
TECHNICAL REPORT ST ANOARO TlTl E PAG E 

~1,~R-ep.-.or-t~No-:----------------~2.~G-aY-.r-nm-.-nt-A~c-c.-s·s--ia~~N-a.--------~3.~R.-C~ip~i.-nt~·s~C~0-to~la-g~Na-.-------------

FHWA/TX-85/43 +343-3F 
4: T "I. and Subtitle 

Perforated Tension Fuse Plate for Breakaway 
Roadside Signs. 

5. Report Oo'e 

October 1984 

1--:------" -.-"--------------------------.. ----------i-~~~--~--------------__I 
9. Perlarming Organizoloan "Name and Address 10. Work Unit No .. 

Texas Transportation Institute 
The Texas A&M University System 
College Station, Texas 77843 

11. Contract or Grant No. 

Study No. 2-18-83-343 

12. Sponsoring Agency Nome and Address 

13. Type 0'1 Report and Period Covered 
--------------------------~ 

Texas Department of Highways and Publi~ Transportation 
Transportation Planning Division 
P. O. Box 5051 
Austin, Texas 78763 
1 S. Supplementary Notes 

Research performed in cooperation with DOT, FHWA. 

F'nal _ September 1982 
1 October 1984 

~~--------~~-----------~ 14. Sponsoring Agency Code 

Research Study Title: Improved Design of Light Poles, Guardrails, and Other 
Appurtenances. 

~16~.-A~b-,'-ra-ct------------------

One ,of the objectives of this research study was to improve the design 
details of breakaway roadside signs in order to reduce their maintenance cost. 
During the past few years district maintenance engineers have reported large 
numbers of breakaway signs flopping or falling over in windstorms or just after 
a long period of service. In most cases the bolted, slotted friction fuse plate 
became loose and gave way. 

The friction fuse plate was modified to make it a perforated tension fuse 
plate. The new tension fuse plate does not rely on bolt pretension and friction 
to resist wind loads. The critical section of the fuse plate is perforated with 
four drilled holes to weaken it to break in tension when an errant vehicle impacts 
the sign. Laboratory static tests were conducted to develop the design 
and a full-scale vehicle crash test was conducted to verify it. ' 

17. key Words 18. Di,tributian Stot ..... nt 

No restriction. This document is made 
Signs, Safety, Highways, Roadside, Tests. available to the public through the 

National Technical Information Service 
5285 Port Royal Road 
Springfield, Virginia 22161 

19. Security Cla .. il. Col this r.part) 20. S.curity Clouil. (0' this page) 21. No. 0' Page. 22. Price 

Unclassified Unclassified 73 
Form DOT F 1700.7 e8-U, 





PERFORATED TENSION FUSE PLATE 
FOR BREAKAWAY ROADSIDE SIGNS 

by 

T. J. Hi rsch 
Research Engineer 

William L. Fairbanks 
Engineering Research Associate 

and 

Althea G. Arnold 
Engineering Research Associate 

Research Report No. 343-3F 
on 

Improved Design of Lightpoles, Guardrails, 
and Other Appurtenances 

Research Study No. 2-18-83-343 

Sponsored by 
State Department of Highways and Public Transportation 

in cooperation with the 
U.S. Department of Transportati on 

Federal Highway Administration 

October 22, 1984 

Texas Transportation Institute 
The Texas A&M University_System 
College Station, Texas 77843 



• 



ABSTRACT 

One of the objectives of this research study was to improve the design 

details of breakaway roadside signs in order to reduce their maintenance cost. 

During the past few years district maintenance engineers have reported large 

numbers of breakaway signs flopping or falling over in windstorms or just after 

a long period of service. In most cases the bolded, slotted friction fuse plate 

became loose and gave way. 

The friction fuse plate was modified to make ita perforated tension fuse 

plate. The new tension fuse plate does not rely on bolt pretension and friction 

to resist wind loads. The critical section of the fuse plate is perforated with 

four drilled holes to weaken_ it to break in tension when an errant vehicle impacts 

the sign. Laboratory static tests were conducted to develop the design, 

and a full-scale vehicle crash test was conducted to verify it. 
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DISCLAIMER 

The contents of this report reflect the views of the authors, who are 

responsible for the opinions, findings, and conclusions presented herein. 

The contents do not necessarily reflect the official views or policies of 

the Federal Highway Administration. This report does not constitute a 

standard, specification, or regulation. 
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IMPLEMENTATION STATEMENT 

The modified perforated tension fuse plate designs shown by Figure 3 

are ready for use on all appropriate breakaway roadside signs in Texas. 
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INTRODUCTION OF PROBLEM 

During the past few years, district maintenance engineers in Texas and 

severa 1 other states have reported 1 arge numbers of breakaway signs 

flopping or falling over in windstorms or just after long periods of 

service. In most cases the friction fuse plate at the post hinge (see 

Figures 1 and 2) became loose, resulting in small-to-zero moment capacity. 

This hinge detail depends on bolt pretension to develop friction and thus 

moment capacity. After long periods of service the pretensioned bolts 

apparently lose their pretensioning force. This has created a continuous 

and expensive maintenance problem with these signs. 

RECOftENDED FUSE PLATE 

To minimize or eliminate this problem, it is recommended that the 

current friction fuse plate (Figure 2) be replaced with a modified 

perforated tension fuse plate, as shown in Figure 3. This modified 

perforated tension fuse plate is interchangeable with the friction fuse 

plate. 

The slotted holes in the friction fuse plate were removed, and four 

holes were drilled in a line across the plate to form a critical tension 

section (perforated section). The net area of the critical tension section 

was determined so. that the ultimate tensile strength of the fuse plate 

would be approximately two thirds of the ultimate shear strength of the 

connecting bolts (two bolts, in this case). It is desired that the fuse 

plate fai 1 intension before the bolts shear. Some of the early tension 
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GENERAL NOTES: 

DESIGN CONFORMS WITH A.A.S.H.T.O. SPECIFICATIONS FOR THE DESIGN AND CONSTRUcnON OF 
STRUCTURAL SUPPORTS FOR HIGHWAY SIGNS. 

MATERIALS AND FABRICATION SHALL CONFORM TO THE REQUIREMENTS OF THE SPECIFICATIONS. 
ALL STRUCTURAL STEEL SHALL CONFORM TO ASlM-A441 (ASlM-A572 GRADE 50, OR ASlM-A588 MAY 

BE SUBSTITUTED FOR A441 AT THE OPTION OF THE FABRICATOR). 
ALL SHEET AND PLATE AWMINUM SHALL CONFORM TO ASTM082011 ALLOY 8081-T8. ALL EXTRUDED 

ALUMINUM SHALL CONFORM TO ASTM-8221 ALLOY 1081-TI. CAST ALUMINUM POST CLAMPS SHALL 
CONFORM TO ASTM-821 ALLOY 351.0, ASTM081011 ALLOY 358.0, ASTM-828 ALLOY 713.0, OR ASTM-81011 
ALLOY 713.0 

ALL HIGH STRENGTH BOLTS. NUTS. AND WASHERS SHALL CONFORM TO ASlM-A325 (ASYM-A4411 MAY 
BE SUBSTITUTED FOR ASlM-A325 PROVIDED PROPER BOLT HEAD, NUT ANDIOR WASHER CLEARANCES 
ARE MAINTAINED). 

