duration of .the contract period, but shall-be made avail~ 
able for review and use by authorized. representa.tivesof the pro-

curing activity upon request. 

6.3 Acquisition and use of safety data.. Safety data provided 
by the procuring activity 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 o~ hazard and safety design.deficiencies. 

7. SAFETY TESTING ' 

Testsshall be proposed in .the SSPP. to validate the safety of 
the product, including those tests already spe9ifie~ by.the pro­
curing activity. Safety tests.shall.be integrated into appropriat~ 
test plans. Where complete safety testing costs would be prohibi­
tive, partial design verification of safety characte~i~t~cs or 
procedures may be dem~nstrated 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 components. The detailed test plans 
for all tests shall be reviewed to insure that: 

(a) Safety is adequately demonstrated. 
(b) The testing will be carried out in a safe manner. 
(c) All additional hazards introduced by testing pro-

cedures, instrumentation, test hardware, etc., are properly 
identified and"minimized. 

8. TRAINING 

8.1 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 
i~cluded 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 peripdic tigld inspection or.;tests 
(including 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 O~ ASSOCIATED DISCIPLINES. 

10.l Relationship to system engineering. ~~ere the system 
engineering process is used as the mainstream 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: 
Army - AV 
Navy - AS 

Reviewer activities: 
Army_ - AV,.AT, EL, WE, MU, MI 
Air Force - 10 
Navy - AS 

Prepar.ing activity: 
Air Force - 10 

Project No. MISC-0484 
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APPENDIX A 

SYSTEM SAFETY PROGRAM PLAN OUTLINE 

1. General 
1.1 Introduction 
1.2 Scope and purpose 
1.3 Application and implementation 
1.4 Applicable documents 
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2. Safety organization, responsibilities, and authority 
2.1 Integrating contractor organization and responsibilities 
2.2 Associate contractor ·organization and responsibilities 
2.3 Subcontractors responsibilities 
2.4 Syste~ safety working groups 

3. System safety program milestones 

4. System safety criteria 
4.1 Definitions· 
4.2 Hazard level categories 
4.3 System safety precedence 
4.4 Special contractual requirements 
4.5 Identification and dissemination 

5. · System safety analyses 
5.1· Identification of analysis techniques 
5.2 Qualitative and quantitative analyses 
5_.3 Preliminary hazard analysis 
5.4 Subsystem hazard analysis 
5.5 System hazard analysis 
5.6 Operating hazard analyses 

6. Safety activities· 
6.1 Safety 

6. i. l 

6.l.2 

data 
Identification of data requirements - deliverable 
and non-deliverable data · 
Acquisition and use of safety data 
6.1.2.1 Hazard data collection 
6.1.2.2 Document tree· and data flow 
6.1.2.3 Documentation and files 
6.1.2.4 Format for· reports and data submittal 
6.1.2.5 Accident prevention, investigation, and 

reporting· 
6.1.2.6 Safety reports 

6.2 Training 
6.2.1 Crew qualification, training and certification 
6.2.2 Maintenance perso~nel training and qualification 

16 fl U.S. COVERNMENT ~RINTINC OFFICE: 1973-71,·91"907 
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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 FOR!IWLATION 
PHASE 

·DOD conditional approval to 
initiate engineering dev~lop­
ment 

1. Conduct concept safety 
studies. 

2. Perform preliminary hazard 
ana.lysis. 

3. Define system safety per­
formance envelope and require­
ments (i.e., maximum peace­
time accident rate, etc.) 

4. Se~ect 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. 

.__RFP issued and definition con­
tractors ·selected 

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 ac.tivity: 
(a) Incorporate safety require­

m~nts into the statement of work. 
(b) Identify safety data to be 

provided to the definition con­
tractor; ~.g. preliminary hazards 
·analysis (PHA), tradeoff studies. 

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

2. Contractor: 
(a) 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. 

CONTRAC~ DEFINITION PHASE 

f B 

_J Definition contractor's pro­
; posals submitted -
I -

ve . Safety actions in this phase es-
in -i sentially involve efforts to be 

1 
accom~lished.by the definitional 

e I contractor or contractors. 
• 

1. Implement.the .approved contract 
j definition phase system safety pro­
' 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 
specifications, including those 
to be developed and produced by 
subcontractors, and specify safety 
design criteria, objectives, and 
goals. . . 
6. Insure highest degree of safety . 
consistent with requirements is 
maintained during system tradeoffs.· 
1. 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. 

c 
Proposals evaluated and develop­
ment contractors selected 

In this phase the procuring activ­
ity evaluates the proposals sub­
mitted. in response to the def ini­
t ion 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 pian for the development 
phase and how it satisfies the 
applicable safety management and 
system safety engineering require­
ments. 
2. Review and evaluate the results 
of the hazards analys~s, and other 
related analyses which define the 
safety design 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 

DOD approval for initiation of 
engineerin~ development 

1. Implement the program · 
approved in the previous phase. 
2. Furn;sh design criteria; 
establish safety objectives~ 
and review preliminary engineer­
ing designs. 
3. Evaluate the system design 
through hazard analyses and 
safety studies. 
4. Insure ~hat 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. 
11. Provide inputs to trainin~ 
courses and aids. 
12. Prepare progress reports. 

PRODUCTION PHASE 

DOD decision to produce operational 
auant:itiP~ 

Assure that safety achieved in de­
sign is maintained durini produd­
tion through: quality control, 
specified monitoring, identifying 
critical techniques, procedures, 
facilities, inspections and tests, 
~nd by audits of engineering changes. 
Initiate redesign or changes to meet 
requirements. 

Acceptc 
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)duce operational 

achieved in de­
dur ing produc·-

i ty control, 
ng, identifying 
s, procedures, . 
tions and tests, 
ngineering changes. 
or changes to meet 

OPERATIONAL PHASE 

Acceptance of first operating unit 

1. Perform operational safety review 
and tests to determine if design, 
operating and maintenance procedures, 
and emerg~ncy procedures are adequate. 
.2. Evalu~te updating changes and 
modifications to operational equipment 
and publications to insure inherent 
safety is not 9egraded. 
3. Analyze accidents, incidents, and 
failures, to identify unsafe condi­
tions; eliminate these conditions, 
and provide a feedback system to avoid 
these conditions in systems under 
development and in future systems. 
4. Review and approve hazardous 
miterial disposal procedures. 



SPECIFICATION ANALYSIS SHEET 

INSTRUCTIOOS 

Form Approved Bud&et 
Bureau No. ll9-R004 

This sheet is to be filled out by personnel either Government or contractor, involved 
in t.he 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 t!lis 
specification which will insure that suitable products can be procured ~~th a mini.cum 
amount of delay and at the least. cost. CoC!Ilents and the return of t:Us form will be 
appreciated. _Fold on lines on reverse side, staple in corner, and send to preparing 
activit • 
SPECIFICATICN MIL-STD-882 

ORGANIZATION CITY AND STATE 

COWIRACT NO. QUANTITY OF ITEMS PROCURED DOU.AR AMOUNT" 

¥.ATERIAL PROCURED UNDER A 
c===> Direct Government Contract c===> Subcontract 

1. HAS ANY PART OF T'rlE SPECIFICATICN CREATED PROBLEMS CR REQUIRED INTERPRETATICN IN 
PROCUREMENT USE? 

2. 

3. 

I+. 

A. GIVE PARAGRAPH NUMBER AND WORDING. 

B. RECOMMENDATICNS FOR CORRECTING .TrlE DEFICIENCIES. 

COMMENTS CN ANY SFECIFICATICN REQUIREMENT CCl-lSIDERED TOO RIGID. . . . 

IS THE SPECIFICATION RESTRICTIVE? 
c::::> YES c::::>no IF. 1'YES 11 , IN WHAT WAY? 

REMAR.l(S (Attach any pertinent> iata which my be of use in improving this specification. 
If there are additional papers• attach to form and place both.in an envelope addressed 
to preparing activity.) 

SUBMITTED BY (Printed or typed name and activity) DATE 

DD Form 1.1+26 
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NATIONAL SECURITY MANAGEMENT 

INDUSTRIAL COLLEGE OF THE ARMED FORCES 

1. The World in Ferment 

2. The 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 

9. 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. National Urban Problems 

18. Utilities: Electric Power, Natural Gas and Telecommunications 

i9. Defense Military Manpower 

20. Case Studies in Military Systems Analysis 

21. Requirements for National Defense 

22. Defense Organization and Management 

EXHlBlT 
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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-43-3933-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-43-3449-LP 

Title 

M82 Overhaul 

The Army Maintenance 
Management Center 

Material Readiness Reporting 

The Big Jump 

(Instructor) 

(Instructor) 

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

Tire Retreading 

The Components of Problem 
Solving--Tire Retreading 

Contractor-Produced 
Publications 

Buy, Borrow or Overhaul 

Maintenance Concepts Analysis 

Commercial Airlines 
Maintenance Practices 

(Instructor) 

(Instructor) 

Reference Book for Research and Development Management Course 

Course· Number 

ALM-63-4162-LC(A) 

ALM-35-3230-LC(E) 

ALM-31-2424-WS(D) 

ALM-45-2268-LC(E) 

Title 

Design to Cost (Instructor) 

Introduction to Integrated 
Logistics Support and Maintenance 
Engineering Analysis 

Laboratory Management 

Introduction to International 
Logistics 

'"' EXH\6\T - 1 -• 
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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-4.1-4403-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 Off ice 

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-44-2482-C(F) 

ALM-61-2737-H(B) 

ALM-61-2737-H(B) 

ALM-4~-1861-PE(F) 

Title 

Demilitarization 

Salesmanship 

Disposal Management Perplexities 

Default Dubitation 

Motivation and Productivity 

Human Nature and Organizational 
Realities 

Disposal Management Exercise 

Research and Development Management Course 

Course Number 

ALM-31-3714 

ALM-31-998 

ALM-61-1002 
ALM-31-3191 

ALM-63-4230 

ALM-63-3149 

ALM-63-4152 

ALM-35-3230 

ALM-31-2424 

ALM-35-3606 

ALM-45-2268 

ALM-35-3303 

ALM-31-2424 

Title 

Material-Acquisition Process 

Management of Human Resources 

Defense Financial Management 

Cost Estimating 

Economic Analysis 

Design to Cost 

ILS and MEA 

Laboratory Management 

RAM 

International Logistics 

(Instructor) 

(Instructor) 

(R&D in Foreign Military Sales) 

Configuration Mangement 

Laboratory Mangement (Instructor) 



Research and Development Mangement Course 

Course Number 

ALM-34-2664 
ALM-34-3559 

ALM-31.-2 913 
ALM-31-0264 

ALM-35-3236 

Title 

Technical Data Package 

Material Test and Evaluation 

In-Process Review 
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SUMMARY OF METALLURGICAL AfU\LYSIS REPORTS 

Acco:npl ished by 

SAN AHTONIO ALC METALLURGICAL LABORATORY 

,. 
1. Reference Hq 22AF/JA letter. 19 June 1975. parag~aph 4. 

S~/ALC Task #1128, Attachment l, No. 6 Left Side Sell~rank and Pushrod 

The bellcrank material was detennined to be 7075-T6 aluminum alloy. The 
laboratory concluded that the iuitial failure of this bell crank was ·aue 
to stress-corrosion. In addition, the laboratory concluded that other 
fractures on the asse~1bly failed due to overload (impact} type failures. 

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

The saddle fitting material was determined to be 7075 aluminum alloy. 
Fractograpt1i c failure analysis of the crack failure surface resulted 
1n the conclusion that the failu.re was a shear overload failure cause 
by an im~act load from a foreign object. 

SA/ALC Task #1128~ Attachment 3, No. 7 Hook Bellcrarik Assembly 
. 

The failure of this bel lcrank was attributed to stress-corrosion. Other 
fractures were found to be overload type failures. tWI inspection of the 
ferromagnetic parts of the assembly revealed no discrepancies in these 
~r~. . 

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

Macro and 1nicroscopic inv~stigation of the failure s~rface of this section 
of aft ramp resulted 1n the conclusion· that failure occurred due to tear­
ing or shearing action· propagated by overload. The direction of loading 
was detennined to haye·init1ated underneath the left side of the leading 
edge of the .aft ramp section 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 sec~ion. 

SA/ JllC Task #1128, Attachment 5, R1 oht B. L. 84 Hinge 
l 

The hinge material was:detennira..:d to be 7075-T6 alumiilum alloy. Failure 
analysis of the fractured surfaces was cor1cluded to have occurred from 
tensile tear or shear due to overload. 

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

Visual and microscopic~examir.ation resulted in the conclusion that the 
·fracture was caused by·a cycling tensile sh.car roode brought about by 



overload. The initiul load applied \·1as a tension pull, with a secondary 
load developing in tensile shear. The cycling application rasultcd in 
extensive rubbiug on the fracture surfaces. 

SA/ALC Task #1128, Attachment 7, Riqht l·lo. 4 Bellcrank 

Fractographic examination of a crack found in the be1lcrank resulted in 
the conclusion that the initiating cause was due to stress-corrosion. 
However, this crack was not the primary cause of bellcrank failure since 
it \'las away from the major failure zone. Analysis of the major. failure 
zone revealed a combination of overload failures and: "stress-corrosion 
:type11 separation zones. .. 

·~ 

SA/ALC Task #1128, Attachment 8, Right Uo. 5 Hook, P~llcrank and Pushrod 

The major failure zone of this bel 1crank was attributed to tensile irilpact 
overload. An additional crack was found away from the major fracture area. 
Fractographic anaiysis of this crack resulted in the'conclusion that its 
cause was stress-corrosion. Examination of the pushrod fracture surface 
resulted in the conclusion that failure was due to a combination of rapid 
bending and tors ion al shear. NOI of tJ;e hook did not revea 1 any di screpan­
cies. . 
SA/ALC Task #1128, Attachment 9, Ho. 1 I tlo. 3 Bellcrank Pushrod 

Failure analysis of the fracture surface of the pushrod resulted in the con­
clusion that failure occurred due to flexing tensile.shear mode of failure 
due to overload. Failure analysis of the bellcrank Jugs also revealed a 
tensile shear mode of failure attributed to overload. There was no indica­
tion of material defects which would contribute to the ultimate failure. 

SA/ALC Task #1128, Attachment 10, Left Side #5, Heck Bellcrank,Asser:1bly 

The bellcrank material was detennined.to be 7075 aluminum alloy. The push­
rod material was found to be 2024 aluminum alloy. Visual and microscopic 
examination of the push rod fracture surfaces resulted in the conclusion that 
failure was due to a combination of tensileeand torsional overload condition. 
Attachment ll.analyzed the.matching failure surface and confinns this con­
clusion. The bellcrank was found to be cracked. Transmission Electron 
Microscope (TEfrt). analysis of this crack resu1ted 1n the conclusion that the 
cause was due to ·stress-corrosion. NDI inspection of the hook revealed no 
surface discontinuities, there was some impac:t damage on left side of the 
hook. · 

SA/ ALC Task #1128, Attachment· 11, left Side No. 5 Saddle Fitting 

The fitting material was identified as 7075-T6 aluminum alloy. Visual and 
microscopic examinations of the fractured surface re~ulted in the conclusion 

. that the failure was caused by impact. 



