[

PBS4-136319

Publication No. FHWA-RD-93-102
July 1994

Testing of Small and Large Sign
Support Systems FOIL Test
Number: 92F014

@

US.Department of Transportation
Federal Highway Administration

Research and Development
Turner-Fairbank Highway Research Center
6300 Georgetown Pike

McLean, Virginia 22101-2296






. Rsport No. 2. .

e (RN e :
FHWA-RD-93-102 F394-12631% -

4. Title and Subtitle 5. Report Date

July 1994

TESTING OF SMALL AND LARGE SIGN SUPPORT SYSTEMS _ —
FOIL TEST NUMBER(S) . 92F014 8. Performing Organization Code

7. Author{a) 8. Performing Organization Report No.
Christopher M. Brown

9. Parforming Organization Name and Address 10. Work Unit No. (TRAIS)
Advanced Technology & Research Corp. 3A5f3142
15210 Dino Drive 11. Contract or Grant No
Burtonsville, MD 20866 .DTFH61-91fZ-06002

12. Sponsoring Agency Name and Addresa 13. Type of Report and Period Covered
Office of Safety and Traffic Operations R&D Test Report, June 1992
Federal Highway Administration . _
6300 Georgetown Pike 14. Sponsoring Agency Code
McLean, VA 22101-2296

15. Supplemantary Notes

Contracting Officer’s Technical Representative (COTR) - Richard King, HSR-20

18. Abstract

This test report contains the results of a crash test performed at the Federal Qutdoor
Impact Laboratory (FOIL) in MclLean, Virginia. The test was performed on a small sign
support system at 20 mi/h (8.9 m/s), test 92F014. The vehicle used for these test was
a 1985 Honda Civic. The purpose of this test was to evaluate the low-speed safety
performance of a dual post sign support with concrete foundations in weak soil. The
posts were made from 4-in by 6-in (102-mm by 152-mm) pressure treated wood and were
spaced 3.5 ft (1.1 m) apart. The performance evaluation was based on the Tatest
requirements for breakaway supports as specified in Volume 54, Number 3 of the Federal
Register dated January 5, 1989. These criteria specify, in part, that the occupant
change in velocity must be 16 ft/s (4.9 m/s) or less, that the significant test article
stub height remaining after impact be no more than 4 in (102 mm), and that there can be
no occupant compartment intrusion. The test results indicate that the dual wood post
sign support with concrete foundations in weak soil does not meet all of the applicable
performance criteria for roadside safety appurtenances specified by the FHWA.

17. Kay Words 18. Distribution Statement
Acceleration, occupant impact velocity, No restrictions. This document is
weak soil, vehicle, FCIL. available to the public through the

National Technical Information
Service Springfield, Virginia 22161

19. Security Claasif. {(of this report} 20. Security Classif. (of this page) 21. No. of Pages 22. Price
Unclassified Unclassified 21

Form DOT F 1700.7 (8-72) Reproduction of completed page authorized






NOTICE

This document is disseminated under the sponsorship of the Department of
Transportation-in the interest of information exchange. The United States
Government assumes no liability for its contents or use thereof. This report
does not constitute a standard, specification, or regulation.

The United States Government does not endorse products or manufacturers.
Trade and manufacturers’ names appear in this report only because they are
considered essential to-the object of the document.



(chG1 15nBny postaoyy) -

08€3 WLSY 10 p uon2og im Aiduiod oy epew eq pinoys Huipunos
aeudorddy  siuf jo WoISAS feuoneusdlu] 0yl 10 oquids eyl st S .

