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ABSTRACT 

Human subject tolerance to accelerations of greater than one second 
duration is summarized for the orthogonal X, Y, and Z axes. Because each 
investigator at each laboratory utilizes different restraint systems, body 
positions, ambient temperatures, etc, and most important, utilizes different 
criteria of "tolerance," the data are referenced and presented in tables and 
graphs for each major category (direction) of acceleration. The points 
presented in the graphs and tables are usually the highest values achieved; 
in each series there were subjects who could not tolerate the given direction, 
amplitude, and duration. 
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SECTION I 

INTRODUCTION 

For vehicle design and mission analysis, any clearly expressed relation¬ 
ship existing between man's tolerance and the onset rate, magnitude, and duration 
of sustained acceleration force would be desirable. Indeed, attempts have been made 
by some experimenters (e.g., refs 5, 16, 19) to express these relations. Their utility, 
however, is limited because they are inaccurate. This has been established by com¬ 
paring the attempted predictions with data obtained from reviewing the literature 
reporting human acceleration tolerance experiments. Such inspection demonstrates 
nearly random disparity between prediction and reality, with both over- and under¬ 
estimation of tolerance occurring often and with random severity. 

We have no quarrel with the desirability of establishing stimulus:response 
relationships; they are a major goal of environmental physiologists and a continuing 
need for design engineers. Because no predictive relationship has yet been found, 
this report presents a summary of data from the literature in the form of tables and 
graphs, using standard terminology. 

SECTION II 

ACCELERATION TERMINOLOGY 

Table 1 summarizes the terminology in use in major laboratories throughout 
the world; it is derived from an Advisory Group for Aeronautical Research and Develop¬ 
ment (AGARD)—North Atlantic Treaty Organization (NATO) agreement regarding the 
equivalence of acceleration terminology. The terms in this report are those of table B, 
system 4, entitled ; Physiological Computer Standard. This system is preferred by 
facilities with multiple degree-of-freedom devices on the basis of simplifying comput¬ 
er programing. This system of terminology utilizes the direction in which tissue is 
displaced as a result of acceleration, either angular or linear. 

SECTION III 

METHOD OF PRESENTATION 

Most of the graphs present the magnitude of acceleration on an arithmetic 
ordinate axis and the duration of exposure on a logarithmic abscissa. Separate groups 
of graphs are included for each direction of acceleration, i.e., the X, Y, and Z 
(orthogonal) axes. Each group of graphs (Gx , Gv , Gz) is further divided on the basis 
of the presence, absence, or character of experimental variables, such as restraint 
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and support system, aides (i.e., anti-G suit, pressure breathing, etc.) and the num¬ 
ber of subjects involved (n=l, n> 1). 

For each graphic summary of magnitude, direction,and duration, a stick- 
figure illustration of the subject's attitude is given (with respect to the acceleration 
vector) and a table is provided. Each table defines each point on each graph with 
respect to the following variables: vector magnitude, duration, average onset 
(G/second), back angle (degrees of tilt), cause of termination of experimental expo¬ 
sure, trauma, number of subjects involved, countermeasures used, support, restraint, 
and the reference from which this information was obtained. 

SECTION IV 

RESULTANT VECTOR MAGNITUDES AND THE RETINAL-AORTIC AXIS 

The +GZ (footward inertia) component of any acceleration directly influ¬ 
ences a subject's tolerance to any acceleration. The footward redistribution of blood 
produced by this direction of inertial force first influences the perfusion of blood to 
the subject's eyes, through his brain, causing loss of vision (blackout) and loss of 
consciousness, respectively. 

An important, but obscure, relation exists between the anatomic +Gzand 
the physiologic +G2 , the latter being termed Retinal-Aortic +GZ . This relation results 
because the eyeballs are in front of (ventral to) the anatomic Gï axis. That is, a line 
drawn from the root of the heart to the eyes and a line extended along the Gz axis and 
passing through the heart will include an angle of approximately 15°. In figure 1, 
the effective angle causing blackout, termed the Retinal-Aortic +GZ , is compared to 
the +G* and +GZcomponent of any given acceleration. The ordinate in figure 1 gives 
the percent of any acceleration vector amplitude in each of three axes (+GZ , +GX, and 
Retinal-Aortic +G ), all as a function of the back angle (the amount of forward angula¬ 
tion of the subject toward the direction of acceleration). The angle included between 
the subject's +GZ axis and the plane normal (perpendicular) to the direction of accel¬ 
eration is given as the abscissa. For example, if a subject is inclined 45° toward a 
10-G acceleration, the acceleration is then termed either a +10 Gx or a +10 Gz , and 
the resultant in the X-axis (see figure 1) is about +7 Gx and the apparent +GZ accel¬ 
eration is also +7 Gz . However, the Retinal-Aortic +GZ is 15° forward and the effec¬ 
tive vector component contributing to blackout, therefore,is about +9 Gz . With 
regard to causing blackout, this is approximately 28% greater than is apparent from 

the +r component used alone. 