SA/;.J..C Task #1123, Attachment 12, Left 4 to 5 Pushrod 

nicroscopic analysis of the fractured surfaces lead to th~ detenninaticn 
that the failure mechanism was due to an overload in a bending and 
twisting motion. A tensile shear rnoae of fracture was observed on all 
fracture surfaces. 

SA/ALC Task #1128, Attachment 13, No. 4 Left Side l!ook and Bellcrank Assembly 

NDI inspection of the bellcrank revealed a crack indication. Fractographic 
analysis of the crack attributed the crack cause to stress-corrosion. NOI 
inspection of the ferromagnetic components revealed rjo discrepancies. 

SA/ALC Task #1128, f,ttachment 14, No." 7 Yoke Guida {teft) 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 beir.g re-drilled. 

SA/ALC Task #1128, Attachment 15, No. :i Pr~ssure Door Roller Bracket 

The bracket material was identified as 7075-TG aluminum alloy. Metallurgical 
and TEM analysis revealed the lilOde of failure of the bracket was initiated 
by stress-corrosion of a crack initiated from both sides of the part. Other 
fracturt:is on t11e bracket were found to be of the overload type ( ir.:pact) · 
failure. · 

SA/ALC Task ill28, Attachr.ient 16, Uo. 7 Right Hook and Bellcrank Assembly 

The failed bellcrank was subjected to a microscopic investigation which 
revealed no discr~pancies other than the impact to one side of the hook. • 

.. . ._ ... __ .· . . .. 
SA/ALC Task #1128, Attachment 17, Ramp (Right Side) P"art 4-8 

The fracture surface of this ramp section was subjected to a microscopic 
examination to detenuine mechanism and mode of failure. It was determined 
that the failure was attributed to excessive shearing and tensile overload. 
The direction of failure was detennined 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 aetennined to be from left to right. 

SA/ALC Task 11128, Attacnmer.t 19, Aft- Ramp Section (4-3) 

Microscopic e~amfoation of the fracture surface revea.led the mode of failure 
·to be tension or tensile shear and/or cup overload, s.imilar to the other 
ramp sections. An overall direction of failure patte.rn was not given. 

·i 



Sf\/ALC Tusk. #1ll3, 1~ttachment 20, Aft Ramp Section Labeled (4-1) 

-
i'lacro and microscopic investigation of these sections 1 fracture 
surfaces i ndi ca ted a 11 fractures modes were due to a tens ion overload. 
Many of the fractures show cycling, b~naing, twisting and vibration 
'r;hi1e being subjected to a tension force. The dir~ction of failure 
pa ttarn was indicated to be .from right to 1 ~ft. :· 

Sl1/ALC Task #1128, Attachment 21, Control Cables 

Cable hlaterial was determined to be AISI302 stainles~ steel in the full 
hardened condition. The cable lock clad material wa·s cietennined to be 
6061-16 aluminum alloy. Visu·al and microexarainatfon:·of the fractured 
cables and their lock clad cover was attributed to a--combination of 
tensile and torsional overloading. 

SA/ ALC Task #11 ~S, 1\ttachm~nt 2Z, Hydraulic Lines 

Two failed tiyaraulic lines taken from the h.~yloft ar~a wc:re analyzed. 
1i1e lines had bi:en dt?riteci, torn, kinked and finally failed througn 
shear cleavage:. 

SA//1LC Task 111123; f•ttachmE!nt 23, Ramp Bulkhead 

A small "bullt:t like" hole was analyzed in the bulkhead/· ·A chemical 
spot test for lead traces proved positive but was inconclusive due to 
the primary presence CJf l~ad in the bonding medium between skfo and 
honeycomb. i~o evidence of a projectile was found in.· the honeycomb 
n~terial. The damage was concludt:!d to be a glancing.blow (projectile 
or ootrusion) encountered on impact, rather than by an ih1pacted 
projectile. There also was no evidence of intense heat. 

~A/Af..C Task #1128, Attachiilent 24, Bell.crank. and Pushrod 

Three pieces 'of failed pushrcd and a failed section of bellcrank from an 
unkno\vn location w~re analyzed under this task. Examination of the frac­
ture surfaces resulted in th: <.ictermination that tht? fractures ~'lt:!re caust:d 
by an overload- condition attributed to bending, twisting, t2nsion and 
ih1pact. Haterial di:ficitmcy or d~fects were not considered as contri-. 
buting to the f~ilure. · 

. SA/ALC Task iillZ8, J\ttaclmient 25, ilo. 2 Richt Side Yoke Assembly 

NOi insp~ctiun along with visµal and microscopic examination of the 
asseirJJly reveah:d only minor <Jiscrepancies. ;lo evidence of overload 
was fuuud on this assc:muly. 



SA/ALC Task il128, f,ttachment 26, Rawp Floor Fracture Surface 

Microscopic ir.vi:stiaation of the fracture surfaces of the rarr.p section 
recovered from the ocean floor revealed that the node of failure i'l'as a 
combination of tensile shear and tensilE: cup attributed to overl-Oad. 
This mode of failure was accompanied by shearing, tearing and bending 
action. Tile direction of failure initiated on th~ riaht side of the 
ramp floor \'/ith an upward bending movement, followed· by a tensile 
downward movement in ov~rload. · 

SA/ALC Task #1128, P.ttachment 27, No. 3 Right Sic.ie Y~ke Assembly 

. HDI inspection along l'lith visual and microscopic exainination revealed 
only minor discrepancies. There was some slight evidence of shear on 
the upp~r and lower yoke pin shafts. However, the .arr.cunt of shear 
presant does not indicate an overload conditicn. 

SA/!U..C Task #1128, !.ttach111cnt 23, i·:o. 5 Richt Side Floor i!racket 

Visual ar.d microscopic examination of thh floor bracket revealed 
indications of ~n extensive loading having been ~pplied in a straight 
up dir~ction. · 

S/1/ALC Task #1128, Attachment 29, No. 4 Right Si de Floor 13-racket 

Visual and microscopic examination of this floor bracket .. also revealed 
indications of extensive loading having been applied. in a straight up 
direction. 

SA/ALC Task #1128, Attadm:ent 30, ilo. 6 Right Sid~ Yoke arid Floor 
Bracket Assembly 

Visual and microscopic. examiriation of this asscr.ibly revealed only 
minor discrepancies. The yoke mono-ball bearing was" found to be 
cracked. 

SA/ALC Task #112.8, Attachment 31, rlo. 7 Right Side Yoke and Floor 
bracket Ass~mbly 

Visual and miGr:oscopic examination showed extensive sht!ar damage on th\! 
lo\'1er eccentric .. pin snaft. The mono-ball bearing at. the bottom of the 
yoke was·cracked 1n two places. The upper eccentric shaft ou the yoke 
had a crack at each end. The upper ann portion of the yoke wc:s slightly 
bent. It was concluded that the assernbly was subjected to excessive 
loading. 

SA/ALC Task till 28, Attachment 32, Burned Fragments and Gray Flake 

The analysis of the burned fragments yield~d a very heterogeneous 
mixture of ioolten metal, unmel ted metal scraps, rneta.l foil, straw, etc. 

· The water extraction test yielded a neutral colorless solution with a 
medium ar.10unt of chloride. The gray flake was detennined to be calcium 
carbonate and of marine origin. 



. '" SA/ALC Task #1128, Attachment 33, Hinch· ~Jell Area 
'· The 11".ajority of the fractures analyzed in the l~inch riell 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 concluded that the bottom skin shmied no evidence of object 
damage. The failing mode to cause the flexing, buckling, tearing, 
shearing was probab.ly caused by either air or water impact. 

SA/ALC Task #1128, Attachment 35, Southwest Research:~Report, 11 Fracto-
graphic Examination of Failed Bellcrank Fittings 11 

• 

Five parts of failed bellcranks were analyzed. · Fractographic examina­
tions indicated the failur.e mode occurred by s.tress-eorrosion •. Ther:e 
was. no evidence ~.f fat;igue crack propagation. 

2. Reference Hq 22AF/JA lett!!r, 19 Jun 1975, paragraph 4, a. b, and c. 

DISCUSSION: 

a. Response to 4a: Visual observation in conjunction with the results 
from the above 35 metallurgical laboratory analysis reports of the recovered 
parts support and confinn th.at 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 
vertical positi.o~ about the left side locking system· before departing the 
aircraft. 

This 1s supported by observation of the failure pattern of the recovere.d 
1 eff hand side ramp 1 ock i ng hardware (fl oar brackets and yoke assemblies). 
All left hand floor brackets and yokes failed in a manner that indicates 
they were carrying load and the ramp rotated about a hinge 1fne fanned by 
these seven locks. Laboratory analysis of the recovered right side ramp 
locking ~ardware, in l_ock.positions 4, 5· and 7, reve~led faUur~_due to .. 
excessive overload in the vertical direction.' The hardware from lac~:· . 
positions: 2, 3 and 6, ·were. in good condition and the laboratory anarysis 
of this hardware.did not reveal signs of excessive overload. Tne hardware 
from lock position 1 was not recovered. 

This evidence indicates 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 pl aces the ramp 1n the normal horizontal position at the start 
of the sequence. In addition, the ramp rotation is confinned by visual 
evidence found on the exterior skin of the recovered.mating ramp to fuselage 
sloping longeron section. This evidence was in the fonn 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 r1 ght sf de lock sys tern of the ramp. 



Th1: laboratory analysis of th~ fracture surfaces at ·rar.·p station 33 
support the direction ,of ramp ti=arir.g frorn riyht to left. rhe laboratory 
analysis did hava some variance ir: th~ failure dir~ction indicated, 
hov:evi.::r, impact Gamage fro1i1 th~ cras11 occurr~d to th~ fractur~ SJrfaccs · ·. 
that ~1ould n:ak~ the dir€:ction detennination more difficult. The r:i!jority 
of the analysis confi rr.1cd the di rec ti on of fa i 1 ure as ri !]ht to 1 eft. 

b. Response to 4b: Tht.: evide11ce fru(il the. laboratory analysis does 
· not lead to factual s·upportive evidence af the actual initiating cause 

wit11in the rigi1t side locking systt:m. It does, how~vi:r, point in the 
direction of a 111oost probabfo'' cause that sui)ports the abovt! failure 
progression, involving the numbers ·1. l. arid 3 right"side locking mechanisms. 
A sudden c.iumpfog of tha load from .#1, 2 and 3 locks :·~m th~ t>L u4 ramp 
hinge could cause a sfr1ultaneous cvmprcssiv~ faflufe of tne hinge an<J 
failure of tht: louc:r beam ca?· at f\S 33. This is supporteti by tllf: lai:>cratory 
analysis of the BL b4 hinge. Th~ rf?rnaining load carrying locks on the 
right siae (4, ·ti, 7) failed in overload and the ramp was forccci dv\oJll from 
the right, tearing compl~tely across at the? RS 33 oulkhead. 

Since tht: pressure doc:r is attached to t!ia ramp its r.;otion \':as influenced 
uy the ramp rrovcrn~nt. Visual ir.specticn of the recover~d µarts v~rify a 
domiward right to left rota tin~ of the pressure door. It· is .assum~d that 
the: prc:ssur2 door struck the sloping tcrqut! deck area of the aircraft 
fuselage, causfog the em?cnnage flight control ca!>les and)1ydraulic lines 
for systums til and #2 to s~parate. Tne laLorator1 failu.re ar.alysis of thes£: 
i tera1s does support this ty~c of sequence. lloHever the support is not 
conclusive. · 

c. Response to 4c: Concerning the aspect of materidl or part failure, 
the: laboratory anillysis docs givt? evidence that fatiuue was not a factor 

.. in. any of. the parts that \'1er~ analyzeci. The subject laboratory analysis 
does ,provide supportive evidence that indicates a stress-corrosion problem 
witn the bellcranks. Hm·,ev~r, through parsonal kn0' .. 1ledge ana obs~rvation 
of the system this conclusion must be temperea bi the following infonn~tiop. 

A situation can exist where tha hook tip aves not engage the upper yoke 
shaft in the proi:ier manner. A mis-riggt?ci lock can result in the hook tip 
impinging on "tne bottom side of t.1e yoke shaft aurillg the locking sequl:!nci:. 
Tile hook tip i~ no\~ essentially set on a flair trigger unstable arrangement 
where it can citner slip into the lockea or the unlocl..ed positiou dep1.mding 
on just wner~ the hook tip has engaged tne yoke shaft. When the hook tip 
<ioes slip ii1to either the locked or the unlockr::d cor1ciitfon, thi:r~ is a 
dynamic shock release of the: binditi9 force t1iut is transmittEd into the 
be llcrank. This sudaen shock impact force can be of suffi cicr.t magnitude 
to crack the bellcrank. This situation was v.;rified by the cracking of 
three bcllcranks during the acco;:;plishment of TCTO 1768. Inspi:ctiori of 
thes~ crac._ed bellcranks revealed that thl!y had cracked iri an identical 
manm:r and in the sau...: location as the bcllcranks that were analyzed above. 



If this situation occurs, and the bellcranks are not'·inspected, a 
cracked condition in the bellcrank would go unnoticed. In t•irne 
the surfaces of the crack would then be exposed to corrosion. This 
corrosion and resulting discoloration of the cracked surfaces could 
easily be misinterpreted as stress-corrosion. In time, the evi<Jencc 
of the overload failure would be rE:duced due to the ·corrosion effacts. 
There is enough other evidence to make the stress-corrosion documenta­
tion inconclusive. The ruling out of fatigue failur,es is conclusive. 

3. In SUl'l'Jnary 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 ex~ct initiatfog cause 
of the failure sequ~nce will WD~t likely remain in,the hypothesis state. 
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UlUTED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 

----------------------------------
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 Co~poration, 

-against-
. 

Def endant/~hird­
Party Plaintiff, 

THE UNITED STATES OF AMERICA, 

Third-Party 
Defendant. 

Misc. No. 75-0205 
All Cases 

Civil Action No. 
75-0874 

PLAINTIFFS' ANSWERS TO DEFENDANT LOCKHEED'S 
SUPPLEMENTAL WRITTEN INTERROGATORIES 

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

answers to the Supplemental "expert witness" interrogatories 

propounded by defendant Lockheed Aircraft Corporation (hereinaf te 

referred to as Lockheed). At the time of this submittal, plain-

tiffs' expert witness is in the process of his analysis, discover 

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 the trial (such individuals have not been 

retained and/or consulted by plaintiffs on any basis concerning 

this lawsuit). Plaintiffs reserve the right to change, alter, 
.. 

expand, refine, exclude, or otherwise modify the answers 

1) E~H \) V1 



provided herein as indicated by further formal and informal 

discovery in this proceeding, further analysis, a decision to 

retain and· call additional 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 to 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; 

(b) the subject matter upon which each such person 

is expected 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 expected to give . 