ii

—— e — —
your osenbs youl efenbs
15d sad eolojpunod Spl 0 sjeosedopy By ed) sjeosedopy 689 s0d eosojpunad 1sd
1l aolo)puncd 6220 SUOIMBU N N suomeu Sev soJjojpunod a
SS3HLS 10 IHNSSIHC Pue IDHOS SS3IHLS 10 JHNSSIH PUE 3DHOS
W SUOqWE-100) 61620 w/elepued AWpo LWpo Jw/e|epued 9cv'e suaquwen 109 [}
ol so{pue 100) 6260 0 xny x| | xnj 9/ 0l sajpued- 100} 9
NOLLYNINNTTI NOILLYNINNTT
o1neIodwd) eine1odwal oneodwn g'1A2¢-4) 10 oinyerodwe
Ao royuoye § Ze4 08l snje) Do Do SRy enze 4)s natuaye 4 30
(19exd) JUNLVHIdWIL (10ex3) IHNLYHIdWIL
1 (a1 0002) suol oys o'l sureibebow Y 6 sureibebow 1060  (q10002) suol uoys 1
al spunod 2022 swesboy 6y By sweibopy PSP 0 spunod qi
70 SOouUNno €00 suresb 6 6 sureb SE 82 saouno 10
SSVNN SSYW
<! Ul UMoYS aq Ieys | 000t Uelp sa1eosb sawnpoa JION
A spreh oignd L0E°) SI010W 2IgN2 W W Slalpw nqnd 69/ 0 sprek oiqno A
T 100§ 21qN2 1/ SE sijojew 2Iqnd w w s1ojow QO 8200 100§ 2IqND ET)
b suoyeb ¥92 0 s10l) | | s1a) S8 ¢ suo|B 1eb
I SOoUNO pIny ¥EO O sJoNppWw Jw w s1elpuw 1662 seIuUNno pingy 04
INNTOA JWNT0A
sojw osenbs 968t 0 s181owo)y arenbs i uy siglewo(y osenbs 652 so|iw esenbs A
Su sene v safeday ey ey sareday SoP O sone 1]
on sprek erenbs G611 siolew erenbs L w sejow orenbs 9€8°0 sprek erenbs LA
A 108} orenbs 92 01 sialow erenbs W W siolow orenbs €600 180 erenbs 4
) soyour esenbs 9100 0 siolowijnw erenbs W g siaeuniw erenbs . 2699 soyoul esenbs AT
Vv3HY v3IHV
m sep 1290 S1010WOjIY wy uy S1910Wo)y 19'4 So|w w
pA sprek 60| simew w w SKNaw vi60 spreA pA
) 100} 82'¢C sJoloW w w SI010W S0E'0 100} y
" Soyou 6E00 sieloww wuw ww s1e10wWiw X4 soyoul u
HLONIT H1ON3T
_.e.ﬂ.j.:;m Puij oy Ag Aidning mou) noA ueym toquis [fl loquiis puj4 oy Ag Adpin mou) NoA usym toquiig
SL1INN IS WOHA SNOISHIANOD FLYNIXOUHddY S1INN IS OL SNOISHIANOD LYNIXOHddY




Table of Contents.

SCOPE . . . v o v e e e e, 1
TEST MATRIX . . . . o v o e v e e e e e e e 1
VEHICLE . . . o o o o e e e e e e 1
SIGN SUPPORT . . . . . o o i o e e e e e e 1
TEST RESULTS - 20 MI/H (8.9 M/S), TEST 92F014 . . . . . . . . . . .. 2
CONCLUSION . . .« . o v o e ot e e e e e e e e e e e 3
REFERENCES . . . . . . v o e i e e e e e e e e e 17



List of Figures.

Figure No. Page
1. Sketch of small sign support . . . . . . . . . . . .. ... .. 4
2. Sketch of small sign support, attachment detail . . . . . . . .. 5
Test photographs during impact, test 92F014 . . . . . . . . . .. 6
4. Summary of test 92F014 . . . . . . . . . . . .. ... ... 7
5. Acceleration versus time, X-axis, test 92F014 . . . . . . . . .. 8
6. Velocity versus time, X-axis, test 92F014 . . . . . . . . . . .. 9
’7. Force versus displacement, X-axis, test 92F014 . . . . . . . .. 10

8. Occupant velocity and relative displacement versus time,
X-axis, test 92F014 . . . . . . . . . ..o e 11
9. Pretest photographs of test 92F014 . . . . . . . . . .. . . .. 12
10. Additional pretest photographs of test 92F014 . . . . . . . . . 13
11. Post-test photographs of test 92F014 . . . . . . . . . . . . .. 14
12. Additional post-test photographs of test 92FQl4 . . . . . . .. 15
13. Sketch of vehicle crush, test 92F014 . . . . . . . . . . . ... 16

List of Tables.
Table No.

1. Test matrix . . . o« v v o 0 o o e e e e e e e e e e e e e 1

iv



1. SCOPE

This test report contains the results of a crash test performed at the
Federal Qutdoor Impact Laboratory (FOIL} in MclLean, Virginia. The test was
performed on a small sign support system at 20 mi/h (8.9 m/s), test 92F014.
The vehicle used for this test was a 1986 Honda Civic. The purpose of this
test was to evaluate the low speed safety performance of a dual Tegged wooden
4x6 sign support. The performance evaluation was based on the latest
requirements for breakaway supports as specified in Volume 54, Number 3 of the
Federal Register dated January 5, 1989. These criteria specify, in part, that
the occupant change in velocity must be 16 ft/s (4.9 m/s) or less, that the
significant test article stub height remaining after impact be no more than 4
inches (102 mm), and that there can be no occupant compartment intrusion.

2. TEST MATRIX

The test was performed on a small sign support system. The test speed
was 20 m1/h (8.9 m/s). The sign was buried in NCHRP Report Number 230, S-2

weak s0i1®". A summary of the test conditions is presented in table 1.
[ ———— e ——T
Table 1. Test matrix.
Test Test Test Test Test Article Impact
Number Vehicle Weight Speed Description Location
(1b) (mi/h)
92F014 | 86 Honda Civic 1860 20 2 leg wood 4x6 center
3. VEHICLE

The test vehicle was a 1986 Honda Civic two door hatchback with a manual
transmission. Prior to the test, the vehicles’ fluids were drained and its
inertial properties measured. The vehicle was stripped of certain components
which made space for the installation of test equipment. The vehicle was
ballasted with a data acquisitions system, transducers, a brake system and
weight plates (if necessary) to bring its inertial weight to approximately
1850 pounds (839 kg). The actual weight of the test vehicle was 1860 pounds
(844 kg). After ballasting, the vehicles’ inertial properties were
remeasured.

