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Tension Indicating Washer Tightening Method for Fasteners
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Foreword—The fundamental function of mechanical fasteners is to create and maintain a prescribed tension (also
known as clamping force or preload) in bolted joints. Bolted joints, which in practice attain the prescribed levels of
tension after tightening (or tensioning) of the fasteners, are described as properly tensioned or preloaded. Original
Equipment Manufacturers (OEMs) choose from a number of different assembly techniques to attain the tension
that the responsible engineers expect or need for a given application. Such techniques provide tension to meet
requirements that can be divided into three general categories:

a. Arequirement that the tension be above a minimum prescribed level.

b. A requirement that the tension be above a minimum prescribed level and below a maximum
prescribed level.

c. A requirement that the tension be within permissible limits of a prescribed target, wherein
demonstrated control and statistical measures of dispersion from the target (or proximity to
permissible limits) are used to determine acceptance.

Design engineers typically choose from among these three options depending upon the nature of the application,
the service environment, production capabilities, installation costs, and other factors. Engineers will then specify
procedures for installation of fasteners so, that required levels of tension are achieved. Success in achieving
required tension depends upon the methods chosen and how well the manufacturer controls the extraneous
variables which may impact the chosen method.

Attainment of at least a minimum level of tension is needed to resist vibration loosening, fatigue, joint slip into
bearing, and other conditions which are potential forms of joint failure. Thus, the majority of mechanically fastened
applications are intended to attain tensions above a prescribed minimum level. When properly designed and
tensioned, a fastened joint is capable of withstanding anticipated service loads throughout the life-cycle of the
finished product.

1. Scope
1.1 This SAE Recommended Practice covers installation and inspection methods for fasteners which are
tensioned using Tension Indicating Washers (TIWs) as a means to ensure that adequate tension is developed

in mechanically fastened joints. Figure 1 depicts a typical TIW, and Figure 2 depicts a fastener assembly with
a TIW before and after tensioning.
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FIGURE 1—TENSION INDICATING WASHER (TIW)
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FIGURE 2—ASSEMBLY BEFORE AND AFTER TENSIONING

1.2 This document describes practices for the use of TIWs which are typically produced for use with SAE J429
Grade 5 and Grade 8 fasteners or their metric counterparts, although the same principals hold true for bolted
joints using other fasteners. Users are advised to contact a manufacturer for advice on use of these products
before using them with special fasteners or applications.

1.3 This document defines and illustrates preferred installation and inspection methodologies. The contents of this
document are presented as accurately as possible; however, responsibility for its application lies with the user.
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2. References

2.1 Applicable Publications—The following publications form a part of this specification to the extent specified
herein. Unless otherwise indicated, the latest issue of SAE publications shall apply.

2.1.1 SAE PusLIcaTIONS—Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

SAE J174—Torque-Tension Test Procedure for Steel Threaded Fasteners—Inch Series
SAE J174M—Torque-Tension Test Procedure for Steel Threaded Fasteners—Metric Series
SAE J429—Mechanical and Material Requirements for Externally Threaded Fasteners

SAE J1701—Torque-Tension Tightening for Inch Series Fasteners

SAE J1701M—Torque-Tension Tightening for Metric Series Fasteners

2.1.2 ASTM PusLIcaTIONS—Available from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.

ASTM E 4—Practices for Force Verification in Testing Machines
ASTM F 959—Standard Specification for Compressible-Washer-Type Direct Tension Indicators for Use
with Structural Fasteners

2.1.3 IFI PusLicaTION—AVvailable from Industrial Fasteners Institute, 1717 East 9th Street, Suite 1105, Cleveland,
OH 44114-2879.

IFI Technical Data—Fastener Standards, 6th Edition
3. Definitions

3.1 Tension Indicating Washer (TIW)—A steel washer-shaped mechanical load cell with protrusions projecting
from one face and corresponding pockets on the opposite face. It is used as a direct method to confirm a
tension load in a fastener or bolted joint. Also known as a Direct Tension Indicator (DTI).

3.2 Torque—The product of force times lever arm length. With respect to fasteners, it is the moment resistance of
the fastener and its components to turning, and is expressed as in-ozs, in-lbs, and ft-lbs, or newton-meters
(Nm).

3.3 Tension—The force transmitted by fasteners into assembled parts after tightening. Also known as clamp
load, clamping force, preload, or pretension. Expressed in pounds (lbs), thousands of pounds (kips), or
kilonewtons (kN).

3.4 Tighten (Tightening)—The action of taking a fastener assembly into tension, usually by turning or torquing a
bolt head or a nut. The action intended to induce tension, although efforts to attain tension are not
synonymous or directly correlated with actually generating tension.

3.5 Snug—The condition of a mechanically fastened joint in which all of the mating materials are drawn into firm
and near-continuous contact by application of some initial clamping force.

4. Tensioning Methods Overview
4.1 The design of mechanically fastened joints follows generally accepted engineering principals supported by
empirical evidence. Installation or tensioning methods, play a significant role in determining whether design

assumptions concerning required tension are met. There are two categories of tensioning methods:
(a) indirect, and (2) direct.
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