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Standard Specification for

Compressible-Washer-Type Direct Tension Indicators for

Use with Structural Fasteners *

This standard is issued under the fixed designation F 959; the number immediately following the designation indicates the year of

original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilone] indicates an editorial change since the last revision or reapproval.

1. Scope *

1.1 This specification covers the requirements for
compressible-washer-type direct tension indicators capable of
indicating the achievement of a specified minimum bolt tension
in a structural bolt.

1.2 Two types of direct tension indicators in nominal
diameter sized> through %2 in., are covered:

()]

Ay

1.2.1 Type 325—direct tension indicators for use with A 325 v
bolts, and bTD

1.2.2 Type 496—direct tension indicators for use with A 490 | 0.0.- |
bolts. -

1.3 Direct tension indicators are intended for installation DIRECT TENSION INDICATOR

under either a bolt head or a hardened washer. (See ResearcfG. 1 Direct Tension Indicator Protrusion Tangential Diameter
Council on Structural Connections: Specification for Structural (PTD)
Joints Using ASTM A 325 or A 490 Bolts.)

1.4 The following precautionary statement pertains only to F 436 Specification for Hardened Steel Washers
the test method portions, Section 12 and Annex Al, of this F 1470 Guide for Fastener Sampling for Specified Mechani-
specificationThis standard does not purport to address all of  cal Properties and Performance Inspecion
the safety concerns, if any, associated with its use. It is the 2.2 Research Council on Structural Connections:
responsibility of the user of this standard to establish appro- Specification for Structural Joints Using ASTM A 325 or
priate safety and health practices and determine the applica- A 490 Bolt$

bility of regulatory limitations prior to use. 2.3 ANSI Standards:
2 Ref 4D ‘ B 18.2.1 Square and Hex Bolts and Screws
- Referenced Documents B 18.2.2 Square and Hex Nuts

2.1 ASTM Standards: _
A 325 Specification for Structural Bolts, Steel, Heat3. Terminology

Treated, 120/105 ksi Minimum Tensile Strength 3.1 Definitions of Terms Specific to This Standard:
A 490 Specification for Heat-Treated Steel Structural Bolts, 3.1.1 compressible-washer-type direct tension indicatar
150 ksi Minimum Tensile Strength washer-type element inserted under the bolt head or hardened
A 563 Specification for Carbon and Alloy Steel Ntits washer, having the capability of indicating the achievement of
B 695 Specification for Coatings of Zinc Mechanically a required minimum bolt tension by the degree of direct tension
Deposited on Iron and Stéel indicator plastic deformation. Hereafter referred toda®ct
D 3951 Practice for Commercial Packaging tension indicator

E 4 Practices for Force Verification of Testing Machihes
4. Ordering Information

4.1 Orders for direct tension indicators under this specifica-

1This specification is under the jurisdiction of ASTM Committee F16 on tion shall include the following:
Fasteners and is the direct responsibility of Subcommittee F16.02 on Steel Bolts, 4,1.1 Quantity (number of pieces);
Nuts, Rivets and Washers.
Current edition approved Oct. 10, 2001. Published December 2001. Originally
published as F 959 — 85. Last previous edition F 959 — 01. -
2 Annual Book of ASTM Standardgol 01.08. 6 Available from Research Council on Structural Connections, c/o Industrial

2 Annual Book of ASTM Standardgol 02.05. Fasteners Institute, 1717 East 9th Street, Cleveland, OH 44114.
4 Annual Book of ASTM Standardgol 15.09. 7 Available from American National Standards Institute, 11 West 42nd St., 13th
5 Annual Book of ASTM Standardéol 03.01. Floor, New York, NY 10036.