ALL BOLTS OTHER THAN HIGH STRENGTH BOLTS SHALL CONFORM TO ASTM-307 CLASS A (ASlM­
A38 .. , 4325 OR A4411 MAY BE SUBSnTUTEO FOR ASlM-A307 PROVIDED PROPER BOLT HEAD, NUT ANDIOR 
WASHER CLEARANCES ARE MAINTAINED). 

ALL STRUCTURAL STEEL. SHALL BE GALVANIZED ASTM A123 OR A153 CLASS A. STRUC. 
TURAL STEEL TO BE GALVANIZED AFTER FABRICATION EXCEPT AS NOTED. 

• STATE DEPARTMENT OF HIGHWAYS 
AND PUBLIC TRANSPORTATION '-- STRUCTURAL 

c: 
-el 

=01 _, I 

J. 

Extruded Aluminum Wind Beam 

PARTS SHALL 8E SAW CUT EITHER IUORE 
GALVANIZING AND THE QAl.VA~IZED CUT 
CLEANEO OF ZINC BUllD-UP. OR SAW CUT 
AFTER GALVANIZING AND THE CUT SURFACE 
TREATED WITH AN APPROVED ZINC SOl.CEA 
MEmNO 111E FED. SPEC. 0-G-03 (snCK ONL YI 
OR ZINC OUST-ZINC OXIDE PEA FED. SPEC. TT. 
P-l411). 'CUT SURFACE WILL NOT BE TREATED 
UNTil PLATE tS INS':' ALLED AND ALL BOLTS FUt.. 
LY TIGHTENED., 

See Detail "A" (BOItOm of sign t ," 

~~F..1D.-t of Post Cul--

Friction 
Fuse Plate 
(see sheet SMQ(S-2)for details) 

Cut flange and web 

SIDE VIEW 

<,-- " .. 
'" ... :. ;

Friclion Fuse Plate 
(install WIth notches 

IOword base I 
Flat washer 

MOUNTING DETAILS 

'k'. *",where 
'k' is' the distance from the outer 
face of the flange to the web 

H.S. ball, beannq type 

toe of the fillet 

FOR ROADSIDE GUIDE SIGNS 
Flange holes ilr hinqe snail 
be drilled,or sw-!)UnChed 
and reamed 

DII .. wu .. DAft: 4-78 Js"~I~=1 

~ 
II(VI ..... I 6 I '-82 

CIC.'-
"""TV !'W.'-

:X .. -

Figure 1. 

SMD(8-1) 
'EDItW.. AID PJIO,Ic:a .en 

""",~",,T..,. -, 
I I T 

~ 
DETAIL "A"-HINGE 

FABRICATOR NOTe: IMPORTANT· ALL FRICTION FUSE IIOLTS SHALL liE 
TIGHTENED IN THE SHOP FOLLOWING A METHOD APPROVED BY THE 
ENGINEER. TIGHTENING SHALL liE TO SUCH A DEGREE AS TO OIlTAIN 
THE FOLLOWING MINIMUM RESIDUAL TENSION IN EACH BOLT, 

aOLT SIZE MIN. RESIDUAL IIOLT TENSION 

1I2"<n ---------- 12050 LaS, 
518"(1) ---------- 19200 Las. 
3/ .... C!l 2~00 LIIS, 

Current Roadside Guide Sign Post with 
Hinge and Friction Fuse Plate 
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Friction Fuse Plate Data Table 
~ Dimensions Bolt I' 

F G H J K L N d, Wt.of Each !I 
Post Size 

W6x9 

W6xl2 

W6xl5 

W8xl8 

W8x21 

~IOx22 

WIOx26 

WI2x26 

S3x5.7 

S4x7.7 

" 
3~' 2" Iol" 4" 2*' 

7" 
8 "8 

4i" 2'10 :2' I' " '4" 6- 3~' It" 

4i" 2~" I~" 5'" 14" 2i" It" 
4~' 

4 
2'M "2 I' " 1"2 5J." 

4 2t Iol" 
4 

5~" 3" 11 " 2 5t
H 

2i" 1.1." 
2 

5*- 3" ~ , " 
'~ 6'-'2" 3'" "2 I'" "2 

; 3L- IL- IolK 2i" 1.1- 9" 

Ii 8 
2 8 2 16 

, " g" 
2" 16 

i" ~" 
t" ~" 
~" ~" 
4 '6 

~" ~" 
4 '6 

:5 .. '3 .. 
4" ~ 

, " ,2,-
"2 16 

t3 Dia. Fuse Plate II 

, " ~"4> i '4 .94Ibs. 

t" li"4> 2.581bs. 

i" -i"$ 2.241bs. , " -t"4> 2.95 Ibs. "2 

.L~ ~" 3.881bs 2 44> 

, " . :5"~ 4.14Ibs. ? 4' 

, - l". 0A91bs. "4 2 

Use H.S.hex.heod 
bolts, hex. head nut 
and bevel or flat 
washer (where req'd.) 
under nut. 
Plate thickness E t3 

FRICTION FUSE PLATE DETAIL 
(See Table for Dimensions 8 Weight) 

NOTCHED STEEL FRICTION FUSE PLATES SHALL CONFORM TO THE 
REQUIREMENTS OF ASTM-A441 (ASTM-A572 GRADE 50 OR ASTM-A588 MAY 
BE SUBSTITUTED FOR A441 AT THE OPTION OF THE FABRICATOR). ALL HOLES 
SHALL BE DRILLED. ALL PLATE CUTS SHALL PREFERABLY BE SAW CUTS. 
HOWEVER; FLAME CUTTING WILL BE PERMITTED PROVIDED ALL EDGES ARE 
GROUND. METAL PROJECTING BEYOND THE PLANE OF THE PLATE FACE WILL 
NOT BE PERMITTED. 