. ANSWER 80: 

A. William Timm, P.E. 
William ~imm and Associates 
12 Laurel Hill Place 
Armonk, New York 10504 

(a} Plaintiffs claim William Timm, P.E. to be an expert 

in the following fields: 

(l} 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 securing mechanisms and other aspect 
of mechanical engineering 

(6) compilation of failure mode and effects analyse 

(7) structural testing 

(8) metal analysi~ and selection; corrosion and 
corrosion related problems and testing 

(9) adequacy of engineering design criteria 

(10} hydraulic and pneumatic systems 

(11} logistical and maintenance practices in the 
armed services, including the maintaining and 
rigging of aircraft 

(12} drafting and interpretation of engineering 
specifications 

(13} accident and damage investigations 



-
The qualifications, of William -.L·imm, P .E. as an expert 

witness are as follows: 

1. Holds a Bac.helor 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. 

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

3. Is a member of t~e 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. 

4. Is a member of the American Society for Testing and 
Materials (ASTM) and is a member of C-16 (Thermal 
Insultations) and E-5 (Fire Standards) Conunittees. 

5. Is a member of the National Fire Protection Associa­
tion (NFPA) and a member of the Instrument Society 
of America (ISA) • 

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

7. Holds the rank of Lieutenant Colonel in the Army 
Reserves and has completed the following courses 
off~red by the military: 

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

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

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

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

8. Reserve Assignment included 10 years with a Logistic 1 
Conunand 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. 

9. 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. 

10. 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. In the course of his civilian engineering work he . 
has: 

a) prepared several manuals for the operation and 
maintenance of special pieces of equipment and 
l~rge 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. 

12. 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. 

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

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

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

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

17. '1n the course of his civilian engineering work, he 
has conducted and participated in accident and 
damage investigations. 

18. Other learning, education and experience. 

(b) At the present time, it is contemplated that William 

Timm, P.E. may testify on the following subject 

matters: 

(1) Maintenance Manual T.O. lC-SA-2-12 
.; 

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

(3) ~he 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. · 

(7) The static and fatigue testing (and other 
structural testin0) 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) Safety 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 to testify that 

Lockheed'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 

indicated in 63(b). 

(d) William 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. 

INTERFOGATORY NO. 81: State the names and addresses of any 

and all expert witnesses with whom plaintiff or his representati e 

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; 

(c) the substance of the facts and opinions to which 

each such person is expected to testify; and 

(d) a sununary of the grounds for each opinion each 

such person is expected 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. 

STATE OF New Jersey 

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

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 
-a-n~d=--s~t-a~t~e--...t.,.........hat 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 I 1979. 

My conunission expires: 
J;:inn"l.rV ?7. 1 QRO 

~~ t2. 6~d.~~ 
Notary Public -

!RENE A. CHURCHILL 
NOTARY PUBLIC or NEW JERS('( 

J.IJ _Commission upires J•n'Jiry :11 l.S'iO 



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 /(p-rh. day of ~ 4 I} , 1979, to 

CARROLL E. DUBUC, ESQUIRE 
Haight, Gardner, Poor and Havens 
Federal Bar Building 
1819 H Street, N. W. 
Washington, D. C. 2000~ 

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 11th Street, Room 906 
Washington, D. c. 20530 

the following counsel: 

Michael S. 'Marcus 
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WILLI~ TIMM, PE, Consulting Engineer 12 Laurel Hill Pl, Armonk, NY 10504 . 

List of Articles & Publications 

1. Section 3, 11, C. Hydraulic Performance High 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 1977 

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 

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

10. Westchester County Dilemma, The Westchester Engineer September 
1978-

11. Cause and Effects of Shrinkage in Urea Based Foam in ASTM STP 
to be Published ~all 1979 

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

13. Operator's Manual - Valdost~ Georgia - Rosin Treating Facility 

14. Operator Manual CAP Camphor Plant 

. ... 
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2\Ql\:~ 
J. A/Cox, 72-14 ~ W. P. Wh1 ~on, 72-14 

APPROVAL.$: ~~a-;,(_/ .• - ;.,/'~ 
W.~. Jensen, 72-14 . F. Cotton, 72-14 SSR 72A168-7207 

REouEsTEo av: Coranonent Fatigue Test Group, 72-43 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 thrcugh a bushing hole. 

OBJECT: 

To determine the cause of failure. · 

SIB.!:.!.ARY 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 A1ID RESULTS: 

Figure 1 shows the yoke, the two fractures and part of the inside surface of the 
hole thr~ugh which tho 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. 

Macroscopic 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 PHOCEDURE ftJill RESUL'rS: {CONTINUED) 

A chemical analysis and hardness measurements made on the part showed it to be 4340 
steel with an ave;rage 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 ksi. 

DISCUSSION: 

~he yoke fractured by means of a fatigue mode. It is felt that the machining tears 
acted as stress raisers and subsequent points 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. 

RECOi.fMENDATIONS: 

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-t4, 
Sheet No. A285187, by J. Hunter, dated 19 December 1968. 

DISTRIBUTION: 

H. H. Davis/P. J. Petrecca, 72-43, z.407 
Metallurgir.al Group, 72-14, z.317 
TLIC, 72-14, Z.317 



Approximately 2/;x. 
FIGURE 1 - .PHCYI'OGRAP".d OF THE BROKEU YOKE, P/N 4F53671-101A. 

The two fractures are identified as fractures ·~·and ''.B'! 



Approximately 10X. 

FIGURE 3 - PIIarOi.!ACROGRAPH OF T'tlE WALL OF THE BEARING HOLE 
ADJACENT TO FRACTURE"B"AND ITS ORIGINS (ARR~WS). 

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



Approximately 10X. 

F.IGIDE 2 PHOTOliIACROGRAPH OF THE BEARIUG HOLE WALL ADJACENT TO FRACTURE 
II A II AND ITS TWO ORIG INS ( ARRO','iS) • 

The rough surface and machining tears are visible. 



~pproximately ex. 
FIGURE 4 PHOTOMACROGRAPH OF THE FRACTURE SURF.ACE OF FRACTURE"A'! 

Note the arrows indicate the points of origin. 

Approximately SX. 

FIGURE 5 PHOTOMACROGRAPH OF THE FRACTURE SURFACE OF FRACTURE''B!' 
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. vie( orPhaf1s' ·cs Crash Trial starts.· .. · . 
. : · 1 •. • By Kenneth R. Walker· and what dam~ges Lockheed sh~uld pay. · ... · . 
. _- - W~hing1onS1ars1arrwr11er The jury, which will hear each of the three 

The first trial res~lting from the 1975 crash in claims separately, began yesterday considering 
. Saigon Qf a C-SA airplane carrying Vietnamese or- evidence in the case of 6-year-old Michael Moses 
phans to the United States in the .waning ·days of Schneider, who was a 19-month-old orphan named 
tbe war began in federal.coµrt here yesterday. Nguyen Phi Khanh at the hme of the cras.h. 

Lockheed Aircraft Corp., the builder of the C·SA, · Oren Lewis Jr., Schneider's attorney, told t)le 
bas ~ettled some suits i:esulting frcim the eras~. in .jury in his opening statement that there were not . 
which 155 persons were killed. But the trial before enough seats in th C-SA plane to carry all 226 or· 
U.S. District Judge Louis F. Oberdorfer is the first phans. · . · 

. airing of the case in open court. ' "Some were strapped to th~ floor of the caTgo 
The trial will weigh the claims of three Viet· hold,".he said. "That plane was crammed full of 

·namese orphans who survived and were· adopted babies when it left $aigon in good weather. When • 
by American families. Suits filed by a group repre- it reached an altitude. of about 24,000 feet, where 
sen ting those killed in the crash ~s well as clai.ms the air is 27 degrees below zero ..• the whole back 
filed by SO other survivors are pend.ing in federal end of the plane blew off. · · · . . 
courts here and in New '(ork. :. ,; · · .. l•Because the cargo door struck the controls 

President Ford ordered the evasuation Qf the when it blew off," ~wis said, "the plan couldn't. 
orph11ns.. " , . . , 1 : do make",a quick dive 11nd "It took that plane 15 

The C·SA is the largest aircraft ev~r built and .minutes to desc~nd to·a level w~ere t~e air _was 
was designed to serve as a military cargo and.· s~fe to b~eathe. It plane broke i.ntppi~ces in a 
troop carrier;-lt has been the subject of c:ontr6ver· rice pa~dY: . : · · · · . · . · . · ·: : · · . . 
sies involving safety and cost overruns . . · . . : . Lewis claimed Schneider suffered a head lnJUrY 

· . · . · , · : . · which resulted in an epileptic condition: I 
. ~~ aircraft company a~reed. not to ~ontest. its . • . Carroll Dub.uc, the attorney for Lockheed, told . 

hab1hty for the crash, which Air Fo~ce 10vestiga· the jury he would try to prove that any disabilities 
tors _have c9nc11:1ded was ~pu~~d ,bY a f~ulty ra.mp the y-0uth has were the result of "his abandon· 
l~~i.ng mec~~f!ism. • . . :·· ment at such an ~arly age, Vietnamese life, the dis-

. · The six-member jury chosen yesterday will con· eases and parasites that flourished in that coun· 
sider only whether the crash was responsible for try, and the ultimate relocation to a new.culture 
injuries claimed by th,e three. surviving orphans in this counrty." · · · · ... 

' 



De cb in prSSsiOff.' Sign Bl6(j'~;ffag909:~ 
. . .. · .. ,,·." • .. ·.·~··,: ... '":• ....... t;..·.: ,.: ...... ' · ..• .-·.-·.· .. ,-.'..: .. 1ll 

SAIGON, ·South Vietnam · ·:: · . !'You could see it," he said at . . . . ·.··. time.•We had to discuss what ~ 
1 AP) - The pages of a ~onald . ·.-, . Seventh Day Adventist Hospi-<.: "·: ·; •. we were going to do. · '· ·. ··:~ 
Duck comic book flipped m ~he ' ... ,-.: .. tal, where be had been brought,. ; . ; : : . , .~~We talked about what doors~'­
wind. . ·, ; ~ . muddied but .unhurt after the •· .•. · :~ ;· ·'we were going ~t of when we'! 

Ababy'sbottle,aflightman- ·•·:• . crash.- .. ·.\ ·: .. ·. · .,·.'','.·:,,:.·impacted. We didn't stand by.t 
u:il. cushions, clothing, and .. : ... ... ;; !": . !'You could see the ho.le in ,--... : ,. , lhe doors. We were feeding CD:-::··:-~ 
molten pieces of metal were · .. :·. . tJle back of the plane, you could ; " ~:. ".:ygen to the kids." · · '.".';'. 
sc:ittered around in the burning . · ·~· .. s~ the sunlight streaming in ... :· .:, .. ·,;.: . The kids .were wpnderful," ~ · 
grass. . · . . ,, ... · • · . • • T b i n g s started flying. .. · ;~· .. '; . .' .' she . a~dcd, . asking that'. her r1 

Headless bodies were buried · .. · . around .. : Eyeglasses. Pens .. , .. ·~ .: ·, Jiame not be used. '. .... .. ·. · ::-i 
in the mud. -: .. Pieces of insulalicn tore off the· · ·' ··:· ·; "My folks didn't know·I was . 

It w:is the crash site of a U.S. ". '. .. ceiling. The pillows exploded.·:·· ;" · · ... ·.~this flight," she said. · '. ·· ( 
Air Force CSA Galaxy tr~ . . ·: They were pla~tic lined'.. '. ".: <: : .; . : ''The children were beautiful. ~ 
port that. was to have earned . .f . : "'That went off for a little ·" ' · · · They were noisy when we too~ ~ 
243 Vietnamese orphans to the :_;: .'.: .·while until the air stopped. By ''. · '· : ·~.'. off. They were scared, and they~ 
United States. . , . then the oxygen masks had.: t.-: t,' :: didn't like the st.raps holding ~ 

It crashed on takeoff from. dropped down. • ·" \ · · · · . ·:· ": · ''·!:'them down. : ·•· .. /, · ·." .,; · •: '~ 
Saigon today. . . "There weren't enough my~:.;~ !,<-':Y ·'!'They were sitting two to a i 

The sudden whoosh of air out ...... ,: · gen .masks. We had: to ke~p.:~ ·~;\';.;:)'seat, .~i: .~a~. across._·.12 t? a,~ 
f th b. f th la th . .• moving them from kid to ktd. J ..... ·! row ... , .• .-' . .- . . . ...... "' .• ··:' . 

o e ca III o e p ne, e ·· W kept on our own bec:ause .. . .,. · , ' • • · · · · · • • •·· .,, .. 
largest in the world, was the e . ...~~",'..''.~.: .. :,"Once. the · decompression: 
first sign of the imminent· · ';· .. otherwise you get drowsy;~· ':·"~·.: .. "'c0ndition h"t th k"ds d"dn't'' · · · then you go out " · · • .· · .. , "•• · · , 1 • e 1 1 

.• 
tragedy.' : :" ·; · . . u .... ,. . An m· 

1
.ured Olght ·ntirse said·:;,·:·~ .. :•··: ~Ya word. T~ey quie~ do'!!''£. 

. . .. . . , •• r . right away" . . . '•"'' 
Air Force Sgt. Jim Hadley, a · ~·· · · : from a litter in the hospital cor- -:,· .•I:<~· .... .-· . ·.' ,•;-~ ·· · . •-:-··.,'-;~,..:. .• S 

Sacramento, Calif., medical " Y·. ,. ridor, "I think the kids w~re •. : ·:,1 r·/:bHadley and the flight ·nurse:f 
technician topping his two ;.,-Y quiet because they were getting t'.:/. ,;. :: were on the second level of the~ 
weeks of reserve training ":'ith . · .. ' \ . " · ' dopey from an a~en~ o~ oxy-O..~·- '.'. · ;

0

';; ,,·. huge pla.'le, · · sandwiched . b~ 
what he thought would be JUsl • · . gen. ; '· . · '! : · • .v ·~··· .~!. : : tween the top deck and the car-'( 
a weekend flight to S:iigon, .. · · · · ·"I don't know how long "!e· :· ,, ·; :··~·go hold 65 feet below. All levels~ 
knew right away the plane was . · .. -. ·.": were in the air. We were losing,:·! ::d'. '··held Qi;:phans and their lllainly ~ 
in ti decompression condition.· ·. · _· altitude. But we had plenty of. :·, ·· American women escorts. . ~ .. ' . .. . . ' ............ _ .. 



~,Explosives dropped from plane are lost.,.; 
4' 
~t 
A!: 

SYRACUSE (AP) 
Somewhere under a blan­
ket of snow covering the 
Syracuse area, say U.S. Air 

t.tl '6." · Force officials, is 25 
\} f() pounds of explosives. But 
... just where remains a mys.. 
W·~ tery ... 

~
Q ~ The explosives were 

1 ~ · dropped near this city of 
180,000 on Jan. 18 when a 

f( E civilian cargo plane lost a 
· i\ door as the result of a 
~ ~ "violent decompression" 
I'- :> while flying at 22,000-feet. 