*A Summary of Changes section appears at the end of this standard.
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4.1.2 Name of product (direct tension indicator); chemical composition shall conform to the requirements given
4.1.3 Size, that is, nominal diameter; in Table 1, Product Analysis.
4.1.4 ASTM designation and year of issue (if not specified,

current issue shall be used):; 7. Performance Requirements
4.1.5 Type required, 325 or 490 (1.2); 7.1 Compression LoadsDirect tension indicators shall be
4.1.6 Coating type, if required (5.4); tested in accordance with Annex A1 of this specification. When
4.1.7 Source inspection, if required (Section 13); compressed to the gap specified in Table 2, the compression

4.1.8 Certificates of compliance or test reports, if requiredoad shall conform to the requirements specified in Table 3.
(Section 15); and
4.1.9 Any special requirements. 8. Dimensions

5. Materials and Manufacture 8.1 The direct tension indicators shall conform to the

. . ... dimensions specified in Table 4.
5.1 Steel used in the manufacture of direct tension indica- P

tors shall be produced by the basic-oxygen or electric-furnacg, \workmanship, Finish, and Appearance

process. 9.1 The direct tension indicators shall be commercially

5.2 Design o X .
5.2.1 Direct tension indicators shall have a configuratiorf’k:g?ssguﬁgdag:;ct);gi”rugggrmg;e;éal or manufacturing defects

produced by extrusion, punching, pressing, or similar forming,
to permit a measurable decrease in thickness when placed ity Number of Tests and Retests
compression. .

5.2.2 The design shall be such that the degree of plastic 10-1 Responsibility

deformation shall indicate the tension in a tightened structural 10.1.1 The dlreqt ten5|0n' |nd_|ca}tor mangfacturer_shall n-
bolt. spect each lot of direct tension indicators prior to shipment in

5.3 Heat Treatmert- The process used for heat treatmentaccordance with the quality assurance procedures described in

of DTIs shall be through-hardening by heating to a temperaturéo'z' . . . .
above the upper transformation temperature, quenching in a 10.1.2 hThe purhpolse of aflot mspectfl]on testmg programf|shtp
liquid medium, and then retempering by reheating to a suitabl§"SU'e that each lot conforms to the requirements of this

temperature to attain desired mechanical/performance properP€cification. For such a plan to be fully effective, it is essential
ties. that the purchaser continue to maintain the identification and

5.4 Protective Coatings integrity of each lot following delivery until the product is

5.4.1 Unless otherwise specified, the direct tension indicalnStalled in its service application.
10.2 Production Lot Method

tors shall be furnished “plain” with the “as fabricated” surface . e .
10.2.1 All direct tension indicators shall be processed in

finish without protective coatings. . ) o )
5.4.2 When “zinc coated” is specified, the direct tensionaccordance with a lot identification control-quality assurance

indicators shall be zinc coated by the mechanical depositioRIan'The manufacturer shall identify and maintain the integrity

process in accordance with the requirements of Class 50 &f each production lot of direct tension indicators from raw

Specification B 695 material selection through all processing operations and treat-

5.4.3 When “baked epoxy” is specified, the epoxy shall pgnents to final packing and shipment. Each lot shall be assigned
0_0(')1' t0 0.002 in. thick applied over the zi’nc coating specifiedts own lot-identification number, each lot shall be tested, and

in 5.4.2. The epoxy shall not flake off exposed surfaces durind'® INSPection test reports for each lot shall be retained.
installation. 10.2.2 For purposes of assigning an identification number

5.4.4 Other coatings are to be used only when approved b nd from which test samples shall be selected, a production lot
the .dilrect tension indicator manufacturer hall consist of all direct tension indicators processed essen-
' tially together through all operations to placing in the shipping

6. Chemical Composition container that are of the same nominal size, produced from the
6.1 The direct tension indicators shall conform in chemicalsame mill heat of steel, and heat treated in the same heat
composition to the limits given in Table 1. treatment cycle.

6.2 Product analysis may be made by the purchaser from 10.2.3 The minimum number of samples to be tested to
finished direct tension indicators representing each lot. Thé€termine compression loads and coating thickness (when

TABLE 1 Chemical Requirements

Composition. % TABLE 2 Direct Tension Indicator Gap for Compression Load
, %o

Testing
Element Heat Product Gan. |
. : ap, in.