Figure 2. Current F~iction Fuse Plate Details 
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Fuse Plate Data Table 

Post 
Size F G H J II: L M N d1 d2 t3 Bolt Wt. Bolt 

(1n.) (1n. ) (in.) (in.) (1n.) (1n.) (in. ) (1n.) (1 n. ) (in.) (1n.) Dia. (ea.) L.noth 
(in.) (lbs. ) (in. ) 

W 6X9 
4 1/4 2 1 1/8 4 2 1/4 7/8 1 1/2 9/16 3/4 1/4 1/2 1.01 11/2 

W 6X12 

W 6X16 5 2 1/2 1 1/4 6 3 1/2 1 1/4 1 1/2 3/4 11/16 1 1/4 3/8 5/8 2.51 21/4 

W 8X18 5 2 1/2 1 1/4 5 1/4 2 3/4 1 1/4 1 1/4 3/4 11/16 1 1/16 3/8 5/8 2.26 21/4 

W 8X21 5 1/2 2 1/2 1 1/2 5 1/4 2 3/4 1 1/4 1 1/4 3/4 13/16 1 1/2 3/4 3.35 21/4 

W 10X22 
6 3 1 1/2 5 3/4 2 3/4 1 1/2 1 3/8 13/16 13/16 1 1/8 1/2 3/4 4.03 21/4 

W 10X26 

\01 12X26 6 3 1 1/2 6 1/2 3 1/2 1 1/2 1 5/8 13/16 13/16 1 5116 1/2 3/4 4.47 21/4 

S3X5.7 
3 3/4 1 1/2 1 1/8 2 5/8 1 1/2 9/16 5/8 3/8 9/16 3/8 1/4 1/2 0.60 11/2 

S4X7.7 

Dimension F and the Wght. have changed. Dimensions M. N. and d2 are new. All other dimensions have 
remained unchanged from the Friction Fuse Plate Data Tabie on SDHPT Detail Sheet labeled STRUCTURAl MOUNTING 
DETAILS" FOR ROADSIDE GUIDE SIGNS SMO(8-2). The Fuse Plate detailed here may be substituted for the Friction 
Fuse Plate detailed on the abovementioned SDHPT Detail Sheet. 

J 

IC 

:z: 

-Idf-~~::~-I - !-- N 

Ii: 
N .... -8f&-ffifB-c 

L IL - r-
N .... 
C _'qz' 1;$_1 - ~ N 

Ii: 
:z: 

I '·"1 I 

Plat. Thickness. t3 

FUSE PLATE DETAIL 
(See Table For Dims. 8. W;hts.1 

STEEL FUSE PLATES SHALL CONFORM TO THE REQUIREMENTS 
OF ASTM-A36 (ASTM-A441. ASTM-A572 GRADE 50. OR 
ASTM-A588 MAY BE SUBSTITUTED FOR A36 AT THE OPTION 
OF THE FABRICATOR). ALL HOLES SHALL BE DRILLED. 

{of 
,r-Pcst Cut 

ALL PLATE CUTS SHALL PREFERABLY BE SAW CUTS. HOWEVER; 
FLAME CUTTING WILL BE PERNITTED PROVIDED ALL EDGES 
ARE GROUND. METAL PROJECTING BEYOND THE PLANE OF THE 
PLATE FACE WILL NOT BE PERMITTED. 

NOTE: 
USE H.S. HEX HEAD BOLTS, 
HEX HEAD NUT AND BEVEL OR 
FLAT WASHER(WHERE REQ'D} 
UNDER NUT. 

Figure 3. Modified Perforated Tension Fuse Plate Details 
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specimens (see Appendix A) produced failure by bolt shear. Pieces of bolts 

and nuts could potentially, penetrate the windshield of an impacting 

vehicle, and this is not desirable·. 

These perforated tension fuse plates can be made from ASTM A36, A44l, 

A572 Grade 50, or A588 steel plate since all have an ultimate tensile 

strength of about 70 ksi. 

BRIEF DESCRIPTION OF STATIC LOAD TESTS 

ON FUSE PLATES 

Table 1 shows a summary of the static load test results on various 

perforated tension fuse plate designs. Detailed test results are presented 

in Appendices A and B. Test Series 1 used A44l steel, while Test Series 2 

used A36 steel. In addition to the actual test load on the fuse plate 

designs, Table 1 presents the theoretical ultimate load in tension, shear, 

and bearing for comparison. For both A44l and A36 steel, a minimum 

ultimate tensile strength of 70 ksi was assumed. For the A325 bolts, a 

minimum ultimate tensile strength of 120 ksi was used. The AISC allowable 

bearing stress of 1.5 Fu was increased by 1.7 to obtain a minimum ultimate 

bearing stress. 

In Test Series 1 some of the theoretical tensile strengths exceeded 

the shear strength of the bolts. When the bolt sheared in tests 1 and 3 it 

was decided that this was not a desirable failure mode since pieces of bolt 

or nut could potentially penetrate the windshield of an impacting vehicle. 

Consequently, in Test Series 2 the fuse plates were designed so that their 

tensile strength was only about 2/3 of the bolt shear strength. 

5 



TABLE 1. SUMMARY OF STATIC LOAD TEST RESULTS ON PERFORATED TENSION FUSE PLATE DESIGNS 
Detailed Test Results in Appendix A and B 

Actua 1 Fa i1 ure 

Hole Tension ASTM-A3Lb Shear Bearing Test 
Test Beam ASTM Dia. Cap. Bolt 2-Bolt Beam Flng. Load Mode 

Ser # Size Fuse Plate Size Desig. ( i n .-) (kips) Size (kips) (kips) (kips) 

1 1 W lOX26 5 3/4" X 6" X 1/2" A441 15/16 70.0 3/4" X 2 1/4" 61.2 117.8 72.5 Tension 
in Plate 

1 2 W 6X9 4" X 4" X 1/4" A441 13/16 13.1 1/2" X 1 l/L" 27.2 38.4 14.4 Tension 
in Plate 

1 3 W 8X18 5 1/4" X 5" X 3/8" A441 1 32.8 5/8" X 2" 42.5 73.6 39.0 Bolt Shear 

1 4 W lOX26 5 3/4" X 6" X 1/2" A441 1 61.3 3/4" X 2 1/411 61.2 117.8 68.0 Tension 
in Plate 

2 1 W 6X9 4" X 4" X 1/4" A36 3/4 17.5 1/2" X 1 1/2" 27.2 38.4 19.2 Tension 
in Plate 

2 2 W 10X26 5 3/4" X 6" X 1/211 A36 1 1/8 43.8 3/4" X 2 1/4" 61.2 117.8 47.2 Tension 
in Plate 

2 3 W 6X9 4" X 4" X 1/4" A36 3/4 17.5 1/2" X 1 1/2" 27.2 38.4 19.5 Tension 
in Plate 

2 4 W 8X18 5 1/4" X 5" X 3/8" A36 1 1/16 26.3 5/8" X 2 1/2" 42.5 73.6 24.0 ·Tension 
in Pl ate 

2 5 W 8X18 5 1/4" X 5" X 3/8" A36 1 1/16 26.3 5/8" X 2 1/2" 42.5 73.6 22.4 Tension 
in Plate 

Tension = Fu * Anet ; Shear(2-Bolt) =2 * Abo1t * 0.577 * Fu; Bearing(Flng,2-Bolt) = 2 * d * t * 1.7 * 1.~ * Fu 

F = 70 ksi (min.) for ASTM-A36 and ASTM-A441; F = 120 ksi for ASTM-A325 bolts 
u u 



In test 3 of Test Series 1, the 5/8 in. diameter x 2 in. long bolt 

failed by shearing through the threaded portion of the bolt. In Test 

Series 2 and the proposed designs of Table 3 the 5/8 in. diameter bolts 

were increased in length to 2-1/2 in. This removed the threaded portion of 

the bolt from the shear plane to further minimize the possibility of the 

bolts shearing. 