Along with the explo- only .if exposed to an eiec~ , eight inches of accumu- port. It was en route to 
sives, two Teletype ma- trical charge or an open lated snQw could make the Dayton, Ohio, from Ports­
chines and the plane's 8- flame. explosives less potent if mouth. N.H., when the ac-
by-10 foot cargo doqr blew "We didn't get snow for • the three foot by six inch ,cident occurred. 
off . the craft. No injuries , so long here, and then box the explosives were . "We have been able to 
were reported in the acci- wh~n . the eJC:plosives · fell . pa~kaged , in. was damaged narrow our search down to 
dent. . . · , -. . we ve . had snow ever 1q its fall. an area of about 10 miles 

. · . '··since," said Air , Force · After the · cargo door to the north and northeast 
· Since then, Air Force Capt. Mil Gutridge. ''We've · blew out of the four-en- of the airport,"· Gutridge 
officials have found no tra- had ·to suspend our aerial gine, Lockheed-Electra ' said. "We are tracking 
ce of the . debris · which · searches because of Jt, , turboprop, the plane made down the .Jast lead we 
could give them a clue to Even a little _snow makes an emergency landing at have, but right now there 
where the "Class B" mili- ' seeing projectiles impossi- Hancock International Air- isn't much we can do." 
tary explosives landed. ble." . · 
The explosives will ignite Gutridge says the six to I The cat's meow.' 

_r ...---... /I 

Expert 
Doa I 



patrol iS part of program by.department to get more cops on street •. 

End DCIO hearing, 
' . ~ . . . ,.- ; . ·. ; ,., ' . , , . . . . 

but who s to blamel 
Chicago (AP}-.Two weeks of pub- that apparently produced a crack in tfi'e. 

lie hearings to try to deterinin£. the support of the plane's pylon that caused 
cause of the crash of an American the port pylon and engine to fall off upon 
Airlines DC-10 ended without a clear takeo~ design of the DC-lO p~lon that 
indication of who was to blame for allegedly made maintenance difficult to 
this country's worst air disaster. perform regardless of how the engine 

After the National Transportation and pylon were removed. _,,. 
Safety Board hearings concluded Fri- -Testing of the DC-10 that did not 
day, federal investigators said it will consider the possibility that more than 
be another three months before they one Major problem would occur at. one 
can determine the "probable cause" "time on the plane. Officials of Douglas 
for the May 25 crash in Chicago that Aircrah Co., a subsidiary of McDonnell 
snuffed out 273 lives. · · Douglas, acknowledged that pre-produc-

The hearings, at which ~ persons tion tests.never considered the long shot 
testified, generated piles of evidence indi· that electrical, hydraulic and engine prob­
cating several factors may have been lems would occur at the same time. 
involved in the tragedy, but did not affix -Flight manual instructions that told 
the blame. . the pilot to lower airspeed when an 

"I don't think we learned too much we engine is out. Flight 191 Capt. Walter Lux 
didn't already know,'' said NTSB Inv.es- followed the manual instructions when 
tigator Rudy Kapustin. ~·we got some- the left engine dropped on takeoff, but 
details we didn't have before - precise lowering the speed contributed to a devel-

. details about some of the procedure.11.'" oping stall on the left side of the aircraft. 
· A . member of the Air Line ·Pilots. The flight manual instructions have since 
Association who did .not want to be been ·changed. -
identified expressed skeptimism about -The presence of a wafer-thin metal 
what,lf any positive industry changes filler in the pylon attachment that Ameri-S may result. . · can officials claim reduced clearance 

.... "You hear a lot about reports. between the support bolt and metal fas-
~ "Don't think that all these reports and teners below it. The filler was installed 

studies mean anything," he said. "You by the manufacturer to fill a tiny gap in 
tl hear a lot about reports and studies new, the pylon, but American says it made the 
::>but you never know what happens to the pylon support more vulnerable to deep 
Cl reports." ·. cracking. 
~· Elwood T. Driver, the vice chairman of Inspections under fire 
• the NTSB who conducted the hearings, • 
~ said, "That whole stack of data will have Meanwhile, the certification and in-
t:I to be thoroughly analyzed. spection procedures of the FAA also 
Z "Th' · · i ·11 • havecomeunderfire. · :::> is mvestigat on w1 remain open 
UJ to receive at any time new and pertinent The hearings also focused on a long-
• information." standing complaint about the use of desig-

: ; Much of the discussion among those nated engineering representatives who 
r"'1 involved ....;. McDonnel1 Douglas ·Corp., work for manufacturers but are certifieo 
Z American Airlines and the Federal Avia· as FAA agentS to review and approve 
> tion Administration - was designed to design plans. Critics say the engineers 
~ show who should have done what and serve two masters - their company and 
"'I: why they didn't do it . ·the FAA - but are paid and can be fired 
Q And many of the questions asked at by their employers. Sometimes, they even 

the hearing seemed to be laying the inspect and approve their own work. · 
groundwork for lawsuits.· · · ' . 

But the hearings indicated a variety of A final report on the investigation is 
factors - not just one - may have been due in about three months. Then the 
responsible for the disaster. five-member.NTSB will vote on the prob-

Among them: · able cau.se. and. officially, end en".,of . .11\~ 
-American maintenanc-e procedures most intenlliveiii· disaster ir.q;o'r:~s. , 
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.JOHN SEKELSKY/ 316 Grand St., Croton-On-Hudson, N.Y. 10520 
914 CRoton 1-3834 

TO Charles R. Work and Peabody. Rivlin, 
Lambert, and Meyer. 

1150 Conneccticut Ave. N.W. 
Washington, o.c. 20036 

Vietnam Orphan Litigation 
AD Liten Special Account 

CLIENT -----­
DATE 6/23/80 

ORDER NO. 

JOB NO. -----

This is a statement of a bill 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 BILL ...........••.••.•..•.•.•...•...•...... 1379. 49 
+ ·12% interest charge ••••••••••••••••••••••••••••. ~ 165. 54 

TOTAL 1545.03 



JOHN SEKEL~KY I 
... , ,· 

!.J.n '3r and SL., · Crc to:-. - On-' Hu rise:', 'tit., • 7 • - :: .... , r. ...... 1. _ ..... ,_._\.,._ 

IG Lewis, Wilson, Lewis & Jones, Lt:l. 

2054 North 14th Street 

Arlirgton, Virginia 22216 

914 CR~i?~ 1~383~ 

C.LIE.NT ------­
DATE 2/27/80. 

ORDER NO. 

JOB NO. 

Illustrations of artist ccnception of sequence series of Lockheed . 
C-5 Car90 Jet crash in Vietn3m in 1975, on 30 x 30 board. 

Five tec.bnical illustrations shcwin; locks and ramp and pressure· 
door uni~. Show five steys showin; failure, of units to 
final explosion of aft units o! plane ..... r ••••••••••••• $ 500.CO 

Four i 1L1strations of air view sno·.·:ing 'sequence of crash 
from start to fini.sh .....•.......•.........••.•...•...... $ 650.00 

'r'110 charts showing altitud£ in feet and minutes in the air 
$ 125.00 

Chart showing G-Forces times minutes. 
Art Supplies . ........ -.................... -· ......... · · · ·. $ 70. 50 
Shipping and handling ••..•.••.••....••.••.•..•..••..... ~·~$~_5_1_._9_9~~-

TOTAL $1379.49 
An-interest charge of 12% will be added . ..•......•........ 16 5 . 5 4 