Analysts Analysis Direct Tension Indicator Finish ificati ificati
Carbon 0.30-0.50 0.27-0.53 Specioaton Speciication
Manganese 0.50-0.90 0.47-0.93
Phosphorus, 0.035 0.043 Plain Finish 0.015 0.015
Max Mechanically Galvanized 0.015
Sulfur, Max 0.040 0.048 Baked Epoxy Coating on
Silicon 0.15-0.35 0.13-0.37 Mechanically Deposited Zinc 0.015
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TABLE 3 Acceptable Range of Compression Loads composition is on record and could be furnished upon request),
. _ _ _ Compression Load Range in Thousands compression test loads, measured thickness of protective coat-
D”e‘zgﬁnjg’;gfgrwg:’;)S'Ze of Pounds, (kips) ings, gap, nominal size, production lot identification number,
o Type 325 Type 490 ASTM designation, type and issue date, and purchase order
Y 12-14 15-18 number.
o o A 15.3 When certificates of compliance are required, the
n 39-47 49-59 manufacturer shall furnish a certificate certifying that the
1 51-61 64-77 indicators have been manufactured and tested and conform to
o Sl - the requirements of this specification. The certificate shall
1% 85-102 121-145 show the production lot identification number, nominal size,
1% 103-124 148-178 ASTM designation, type and issue date, and purchase order
number.

applicable) shall be in accordance with the requirementye. Responsibility
specified in Guide F 1470. . . S

10.3 Number of Tests After Alterationdf direct tension 16.1 The party re;po_n5|ble for the (_j|rect tension |nd|caFor
indicators are heat treated, coated, or otherwise altered by.s‘fya” be the organization that supplies the direct tension

subcontractor or manufacturer subsequent to testing, they Shgﬁd!cator to the purchaser and certifies that the dlrgct tensmn
be tested in accordance with 10.2 prior to shipment to théndlcator was manufactured, sampled, tested, and inspected in

purchaser after all alterations have been completed. ;cecr(])trsdance with this specification and meets all of its require-
11. Specimen Preparation .

11.1 Indicators for tests shall be tested full size “as re-17- Product Marking
ceived” without any special preparation. 17.1 Each direct tension indicator shall be marked to iden-
tify the lot number, manufacturer or private label distribution,
12. Test Methods. _ as appropriate, and type (see 1.2).

12.1 Compression load tests shall be conducteded in accor-17.2 All markings shall be depressed on the same face of the
dance with Annex Al of this specification. direct tension indicators as the protrusions. Raised markings

13. Inspection are prohibited.

13.1 If the inspection described in 13.2 is required by the g Packaging and Package Marking
purchaser, it shall be specified in the inquiry and contract or )
order. 18.1 Packaging

13.2 The purchaser’s quality assurance representative shall18.1.1 Unless otherwise specified, packaging shall be in
have free entry to all parts of the manufacturer's works thafccordance with Practice D 3951.
concern the manufacture of the direct tension indicators 18.1.2 Packaging shall be performed as soon as is practical
ordered. The manufacturer shall afford the quality assurancillowing final testing.
representative all reasonable facilities to satisfy him that the 18.1.3 When special packaging requirements are required,
direct tension indicators are being furnished in accordance witthey shall be defined at the time of the inquiry and order.
this specification. All tests and inspections required by this 18.2 Package Marking:
specification that are requested by the purchaser’s representa~jg 2 1 gach shipping unit shall include or be marked plainly
tive shall be made before shipment and shall be conducted $gitn the following information:
as not to interfere unnecessarily with the operation of the plant. 18.2.1.1 ASTM designation and type,

14. Rejection 18.2.1.2 Size,
14.1 Direct tension indicators that fail to conform to the 18.2.1.3 Name and brand or trademark of the manufacturer
requirements of this specification shall be rejected. RejectioR" Private label distributor,
should be reported to the producer or supplier promptly and in 18.2.1.4 Number of pieces,
writing. In case of dissatisfaction with the results of the test, the 18.2.1.5 Purchase order number,
producer or supplier may make claim for a rehearing. 18.2.1.6 Name of product,
18.2.1.7 Lot identification number,
18.2.1.8 Finish, and
18.2.1.9 Country of origin.

15. Certification

15.1 When specified on the order, the manufacturer shall
furnish a test report as described in 15.2 or a certificate of
compliance as described in 15.3, whichever is required.