BRIEF DESCRIPTION OF CRASH TEST 

ON ROADSIDE SIGN 

A full-scale vehicle crash test was conducted on a standard SDHPT 8 ft 

high by 16ft wide roadside sign supported by two W8 x 18 steel posts using 

the modi fied tensi on fuse pl ate recommended by Fi gure 3. Detai 1 s of the 

test are presented in Appendix C. 

A 1975 Honda Civic weighing 1750 1b impacted one leg of the sign 

support at 20.4 mph. The slip base at the ground activated,and the W8 x 

18 post rotated away from the vehicle, which was slowed to 16.7 mph •. The 

new tension fuse plate did not break (but it almost did); instead the lower 

wind beam clamp was pulled through the lower extruded wind beam. Figure C5 

(Appendix C) shows the tension fuse plate, which was on the verge of 

breaking. This behavior is very satisfactory from the safety standpoint 

and, incidentally, has been observed numerous times with the present 

friction fuse plate. 

At different impact speeds· the new perforated tension fuse plate will 

activate, and the potential wind beam clamp failure mode is merely a backup 

safety feature. The only requirement is that the hinge mechanism or upper 

7 



wind beam~post connection hold on to the breakaway lower post to prevent it 

from becoming a flying missile. 

SU~Y AND CONCLUSIONS 

The new proposed perforated tension fuse plates should minimize or 

eliminate the occurrence of flopping or falling overhead sign panels, which 

occurs when the pretensioned bolts in the friction fuse plates become 

loose. This should reduce maintenance costs on breakaway roadside signs. 

The most important safety feature of a breakaway roadside sign is the 

slip base at the ground. The hinge, or fuse plate, is a secondary feature 

to control the trajectory of the breakaway post and reduce damage to the 

sign panel. As was seen in the crash test, the wind beam-sign panel clamp 

connection is a backup safety feature for the fuse plate (or hinge). 

8 



REFERENCES 

1. "Structural Mounting Detai ls for Roadside Guide Signs, SMD(8-2), II Texas 

State Department of Highways and Public Transportation, Traffic Control 

Standard Sheets, revised 2-82, sheets 16 and 17. 

2. Samson, C. H., Jr., Rowan, N. J., Olson, R. M., and Tidwell, D. R., 

II Impact Behavior of Sign Supports," Research Report 68-1, Texas 

Transportation Institute, Texas A&M University, College Station, Texas, 

1965. 

3. Rowan, N. J., Olson, R. M., and White, M. C., "Development of Breakaway 

Sign Supports and Slotted Steel Plate Mechanical Fuses, II Research 

Report 68-4 (Final), Texas Transportation Institute, Texas A&M 

University, College Station~ Texas, 1968. 

4. Rowan, N. J., Olson, R. M., Edwards, T. C., Hawkins, D. L., Gaddis, A. 

M., and Williams, T. G., "Impact Behavior of Sign Supports - 11," Texas 

Transportation Institute, Texas A&M University, College Station, Texas, 

1965. 

9 





...... 
o 

METRIC CONVERSION FACTORS 

Approximate Conversions to Motric Measures III 

Symbol When You Know Multiply by To Find Symbol -
LENGTH GO 

-in 
It 
yd 
mi 

inche, 
'Ht 
"rd, 
miles 

"2.5 
30 

0.9 
1.6 

centimeter, 
centimeter, 
metlrs 
ki'omlters 

cm 
cm 
m 
km 

~---

01 
Ib 

til' 
TbaP 
flo, 
c 
pt 
qt 

01' 
fi' 
yd' 

square inches 
squar. fHt 
IqUI,. yards 
sqUire miles 
Icres 

ounces 
pound, 
morl ton, 

12000 .bl 

leaspoons 
tlblespoons 
fluid ounces 
cups 
pints 
quar" 
OIl1ons 
cub,c fHt 
cubic vards 

AREA 

6.5 
0.09 
0.8 
2.6 
0.4 

MASS (weight) 

28 
0.45 
0.9 

VOLUME 

5 
15 
30 
0.24 
0.47 
0.95 
3.8 
0.03 
0.76 

square centimeter, 
squere meter. 
squere miter. 
square kilontete,. 
hlctlr .. 

gJlms 
kilogr.ms 
tonnes 

milliliters 
milliliter. 
milliliters 
litlrs 
liters 
liters 
liters 
cubic meters 
cubic mete" 

TEMPERATURE (exact) 

Fahrenheit 
tlmperaturl 

5/91af"r 
,ubtr.cting 
321 

. Celsiu. 
temper.ture 

g 
kg 

ml 
ml 
ml 
I 
I 

• I 
m' 
m' 

N 

., in • 2.54 leK.ctlyl. For other eKlct conversions and more detailed tables, ste NBS 
Misc. Publ. 286, Units of Weights and M •• sur .. , Price 52.26, SO Cttalog No. C13.10;286. 

;-. 

~ = 

M 
N 

.. 
N 

ell ... 
GO .. 
,.. .. 

Symbol 

mm 
cm 
m 
m 
km 

• kg 
I 

ml 
I 
I 
I 
m' 
m' 

Approximate Conversion. from Metric Measure. 

When You Know 

millimeter. 
centim.ter, 
m.ters 
meter, 
kilometers 

square centimeter. 
sqUI,. mllers 
square k llomete" 
hectlr .. 110,OOO mil 

Multlplv by 

LENGTH 

0.04 
0.4 
3.3 
1.1 
0.6 

AREA 

0.16 
1.2 
0.4 
2.5 

MASS (weight) 

,rams 
kilograms 
lonn .. 11000 kgl 

milliliter, 
liler, 
lite,. 
liters 
cubic m.ten 
cubic meters 

0.035 
2.2 
1.1 

VOLUME 

0.03 
2.1 
1.06 
0.26 

35 
1.3 

To Find 

Inch .. 
inch .. 
fHt 
yards 
mil .. 

squa,. inch .. 
sqUIr. Ylrd, 
square mil .. 
ecr .. 

ounc .. 
pounds 
short ton, 

fluid ounces 
pints 
qUirts 
OIl1ons 
cubic , •• t 
cubic vards 

TEMPERATURE (exact) 

Celsius 
temperature 

9/5lthen 
add 321 

Fahrenheit 
temperature 

OF 
OF 32 98.6 212 

-4°1-1.'~'~'r?~I~,~I~II~4~~t-~I~I~8~~rl~I~,1~~~0~141~1~1,60~I~ITI'~!'~~~O} I Iii i 1 1 
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Table Al 

TEST SERIES 1 

Material Capacity From Test Specimen 

Material Steel Designation ASTM - A441 

Minimum Yield Strength 50 ksi 

Minimum Ultimate Tensile Strength 70 ksi 

Test 1 

Test 2 

Yield 

5.5.5 ksi 

61.6 ksi 

12 

Ultimate 

83.2 ksi 

83.5 ksi 

Elongation 

0.176 in./in. 