REVISED TOTAL 1545.03 

~~~~J~~ 
~~' 



Code Of Ethics .. 
ASSOCIATION OP CON.SULTING CHEMISTS AND CHEMICAL EJllGINEERS, INC. 

Ille Auodatf• npecta tkt tfle follewln• Code Olf Ethics shall 91&id• the acta of ih members: 

Sectf .. I. In hh rel&llDllt wi .. the p1&blic, a" member Jlould 

(•I Aid and t1&pport all worthwhile elfo•ts to incru1e knowltdi• •nd t"hnoloq1 in cflemistrr 
and chemic•I ... ,1n-ln9. 

(b) Erpose and oppose all quackery and fraudt. 

(c) lofuse to p•rmit hit ume to be uHd to support m:11ud7n1 1!•'•"••h in •"·•;t"a.1'tnh 
or teporh 1 or in u1pport of quiHtion4bfe 1ttt•rp1:~u. 

(d) 

l•I 
(f) 

ltl 

ltfu1e to bo connt:ltd w:th or to pt.form anf :1111al •o•k. 

lefr•in from •uoci•tin9 1tith •ny enterprise of q1.11,t:.,,.. Jb't :lit J'-t':f111, 

le diliqent In &1po.:r'il and oppo1:n'il •~ch erro" and f·• .~, u hit ·~· · ' kr->•lt-:li• 
••bl.it> h;m •o rec<1q~·1e 

R1fr-t'.n 'Jl'1'l •d"t·~;~·~~ ,11 • \tlf·l.1'.Jd•''=l .. , rru'"""'' •:id 11•-:.' J J, 1 p· J.!'~': : •~Ii to do 
injurw to t~ .. d71n:t.,. Qf hi1 pro,tss;o,. 

S.ct;on 2 In h:s re'•'~o.i~ ..,;~h hi1 clienh, • "''mbtr ,-. .. )~ 
(•) Prot.,~t hi' cl"tnt'' inftrut in .... ,~, le.i:t''Tldft .... ,. 

(bl Refuse wor• for •hich he know1 he is nol q•1l"r.0J •'d, b•I; 1 •::o;:•;ni ,.,,. ~. btli1111 
futile, 10 •dtiH hi1 client •nd m•k• cert•in th•t hi1 clitnt ,,,a·,h,.Jus w:1hes him to 
procetd. 

(c) Inform hil client of other conn1d:on1 whic~ m:i~I af'td ~;, rolt!" '" to his clltnl. 

(di Acc•pl no comm:uion on an1lhing purch•s•.f b1 his clit'* w"•~o·i! th. cl:• ·I"• kno•l.'di• 
•nd permiuio". 

(•) Give hon11t 1dvic1 a••• if it il unp•l•l1ble. 

(f) 0.,n .nd jull C'lmptn .• f!on for hi> Ht1kt1. 

(9) s .. th1t hi• fet1 inclu<h o••'hud ••d all P"""" ch4••··· fo· '1bo ''"'I 1•d other f•cil:tiH 
u .. d. wht!har he hH lo p•y for such f•::IH;u or not. In ultini lets, it it proper to con· 
1id•r: 

(I) 

'"' m 

C•I 

I. The time lftd labor Involved, the novelty ind diifitultt of tlte m•lt•r and th a•;>erl• 
... c. and •kill HctH•;r. · . 

2. Whither the emplo1m•nl pttcludff other em;>b1•n., I in 1i,,..'l ir lines or will 111· 
vol¥1 the 1011 of other b,n:., •• , wtiile 1"9•9::"4] j., t~e pd •;~..,,., wor• 

Cu1to"'•'Y ctl•riaei of oth1n for simi!•r w ;,:• 

4. The m•'ilniludt of the m1lte1 ln•ol•t:I a••! tho Ot·••r.•; ,.,,•1;:;~ lo lht clitnl from the 
1ervic11. 

S. Tht ch1racler of tho emplorm~nl, wh•lher c••u•I o• for H establi1h•d and conllanl 
cli•nt. .,. '~l · 

~ . . 
Rt1i1t efforts to ac•le down\ blllt after the rate of comp••••lion ha1 been avro•d to. 

ltlu1t lo lower fee• ori'ilin•ll1 set b•t•u•• of • competiti•a li9"" from another c~1111&ll•nl. 

When 1&11dort1kin'il work for • cfltnl a memb•r sllo"ld enter Into an a9r11m1nf. la the •It-: 
1&nce of • written •'ilrtement, the foll-in'il principles eppl1: 
I. If he u111 informetion ollt1intd from th• cl:ul, •n1 ru•lh in the fo<m ·of dtli'illl.I, 

pl•••, i••••lion•, proceu .. , etc., 1111.11 b• rog•rrh~ •• the properfr of the client. 
2. If he .. ,.. hit -11 b-ledt•. then the results rem•in hil properly and the client· 11 

.. tilled to their .... Hlr in the ca11 for whi.h the membllf WAI retalntd. · 

Disc lo•• no lnform111 .. concernln• the b1&1ine" •lf•ir1 or ltchnlc;al. proceues of cliinlt 
wltho1&I their consent. · 

Section J. In hit relaliont with ath., con11&ltants, • mtmb•r 1hould 

(a) S..pp11rt all le9itim1t1 elforta te imprO'lt th• con..,lting ptoleulon. 

(b) ltfr1in from lnj1&rln9 direct!, ., lncllrectlr th reput•llOft of 01~ .. co111ultanlt. 

-t 
l 
I 

t. 
\... 

(c) llffuH to accept work ., a11l9nme11h from clienh who, lo. hh kno .. led'ii•, ••!•. tre1la4 · 
other conM1lt•nh unf•irlr. · · . . : . , • 

(di Report 1n1 infractl .. t of theM p'i11Clpl•1 t11 the rrofeHioHI .W9iflf• an4 Etlilct c.ft,j"" 
of thi1 A11oclat1... · · , · · · . - _. • .. . • · ~·· ,. .. -. · .. ~. ... . . .... 

·- •· .. ;;. ._ .· ... 
-•-.. ! .... 

Code Of Ethics 

ASSOCIATION OF CONSULTING CHEMISTS AND CHEMICAL ENGINEERS, INC 

.,.. · Auocl•llon upedl th•I tllo followln• Code of Ethlc1 1h•ll 'iluide the •ch of lb .._.ber 

$action I. In his r.el•ll"t with the public, a member •hould 

,, .... 

I•) Aid and aupport all worthwhile elforh to lncrH•• lnowled<iie and tachnolo'i11 f11 cllemblt 
and chemic•! ••'ilillHrin'il· 

(b) &po11 and oppo1e 111 qu•ckerr and f101&d1. 

(c) ltfu1• to perm:t hit name to be 1&1td to aupporl millHdill'il ttalemenh In ad•ertisemen 
or reports, or in 1upport of qu .. tionable 1nterprbe1. 

(d) lefu11 lo be connected with or lo perfo.m any illtqal work. 

(a) .. frain f1om •uotl•ll•'il with ••1 1nt1rprlH of qu .. tlon•blt character. 

(fl le dili9enl in erposin'il and oppo1in'il auch •"ort 'O•d fr•ud• •• hl1 tptd•I kno .. tad~ 
&Hbl .. him to ••~09nize. "' 

. <Ill Refrain from •dvorfi.in9 in • self.l•udotory m•nner ond avoid any pr1clk1 likely to c 
lnjurr to tho di'iinity of hi• p >fe,.ion. 

Section 2. In hit relolion1 with hit clienh, • member r.liould 

l•I Protect 1111 cllenl't lnteretf. In every l19itim•I• w•1. 

. ,_ 

(b) 

(c) 

(d) 

le) 

(f) 

(9) 

(I) 

lhl 
.Ill 

Re!u•• work for which he know• he 11 not q~•lifled and, before •cctptin9 wo1k h• believ , 
futile, 110 H•il• Ills dlent •nd m••• cert•1n lh•t hit clltnl nevortheleu Jl'hhet him · 1 
procHd. 

Inform his c11 .. t of other connecllons which ml9llt •fleet ltl1 rel•tion to •11 dl•t. 

Accept no commlulon on an,thlnil pvrcha11d ••d pe<ml11lo•. 

Give honed •dvl~• even if It i. 1111p•latable. 

Dem•nd lu.t comp•n••tlDll for hh ,.,.;, ... 

br ·hit cllent without the cllent't kn-led• 

Ste that hi1 fees Include overhHd •nd •II proper ch•r9es for l•bordory and other .f•cillti ,1--­
u•ed, whaltlar he ha1 to P•J for 11&ch facilitie• or 1101. I• 1eltinil fo11, II i1 proper to co 1-
1lder: . . 

I. The time •nd labor Involved the novelty and difficultr of tho milter ·•nd the erpe 1-
ence and tkill necenary. _ · .• 

2. Whethor the employment prtcludt\ othor amplown.•nt In 1iml1.,. linff or· wlll In· 
volve tht 1011 of other butlneu while en9o'i1in11 in the portic"'•• w"rk 

J. Cu;lom•ry ch•r9e1 of oth•ra for llmllor work • • 

4. !,~;:!~.9nllud• of th• mat•., io-olved •nd th bonolih r•••ltio) IQ the ,liwnl from tne 

I. The ch1racter of lh• 1m.,lorm•••t, whether caaual or for an establilhtd ~nJ const•nl 
ell ant. 

Resltf elforh to •cale down blllt alter th• r•la of comp•n•atlon has b .. n •9reod to. 

lefu•• to lower fHs orl'i1inall1 1&t bec•"" of • competitive fi'ilure from enothor contult.int. ·• 

When und•rt•kln9 work for • client • member thould entlr Into an •9r .. mant. 111 ·~. • ~ .-
1&nce of • written •11reem1nt, Iha followin'il prlnciples applr: .• 
I. If he u1e1 lnform•li~n obl•intd from the cllent, an1 resulh In the form of detl'iln·i, ~ 

plens, inw1ntion•, procaues, etc., tholl be re9ardtd a1 the proporly of the cllent . 

2. If h u••• his own lmowl•d<ii•. the11 the retulh rem•ln hit property •nd the client ii··:-
. •nlltled to their use dnlr In the c11e lot which the member w11 retained. --' -· 

l•I. DiscloH no Information concernlnt the b1&sinen •ffalra or t1ch11lcal proctu•• of clle 1f1 -: 
without their con1ent. 

Section J. In his relatlOAs with other cont1&ltanh, • member thould 

(•) S..pport all legitim1le elfort1 to Improve the co11wltin9 profeul ... 

(b) lefr•in from Injuring dlrectlr or lndlrectlr t•• reputation of other con•ultenh. 

(c) lef1&1e to accept work or eHl9nmenh. from clients who, to hit knowl•d<ii•. h•v• tr•• 1i 
otller con1ult•nlt 1&nfairlf. • 

(d) Report IAJ lnfractl9n• of lhe1t prlnclple1 lo the Profenlonal Welfare and Ethic1 Commit:ie 
of tllit Auocl•tlon: . . 

7 



UILI Typical Physical Properties-ConduJeJ 

3b CASTING ALLOYS 

Modulus of Elasticity, Electrical 
Kips per Sq In. Coefficient ~~~~~~,. Thermal 

Wftht, of Thermal Conductivity 
Alloy Expansion International at 2s•c. 

per Cu In. 
Tension and 

per Degree F.fJ, Annealed CGS 

Compression Shear 68° to 212• 
si;:'J'J:d 

Units 

333-F© 0.100 ...... ..... 0.0000115 26 0.25 
333-TS© 0.100 ······ ..... 0.0000114 29 0.29 
333-T6'.!> 0.100 ...... ..... 0.0000115 29 0.28 
333-T7© 0.100 ...... . .... 0.0000115 35 0.34 

355-TSI ' 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-T6'.!> 0 098 10,200 3,800 0.0000124 39 0.36 
355-TOl 0.098 10, 200 3,800 0 0000124 37 0.34 
35S-T7 0.098 10,200 3,800 0.0000124 42 0.39 

C35S-T61 0.098 10,200 3,800 0.0000124 37 0.34 

356-TSI 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 

AJ56-T61 0.09i 10,500 3,950 0.0000119 41 0.38 

360-F© 0.095 10,300 3,850 0.0000116 28 0.27 
38~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-F:!l 0.103 ...... ..... 0.0000131 40 0.38 

75~F:!l 0. HU 10,300 3,850 0.0000130 46 0.43 
A750-T5 0 103 10,300 3,850 0.0000126 43 0 4-0 
Bi50-T5 O.HH 10,300 3,850 0.0000129 45 0.42 

[, \'uluos ol coefficient of thermal expansion for "F" and "T'~ tempers may vary slightly from one casting to an­
othtr. 

(¥1\\'hile c·astinl;?~ an not common I>• annealed, similar effects on conductivities ma}' rrsult from the slo\\'er rate of 
coolinJ:: o! thtrk sec-tions a" compared \\dth thin ones and other variables in foundry practiC'es. Comparison o!.1he 
,-u.lut·s for a:1,~cast and anne~led sptodmem. ••W sho"· the extent to which variations may be expected, depen~ng 
cv· .. C1ffl'rt·r.Le~ in tht"rrna1 t0!1d1tii:•m h~ tht pr<'C!uction of different type~ of <.:as.ting:,, 

(!Chill cast samples; all other samples cast in green sand molds. 

38 ALUMINUM COMPANY OF AMERICA 

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 guliranteed 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 Sa, Sb and Sc, pages 76 to S2. 

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 ,·alul.!s 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 ,·aluPs. 

For all wrought products, the minimum tensile properties in Taql~ 4 apply 
to the direction in which sperifit·d mt·rhanical properties arc lktermint'cl. 
This is the principal direction of working (longitudinal direction) for all 
products except heat-treated sheet and plate. For heat-treated sheet and 
plate, specifications require that tensilt· properties be measured in tht' trans­
,·erse direction, since these values art~ generally lower than the longitudinal 
properties. 

Compressive yic•ld strength values in TahlC' 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 .r. 

It is customar~· to conduct qualit~· control tensile tests for die forgfo~s on 
separately fprged 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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TAILE 

4o 
Minimum Mechanical Properties and Buckling Formula Constants-Co11duJed 

SHEET AND PLATE 

------------- - ---- - -----
Sl'l' pagl' 39 for ,·xplanalion of "1ninirnum" propl'rti,·s. 

US= ultimate strength in kiµs per sq in., YS= yicl<l strength in kips per sq in., El =ciong:ition in pl·r cent in 2 in. or 4 dia. 

Alloy and Temper 

5456-0 
5456-H24 
5456-H321 
5456-H321 
5456-H321 
5456-H.323 or H32 
5456-H343 or H34 

6061-0 
6061-T4 
6061-T6 

Alclad 6061-0 
Alclad 6061-T4 
Alclad 6061-T6 

7075-0 
7075-T6 
707S-T6 
707S-T6 
7075-T6 

7075-T6 
7075-T6 
7075-T6 
7075-T6 
707S-T6 
707S-T6 

Alloy and Temper 

Alclad 7075-0 
Alclad 7075-0 

Alclad 7075-T6 
Alclad 7075-T6 
Alclad 7075-T6 
Alclad 7075-T6 
Alclad 7075-T6 
Alclad 707S-T6 

Alclad 7075-T6 
Alclad 707S-T6 
Alclad 707S-T6 
Alclad 7075-T6 
Alclad 707S-T6 
Alclad 707S-T6 

7178-T6 
7178-T6 
7178-T6 
7178-T6 
7178-T6 

Alclad 7178-T6 
Alclad 7178-T6 
Alclad 7178-T6 
Alclad 7178-T6 
Alclad 7178-T6 

See µages 39 to 41 for definitions, mcthuds of determination and notes. 

Thickness, In. 

us 

0.051-2.000 42 
0.051--0.249 51 
0.120--0.2-19 40 
0. 250-1. 250 46 
1.251-2.000 44 
0. ll6--0. 249 48 
0.051--0.249 53 

0.010-3.000 16 
0. 010-J. 000 30 
0.010-3.000 42 
0.010-0.500 16 
0. 010-3. 000 27 
0. 010-3. 000 38 

0.015-2.000 29 
0. 008--0. 011 7+ 
0 012-0.0JIJ 76 
0.040-0.249 77 
0.250-0.-l'J'J 77 

0.500-1.000 77 
1.001-2 .000 77 
2.001-2.500 7J 
2.501-3.000 70 
3.001-3.500 08 
3.SOl--1.000 66 

Thickness, In. 

us 

0.008--0.062 27 
0.063-1.000 28 

0. 008--0. 011 68 
0.012-0.039 70 
0.040--0.062 72 
0.063-0.187 73 
0.188--0. 249 75 
0.250-0.499 75 

0.500-1.000 7S 
1.001-2.000 75 
2.001-2.500 71 
2.SOl-3.000 o!I 
3.001-3.SOO 66 
3.501-4.000 64 

0.015-0.0-14 83 
0.045-0.249 84 
0 . 250--0 .499 114 
0.500-1.SOO 84 
1.501-2.000 80 

0.015-0.0-14 76 
0.04S-0.249 78 
0.250--0.499 78 
0 :500-1. 500 711 
I .SOl-2.000 7S . 

-·----
Minimum Med1.unical Pro~rtie:. Bu1.:kliui,:; 1"orJ;1ula i :oustants 

---,,,-~-- -
Tenliion Com- Shear Bearing Cou 1 prt!!-.siou -Shc:ar prcs•ion 

------·--- -
YS El YS us YS us YS u D c u, D1 

- --------1------- --- -
19 lo 19 2b II 8-1 .!8 21.h ll.120 111 13 0 0.056 
J9 9 38 JO 22 9i o2 -15 -I 11.3118 jlJ 1; 2 O. liO 