4. SIGN SUPPORT

The sign support system consisted of two 4-in by 6-in (102-mm by 152-mm)
wooden legs 13 ft (4.0 m) long. The actual dimensions of the sign legs were
3.5 in by 5.5 in (89mm by 140 mm). The wooden legs were made from pressure
treated southern yellow pine. Two feet (0.9 m) of each leg was inserted
inside a steel sleeve which was cast inside an 18-in (0.457-m) diameter
concrete footer. The footers were 2.5 ft (0.8 m) deep and were buried in
NCHRP Report 230 S-2 weak soil (sand). Attached to the 2 legs was a 4-ft high
by 10-ft (1.2-m by 3.0-m) wide aluminum sign panel. The final panel was
assembled from four l-ft by 10-ft {0.3-m by 3.0-m) extruded aluminum panels
and was installed 7 ft (2.1 m) above ground. The two legs were installed
3.5 ft (1.1 m) apart. The whole sign support system was assembled and the

1



concrete footers cast. The concrete footers were inserted in a hole in the
weak soil. The hole was backfilled in 6-in (0.152-m) 1ifts and compacted
until the final grade was reached. The sign support was then inserted inside
the footers. Figure 1 and figure 2 are drawings of the sign support system.

6. TEST RESULTS - 20 MI/H (8.9 M/S), TEST 92F014

The test vehicle was accelerated to 20.9 mi/h (30.6 ft/s (9.3 m/s)) prior
to impacting the sign support. The centerline of the test vehicle was aligned
with the mid point between the two sign legs.

The bumper made contact with both sign legs and began to collapse. The
brunt of the impact occurs to outside edge of the bumper supports on either
side of the test vehicle. The bumper had collapsed to the headlight socket
0.020 s into the event. During the collapse of the bumper, the wooden legs
were bowed ocutward away from the vehicle. At 0.022 s the wooden legs began to
fracture. The right leg fractured approximateily 3 ft (1.2 m) above ground.
The left leg began to fracture 4 ft (0.9 m) above ground. Thirty milliseconds
into the event, the right leg had broken completely at 3 ft (0.9 m) and had
begun fracture down at the steel sleeve insert. The left had not broken
completely at 4 ft (1.2 m). The right leg had completely fractured in two
places 0.050 s after initial contact. The left leg continued to resist
fracture but had begun to split vertically. At 0.114 s the Teft Teg continued
to split vertically and the vehicle continued to push on the lower segment of
the wooden Teg. The moment exerted on the left leg by the vehicle pushing
19 in (0.483 m} above ground did not fracture the wood at the ground line,
instead the soil collapsed in front of the foundation and the concrete
foundation rotated up towards the surface. Because the left leg never
completely fractured and the left foundation rotated well after the right leg
failed, the vehicle yawed counter-clockwise approximately 20 degrees. No
secondary impact occurred between the vehicle and the sign support. The
remainder of the wood legs with the panel attached fell backwards away from
the vehicle,

Damage to the vehicle consisted of minor damage to the bumper. The
damage was to plastic bumper parts and not to any structural members. The
maximum crush measured after the test was recorded to be 4 in (0.102 m).

None of the sign components impaled the occupant compartment.

Damage to the sign consisted of two fractured wooden legs. The upper
sections of the legs remained attached to the sign panel. A 4-ft {(1.2-m)
section of the left leg remain inside the concrete footer which had rotated up
and become partially unburied. The right leg fractured in two places, at
ground Tevel and 3 ft (0.9 m) above ground level, Two feet (0.6 m) of the
right leg remain inside the concrete footer. The sign panel was in good
condition after the test,

The occupant impact velocity using the 2-ft (0.6-m) flail space model
outlined in NCHRP Report Number 230, was determined to be 19.8 ft/s (6.0 m/s).
The occupant impact velocity was reached 0.153 s into the crash event. The
10 ms ridedown acceleration was determined to be 1.5 g’s. The peak force
(300 Hz data) for the impact event was 14.8 g’s (27.5 kips (122 kN)). Because
the sign stopped the vehicle, the vehicle change in velocity was equal to the
impact velocity. The actual vehicle change in velocity was calculated to be
29.5 ft/s (9.0 m/s).

Photographs during the impact event are presented in figure 3. A summary
of the impact conditions and the test results is presented in figure 4.
Figures 5 through 8 are plots of data collected during the test. Pre- and
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post-test photographs of the vehicle and sign support system are presented in
figures 9 through 12. Figure 13 is sketch of the vehicle static crush
recorded after the test.

6. CONCLUSION

The test results indicate that the small sign support system does not
meet all of the applicable c¢riteria for the low-speed test in weak soil.
There was no occupant compartment intrusion and no significant stub remaining
after the test, however the occupant impact velocity was 19.8 ft/s (6.0 m/s)
which is not less than or equal to the 16 ft/s (4.9 m/s) limit specified by
the FHWA.
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Figure 13. Sketch of vehicle crush, test 92F014.
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