Uescription of Tests 

TEST SERIES 1 

Test 1 

Test 1 was performed on a 5 3/4" x .6" x 1/2" Plate made of A441 steel. 

The cross-section was weakened by drilling four 15/16" holes leaving an 

effective cross-sectional area of 1.0 in. 2 • The plate was fastened to the 

T -beam by mea ns of two 3/411 A325 bolts on either side. These bo 1 ts were 

tightened by turn-of-the-nut method as per AISC recommendations. 

When a load of 65 kips was achieved two bolts holding the T-beam to 

the testing machine broke. These were replaced and testing resumed. At a 

load of 72.5 kips the plate failed along the weakened section. The 

specimen elongated 0.52 inches. There was a bearing failure in the 7/16" 

flange (1/8 11 deformation) of the T-beam the 3/4" bolts were fastened 

through. 
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Plate Thickness· t3 

. FUSE PLATE DETAIL 
(See Table For Dims. a Wghts.) 

SERIES 1 TEST 1 

N 

."= 

N 

" IL. 

Material : Steel Designation ASTM - A441 

Post size(s) - W 10X22 or W 10X26 

F(in.)-6 

Wght. 

G (in.) - 3 

H (i n.) - 1 1/2 

J (in.) - 5 3/4 

K(in.)-23/4 

L (in.) - 1 1/2 

Bolt dia. (in.) - 3/4 

M 

N 

P 

d1 

d2 

t3 

( 1 bs. ) - 4.21 

(in.) - 1 3/8 

(in.)-3/4 

(i n.) - 1 1/2 

(in.) - 13/16 

(i n. ) - 15/16 

( in. ) - 1/2 

Figure Al. 1/2" Fuse Plate Detail for Series 1, Test 1. 

14 



Before 

After 

Figure A2. 1/211 Plate Before and After Test 1. 
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SERIES 1 TEST 1 
5 3/4" X 6 t1 X 1/2" FUSE PLATE 

7121 

621 -J-----.---.- _ .. _-
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..t 421 
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WEAKENED SECTION CONTAINED -- MATERIAL -- ASTM-A441 STEEL 
FOUR 15/18" d:i.a. HOLES 

Figure A3. Load Versus Elongation Curve for Series 1, Test 1. 



TEST SERIES 1 

Test 2 

Test 2 was performed on a 411 x 41' X 1/411 plate made of A441 steel. 

The cross-section was weakene(i by drilling four 13/16 11 ho1es leaving an 

effective cross-sectional area of 0.188 in 2 • The plate was fastened to the 

T -beam by means of two Ij2 1l A325 bolts on either side. These bolts were 

tightened by turn-of-the-nut method as per AISC recommendation. 

The 1/411 plate failed along the weakened section at an ultimate load 

of 13.0 kips. The maximum load reqched during testing was 14.4 kips. 

Maximum elongation was 0.22 inches. There was a bearing failure in the 

3/16 11 flange of 1/3211. 
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l. l. 

Plate Thickness'" t3 

. FUSE PLATE DETAIL 
(See Table For Dims. a WgMsJ 

SERIES 1 TEST 2 

Material : Steel Designation : ASTM - A441 

Post size(s) - W 6X9 or W 6X12 

F {in.} - 4 

G(in.)-2 

H (il1.) - 1 

J (in.) - 4 

K (i n.) - 2 1/4 

l (in.) - 7/8 

Wght. 

M 

N 

dl 

d2 

t3 

Bo 1t di a. 

(1 os. ) - 0.92 

( in. ) - 1 

( in. ) - 1/2 

f • ) \11'1- - 9/16 

( in. ) - 13/16 

.(in.) - 1/4 

( in. ) - 1/2 

Figure A4. 1/411 Fuse Plate Detail for Series 1~ Test 2. 
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Before After 

Figure A5. 1/4" Plate Before and After Test 2. 
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Figure A6. Load Versus Elongation Curve for Series 1, Test 2. 
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TEST SERIES 1 

Test 3 

Test 3 was performed on a 5 1/4" x 5" x 3/8" plate made of A441 steel. 

The cross-section was weakened by drilling four 1" holes leaving an 

effective cross-sectional area of 0.469 in2 • The plate was fastened to the 

T-beam by means of two 5/8" A325 bolts on either side. These bolts were 

tightened by turn-of-the-nut method as per AISC recommendation. 

At a load of 39 kips one of the 5/8" bolts broke. The specimen had 

elongated 0.20 in." at time of failure. Yielding occurred through the 

weakened section. There was a bearing failure in the 5/16" flange of 1/32 11
• 
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Plate Thickness. t3 

L 

t of 
~Post Cut 

. FUSE PLATE DETAIL 
(See Table For Dims. a Wghts~) 

Material : Steel 

Post size(s} - W 8X18 

F(in.}-5 

G (i n.) - 2 1/2 

H (in.) - 1 1/4 

J (i n.) - 5 1/4 

K (in.) - 2 3/4 

L (i n.) - 1 1/4 

SERIES 1 TEST 3 

Designation ASTM - A441 

Wght. (lbs.) - 2.30 

M (i n.) - 1 1/4 

N (in.) - 3/4 

dl (in.) - 11/16 

d2 (in.) - ~ 

t3 (in.) - 3/8 

Bolt dia. (in.) - 5/8 

Figure A7. 3/8 11 Fuse Plate Detail for Series l~ Test 3. 
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Figure A8. 3/8 11 Plate After Test 3. 
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SERIES 1 TEST 3 
5 1/411 X 5 11 X 3/8 11 FUSE PLATE 
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Figure A9. Load Versus Elongation Curve for Series 1, Test 3. 



TEST SERIES 1 

Test 4 

Test 4 was a repeat of Test 1 (5 3/4" x 6"x 1/2" plate) except the 

weakened section contained holes 1 in. in diameter. This leaves an 

effective area of 0.875 in 2 • The plate was fastened with two 3/4" A325 

bolts that were tightened by the turn-of-the-nut method. 

The plate failed along the weakened section at an ulimate load of 68 

kips. The specimen had elongated 0.54 in. just before failure. There was 

a bea~ing failure in the 7/16" flange of 1/16 II 
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Plate Thickness· t3 

. FUSE PLATE DETAIL 
(See Table For Dims. a Wghts.) 