33 12 31 ,~ _, 19 84 S.I .lu 5 0.21.5 XS 21 9 0. 123 
33 12 31 27 19 8-1 Su 37.7 0.2ill So 22 (J 0 129 
31 12 30 26 18 !Ill S3 35 1 U.251 !\') 21 I 0.116 
3h 8 34 211 21 91 58 -10 J U 3US SS :!-I 2 0. 1-13 
-II • 3lJ JI u 101 (J(J .j(, i U.3.'\-1 7S 11' u 0.178 -- - --

0 . ti 11 3.5 J,I 15 h.5 ll.019 18.1 .1.9 0 (1()9 

16 • 16 20 9 o3 26 18.0 O.O'J.! L!S 10 8 0.0-l:.! 
JS . 35 27 20 88 Sil .!9.9 0.2<i3 <is 23 I) 0.122 

(> . (J 11 3.S 33 15 (J 5 IJ.019 IS.i J lJ IJ 009 
14 • 14 111 8 Si 21 15.7 ll.074 118 9 -I 0.034 
J2 • .12 14 14 80 51 .lh.3 IJ.22!1 ii 21 II 0 106 --
12 . 13 19 ' 7 61 21) 1-1.5 O.OI•<> 1.1.i 8 7 0.030 
o3 5 oS 45 Jb 1-111 Ill.I 77 4 U. ii I -19, -lu 4 o .. l3o 
o5 7 67 40 J7 144 lllb 1\0.0 IJ. 7-17 -18 -IX 0 0.3-17 
66 8 li8 411 38 1-l<i 107 81 3 0. 7<.5 -IX -IX 8 0 . .!56 
b6 II (JI} 46 38 UIJ 100 Sl Ii 0. 7.'i-1 -17 -l'J (J o .. lo5 

ho " (JlJ -17 38 142 IU-1 Xl 6 IJ. 784 H 49 Ii 0.365 
66 -I 68 -lb 38 140 101 81 J ll.71J5 -IX -IX 8 0 . .!56 
62 3 (J5 44 .lb !Ji 9.1 77 .4 0. 711 -llJ -I<· 4 O .. BO 
(10 .! (,j -12 35 ·12h 1)0 i-1 9 0.Cii7 so -1-1 9 o .. 114 
58 ;1 62 -II 33 122 87 i.l. (> U.o.'i'> so 4-1 2 O . .l07 
So 1 (JO -10 32 119 8-I 71 0 U.h~-l 51 -12 6 0.190 
-~·-- ......__ ___ ~--~--~ --- - -· - -~- ----- - _...___ 

Minimum Atcd1anical Propertit...-s liu. kliu._~ Fur. 11ul •• Cu11~tants 
-- ----- -- ---- --- ~---·· 

Tension Cum~ 
~>rcs:.io11 

YS El YS 
1----- ----

11 • 12 
12 10 13 

S8 5 00 
(J() 7 61. 
62 II CH 
63 8 65 
CH II (16 
64 8 66 

64 6 06 
64 -I 66 
(J() 3 62 
58 3 61 
56 3 (J() 

54 2 58 

72 7 73 
73 8 74 
73 II 74 
73 . 74 
70 J 71 

()() 7 o7 
·68 8 69 
68 8 h9 
68 . (f) 

65 3 60 

Shear Ucarilll! Cuutprt·»ion 

--.----- --·- ·- -- --
us YS us YS B IJ c 

--- ---- -- -- -- - - -- -·---- -· 
18 6.5 Si 2b l.U 0.0~11 I ~1 
18 i 59 29 I-LS O.O<i6 us 

41 34 129 95 71 0 O.<i..!-l 51 
42 35 133 911 i.l. 6 O.<i59 so 
43 3o 137 IOI i<i. I 0.W3 -llJ 
4-l 3o 139 101 ii.-! 0. ii 1 -19 
45 37 142 10-l ill.7 0 i29 -llJ 
-!S 3i 135 911 is 7 \I 119 -19 

-- -- --
46 37 139 I}<) ill 7 0. i19 -llJ 
45 37 137 9'J is 7 0. i19 -19 
-12 35 ws 90 7.l 0 0.<i59 so 
40 33 122 IS7 il J 0.<•42 51 
39 32 119 S-1 ilO o.c.1-1 51 
38 31 115 ISi olL5 0.5lJ2 51 

·--
50 41 158 117 !li.8 o:xs9 -l<i 
50 42 160 118 !llJ 1 0.X78 -l(J 
50 42 151 I II 89.I O.XilS -l<i 
so 42 151 112 89 1 0.878 -1<1 
-18 40 144 ltlh 8S.2 0.821 -Ii 

---- ~ -·- -- -- ---

46 38 144 107 !IU.O 0.7-17 -18 
47 39 1-IS 110 S1.o 0. i84 -Ii 
47 39 1-10 JO-! 112.6 O.ill-1 -li 
-17 39 1-10 105 81.6 0. il!-1 -Ii 
45 37 135 99 78.7 0. 729 -19 

l1 
-

.0 

.7 

" .2 
.7 

,4 
2 

.2 

2 
2 

.2 

.4 

.6 

.I 

7 
; 5 

5l 
5. 
5.l 
s., 

5 
.5 

5.1 .I 

0 
) 6 
) 6 

6 
.2 

IJ1 
----

0.017 
O.OJO 

0.190 
o .. m7 
0.322 
o .. !30 
0 3311 
0.338 

0 .B8 
O.J38 
0.307 
0.298 
0.290 
0.275 

0.399 
0 -108 
o . .ws 
0 -!08 
0.381 

0 .. 147 
0 365 
0 .. 165 
0 365 
0.338 

I 
1 
1 
I 
I 
I 
I 

2 
I 

1 
I 

I 

-13 
IJIJ 
12 
II 
13 
I Ji 
lJtl 

IX! 
lli5 

,,,, 
h5 
04 
<>3 
u3 
(,j 

t.3 
t.3 
u5 
h5 
t.6 
<i7 

59 
59 
59 
59 
(J() 

62 
01 
61 
<ii 
63 
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Minimum Mechanical Properties and Buckling Formula Constants 
IJtTIUDU aoo, BAR AND SHAPIS 

Sec page 39 for explanation of "minimum" proJ.lCrlics. 
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 Me<:hanical Properties Bucklin; Forno ula I 'on•tanta 

Alloy and Temper Thickn-. In. Tension Coin- Shear Dearin& Compreo.;ion Shear pn:ssioo 

us YS El YS us yS us YS B D c B, o, c, 

2014-0 All 24 9 12 9 15 5 50 21 9.9 0.037 lW 5.IJ 0.017 2117 
2014-T4 All 50 35 12 30 31 20 90 55 35.2 0.251 81) 21. I 0.116 I LI 
2014-T6 Up thru 0.499 bO 53 7 55 35 31 114 85 61 ..l 0.410 50 36.8 0.190 1.o4 
2014-T6 0. 500-0. 749 64 58 7 60 37 33 122 93 67.3 0.471 4!! 40.4 0.219 CJ:.! 
2014-T6 0. 750 and over 

Area 25 sq in. max. 68 60 7 62 39 35 109 84 69.7 0.490 47 41. ~ 0.2JO ol 
Area 25 to 32 sq in. 68 58 6 60 39 33 109 81 67.J 0.471 48 40.-l 0.219 Ill 

2024-0 All 25 9 12 9 15 5 52 21 9.9 O.OJ7 160 5.9 0.017 2u7 
2024-T4 Up thru 0.249 51 42 12 38 30 24 108 67 4J.o 0.300 65 26.2 0.140 84 
2024-T4 0.25<H>. 749 60 44 12 39 32 25 108 69 44.8 0.313 CH 26.9 0.1-16 8] 
2024-T4 0. 750-1.499 65 46 10 44 34 27 108 71 50.9 0.379 60 30.5 0.176 78 
2024-T4 1. S00-2. 999 

Area 25 sq in. max. 70 52 lU 50 38 30 108 73 58.4 0.466 56 35.0 0.216 73 

2024-T4 3.000 and over 
Area 25 sq in. max. 70 52 10 50 37 30 108 73 58.4 0.466 56 35.U 0.216 73 

2024-T4 1. 500 and over 
~rca25 thru32 sq in. 68 48 8 46 36 28 108 72 5J.4 0.407 59 32.0 0.1119 76 

3003-0 All 14 5 25 5 10 3 30 12 54 0 015 221 3 . .! O.txJ6 2·11 
3003-Hll2 All 14 5 .. 5 10 3 30 12 5.4 0 015 2.!:.! 3 . .! O.Oll<> 2-U 

5083-0 All 38 16 16 .. .. .. .. . . . .. ·- . .... .. . . ... ..... . . 
508J-Hll2 All 40 24 12 .. .. .. .. . .. ·-·- .... . .. ... . ..... . .. 
5086-0 All 35 14 14 .. .. .. ... .. . ... ..... . .. ... . .... . . 
5086-Hll2 All J5 18 12 .. .. .. ... . . .... . .... . .. . .. ..... . . 

-

Minimum Mechanical Properties Bucklma: Ji'unnul a c.,.LStants 
·----

Alloy and Temper Tbickn ... , In. Temion Com- Shear Bearin11 Cumpreuiuu presliio11 Shear 

- - ... 

us YS El YS us YS us YS B D c B1 D1 c. -- - -
5154-0 All 30 11 14 .. .. .. ... . . . ... ..... . .. ... . .... .. 
5154-Hl12 All JO 11 12 .. .. .. ... .. ..... . .... . .. - ·-
5454-0 Up lo 5.000 31 12 14 12 .. .. . -· •· 13 j 0 058 H:.! 
5454-Hlll All 34 21 12 .. .. ... . . . .. . .. . . 

!!.II U.Oli Iii I 
... . .... .. 

5454-HI12 Up to 5.000 31 12 12 12 .. lJ 3 0 058 Hl 
5454-HJll Up to 5.000 33 20 12 18 19 11 59 34 20.4 0 111 121 I 

8.0 0.027 un 
2.2 0.051 J.jS 

5456-0 Up to 5 . (J(Jl)J) 42 19 16 19 .. .. . . 21.11 0 120 Ill I 
5456-Hlll Up to 5.0UOW 44 26 12 . . .. . . 79 44 . ... . .... 
5456-H112 Up to 5.000<!> 42 19 12 19 .. .. 21.fl 0.120 Ill I 
5456-HJll Up to 5. ()()()(!l 42 25 12 22 26 14 79 42 25.J 0.153 llJ(J I 

~f-· 

3.0 0.05() I-I.I 
. .... .. 

3 0 0.05() 14.l 
5.2 U.071 13-1 

6061-0 All 14 5 16 5 JU J JO 12 5.-1 0.015 :m J.2 O.(J()(J 241 
6061-T4 All 26 16 16 14 16 9 55 26 15.7 0.074 ms 9.4 0.03-l 16! 
6061-T6 All 3!! 35 10 35 24 20 !!O 56 J!!.3 0.202 63 .. 3.0 0.09l 82 
6061-T62 All 35 26 JO 26 22 15 74 42 28.1 0.127 7-1 1 6.9 0.059 9) 

6062-0 All 14 s 16 5 10 J JO 12 S.4 0.015 222 3.2 0.(J()(J 241 
6062-T4 All 26 16 16 14 16 9 55 2!J 15.7 0.074 12!! 9.4 0.0J-l 162 
6062-T6 All 38 35 10 35 24 20 !SO 56 38.3 0.202 6J .. J.U 0.094 IS! 
6062-T62 All 35 26 IO 26 22 15 74 42 28.1 0.127 74 I ,____ (>.9 0.059 95 
6063-T42 Up thru 0.500 17 10 12 10 11 (> j() 16 11.0 O.otJ H9 
6063-T5 Up thru 0.500 22 16 8 16 13 9 46 25 17.5 0.076 IUJ I 
6063-T6 Upthru0.124 30 25 !! 25 19 14 b3 40 2x.u 0.155 SI 1 
6063-T6 0.125-0.500 30 25 IO 25 19 14 6J 40 2S.0 0.155 SI 1 .. 

1}.! ----7075-0 All 29 11 JO 12 19 b.5 01 2h O.US!! 1-12 

0.0 0.020 191 
0.5 O.OJh 13·1 
6.8 0.072 JO) 
6.S 0.072 105 -· ... 

11.lJ 0.027 181 
707S-T6 Up thru 0.249 7!! 70 7 70 4J 40 115 98 7~U O.o02 -1-l ·I 
707S-T6 0.250-0.499 !!1 7J ·7 73 45 42 130 JO.! 117.8 O.X59 .j(J :' 

7 .h 0.2110 51 
J , O.J9'J 5., - . I 

7075-T6 0 . 500-1. -11)9 112 7J 7 73 45 42 131 102 87 s O.S59 .j(J } ~ 
-·I U.JW 5·1 

707S-T6 1. 500-2. 999 !SI 72 7 72 45 4.! 130 101 Ill. 7 u i.29 -!3 I 'J.U 0.29! 5., 
707S-T6 3 . 000·-t. 499\D Sl 71 7 71 45 41 !JU 99 85.l 0 S21 47 s I I O.J!ll (,11 
707S-T6 3 . 000--+ . 41)()\,!) 7~ 7U () 70 43 40 125 98 79.3 u 1102 4-1 ·I 
707S-T6 4.500-5.000<.!l 7!! 68 (1 68 43 3•J 125 95 7C..9 0.575 -15 ·I 7 ··" 

0.280 5; 
h I lJ !hi 5> ,__._ - ... 

7178-T6 Up thru0.249 84 76 5 76 45 44 l.H IOI> !S!J.5 0 (1!1(1 4.! ~ 

7178-T6 0 250-2. IJIJI}(!) 86 78 5 78 4<1 45_. IJX _l(JIJ -~!! 9 0 714 - -1_2_ : 
I. 9 U.319 SJ 
.u -u .}.:!_.!_ _JI 

<.i)Ar~ uv lhru 2U :.ca. m. (!.JArea 2U thru J2 1114. m .• l..!)Arca UIJ lhru J! :i.tj. m. 
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Minimum Mechanical Propert!es and Buckling Formula Constants-Co11clL1clecl 
ROLLED ANIJ COLD-FINISHED ao.D AND IAR 

----------
Sec page 39 for l'xplanation of "minimum" properties. 

US=ultimate strength in kips per sq in., YS=yield strength in kips per sq in., EJ=eloni:atiou in per cent in::. iu. or 4 dia 
See pages 39 to 41 for definitions, methods of determination and notes. 

Alloy and Temper 

2024-0 
2024-T4 

3003-0 
3003-Hl2 
3003-Hl4 
300J-Hl6 
300J-Hl8 

5052-0 
5052-F 

6061-0 
6061-T4 
6061-T6 

7075-0 
7075-T6 

TAILE 

4e 

-'-------
Minimum M,echanical Properties Buckling l'ui mu!;. Coostanta 

Diameter 
Com-OJ" Tension Shear lleari111 Coinprt:Sliun 

Tbicknesa, In . pressio• 
·--us YS El YS us YS us YS B lJ c 

Up thru 8.000 25 9 lo 9 17 s 52 21 9.9 0.037 l!JO 
Up thru 6.SOO 62 40 14 40 37 23 118 64 48.0 0.400 77 

- ----
All 14 s 2S s JO 3 30 12 5.4 0.0IS :.!22 

Up thru 0.374 17 12 10 II II i 33 19 12.2 O.USI 1-HI 
Up thru 0.31J 20 17 10 lS 13 JO JS .!8 l<dl O.OS2 JU 
Up thru 0.250 24 21 .. 20 14 12 40 33 ..!.!.8 0.1.H II.! 
Up thru0.204 27 2S .. 2J 15 14 4.\ JS lh 5 O. l<H 103 

--- r--

All 25 9.5 2S 10 16 5. ~ 53 20 11.0 0.043 J.19 
0.375 and over 26 11 .... 11 17 6.~ 55 22 12.2 0.051 148 

Up thru 8.000 16 s 18 s II 3 JJ 12 5.4 0.0IS El 
Up thru 8 .000 30 16 18 16 20 9 M 26 18.0 0. ()'Jl 118 
Up thru 8.000 42 35 10 JS 25 20 88 56 38.3 0.202 c.3 

r---

Up thru 8.000 28 11 10 11 18 ll.' 59 2() I.!. 2 0.0.'il 141S 
Up thru 4.000 77 66 7 66 46 38 123 92 ilS.7 0.729 49 

Minimum Mechanical Properties and Buckling Formula Constants 
,.,. 

S<·e pagl' 39 for explanation of "minimum" pro1~rties. 

h 

;,9 
·.8 

'.2 ·' 
' .3 
I I II 

I.> 
1: 

7 
.9 

--
o.6 

3 
w 
2.l 

7 
47 

.3 

2 
8. 

.0 

-
3 
2 

Shear 

D1 

0.017 
0.186 

0.006 
0.023 
0.038 
0.llOI 
0.076 

0.020 
0.023 

0.006 
0.042 
0.094 

c, 

~o7 
100 

241 
1 ;9 
157 
144 
Lil 

l'.13 
li9 

.!-U 
152· 
82 

f--- -

0.023 I 
0.338 

79 
C.3 

US=ultimate strength in kips per sq in., YS=yield strength in kips per sq in., El=clongation in pt·r cent in 2 iu. or 4 dia. 
See pages 39 to 4 I for de tin! tions, methods of determination and notes. 

·---------- -· 
Minimum Mechanical ProJM,:rties Bu\:klinK .Fur1i1ula 

----~ 

Alloy and Temper Size oC Tens.ion Com- Shear B""'inK Con1pr~~iun Thickness. In. pres.iu• 
-

us ys El YS us YS us YS lJ D c lJ 
- -

3003-0 All 14 s .... s 10 3 30 12 S.4 0.015 221 3 
300J-H112 1 in. and over 14.S 6 .... 6 10 3.5 31 14 ll.5 0.019 llS5 3 
3003-Hl8 Under 1 in. size 27 24 .... 23 15 14 43 31S 2<>.5 O. l(rl 103 lS 
3003-F 1 in. and over 14 5 .... 5 10 3 30 12 5.4 0.1)15 221. 3 

------- -
\ 

6061-T6 Under 1 in. size 42 35 12 3S 27 20 88 So 38.3 0.202 63 23 
6061-T6 1 in. and over 38 35 10 35 24 20 80 56 38.3 0.202 (Jj 23 

I 
iJ ,- -- ----- -

6063-T5 All 22 Hi , 10 16 13 9 46 25 17.5 0.076 1ll3 10 
606J-T6 All 30 25 l:I 25 19 14 OJ 40 :!S 0 O.l.'i5 81 I<> 
6063-T832 All 38 35 s JS 2J 20 80 So .IS.J 0.2112 <JJ 2J 

--- - ------- -

' 
2 

.9 

.9 

.2 

0 
0 

.5 

.IS 
0 

l.11 

0.006 
0.009 
0.076 
0.006 

0.094 
0.094 

0.036 
0.072 
0.094 

c, 

HI 
246 
Ul 
..!{l 

112 
!S2 

134 
llJ5 

112 
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Minimum Mechanical Properties and Buckling Formula Constants 

EXTRUDED TUBE 

.. 

---'------------------------------------- - ----- - ----
See pai:l· 39 for cxplaualiuu of "miuimum" prupl·rtil'S. 

US=ultimate strength in kips per sq in., YS=yidd strength in kips per sq in., El=elungation in per cent in 2 iu. or 4 dia. 

Alloy and Temper 

2014-0 
2014-T4 
2014-T4 

2014-T6 
2014-T6 
2014-T6 

2024-0 
2024-T4 
2024-T4 
2024-T4 

3003-0 
3003-F 

Alloy and Temper 

5154-0 

6061-0 
6061-T4 
606I-T6 

6062-0 
6062-T4 
6062-T6 

6063-T42 
6063-TS 
6063-T6 

7075-0 
707S-T6 
707S-T6 

7178-T6 
7178-T6 

See pages 39 to 41 for deli11itions, methods of determination and notes. 

\\'all 
Thickn.,.., In. 

us 

All 24 
0.125--0.499 50 

0. 500 and over 55 

0. 125--0. 499 60 
0. 500-0. 749 04 

0. 750 and over-
Area 25 sq in. max. 68 
Area 25 to 32 sq in. 68 

All 25 
0. 499 and less 60 

0. 500-1. 499 65 
l. 500 and over-

Area 25 sq in. max. 70 
Area 25 to 32 sq in. 68 

All 14 
All 14 

\\'all 
Thickn.,.., In. 

us 

All .\0 

All 14 
All 2h 
All J8 

All 14 
All 2<> 
All 38 

Up to 0.500 17 
Up to 0.500 22 
Up to 0.500 30 

\ 

All 29 
Up to 0.249 78 
0.25~2.999 80 

Up to0.249 84 
0. 250-.!. l)<)<) XI.I 

Miuimum Mec~nical Prupenies 

Tension Com- Shear 
1,r~iun 

VS El VS us VS 
--- ----

9 12 9 15 5 
30 12 26 31 17 
35 12 30 34 20 

53 7 55 35 31 
58 7 60 37 33 

(JO 7 62 39 35 
58 0 60 39 33 

9 12 9 15 5 
40 10 36 32 23 
4o 10 44 34 27 

48 to 46 37 28 
4(J 6 44 36 27 

5 25 5 10 3 
5 .... 5 10 3 

---· 
Miu1111u1n Mechanical Proµertic:s 

Te11~iun 
C'om· Shear 

(Jrcssiu11 

--.,---
Bucklin& Forrm. .. 

llearin11 Comprt:SSiuD Shear 
. -

us vs D u c a. Di c, 
------------

50 21 9.9 0.037 
90 47 30.2 0.200 