The reader must be sensitive to the back angles utilized in +GX accelera¬ 
tion. Resolving the +GZ component of a +GX acceleration is not enough; the reader 
must also resolve the Retinal-Aortic axis component if he desires to realize the 
effective contributor to blackout or loss of consciousness evolving from a given +GX 
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acceleration. The same applies to +Gz accelerations; the reader must again obtain 
the Retinal-Aortic component to predict probable tolerance in the Z-axis. 

Figure 1. Resolution of Important Vectors of Any 
Given X-, or Z-Axis Accelerations (Ref 18) 
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SECTION V 

TOLERANCE 

The term "tolerance" means different things to different people. The 
flight-controls designer designates a given decrement in man-machine performance 
as unacceptable, and any environmental input that causes less than this given 
decrement is termed "tolerable." The physiologist designates certain functional 
decrements, say a 30% decrease in cardiac output, as "intolerable." The same may 
be true of other reference systems, such as visual acuity, thus, tne particular 
tolerance that is meant must be defined. 

In this report the term "tolerance" also means many different things, 
because the various investigations reported herein were often of different intent, 
therefore, different criteria were used for what was and was not tolerable. The criteria 
used to terminate any given experiment have been assigned to categories (in this 
report) as "subjective" or "arbitrary" (time limit). The reader should consult the 
specific report referenced for details of any given point on the graphs. 

To reduce the number of points plotted on the graphs, only the highest 
runs (both amplitude and duration) of any series were used. Replication of magnitude 
points of different durations of exposure indicates that other significant variables 
should be considered, since large differences in tolerance were obtained with differ¬ 
ent restraint systems, countermeasures and so forth. The graphs and tables (figs. 
2- 14 and tables II-XIII) necessarily represent present upper limits of known, primarily 
subjective, tolerance, and should be recognized as upper limits; there are many 
subjects who, for any given time, duration, and direction of acceleration, could 
not tolerate the exposure. 

SECTION VI 

SUMMARY OF DATA 

EXPLANATION OF TERMS AND COLUMN HEADINGS 

G (Dimensionless); The ratio of acceleration (deceleration) resulting from a change 
in velocity or direction to acceleration due to the earth's gravity. 

Resultant Vector 
Magnitude (G); The resultant inertial force (in G units acting on a subject 

resolved from component forces, such as tangential, centri¬ 
petal, linear, and gravitational acceleration. 

Component Vector (s) 
Magnitude (G): The orthogonal component (s) of the resultant vector. 
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Vector Magnitude (G): 

Duration at G 
(Seconds): 

Average Rate of Onset 
(G/Second): 

Back Angle (Degrees): 

Cause of Termination: 

Trauma: 

Number of Subjects 
Attaining: 

Countermeasures: 

Support: 

Restraint: 

Same as resultant vector magnitude. 

The length of time a subject is at the G-level indicated. Peak 
denotes an acceleration profile with no "plateau." At the rates 
of onset in this report there is little error in plotting peak as 
equivalent to a one-second duration. 

A measure of how rapidly G is applied to the subject. 

The angulation of subject's trunk with respect to a plane 
normal (perpendicular) to the resultant acceleration axis. 
(See the "Subject Configuration" figures.) 

The symbol (S) is used when the subject terminates the 
experiment because of pain, fatigue, or dyspnea, or when he 
is not permitted to continue because of heart rate, ECG 
changes, or "blackout." 

The symbol (A) is used for termination of totally arbitrary 
nature, such as arbitrary time limits, or completion of 
experimental measurements. 

Trauma listed are those reported in the references and are of a 
"serious" nature. The notation "none" does not exclude 
blackout, petechiae, fatigue, or discomfort. 

A duration attained by a single subject (n=l) in a group of 
subjects (e.g., 1 of 4) is the longest of the group. Durations 
attained by more than one subject (n< 1) in a group of subjects 
(e.g., 3 of 4) are the longer of the group. 

Countermeasures are those aids (e.g., Anti-G suit) intended ^ 
to augment the physiology of the subject. The notation none 
does not exclude the use of "natural" aids, such as straining 
(M-l maneuver) and abdominal breathing. 

A structure, such as an aircraft seat, that supports a subject s 
body and determines the presentation of the subject to the 
inertial vector. 

Restraints are those accessories (e.g., harness) that restrain 
the subject from forces that the support does not. 
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