SERIES 1 TEST 4 

Material : Steel Designation ASTM - A441 

Post size(s) - W 10X22 or W 10X26 

F(in.)-6 

G(in.)-3 

H (in.) - 1 1/2 

J (in.) - 5 3/4 

K (in.) - 2 3/4 

L (in.) - 1 1/2 

Wght.(lbs.) - 4.15 

M (in.) - 1 3/8 

N (in.) - 3/4 

P (in.) - 1 1/2 

dl (in.) - 13/16 

d2 (in.) - 1 

t3 (i n.) - 1/2. 

Bolt dia. (in.) - 3/4 

Figure A10. 1/2" Fuse Plate Detail for Series 1, Test 4. 
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Before After 

Figure All. 1/2" Plate Before and After Test 4. 
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Material 

Test 1 

Test 2 

Table B1 

TEST SERIES 2 

Material Capacity From Test Specimen 

Steel Designation 

Minimum Yield Strength 

Ultimate Tensile Strength 

Yield 

43.9 ksi 

41. 7 ksi 

30 

Ultimate 

64.9 ksi 

63.9 ksi 

ASTM - A36 

36 ksi 

58-80 ksi 

Elongation 

0.290 in./in. 

0.290 in./in. 



TEST SERIES 2 

Test 1 

Test 1 was performed on a 411 x 411 X 1/411 plate made of A36 Steel. The 

cross-section was weakened by drilling four 3/411 dia. holes, leaving an 

effective cross-sectional area of 0.25 sq. inches. The plate was fastened 

to the T -beam by means of two 1/211 A325 bolts on each si de. These bolts 

were tightened by the turn-of-the-nut method as per AISC recommendations. 

When a load of 19.2 kips was achieved the plate failed along the 

weakened section. The specimen elongated 0.19 inches. 
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Plate Thickness· t3 

. FUSE PLATE DETAIL 
(See Table For Dims. a Wghts.) 

SERIES 2 TEST 1 

Material : Steel Designation : ASTM -A36 

Post size{s} - W 6X9 or W 6X12 Wght. {lbs.} - 1.01 

F (in.) - 4 M {in.} - 15/16 

G (in.) - 2 N {in.} - 9/16 

H(in.}-l P(in.}-l 

J (in.) - 4 d1 (in.) - 9/16 

K (i n.) - 2 1/4 d2 (i n.) - 3/4 

L (in.) - 7/8 t3 (in.) - 1/4 

Bolt dia. (in.) - 1/2 

Figure Bl. 1/4" Fuse Plate Detail for Series 2, Test 1. 
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Before 

After 

Figure 82. 1/4l! Plate Before and After Series 2~ Test 1 
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SERIES 2 TEST 1 
4" X 4" X 1/4" FUSE PLATE 
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Figure 83. Load Versus Elongation Curve for Series 2, Test 1. 



TEST SERIES 2 

Test 2 

Test 2 was performed on a 5 3/4" x 611 x 1/211 plate made of A36 Steel. 

The cross-section was weakened by drilling four 1 1/8" dia. holes, leaving 

an effective cross-sectional area of 0.625 sq. inches. The plate was 

fastened to the T-beam by means of two 3/4" A325 bolts on each side. These 

bol ts were tightened by the turn-of-the-nut method as per AISC 

recommendations. 

When a load of 47.2 kips was achieved the plate failed along the 

weakened section. The specimen elongated 0.38 inches. 
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Plate Thickness. t3 

. FUSE PLATE DETAIL 
(See Table For Dims. a Wghts.) 

SERIES 2 TEST 2 

t of 
~Post Cut 

Material : Steel Designation : ASTM - A36 

Post size(s) - W 10X22 or W 10X26 Wght. (lbs.) - 4.03 

F (in.) - 6 M (in.) -13/8 

G (in.) - 3 N (in.) - 13/16 

H (in.) - 1 1/2 d1 (in.) .. 13/16 

J (in.) - 5 3/4 d2 (in.) - 1 1/8 

K (i n.) - 2 3/4 t3 (i n.) - 1/2 

L (in.) - 1 1/2 Bolt dia. (in.) - 3/4 

Figure B4.· 1/211 Fuse Plate Detail for Series 2, Test 2. 
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Before 

After 

Figure 85. 1/211 Plate Before o.nd ,A,fter Series 2, Test 2 
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Figure B6. Load Versus Elongation Curve for Series 2, Test 2. 



TEST SERIES 2 

Test 3 

Test 3 was performed on a 4" x 4" X 1/4" plate made of A36 Steel. The 

cross-section was weakened by drilling four 3/4" dia. holes, leaving an 

effective cross-sectional area of 0.25 sq. inches. The plate was fastened 

to the T-beam by means of two 1/211 A325 bolts on each side. These bolts 

were tightened by the turn-of-the-nut method as per AISC recommendations. 

When a load of 19.5 kips was achieved the plate failed along the 

weakened section. The specimen elongated 0.32 inches. 

39 



N .... 
<:) 

"-

N· .... 
<:) 

J 

L K L 

Plate Thickness. t3 

. FUSE PLATE DETAIL 
(See Table For Dims. a Wghts.) 

SERIES 2 TEST 3 

N 

~ 

N 
ii: 

Material : Steel Designation : ASTM - A36 

Post size{s) - W 6X9 or W 6X12 Wght. (lbs.) - 0.94 

F {i n.} - 4 M (i n.) - 15/16 

G{in.)-2 N{in.)-9/16 

H{in.}-1 P{in.}-1 

J (in.) - 4 dl (in.) - 9/16 

K (i n.) - 2 1/4 d2 (i n.) - 3/4 

L (in.) - 1/8 t3 (in.) - 1/4 

Bolt dia. (in.) - 1/2 

Figure 87. 1/4" Fuse Plate Detail for Series 2, Test 3. 
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Before 

After 

Figure B8. 1/4" Plate Before and After Series 2, Test 3 
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SERIES 2 TEST 3 
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Figure B9. Load Versus Elongation Curve for Series 2, Test 3. 



TEST SERIES 2 

Test 4 

Test 4 was performed on a 5 1/4" x 5" x 3/8" plate made of A36 Steel. 

The cross-section was weakened by drilling four 1 1/16" dia. holes, leaving 

an effective cross-sectional area of 0.375 sq. inches. The plate was 

fastened to the T-beam by means of two 5/8" A325 bolts on each side. These 

bolts were ti ghtened by the turn-of-the-nut method as per AISC 

recommendations. 

When a load of 24 kips was achieved the plate failed along the weakened 

section. The specimen elongated approximately 0.12 inches • 

• 
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~Post Cut 

. FUSE PLATE DETAIL 
(See Table For Dims. a Wghts.) 