15.2 When test reports are required, the manufacturers shaP- Storage
furnish a test report for each production lot from which direct 19.1 The direct tension indicators shall be stored in an
tension indicators are supplied to fill a shipment. The reporenvironment that preserves the surface condition supplied by
shall show the heat number (to ensure that the chemicahe manufacturer.
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TABLE 4 Dimensions of Direct Tension Indicators

Direct Type 325 Type 490 All Types
Ter_15|on Outside Diameter . . Outside Diameter . . Inside Diameter (ID), Protrusion
Indlpator (DY), in. Number of Thickness, in. (D), in. Number of Thickness, in. in Tangential
Size Protrusions Protrusions Diameter
(nominal (equally Without With (equally Without With Uncoated (PTD), max,
diameter, min max spaced) Protrusion Protrusion min max spaced) Protrusion Protrusion . ncoate in. (see Fig.
in.y* min max min max min max 1)
Y 1.167 1.187 4 0.104 0.180 1.355 1.375 5 0.104 0.180 0.523 0.527 0.788
$Z] 1.355 1.375 4 0.126 0.220 1.605 1.625 5 0.126 0.220 0.654 0.658 0.956
Ya 1.605 1.625 5 0.126 0.230 1.730 1.750 6 0.142 0.240 0.786 0.790 1.125
s 1.855 1.875 5 0.142 0.240 1.980 2.000 6 0.158 0.260 0.917 0.921 1.294
1 1.980 2.000 6 0.158 0.270 2.230 2.250 7 0.158 0.270 1.048 1.052 1.463
1%s 2.230 2.250 6 0.158 0.270 2.480 2.500 7 0.158 0.280 1.179 1.183 1.631
1Ya 2.480 2.500 7 0.158 0.270 2.730 2.750 8 0.158 0.280 1.311 1.315 1.800
1%s 2.730 2.750 7 0.158 0.270 2.980 3.000 8 0.158 0.280 1.442 1.446 1.969
1%2 2.980 3.000 8 0.158 0.270 3.230 3.250 9 0.158 0.280 1.573 1.577 2.138

A Nominal direct tension indicator sizes are intended for use with fasteners of the same nominal diameter.

20. Keywords

20.1 compressible-washer-type; direct tension indicators;
DTI; indicators

ANNEX
(Mandatory Information)

Al. TEST METHOD FOR MEASURING COMPRESSION LOADS (ALL FINISHES)

Al.1 Testing Apparatus direct tension indicator protrusions. (See Fig. A1.1.) Thus, the
A1.1.1 Test the direct tension indicators in an apparatu§Xact _thickness of the direct tension indicator _being teste_d is

described herein that is capable of determining their perforiaken into account, and the flat surface of the side of the direct

mance characteristics with sufficient accuracy. tension |nd|_cator having protrusions is made to relate exactly to
A1.1.2 Testing apparatus shall include a compression loadhe zero point of the gage that shall react on the center of the

ing system, top and bottom bearing blocks, and support blockdirect tension indicator support block. o

that allow each direct tension indicator to be calibrated using a A1.3.2 Support blocks shall have a minimum Rockwell

direct reading gage. hardness of 50 HRC. _ _
A1.1.3 The testing apparatus shall conform to the require- A1.3.3 Support blocks shall conform to the dimensions

ments of Practices E 4. The loads used in determining conshown in Fig. A1.2.

pressive loads shall be within the verified loading range of the Al.3.4 The surfaces of support blocks shall be parallel to

testing machine in accordance with Practices E 4. within 0.0002 in. across the diameter of the support block.
Al.1.4 The direct reading gage of the testing apparatus shall1.4 Bearing Blocks

be capable of measuring the gap variation to within 0.0005in. A7 4 1 The upper bearing block shall have a minimum

Note Al.1—Because of acceptable variations in bolt dimensions andliameter of 3 in.
coating characteristics, bolts cannot be used as a means of gaging theA1.4.2 Bearing blocks shall have a minimum Rockwell
direct tension indicator measured minimum and maximum performancehardness of 50 HRC.
Al.2 Compression Loading System A1.4.3 The upper and bottom bearing block surfaces shall

Al.2.1 The compression loading system shall transmit ie parallel to within 0.0005 in. across the width of the support
compressive load axially from the testing apparatus to th lock.

direct tension indicator. The bottom bearing block of the
loading system must be able to accept the cylindrical protru-

sions of the direct tension indicator support blocks. A
Al.2.2 Maintain the compression loading system in good
operating condition and use only in the proper loading range.
B

Al1.3 Support Blocks

Al1.3.1 Support blocks shall be grooved on one side so that
the direct reading gage can be zeroed without compressing the