99 55 35.2 0.251 

114 85 ol.4 0.410 
122 93 67.J 0.471 

114 84 69.7 0. 4% 
114 81 07.3 0.471 

-- - ------
52 21 9.9 0.037 

108 62 41.1 0.175 
108 71 50.9 0.379 

108 72 53.4 0.407 
108 71 50.9 0.379 

I-· --· 

30 12 5.4 0015 
30 12 5.4 0.0IS 

--

Hearing c umpn~io1l 

IW 
100 
89 

so 
48 

47 
48 

S.9 
18.1 
21.1 

i6.8 
.J0.4 

41.8 
J0.4 

--·-

160 
o7 
00 

S9 
60 

5.9 
~4. 7 
.:i0.5 

i2.0 
.:i0.5 

---

0.017 20; 
O.QlJ2 121 
O. llo 11.\ 

0.190 61 
0.219 O!. 

0.230 61 
0.219 62 

0.017 20i 
o.rns 8i 
0.176 7X 

0.189 ii> 
0.176 7s 

212 
222 

3. 2 0. 000 241 
3.2 0.000 241 

Shear 

·-· VS El vs us VS 
·---
ti 1·1 II 19 ,,_:; 

-
5 lh 5 to 3 

I<• lh 14 to 9 
.!5 11) 35 M 20 

-·--,____._ - ~-- 1------

s lh 5 10 3 
J(, lh 14 lo 9 
35 10 3S 24 20 

1----·-- -->----

10 L! 10 II 6 
lo to 16 13 9 
2S 8' 25 19 14 

-· 
II 10 12 19 0 5 
70 7 70 43 40 
72 7 72 44 42 

-· ·-------

7o 5 io 45 44 
78 s 78 4h 45 

us vs B 
--

(,,\ l3 12 ! 

-
30 12 S.4 
5-l 25 15.7 
80 So 38 .. \ 

>---->--- '------

30 12 5.4 
S4 :!S 15.7 
80 So 38 .. l 

-- - ---
36 lb II O 
40 25 17. 5 
o3 40 28.0 

·---

ol 21> 1.l..l 
125 98 79.J 
12!> 101 !>1/7 

-- -- -· 
134 toe. S<> 5 
ux IU'J xx lJ 

--- - ---

c u. D1 c. 

0.U51 I-IX 7 .3 U.023 171J ___ ,_ 

0.015 22!. 
0.07-l llX 
0.202 Id 

l.!!. 
1!8 

\.2 I 0 00<. 241 
•) 4 I 0.0.H lo!. 

~!~1~0'J4 ~ 
0.015 
0.0H 
0.202 

1.2 ' 0 ()()() 241 
·J.4 I o 034 16! 

Id Li.0 0.0'J4 82 

0.043 149 
0.076 Jo.\ 
0.153 SI 

0.058 142 
0. <.o2 44 
O.ol9 ·lJ 

0 h80 -ll 
0 ;14 ·12 

(J 6 0 020 11).l 
W.5 OOJc. 131 
lb.IS 0.072 105 

:'I 0 0 Ol7 
H.6 0.280 

~·J~ l-~292 

51.9 II O .. H9 
.o l. 3 o .Bl 

181 
5; 
5,, 

5-1 
51 
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Minimum Mechanical Properties and Buckling Formula Constants 
DIE FORGINGS 

Sl'l' pagl' 39 for l'Xpl:mation oi "1nini11111111" prup,·rti,·s. 
US=ultimate strength in kips per sq in., YS=yield sln•ngth in kips per sq in., El=cl,mgaliun in p<'r ce11t .n 2 in. or 4 dia. 

Alloy and Temper 

1100-F 

2014-T4 
2014-T6 

2018-T61 

2218-T61 
2218-1'72 

3003-0 
3003-F 

4032-T6 

6061-T6 

6151-T6 

7075-T6 

7079-T6 

TAILE 

See pages 39 to 41 for JeJinitiuns, mctho,]s of detcrminati<>n am! notes. 

Thickness. In. 

us 

Up to 4 in. II 

Up to 4 in. 55 
Up to 4 in. <i5 

Up to 4 in. 55 

Up to 4 in. 55 
JJp to 4 in. 38 

All 14 
All 14 

Up to 4 in. 52 

Up to4 in. 38 

Up to 4 in. 44 

Up to 3 in. 75 

Up to 6 in. 74 

.Minimum M4..-chani<·al Pro~rties 

Tt:nl:iiun Com· Shear vri::.sio11 
-----vs El vs us vs 

4 25 4 8 2 .: 

30 II 30 34 17 
55 7 55 39 31 

40 7 40 35 23 

40 7 40 35 23 
29 (i 29 24 17 

r---

5 25 5 10 3 
5 .. 5 10 3 

42 3 42 36 24 

·-· 

Hearing 
t---~--

us vs 
--r--

.. ... 

10.:; -18 
lli 88 

-- --
105 L4 

105 04 
7!. 46 

-----
30 12 
30 12 

. .. ... 

Bu~k~1~ Fu. mul.. Cun:.tantl 

Cvmprt:~i.Jn Shear 

- - ·------
" lJ 

Ba U1 c, 

·1.3 0.lllO 221 .• (i 0 005 il7 

.l5.2 0.251 .~IJ :.!1.1 0.116 113 
61 4 0.410 so 311.8 0.190 64 

-----
48.0 0.-100 Ii 2:->.8 0.186 lUO 

48.0 0.400 i7 
33.9 0.237 •JI 

5.4 0.1115 L'1 
5 .4 0.lll5 222 

2:> 8 
20 3 

-· 

.; 2 
3 1 

u.186 liJO 
0.110 118 

1---

ll 006 ! 11 
0 UO<i !II 

50.6 0.433 75 3ll.4 0.202 IUO 

---.....--- . 

35 7 35 25 20 80 So 38.3 0.201 cd 2» o· 0.0'J4 112-

37 IO 37 28 21 92 59 -10.6 0.220 (ii 2~ 4 0.103 i9 

65 7 65 45 37 120 IJ7 i3.3 0.5.l5 .Jo 4-l. 0 0.249 ;;9 

64 7 64 43 37 119 % 7..!. 1 0.522 -Iii .J., 3 0.243 59 

--

-
Minimum Mechanical Properties and Buckling Formula Constants 

SAND CASTINGS 

Sl•c page 39 for explanation of "minimm11" ·propcrtil·S. 
US=ultimate strength in kips per sq in., YS=yield strength in kips per sq iu., El=elongation in pcr ccnt in 2 in. or 4 dia. 

Alloy and Temper 

43-F 

122-T61 

142-T21 
142-T571 
142-1'77 

195-T4 
19S-T6 
195-T62 
195-1'7 

214-F 
B214-F 
F214-F 

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

Mini1num Mechankal Properties 

Thickness, In. Tcrurion Com- Shear 
p~on 

us vs El VS us vs 

17 7 3 7 12 .... 

30 28 + 30 22 .... 

23 14 + 14 17 .... 
The values to the 

29 26 + 30 23 ···-
right are based on 

21.5 15 + 16 . 16 .... 
tests of 11tandard >-----
specimens in di- 29 13 () 14 22 vidually east. . ... 

32 20 3 21 24 .... See page 41. 36 28 + 29 28 .... 
29 16 3 17 21 .... 

,_ --
22 9 6 10 17 .... 
17 to + 11 13 ... . 
17 9 + IO 13 .... . 

But..klina:; F~ 1rrnula Constants 
--- -

Bt:ating Compression 

-------us vs ll u c 

... ... 7.6 0.0..!5 11' (J 

... ... 35.2 0.251 8 9 

... ... 15.7 0.074 12 

... ... 35.2 0.251 I! 

... . .. 18.0 O.O'Jl 12 

-

61 26 15.7 0.074 12 
67 40 2·1.0 0. 1-11 10 
7ii S<i .).l 9 ll.2.17 9 
61 32 'lf9.2 U.101 12 

8 
7 
l 
0 

... . .. 

... . .. 

... ... 

110 0.0-13 
12 2 o.O.'il I 
11.0 O.CH3 

-
1-l 
l~ 
l.J 

') 

s 
') 

------

Shear 

lJ1 (.;, 

.J (J 0.011 212 

21. 1 0.116 113 

9 4 0.034 l(J2 
21 1 0.116 113 
10 8 0.042 152 

9.4 0.034 lo:! 
1.J 4 0.065 l.l4 
20 3 0.110 1111 
11 5 0.047 IW 

6 6 0.020 193 
7 3 0.023 179 
6 6 0.020 193 

C.,u.tinut:d CIR ne&L • •.1t:c 
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BARTON T • .JONES 
RICHARD O. BCLFORO 
8RtAN D. STARER 

April 18, 1980 

BY HAND 

Oren R. Lewis, Jr., Esq. 
Lewis, Wilson, Lewis & Jones 
2054 North 14th Street 
Arlington, Virginia 22216 

. . I i I . ~ . . ~. I ·-

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

Zimmerly v. Lockheed Aircraft Corporation 
Our file 2041-1278-58 · 

Dear Oren: 

1U: .• 10C 14 T f'ART N£R 

: • I CAHHOL-. £.DUBUC • 

~ ~ i --
• ' ~ OF ;;ouN&£&.. 
I. 1 I > ••. 
t I • ~ ~A. .. PH £. CASEY • 

. I . 
.... ~ .JOHH W. M..:.CONNEL.L • .Jff.* 

• •c.i1ot1tlLO TO O. C. aA• 

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 sµbpoena. 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 appea~ 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 
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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-fo~ces 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-SA 68-218. 

(5) Defen1ant 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 fr.om MADAR data 
on AF 68-218 on April 4, 1975 which we may have already given 
to you. All other documentation in defendant's pos-=ssion 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-SA aircraft and 
the model of the C-SA used in the wind-tunnel test conducted by 
Professor Harper as previously agreed in Court on April is, 
1980. 

(9) Other than documents already produced, defendant 
knows of no documen~s pertaining to 

(a) the manner in which C-SA 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; 
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(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 associated 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. 

Enclosures 

Sincerely yours, 
~--,, 

.:---<::('/ ~· // /-! , - . .,.. .:?._, ' .(, ~ .. 4'-·<.. 
~· - . ~--.. ---... 

Carroll E. Dubuc 

cc: Honorable Louis F. Oberdorfer 
James P. Piper, Esq. 
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J. WAAC O'NEILL 

.drl J j' \ 
~ARO 0.ATWOOO 

.J~MES M.ESTABAOOK 
£DWAR0 H. MAHL.A 

.JOHN c. MOORE 

WILLIAM .J • .JUNKER MAN. 

M~c DONALD DEMING 

GORDON W. P"ULSEN 
M. C. OcORCHIS 
WILLIAM P. KAIN, .JR. 
DAVIO P. H. WATSON 

RICHARD G. ASHWORTH 
EDw.4.RO L • .JOHNSON 
RICHARD B. BARNETT 
MAURICE L. NOYER 
S"NF"ORD C. MILLER 
F'RANCIS X. BYRN 
THOMAS A.H. HOWARTH 

STEPHEN K. C"RR 
W"LTER E. RUTHERF"ORD 
R. GLENN BAUER 
THEODORE M.SYSOL 
C"RROLL E. DUBUC • 
THOM"S F". MOLANPHY 
LENNARD K RAMBUSCH 
.JAMES .J. SENTNER, .JR. 
RANDAL A. CRAFT, .JR. 
WtLLl"M .J. HON"N m 
CHESTER D.HOOPER 
£MIL A. KRATOVIL,.JR • 
.JOHN .J. REILLY 
BARTON T • .JONES 
RICHARD D. BELF"ORD 
BRIAN D. STARER 

HAIGHT, GARDNER, POOR & HAVENS 

FEDERAL BAR BUILDING 

1619 H STREET, N. W. 

WASHINGTON, D. C. 20006 

CABLE: MOTOR WASHINGTON 

wu: TELEX 892598 

' TELEPHONE ( 202) .737·7847 

April 18, 1980 

BY HAND 

Oren R. Lewis, Jr., Esq. 
Lewis, Wilson, Lewis & Jones 
2054 North 14th Street 
Arlington, Virginia 22216 

Dear Oren: 

FFAC v. Lockheed Aircraft Corporation 
Our file 2041-1278-25 

Zimmerly v. Lockheed Aircraft Corporation 
Our file 2041-1278-SB 

COUNSEL 

NEW YORK OF',.ICE 

ONE STATE STREET PLAZA 

NEW YORK, N. Y. 10004 

TEL. (ZIZ) 344·'5800 --·-

CABLE: MOTOR NEW YORK 

RCA TELEX; 222974 

WUI TELEX: 820382 

I TT TELEX; 424874 

WU TELEX: 1278B3 

•ADMITTED TO 0. C. M• 

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 Tues~ay, 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 
prod uct~on: 

(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 ihat if you 
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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 previouFly 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) Defen~ant 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 is, 
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-SA 68-218; 
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(c) the manner in which a C-SA would break up upon a 
crash landing; and , 

( 

(d) the nature of the forces in the expenditure of 
energy associated with the break-up of a C-SA 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, 

.~~J{-
Carroll E. Dubuc 

Enclosures 

cc: Honorable Louis F •. Oberdorfer 
James P. Piper, Esq. 
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WILLIAM TIMM & ASSOCIATES 
C!onwft1.ng £119Uu&u. 

12 LAUREL HILL PLACE 
ARMONK, N. V. 10504 

ATTENTION: MR. CHARLES R. WORK 

Peabody, Rivlin, Lambert & Meyer 
1150 Connecticut Avenue, N. w. 
Washington, D. c. 20036 
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OREN R. LEWIS, JR.• 

ALEXANDER L.. WILSON (1926·1977) 

ROBERT W. LEWIS 

RICHARD H. JONES* 

JOHN E. FRICKER* 

MICHAEL. s. MA Reus• 

DAVID L.. FRAZIER* 

MICHAEL J. Mc:MANus• 

STEPHEN A. HORVATH 

MICHAEL A. MCENRUE* 

.MEMBER OF c.e. BAR 

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

Dear Mr. Timm: 

LAW OFFICES 

LEWIS, WILSON, LEWIS AND JONES, LTD. 

10504 

2054 NORTH FOURTEENTH STREET 

POST OFFICE BOX 827 

ARLINGTON, VIRGINIA 22216 

(703) 527-8800 

June 27, 1980 

DISTRICT OF COLUMBIA OFFICE 

SUITE 920 

1929 K STREET, N. W. 

WASHINGTON, D. C. 20008 

CABLE:JETLAWAGTN 

TEL.ECOPIER: 527-2107 

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. 

EM/jan 
Enclosures 

Sincerely, 

Ellen Mintz 
Paralegal 



LAW OFFICES 

LEWIS, WILSON, LEWIS AND JONES, LTD. 
OREN R. LEWIS, JR.• 

ALEXANDER L.. WILSON (1926·1977: 

ROBERT W. LEWIS 

RICHARD H. JONES* 

JOHN E. FRICKER• 

MICHAEL. s. MARCus• 

DAVID L. FRAZIER* 

MICHAEL J, McMANus• 

STEPHEN A. HORVATH 

MICHAEL A. MCENRUE* 

•MEMBER OF D.C. BAR 

August 4, 1980 

William E. Timm 

20!54 NORTH FOURTEENTH STREET 

POST OFFICE BOX 827 

ARLINGTON, VIRGINIA 22216 

(703) 527-8800 

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

Dear Bill: 

DISTRICT OF COLUMBIA OFFICE 

SUITE 920 

1821 K STREET, N, W. 

WASHINGTON, D. C. 20008 

CABLE: JETLAW AGTN 

TELEX: 899142 

TEL.ECO Pl ER: 927·2807 

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, 

J£~r 
Enclosure 

MMH/kgl 



OREN R. LEWIS, JR.• 

ALEXANDER L. WILSON (1928·19771 

ROBERT W. LEWIS 

RICHARD H. JONES• 

GARY R. SHEEHAN 

.JOHN E. F"RICKER" 

MICHAEL s. MAAcus• 

DAVID L. F"RAZIEA" 

MICHAEL .J. Mc ... ANUS 

MARGARET J. F"LICKEA• 

SAMUEL S. JACKSON, JR. 

DONALD G. SMITH" 

July 11, 1980 

LAW OFFICES 

LEWIS, WILSON, LEWIS AND .JONES, LTD. 

20 54 NORTH FOURTEENTH STREET 

POST OFFICE Box 827 

ARLINGTON, VIRGINIA 22216 

17031 527-8800 

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

Dear Bill: 

DISTRICT OF" COLUMBIA OF"F"ICE 

SUITE 408 

1101 17TH STREET, N. W. 

WASHINGTON, D. C. 20038 

CABLE: .JIETLAW 

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 which 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. 1: 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, 

Ellen Mintz 

Enclosures 

EM/kgl 
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DESCRIPTION OF EVENTS LEADING UP TO THE CRASH OF THE C-5 AIRCRAFT 
NEAR SIAGON 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~raft was built to ca~ry 

troops in the upper troop compartment and cargo in the lower compartment. 

(Use illustration of cutaway of aircraft) The lower troop compartment 

was also built to carry personnel in cases of emergancy. When 

personnel were to be R carried in the cargo compartment, palletized 

seats with portable oxygen equipment were to faste~ed 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 seats• in the cargo compartments. 

HMXR HISTORY OF EVENTS OCCURRING ON AIRCRAFT 68-218 PRIOR 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 akleveate 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 
4f.4r,/) 