Material : Steel 

Post size(s) - W 8X18 

F (in.) - 5 

G (in.) - 2 1/2 

H (in.) - 1 1/4 

J (in.) - 5 1/4 

K (i n.) - 2 3/4 

L (i n.) - 1 1/4 

SERIES 2 TEST 4 

Designation : ASTM - A36 

Wght. (lbs.) - 2.26 

M (i n.) - 1 1/4 

N (i n.) - 3/4 

dl (in.) - 11/16 

d2 (in.) - 1 1/16 

t3 (in.) - 3/8 

Bolt dia. (in.) - 5/8 

Figure B10. 3/8" Fuse Plate Detail for Series 2, Test 4. 
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Before 

After 

Figure B11. 3/8" Plate Before and After Series 2, Test 4 

45 
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Figure B12. Load Versus Elongation Curve for Series 2, Test 4. 



TEST SERIES 2 

Test 5 

Test 5 was performed on a 5 1/411 x 511 X 3/8" plate made of A36 Steel. 

The cross-section was weakened by drilling four 1 1/1611 dia. holes, leaving 

an effective cross-sectional area of 0.375 sq. inches. The plate was 

fastened to the T-beam by means of two 5/8" A325 bolts on each side. These 

bolts were ti ghtened by the turn-of-the-nut method as per AISC 

recorrmendations. 

When a load of 22.4 kips was achieved the plate failed along the 

weakened section. The specimen elongated 0.19 inches. 
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. FUSE PLATE DETAIL 
(See Table Far Dims. a Wghts.) 

Material : Steel 

Post size(s) - W 8X18 

F (in.) - 5 

G (in.) - 2 1/2 

H (in.) - 1 1/4 

J (i n.) - 5 1/4 

K (in.) - 2 3/4 

L (in.) - 1 1/4 

SERIES 2 TEST 5 

Designation: ASTM - A36 

Wght. (lbs.) - 2.26 

M (in.) - 1 1/4 

N (in.) - 3/4 . 

dl (in.) - 11/16 

d2 (in.) - 1 1/16 

t3 (in.) - 3/8 

Bolt dia. (in.) - 5/8 

Figure 813. 3/8" Fuse Plate Detail for Series 2, Test 5. 
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Before 

After 

Figure B14. 3/8H Plate Before and /-\fter Series 2, Test 5 
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Test Installation 

A standard SDHPT 8 1 X 16 1 roadside guide sign was fabricated at the 

District 17 sign shop for Test 2343-2. The 5/8" thick plywood sign was 

installed according to typical field installation procedures by a District 

17 sign maintenance crew. The sign was supported by two W 8X18 structural 

steel posts. The sign configuration and construction was as called for on 

SDHPT Detail Sheets STRUCTURAL MOUNTING DETAILS FOR ROADSIDE GUIDE SIGNS 

SMD(8-1,2,3) except that a weakened section fuse plate was substituted for 

the standard friction fuse plate. The 5" X 5 1/4" X 3/8" fuse plate was 

made of ASTM-A36 steel and was fastened to the support post by four 5/8" 

diameter ASTM-A325 bolts. A detail of the weakened section fuse plate ;'s 

shown in Figure C1. Photographs of the test installation before testing 

are presented in Figures C2 and C3. 

Instrumentation and Data Analysis 

The vehicle was equipped with triaxial accelerometers mounted near the 

center of gravity. Yaw, pitch, and roll were sensed by on-board gyroscopic 

instruments. The electronic signals were telemeteredto a base station for 

recording on magnetic tape and for display on a real-time strip chart. 

Provision was made for transmission of calibration signals before and after 

the test, and an accurate time reference signal was simultaneously recorded 

with the data. 

Tape switches near the impact area were actuated by the vehicle to 

indicate the elapsed time over a known distance to provide a quick check of 

impact speed. The initial contact also produced an "event" mark on the 

data record to establish the instant of impact. 
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FUSE PLATE DETAIL 

(See Table For Dims. a Wghts.) 

Material : Steel 

Post size(s) - W 8X18 

F (in.) - 5 

G (in.) - 21/2 

H (i n.) - 1 1/4 

J (in.) - 5 1/4 

K (in.) - 2 3/4 

L (in.) - 1 1/4 

Designation : ASTM - A36 

Wght. (lbs.) - 2.26 

M (i n.) - 1 1/4 

N (in.) - 3/4 

dl (in.) - 11/16 

d2 (in.) - 1 1/16 

t3 (in.) - 3/8 

Bolt dia. (in.) - 5/8 

Figure Cl. Weakened Section Fuse Plate Detail 
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Figure C2. Test Installation Before Test 2343-2 
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Figure C3. Weakened Section Fuse Plate 
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Data from the electronic transducers was digitized, using a Southwest 

Technical Products 6800 micro-computer, for analysis and evaluation of 

performance. Several computer programs were used to process various types 

of data from the test vehicle. 

Still and motion photography were used to document the test, to obtain 

time-displacement data, and to observe phenomena occurring during the 

impact. Still photography was used to record conditions of the test 

vehicle and sign installation before and after the test. Motion 

photography was used to record the collision event. 

Test Description 

A 1975 Honda Civic was directed into the right support of the roadside 

guide sign at a speed of 20.4 mph (32.8 kph) and a zero degree angle of 

incidence. Test inertia mass and gross static mass of the vehicle was 

1,750 lbs (794 kg). The vehicle was free-wheeling and unrestrained at 

impact. Impact point was 10 in. (25 cm) to the left of the vehicle 

centerline. Relative positions of the vehicle and sign are shown in Figure 

C4. 

The sl i p base began to break away from the stub post at 0.038 sec 

after impact. The vehicle lost contact with the support post at 0.138 sec 

with a speed of 16.7 mph (26.9 kph). The slip base nad been displaced a 

distance of 2.7 ft. (0.8 m) when the vehicle lost contact. The lower wind 

clamp pulled through the extruded aluminum wind beam at 0.325 sec after the 

slip base had displaced 7.0 ft. (2.1 m). The middle wind clamp pulled 

through at 0.388 sec following a slip base displacement of 7.9 ft. (2.4 m). 

The vehicle stopped 69 ft. (21 m) from the impact pOint. 
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Figure C4. Relative Position of Vehicle and Sign 
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Figure C5. Test Site After Test 2343-2 
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Figure C6. Vehicle Before and After Test 2343-2 
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-~~---~-~- ~-----~~~------------------------------------------------------, 

m 
o 

0,000 sec 

Test No ...••. 
Date . • • . • . . . 
Test Installation •• 

Vehicle ..•••• 
Vehicle Weight 

Test Inertia .. 

0.100 sec 

2343-2 
. . . • • 8/21/84 

... 8 1 X 16 1 Roadside 
Guide Sign wi 
weakened section 
fuse plate 

. . • 1975 Honda Civic 

. 1750 lbs (794 kg) 

Vehicle Damage Classification 
TAO . • • . . . . . • • . 12FC3 
SAE . . . . . . . . . . . 12FCEN2 

0.250 sec 

Impact Speed ........ , 
Exit Speed at loss of contact 
Change in Velocity .•.•. , 
Change in Momentum ••••.. 
Vehicle Accelerations 
(Max. 0.05U sec Avg) 

Long Hud; na 1 . • 
Lateral ..... 