FIG. Al.1 Support Block
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Note 1—Height of boss = 0.085 in. +0/-0.0005 in. with no more than 0.0002 in. difference between side “A” and side “B”

Direct Tension Indicator

Size cin. Ein. Fin.

in. max min max min max min
¥ 0.485 0.475 0.130 0.080 0.96 0.91
Y8 0.615 0.605 0.145 0.095 1.15 1.10
Ya 0.735 0.725 0.150 0.100 1.54 1.49
s 0.855 0.845 0.150 0.100 1.54 1.49
1 0.985 0.975 0.165 0.115 1.73 1.68
11% 1.105 1.095 0.165 0.115 1.93 1.88
1Y 1.225 1.215 0.165 0.115 212 2.07
11%s 1.355 1.345 0.165 0.115 2.31 2.26
11% 1.475 1.465 0.165 0.115 2,51 2.46

FIG. Al.2 Support Block Dimensions

Al1.5 Calibration support block. Apply compression load equal to the minimum
A1.5.1 Calibrate the testing apparatus and its direct readinggduired load for the size and type of direct tension indicator
gage at least once per year. being tested. Set the direct reading gage at zero. Release the
A1.5.2 Retain the calibrated test data. load and remove the direct tension indicator. See Step 1 of Fig.

Al.3.

A1.6.4 Invert the support block so that Side A with the
%roove is facing down.

Al.6 Test Procedure

Al1.6.1 Select the support block corresponding to the siz
and type of direct tension indicator to be tested. )
A1.6.2 The direct reading gage spindle shall be in contact A1-6.5 Measure Compression Load
with the center of the direct tension indicator support block A1.6.5.1 Place the flat surface of the direct tension indicator
during the test. (See Fig. A1.3.) against side B of the support block with protrusions facing up.
A1.6.3 Zero Direct Reading Gage-Place the direct tension Apply compression load until the gage reading is the test gap
indicator, with protrusions facing down, into the grooves of thespecified in this specification for the size, type, and surface

DIRECT READING
-  GAUGE

DIRECT READING

~— GAUGE — &

/ TEST FRAME

TEST FRAME
1"
L v — 1]

= /
i
- BEARING BLOCK
N R
7 N

PROTRUSIONS FACING UP— _

- PROTRUSIONS FACING DOWN U ~
. : ~ SIDE A — SIDE B SUPPORT_ BLOCK
SUPPTIRT ~BLOCK SUPPORT BLOCK i bl il
S _ SIDE B == s A

BEARING BLOCK
-

—  — 1 1 1
BOTTOM BEARING BLOCK BOTTOM BEARING BLOCK BOTTOM BEARING BLOCK
BEFORE COMPRESSION AFTER COMPRESSION
Step 1 Step 2
Zero Direct Reading Gauge Tum Direct Tension Indicator Over,

Compress to Test Gap, and
Read Compression Load

FIG. A1.3 Steps for Determining Compression Load
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condition of the direct tension indicator being tested. See Step A1.6.6 Read and Record- Read the compression load

2 of Fig. A1.3. within 5 s ofreaching the test gap and record the results.
A1.6.5.2 Apply the compression load at a rate such that the

direct tension indicator is compressed within 30 s from the time

the compression load is first applied until the proper gap is

achieved.

APPENDIX
(Nonmandatory Information)

X1. FIELD TESTING OF DIRECT TENSION INDICATORS FOR BOLT TENSION

DTIs may be field tested in a bolt tension calibrator with  Because bolt tension calibrators are “soft” devices, ulike
bolts, nuts, and flat washers, according to the provisions of thkard steel connections, care should be taken to tension the bolts
Research Council of Structural Connections Specification fowith a non-impacting wrench so the tension readings can be
Structural Joints Using A 325 or A 490 Bolts to determine a jobrecorded exactly.
inspection gap. The job inspection gap shall be a gap less than
the measured DTI test gap at 1X0%he minimum required bolt
tension.

SUMMARY OF CHANGES

This section contains the principle changes to the standard that have been incorporated since the last issue.

Deleted Appendix X1 Field Testing and replaced it with a
reference to the Research Council on Structural Connections
specification where the provisions now appeatr.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
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This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
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