24, 1975 these cannabalized tie rods were reinsta.;t.ed 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 unload 105mm How:ilZers at Warner-Robin 

Air Force base Georgia. The flight then continued to Travi's Ai"r Force " 
\ 



~A-Se 
base and then to Hickham Field Air ~' Anderson Base, and finally 

C.t..AtJC.. 
~Air Base 

1
the Phil\ipenes. Because of the high priority of this 

mission, this aircraft departed Hickham Field without fixing the 

co-pilot's windshield but took the part along to have it fixed at 
<!J..MIC. 
~ Air base; this action avoided incurring another day of maintainence 

which would have delayed the departure of this aircraft. En route 

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

exceeded the vibration parameters on the MADARjthis maintainen~e work 

was performed at Clark and delayed the departure 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 this crew was at Clark Air bas~~) President Ford made a 

televised announcement that the U.S. would begin an immediate air 

lift 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 Carlton had directed the next available C-5 

aircraft to take the orphans out of Saigon. Aircraft number 68-218 

was advised by the 22nd Air Force that they were to take out as many 

orphans and attendants as were ready to gox and to floor load them 

as necessary. Necessary supplies and medical gear such as blankets, 

pillows,a 500 milks, 500 juices, box lunches, baby bottles, etc. were 

collected and placed aboard the aircraft. Five members from the 

combined 9 and 10th Ae'(omedical gvacuation~oup joined this aircraft 

for the flight to Saigon, Tan Son Nhut 1'ir Gase. 



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 diagonalt taxi way heading north 

just in front of the tower. 

STARTING OPERATION BABY LIFT 
The crew members prov.ikd the security for the aircraft while it was 

xw 1 1ip!on the ground during the off-and on-loading process. The 

105 mm howi--Qers and recoilJess rifles were off-loaded which took about 

an hour and then the orphans and their escorts, who were waiting on 

buses and cars near the aircraf~ 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 
CMMN 

was ineffective and the escorts made a ~~aage 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 aake maximum utilization of the space available, ~he 

between the seats were removed and two babies were placed in each 

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

and pillows 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 accome:lated 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 fi ght lldi se ~ 
t\Vrse..s 

/ ..._f IU M 'i# £ ff.&..lJI~'-. c.n.r;, W 1 

and two of the medics were assigned to the 
l 

addition
1

members of ano~her Med._ Vac 'team 

that was not going to fly out orphans, had 

troop compartment!' In -

that arrived on a C-141 

requested and were assigned 
• 



~ ~ 
the C-5 aircraft to help with operation baby lift. The location and 

distribution of this Medi Vac team is not known but it is assumed that 

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 ~ 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 

meifcal personnel were attempting to give the babies orange juice and 
·t 

water in an attempt to ~Hixe _quiet them. This time was quite confusing 

and no reliable head count M~HXN was made in the aircraft. Also there 

this no manafest or list 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 compartment. 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 ~ 
cwo .. 9' 

v7arraa;t ,f)f..,fj s:~..rtr &MM 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 attenda~. After the crash 

the exact number of survivors could not be counted becas.se they 

were immediately taken. to a number of hospitals and orphanages 

thDoughout Saigon, the counts of attenda~ in the troop compartment 

was confused because some of the attendants were going to from and 

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) becAILse 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 
(...J.:.4')'ki 

loading at Warren-Robi~s Air Force Base. The takeoff 1464,000lbs. 

and fuelf weight of~6,200 lbs. was computed at Tan Son Nhut Air Base 



5 
At the last minute new'men arrived on the scene and Lit 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. ~here are records of the television news film showin( 

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 •Tl6:03 local time 

on 4 april 1975. Everything proceeded in an orderly manner and the 

climb/ proce4:led 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 x~ due to 

bad weather off the coast of Saigon, but because of/ the oxygen 

requirement in the case of rapid decompression it was planned to 

proceed to Clark Air Force Base at 33,000 feet. It is noted that there 

was no oxygen available for the personnel traveling in the cargo 

compa~tment. The aircraft proceeded on conrse to Vung Tau radio 

beacon and approximately three miRxxr2 minutes past Vung Tau at 

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

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

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

discribed without attempting to define the exact ~ause and sequence 
./ 

which intiated this failure. Experts reports clalm it occurred in 

the locking system of the aft ramp. Whether it was a failure of 

locks one and two ~V any other pairs of locks is unimporta~ at this 

time. The f4.ilure of the locking system ~~used the ramp to lower 



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 
t.oYQ.IJ~ 

the ta 1 'iji=jft,g deck with a violent impact which ruptured the hydraulic 
0 I)/!. *TWJJ 

systems lines in systems~ and4i:kt:$e and ruptured the control Cables 

which control both the e~evators and rudders of thes aircraft. 

Approximately 65,800 cubic feet of air flew out of the rear caggo 

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 pressurezed to an equavlent altitude of 6,000 feet, 

the interior atmospheric 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 crew~ and other witness> testimony of a fog existing 

in the cabin immedia~y upon decompressiom. They also dclscribed 

the floating particles which appearred to be like exploding diapers 

in the atmosphere. Thf~ description can be quite accurate because 

any material which could entr~p and hold air and was not completely 

permeable would tend to expand rapidly and possibly expQ~de upon the 

sudden reduction in pressure. Matte~als like cellular insulation, 

which contains closed cells wbuld 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 fae pressure door 

was forced from its hinges:tt connecting the aft ramp and forced back 
7•1tQ.11~ ,; 

into the ~ deck. It is possible that there could have been a 

hissing similiiir to a hole in a tire which is reflating rapidedly, just 

prior to the actual decompression. This hissing sound would initially 

occur from the leakage of air from around the 1 sea s of the aft ramp 



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 exert~ 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 lanming. 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 itjthe 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. Philip 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 remlbered that the large volume of air which was flowing 

out the openning the aircraft would carry an~ ~a~tic~ or personnel 
; 

within the vincinty out the openning. It is reported that Donald 

Dionne was thrown from.the aircraft at the rapid compo~ression from 

his location in the cargo compartment. Most of the luggage, which ~as 



r:1J 
stored on the off-ramp also blew out of tha aircraft at the decompressio~ 

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. How~rd Perkins, load master
1
was on the air ramp ladder leading to 

the troop compartment at the time of decompression. The lower portion 

of this ladder was torn Rway 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 
LJ\'\'-D\/\ c::.c.,101..-'~ 
1.£;R:;s11i~ from hypoxia. Personnel in the f'roop would also 

IJ>'\C..~ ":.C-i c U ~ 
become G 0c11coieQ-u.s from hypoxia unless they donned oxygen masJ(es. 

It should be remembered that there were twice as many orphans sitting 

in the seats as there were oxygen maskas. Each group$ of seats had 

only three oxygen mask9s and there were 6 orphans sitting in the 

seats. The oxygen mask•s would not fit on the infants and the infants 

would tend to push the mask off their face. The escorts and crew 

had to den some of these oxygen masks so that they would remain 

concious 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 strapped in the seats, and it -
was necessary fDr the medical crew and escorts to lift 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 an4 madi4'1Ll personnel stated that ~hey just gave 

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

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

contrary to what would be expected. The only reas · oning for this lack 



of crying and general commotion would be that the inf ants were 
0·.,L.0\.1.SC.\ou..s v..,e. ~S 

suffering from hypoxia and drifting off into ~neonsecie~8ftiBG1 

The testimony of all the crew members that..aere in the troop compartment, 

stated that the infants were quiet even after impact. 

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

would no longer be required. 

CONTROL OF THE AIRCRAFT AFTER DECOMPRESSION 
Upon the rapid 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 aircraft, the enginaer had imme/d~tely 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 otja.11 trim controls that provide power for 

the elevator and rudders and also losing power to the left aileron 
5p()\l~ 

and half the pwer of the right aileron and flight pibis 1 ers 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 

destnt. His only control was the control surfaces of the right ai~leron 

and the left spoiler. The pilot was descending rapidly and had to 

apply power to reduce the rate of descent. And the aircraft was 

contro~ed by controlling the throttle to the enginesj as well as 

using the right aileron and left spoiler to maintain the aircraft 

level. The prime source Of hydr~lic power to t~e landing gears 

were a150 lost and the emergancy 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 tnrn 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 path of debris approximately 400 yards long. 

The aircraft then became airborne and traveled approximatley l·,100 yards 

firom 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 yarss 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 fi.fght 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. TheBe distances are shown 

on the pictorial sketch showing the crash diagram. 

It should be remabered that the personnel in the cargo section were 
V\•C.ci.<. ~e. \ovs 

probably eoHc9'JFG"'i;Qu€ from hypoxia and never knew the plane impacted 

at all. Most of the deaths occuned 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 casualties in this section 

were minimum. From the d~scription of the crew members and escorts 

most of the babies appeared to come through the impact with~HNX only 

minor injuries. This assumption can also pe 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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Mr. William Timm, P.E. 
12 Laurel Hill Place 
Armonk, New York 10S04 

Dear Mr. Timm: 

DISTRICT OF COL.UM BIA OFFICE 

SUITE 520 

t 129 K STREET, N. W. 

WASHINGTON, D. C. 20008 

CABLE: JETL.AW AGTN 

TELEX: 8991•2 

TEL.ECO Pl ER: !527·2807 

The CSA 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 
and Marchetti cases are on appeal. The Zimmerly case was granted 
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 
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 Zirnrnerly'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 CSA 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 
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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, 

~~/:t7l 
Michael Cohen, M.D., Ph.D. 
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1. DIMENSION SHOWN FOR 

AIRPLANE AT MAXIMUM 
GROSS WEIGHT. 

& HORIZONTAL STABILIZER IN 
NEUTRAL POSITION. 

61 FT 11 IN. 

39 FT 8 IN. 

& MAXIMUM (WITHOUT FUEL) 13 FT l IN. 
MINIMUM (WITH FUEL) 12 FT. 5 IN. 

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

& MAXIMUM (WITHOUT FUEL) 15 FT 10 IN. 
MINIMUM (WITH FUEL) 13 FT 3 IN. G 

i ~~~=--.J.~-=~--~~~ 
~~-

0 

,._ __ 74 FT 3 IN.--i 

i----85 FT 10 IN.---. 

STATIC GROUND LINE 

2 ,.,__,. 
""· I .,_ 

TAXI POSITION 1-----------222 FT 9 IN.-----------1 

1-8 

STATIC 
GROUND 
LINE TAXI 
POSITION 

\ 

J 

Figure 1-1. Airplane Dimensions 
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