Occupant Impact Ve'Jocity 

0.400 sec 

20.4 mph (32.8 kph) 
16.7 mph (26.9 kpt\) 
3.7 mph (6.0 kph) 
296 lb-sec 

-3.0 g'5 
0.2 gls 

Longitudinal • • . • None 
Lateral ....•••.. None 

Occupant Ridedown Accelerations 
Longitudinal • • • • No Contact 
Lateral ••...... No Contact 

Figure C7. Data Summary. 



0.000 sec 

0.044 sec 

0.101 sec 

0.175 sec 

gure e8. Sequential Photographs for Test 2343-2. 
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0.251 sec 

0.325 sec 

0.401 sec 

0.500 sec 

Figure C8. Sequential Photographs for Test 2342-2. (Continued) 
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Figure e9. Vehicle Longitudinal Accelerometer Trace 
for Test 2343-2. 
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Figure Cl O. Vehicle Lateral Accelerometer Trace 
for Test 2343-2. 
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Class 180 Fil ter 
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t-------.;..:~~t_I·It--- Max. 0.050 sec~ Avg. = 0.7 ':g.' 
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FigureCll. Vehicle Vertical Accelerometer Trace 
for Test 2343-2. 
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Axes are vehicle fixed . 

~~YAW ~~ 
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orientation is: 
1. Yaw 
2. Pitch 
3. Roll 
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FigureC12. Vehicle Angular Displacements for Test 2343-2. 
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Yielding occurred through the weakened section of the fuse plate but 

separation did not take place. The sign and support posts remained intact 

as shown in Figure C5. Damage to the vehicle was minor as depicted in 

Figure C6. 

Results and Evaluation 

A summary of test data is provided in Figure C7. Sequential 

photographs are presented in Figure C8. Longitudinal, lateral, and vertical 

vehicle accelerations are shown in Figures C9, CIO and CII. Yaw, pitch and 

roll displacements are shown in Figure C12. 

The maximum 50 msec longitudinal acceleration was -3.0 g's. Change in 

vehicle velocity at ,0.138 sec (loss of contact) was 3.71 mph (6.0 kph) and 

change in vehicle momentum was 296 lb-sec. 

NCHRP Report 230 (1) contains recommended evaluation criteria for the 

impact performance of sign supports and places limits on these criteria for 

acceptable performance. The support post yielded to the vehicle and no 

detached elements penetrated the vehicle compartment. This performance 

meets the applicable evaluation criteria for structural adequacy. There was 

no occupant impact in the longitudinal or lateral direction during the 

test. The vehicle remained upright and stable with no deformation or 

intrusion of the passenger compartment. This performance satisfied the 

criteria for occupant risk. The test also met the requirements for vehicle 

trajectory. 
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METRIC CONVERSION FACTORS 

Symbol 

in 
h 
yd 
mi 

oz 
Ib 

up 
TbSJi 
fI oz 
c 
pt 
qt 
gal 
ft' 
yd' 

Approximate Conversions to Motric Measures 

When You Know 

inches 
fHt 
yards 
miles 

square inches 
square fHt 
equlre V.rd. 
squlr. miles 
acres 

ounces 
pounds 
short tons 

12000 Ibl 

te.spoons 
IIblHPOOns 
fluid ounces 
cups 
pintl 
quart. 
gallons 
cub.c feet 
cubic vards 

Multiply by 

LENGTH 

"2.5 
30 

0.9 
1.6 

AREA 

6.5 
0.09 
0.8 
2.6 
0.4 

MASS (weight) 

28 
0.45 
0.9 

VOLUME 

5 
15 
30 
0.24 
0.47 
0.95 
3.8 
0.03 
0.76 

To Find 

centimeters 
centimeter. 
meters 
kilometers 

square centimeter. 
squire mllter, 
square mete" 
square kilometers 
hectares 

grams 
kilograms 
tonnes 

milliliters 
millilit.rs 
milliliters 
liters 
liters 
liters 
liters 
cubic meters 
cubic meters 

TEMPERATURE (exact) 

Fahrenheit 
temperature 

5/91ah.r 
subtracting 
321 

. C.lsius 
temperatura 

Symbol 

em 
cm 
m 
km 

em' 
m' 
m' 
km' 
ha 

II 
kll 
t 

ml 
ml 
ml 
I 
I 
I 
I 
m' 
m' 

CD 

-

III _ 

en _ 

,. -

-
w -

N -

---

., in· 2.54 (exactlv). For other eXlct conversions and more detliled tables, lie NBS 
Misc. Publ. 286, Units of Weillhts and Measures, Price 52.25, SO Catllog No. C13.10:286. 

= = = E 

5ii!-. 

= = 

= =--= = 

=­= 

... 
N 

o 
N 

III ... 
co ... 
,.. ... 

or ... 
M .. 
N 

.. .. 
o .. 
co 

M 

= N 

=--­- e'" == u 

Symbol 

mm 
em 
m 
m 
km 

em' 
m' 
km' 
ha 

II 
kg 
t 

ml 
I 
I 
I 
m' 
m' 

Approximate Conversion. from Metric Measures 

WlMn You Know 

millimeter. 
centimeter. 
meter. 
meter, 
kilom.ters 

squa" centimetl'S 
square meters 
squar. kilometers 
hect.rlll 11 0.000 m'l 

Multiply by 

LENGTH 

0.04 
0.4 
3.3 
1.1 
0.6 

AREA 

0.16 
1.2 
0.4 
2.5 

MASS (weightl 

IIrlms 
kilogrlms 
tonnes (1000 kill 

milliliters 
liters 
lite,s 
liters 
cub ic meters 
cubic meters 

0.035 
2.2 
1.1 

VOLUME 

0.03 
2.1 
1.06 
0.26 

35 
1.3 

To Find 

Inch .. 
inchlll 
fHt 
yard. 
millIS 

Iquar. inch .. 
sqUire Ylrds 
square miles 
Ie, .. 

ounces 
pounds 
short tons 

fluid ounces 
pints 
quarts 
gallons 
cubic feet 
cubic vards 

TEMPERATURE (exact) 

C,lsius 
temperature 

9/5 It hen 
add 32) 

Fahrenheit 
temperature 

OF OF 
32 98.6 212 

-401-..... +-.' ~.,..~'-'T ............ ·I-44!l-iI ..... L....f-· 8..6.or'''-lIfr...1'''t~O~'-iI...J'L...,160 ............ ~'-"'r-2,0~,O J I i I I I 1 I I , 
-40 -20 0 20 40 60 80 100 
°c 37 0c 

Symbol 

in 
in 
It 
yd 
mi 

oz 
Ib 

floz 
pt 
qt 
gal 
ft> 
vd' 
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